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I.

Aim and general outlook of palaeontological inquiry, and
relations of palaeichthyology to biology

“‘Die Weisheit ist nur in der Wahrheit.”’—Goethe.

SCIENCE is knowledge. It is knowledge coordinated, ar-
ranged and systematized. To ascertain and communicate knowl-
edge is the primary object of science. TIts mission is the quest
after Truth, the discovery of the facts of actuality, of the invari-
able laws operating in the universe; and finally the dissemination
of this knowledge among men. The work of a true man of
science, in the words of a great astronomer of our day, is ‘‘a
perpetual striving after a better and closer knowledge of the
planet on which his lot is cast, and of the universe in the vastness
of which that planet is lost.”” Tmperfect, painfully imperfect as
may be our present knowledge, its gradual extension quickens
our life into a higher consciousness. Progressive understanding
has also these advantages: it draws us out of and above our
instinets and purely personal interests; it enables the intellect
to project itself in a certain measure beyond our humanity, and
to consider it from the exterior; it stirs within us that spiritual
discernment which led Francis Bacon to exclaim: ‘‘Truth, which
only doth-judge itself, teacheth that the enquiry of truth is the
sovereign good of human nature.”” And likewise Boileau: ‘‘ Rien
n’est beaw que le vrai, le vrar seul est aimable.”’

‘What is true of science in general is true of any one of its
subordinate members in particular. Palxontology is sometimes
considered as an independent branch of inquiry, but this is to
misconceive its relations to kindred sciences. For that reason it

may be profitable, before passing to our special subject of fossil
3 (33)
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fishes, to survey the larger aspects -of paleontology and to set
forth something of its general aim and scope. And first it is
to be noted that the study of extinet animal organisms, that is,
pal@zozoology, is merely an extension of zoological science, just
as the study of fossil plants is an extension of botanical science.
The former of these is, in fact, merely the rehabilitated zoology
of the past, as the latter is merely the rehabilitated botany.
The true aim of paleontology is to restore to us visions of van-
ished life-periods; to unfold to our view the ceaseless procession
of animate forms that, slowly transforming, very gradually pro-
gressing, sometimes retrograding, keeps up its steady file
through the ages from twilight antiquity down to our own day.
Figuratively speaking, this science realizes the dream of the
ancient poets who described certain gifted mortals as having
been privileged to descend into the interior of the earth, and,
after their return to the upper air, amazing their fellows with
tales of the wonders thus revealed. Only; in the present case,
the wonders are not imaginary but real, and we are permitted to
behold through the windows which palzontology opens up for us
amid stratifications and ruins, not only a manifold of shifting
phenomena, but anon the glint and shimmer of the wheels, as it
were, of the controlling mechanism. Science shows us these
manifestations, philosphy teaches us to think of them in terms of
cause and effect, and to sift out from them certain ultimate con-
ceptions.

If the mind of the astronomer wearies in the effort to con-
template an infinity of space, so the palzontologist is over-
whelmed by the sweep of the universe through endless time. In
his domain a sense of the time-element is ever-present and all-
pervading. He acquires the habit of contemplating all things
sub specie aetermitatis. He is concerned with fixing the order
and character of events throughout all past time in all places.
By virtue of the time-element entering into it, palsontology
becomes at bottom an historieélvscience, and the underlying
attitude of the inquirer is, therefore, on a parity with that of
the historian of human events. It is well not to lose sight of
this fact. ’
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Nor, on the other hand, must it be supposed that the province
of paleontology is limited to the investigation merely of dead
organisms, any more than historical inquiry terminates in a
dead knowledge of what happens to have happened during the
course of human experience. Every student realizes that the
profit of studying history lies in understanding what has hap-
pened, in perceiving the principles and causes that have deter-
mined the progress of society, in discerning the action of those
forces, motives, vicissitudes and transformations that, in so
far as they affect the fate of nations or individuals, we can call
by the name of Destiny. In human history as in all other phe-
nomena of life and motion, it is not so much the events or mani-
festations that interest us, as their interpretation. We are not
satisfied short of knowing the why, the whence and wherefore.
To register the actual fact, whether in history or in science, is
the indispensable first step, but only the first; its necessary com-
plement is to perceive the relations between one fact and other
facts, to search for causal sequences, in a word to conceive of
things in terms of cause and effect. ,

Let us illustrate our meaning a little further. What is there
in a dead shell that interests the naturalist primarily? .Is it
the relation between the mollusk and its covering, or is it not
rather the relation of the animal plus shell to another animal
together with its shell, and so on until each has been assigned
its position in the series of shell-bearing animals? And what
matters it whether the animal has but recently become inanimate,
or has lain entombed in the rocks throughout geologic cycles?
The palzontologist is concerned with life, life in past periods
it is true, but it is a purely secondary consideration that he has
to deal with defunct materials. He takes his materials as he
finds them, and though they be merely dry bones or considerably
worse residue of mortuary corruption, eloquent of death and
decay,* they are to him merely as so many inseriptions he has

*The old-school idea of these things is poetically expressed by Chateaubriand:
““C’est dans le cceur de ’homme que sont les grices de la nature. Quant 4 celui
qui étudie les animaux, qu’est-ce autre chose, s'il est incrédule que d’étudier des
cadavres? A quoi ses recherches le ménent-elles? quel peut étre son but? Ah!
¢’est pour lui qu’on a formé ces cabinets, écoles ol la Mort, 1a faux i la main, est
le demonstrateur; cimetiéres au milieu desquels on a placé les horloges pour comp-
ter des minutes & des squelettes, pour marquer des heures a 1’éternité!’’
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to decipher, or as the blocks with which he has to construct his
temple of truth. Industriously to seek out his building stones,
assemble them, and fit them deftly together, that is his proper
function. Just as in the physical sciences the chief work to
be done is observation and experiment, since from these alone
conclusions can be drawn; so also in the natural history of the
past the first duty of the worker is carefu] investigation before
he may offer a presentation of results. It is incumbent upon
him equally with the historical student to ‘‘expend all diligence in
discovering and investigating all possible material, and after this
has been doue, to examine it with rigorous ecritical acumen.’’
Enprmous and bewildering as may be the task of assembling the
material, the collection of facts is but preliminary to research
of really useful character; facts must be reduced to orderly sys-
tem, results must be combined, many phenomena included under
one law, and many subordinate laws under one more compre-
hensive, before we can gain approximate understanding, or be-
fore judgment can be passed on knowledge. The method of
both physical and natural science, as has been said, is to draw
conclusions from known and recorded phenomena; and the ulti-
mate object of each is to widen knowledge and deepen our
understanding. KEspecially is the mind of the naturalist alert to
grasp general principles involved amid the multiplicity and com-
plexity of phenomena; by training he acquires a vivid sense of
relations; it is instinetive with him for the part to suggest the
whole; his intellect Jeaps from the specific instance to an appre-
hension of the general law; and finally his generalizations attain
significance through the clarifying agency of ‘‘reorganizing
ideas’’.

By reorganizing ideas we mean those great and illuminating
conceptions that enter the world of thought at propitious mo-
ments and are sometimes epoch-making for the progress of
science. ‘‘Emancipating conceptions’’ they are called by some,
wdées directrices is the corresponding French term. ‘‘That
which usually forms a grand conception,’”’ says Montesquieu,
in portraying their influence, ¢‘is a thought so expressed as to
reveal a number of other thoughts, and suddenly disclosing what

we could not anticipate without patient study.” If we may be
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pardoned the digression, let us reflect for a moment on the far-
reaching consequences of the Copernican conception of the
world, one of the profoundest of all reorganizing ideas. Place
alongside of it Newton’s theory of gravitation, which gave for all
time a definite and demonstrated system of the universe, and to
these two add Darwin’s theory of descent—that is, of organic
evolution—we shall then have the leading factors which have
immeasurably extended the material world in modern times, and
vastly enlarged our horizon. Through their medium our ideas
of space, durations and existence have acquired new validity,
present a surprisingly larger manifold, and disclose to cognition
unfathomable riches. If it be true, as Pascal says, that ‘“all our
dignity consists in thought,”” how greatly have the boundaries
of our mental vision been widened and illumined, thanks to these
three revolutionary ideas. _

To illustrate: We all know, for instance, that the ancient
conception of the world was strictly limited. For the ancient and
medizval man our earth stood at the middle of the world, and the
vault of heaven, supposed to be not distantly removed, formed
the outermost limit of creation. The Homers and Dantes of their
time have pictured to us what a comfort and support this limited
world-conception yielded to human imagination. But so soon as
Copernicus had shown that the simplest way to conceive the
world was to think of the earth as an unsupported hall revolving
about the sun, both being lost in limitless space, our planet could
no longer occupy the center of the universe, and the satisfying
framework which had supported the old cosmography was shat-
tered in pileces. Religion itself received a violent shock as the
thought gained ground that the human race was by no means the
goal and acme of the universe. The established faith revolted
at the idea of ultimate extinetion of man and all his works, and
repudiated whatever reasoning gave countenance to the pre-
diction.

Before the era of modern science had begun, leaders of public
opinion were satisfied on the basis of traditional or preconceived
ideas to explain what man is, whence he came, whither he is
bound, what he may become, and what he should be. Armed
with new truths, and enriched by a vast supply of demonstrated



38 IOWA GEOLOGICAL SURVEY

facts, how different is the picture which the human mind draws
of nature under the influence of eighteenth-century philosophy!
How greatly has the point of view shifted, and how shrunken and
inadequate is the older world-conception! The change is strik-
ingly shown towards the middle of the century, when we find a
naturalist of great ability like Buffon proclaiming, in his Théorte
de la Terre (1749), the vast antiquity of life, the slow formation
of stratified deposits and exceedingly gradual transformation of
the earth’s surface. We owe to this author a truly grand picture
of cosmic history. His writings deseribe for us, as a later com-
patriot has said, ‘‘in approximate features the entire history
of our globe, from the moment it formed a mass of glowing lava
down to the time when our species, after so many lost or sur-
viving species, was able to inhabit it.”” As opposed to the tradi-
tional view that in man’s destiny lies the central and most sig-
nificant fact of the universe, that this is in verity the
““Far-off, divine event,
Towards which the whole creation moves,’’
we find a man of Buffon’s genius rebuking such self-conceit. To
his way of thinking, ‘‘a mite that would -consider itself as the
center of all things would be grotesque, and therefore it is essen-
tial that an insect almost infinitely small should not show conceit
almost infinitely great.”’ _

The same thought is amplified in interesting fashion by the
philosopher-historian Taine, whose attitude is identical with that
of the paleontologist. He bids us consider the spectacle of na-
ture as if we were removed in imagination to another planet.
This is the outlook that presents itself:

¢ Amidst this vast and overwhelming space and in these bound-
less solar archipelagoes, how small is our own sphere, and the
earth, what a grain of sand! What multitudes of worlds beyond
our own, and, if life exists in them, what combinations are pos-
sible other than those of which we are the result! What is life,
what is organic substance in this monstrous universe but an in-
different mass, a passing accident, the corruption of a few epi-
dermic particles? And if this be life, what is that humanity
which is so small a fragment of it? Such is man in nature, an
atom, an ephemeral particle; let this not be lost sight of in our
theories concerning his origin, his importance, and his destiny. . .
How slow has been the evolution of the globe itself! What
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myriads of ages between the first cooling of its mass and the
beginnings of life! Of what consequence is the turmoil of our
ant-hill alongside the geological tragedy in which we have borne
no part, the strife between fire and water, the thickening of the
earth’s crust, the formation of the universal sea, the construec-
tion and separation of continents! Previous to our historical
record what a long history of animal and vegetable existence,
what a succession of flora and fauna! What generations of
marine organisms in forming sedimentary strata, what genera-
tions of plants in forming coal deposits! And at length comes
man, the latest of all, shooting up as the terminal bud at the top
of a lofty antique tree, growing there a few seasons, but destined
to perish, like the tree, after a few seasons, when the increasing
and foretold congelation allowing the tree to live shall force the
tree to die. He is not alone on the branch: beneath him, around
him, on a level with him, other buds shoot forth, born of the same
sap; but he must not forget if he would comprehend his own
being, that, along with himself, other lives exist in his vicinity,
graduated up to him and issuing from the same trunk. If he is
unique he is not isolated, being an animal among other animals.

. Thus surrounded, brought forth and borne along by
nature, is it to be supposed that in nature he is an empire within
an empire? He is there as part of a whole, by virtue of being
a physical body, a chemical composition, an animated organism,
a sociable animal, among other bodies, other compositions, other
social animals, all analogous to him ; and by virtue of these classi-
fications he is, like them, subject to laws. . . . In all this
man continues nature; hence, if he would comprehend himself,
he must observe him in her, after her, and like her, with the
same independence, the same precautions, and in the same
spirit.”’

An immediate application of the view just stated is that it
constantly brings before us the eternal in the midst of the pres-
ent. Turning now to our own times, by far the most trenchant
of reorganizing or emancipating ideas that has modified the
world of thought is the theory of organic evolution, first fully
set forth by Darwin in 1858, although foreshadowed, suggested,
and even explicitly proposed by various clear-sighted thinkers
before a new era was opened up in natural science by the Origin
of Species. Noteworthy is the fact that practically the same
theory of the descent of species, though without the causo-
mechanical explanation of their origin by means of natural se-

lection (the essential idea to which the term Darwinism is prop-
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erly applied), had been proposed by Lamarck in France a score
of years earlier, only to be ignominiously rejected. All edu-
cated readers are familiar with the example of Darwin’s per-
sistent, long-continued striving for the truth, how at first it was
dimly perceived and at length fully revealed to him after making
the most wonderful collection of illuminating and explaining
facts which had ever been assembled in biology by any single
investigator, and how with utmost intellectual candor he tested
it, as we are told, ‘‘by applying to it successively fact after fact,
group after group, and category after category of facts, until
he convinced himself of the theory’s consonance with all this vast
array of observed biological actuality.”” * Thanks in part to his
masterly presentation of the theory, it gained almost imme-
diately a wide acceptance, and is now held to be as thoroughly
demonstrated a part of natural science as is Newton’s law of
gravitation in physies, or the heliocentric system in cosmography.
Palazontology in particular received a profound stimulus under
the influence of evolutionary ideas, and its whole aspect, method
and outlook were revolutionized in consequence. It is now uni-
versally admitted that ‘‘the facts revealed by the study of
palzontology are explicable wholly satisfactorily by the theory
of descent and in no single instance do they contradict it.”” Con-
sider for a moment what this means. Naturalists are acquainted
nowadays with about 400,000 species of living animals and half
as many species of existing plants. A computation based on the
number of new species being found and described from year to
year, and the extent of biologically unexplored areas of the
earth’s surface, shows that the total number of species constitut-
ing the modern fauna must number at least several millions. For
the insects alone, entomologists hold that a total of two million
species is not an excessive estimate. And these all belong to
but a single geological epoch, the present. But in the case of
extinct species, ‘‘those hosts of strange denizens of our changing
earth in the ages gone,”’ it is evident that the variety of forms
preserved for us in the rocks is but an insignificant fraction of

* See the interesting recent work by Professor V. L. Kellogg, ‘‘Darwinism To-
day’’, and his joint production with President Jordan, ‘‘Evolution and Animal
Life’”, 1907.
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the grand total that has existed since life began.* How now
shall science answer the question as to the origin of these my-
riads of forms? KEvolution answers it in this way: the language
in which it is here stated is that of Professor Kellogg (ibid.
p. 10):

“Now all these millions of kinds of animals and plants can
have had an origin in some one of but three ways; they have
_come into existence spontaneously, they have been specially
created by some supernatural power, or they have descended
one from the other in many-branching-series by gradual trans-
formation. There is absolutely no scientific evidence for either
of the first two ways; there is much scientific evidence for the last
way. There is left for the scientific man, then, solely the last;
that is, the method of descent. The theory of descent (with
which phrase organic evolution may be practically held as a syn-
onym) is, then, simply the declaration that the various living as
well as the now extinet species of organisms are descended from
one another and from common ancestors. It is the explanation
of the origin of species accepted in the science of biology.”’

It is needless to pursue the subject further. Sufficient has
been said to convey some notion of the extraordinary impetus
given to science and all forms of speculative thought through the
medinm of a few grand illuminating conceptions, pre-eminent
among which is the theory of evolution. Bear in mind that
rarely are great truths hit upon offhand, as the result of hazard,
by a fortunate guess, or by intuition. Enlightenment, the reward

*The marvelous properties of radium furnish unexpected aid to the paleon-
tologist by way of granting him a much greater time-estimate than physicists have
been willing to allow. Professor Lankester, in his presidential address before the
British Association at the York meeting (1906), states the matter in this wise:

‘‘Even a small quantity of radium diffused through the earth will suffice to keep
up its temperature against loss by radiation! If the sun consists of a fraction of one
Fer (i)ent. of radium, this will account for and make good the heat that is annually

ost by it.

“This is a tremendous fact, upsetting all the calculations of physicists as to the
duration in past and future of the sun’s heat and the temperature of the earth’s
surface. The geologists and biologists have long contended that some thousand
million years must have passed during which the earth’s surface has presented
approximately the same conditions of temperature as at present, in order to allow
time for the evolution of living things and the formation of the aqueous deposits
of the earth’s crust. The physicists, notably Professor Tait and Lord Kelvin,
refused to allow more than ten million years (which they subsequently increased
to a hundred ‘million) —basing this estimate on the rate of cooling of a sphere of
the size and composition of the earth. They bave assumed that its material is self-
cooling. But, as Huxley pointed out, mathematics will not give a true result when
applied to erroneous data. It has now, within these last five years, become evi-
dent that the earth’s material is not self-cooling, but on the contrary self-heating.
And away go the restrictions imposed hy physicists on geological time. They are
now willi?,g to give us not merely a thousand million years, but as many more as
we want.
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only of unremitting toil, may be won by those who have been
willing to suffer, endure, and devote lifetimes to the discovery of
a small number of new truths. Ars longa, vita brevis. 1t is
characteristic of science to be content with slight advances that
may be slow as the precession of the equinoxes, if only they be
sure; and the utmost that even the most patient and ingenious
worker can achieve is to contribute but one little stone or two
towards the building of that stately edifice in which Truth may
dwell. Yet that little is-enough. For Truth, no less than Wis-
dom, as saith the Preacher, ‘‘exalteth her sons, and taketh hold
of them that seek her. He that loveth her loveth life; and they
that seek her early shall be filled with gladness. . . . For at
first she will walk with him in crooked ways, and will bring fear
and dread upon him, and torment him with her discipline, until
she may trust his soul, and try him by her judgments: then she
will return the straight way unto him, and will gladden him, and
will reveal to him her secrets. If he go astray she will forsake
~ him, and give him over to his fall.”’

" In palzontology, though our knowledge has indeed grown
apace, it is still uncertain and confused in places, and in others
there are distressing voids. The present state of this special -
branch of science may be likened, even as archzology has been
likened, to a mosaic of colored tesserz, which, though broken
here and there, yet shows broad patterns and many curious de-
tails. Scattered in the surrounding débris and sometimes buried
by this are the little cubes waiting to be found and fitted into
their proper places. For the parts of the mosaic now complete,
we have to thank the explorers of the past, for the filling in of
the lacunz, the explorers of the future. And we may be assured
that future laborers, with broader knowledge, better training and
greater means of investigation must eclipse all that the ablest
workers of our generation can accomplish. Content as every
earnest naturalist is to serve so pure and unapproachable a
mistress as Truth, let each join in the hope that those who come
after us, more favored than ourselves, may be permitted to hold
some converse with the Sphinx!

Finally, before passing from these general reflections to our
special province, two thoughts may be singled out from the rest
because they bear closely upon the real concerns of humanity,
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and refuse to be cast down amid the realm of vague and transi-
tory ideas. They possess real and immediate values, and pro-
foundly affect the attitude of modern science, as will be seen
from one or two typical illustrations. The first of these com-
prises a sense of the immeasurable, and indeed inconceivable
length of time that life-processes have been at work onour planet,
the chain of forms persisting in unbroken succession and ever-
varying transformation since its earliest manifestations down to
the exuberance and complexity of the world of today. And the
second bids us contemplate not only the vast antiquity of life,
but, which is still more impressive, the almost infinitely slow,
gradual, often imperceptible advance in the scale of development,
yet nevertheless indicating a constant tendency toward perfec-
tion. Here if anywhere stands revealed to us, not the operation
of blind forces amid the eternal flux of things, but a supreme
intelligence manifesting itself through forever unchancing uni-
versal laws.

Many examples might be chosen to show how these thoughts
are reflected by scientific workers of our day: we will, however,
single out but the two following in closing. The first is from
Poincaré, in his essay on The Value of Science; the second is
from Suess, founder of the ‘‘new geology,”’ and is contained in
the final passage of The Face of the Earth. '

Says the former: ‘“ All that is not thought is pure nothingness;
since we can think only thought and all the words we use to speak
of things can express only thoughts, to say there is something
other than thought, is therefore an affirmation which can have
no meaning. And yet—strange contradiction for those who be-
lieve in time—geologic history shows us that life is only a short
episode between two eternities of death, and that, even in this
episode, conscious thought has lasted and will last only a mo-
ment. Thought is only a gleam in the midst of a long night.
But it is this gleam which is everything.”” *

*The salient thought here recalls one of Pascal’s Pensées, to which we have
already once referred: ‘‘All our dignity consists in thought. It is from thought
that we should take our point of departure, and not from space or duration, which
we cannot fill. Let us endeavour then to think well; this is the principle of
morality.”” The central idea contains also a perhaps unconscious reflection from
pagan sources. Compare, for instance, the following rendering from a fragment

of Aschylus: ‘‘Pauvre espéce humaine, qu'éphémeére est ta sagesse, rien de solide,
l'ombre d’une fumée.”’
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In these words Suess concludes his treatise: ‘‘There is no
means of comparison by which we can illustrate directly the
great length of cosmic periods, and we do not even possess a
unit with which such periods might be measured. We hold the
organic remains of the past in our hand and consider their phys-
ical structure, but we know not what interval of time separates
their epoch from our own; they are like those celestial bodies
without parallax, which inform us of their physical constitu-
tion by their spectrum, but furnish no clue to their distance.
As Rama looks out upon the Ocean, its limits mingling and unit-
ing with heaven on the horizon, and as he ponders whether a
path might not be built into the Immensity, so we look over the
Ocean of time, but nowhere do we see signs of a shore.”’

Remains one more word only and we have done. For those to
whom the prospect seems cold and dreary that modern mate-
rialistic science discloses to our view, and for those who are not
content with the mere objective values of science, there may be
brought before the mind this inspiring message of Darwin.
Readers who are not over-familiar with his works may be sur-
prised to be told that this passage forms the conclusion of the
Origin of Species:

“It is interesting to contemplate an entangled bank, clothed
with many plants of many kinds, with birds singing on the
bushes, with various insects flitting about, and with worms crawl-
ing through the damp earth, and to reflect that these elaborately
constructed forms, so different from each other, and dependent
on each other in so complex a manner, have all been produced
by laws acting around us. . . . [The moreimportant of these
laws are then enumerated.] Thus, from the war of nature, from
famine and death,the most exalted object which we are capable of
conceiving, namely, the production of the higher animals, directly
follows. There is a grandeur in this view of life, with its several
powers, having been originally breathed into a few forms or into
one; and that, whilst this planet has gone cycling on according
to the fixed law of gravity, from so simple a beginning endless
forms most beautiful and most wonderful have been, and are
being, evolved.”’

[NorE—The reader who desires information on the more partizular relations of

alzichthyology to biology—since we have preferred to dwell in the above on the
arger aspects of palmontology—will do well to consult two addresses by Smith
Woodward: the first printed in the Proceedings of the Geologists’ Association for
1906, entitled ‘‘The Study of Fossil Fishes;’’ and the second in the Reports of the
International Congress of Arts and Sciences at St. Louis, vol. IV, 1906, under the
title of *“The Relations of Palaontology to Biology.’’]
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II.

Stratigraphy of the Devonian fish-bearing beds of Iowa.

The assemblage of sediments representing the Devonian sys-
tem in Jowa forms a belt averaging fifty miles in width, stretch-
ing along the Cedar river from the Minnesota line to Muscatine
county, and extending thence eastward into Illinois. The larger
part of these rocks consists of limestones and shales whose bed-
ding, in general conformable, gives indication of continuous de-
position, whose faunal content is on the whole fairly character-
istic of the Middle Devonian, and yet none of whose parts can
be definitely correlated with formational units referred to the
same system in New York. The reason for this non-homogeneity
in the faunal characteristics of the two areas, namely the eastern
or ‘‘Ohian’’ as it has been termed (known also as the ‘‘ Appal-
achian’’), and the western interior or ‘‘Dakotan’’, lies in the
fact that these were distinet geographical provinces throughout
the Devonian. They remained, in fact, completely separated
from each other until towards the close of the Middle Devonian,
and thereafter communication was maintained between them
by means of a comparatively narrow passageway extending
through Illinois and Wisconsin. These conditions are well por-
trayed in the paleogeographic maps given in Plates XIV-XVT,
hitherto unpublished, and for whose use we are indebted to
Professor Schuchert.

A tripartite division of the Iowan Middle Devonian rocks into
the Wapsipinicon, Cedar Valley, and Lime Creek stages was
first proposed by Professor Calvin in 1878. Tt was pointed out
also by the same author that, owing to migration of species, the
faunas of the summital (Lime Creek) and basal shales (Inde-
pendence beds of the Wapsipinicon stage) are substantially iden-
tical, and that the fauna of the Cedar Valley limestone corre-
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sponds more or less closely with that of the Hamilton in the more
eastern (‘‘Ohian’’) region.* To the Upper Devonian were re-
ferred two units—the Sweetland Creek shales, and the State
Quarry limestone—which rest unconformably upon the Cedar
Valley limestone, and occur as outliers in the east central part
of the State. The former of these is developed chiefly in Mus-
catine county, and the latter in Johmson county northward of
Towa City. A scheme of classification adopted in earlier volumes
of the Survey Reports is reproduced immediately hereinafter
for the purpose of showing the succession of Middle Devonian
sediments as they have been commonly interpreted until within
the past year or two. Conformably, however, to Professor Cal-
vin’s most recent interpretation of the Lime Creek shales, based
upon a study of their faunal relations, they are now assigned a
somewhat higher stratigraphic position. This change is indi-
cated in the second synoptical table presented herewith, which
is reproduced from Professor Calvin’s ‘‘Notes on the Geological
Section of Iowa’’ (Journ. Geol.,1906, vol. 14, p. 572). In connec-
tion with the latter it is necessary to bear in mind the following
statement of the author by way of explaining the succession:
“The three units referred to the Upper Devonian—the Sweet-
land Creek shales, Lime Creek shales, and State Quarry lime-
stone—do mnot lie one above the other, but each is developed
locally and lies uncomformably on the Cedar Valley limestones.”’

*Calvin, 8. On the fauna found at Lime Creek, Iowa, and its relation to other
geological faunas. Amer. Journ. Sci. (1883), 25, pp. 432-436.—Idem, Devonian
%’ystem (in Geology of Buchanan county). Rept. Iowa Geol. Surv. (1898), vol.

IL, p. 221.
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SYNOPTICAL TABLE OF THE DEVONIAN FORMATIONS OF IOWA*

SERIES STAGE SUBSTAGE
Upper Devonian State Quarry limestone and Sweetland Creek
beds
| Lime Creek Owen beds
Hackberry beds
Cedar Valley Not yet subdivided
Middle Devonian i
Upper Davenport limestone
Wapsipinicon Fayette breccia or Lower Davenport beds

Independence shale
Otis limestone

Lower Devonian

| Not represented

*Compiled from earlier Survey Reports (vols. VII-IX).

REVISED TABULATION OF THE DEVONIAN SEDIMENTS OF IOWA,
ACCORDING TO S. CALVIN

THICK-
SERIES NAME | FORMATION NAME| NESS CHARACTER OF ROCKS
(Feet)
State Quarry 40 | *Limestone, mostly brachiopod co-
_quina
Lime Creek 120 | *Mostly shales
Upper Devonian | Sweetland Creek 20 | *Shale (*All three units locally
developed features, each
lﬁing unconformably on
the Middle Devonian)
Cedar Valley 100 | Limestones, shaly limestones, some
. . dolomitesin the northern counnties
Middle Devonian Wapsipinicon 60-75 | Limestones, shales, shaly lime-

stones
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Distribution of Fish-remains in the Devomian System of
Towa.—Detached teeth and other fragmentary fish-remains occur
somewhat sparsely in different horizons of the Middle Devonian
of this State, but are present in such remarkable abundance in
the Upper Devonian outliers as to constitute, locally at least,
veritable fish-beds. Although numerically rich, the fauna is sin-
gularly undiversified in character, consisting almost exelusively
of Chimaeroids (Ptyctodonts, including theoretically associated
fin-spines), Arthrodires and Lung-fishes. Probably it is not an
exaggerated estimate that reckons Chimaeroids as constituting,
according to numerical abundance, perhaps ninety per cent of the
Devonian vertebrate fauna of the State, and Lung-fishes more
than half of the remainder. Everywhere is a notable dearth of
Selachians, and there appears to be but one certainly recognized
Crossopterygian genus. Chimaeroids (introduced by Rhyn-
chodus), Dipterines and Arthrodires all make their first appear-
ance in the Cedar Valley limestone, and continue throughout the
system in this State, Illinois and Wisconsin. On the other hand,
the peculiar dental plates of the Synthetodont type are limited,
so far as known, to the State Quarry and Sweetland Creek di-
visions of the Towa Upper Devonian. The successive fish-bear-
ing stages of the Middle and Upper Devonian may be briefly
enumerated as follows:

W apsipinicon stage—The vertebrate fossils from this horizon
are limited to dental plates of Ptyctodus calceolus and fragments
of Arthrodiran armor. In Linn county they occur in the so-
called Fayette breccia, which corresponds to the brecciated non-
fossiliferous Lower Davenport beds in Scott county. From the
Upper Davenport beds in the latter county (‘‘Phragmoceras
beds’’ of Barris), have been found, according to Professor W.
H. Norton,* ‘‘teeth and plates of several species of fish, of which
only Ptyctodus calceolus N. and W. has been identified.”’” Barrist
describes the dermal plates occurring in the Davenport beds as
““measuring nearly an inch in thickness, and several inches in
length and breadth. As in other localities, their entire surface
is covered with small stellate tubercles.” These meagre indica-
tions probably refer to Dinichthys, certainly not to Macropetal-
ichthys, as the author is inclined to suppose.

*Ann. Rept. Iowa Geol. Surv. (1899), vol. IX, p. 451.
tProc. Davenport Acad. Sci. (1897), vol. VII, p. 19.
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Cedar Valley stage—~The vertical succession of faunas in the
Cedar Valley limestone of Scott and Muscatine counties, and in
the vicinity of Rock Island, Illinois, has been carefully investi-
gated and tabulated by J. A. Udden.* Two species of Dipterus
occurring in this formation mark the earliest known advent of
this genus in the Pal®ozoic rocks of America. One of these was
obtained from the basal ledges of the formation in Scott county,
the other, D. calvini, from near its summit in Muscatine county.
Excellentlypreserved dental platesof Ptyctodusand Rhynchodus,
spines of Heteracanthus, ecranial and abdominal plates of Dinich-
thys, and various more or less fragmentary remains of Onych-
odus have been obtained from exposures of Cedar Valley lime-
stone in Bremer, Cerro Gordo and Johnson counties. Espe-
cially from the vicinity of Waverly and Waterloo a large and
interesting collection was brought together by Orestes H. St.
John prior to the organization of the preceding State Survey,
and is now deposited in the Harvard Museum. Some further
material has been gathered by Professors Savage -and Norton,
and a list of determined species is published by the latter in
Vol. XVI., (p. 356) of the present series of Reports.

UPPER DEVONIAN.

Lime Creek substage—The shales representing this member
are exposed only in Cerro Gordo and Franklin counties, and
although they carry a complex invertebrate fauna, fish-remains
are in general very sparse. As shown in the first instance by
Professor Calvin in 1878, and also at subsequent times by the
same author, the faunal relations of these beds are more intimate
with those of the Independence shales than with any other forma-
tion in JTowa.t In seeking to explain this state of affairs Calvin
reaches the following interesting conclusion: ¢‘During the time
represented by the shales and limestones which lie between. the
Independence and the Lime Creek shales the peculiar fauna of
the lower shale horizon, adapted to life on a muddy sea-bottom,
persisted in some congenial localities at present unknown, suffer-
ing in the meantime only a slight amount of modification, and
again appeared, reinforced by a number of other species, when
the sea-bottom offered conditions favorable to its success.”’i
The only satisfactorily determined fossil fishes from this mem-
ber of the Upper Devonian are Ptyctodus calceolus, Dinichthys

*Journ. Cincinnati Soc. Nat. Hist. (1897), 19, pp. 93-95, Amer. Nat.
(1898), 32. p. 557. Ann. Rept. Iowa Geol. Surv. (1899), IX, p. 302,
pl. 6.
T Bull. U. S. Geol. and Geog. Surv. (1878), 4, pp. 725-730.
I Ann. Rept. lowa Geol. Surv. (1897), VII, p. 169.

4 .
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‘pustulosus, and fragments of heavy, coarsely tuberculated
plates indistinguishable from those of Aspidichthys. A con-
siderable quantity of this class of remains was brought together
some years ago by Mr. Clement L. Webster, of Charles City,
Towa.

State Quarry substage.—A small outlier of Upper Devonian
rocks near North Liberty, Johnson county, several miles north
of Towa City, which has received the name of State Quarry lime-
stone, is remarkable for carrying a vast quantity of fish teeth,
a fact first discovered and made known by Professor Calvin *
about a dozen years ago. The remains ocecur in a single cherty
layer not over eighteen inches thick, but so great is their pro-
fusion as to justify the appellation given to it by its discoverer
as a ‘“‘fish-tooth conglomerate’’. The homotaxial relations and
peculiar faunal characters of these beds have been set forth with
considerable fulness by Professor Calvin in his report on the
Geology of Johnson county, to which is appended a special
notice of the fish-remains by the present writer. Detailed de-
scriptions of the known species are also given in a subsequent
part of this Report.

‘ Sweetland Creek substage—The beds that have been desig-

nated by this name consist of argillaceous shales that are fre-
quently found overlying the Cedar Valley limestone in Scott
county, and are not only uncomformable with the latter, but con-
tain a markedly different fauna. A description of the local
sections and lists of fossil species that have been found are
given by Professor J. A. Udden in Vol. IX (1899) of the present
series of Reports. Tritors of Ptyctodus calceolus and dental
plates of the Synthetodus type are the only known vertebrate
forms in the assemblage.

*Proc. Iown Acad. Sci. (1896), 4, pp.16-21. Ann. Rept. Iowa Geol. Surv.
(1897), VII, pp. 74, 108.
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I1I.

Evolutidnary History of Fishes and Scheme of Their
Systematic Arrangement.

The geological succession of the class of Fishes is very sat--
isfactorily known from the middle of the Silurian onward, and
the essential features of the past history of this chain of life
are now comparatively well ascertained. Facts have been
brought to light, and broad generalizations established upon
them, through study of this history, which have an important
bearing upon many of the fundamental problems of biology,
illustrating as they do not only general principles of organic
evolution, but enabling us to construct a natural system of classi-
fication reflecting the development, and expressive of the true
relationships of Pisces. As might be expected, the evolutionary
history of Fishes is consistent at all points with those principles
of organic development that are the final outcome of investiga-
tion carried on in other departments of palxontology; and in-
deed, it is within the very group we are now considering that
some of the fundamental laws of organic progress have been
discovered. :

It will suffice for our present purpose to summarize briefly the
main facts concerning the geological succession observed among
Fishes, and thereafter to explain the general basis of classifica-
tion that is now currently adopted. And in the first place we
must note that concerning the immediate origin of the group of
Fishes and fish-like vertebrates, paleontology reveals no certain
clue. Nor is it likely from the nature of things that authentic
documents will ever be discovered, there being abundant reason
to suppose that the primitive forerunners of the vertebrate
phylum were soft-bodied creatures, and incapable of preserva-
tion in the rocks. _

As to the once popular theory which still finds adherents in
some quarters, namely, that the earliest fish-like vertebrates are
derived from the Arthropod stem, sharing features in common
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with Merostomes (Kurypterids ete.) and Arachnids (Scorpions
etc.), it is important to recall that the groups mentioned had
already attained a high degree of specialization in the early
Palzozoic, and had diverged widely along certain directions from
the primal trilobitic type of organism. Applying here the uni-
versal rule that the progenitors of a new type are to be sought
not among the more highly modified, but among the more gener-
alized members of an old race, we are forced to exclude Meros-
tomes and Arachnids as possible ancestors of backboned animals
by virtue of the fact that they are already too highly specialized.
However plausibly the trilobitic organization may be regarded as
ancestral to the higher Crustacea, and even Insects, it does not
even remotely suggest affinities with chordates; and in case the
gap between the two phyla cannot be bridged over at this point,
we must perforce deny that there is any connecting link be-
tween them. The latter proposition is now commonly accepted,
and such resemblances as are shared by Merostomes and early
fish-like vertebrates are explained as due to mimiery, or to adap-
tation of creatures of different grades to a similar environment.
On the other hand, there are no theoretical objections to looking
upon the worm-like Enteropneusta, by some actually placed
among the Protochordates,* as possible ancestors of the verte-
brate stem. And it may be suggested that the Cambrian prob-
ably affords a sufficient time-interval for the elaboration neces-
sary to overcome differences of grade.

*The terms Chordata and Protochordata are thus distinguished by President
D. S. Jordan, in his Guide to the Study of Fishes, vol. I, p. 460.

*“Chordata.—The chordate animals are those which at some stage of life possess
a notochord or primitive dorsal cartilage which divides the interior of the body into
two cavities. The dorsal cavity contains the great nerve centers or spinal cord;
the ventral cavity contains the heart and alimentary canal. In all other animals
which possess a body cavity, there is no division by a notochord, and the ganglia
of the nervous system, if existing, are placed on the ventral side or in a ring about
the mouth.

Protochordaia.—Modern researches have shown that besides the ordinary back-
boned animals certain other creatures easily to be mistaken for mollusks or worms,
but being chordate in structure, must be regarded as offshoots from the vertebrate
branch. These are degenerate allies, as is shown by the fact that their vertebrate
traits are shown in their early or larval development and scarcely at all in their
adult condition.

Enteropneusta.—Most simple, most worm-like, and perhaps most primitive of
all the [Proto-]Chordates is the group of worm-shaped forms, forming the class
of Emteropneusta. . . . With the [lower] Chordates, and not with the worms,
this class, Enteropneusta, must be placed if its characters have been rightly inter-
preted. It is possibly a descendant of the primitive creatures which marked the
transition from the archaic worms, or possibly archaic Echinoderms, to the archaic
Chordate type.”’
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Whatever form of vertebrate life may have existed during the
Cambrian, and it is reasonable to postulate its existence during
that period, no traces of it have been preserved, owing doubtless
to the total absence of hard parts. Detached scales, plates and
other fragmentary remains of fish-like organisms are known
from a few localities of Ordovicic (or Lower Silurian) age in
this country, but their very inferior state of preservation pre-
vents any reliable conclusions in regard to them. Not until the
middle (Niagara in this country) and upper (Ludlow * and
Downtown in Great Britain, ‘‘Passage Beds’’ in northern
France) divisions of the Silurian do we find at all satisfactorily
preserved hard parts of primitive vertebrates, differing in
marked degree structurally from ordinary fishes in that they
have incompletely formed jaws, no paired fins, and are without
calcified endoskeletal parts. Hence, under the name of Ostra-
cophores (or Ostracoderms) bestowed by Cope in allusion to
their shell-like external covering, they are very properly
awarded an inferior position in the scale of piscine evolution.
Their lack of a lower jaw articulating with the cranium, a char-
acter which they share in common with existing lampreys, sug-
gested to Cope the propriety of including both Ostracophores
and Marsipobranchs in a separate class, named by him Ag-
natha, in contradistinetion from Pisces proper. The validity
of this distinetion appears to be beyond question, and there
are other characters ratifying it besides the important ones we
have mentioned. Throughout this discussion, therefore, Ostra-
cophores will be considered as‘primitive vertebrates belonging
to a lower grade than Fishes proper, and included on that ac-
count in a different class, Agnatha, among Protochordates.
Their advent slightly preceded that of ordinary Fishes in point
of chronological sequence, although both classes probably had
a common origin in times anterior to the Ordovician. The ear-
liest recognizable indications of Fishes proper appear sparsely
(Diplacanth Acanthodians) toward the close of the Silurian.

*Woodward, A. S., Notes on the Geology and Fossils of the Ludlow District.
Proc¢. Geol. Assoc., 1904, vol. I8, pp. 429-442.—Hinde, G. J., The Bone-bed in the
Upper Ludlow Formation. Ibid., pp.443-446.--Leriche, M.. Contribution a I’étude
des poissons fossiles du Nord de la France et des régions voisines. Mém. Soc. Géol.
de la France, 1906, vol. 5, Mém. 1, pp. 13-39. .
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Like Eurypterids and certain- other contemporary inverte-
brates accompanying them in the same fauna, the earliest recog-
nizable fish-like vertebrates, that is to say, Silurian Ostra-
cophores, appear to have been mere mud-grovellers inhabiting
the bottom of shallow seas. Imperfectly equipped for loco-
motion, and making little progress throughout their subsequent
history in the direction of improved swimming-organs, their
evolutionary advance took place along lines immediately condi-
tioned by their sedentary mode of existence. Thus, their
growth-energy seems to have been expended chiefly in the elab-
oration of a protective exoskeleton, constituted in the more
primitive forms of dermal granules or tubercles scattered
throughout the tough but flexible integument, but becoming fused
and segregated by successive stages into hard, sometimes even
heavy plates, arranged according to a definite pattern. The cul-
mination of their progress fell short, however, of the develop-
ment of calcified endoskeletal structures, of paired limbs homol-
ogous with those of all higher vertebrates, and of completely
formed jaws articulating with the cranium and functioning in the
normal manner. These lowly fish-like organisms are, therefore,
chiefly interesting in that they inform us regarding the manner
in which a hard skeleton was first acquired among vertebrates,
and illustrate successive stages of its elaboration.

Fortunately very satisfactory records of this evolutlonary
history are now available, a number of well preserved examples
of primitive Ostracophores having recently become known from
the Upper Silurian of Scotland,* and Lower Devonian (Huns-
riick slates) of Rhenish Prussia.t Our knowledge of the
skeletal modifications displayed by the lower types of Ostra-
cophores is due chiefly to the researches of Dr. Ramsey H. Tra-
quair, dean of Scottish paleichthyology, and to the brilliant gen-
eralizations based upon them that we owe to Dr. A. Smith Wood-
ward, than whom is no higher authority or more experienced
student of fossil fishes. Valuable enlightenment has also been

*Traquair, R. H., Report on Fossil Fishes collected by the Geological Survey
of Scotland, etc. Trans. Royal Soc. Edinburgh, 1899, 39, pp. 827-864.—Supplemental
Report, Ibzd 1905, 40, pp. 879-888.

TTraquair, R. H., The Lower Devonian Fishes of Gemiinden. Trans. Roy.
Soc. Edinburgh, 1903, 40, pp. 723-739.—Supplement, Ibid., 1905, 41, pp. 469-475.
Also short papers in Geol. Mag. for 1900 and 1902.
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derived from the recent studies of Dr. Otto Jaekel, in Germany,
and Professor William Patten, of Dartmouth College, in this
country.

Without entering at this point into the basis of classification,
it may be remarked in passing that the different families of Os-
tracophores are commonly arranged in four ordinal divisions, of
which the Heterostraci are regarded as the most primitive. This
order comprises the curious group of Pteraspidians, the strue-
ture of whose hard shield is unique among vertebrates, and also
the remarkable forms included within the families of Coelolepida
and Psammosteide. Especially noteworthy among Coelolepids
are the genera Thelodus (Fig. 1) and Lanarkia (Fig. 2), known

Fi1G. 1. FiG. 2

Fig. 1. Thelodus scoticus Traq. Silurfan (Ludlow beds) of Logan Water. Diagrammatic
restoration showing dorsal fin and position of the eyes. The tail is flexed so as to show the
caudal fin in proflle, x 1 (after Traquair).

Fig. 2. Lanarkia spinosa Traq. S8Silurian (Downtonian), of Scotland. Diagrammatic
restoration sfmilar to that of Fig. 1. Dorsal fin not yet observed, x % (after Traquair).
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Fic. 3.

Fig. 3. Ateleaspis tesselata Traqg. Silurian (Downtonian) of Scotland. Diagrammatic
restored outline showing tail in profile, x ¥ (after Traguair).

by complete skeletons in which the dermal covering consists
merely of small shagreen tubercles, sometimes beautifully orna-
mented, or of minute hollow spines. Another interesting form
of great systematic importance is Ateleaspis (Fig. 3), which is,
regarded by Dr. Traquair as annectant between Heterostraci and
the next higher order, Osteostraci. Under the last-named are
ineluded such well known forms as Cephalaspis (Fig. 4, page 58),
Tremataspis, Thyestes, ete. Only in the case of the most spe-
cialized order, Antiarchi, comprising the single family Aster-
olepide, are we unable to trace the lines of descent, owing to non-
acquaintance with intermediate forms linking this group with any
of the preceding. The suggestion that Asterolepids may have
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been independently derived from some invertebrate progenitor.
cannot possibly be entertained in the light of the following fucts;
(1) their dermal plates are composed of true bone;* (2) the head-
shield and body armor have a well developed sensory canal sys-
tem; and (3), in Pterichthys, at least, there is a tail covered with
scales, a membranous dorsal fin, and a genuinely piscine heter-
ocercal caudal fin.

Enlightenment as to the initial stages by which Ostracophores
acquired a hard skeleton is furnished by primitive Coelolepid
genera, vast quantities of whose granular skin-tubercles occur in
the Upper Ludlow bone-bed, and whose complete skeletons have
become known during recent years from the Upper Silurian rocks

_of the south of Scotland. If, now, we are prepared to accept
Smith Woodward’s contention that fhe order in which the differ-
ent kinds of hard parts were evolved may be reasonably inferred
from the order in which they successively predominate, then it
becomes an easy matter to understand how these modifications
arose. The manner in which these phenomena were progres-
sively introduced is thus interpreted by the same author in the
following passage.t

“From numerous well-preserved specimens it is clear that
the hard skeletal parts of the Ostracoderms were confined ex-
clusively to the skin; and in most of the earliest representatives
of the group these hardenings are merely scattered granules or
tubercles of limy matter which form a flexible external armour.
It is true that each tubercle is beautifully fashioned, with a
definite internal structure round a papilla of the skin, like a
tubercle from the shagreen of a modern shark; but the armour
is essentially a scattered deposit or segregation of superfluous
mineral matter in the normally soft tissue, suggesting that the
Ostracoderms toward the end of their race had experienced pre-
cisely the same affliction as that now experienced by some of the
highest mammals in the latter part of their individual life,
namely, a kind of ‘‘gout’’. Myriads of the isolated skin-tuber-
cles of Thelodus occur in the Upper Ludlow bone-bed, while
numerous nearly complete specimens both of this fish (Fig. 1)
and Lanarkia (Fig. 2) have been found in the contemporaneous

*The i)gne structure of Pteraspis is well described and illustrated by micro-
photographic sections in a paper by F. Drevermann, entitled ‘‘Ueber Pteraspis dun-
ensis,”’ etc. Zeitschr. deutsch. geol. Ges. 1904, 56, pp. 275-289.

t Woodward, A. 8., The Study of Fossil Fishes. Proc. Geol. Agsoc. 1906, 19, p.
267.
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and somewhat later rocks in Lanarkshire. There is, indeed, no
doubt that the granular armour was the ‘‘fashionable’’ fish-
skeleton of Upper Silurian time.

It soon became usunal, however, for the skin-tubercles to fuse
together into groups, and in the earliest Devonian faunas the
most common Ostracoderms are those like Cephalaspis and
Pteraspis. The first of these (shown in Fig. 4) is especially in-
structive as showing how the tubercles became plates, and how
the shape of these plates depended on the nature of the under-
lying parts of the body. In the head-armour of Cephalaspis a
few regularly spaced tubercles grew larger than the others, and
each of these became a center of attraction with which the im-
mediately surrounding tubercles coalesced, by the thickening of
their base, to form polygonal plates. Where the underlying soft
parts were not in constant motion these polygonal plates fused
" again into a continuous shield ; while in the roof of parts, such as®
the presumed gill-chambers, where flexibility was needed, the
plates remained as a loose mosaice, which is often lost in the
fossils.

FiG. 4.

*EFig. 4. Cephalasms murchisont Egert. Lower Old Red Sandstone; Herefordshire.
Headshield seen from above, tail twisted to show dorsal fin and heterocercal tail mainly in
side-view, x 4 (after Smith Woodward).

The latest ¢‘fashion’ among the Ostracoderms of the Devonian
period consisted in an armour of symmetrically arranged over-
lapping plates on the top of the head and round the body, with
a pair of flippers similarly armoured and appended to the latter.
Here the the primitive skin-tubereles seem to have fused, not into
polygonal plates, but along the lines of the slime-canals which
- traverse the skin of many of the Ostracoderms, though unfortu-
nately none of the early stages in the process have hitherto been
discovered. So far as known, this arrangement of armour sud-
denly appears in Pterichthys (Fig. 8, page 75) in the middle of
the Devonian period, and it persists without essential change
until the extinetion of Bothriolepis just before the dawn of Car-
boniferous times.’’
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Ostracophores, though forming the dominant feature of Silu-
‘rian fish life, and making, as we have seen, considerable progress
in the development of an external skeleton, were yet accompanied
in the Upper Silurian by creatures which surpassed them in
grade; and these vertebrates, by reason of having completed
their jaws and acquired a pair of lateral fin folds, are entitled
to rank as true fishes. These oldest remains of typical fishes
evidently belong very near to that primordial stock from which
is descended the great group of Klasmobranchs, a group repre-
sented at the present day by sharks and skates, and whose early
offshoots are commonly held to be ancestral to all higher types of
ordinary fishes. No connection can be traced between the earliest
known Klasmobranchs and Ostracophores, yet it is interesting
to note that dermal armor originates among them in precisely
the same fashion as already noted among primitive Coelolepids.
That is to say, these very old Elasmobranchs, which are called
Acanthodians after the name of the first described genus, re-
semble the oldest fossilized Ostracophores in having the body
completely covered by small, hard skin-granules. Not only did
the armor begin among Acanthodians in the same way as in the
most primitive fossil chordates, but there was also occasional
fusion of the skin-granules into plates where rigidity was pos-
sible or necessary. This tendency is sometimes carried even to
disadvantageous extremes, as in the case of the unduly stiffened
and cumbersomely armed paired fins. HEvolutionary progress
In the direction of improved swimming-organs is very clearly
indicated by Acanthodian fin-structures, the general trend of
development being suceinctly stated by Smith Woodward in the
following language:

““These very old Acanthodians are known because they are
completely covered by small, hard skin-granules like those of the
oldest fossilized Ostracoderms. . . . A few of the granules
fused together at the front edge of the median fins above and
below the body, thus forming cut-waters or ‘‘spines’’; and as a
double series of exactly similar ¢‘spines’’ occurs along the lower
border of the abdomen where the two pairs of fins are found in
later fishes, it is reasonable to infer that these are likewise the
stiffened front edges of fins. In other words, paired fins were
not originally restricted to two pairs, but formed a double series
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along the entire length of the abdomen. Therefore, if the sep-
arate median fins were produced by the subdivision of a primi-
tively continuous median membrane along the back and the
lower side of the tail, the paired fins arose similarly by the sub-
division of continuous membranes which extended as a sym-
metrical pair along the outside walls of the body-cavity.

Fig.25. OUTLINES OF ACANTHODIAN FisHEs, illustrating their gradual elongation in
shape and loss of intermedijate spines during successive periods. A, Clzmat'l,us. scutiger
Egert. Lower Old Red Sandstone; Scotland. B, Mesacanthus mitchelli (Egert.); ibid.

d leatus Ag. Lower Carboniferous; Edinburgh. }? Acanthodes gracilis Roemer.
ﬁg‘g‘gx{b%e‘i‘gﬁm; Bohemia. a,anal fln; d, dorsal in; <. sp., ‘‘intermediate spines’’; p, pair
of pectoral fins; v, pair of pelvic fins. {From Smith Woodward, partly after Traquair and
Fritsch.)
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Even in the fashionable Acanthodians of the Silurian and
Lower Devonian periods ( Climatius, Fig. 54), the foremost and
hindmost pairs of spines were somewhat larger than the others;
and in all later members of the group the ‘‘intermediate spines”’
dwindled to insignificance (Mesacanthus, Fig. 5B), or disap-
peared (Acanthodes, Fig. 5C, 5D), so that only the two normal
pairs of fins remained. The fixation and stiffening of these fins, .
however, were so completely unsuited for further elaboration
while they depended solely on skin-structures, that the Acantho-
dian fishes gradually declined towards insignificance and extine-
tion. They lost their graceful fusiform proportions; some un-
wieldy and overgrown species became round-bodied grovellers
in the mud of Carboniferous seas and estuaries (Gyracanthus)
while the latest members of the race, which did not increase much
in size, hecame almost eel-shaped before they died out in the
Permian period (d4canthodes, Fig. 5D). All races which do not
progress tend to become represented by eel-shaped species in
their latter days, and the Acanthodians formed no exception to
the rule.

F1G. 6.

Fig. 6. Cladoselache fuyleri Newberry. Cleveland shale (Upper Devonian); Cleveland,
Ohio. Right side-view, about one-tenth natural size, A primitive shark illustrating the
simplest kind of paddle-fins, which are supported by nearly parallel bars of internal car-
tilage (after Bashford Dean).

There must, however, have been some primitive allies of the
Acanthodians with their pairs of fins reduced to the normal two,
in which the stiffening was attained by internal rods of carti-
lage instead cf mere skin-structures; for a long-bodied (and
thus senile) survivor of this allied tribe occurs in the Upper
Devonian of Ohio (Cladoselache, Fig. 6). Here the fin-flaps are
strengthened inside by a row of simple parallel bars of cartilage,
which exhibit a tendency to be squeezed together. The early
fishes which had reached this stage were prepared for further
advance. Those which failed to make any progress in their skin-
skeleton experienced very slight changes in their whole anatomy,
and gradually passed into the modern sharks and skates. Those
in which the skin-skeleton always remained extensive, and soon
took the form of symmetrically arranged bony plates and scales,
rapidly became developed into the higher fishes which swarm
today.”’
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At the same time that early Elasmobranchs were strength-
ening and otherwise improving their paired fins, similar modifi-
cations were in progress among two other groups of typical
fishes which suddenly became dominant during the Devonian.
One of these groups is that commonly known as Dipnoans
(Dipnoi, or more properly, Dipneusti), the name of ‘“‘double-
breathers’’ referring to their power of respiration by both gills
and lungs. The second competing rival'in the line of advance is
the group of Crossopterygii, or ‘‘fringe-finned ganoids’’. Both
are possibly descended from primitive Elasmobranchs, and both
are conspicuous for their conversion of paired fins into paddles
suitable for crawling in the mud, or for ordinary swimming in
water. A curious feature of evolutionary progress is that to
which Smith Woodward has called attention in another recent
article,* namely, no sooner had fishes acquired the paddle-shaped
paired fins than ‘‘they suddenly became the special feature of
the Devonian period in all parts of the globe that have hitherto
been geologically examined, and they attained their maximum
development, being more numerous and more diverse in form
than at any subsequent time.’’

The paddle-shaped type of fin became prevalent among the
highest fishes at about the very epoch (Middle and Upper De-
vonian) when terrestrial four-legged vertebrates were just be-
ginning to make their appearance. The coincidence is note-
worthy, and favors the current opinion that Labyrinthodont
amphibians (Stegocephalia) are descended from primitive
Crossopterygii. 'There are still some controverted points in
regard to this theory, whose consequences are far-reaching, hence
it will be instructive to compare the views of the English author
we have already quoted both on this matter and on the devel-
opment of effective fins in higher fishes. His diction is given in
slightly condénsed form in the following paragraph.

“During the Middle and Upper Devonian there was a general
tendency for the most advanced fishes to become crawlers rather
than swimmers; and there cannot be much doubt that the known
Crossopterygii are the unsuccessful survivors of the race which

*Woodward, A. S., The Relations of Paleontology to Biology. Ann. Mag. Nat.

Hist. 1906, ser. 7, 18, p. 815. Extract from an address delivered before the Inter-
national Congress of Arts and Science, St. Louis.
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originally produced the earliest crawling lung-breathers or
Labyrinthodonts. No intermediate forms have hitherto been
discovered, while the links are still wanting between the simple
paddle of the fish and the five-toed or four-toed limb of the
Labyrinthodont ; but the Devonian and some later Crossopterygii
are the only fishes which agree with the Labyrinthodonts in
(1) the arrangement of their external head-bones; (2) the com-
plexity of their tooth-structure; (3) the possession of vomerine
tusks; (4) the frequent presence of a pineal foramen in the skull;
and (5) the common occurrence of sclerotic plates around the
eye. These resemblances can scarcely be accidental, especially
considering the period at which they occur; and it is one of the
problems of paleontology to determine the exact relationships
between the paddle-finned fishes and the lung-breathers by the
discovery of perhaps Lower Devonian links.”’

Passing now to the next higher grade of fishes, the Chon-
drostei, or Sturgeon tribe, which flourished especially during the
Carboniferous and Perntian, we note this peculiarity of their fin-
structure : the internal cartilages formed only an effective basal
support for an expanse of membrane, which was stiffened by
flexible skin-fibres. The latter eventually formed fin-rays, and
articulated with the basal pieces when the cartilage was re-
placed by bone. Thus arose the best form of appendage both
for balancing the body and for progression in water. The typical
Palzozoic Chondrosteans having this type of fin were rapacious
fishes, and a few of them survived with little change until Upper
Jurassic times: Some of them degenerated into eel-shaped crea-
tures during the early Mesozoic, while others grew to unwieldy
proportions and eventually passed into the modern sturgeons.
The median fins became absolutely complete in the Proto-
spondyli, after the upper lobe of the tail had shortened so that
the caudal fin formed a flexible fan-shaped expansion at the blunt
end of the body, while each separate ray in the other median fins
was provided with its own definite support. The Protospondyli
characterized the Triassic and Jurassic periods, and exhibited
endless variety; but their sole survivors at the present day are
the long-bodied Lepidosteus (garpike) and Amia (bowfin) of
American fresh waters.
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Associated with almost the earliest Protospondyli, there were
a few precocious fishes which evidently completed their verte-
bral column at once. This race, including such genera as Phol-
idophorus and Leptolepis, seems to have temporarily exhausted
itself in the effort, for it always occupied a secondary place in
the fish faunas until the beginning of the Cretaceous period,
when it rapidly multiplied, became dominant, and replaced the
Protospondyli. Thus arose the modern fishes, of the same grade
as the herring and salmon, characterized not only by a complete
vertebral column, but also by a simplified lower jaw, which con-
sists only of two pieces on each side. The Isospondyli, as they
are termed, being thus provided with a completely bony internal
skeleton as well as completed fins, admitted of many more varia-
tions than any of their forerunners.

Among fishes, as among other animals, spines characterize
only the latest representatives of the class. The Acanthopterygii
(““spine-finned’’) are thus the highest and latest fishes of all,
though they sometimes eventually descend from their high estate
by degeneration. They exhibit all the peculiar changes in the
skull, upper jaw, and pelvic fins noticed as first appearing in a
variable manner in the Cretaceous Isospondyli. The spiny-
finned fishes began by Berycoids and possibly Scombroids in the
Chalk, closely resembling, but not identical with, genera living
at the present day. By the Focene period, however, nearly
all the modern groups of Acanthopterygii had become completely
separated and developed, and their sudden appearance is as
mysterious as that of early Kocene mammals.

In reviewing the history of this chain of development that has
now been traced, we are struck with the fact that fundamental
advances in the grade of fish life have always been sudden and
have begun with excessive vigor at the end of a long period of
stagnation, while each advance has been marked by the fixed
and definite acquisition of some new character—an ‘‘expression
point?’, as Cope termed it,—which seems to have rendered pos-
sible, or at least has been an essential accompaniment of, a fresh
outburst of developmental energy. As we have seen, the sue-
cessive ‘‘expression points’’ among fishes were the acquisition
of (1) paddle-like paired fins; (2) shortened fin-bases but per-
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sistent heterocercal tail; (3) completed balancing fins and homo-
cercal tail; and (4) a completed internal skeleton.

Finally, to recapitulate the brief summary given by Woodward
in more general terms, ‘‘fossils prove that the earliest known
fish-like organisms strengthened their external armour so long
as they remained comparatively sedentary; that next the most
progressive members of the class began to acquire better powers
of locomotion, and concentrated all their growth-energy on the
elaboration of fins; that, after the perfection of these organs,
the internal bony skeleton was completed at the sacrifice of outer
plates, because rapid movement necessitated a flexible body and
rendered external armour less useful; that, finally, in the highest
types the vertebrae and some of the fin-rays were reduced to a
fixed and practically invariable number for each family or genus,
while there was a remarkable development of spines. As sur-
vivors of most of these stages still exist, the changes in the soft
parts which accompanied the successive advances in the skeleton
can be inferred. Hence Palxontology furnishes a sure basis for
a natural classification in complete accord with the development
of the group.”” * o

General Classificatory Scheme.—1It is now in order to consider
the more salient features of classification adopted for arranging
the different groups of fishes in a natural system, one that is
founded on broad general distinctions, and aims to be expressive
of genetic relations. The fundamental principle which serves as
the basis of classification is that which takes cognizance of two
distinet types or plans of cranial structure among fishes, plans
that have been manifest at least ever since Lower Devonian
times, and between which no definitely intermediate conditions
are to be observed. Huxley has appropriately named one of
- these types of cranial structure ‘‘autostylic’’, and the other
“hyostylic’’.+ In the former, as illustrated by Chimaeroids and
modern Lung-fishes, the upper segment of the mandibular arch
is directly fused with the chondrocranium, while the correspond-
ing segment of the hyoid arch is atrophied or absent. But in the

*Woodward, A. S., The Relations of Palxontology to Biology. Ann. Mag. Nat.
Hist. 1906, ser. 7, 18, p. 314.

tHuxley, T. H., On Ceratodus forsteri, etc. Proc. Zool. Soc. 1876, p. 40.
5
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hyostylic condition, on the other hand, as exemplified by Elasmo-
branchs, bony-scaled fishes (‘‘Ganoids’’) and modern osseous
fishes (‘‘Teleosts’’), the same elements are loosely articulated
with the primordial cranium, and the upper segment of the hyoid
arch forms a movable suspensorium (hyomandibular). The
autostylic condition was carried to a still higher phase of de-
velopment by terrestrial amphibians, and threcugh them trans-
mitted to all higher vertebrates; whereas the hyostylic condition
culminates in the extreme specialization characteristic of the
more modern types of fishes—those expressions of vertebrate
life which are most completely adapted to an aquatic habitat. It
may be remarked parenthetically that only a few sharks, such
as the existing Notidanus, and perhaps the Permian Pleuracan-
thus (Fig. 15, page 93), display an arrangement by which both
the mandibular and hyoid arches have their own separate and
independent connections with the eranium, and the skull in that
condition is said to be ‘‘amphistylic’”.*

The nature of the attachment of the lower jaw to the cranium
being regarded as of prime importance for distinguishing major
divisions, the next most valuable criterion for systematic pur-
poses is provided by the structure of the exoskeleton. This hap-
pens to be constructed in such wise that two groups, both of the
autostylic and of the hyostylic fishes can be readily distin-
guished. Thus, the placoid dermal calcifications, or ‘‘shagreen’’
covering the head and body of Chimaeroids are fundamentally
distinet from the bony headshield and regularly disposed im-
bricating squamation of Dipnoans. The same distinction applies
with equal force in separating Elasmobranchs from Teleostomes,
this latter title being Owen’s comprehensive designation for both
““‘Ganoids’’ and ‘‘Teleosts’”. Among Teleostomes, the rhombic
was probably the more primitive form of scales, this type being
characteristic of the geologically older scaly fishes. Structurally
the scales of Dipnoans are not unlike those of Teleostomes,
though there are minor differences in detail. The resemblance
in scale-structure between such widely distinet groups is without
special significance, however, other than as an example of evolu-
tionary convergence. '

*HTJ;:Ky, T. H., Proc. Zool. Soc. 1876,.p. 41 et seq.
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On the basis of the foregoing distinction it follows that Pisces
proper are divisible into four subclasses, all of which were in
existence as early as the beginning of the Devonian, and have
followed distinet courses of development ever since. The an-
cestors of these subclasses are indeed unknown, but would prob- -
ably fall under the designation of primitive Elasmobranchs.*
For determining the ordinal position of any fish within its appro-
priate subclass, the most satisfactory recourse is afforded by the
degree of specialization of the paired fins. It is now a well
established principle in pal®ontology that both the median and
the paired fins of fishes originated in the first instance from con-
tinuous dermal folds, and during the course of their elaboration
passed through definite phases, the most important of which are
summarized by Smith Woodward in the following propositions:

1. Fishes originally possesed (a) a continuous median der-
mal fold, and (b) a pair of continuous lateral folds, each sup-
ported by a regular series of parallel endoskeletal rods diverging
from the axial skeleton.

2. These continuous folds (the median fold in most cases and
the lateral folds always) soon became subdivided, with a con-
comitant reducticn in the size and number of their supports.

3. Gradual and constant specialization has been marked by
the shortening-up of the endoskeletal supports of the resulting
fins, and by the concomitant strengthening of the dermal rays.

4. In the course of this evolution the endoskeletal fin-supports
have eventually lost all direct connection and correlation with the
axial skeleton, those of the dorsal and anal median fins becoming
correlated instead with the dermal rays, each supporting one of
these rays.

The order in which these stages in the evolution of paired fins
are successively passed through by the four leading divisions or
subclasses of fishes is apparent from the following table, which
we have reproduced after Smith Woodward:

*See on this point President Jordan's remarks on C. T. Regan’s taxonomic
conclusions as presented in his paper on the ‘‘Phylogeny of Teleostomi’. Guide
to the Study of Fishes, vol. 1, p. 623.
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SCHEME OF SUBCLASSES AND ORDERS OF THE CLASS PISCES

|
Hyostylic Fishes ! Autostylic Fishes
Stages in Evolution of ‘ [
Paired Fins T
ELASMO- ‘
BRANCHII | TELEOSTOMI |[HOLOCEPHALI|  DIPNOI

1. Supports as parallel PLEU}?C?IEI,TER_ [Unknown] | [Unknown] | [Unknown]
rods ’
(early Palgeo-
zoic)

2. Archipterygium of [ICHTHYOTOMI | CROSSOPTER-| [Unknown] | SIRENOIDEI
Gegenbaur (elon- | (late Palzo- YGII (Palxozoic to
gate or abbreviate) zoic) (Palzozoic| | Recent)

and Meso-

zoic) !

3. Pectorals di- ortri- | SELACHII |CROSSOPTER-| CHIMAERO- | [Unknown]
basal; pelvics ab- | (late Palso- YGII IDEI |

" breviate zoic to Re-| (Recent) (early Meso-!
: cent) | zoic to Re-|
cent)

\
4. Basal cartilages | ACANTHODII | ACANTHOP- | [Unknown] ARTHRODIRA
small or rudiment- | (Paleozoic) TERYGII . (early Palsxo-
ary (Palxeozoic to| zoic)
Recent) \

We will conclude our remarks on the subject of classification
by presenting the following outline scheme, which shows the
‘arrangement of the higher divisions of fishes and fish-like ver-
tebrates that seems to accord best with the present state of our
knowledge, and is sanctioned by competent authorities.
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Class AGNATHA

69

SUBCLASSES ‘

ORDERS

FAMILIES

1. Hyperotreta or Myxin- [Unknown as fossils]
oidea
1. CYCLOSTOMI 2. Hyperoartia or Petromy-| [Unknown as fossils]
L zontes -
[ Coelolepidae
1. Heterostraci Psammosteidae
Pteraspidae
. Birkeniidae
2. Anaspida ;
2. OSTRACOPHORI | Euphaneropidae
. Ateleaspidae
3. Osteostraci { Cephalaspidae
4. Antiarchi Asterolepidae
Class PISCES
SUBCLASSES ORDERS SUBORDERS
( 1. Pleuropterygii
. | 2. Ichthyotomi
1. ELASMOBRANCHII|{ 3. Acanthodii A vl
i sterospondyli
4. Selachii....... ........ |{ Tectospondyli
2. HOLOCEPHALI 1. Chimaeroidei
1. Ctenodipterini
3. DIPNEUSTI 2. Sirenodej
3. Arthrodira |
1. Haplistia
. 2. Rhipidistia
1. Crossopterygii |1 3. Actinistia
’ 4. Cladistia
4. TELEOSTOMI
| [ 1. ghondrostei
. . 2. Protospondyli
2. Actinopterygil 13. Aetheospondyli
4

. Isospondyli. &c. &c.
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IV,

Systematic Account of Devonian Fishes, with Special
Reference to those of Iowa and Adjoining States.

“Wenn ich ein zerstreutes Gerippe finde, so kann ich es zusammenlesen und
aufstellen; denn hier spricht die ewige Vernunft dureh ein Analogen zu mir, und
wenn es ein Riesenfaulthiere wire.”’—Goethe.

Class AGNATHA.

Cyclostomes, or as they are sometimes called, the Marsipo-
branchs,in allusion to their pouch-like branchial sacs,include the
most primitive of all existing vertebrates. They are divided into
two orders, the first comprising the Hag-fishes or Myxinoids, and
the second the Lampreys. These orders are very distinet from
each other, though sharing important characters in common
which separate them widely from ordinary fishes. For instance.
they differ collectively from Pisces proper in the total absence
of limbs, together with pectoral and pelvic arches for their sup-
port, and, more strikingly still, in the lack of a lower jaw. Most
students are of the opinion that the absence of these structures
in Cyclostomes is a primitive character, although it has been
thought by some that jaws and limbs were primordially present,
and have since become lost through degeneration. As stated by
President D. S. Jordan, ‘‘there is no clear evidence that the
[sub-Jelass of Cyclostomes, as now known to us, has any great
antiquity, and its members may be degenerate offshoots from
types of greater complexity of structure.”’

In regard to the occurrence of supposed extinct Cyclostomes,
such as the much debated Paleospondylus, whose relations are
still considered doubtful, the same distinguished author speaks
as follows:
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““No species belonging to the class of Cyclostomes has been
found fossil. We may reason theoretically that the earliest
fish-like forms were acraniate or lancelet-like, and that lamprey-
like forms would follow these, but this view cannot be substan-
tiated from the fossils. Lancelets have no hard parts whatever,
and could probably leave no trace in any sedimentary deposit.
The lampreys stand between lancelets and sharks. Their teeth
and fins might at least occasionally be preserved in the rocks,
but no structures certainly known to be such have yet been recog-
nized. It is, however, reasonably certain that the modern lam-
prey and hagfish are descendants, doubtless degraded and other-
wise modified, from species which filled the gap between the
earliest chordate animals and the jaw-bearing sharks.””*

Among the earliest and most primitive forms of fish-life with
which Palzontology acquaints us, there appears in the Middle
and Upper Siurian, and continues thenceforth throughout the
Devonian, a curious group of Craniates whose organization
stands in sharp relief to that of fishes proper, whose more pre-
cise relations are still considered doubtful, and whose origin is
involved in complete obscurity. This group is commonly known
under Cope’s title of Ostracophores, or Ostracoderms. Appear-
ing suddenly and unheralded, and passing away at the close of
the Devonian without leaving descendants, we can only specu-
late in regard to the ancestry of these creatures; yet the in-
ference seems warranted that they took their rise from Pro-
tochordates at about the same time as primitive Elasmobranchs,
and diverged in a different direction. Their adaptive energy
was expended chiefly in the development and elaboration of a .
hard external skeleton, and their progressive modifications
stopped short of acquiring completely formed jaws, of arches
for the support of paired limbs, and of the ordinary type of fish
fins. In