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ON THE BEARING OF CERTAIN PALjEONTOLO-
GICAL FACTS UPON THE DARWINIAN THEORY
OF THE ORIGIN OF SPECIES, AND ON THE
GENERAL DOCTRINE OF EVOLUTION. By H.
Alleyn e Nicholson, M.D., D.Sc., M.A., E.R.S.E., Professor

of Biology in the Durham University College of Physical

Science, Newcastle-on-Tyne.

nVT"0 science, probably, will ultimately have more to say

Jl 1 in the proof or disproof of the general doctrine of

evolution as applied to the kingdoms of organic nature,

than Palajontology. I do not, however, in the present com-
munication, propose to discuss at length this wide question.

I propose, rather, to take a more limited held, and to examine
shortly the bearing of certain portions of palaeontological

evidence upon the Darwinian theory of the origin of species,

—

a theory which is only one method of explaining how evolu-

tion may have taken place, and which is totally independent of

the general doctrine of evolution. In carrying out the object

which I have in view on this occasion, I shall, for the most
part, follow Mr. Darwin through his celebrated chapter on
“ The Imperfection of the Geological Record,” in which he
fairly states the chief objections which he conceives to be

capable of being brought forward out of geology and palaeon-

tology against his theory, and in which he endeavours, with

much ingenuity, to rebut these objections.

Before entering, however, upon the proper subject of my
paper, it may be as well to indicate the general conclusions

to which we might be led, as regards this subject, from a

study of palaeontology or zoology
;

since there seems, in the

minds of some, both of those who are in favour of evolution

and of those who are opposed to it, to exist some confusion on

this point :

—

First, then, we might be led by a study of the facts of the

« 2
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case to the belief that no form or kind of evolution of living

beings ever has taken place, or ever will take place. This con-

clusion would relieve us from any necessity of discussing what

is known as the “ Darwinian Theory,” since this presupposes

evolution, and is directly based upon it.

Secondly, Are might be led to believe that evolution had been

the general and universal agent in the production of all the

different forms of animal and vegetable life, which have ex-

isted in past time, or which exist at the present day. This

conclusion Avould still leave us under the necessity of discussing

the Darwinian hypothesis, since this might be false, even if

the general doctrine of evolution were true.

Thirdly, avc might be led to the conclusion that certain forms

of animal and vegetable life had been derived from other pre-

existent forms, but that certain other forms had not been

so derived. Now, I Avould here observe that there Avould be

nothing unphilosophical in such a conclusion, supposing it Avere

Avarranted by the facts. If there are facts Avhicli Avould go to

prove that certain animals and plants have been derived from
certain other animals and plants, avc are Avarranted in adopt-

ing a derivative theory of origin for these animals and plants,

but Ave are not Avarranted in doing more than this. Every
naturalist will admit that the cases in Avhich any direct pro-

bability of descent can be established, are limited, and com-
paratively few in number. The Avant of philosophy, therefore,

if there be any, is on the side of those Avho, taking what at best

has but been established as a probability in a certain number
of cases, insist that Ave must manufacture out of this proba-

bility a general law to apply to all cases. In other Avords, it

is directly asserted, or tacitly assumed, that if Ave admit that

certain forms of animal and vegetable life (Avhether Ave choose

to call these varieties or species) have been derived from
other pre-existent forms, Ave must further admit that all forms
of animal and vegetable life have been similarly derived from
a single pre-existent form, that in turn, being evolved from
inorganic material. I here protest most strongly against this

assertion or assumption. It is an absurdity to maintain that
evolution is either Avholly true or not true at all

;
that we must

either apply the doctrine to everything or to nothing. It is absurd
to maintain that the admission that certain animals and plants

have been derived from certain other different animals and
plants, carries with it, of logical nccessit}7

,
the further admission

that all animals and plants have been similarly derived.

Suppose avc find that, as a general rule, bodies contract when
heat is abstracted from them, are Ave therefore compelled to
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admit that all bodies act in the same manner under similar
circumstances? If we were so compelled, we know that we
should be wrong, and that we should ultimately find our law
confronted with certain bodies which do not contract on cooling.
Similarly, we are not compelled by any necessity of the case
either to apply the doctrine of evolution to all animals and
plants alike, or to deny its existence and operation altogether.
On the contrary, we are perfectly at liberty if we choose, and
the facts will bear us out, to believe that some sort or kind of
evolution has taken place, and that some animals and plants
have been produced out of other pre-existent forms, whilst
others have been differently produced, and owre their peculiari-

ties to some other cause. It is perfectly open to us, to put the
case in a concrete form, to believe that certain groups of allied

species have been evolved each from a common ancestor; but
we may at the same time consistently believe that the origin

and production of these ancestro.l types has been conditioned
and controlled by some totally different law. There are plenty
of instances, in point of fact, in which one law continues to act

regularlywithin certain limits, and then has its operation super-

seded by some higher law.

In the same way, with regard to the Darwinian hypothesis,

it cannot reasonably be maintained, that we are either bound
to suppose that all varieties of animal and vegetable life have
been produced by the action of natural and sexual selection, or

that we are shut up, as our only alternative, to the denial that

natural selection is a vera causa at all. It is impossible to

doubt the operation of “natural selection ” within certain

limits; but the question remains as to what these limits are

;

and we are certainly not justified in concluding that because it

operates in certain cases, therefore all the peculiarities of the

structure of living beings can be explained as due to this, aloue

or combined with “ sexual selection.”

Lastly, we have one extremely important consideration to

bear in mind, and that is that very different meanings may be

attached to the term “ evolution.” Supposing ground should

appear for believing that certain forms of life have been
evolved from other different forms, we have to admit the

partial operation of “ evolution ” in its real and strict sense ;

but it still remains to gauge the quality and significance of this

process, as well as to assign the causes by which it was brought

about. To some minds, “ evolution ” appears to convey little or

no notion of definite law and order, and the whole process

appears to present itself as a kind of chance-medley operation,

one species becoming converted into another, not along certain
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fixed and unalterable lines, but solely according to chance
variations in its environment and surroundings, or in its

internal structure. On the other hand, there are other minds
to which “evolution,” in so far as we may believe it to have

occurred at all, presents itself as a perfectly orderly and
definitely regulated process, as much a part and parcel of the

Divine order, and as thoroughly conformable to it, as any other

conceivable mode of creation. On this view, certain types of

life have been so endowed as to give rise to certain other

related types by “ evolution,”—the evolution not taking place,

or capable of taking place, in any or every direction, but

following a certain definite and necessary line. This is the

“ genetheonomy ” of Mr. Davidson and Professor King, the
“ evolution of species effected mainly through the operation of

Divine laws, and not by purposeless or accidental modifications.”

For my own part, if we substitute, in the above quotation, the

word “wholly” for “ mainly,” I see no difficulty in accepting

evolution as an agent in the production of species. It will be

observed that this leaves open the question as to how far
evolution has thus operated, and also as to how its operation

has been effected, whether by “natural selection,” or in some
entirely different manner.

Having now cleared the ground by these preliminary con-

siderations, I shall pass on to discuss the method in which Mr.
Darwin has treated the difficulties which palaeontology offers

to the acceptance of his theory of the evolution of species by
natural selection, as expounded in the chapter of the “ Origin

of Species,” entitled “The Imperfection of the Geological

llecord.” And I may here remark, that though I have come
to the conclusion that Mr. Darwin has failed to remove these

difficulties entirely, or even to materially lessen their weight,

lie has exhibited conspicuous fairness in the manner in which
he has stated them, and that his arguments embrace much of

the highest value, quite apart from the special conclusions

which may be drawn from them. The subject may be con-
sidered under the following heads.

1 . TheNature of ExtinctIntermediate Varieties.—Mr. Darwin
commences by pointing out that at the present day, sup-

posing his theory to be true, we should not expect to find

any forms directly intermediate between two given species, or

that, at any rate, the existence of such forms must be very

rare and exceptional. What we should look for are “ forms
intermediate between each species and a common but unknown
progenitor.” It is clear, however, that as regards extinct

species, we have a right to look for such directly intermediate
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forms, if Mr. Darwin^s theory be correct; because in many
cases we should have the actual common progenitor and the
resulting species. If, for example, we suppose that the two living
species the Horse and the Ass are descended by evolution from
a common progenitor, it may be, and is doubtless, true that we
should find no links directly uniting the one with the other.
But, looking into “the dark backward and abysm of time,” we
may perchance find this common progenitor, and then the
element “ unknown” is eliminated, and we may reasonably ask
for tbe directly intermediate forms which unite each species

with the now known progenitor. In the present instance,

most evolutionists would admit Hipparion to be the required
common progenitor. No directly intermediate links, however,
have yet been discovered between Hipparion and Equus. Or,
if, in order to evade this difficulty, it were supposed that Equus
and Hipparion constituted two distinct and diverging lines of

descent from a still older common progenitor, such as Anchi-
therium, it would still remain to find directly intermediate forms
between each of these and the latter

;
and no such transitional

links have as yet been discovered. The general view, no doubt,

is to regard Anchitherium as being the at present oldest known
common progenitor of the Horse and Ass, and to consider that

Hipparion is the required directly intermediate form, or rather

one of such forms. This view, however, disregards the fact

that the requirements of the case necessitate the bringing for-

ward of directly intermediate forms between two existing

species and the nearest common progenitor that can be found.

If Equus has been developed from Anchitherium, and Hipparion

has constituted an intermediate stage between the two, then Hip-

parion is the nearest common progenitor at present known of the

existing species of Equus, and we have the right to expect the

production of forms directly intermediate between them. Simi-

larly, we should expect to find forms directly intermediate

between Hipparion and Anchitherium. In neither case, how-

ever, are any such intermediate links at present known.* It

* The new and remarkable forms of Equidas discovered by Leidy and

Marsh in the Tertiary formations of North America, do not supply the

desired links between Hipparion and Equus, or between Hipparion and

Anchitherium. Thus Orohippus, though closely related to Anchitherium,

has four digits in the manus and no antorbital fossa. Miohippus may be

regarded as linking Orohippus to Anchitherium, since it has only three

digits to the manus, but it also has no antorbital fossa; whilst Piiohippus,

though resembling Equus in its digits, differs in the important characters of

possessing a large antorbital fossa and an additional upper prsemolar.

Hence all these forms, though perhaps indicating the occurrence of some

kind of evolution, arc so distinct and isolated in their characters that
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history may be for ever hidden from us, the period of which we
have actual record is sufficiently long to make it certain that

we must have in that period many common progenitors of exist-

ing species, or of species which came into existence in the later

epochs of Geology. We should, therefore, expect to meet, as

palaeontologists, with numerous directly intermediate types;

and the very general absence of such appears to me to be, to

begin with, a very serious obstacle in the way of the Darwinian

hypothesis.

2. The Lapse of Geological Time.—The argument under
this head I may pass over without discussion. As a field-

geologist, I am fully prepared to admit the vastness of geolo-

gical time; hut I do not see that we have at present any
sufficiently definite data by which we can estimate whether this

time has, or has not, been sufficient to allow of the production

of all living and extinct species of animals and plants by the

action of natural selection. Geological time, as asserted by
Mr. Darwin, is no doubt commonly underestimated

;
but we

cannot at present even approximately determine how long a

period has elapsed since the first introduction of living beings

upon the globe, and we have not the smallest means of calcu-

lating how long a period would be required for the origin of

species on Darwinian principles. It seems futile, therefore, to

attempt to draw any conclusion from the comparison of two
unknown quantities. Sir William Thomson’s conclusions, if

proved, would undoubtedly seriously affect the position of the

Darwinian theory, but it cannot be said that they are certain,

and it seems better at present to regard our knowledge as in-

sufficient for the formation of any definite opinion on this subject.

3. The Poorness of our Palaeontological Collections.—The
next section of Mr. Darwin’s argument deals with the poverty

of our best palaeontological collections, which he evidently

regards as so great as to render all negative evidence, founded
on the absence of certain forms of life, as of no value when
opposed to his theoretical views. Unquestionably if we were
to take our entire palaeontological collections and compare
them with the vast number of animals and plants, which we
may infer from various considerations to have existed in past

time, but of which we have now no traces, Mr. Darwin is

they are necessarily regarded as distinct genera. Hence, they do not lead

us any nearer to the graduated series of transitional forms, which will

have to he found before we can positively assert that Equus is a lineal

descendant of Hipparion, and the latter of Anchitherium.
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justified in the view he has taken, at any rate within certain

limits. On the other hand, it may reasonably be maintained
that this poverty of our collections is greatly reduced when we
take certain groups of animals, or take the entire faunre of
certain formations. It may reasonably be maintained that the
known collections, for example, of Silurian and Devonian fossils

are not so fragmentary as to vitiate all the negative evidence
drawn from them. In North America, at any rate, where the
Devonian follows the Upper Silurian conformably and without
any palaeontological break of a marked kind, and where both
sets of rocks are richly fossiliferous, it cannot be said that the

poverty of our collections is such that no value can be attached

to the absence of intermediate forms between the species of

successive formations. If the Brachiopoda of these forma-
tions alone be taken, there are many species of which many
thousands of perfect specimens have been collected

;
and if

evolution can ever be proved by palaeontology, we might fairly

expect the proof here. Similarly, our collections of the fossils

of various of the Secondary formations, as regards the marine
animals, are sufficiently complete to render any negative evi-

dence drawn from them of very decided value. Upon the

whole, therefore, whilst the fragmentary nature of our palaeon-

tological collections must be fully admitted, it remains certain

that as regards the marine faunae of certain formations, and
as regards certain groups of marine animals, this imperfection

of our collections is not so great but that we may attach

considerable importance to any negative evidence that they

may afford.

4. The Vastness of Unrepresented Time.—Every modern
geologist, probably, admits that the great geological formations

are separated by vast lapses of time, more or less completely

unrepresented by any accumulation of sediment. It is also

universally admitted that all unconformities, whether between

two formations, or as occurring in the limits of a single forma-

tion, similarly mark intervals of time not represented in the

area where the want of conformity occurs by any stratified

deposits. Every want of conformity, therefore, undoubtedly

marks a time in which great biological changes may have

taken place without our having any record of them now pre-

served to us ; and it may be, as believed by some, that the

periods unrepresented by any fossiliferous sediments are ac-

tually much longer than those of which we have material

record in the form of strata charged with the remains of extinct

animals. It is certain, therefore, that we have here a very

marked cause of the imperfection of the palmoutological record
;
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and the evolutionist may reasonably claim that many of the
proofs of his theory have been in this way destroyed.

This argument, however, cannot be sustained with any con-

fidence, when we come to look at the successive and conform-
able strata of a single group of beds. Doubtless, the lines

between successive strata do mark periods of time in which no
sediment was being accumulated, but we have no proof that

these unrepresented periods were of any very great duration.

When we find, as we often do, two successive and closely-

related beds in which the fossil remains are partially alike and
partially unlike, it is begging the entire question to assert that

the line dividing the two beds must represent a long period of

time because of the unlikeness of the organic remains of the

two. Until we can indicate with some preciseness the sequence
of phenomena indicated by the sudden appearance of new
forms of life in time, we have no right to assume that two
successive beds are separated by a wide interval, simply because

the upper bed contains one or more new and peculiar forms of

life.

It may be admitted, then, that, as regards the entire series

of stratified deposits, so many gaps exist that the record of life

is seriously mutilated
;
and hence, supposing evolution to be

true, many of the proofs of its operation have doubtless never

been preserved to us, whilst many others must have been

destroyed by denudation. On the other hand, it is to be urged
that no such objection can, in the present state of our know-
ledge, be brought against certain groups of fussiliferous deposits

which we may take in certain known and explored regions.

No such objection, for example, can be urged against a large

portion of the palaeozoic rocks of North America. Com-
mencing with the Clinton formation, we may pass from the

base of the Upper Silurian to the summit of the Devonian
series, through a thickness of some thousands of feet of sedi-

ments, without meeting with a single unconformity or with

any general palaeontological break. The entire scries admits of

subdivision into a number of subordinate groups, each charac-

terized by some peculiar fossils; so that we have a constant

extinction of certain older types of life and a constant appear-

ance of certain new forms. The fauna of each subordinate

group is, however, constantly found to be closely related to

that of the groups immediately above and below, and there is

no positive evidence, either stratigraphical or palaeontological,

of any long interval of unrepresented time separating the suc-

cessive groups. In other words, so far as all the positive

evidence would show', we have here an area which remained
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beneath the waters of a single ocean, and that an ocean richly

tenanted by living beings, during the whole of the vast lapse of

time between the commencement of the Upper Silurian and
the close of the Devonian period

;
whilst there is no proof of

any considerable pauses in the process of sedimentation during
the same period. Here, therefore, if anywhere, we ought to

find proofs of evolution, if such a process really has taken
place; and I shall immediately proceed to examine shortly

some of the evidence that we have on this head. In the mean-
while it may be noticed that there is another respect in which
the Upper Silurian and Devonian rocks of North America are

peculiarly fitted to throw light upon this inquiry. Mr. Darwin
has pointed out that richly fossiliferous deposits have been
formed mainly during periods in which the sea-bottom was
undergoing subsidence

;
but he remarks that during subsi-

dence few new varieties or species will be formed, owing to the

deepening of the sea and the consequent decrease in the inha-

bited area and the number of inhabitants. The bearing of this

remark upon Mr. Darwin’s views is obvious
;

since sediments

accumulated during subsidence, when few new species arc

formed, could not be expected to yield many, or any, inter-

mediate forms. Under any circumstances, I should not attach

as much weight to the latter half of the above observation as

Mr. Darwin seems inclined to do; but, at any rate, it does not

apply to the case 1 have chosen. There is good evidence that

the Upper Silurian and Devonian rocks of North America
were laid down in an area of almost continued subsidence; but

there is also good ground for believing that the accumulation of

sediment kept pace, approximately, with the rate of subsidence;

so that the depth of the sea remained tolerably constant, and
there was no marked decrease in the size of the inhabited area

and the number of inhabitants. We have also evidence that

during the greater part of this period the sea was sufficiently

shallow to admit of the existence of a profuse and varied

marine fauna; and there is ample proof of the continual intro-

duction of new species and varieties.

5. The Absence of Numerous Intermediate Varieties in any
Single Formation .—It is freely conceded that one of the greatest

difficulties which Mr. Darwin’s theory has to overcome, is

found in the fact that we do not find in the limits of any single

formation “ closely graduated varieties between the allied

species which lived at its commencement and at its close.” The

essence of this difficulty lies in the words “ closely-graduated”;

for we do find in any single formation certain intermediate

forms, which may perhaps support a partial theory of evolution,
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but which do not offer the evidence required by the Darwinian
hypothesis. The following are the chief considerations brought

forward by Mr. Darwin, to break the force of this objection,

though he admits his inability to assign a due proportional

weight to each.

a. It is maintained that each formation is probably “ short,

compared with the period requisite to change one species into

another.” Seeing that each formation is characterized by ail

assemblage of living beings peculiar to itself, that few species

pass through an entire formation, and that each subdivision of

a formation is generally recognizable by its own peculiar forms

of life, I do not see how it is possible to maintain this asser-

tion. It may be noted, also, that though the amount of time,

as having elapsed since the introduction of life upon this

planet, demanded by the Darwinian theory is notoriously enor-

mous, one has little idea of its immensity till one comes to

analyze such an argument as that given above. It is admitted

that the length of time indicated by our entire series of

stratified rocks, is vast almost beyond conception
;

but the

entire series consists of only fourteen or fifteen great forma-

tions, and would, therefore, irrespective of the blanks between
the formations, correspond, on the above view, with less than the

combined life of fifteen successive species. When we reflect

on the enormous number of living forms that have died out,

and the enormous number of new forms that have come into

being, we feel hopeless of forming even an approximate con-

ception of the time which Mr. Darwin asks for the carrying

out of his theory.

b. It is alleged, again, that the first appearance of a species

in any formation, probably only indicates that it had then
first immigrated into that area, and that it might have been in

existence elsewhere for a long period of time. This may in

some, perhaps in many, instances be true
;
but there can be

very few cases capable of definite proof, and it must, there-

fore, be regarded as more or less of tbe nature of an assump-
tion. It can hardly be asserted that in the long lapse of

geological time we have not record of the first appearance of

many species
; and we can never know, in most instances,

whether the first appearance of a species, as known to us, is

actually its first appearance, or is only so for the area under
examination. Little weight, therefore, can be attached to this

argument.

c. In order to get a perfect gradation between two forms,

we should require them to have lived in the same area for a

long period, during which a thick and continuous scries of
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deposits were laid down ; but these conditions are probably
rarely carried out. This is unquestionably true, if we only
knew how thick the formation would need to be. This we do
not know, and therefore it will always be open for each observer
to hold his own opinion on this point. Some will be of opinion
that the uninterrupted deposition of fifty or a hundred feet of

sediment would amply fulfil the above conditions. Mr. Darwin,
on the other hand, believes that a whole formation would not
be sufficient for this purpose; and there does not appear at

present to be any means of coming to an agreement on this

point.

d. That every formation has been more or less intermittent

in its accumulation is unquestionably true, since the dividing-

line between every stratum and the next undeniably marks a

pause in the work of deposition. We have, however, no proof

that these pauses have been always of even approximately the

same length. Sometimes we have reason to believe that they

have been very long; at other times there are grounds for

thinking that they were comparatively very short. We can,

therefore, come to no positive conclusion, as to the amount of

time represented in this way, and can thus attach no definite

value to any argument derived from this source.

e. The last of Mr. Darwin’s arguments which I may notice

is that we have no right to look in our geological formations

for “ an infinite number of those fine transitional forms, which,

on our theory, have connected all the past and present species

of the same group into one long and branching chain of life.”

On the contrary, we have only a right to look for a few of

these transitional links, and such are actually found to exist in

nature. To this it may be replied that whilst we have assuredly

no right to ask for an infinite series of links, we have a right

to ask for a much more perfect series of links than has as yet

been brought to light. The transitional forms which are at

present known to us,—and there are more of them than might

be imagined,— might be sufficient to give an apriori probability

to some theory of evolution ; but they can hardly be said to be

in any single instance sufficient to be accepted as proof of the

special explanation of evolution advocated by Mr. Darwin.

(5. On the Succession of Life in a Series of Conformable De-

posits.—We have seen that Mr. Darwin admits that the absence

of a series of graduated intermediate forms betwreen the species

at the commencement of any single formation and those which

lived at its close, is a great stumbling-block in the way of his

theory. Let us now see what we actually do find in such a

case, having in the meanwhile regard w'holly to the facts, and
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disregarding all theories and all possible explanations of any-

thing which may appear unintelligible. For reasons already

stated; I shall select for this inquiry the Upper Silurian and
Devonian rocks of North America as being peculiarly fitted for

this purpose. AYe have here a series of distinct rock-groups,

all of which are capable of being defined by their fossils, but

which follow one another conformably, and which .possess a

sufficiency of identical or closely-allied fossils, in any two
successive groups, to indicate that they constitute a single

natural group of deposits, elsewhere represented by the Upper
Silurian and Devonian. When most fully developed, the series

consists of the following groups in ascending order :

—

I. Upper Silurian.

1. Oneida Conglomerate.

3. Clinton group.

4. Niagara group.

5. Guelph Limestones and Onondaga Salt group.

G. Lower Helderberg.

a. Tentaculite Limestone and Water-lime group.

b. Lower Pentamerus Limestone.

c. Delthyris Shaly Limestone.

d. Encrinal Limestone.

e. Upper Pentamerus Limestone.

II. Devonian.
7. Oriskany Sandstone.

8. Corniferous group.

a. Cauda-galli grit.

b. Schoharie grit.

c. Upper Helderberg or Corniferous Limestone.

9. Hamilton group.

a. Marcellus Shale.

b. Hamilton group proper.

c. Genesee Slates.

10. Portage group.

11. Chemung group.

12. Catskill group (Carboniferous?)

The line of division between the Upper Silurian and Devonian
is so little marked that the best authorities are still divided as

to w hether the Oriskany Sandstone should properly be regarded

as the summit of the former or the base of the latter
;
and it

may conveniently be regarded as constituting a bed of passage

between the two. In what follows, several groups of the above

list will not come into consideration at all, as not yielding

2. Medina Sandstone.
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many organic remains, or such as can be made available for the

present purpose.

For many reasons it is desirable to restrict our investigation

as regards the succession of life in the above-mentioned de-

posits to a single group of organisms, and for this purpose none
offers such facilities as that of the Brachiopoda. It will not
be possible, indeed, to study even these in an exhaustive manner,
and only the more striking facts brought to light by a consi-

deration of their occurrence in these formations can here be
discussed.

In the first place, it is most remarkable to observe how in

the larger and most abundantly represented genera closely

allied forms succeed each other as we proceed from the base of

the series towards the summit. Commencing with a single

type-form in one of the lower groups, we find the same form
under a somewhat different guise appearing in one or more of

the higher groups, and sometimes represented therein by several

allied species. I shall give some of the more conspicuous

examples of this, drawn from a study of the genera Orthis,

Strophomena, and Spirifera.

If we commence, for example, with Orthis elegantula, Dalm.,
in the Clinton group, we have a well-known type nearly allied to

certainLowcr Silurianforms (such as O.testudinaria, Dalm.), and
distinguished by its flattened dorsal and convex ventral valve,

and by the fine radiating dichotomising strice with which the

surface is ornamented. In the Niagara group the species is

continued in full force, and little or not at all changed
;
but in

the Lower Helderberg the species has disappeared, and its

place is taken by the closely allied Orthis plano-convexa, Hall,

and O. subcarinata, Hall. In the Oriskany Sandstone no re-

presentative of the type has yet been detected, but in the

Corniferous group we find Orthis peloris, Hall, and O. lenti-

cularis. Hall, whilst the Hamilton group has yielded O. soli-

taria, Hall; all of these being close allies of one another, and
of O. elegantula.

Another series may be taken, having as its type Orthis

hybrida, Sow. This type commences in the Clinton group in

the person of O. circulus, Hall, and is represented in the suc-

ceeding formation of the Niagara group by the type-form O.

hybrida, distinguished by its nearly equally convex valves and
fine radiating striae. In the Lower Helderberg the type has

a great development, being represented by O. oblata, Hall, O.

discus, Hall, O. eminens, Hall, O. perelegans, Hall, O. con-

cinna. Hall, and O. assimilis. Hall; all of these being closely

related to O. hybrida and to one another. In the Oriskany
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Sandstone we have but a single example of the group, viz. O.
musculosa, Hall. Iu the Corniferous Limestone, however, a

second great expansion of the type occurs, and we find no less

than six species of the group, viz. O. alsus, Hall, O. mitis. Hall,

O. Livia, Billings, 0. Vanuxemi, Hall, O. Semele, Hall, and O.
Cleobis, Hall; some of these being hardly separable from one
another and from precedent forms. Lastly, in the Hamilton
group, besides 0. Vanuxemi, continued from the Corniferous,

we have four fresh representatives of the type, viz. O. leucosia,

Hall, O. cyclas, Hall, O. Penelope, Hall, and O. idoneus,

Hall.

Or, again, we may take another series, which culminates in

the well-known Orthis resupinata of the Carboniferous rocks.

This series commences in a well-marked form with Orthis mul-
tistriata, Hall, of the Lower Helderberg : it is represented in the

Corniferous Limestone by the very similar O. propinqua, Hall

(so similar as to be almost undistinguishable)
;

it is continued

in the Hamilton group by O. Tulliensis, Vanuxem, and O.

Iowensis, Hall; whilst it is represented in the Portage and
Chemung groups by O. impressa, Hall.

Turning to the genus Strophomena, Mre find exactly the same
phenomena. Thus, the large and important group of Stro-

phomenoid shells typified iu the Lower Silurian by S. alternata,

Conrad, and a number of allied forms, continues to be repre-

sented in the Clinton by S. alternata, and, though without any
conspicuous example in the Niagara group, is represented in

the Lower Helderberg by the two well-marked forms, S. con-

cava, Hall, and S. varistriata, Conrad. Later on, in the Corni-

ferous and Hamilton groups, we find the type represented by
a whole group of forms— S. inequistriata, Conrad, S. inequira-

diata, Hall, S. Patersoni, Hall, S. textilis, Hall, and S. herni-

spherica. Hall; which Hall considers as distinct species, but

which Mr. Billings regards as probably nothing more than
varieties of one protean form, which is continued into the

Chemung group by S. Cayuta, Hall.

Similarly, the S. Headleyana, Hall, S. punctulifera, Conrad,
S. Leavenworthana, Hall, and S. cavumbona, Hall, all from
the Lower Helderberg group, are hardly or not at all separable

from the S. ampla of the Corniferous Limestone, a species which
is also stated by Mr. Billings to occur in the intermediate

formation of the Oriskany Sandstone.

Again, the Strophomena patenta, Hail, of the Clinton group,

related perhaps in turn to S. pectcn, Linn., of the older rocks,

is represented in the Niagara formation by the nearly allied

S. subplana, Conrad, which is followed in the Lower Holder-
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berg by the closely allied S. radiata, Vanuxem, and S. Wool-
worthana, Hall.

Evidence of precisely similar import can be obtained from a
consideration of the distribution of the species of the genus
Spirifera within the same formations. The Spirifera crispa,

Linn., of the Niagara formation, is succeeded in the Lower
Helderberg by the closely allied, if not identical, S. cycloptera

and S. Vanuxemi, Hall, which are followed in the Oriskany by
S. tribulis, Hall, and in the Corniferous by S. duodenaria. Hall.

Again, the Spirifera sulcata of the Niagara group is succeeded
by the cognate S. perlamellosa, Hall, of the Lower Helderberg,
in turn followed in the Corniferous group by S. raricosta,

Conrad. Lastly, the Spirifera Niagarensis, Conrad, which, so far

as I am aware, is the oldest example of the genus in the Silurian

rocks of North America, is directlv succeeded in the Lower
Helderberg by the closely related S. macropleura, Conrad.
The question now arises—What is the significance of facts

such as these,—facts which could be greatly multiplied, and
which no competent authority would think of disputing? Are
we to consider that the eighteen forms which group themselves

round Orthis hybrida as a central type, and which are found in

the successive formations from the Clinton to the Hamilton,
are so many absolutely distinct species, in the old and strict

acceptation of this term ? Or, shall we simply expand our
conceptions of what constitutes a species, extend the limits of

the term, and consider that these allied forms are so many
more or less distinct varieties of a single protean species? If

the latter view were adopted, whilst to the working palaeonto-

logist these forms would remain as so many distinct species,

and would properly and usefully be designated by so many
distinct names, to the transcendental palaeontologist they would

become simply so many successive phases of one variable form.

It cannot be too strongly borne in mind, as very properly

insisted on by Mr. Darwin, that naturalists have no golden rule

for determining what are species and what are varieties. Such
determinations rest upon the value which certain observers

attach to certain characters
;

and this is especially true of

fossils, where, in addition to the actual anatomical or structural

characters, we have the additional element of time introduced.

Specimens which would at once be admitted to be mere varieties

if they occurred in a single stratum, are by many palaeonto-

logists unhesitatingly set down as distinct species, if they

happen to occur in beds of even slightly different age. For

the purposes of the stratigraphical geologist, this does not

matter, and is, indeed, often useful, since if a certain bed can be

VOL. ix. n
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invariably recognized by the occurrence in it of a particular

fossil, it does not matter whether this be a true species or a

mere variety. Philosophically, however, the system is a bad
one, and the specific status of a fossil should be determined
independently of its stratigraphical position.

Upon the whole, the most feasible explanation of cases such
as those above recounted, seems to be contained in the admis-

sion that certain species in certain zoological groups have a

great range of variability
;
that these variable species appear

under slightly different forms in each successive period or sub-

period
; and that, though we may, for the sake of convenient

classification and description, call these by distinct titles, they

have in reality all been derived from a single primitive type b}r

some kind of evolution. As before remarked, however, this is

simply giving a more ample latitude and a broader expansion
to our conception of the term “ species,” and it does not carry

with it philosophically the acceptance of the general doctrine of

evolution. A fortiori it does not bind us to accept any particular

explanation as to the manner in which these related forms have
been produced.

So far as the Darwinian theory is concerned, the facts above
recounted do not appear to be in any way specially favourable to

it; since, though they apparently point to some kind of evolution

having taken place upon a limited scale, they do not show any
indications of the graduated series of intermediate forms which
is required by the hypothesis of natural selection, and which
upon this view must at one time necessarily have existed. If

Spirifera crispa of the Niagara group, for example, was changed
by natural selection into S. cycloptera of the Lower Helderberg,
this into S. tribulis of the Oriskany, and this into S. duodenaria
of the Corniferous, we ought to find a graduated series of inter-

mediate forms directly connecting them
;
since no ground can

be alleged why each of the intermediate forms of the series

should not have had just as long an existence as the four types
themselves, and should not, therefore, have had just as good a

chance of being preserved as fossils. Nor do the arguments
brought forward by Mr. Darwin appear to touch this case,

since all the forms in question inhabited a single ocean, the
bottom of which was regularly and slowly subsiding, and in

which a series of sediments was being accumulated, so far as

Ave can judge, almost continuously.

It appears, then, that even in cases such as the preceding,

Avhich at first sight appear to favour the Darwinian theory, we
do not find the graduated series of intermediate forms required

to prove the case. On the contrary, avc find a series of forms
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very closely allied to one another, the two extreme terms of the
series being conspicuously different, and the intermediate forms
more or less completely uniting them together

; but, at the
same time, all the members of the series so far distinct that a
thoroughly competent and skilled paleontologist describes all

of them, without hesitation, as distinct and separate species.

This is not at all what is required for the proof of the Darwinian
hypothesis, and Mr. Darwin is so fully alive to this that, as we
have seen, he has devoted much ingenuity to an attempt to

explain away the absence of the finely gradational forms, which
upon his theory ought to be found within the limits of each
great formation.

So far, therefore, as any actual proof of the Darwinian theory
of the origin of species is concerned, I believe Palaeontology to

be at present absolutely silent. The facts of Palaeontology

point to the operation of some law of evolution, but they do
not support the special views advanced by Mr. Darwin. Every-
where we meet with intermediate forms linking together

different groups
;
but these forms are always distinct in them-

selves and distinct from the types they connect. When we
look at the “ intercalary” or “ linear” types interposed between
the great classes of the Reptiles and Birds, for example,
Compsognatbus, Ichthyornis, Odontopteryx, Archaeopteryx,

Pterodactylus, and the like, we have a series of distinct struc-

tural types, which may as a "whole be placed between Reptilia

and Aves, but which are quite distinct in themselves, and which
are not connected either wfith one another, or with these two
classes by any graduated series of transitional forms. Simi-

larly, Hipparion may be a “ linear type” between Anchitherium
and Equus

; and in so far as this is probable, it lends support

to some theory of evolution
;

but it does not support the

Darwinian theory, as we have discovered no intermediate

forms uniting these very distinct types. The same may be said of

all, or almost all, of the known “ transitional forms,” which have

as yet been brought to light by the study of Paleontology.

In the particular department which we have been investi-

gating, we have seen that great variability exists in certain

groups, and that a reasonable probability has been established

that certain related groups of Brachiopods have descended each

from a single primordial type. In other words, we have seen

it to be reasonably probable that certain species are endowed

with such a plastic organization, that when the surrounding

conditions change, or in consequence of some unknown and

inherent law, they undergo modification, and appear in succes-

sive periods under forms so different, as to have been described

r 2



as distinct species. We have thus ground for believing that

a considerable expansion may reasonably be given to the philo-

sophical conception of what constitutes a species.

There is, however, another aspect of the question to con-
sider. Side by side with the groups of allied species of Bra-
chiopods, wrhich we have seen to occur in the Upper Silurian

and Devonian formations, we must place the comparatively
rigid, inflexible, and persistent species, such as Strophomena
rhomboidalis, Wahl., and Atrypa reticularis, Linn., of the same
formations

;
and we have also to consider the new types which

came into being during the same period, without our being

able to show that they have descended from pre-existent allied

forms. As regards the persistent, types, the two first-men-

tioned are the most important. Strophomena rhomboidalis

commences in the Lower Silurian, and continues through the

whole of the Upper Silurian and Devonian, finally dying
out in the Carboniferous rocks. Though slightly varying in

shape and size in certain deposits, it remains practically the

same throughout the whole of this enormous period. Atrypa
reticularis, Linn., commences in the earlier portion of the Upper
Silurian, and continues to be represented till close upon the
termination of the Devonian period. Unlike the preceding,

it is exceedingly variable in size and in other characters, and at

least two so-called species, viz., Atrypa impressa, Hall, and A.
spinosa vel aspera, appear to have been founded upon mere
varieties of this mutable form. Other species could be men-
tioned which pass through several sub-groups without apparent
alteration

;
but these two have by far the largest range. Atrypa

reticularis affords us an instance of a species, which, though
very variable, and constantly presenting slight modifications of

different kinds, nevertheless retains its specific stamp for a

very extended period, and under what must have been very
variable conditions. On the other hand, we have in Stronho-
mena rhomboidalis a specific type which endured similarly

changing conditions, and which survived for an even more pro-

longed term, but which throughout its entire lease of life never
exhibited any modifications of even varietal value.

As regards the appearance of new forms of the Brachiopoda
during the period which we have had under consideration, it

will be advisable to look to the genera and sub-genera rather

than to the species. As each new genus and sub-genus in

general contains more than one, and often many, species, the

case is thus rendered quite sufficiently strong for our purpose;
though it is to be remembered that many new species of the

old genera are also constantly making their appearance in the



successive formations. It should also be added that what
follows relates only to the North American area, and that some
of the types which here appear for the first time in certain de-

posits, have elsewhere existed at an earlier period. It should
further be said that all palaeontologists would not recognize the
validity of some of the generic or sub-generic forms here
enumerated, whilst others of doubtful value have been omitted
altogether.

In the Clinton and Niagara formations, which in this con-
nection may be considered together, we find representatives of

the following genera :—Lingula, Pholidops, Discina, Orthis,

Ortliisina, Nucleospira, Leptaena, Stropliomena, Strepto-

rhynchus, Chonetes, Spirifera, Atrypa, Athyris, Cyrtina, Rhyn-
chonella, Pentamerus, Stricklandinia, Lcptocoelia, Camerella,

Zygospira, and Trematospira. Most of these are more or less

largely represented in the Lower Silurian rocks
;
but Chonetes,

Spirifera, Cyrtina, Pentamerus, Stricklandinia, Lcptocoelia,

Trematospira, and Pholidops represent types which appear

now to have first made their appearance in this area. In Ohio,

the genus Trimerella also makes its first appearance at this

period. In the Lower Ilelderberg epoch, though Brachiopods

are very abundant, and many new specific forms come into

existence, it is chiefly the already existing genera that arc

represented, and the only new types that appear are Eatonia

and Rensselaeria. In the Devonian rocks, on the other hand,

not only are many of the older types lai’gely represented, but

we have a large number of new types coming into existence,

and many of these have a very striking development during the

period. To say nothing of older types, like Chonetes, which

are now for the first time plentifully represented, the following

new types now make their appearance :—Ambocoelia, Amphi-
genia, Camaroplioria (?), Centronella, Crania, Cryptonella,

Spirigera, Leiorhynchus, Tropidoleptus, Vitulina, Terebratula,

Pentamerella, and Productella. Of these Terebratula and

Productella are of especial importance as being the forerunners

of two very important groups of the class.

We see from the above that though the Upper Silurian and

Devonian rocks of North America were laid down as an ap-

proximately continuous series, and certainly on an ocean-floor

which was not once laid dry during their accumulation ;
never-

theless, new forms of life were constantly being introduced into

the area in some manner that cannot be explained; and in

many cases the new forms belong to altogether new generic

types, which have no near allies in the older strata. This

fact, which is, of course, one not confined to the particular
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case under illustration, is undoubtedly a serious difficulty in

the way of the acceptance not only of the Darwinian theory,

but of any doctrine of evolution. Any such doctrine, if it is to

he applied universally
,
must stand by Mr. Wallace’s law, that

“ every species has come into existence, coincident, both in space

and time, with a pre-existing closely-allied species.” This

statement of the case, as I have elsewhere pointed out, is ob-

viously too wide, since, even from the evolutionist’s point of

view, we must somewhere come to a point where the organisms

(or organism) in existence had no pre-existent types. It is

certain, however, that no doctrine of general evolution can

afford to admit the sudden appearance of new specific or

generic types in time. From all that palaeontology teaches us,

on the surface at any rate, such new types have constantly been
coming into existence in past time, as we have just seen; and
it is not easy to discover any satisfactory explanation of this

troublesome fact. The most obvious way of evading the diffi-

culty, and the one which Mr. Darwin has adopted, is to assert

that what appears to us to be the first appearance of new generic

or specific types is only due to the imperfect state of our know-
ledge, and that the said types were really in existence long

before the period of the formation in which we first find them.
In such cases as concern the first appearance of given types in

given areas, and in which it can be shown that similar or nearly

allied types have existed in other areas in older formations, there

is a strong probability that this explanation is correct, and that

what we call “ first appearance ” is merely an instance of “ migra-

tion.” When this assertion, however, ismade asa^eneraZstatement,

applying to the general phenomenon of the sudden appearance
of new specific and generic types throughout the entire series

of the stratified rocks, then two things are clear.—Firstly, that

such an assertion is only an assertion, which, even if probable,

would ever remain improvable; and secondly, that such an
assertion is in the highest degree improbable, though its falsity

likewise does not admit of positive proof. That in many cases,

the points where we now note the first appearance of generic

and specific types in the geological record, are not the actual

points at which they were first introduced upon the scene,

either as regards time or space, is likely enough. But, that
this is true of all the new species and genera that have made
their appearance upon the earth since the commencement of

the Cambrian epoch, is not only an assumption, but it is one
that can only be sustained by making other assumptions
equally unsupported by definite proofs. And it may be noted
here, that to derive any benefit from this argument, it is neces-
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sary to suppose that we are ignorant of the first appearance of
all those specific and generic types which make their appear-
ance suddenly in the stratified series. In other words we must
suppose that fully three-fourths of all the known species of
fossils had been in existence an indefinite period before their
first appearance in the rocks as known to us. I apprehend that
every evolutionist will admit this, since the cases in which it

can actually be shown that a fossil species came into existence
“ coincident, both in space and time, with a pre-existing closely-

allied species,” are, on the most liberal estimate, not more than
one-fourth of the total number of those with which we are
already acquainted. All the other species, of which this can-
not be shown, must, in accordance with the above dictum

,
have

been in existence prior to the period where they now first

appear upon the scene.

The types of species and genera, to say nothing of those of fami-
lies and orders, which make their appearance in the Cambrian
period, are so numerous that we are compelled by this argu-
ment to assume that they themselves must have been in exist-

ence for an indefinitely long period before the commencement
of the Cambrian

;
whilst the types from which they were de-

rived must have flourished in ages so immeasurably earlier that

the very imagination is left powerless. Indubitably, there is

every reason to believe that the great pile of Laurentian
sediments was once fossiliferous, and that the Laurentian
period was anything but “ azoic.” Upon strict Darwinian
principles, however, the Laurentian period, long as it must
have been, is altogether inadequate for the development of all

the forms of life which make their first nominal appearance

in the Cambrian. We are, therefore, compelled to assume the

former existence of vast Pre-Laurentian deposits, the memorials

of an ancient period rich in life, which must have been de-

stroyed by subsequent denudation. No one dare assert that

such deposits may not have existed
;
but as we have absolutely

no proof of such a thing, their character and contents can

hardly be brought forward as factors in a scientific argument.

Mr. Darwin, therefore, candidly admits that “the case at pre-

sent must remain inexplicable.”

In the case which we have been considering, the argument
employed by Mr. Darwin, though not demanding such extensive

hypotheses, is equally incapable of proof, and must, in my
opinion, be equally rejected. We find, for example, in the

Devonian rocks of North America, amongst many others, the

entirely new Brachiopodous type, Productella, represented by

twenty-one known species, all, of course, equally new. Upon
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the above-mentioned argument we have to assume that this is

not the first appearance of Productella, but that the genus, or

sub-genus, had already been in existence elsewhere for an un-

known but certainly loug period, and had only at this time

migrated into the American area. If this hypothesis were to

be accepted, it would doubtless remove, at any rate, some of

the difficulties of the case, but it would not remove all, and
there is neither proof nor probability in its favour. If Pro-

ductella had been in existence elsewhere in Pre-Devonian times,

it is almost, if not quite, inconceivable that no remains of the

genus should ever have been found in the Silurian deposits of

other areas,—deposits which have a very wide extension in space,

which are enormously rich in Brachiopoda, and which have
been most diligently searched and examined for fossils. Even
supposing that at some future time Productella should be

found to have existed during the Silurian period, the difficulty

by thisw'ould only be removed a step further back. We should

still have to believe that this was not really the first appearance

of the genus, and we should still have to inquire why no
remains of the genus had been disentombed from the Cam-
brian deposits.

When I consider the vast number of cases precisely similar

in all essential respects to the above, and when I reflect on the

great extent of uncertain and unexplorable ground traversed

by the above hypothetical explanation of the facts, I feel com-
pelled to reject this argument altogether, so far as its general

application is concerned. The continued introduction of fresh

types of life, which we know to have gone on since the first

appearance of organized beings upon the globe, still remains,

in my opinion, unexplained. It may be that when wc know
the law under which it has occurred, we shall find that it has

been in accordance with the Darwinian theory of the origin of

species. In the meanwhile there is nothing to lead us to sup-

pose that this will be the case, and it appears to me to con-

stitute one of the greatest difficulties which this and other

kindred theories have to surmount, before they can place them-
selves upon a thoroughly satisfactory basis.

7. General Conclusions .
—As the result of the inquiry in

which we have been engaged,—an inquiry necessarily extremely
limited in its range and scope,—the following conclusions may
be drawn with more or less confidence. And it may be added,

that though I have only here treated of a single comparatively

small group of rocks, I know nothing in the entire range of

palaeontology which would at present confirm with any certainty

more than is contaiued in these conclusions, so far as these arc
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of a positive nature. In so far as they are negative, there is

doubtless room for much divergence of opinion :

—

] . The common phenomenon of closely-allied forms directly

succeeding one another in time renders it a reasonable suppo-
sition that in certain zoological groups many forms so distinct

as to have been described by competent observers as distinct

species
,
may have descended from a single primitive ancestral

type.

2. The evidence at present in our hands is opposed to the
view that this production of groups of allied forms from as

many primitive types has been effected solely or mainly by
“natural selection”; though it is probable that this agency
may have played a subordinate part in the process.

3. New types of life are constantly making their appearance,
without, so far as we know, being preceded by any closely-allied

types
;
and we have, therefore, no positive ground for believing

that the origin of such types is due to evolution from pre-

existent forms.

4. Variability— even in the most variable groups— has never
been shown to be indefinite

;
but, on the contrary, appears to

be confined within certain fixed limits for each species; in

some cases wide, in others very narrow. Paleontology shows
no instances in which we can positively assert that the varia-

bility has been unlimited
;
and though we meet with types

connected bv intermediate links, we have also to account for

the existence of a vast number of isolated forms, which, so far

as our present knowledges goes, stand alone, and are not in-

timately related to other forms.

5. Even where we find types which may be regarded as

strictly transitional or intermediate (as Hipparion in its rela-

tion to Anchitherium on the one hand, and Equus on the other

hand), we nevertheless are confronted with forms which are in

themselves quite distinct, and which could not be confounded

with the forms which they serve to connect.

6. We cannot fairly have recourse to the “imperfection of

the record,” as satisfactorily explaining the absence of the

numerous intermediate types required by the Darwinian theory.

Such imperfection admittedly exists, and is in some instances

almost hopelessly great. On the other hand, we have had in

other instances a fairly complete series of successive forms pre-

served to us. This is the case with the Brachiopoda and

Cephalopoda, for example, and it is by these and similarly well-

preserved groups that any theory of the origin of species will

have to be tested.

7. The examination of such tolerably complete groups affords
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support to the belief that evolution has operated within certain

limits, and has been one of the causes which has led to the

production of new forms. Even in the best-preserved groups,

however, we meet constantly with isolated types, and we are

incessantly met with the sudden appearance of new types. An
excellent example of this is to be found in the sudden appear-

ance of new species of Ammonites in the Liassic rocks, and
their very definite range and complete limitation to known
zones. The study of such groups would, therefore, lead us to

reject any exclusive doctrine of evolution.

8. Whilst certain types of life exhibit a striking variability,

others exhibit an equally striking persistence and immobility.

This w'ould go far to prove that changes in external conditions

have little to do with the origin of variations

;

since some forms
appear to vary even under approximately constant conditions,

whilst others remain unchanged even when submitted to the

most varying surroundings.

9. In some instances, it can even be shown that entire

groups of species have existed without change through periods

which we may justly estimate as exceedingly long. Thus,
Principal Dawson affirms that of more than two hundred
species of fossils, chiefly Mollusca, from the Post-Pliocene de-

posits of Canada, no one form can be shown to have varied

materially, during the long period w'hich separates the oldest

boulder-clay from the present time, and in spite of notable

climatal and geographical changes.

10. Upon the whole, we may conclude that palaeontology,

in its present stage of development, offers no strong support,

or is directly opposed, to the special theory of the Origin of

Species advocated by Mr. Darwin. On the other hand, many
known palaeontological facts would lead us to infer that, in

certain cases and within certain limits, new forms have been
produced by the modification of pre-existent types. Palae-

ontology, therefore, would appear to support, at any rate, a

partial doctrine of evolution.

11. It remains for future consideration, whether evolution

—

in so far as it has operated at all—has not been effected by
means of inherent tendencies impressed upon living beings by
the Creator. On this view, evolution is not a mere disorderly

and fortuitous process, by which a given animal or plant is

produced out of a different one by the operation of chance and
accidental surroundings

;
but it becomes an orderly process, by

which certain forms of life have from the beginning been im-

pressed with the inherent power of developing in certain fixed
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directions
,
and thus of giving rise to a definite series of specific

types.

12. It further remains for future consideration, whether this

orderly process of evolution has always been effected in a
gradual manner, and whether it has not been occasionally

effected by changes taking place suddenly and per saltum.
13. Finally, it remains to consider within what limits evolu-

tion has operated, and what supplementary causes may be
found to have acted in the production of new forms of life.

Or, rather, it remains to consider whether evolution is a

main, or only a subsidiary agency in the production of new
species.

The Chairman.—I am sure the meeting will pass a cordial vote of thanks

to Dr. Nicholson for his paper. It is now open for any of those present to

make observations thereon.

Rev. G. Henslow.

—

I think we must all feel greatly indebted to Dr.

Nicholson for this paper : in it he has distinctly pointed out a matter upon

which I have reason to think that there is some confusion in the public

mind. I mean the distinction between Darwinism and Evolution; the

former, involving as it does the theory of natural selection, I do not hold
;

but there is a great difference between natural selection and evolution.

Again and again have I stood up on behalf of evolution, but I have always

felt that natural selection, pure and simple, would never be sufficient to

account for it. I do not know, however, that I agree entirely with all

Professor Nicholson’s views. For instance, with reference to the poverty of

our Palaeontological collections
;
in my opinion, a strong point should be made

in regard to the evidence that is wanting. Mr. Darwin speaks of the

paucity of the geological record
;
but there is one thing that ought not to be

forgotten :—When we examine certain strata and calculate their thickness,

we get something obvious before us, but we are apt to forget, at the same

time, that every one of those strata is just as much a measure of what is lost,

as it is of what we have before us. When we consider the Laureutian strata,

the question' arises, where did they come from '? If they are so many

thousands of feet thick, there must have been so many other feet of thick-

ness of primitive strata, about which we know nothing at all, and those

primitive strata might have been full of life. For instance, take the sand

upon the sea-shores of the south-east of England, where the chalk strata are

to be found : the sand, of course, is formed from the wear and tear of the

chalk-flints, which are derived from the denuded cliff
;
but if you take the

sand of the sea-shore of Scarborough, this is not the first time it really has

been sand : the sandy beach results from the denudation of the fresh-water

strata which form the rocks round the coast
;
so that the same sand must

have been used at least twice, if not many times over. Every stratum is




