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the author in Washington. Its nearly 600 
pages and 54 plates involved the informa- 
tion collected during a quarter century. 
Much historical and biographical informa- 
tion of general interest is to be found in the 
monograph and the most approved methods 
are manifest in the treatment and presenta- 
tion of his theme. 

The author's interest did not cease with 
the publication of the work ; it rather in- 
creased, and he received so many new con- 
tributions and so much additional informa- 
tion that he felt obliged to prepare for a 
second edition. The new material had al- 
ready been intercalated with the corrected 
old, and the second edition was nearly 
ready for the press when death interposed. 

Doctor Goode was blessed with a poetical 
vein and loved to dip into the offerings of 
poets, old and new. Frequent quotations 
are to be found in his works and many apt 
ones are given a t  the heads of the chapters 
of the ' Game fishes of the United States ' 
and the "American fishes." 

His disposition was a bright and sunny 
one and he ingratiated himself in the affec- 
&ions of his friends in a marked degree. 
H e  had a hearty way of meeting intimates, 
and a caressing cast of the arm over the 
shoulder of such an one often followed 
aympathetic intercourse.* But in spite of 
his gentleness, firmness and vigor in action 
became manifest when occasion called for 
them. A tribute to those qualities from 
his chief who is better prepared to speak 
than myself will fittingly supplement this 
notice. THEO. GILL. 

SMITHSONIANINSTITUTION. 

IThas been suggested that I should say 

* Several portraits have been published. The first 
appeared in Harper's Weekly in  1887 and was a fine 
wood engraving and excellent likenem of him a t  the 
time-on the whole (in my opinion) the most satis- 
factory that has been made. Imprints of the engrav- 
ing were furnished by the Harpers for the 'Virginia 
Cousins ' and inserted opposite p. 288. 

something about my dear personal friend 
and official intimate, Dr. G. Brown Goode, 
but since Dr. .Gill, who is so much better 
fitted for the task than I,has consented to 
speak of his scientific career, I prefer to 
leave that side of Dr. Goode's life-work in 
such competent hands. 

I do not want the occasion to pass, how- 
ever, without saying briefly that I have 
never known a mpre perfectly true, sincere 
and loyal character than Dr. Goode's ; or a 
man who with a better judgment of other 
men, or greater ability in moulding their 
purposes, to his own, used these powers to 
such uniformly disinterested ends, so that 
he could maintain the discipline of a great 
establishment like the National Museum, 
while retaining the personal affection of 
every subordinate. He was not only pos- 
sessed of the exact scientific training which 
found expression in the ways which Dr. 
Gill has noted, and as a specialist in mu- 
seum administration, but was an adept in 
many other branches of knowledge. His 
historical powers in grouping incidents and 
events were akin to genius. His genealogi- 
cal writings showed wide and accurate re- 
search, while his literary faculty displayed 
itself with singular charm in some of his 
minor writings. 

But how futile these words seem to be in 
describing a man, of whom perhaps the best, 
after all, to be said, is that he was not only 
trusted, but beloved by all with an affec-
tion that men rarely win from one another. 

S. P. LANQLEY. 
SMITHSONIANINSTITUTION. 

BRITISH ASSOCIATION FOR THE AD VANCE-
MENT OF SCIENCE." 

ADDREBS TO THE ZOOLOGICAL SECTYON BY 

THE PRESIDENT OF THE SECTION. 


(Concluded.) 


WE now come to the strictly biological 
part of our subject-to the inquiry as to 

"Liverpod, 1896: 
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how much of the whole scheme of organic 
evolution has been worked out in the time 
during which the, fossiliferous rocks were 
formed, and how far, therefore, the time re- 
quired by the geologist is sufficient. 

It is first necessary to consider Lord 
Kelvin's suggestion that life may have 
reached the earth on a meteorite. Accept-
ing this view, it might be argued that 
the evolution which took place elsewhere 
may have been merely completed, in a 
comparatively brief space of time, on our 
earth. 

We know nothing of the origin of life 
here or elsewhere, and our only attitude 
towards this or any other hypothesis on the 
subject is that of the anxious inquirer for 
some particle of evidence. But a few brief 
considerations will show that no escape 
from the demands for time can be gained in 
this way. 

Our argument does not deal with the time 
required for the origin of life, or for the de- 
velopment of the lowest beings with which 
we are acquainted, from the first formed 
beings of which we know nothing. Both 
these processes may have required an im- 
mensity of time ; but as we know noth-
ing whatever about them and have as yet 
no prospect of acquiring any information, 
we are compelled to confine ourselves to as 
much of the process of evolution as we can 
infer from the structure of living and fossil 
forms-that is, as regards animals, to the 
development of the simplest into the most 
complex Protozoa, the evolution of the Meta- 
zoa from the Protozoa, and the branching 
of the former into its numerous Phyla, with 
all their classes, orders, families, genera 
and species. But we shall find that this 
is quite enough to necessitate a very large 
increase in the time estimated by the geolo- 
gist. 

The Protozoa, simple and complex, still 
exist upon the earth in countless species, 
together with .the Metazoan Phyla. De-

scendants of forms which in their day cop- 
stituted the beginning of that scheme of 
evolution which I have defined above-de- 
scendants, furthermore, of a large propor- 
tion of those forms whioh, age after age, 
constituted the shifting phases of its on- 
ward progress-still exist, and in a suffi-
ciently unmodified condition to enable us 
to reconstruct, a t  any rate in mere outline, 
the history of the past. Innumerable de- 
tails and many phases of supreme impor- 
tance are still hidden from us, some of them, 
perhaps, never to be recovered. But this 
frank admission, and the eager and prema- 
gure attempts to expound too much, to go 
f ~ ~ r t h e r  the evidence permits, must than 
not be allowed to throw an undeserved sus- 
picion upon conclusions which are sound 
and well supported, upon the firm convic- 
tion of every zoologist that the general 
trend of evolution has been, as I have 
stated it, that each of the Metazoan Phyla 
originated, directly or indirectly, in the 
Protozoa. 

The meteorite theory, if used to shorten 
the time required for evolution, would, 
however, require that the process of evo-
lution went backward on :t scale as vast 
as that on whioh it went forward, that 
certain descendants of some central type, 
coming to the earth on a meteorite, grad- 
ually lost their Metazoan complexity and 
developed backward into the Protozoa, 
throwing off the lower Metazoan Phyla 
on the way, while certa,in other descendants 
evolved all the higher Metazoan groups. 
Such a process would shorten the period 
of evolution by half, but it need hardly be 
said that all available evidence is entirely 
against it. 

The only other assumption by means of 
whioh the meteorite hypothesis would serve 
to shorten the time is even more wild and 
improbable. Thus it might be supposed 
that the evolution which we believe to have 
taken place on this earth really took place 
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elsewhere-at any rate as regards a,ll its 
main lines-and that samples of all the 
various phases, including the earliest and 
simplest, reached us by a regular meteoric 
service, which was established a t  some time 
after the completion of the scheme of or-
ganic evolution. Hence the evidences which 
we study would point to an evolution which 
occurred in some unknown world with an 
age which even Prof. Tait has no desire to 
limit. 

If these wild assumptions be rejected, 
there remains the supposition that, if life was 
brought by a meteorite, it was lift! no higher 
than that of the simplest Protozoon-a 
supposition which leaves our argument in- 
tact. The alternative supposition, that one 
or more of the Metazoan Phyla were intro- 
duced in this way while the others were 
evolved from the terrestrial Protozoa, is 
hardly worth consideration. I n  the first 
place, some evidence of a part in a common 
scheme of evolution is to be found in every 
Phylum. I n  the second place, the gain 
would be small ; the arbitrary assumption 
would only affect the evidence of the time 
required for evolution derived from the 
particular Phylum or Phyla of supposed 
meteoric origin. 

The meteoric hypothesis, then, can 
only affect our argument by making the 
most improbable assumptions, for which, 
moreover, not a particle of evidence can be 
brought forward. 

We are therefore free to follow the bio- 
logical evidence fearlessly. It is necessary, 
in the first place, to expand somewhat the 
brief outline of the past history of the ani- 
mal kingdom, which has already been 
given. Since the appearance of the ' Ori-
gin of Species,' the zoologist, in making his 
classifications has attempted, as far as pos- 
sible, to set forthagenealogical arrangement. 
Our purpose will be served by an account of 
the main outlines of a recent classification, 
which has been framed with a due con- 

sideration for all sides of zoological re-
search, new and old, and which has met 
with general approval. Prof. Lankester 
divides the animal kingdom into two 
grades, the higher of which, the Enterozoa 
(Metazoa), were derived from the lower, 
the Plastidozoa (Protozoa). Each of these 
grades is again divided into two sub-grades, 
and each of these is again divided into 
Phyla, corresponding more or less to the 
older Sub-Kingdoms. Beginning from be- 
low, the most primitive animals in exist- 
ence are found in the seven Phyla of the 
lower Protozoan sub-grade, the Gymno-
myxa. Of these unfortunately only two, 
the Reticularia (Foraminifera) and Radio- 
laria, possess a structure which renders 
possible their preservation in the rocks. 
The lowest and simplest of these Gymno- 
myxa represent the starting point of that 
scheme of organic evolution which we are 
considering to-day. The higher order of 
Protozoan life, the sub-grade Corticata, con- 
tains three Phyla, no one of which is avail- 
able in the fossil state. They are, however, 
of great interest and importance to us as 
showing that the Protozoan type assumes a 
far higher organization on its way to evolve 
the more advanced grade of animal life. 
The first formed of these latter are con- 
tained in the two Phyla of the sub-grade 
Ccelentera, the Porifera or Sponges, and the 
Nematophora or Corals, Sea Anemones, Hy- 
drozoa and allied groups. Both of these 
Phyla are plentifully represented in the 
fossil state. It is considered certain that 
the latter of these, the Nematophora, gave 
rise to the higher sub-grade, the Ccelomata, 
or animals with a ccelom, or body-cavity, 
surrounding the digestive tract. This lat- 
ter includes all the remaining species of ani- 
mal in nine Phyla, five of which are found 
fossil-the Echinoderma, Gephyrea, Mol-
lusca, Appendiculata and Vertebrata. 

Before proceeding further, I wish to lay 
emphasis on the immense eyolutionary his- 
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tory which must have been passed through 
before the ancestor of one of the higher of 
these nine Phyla came into being. Let us 
consider one or two examples, since the es- 
tablishment of this position is of the utmost 
importance for our argument. First con-
sider the past history of the Vertebrata-of 
the common ancestor of our Balanoglossus, 
Tunicates, Amphioxus, Lampreys, Fishes, 
Dipnoi, Amphibia, Reptiles, Birds and Mam- 
mals. Although zoologists differ very widely 
in their opinions as  to the affinities of this 
ancestral form, they all agree in maintain- 
ing that i t  did not arise direct from the Ne- 
matophorain thelower sub-grade ofMetazoa, 
%ut that i t  was the product of a long his- 
tory within the Ccelomate sub-grade. The 
question as to which of the other Ccelomate 
Phyla i t  was associated with will form the 
subject of one of our discussions a t  this 
meeting; and I will, therefore, say no more 
upon this period of its evolution, except to 
point ont that the very question itself, ' the 
ancestry of Vertebrates,' only means a rela- 
tively small part of the evolutionary his- 
tory of the Vertebrate ancestor within the 
Ccelomate group. For when we have de- 
cided the question of the other Ccelomate 
Phylum or Phyla to which the ancestral 
Vertebrate belonged, there remains, of 
course, the history of that Phylum or those 
Phyla earlier than the point a t  which the 
Vertebrate diverged, right back to the 
,origin of the Ccelomata ; while, beyond and 
below, the wide gulf between this and the 
Ccelentera had to be crossed, and then, 
probably after a long history as a 
acelenterate, the widest and most signifi-
cant of all the morphological intervals- 
that  between the lowest Metazoon and the 
highest Protozoon-was traversed. But 
this was by no means all. There remains 
the  history within the higher Protozoan 
sub-grade, in the interval from this to the 
lower, and within the lower sub-grade it- 
self, until we finally retrace our steps to 

the lowest and simplest forms. I t  is impoasi- 
ble to suppose that all this history of change 
can have been otherwise than immensely 
prolonged ; for i t  will be shown below tha t  
the only evidence which is available sup- 
ports the belief that the changes during 
these earlier phases were a t  least as  slow as 
those which occurred later. 

If we take the history of another of the 
higher Phyla, the Appendiculata, we find 
that the evidence points in the same direc- 
tion. The common ancestor of our Roti- 
fera, earthworms, leeches, Peripatus, cen- 
tipedes, insects, Crustacea, spiders and scor- 
pions, and forms allied to all these, is gen- 
erally a,dmitted to have been Ch~topod-like, 
and probably arose in relation to the be- 
ginnings of certain other Ccelomate Phyla, 
such as the Cephyrea and perhaps Mollusca. 
At the origin of the Ccelomate sub-grade 
the common ancestor of all Ccelomate Phyla 
is reached, and its evolution has been 
already traced in the case of the Vertebrata. 

What is likely to be the relation between 
the time required for the evolution of the 
ancestor of a Ccelomate Phylum and that re- 
quired for the evolution, which subsequently 
occurred, within the Phylum itself? The 
answer to this question depends mainly 
upon the rate of evolution in the lower 
parts of the animal kingdom as compared 
with that in the higher. Contrary, per- 
haps, to anticipation, we find that all 
evidences of rapicl evolution are confined to 
the most advanced of the smaller groups 
within the highest Phyla, and especially to 
the higher Classes of Vertebrata. Such 
evidence as we have strongly indicates the 
most remarkable persistence of the lower 
animal types. Thus in the Class Imper- 
forata of the Reticularia (Foraminifera) 
one of our existing genera (fiaccamina) 
occurs in the Carboniferous strata, another 
(Trocham~nina) in the Permian, while a 
single new genus (Receptaculites) occurs in 
the Silurian and Devonian. The evidence 
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from the Class Perforata is much stronger, 
the existing genera Nodosaria, Dentalina, 
Textularia, Grammostomum, Valvulina and 
Nummulincl all occurring in the Carbon- 
iferous, together with the new genera 
Archadiscus (?) and Fusulina. 

I omit reference tcv the much-disputed 
Eozoon from the Laurentian rocks far be- 
low the horizon, which, for the purpose of 
this address, I am considering as the lowest 
fossiliferous stratum. We are looking for- 
ward to the new light which will be thrown 
upon this form in the communication of its 
veteran defender, Sir William Dawson, 
whom we are all glad to welcome. 

Passing the Radiolaria, with delicate 
skeletons less suited for fossilization, and 
largely pelagic and, therefore, less likely to 
reach the strata laid down along the fringes 
of the continental areas, the next Phylum 
which is found in a fossil state is that of the 
Porifera, including the sponges, and di-
vided into two classes, the Calcispongke and 
Silicospongi~. Although ,the fossilization 
of sponges is in many cases very incom- 
plete, distinctly recognizable traces can be 
made out in a large number of strata. 
From these we know that representatives 
of all the groups of both classes (except the 
Halisarcid~, which have no hard parts) 
occurred in the Silurian, Devonian and Car- 
boniferous systems. The whole Phylum is 
an example of long persistence with ex-
tremely little change. And the same is 
true of the Nematophora ; new groups, in- 
deed, come in, sometimes extremely rich in 
species, such as the Palseozoic Rugose corals 
and Graptolites; but they existed side by 
side with representatives of existing groups, 
and they are not in themselves primitive or 
ancestral. A study of the immensely nu- 
merous fossil corals reveals no advance in 
organization, while researches into the 
structure of existing Alcyonaria and Hydro- 
corallina have led to the interpretation of 
certain Palseozoic forms which were previ- 

ously obscure, and the conclusion that they 
find their place close beside the living 
species. 

All available evidence points to the ex- 
treme slowness of progressive evolutionary 
changes in the Ccelenterate Phyla, although 
the Protozoa, if we may judge by the Re- 
ticularia (Foraminifera), are even more 
conservative. 

When we consider, later on, the five Coalo- 
mate Phyla which occur fossil, we shall 
find that the progressive changes were 
slower and, indeed, hardly appreciable in the  
two lower and less complex Phyla, viz : the 
Echinoderma and Gephyrea, as compared 
with the Mollusca, Appendiculata and Ver- 
tebrata. 

Within these latter Phyla we have evi- 
dence for the evolution of higher groups 
presenting a more or less marked advance 
in organization. And not only is the ra te  
of development more rapid in the highest 
Phyla of the animal kingdom, but it ap- 
pears to be most rapid when dealing with 
the highest animal tissue, the central 
nervous system. The chief, and doubtless 
the most significant, difference between the- 
early Tertiary mammals and those which 
succeeded them, between the Secondary and 
Tertiary reptiles, between man and the 
mammals most nearly allied to him, is a dif- 
ference in the size of the brain. I n  all these 
cases an enormous increase in this, the 
dominant tissue of the body, has taken 
place in a time which, geologically speak- 
ing, is very brief. 

When treating, later on, of the evolu- 
tion which has taken place within the 
Phyla, further details upon this subject 
will be -given, although in this, ass in other 
cases, the time at our disposal demands 
that the exposition of evidence must largely 
yield to an exposition of the conclusions 
which follow from its study. And undoubt- 
edly a study of all the available evidence 
points to the conclusion that in the lower 
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grade, sub-grades and Phyla of the animal 
kingdom evolution has been extremely slow 
as compared with that in the higher. W e  
do not know the reason. I t  may be that 
this remarkable persistence through the 
stratified series of deposits is due to an in- 
nate fixity of constitution which has rigidly 
limited the power of variation; or, more 
probably, perhaps, that the lower members 
of the animal kingdom were, as they are 
now, more closely confined to particular 
environments, with particular sets of condi- 
tions, with which they had to cope, and, 
this being successfully accomplished, nat- 
ural selection has done little more than 
keep up a standard of organization which 
was sufficient for their needs; while the 
higher and more aggressive forms ranging 
over many environments, and always prone 
to encounter new sets of conditions, were 
compelled to undergo responsive changes 
or to succumb. But whatever be the 
cause, the fact remains, and is of great 
importance for our argument. When 
the ancestor of one of the higher Phyla 
was associated with the lower Phyla of 
the Celomate sub-grade, when further 
back i t  passed through a Ccelenterate, a 
higher Protozoan, and finally a lower 
Protozoan phase, we are led to believe that 
its evolution was probably very slow 
as compared with the rate which i t  subse- 
quently attained. But this conclusion is 
of the utmost importance ; for the history 
contained in the stratified rocks nowhere 
reveals to us the origin of a Phylum. And 
this is not mere negative evidence, but 
positive evidence of the most unmistakable 
character. All the five Celomate Phyla 
which occur fossil appear low down in the 
Pal~ozoic  rocks, in the Silurian or Cam-
brian strata, and they are represented by 
forms which are very far from being primi- 
tive, or, if primitive, are persistent types. 
such as Chiton, which are now living, 
Thus Vertebrate are represented by fishes, 

both sharks and ganoids ; the Appendic- 
ulata by cockroaches, scorpions, Limu-
lids, Trilobites and many Crustacea; the 
Mollusca by Nautilus and numerous allied 
genera, by Dentalium, Chiton, Pteropods, 
and many Gastropods and Lamellibranchs ; 
the Gephyrea by very numerous Brachio-
pods and many Polyzoa ; the Echinoderma 
by Crinoids, Cystoids, Blastoids, Asteroids, 
Ophiuroids and Echinoids. It is just con- 
ceivable, although, as I believe, most im- 
probable, that the Vertebrate Phylum orig- 
inated a t  the time when the earliest known 
fossiliferous rocks were laid down. It must 
be remembered, however, that an enormous 
morphological interval separates the fishes 
which appear in the Silurian strata from 
the lower branches, grades and classes of 
the Phylum in which Balanoglossus, the 
Ascidians, Amphioxus and the Lampreys 
are placed. The earliest Vertebrates to ap- 
pear are, in Lct, very advanced members 
of the Phylum, and, from the point of view 
of anatomy, much nearer to man than to 
Amphioxus. If, however, we grant the 
improbable contention that so highly or-
ganized an animal as  a shark could be 
evolved from the ancestral Vertebrate in the 
period which intervened between the earli- 
est Cambrian strata and the Upper Silurian, 
i t  is quite impossible to urge the same with 
regard to the other Phyla. I t  has been 
shown above that when these appear in the 
Cambrian and Silurian they are flourishing 
in full force, while their numerous special- 
ized forms are a positive proof of a long 
antecedent history within the limits of the 
Phylum. 

If, however, we assume for the moment 
that the Phyla began in the Cambrian, the 
geologist's estimate must still be increased 
considerably, and perhaps doubled, in order 
to account for the evolution of the higher 
Phyla from forms as low as many which are 
now known upon the earth ;unless, indeed, 
it is supposed, again& the whole weigh+ of 
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all such evidence as is available, that the 
evolutionary history in these early times 
was comparatively rapid. 

To recapitulate, if we represent the his- 
tory of animal evolution by the form of a 
tree, we find that the following growth took 
place in some age antecedent to the earliest 
fossil records, before the establishment of 
the higher Phyla of the animal kingdom. 
The main trunk representing the lower 
Protozoa divided, originating the higher 
Protozoa ; the latter portion again divided, 
probably in a threefold manner, originating 
the two lowest Metazoan Phyla, constituting 
the Ccelentera. The branch representing 
the higher of these Phyla, the Nematophora, 
divided, originating the lower Ccelomate 
Phyla, which again branched and originated 
the higher Phyla. And, as has been shown 
above, the relatively ancestral line, a t  every 
stage of this complex history, after origina- 
ting some higher line, itself continued down 
to the present day, throughout the whole 
series of fossiliferous rocks, with but little 
change in its general characters, and prac- 
tically nothing in the way of progressive 
evolution. Evidences of marked advance 
are to be found alone in the most advanced 
groups of the latest highest products-the 
Phyla formed by the last of these divisions. 

I t  may be asked how is i t  possible for the 
zoologist to feel so confident as to the past his- 
tory of the various animal groups. I have 
already explained that he does not feel this 
confidence as regards the details of the his- 
tory, but as to its general lines. The evi- 
dence which leads to this conviction is based 
upon the fact that animal structure and 
mode of development can be, and have been, 
handed down from generation to generation 
from a period far more remote than that 
which is represented by the earliest fossils ; 
that fundamental facts in structure and de- 
velopment may remain changeless amid end- 
less changes of a more general character ; 
that especially favorable conditions have 

preserved ancestral forms comparatively 
unchanged. Working upon this material, 
comparative anatomy and embryology can 
reconstruct for us the general aspects of a 
history which took place long before the 
Cambrian rocks were deposited. This line 
of reasoning may appear very speculative 
and unsound, and it may easily become so 
when pressed too far. But applied with 
due caution and reserve, i t  may be trusted 
to supply us with an immense amount of 
valuable information which cannot be ob- 
tained in any other way. Furthermore, it 
is capable of standing the very true and 
searching test supplied by the verification 
of predictions made on its authority. Many 
facts taken together lead the zoologist to 
believe that A was descended from C 
through B ; but if this be true, B should 
possess certain characters which are not 
known to belong to it. Under the inspira- 
tion of hypothesis a more searching investi- 
gation is made, and the characters are 
found. Again, that relatively small amount 
of the whole scheme of animal evolution 
which is contained in the fossiliferous rocks 
has furnished abundant confirmation of the 
validity of the zoologist's method. The 
comparative anatomy of the higher Verte- 
brate Classes leads the zoologist to believe 
that the toothless beak and the fused cau- 
dal vertebrse of a bird were not ancestral 
characters, but were a t  some time derived 
from a condition more conformable to the 
general plan of vertebrate construction, 
and especially to that of reptiles. Numer-
ous secondary fossils prove to us that the 
birds of that time possessed teeth and 
separate caudal vertebrse, culminating in 
the long lizard-like tail of Archseopteryx. 

Prediction and confirmation of this kind, 
both zoological and paleontological, have 
been going on ever since the historic point 
of view was adopted by the naturalist as 
the outcome of Darwin's teaching, and the 
zoologist may safely claim that his method, 



confirmed by paleontology so far as  evi-
dence is available, may be extended be- 
yond the period in which such evidence is 
to be found. 

And now our last endeavor must be to 
obtain some conception of the amount of 
evolution which has taken place within the 
higher Phyla of the animal kingdom dur- 
ing the period in which the fossiliferous 
rocks were deposited. The evidence must 
necessarily be considered very briefly, and 
we shall be compelled to omit the Verte- 
brata altogether. 

The Phylum Appendiculata is divided by 
Lankester into three branches, the first con- 
taining the Rotifera, the second the Chzto- 
poda, the third the Arthropoda. Of these 
the second is the oldest and gave rise to 
the other two, or a t  any rate to the Arthro- 
poda, with which we are alone concerned, 
inasmuch as the fossil records of the others 
are insufficient. The Arthropoda contain 
seven classes, divided into two grades, ac- 
cording to the presence or absence of anten- 
n ~ - - t h e  Ceratophora, containing the Peri- 
patoidea, the Myriapoda and the Hexapoda 
(or insects) ; the Acerata, containing the 
Crustacea, Arachnida, and two other classes 
(the Pantopoda and Tardigrada) which we 
need not consider. The first class of the 
antenna-bearing group contains the single 
genus Peripatus-one of the most interest- 
ing and ancestral of animals, as  proved by 
its structure and development and by its 
immense geographical range. Ever since 
the researches of Moseley and Balfour, ex- 
tended more recently by those of Sedgwick, 
i t  has been recognized as one of the most 
beautiful of the connecting links to be found 
amongst animals, uniting the antenna-bear- 
ing Arthropods, of which i t  is the oldest 
member, with the Chztopo?~. Peripatus is 
a magnificent example of the far-reaching 
conclusions of zoology, and of its superiority 
to paleontology as a guide in unravelling 
the tangled history of animal evolution. 

Peripatus is alive to-day, and can be studied 
in all the details of its structure and de- 
velopment ; i t  is infinitely more ancestral, 
and tells of a far more remote past than 
any fossil Arthropod, although such fossils 
are well known in all the older of the Palzo- 
zoic rocks. And,  yet Peripatus is not 
known as a fossil. Peripatus has come 
down, with but little change, from a time, 
on a moderate estimate, a t  least twice as  
remote as  the earliest known Cambrian fos- 
sil. The agencies which, it is believed, have 
crushed and heated the Archzean rocks so 
as  to obliterate the traces of life which they 
contained were powerless to efface this an- 
cient type, for, although the passing gener- 
ations may have escaped record, the like- 
ness of each was stamped on that which 
succeeded it, and has continued down to 
the present day. I t  is, of course, a perfectly 
trite and obvious conclusion, but not the 
less one to be wondered at,  that the force 
of heredity should thus far outlast the ebb 
and flow of terrestrial change throughout 
the vast period over which the geologist is 
our guide. 

If, however, the older Palzeozoic rocks 
tell us nothing of the origin of the antenna- 
bearing Arthropods, what do they tell us 
of the history of the Myriapod and Hexapod 
Classes? 

The Myriapods are well represented in 
Pa l~ozoicstrata, two species being found in 
the Devonian and no less than thirty-two 
in the Carboniferous. Although placed in 
an Order (Archipolypoda) separate from 
those of living Myriapods, these species 
are by no means primitive and do not sup- 
ply any information as to the steps by 
which the Class arose. The imperfection 
of the record is well seen in the traces of 
this Class; for between the Carboniferous 
rocks and the Oligocene there are no re- 
mains of undoubted Myriapods. 

We now come to the consideration of in- 
. sects, of which an  adequate discussion 
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would occupy a great deal too much of your 
time. An immense number of species are 
found in the Palzeozoic rocks, and these are 
considered by Scudder, the great authority 
on fossil insects, to form an  Order, the 
Palzodictyoptera, distinct from any of the 
existing Orders. The latter, he believes, 
were evolved from the former in Mesozoic 
times. These views do not appear to derive 
support from the wonderful discoveries of 
M. Brongniart* in the Upper Carboniferous 
of Commentry in the Department of Allier, 
in central France. Concerning this mar- 
vellous assemblage of species, arranged by 
their discoverer in 46 genera and 101 
species, Scudder truly says : 

Our knowledge of Palzeozoic insects will 
have been increased three or fourfold a t  a 
single stroke * * * No former contribution 
in this field can in any way compare with 
it, nor even all former contributions taken 
together." 1-

When we remember that the group of 
fossil insects, of which so much can be 
affirmed by so great an authority as Scud- 
der. lived a t  one time and in a single local- 
ity, we cannot escape the conclusion that 
the insect fauna of the habitable earth dur- 
ing the whole Palzeozic period was of im- 
mense importance and variety. Our knowl- 
edge of this single group of species is 
largely due to the accident that coal-mining 
in Commentry is carried on in the open air. 

Now, these abundant remains of insects, 
so far from upholding the view that the ex- 
isting orders had not been developed in 
Palsozic times, are all arranged by Brong- 
niart in four out of the nine Orders into 
which insects are usually divided, viz: the 
Orthoptera, Neuroptera, Thysanoptera and 

*Charles Brongniart.PL Recherohes pour servir 4 
1'Histoire des Insectes fossiles des temps primaires, 
pr4o6dQesd'une Etude sur la nervation des ailes des 
Insectes.' 1894. 
tS.H. Scudder, Ant. Journ. Sci. Vol. XLVII., Feb- 

ruary, 1894. Art. viii. 

Homoptera. The importance of the dis- 
covery is well seen in the Neuroptera, the 
whole known Paleozoic fauna of this order 
being divided into 45 genera and 99 species, 
of which 33 and 72 respectively have been 
found a t  Commentry. 

Although the Carboniferous insects of 
Commentry are placed in new families, 
some of them come wonderfully near those 
into which existing insects are classified, 
and obviously form the precursors of these. 
T$is is true of the Blattide, Phasmidze, 
Acridiidze and Locustids among the 
Orthoptera, the Perlidze among the Neu- 
roptera, and the Fulgoridz among the 
Homoptera. The differences which sepa- 
rate these existing families from their Car- 
boniferous ancestors are most interesting 
and instructive. Thus the Carboniferous 
cockroaches possessed ovipositors and prob- 
ably laid their eggs one a t  a time, while 
ours are either viviparous or lay their eggs 
in a capsule. The Protophasmidze resemble 
living species in the form of the head, 
antennze, legs and body; but while our 
species are either wingless or, with excep- 
tion of the female Phyllidw, have the an- 
terior pair reduced to tegmina, useless for 
flight, those of Palzeozoic times possessed 
four well-developed wings. The- forms 
representing locusts and grasshoppers 
(Palzacridiidze) possessed long slender an- 
tenna like the green grasshoppers (Locus- 
t idz) ,  from which the Acridiidze are now 
distinguished by their short antennz. The 
divergence and specialization which is thus 
shown is amazingly small in amount. I n  
the vast period between the Upper Carbon- 
iferous rocks and the present day the cock- 
roaches have gained a rather different wing 
venation, and have succeeded in laying 
their eggs in a manner rather more special- 
ized than that of insects in general; the 
stick insects and leaf insects have lost or 
reduced their wings, the grasshoppers have 
shortened their antennze. These, however, 
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are the insects which most closely resemble 
the ekisting species; let us turn to the 
forps which exhibit the greatest differences. 
Many species have retained in the adult 
state characters which are now confined to 
the larval stage of existence, such as the pres- 
ence of tracheal gills on the sides of the ab- 
domen. I n  some the two membranes of the 
wing were not firmly fixed together, so that 
the blood could circulate freely between 
them. On the other hand, they are not very 
firmly fixed together in existing insects. 
Another important point was the condition 
of the three thoracic segments, which were 
quite distinct and separate, instead of being 
fused as they are now in the imago stage. 
The external difference probably also ex- 
tended to the nervous system, so that the 
thoracic ganglia were separate instead of 
concentrated. The most interesting distinc- 
tion, however, was the possession by many 
species of a pair of prothoracic appendages 
much resembling miniature wings, and 
which especially suggest the appearance as- 
sumed by the anterior pair (tegmina) in 
existing Phasmide. There is some evi-
dence in favor of the view that they were 
articulated, and they exhibit what appears 
to be a trace of venation. Brongniart con- 
cludes that, in still earlier strata, insects 
with six wings will be discovered, or rather 
insects with six of the tracheal gills suffi- 
ciently developed to serve as parachutes. 
Of these, the two posterior pair developed 
into wings as we know them, while the 
anterior pair degenerated, some of the Car- 
boniferious insects presenting us with a 
stage in which degeneration had taken 
place but was not complete. 

One very important character was, as I 
have already pointed out, the enormous size 
reached by insects in this distant period. 
This was true of the whole known fauna as 
compared with existing species, but it was 
especially the case with the Protodonata, 
some of these giant dragon-flies measur- 

ing over two feet in the expanse of the 
wings. 

As regards the habits of life and meta- 
morphoses, Brongniart concludes that some 
species of Protoephemerid~, Protopelidze, 
etc., obtained their food in an aquatic larval 
stage and did not require it when mature. 
He concludes that the Protodonata fed on 
other animals, like our dragon-flies; that 
the Palzeacridiida were herbivorous like 
our locusts and grasshoppers, the Protolo- 
custida herbivorous and animal feeders 
like our green grasshoppers, the Paleo-
blattide omnivorous like our cockroaches. 
The Homoptera, too, had elongated suck- 
ing mouth-parts like the existing species. 
It is known that in Carboniferous times 
there was a lake with rivers entering it, a t  
Commentry. From their great resemblance 
to living forms of known habits, it is prob- 
able that the majority of these insects lived 
near the water and their larve in it. 

When we look a t  this mod important 
piece of research as a whole, we cannot fail 
to be struck with the small advance in in- 
sect structure which has taken place since 
Carboniferous times. All the great ques-
tions of metamorphosis, and of the struct- 
ures peculiar to insects, appear to have 
been very much in the position in which 
they are to-day. It is, indeed,. probable 
enough that the Orders which zoologists 
have always recognized as comparatively 
modern and specialized, such as the Lepi- 
doptera, Coleoptera and Hymenoptera, had 
not come into existence. But as regards 
the emergence of the Class from a single 
primitive group, as regards its approxima- 
tion towards the Myriapods, which lived a t  
the same time, and of both towards their 
ancestor Peripatus, we learn absolutely 
nothing. All we can say is that there is 
evidence for the evolution of the most 
modern and specialized members of the 
Class, and some slight evolution in the rest. 
Such evolution is of importance as giving 
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us some vague conception of the rate a t  
which the process travels in this division 
of the Arthropoda. If  we look upon de- 
velopment as a series of paths which, by 
successively uniting, a t  length meet in a 
common point, then some conception of the 
position of that distant center may be 
gained by measuring the angle of diver- 
gence and finding the number of unions 
which occur in a given length. I n  this 
case the amount of approximation and 
union shown in the interval between the 
Carboniferous period and the present day 
is relatively so small that it would require 
to be multiplied many times before we 
could expect the lines to meet in the com- 
mon point, the ancestor of insects, to say 
nothing of the far more distant past in 
which the Tracheate Arthropods met in 
an ancestor presenting many resemblances 
to Peripatus. But it must not be forgotten 
that all this vast undefined period is re- 
quired for the history of one of the two 
grades of one of the three branches of the 
whole Phylum. 

Turning now to the brief consideration of 
tbe second grade of Arthropods, distin- 
guished from the first grade by the absence 
of antenna, the Trilobites are probably the 
nearest approach to an ancestral form met 
with in tbe fossil state. Now that the pos- 
session of true a n t e n n ~  is certain, it is rea- 
sonable to suppose that the Trilobites repre- 
sent an early class of the Aceratous branch 
which had not yet become Aceratous. 
They are thus of the deepest interest in 
helping us to understand the origin of the 
antennaless branch, not by the ancestral ab- 
sence, but by the loss of true a n t e n n ~  which 
formerly existed in the group. But the Trilo- 
bites did not themselves originate the other 
classes, a t  any rate during Pal~ozoic times. 
They represent a lasge and dominant class, 
presenting more of the characters of the 
common ancestor than the other classes; 
but the latter had diverged and had be- 

come distinct long before the earliest fos- 
siliferous rocks ; for we find well-marked 
representatives of the Cruatacea in Cam- 
brian, and of the Araehnida in Silurian 
strata. The Trilobites, moreover, appear in 
the Cambrian with many distinct and very 
different forms, contained in upwards of 
forty genera, so that we are clearly very far 
from the origin of the group. 

Of the lower group of Crustacea, the En- 
tomostraca, the Cirripedes are represented 
by two genera in the Silurian, the Ostra- 
codes by four genera in the Cambrian and 
over twenty in the Silurian ; of these latter 
two genera, Cythere and Bairdia, continue 
right through the fossiliferous series and ex- 
ist at the present day. Remains of Phyllo- 
pods are more scanty, but can be traced in 
the Devonian and Carboniferous rocks. The 
early a,ppearance of the Cirripedes is of 
special interest, inasmuch as the fixed con- 
dition of these forms in the mature state is 
certainly not primitive, and yet, neverthe- 
less, appears in the earliest representatives. 

The higher group, Malacostraca, are 
represented by many genera of Phyllocarida 
in t,he Silurian and Devonian, and two in 
the Cambrian. These also afford a good 
example of the imperfection of the record, 
inasmuch as no traces of the group are tb 
be found between the Carboniferous and 
our existing fauna in which i t  is repre- 
sented by the genus Nebalia. The Phyllo- 
carida are recognized as the ancestors of 
the higher Malcostraca, and yet these latter 
already existed-in small numbers, it is 
true-side by side with the Phyllocarida, 
in the Devonian. The evolu.tion of the one 
into the other must have been much earlier. 
Here, as in the Arthropoda, we have evi- 
dence of progressive evolution among the 
highest groups of the class, as we see in 
the comparatively late development of the 
Brachyura as compared with the Macrura. 
We find no trace of the origin of the class, 
or of the larger groups into which i t  is di- 



vided, or, indeed, of the older among the 
small groupings into families and genera.* 

Of the Amchnida, although some of the 
most wonderful examples of persistent 
types are to be found in this class, but lit- 
tle can be said. Merely to state the bare 
fact that three kinds of scorpions are found 
in the Silurian, two Pedipalpi, eight scor- 
pions, and two spiders in the Carboniferous, 
is sufficient to show tha,t the period com- 
puted by geologists must be immensely ex- 
tended to account for the development of 
this class alone, inasmuch as it existed in a 
highly specialized condition almost at the 
beginning of the fossiliferous series ; while, 
as regards so extraordinarily complex an 
animal as a scorpion, nothing apparent in 
the way of progressive development has 
happened since. Prof. Lankester has, how- 
ever, pointed out to me that the Silurian 
scorpions possessed heavier limbs than 
those of existing species, and this is a point 
in favor of their having been aquatic, 
like their near relation, Limulus. If so, 
it is probable that they possessed external 
gills, not yet inverted to form the lung-book. 
The Merostomata are, of course, a Palzozoic 
group, and reach their higbest known de- 
velopment a t  their first appearance in the 
Silurian; since then they have done noth- 
ing but disappear gradually, leaving the 
single genus Limulus, unmodified since its 
first appearance in the Trias, to represent 
them. I t  is impossible to find clearer evi- 
dence of the decline rather than the rise of 
a group. No progressive development, but 
a gradual or rapid extinction, and conse- 
quent reduction in the number of genera 
and species, is a summary of the record of 
the fossiliferous rocks as regards this group 
and many others, such as the Trilobites, 
the Brachiopods and the Nauti l id~.  All 

*For an account of the evolution of the Crustacea 
see the Presidential Addresses to the Geological So- 
ciety of London in 1895 and 1896 by Dr. Henry 
Woodward. 

these groups begin with many forms in the 
oldest fossiliferous rocks, and three of them 
have left genera practically unchanged from 
their first appearance to the present day. 
What must have been the time required to 
carry through the vast amount of structural 
change implied in the origin of these persist- 
ent types and the groups to which they be- 
long-a period so extended that tho interval 
between the oldest Palzeozoic rocks and the 
present day supplies no measureable unit ? 

But I am digressing from the Appendicu- 
late Phylum. We have seen that the fossil 
record is unusually complete as regards two 
classes in each grade of the Arthropod 
branch, but that these classes were well de- 
veloped and flourishing in Palzeozoic times. 
The only evidence of progressive evolution 
is in the development of the highest orders 
and families of the classes. Of the origin of 
the classes nothing is told, and we can 
hardly escape the conclusion that for the 
development of the Arthropod branches 
from a common Chztopod-like ancestor, and 
for the further development of the classes 
of each branch, a period many times the 
length of the fossiliferous series is required, 
judging from the insignificant amount of 
development which has taken place during 
the formation of this series. 

It is impossible to consider the other 
Ccelomate Phyla as I have done the Ap- 
pendiculata. I can only briefly state the 
conolusions to which we are led. 

As regards the Molluscan Phylum, the 
evidence is perhaps even stronger than in 
the Appendiculata. Representatives of 
the whole of the classes are, it is believed, 
found in the Cambrian or Lower Silurian. 
The Pteropods are generally admitted to be 
a recent modification of the Gastropods, 
hnd yet, if the fossils described in the gen- 
era Conularia, Hyolithes, Pterotheca, e t ~ . ,  
are true Pteropods, as they are supposed to 
be, they occur in the Cambrian and Silu- 
rian strata, while the group of Gastropods 



SCIENCE. [N. S. VOL. IV. NO. 97. 

from which they almost certainly arose, 
the Bullida, are not known before the 
Trias. Furthermore, the forms which are 
clearly the oldest of the Pteropods-Lima- 
cina and Spirialis-are not known before 
the beginning of the Tertiary Period. 
Either there is a mistake in the identifica- 
tion of the Palaozoic fossils as Pteropods, 
or the record is even more incomplete than 
usual, and the most specialized of all Mol- 
luscan groups had been formed before the 
date of the earliest fossiliferous rocks. If 
this should hereafter be disproved, there 
can be no doubt about the early appear- 
ance of the Molluscan classes, and that 
it is the irony of an incomplete record 
which places the Cephalopods and Gastro- 
pods in the Cambrian and the far more an- 
cestral Chiton no lower than the Silurian. 
Throughout the fossiliferous series the older 
families of Gastropods and Lamellibranchs 
are followed by numerous other families, 
which were doubtless derived from them ; 
new and higher groups of Cephalopods were 
developed, and, with the older groups, either 
persisted until the present time or became 
extinct. But in all this splitting up of the 
classes into groups of not widely different 
morphological value, there is very little 
progressive modification, and, taking such 
changes in such a period as our unit for the 
determination of the time which was neces- 
sary for the origin of the classes from a 
form like Chiton, we are led to the same 
conclusion as that which followed from the 
consideration of the Appendiculata, viz : 
that the fossiliferous series would have to 
be multiplied several times in order to pro- 
vide it. 

Of the Phylum Gephyrea, I will only 
mention the Brachiopods, which are found 
in immense profusion in the early P a l ~ o -  
zoic rocks and which have occupied the 
subsequent time in becoming less dominant 
and important. So far from helping us to 
clear up the mystery which surrounds the 

origin of the class, the earliest forms are 
quite as specialized as those living now, 
and, some of them (Lingula, Discina) even 
generically identical. The demand for time 
to originate the group is quite as grasping 
as that of the others we have been con-
sidering. 

All the classes of Echinoderms, except 
the Holothurians, which do not possess a 
structure favorable for fossilization, are 
found early in the Palzozoic rocks, and 
many of them in the Cambrian. Although 
these early forms are very different from 
those which succeeded them in the later 
geological periods, they do not possess a 
structure which can be recognized as in any 
wa>y primitive or ancestral. The Echino- 
derma are the most distinct and separate 
of all the Ccelomate Phyla, and they were 
apparently equally distinct and separate a t  
the beginning of the fossiliferous series. 

I n  concluding this imperfect attempt to 
deal with a very vast subject in a very 
short time, I will remind you that we were 
led to conclude that the evolution of the 
ancestor of each of the higher animal 
Phyla, probably occupied a very long 
period, perhaps as  long as that required for 
the evolution which subsequently occurred 
within the Phylum. But the consideration 
of the higher Phyla which occur fossil, ex- 
cept the Vertebrata, leads to the irresistible 
conclusion that the whole period in which 
the fossiliferous rocks were laid down must 
be multiplied several times for this later 
history alone. The period thus obtained 
requires to be again increased, and perhaps 
doubled, for the earlier history. 

I n  the preparation of the latter part of 
this address I have largely consulted Zit- 
tel's great work. I wish also to express my 
thanks to my friend, Prof. Lankester, whom 
I have consulted on many of the details, as  
well as the general plan which has been 
adopted. E. B. POULTON. 

OXFORD. 


