Organic dependence and disease : their origin and significance / by John
M. Clarke.

Contributors
Clarke, John Mason, 1857-1925.

Publication/Creation

New Haven : Yale University Press ; London : Humphrey Milford, Oxford
University Press, 1921.

Persistent URL

https://wellcomecollection.org/works/uhntepch

License and attribution

The copyright of this item has not been evaluated. Please refer to the original
publisher/creator of this item for more information. You are free to use this
item in any way that is permitted by the copyright and related rights
legislation that applies to your use.

See rightsstatements.org for more information.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://rightsstatements.org/page/CNE/1.0/?language=en




AT NN

22222222222



Med
K2474



Digitized by the Internet Archive
in 2017 with funding from
Wellcome Library

https://archive.org/details/b29811089



Organie Dependence and Disease,






Oreanic Dependence and Discase:

Their Origin and Significance.

By John M. Clarke,

D.Se., Colgate, Chieago, Princeton
L.1.D., Amherst, Johns ”up]iillr-'
Member of the National .\l';hh'hl.\' of Seleneies

New York State Paleontolowist

-
=

New Haven:
Yale University Press.
London, Humphrey Milford, Oxford University Press,

Mdeceexx,



Copyright, 1921, by

Yale University Press,




CONTENTS

Introduetion
What is Discase? . : : . . : . .
What is Normal Living? .
The Meaning of Abmormal Living
Protective Covering a Basic Factor in Dependence

P'roper Understanding of the Shell or External Skeleton
Stabilization, Longevity and Dissolution
Divisions of Geologieal History : . ; ; :
Independenece of the First Fauna . . : x
General Survey of the Cambrian Fauna of North America .
The Cambrian Fauna Generally ) : : . .
Precambrian Life . : s : : g a

The Beginnings of Svmbiosis and Parvasitism

Complex Character of Parasitism > .
seginnings of Symbiosis | ’ ; 2
Relation of Syvimbiosis to Parasitism . . : :

[Mustrations of Primitive Parasitism
The Case of the Annelids . ! . g
The Barnacles . : : ; . . . :
Early Parasitism of the Snails upon the Crinoids .
Symbiotie Conjunetion of Crinoids and Starfishes
The Work of Psendoparasitie Boring Oreanisms .

The Distinetion between Protozoan and Metazoan Parasitism
sporozoan and Baeterial Parvasitism in Geological His-

tory . g . : , .

Summary and Conelusions

* " ¥






Organic Dependence and Disease:

Their Origin and Significance.

INTRODUCTION

r HE purpose of this essay is to set forth a basis of
fact and reasonable inference bearving on the com-

prehension of the eontrol whieh governs the histor-
ical origin of dependent and abnormal conditions in the liv-
ing world.

The facts and their interpretations, together with their
higher intimations as here presented, arve hased upon pale-
ontological knowledege, that is to say, biologieal knowledge
with the added element of unlimited time through whieh the
life factors have worked. These are prime factors; they
tovether remove our subject and its conclusions from the
ficld of purely modern hiology,

The knowledge we have Iittle by Little acquired in the spe-
cial field indicated by our title does not as vet make a great
sheaf and it 1s not likely that the faets, in spite of their pro-
found interest to us, can have any mmmediate value in the
application of remedial measures in the correction of ab-
normal phyvsiology,  This statement is, however, not made
without some reserve; a real clue to the ineeption of any
abnormal physiology in nature must lead to interpretations
of wide moment.

For a good many vears the writer has endeavored to
cather together from the earliest assemblages of life on the
carth as preserved in the ancient roeks, such organie re-
mains as might shed light, not primarily on the introdue-
tion of disease, as we loosely employ that term, but upon
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the existence and earliest appearances among these ele-
mentary expressions of life, of conditions which show an
actual mutual dependence of ereatures one upon another
that is to say, of the conditions commonly known variously
as svmbiosis, mutunalism and parasitism.  Such evidences
arc not casy to acquire among primitive forms of life as
preserved in the roeks of the earth’s historie record, bhut
persistent and long-continned seareh with the aid of a va-
riety of special procedures adapted to the extraction of the
peculiar character of the material emploved, enlarged by
the imspeetion of many great muscum colleetions and joined
with the help of generous eolleagues and the special sup-
port of the National Aeademy of Seiences, has resulted in
even so mueh light on these significant paleopathologie
problems as 1= here set forth,

The writer desives to present his facts withont embar-
rassing detail and his eonelusions without hias. In his own
justifiecation for both he may urge a long acquaintance with
nature’s modes in the preservation of such materials in the
Fossil state and reasonable familiarity, based upon com-
parative morphology, with the forms of life that go to make
up the earlier faunas and floras of the earth.

It will be observed, and special emphasis is put on this,
that these chapters deal with the lower forms of life, the
ivertebrates among animals and ervptogams among the
plants,  The aetual outstanding evidences of pathological
and tranmatie lesions among extinet animals of the verte-
brate type are not comprehended within this disenssion as
such phenomena are registered only among faunas of the
carth too late and too specialized for our consideration.
Such lesions have been noted by several students of verte-
hrate paleontology and most interestingly brought together
by Dr. Roy L. Moodie, whose investigations into the history
of such registered conditions and of the possible effect of
disease in the extermination of races of the higher ammals
througeh the later ages of the ecarth are very suggestive to
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anyone concerned with the origin of our actual inheritance
of speeific pathologieal conditions.!

It hardly seems neeessary to premise that pathological
conditions, or diseases, to speak specifically, are as mueh a
matter of evolution as the human hand or the hird’s wing.
The statement of so obvious a faet hiere would have seemed
superfiuons exeept for the sharp citation recently served
upon his colleagnes by an eminent physieian, that ““human
maladies are but a narrow fringe alone the border line of
disease,”™ which wonld seem to intimate that repetitive
cmphasis may wisely be laid upon this statement.

In the ancient roek formations and the life assemblages
with which we are here dealing there are few of these
higher ereatures, the vertebrates, and among them speciali-
zation 1 oreans and function has gone so far as to beeloud
the reeord we are secking to disclose. Here the effort is to
take the simplest and least differentiated expressions of
life conditions in their earliest appearance, before the living
world had become so inexpressibly complicated as it is to-
day or so indelibly stamped by the acenmulated heritage
of boundless ages. It may be said that these investigations,
which rest upon the certain results of the laws of life, lead
the refleetive mind into passages tangent to human con-
cerns of high moment.

We shall need for the immediate purpose a clear under-
standing of what is meant by disease, as the term is here
used.  Our employment of the word is a rather loose One ;
probably no physiologist or pathologist would be satisfiod
with it, if indeed the term could be adapted to modern path-
ological use. It has at hest only a popular value and its ap-
plication is without scientific exactness, Thus, tuberculosis

P Roy L. Moodie. 1916, dmevican Jawrnal of Science, v, bl: 53031 1916,
scteniee, v. 43: 425: 1917, “* Annals of Medieal History,”* pp. 374-93,

*R. G. Eecles. ‘The Scope of Disease,”” Medical Record, March 8, 1913,
The reader is also referred to Doctor Eeeles s other important papers in this

field: ** Disease and Genetjes, " ap. cit., Angust 2, 1913 ¢ Parasitism and Nat-

ural Selection, ©* app etk Jduly 31, 1000,
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1= a pathologieal condition involving the normal growth of a
living creature, the Bacillus tuberceulosis.  This condition
1= & isease only from the point of view of the host of the
parasite, that is, of the sulferer. To the parasite it is the
normal, thongh adjusted, mode of life. This, however, is
an advaneod and complicated example whose history, when
worked out, must be determined on the basis of causes pro-

ducing such adaptation of parasite to host, and the study
of such adaptations must always keep in view the ease with
which adaptations have constantly been and are constantly

heine made,  Let nus disenss this matter more at length.

WHAT IS DISEASE!?

We must answer this question in terms of the original
n=e of the word—disease is discomfort; it is thus the early
FEnglish writers emploved it and we must not forget this
simple meaning which is not observed in common usages,
But in the speecific applieation of the term to physical dis-
comfort we shall find Huxley’s definition broad and elear:
“Disease . . . is a perturbation of the normal activities

I |

of a living body.’ In this expression by the great Finge-
lish physiologist there is a definite implication that disease
means disorder of specific function, as we generally under-
stand it.  But the broader idea in this definition is clear;
that disease is any departure from wormal living. 1t may
bhe a departure in a single funetion or it may involve several
Functions of physiology; and such an abnormal condition
may permeate so many funetions as to ereate a general -
pairment or maladjustment of the entirve anatomieal ma-
chinerv, It is elementary, as well as seriptural, to say that
<eldom ean one organie funetion heecome impaired without
involving others, for no member of the body ean say to
another, **1 have no need of thee.”’

There is, however, a still broader coneeption that we can
draw from Huxley's definition and which is of the first im-
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portance for onr purposes. It is this: That the entire by,
organism or ereature and the entire race or stock to whieh
it belongs may become abnormal through subjection to an
abnormal or perturbed mode of life.  Such body, ereature,
race or stock is therefore in a state of diseasc.

This condition has so frequently entered npon the life
modes ol the animals and plants as to form an essential
basis of their classification and it is the mightiest single
influence in the separation of them into grades of exeel-
lence.  We hesitate to eall sueh animals and suceh entire
races of animals and plants ““diseased,”” but their mode of
life is obviously disordered and we have no choice but to
term it abnormal and consequent upon a **perturbation of
normal activities.”  Hlustrations of this will presently he
wiven.

WHAT IS NORMAL LIVING?

With the help of the light drawn from a study of the
carly faunas of the earth, that is, the assemblages of ani-
mals which were the first to people the salt waters of the
ocean, we ean find an answer to this question which I think
would hardly be fully possible from the study of existing
animals alone.  Normal living, in the broad sense in whiels
we desire to be understood, means full activity of an un-
Impaired physiology inclusive of the funetion of locomotion
or mobility.  This is not a very complete definition as it
leaves out of consideration the primitive development of
the locomotive funetion, which must have worked itself ont
gradually just as other organs have developed in response
to the demands for their funetions. Exeept for that, the
definition does verv well, and it implies that normal living
means independent living: it means that every creature
which is in itself a perfeet physiological mechanism and
has in itself the essential basis of progress in erade, 1n
which lies any ““hope of salvation,”” must maintain to ma-
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turity an independent life, whatever may happen to it in
the period of its waning.

At the risk of stating our econelnsions bhefore we have
fully marshalled the evidenee, deduetively, then, normal liv-
ing is, in terms of hiology, correet living, that is to say,
righteous living, and in so far as dependenee invades the
mode of life whether in organ or individual, sueh living is
unrighteous, disorvdered and discased ; in better phrase, bio-
lozically, 1= without hope, for sueh perturbation or disease
15 bevond voluntary or casual rectification,  These ideas
apply not to the mdividual only but to the species, the raee,
the stock, even to the broadest divisions of life, the sub-
kingdoms themselves,

In speaking thus of dependent life as an expression of
perturbation of funetion, it is casy to fall into misappre-
hension, for in writing on the subjeet of parasitism the
mind of the reader is likely to twrn imvoluntarily to the
overwhehning invasion of all the earth by protozoan and
protophvtie parasites, parents of “*germ dizeases’ and in-
festations, sponsors for the deadly assaults upon humanity
whose vietims count up more than all other causes of death
combined,  We shall presently endeavor to indieate the ele-
mental and historieal differences between such unicellular
parasitism and metazoan parasitism; the latter involving
the mutual somatie relations of multicellular differentiated
and well-defined animals or plants.  The present statements
are made with special referenee to metazoan dependence.

THE MEANING OF ABNORMAL LIVING

From the world about us volumes have been filled with
examples of these departures from the normal mode of liv-
ine. It is safe to sav that a vast majority of all life of the
world is permeated by this loss of original exeellenee, which
is, in more explicit terms, a condition of dependence and
deconcration. We ean not et a more impressive conception
of its effect thronghout all nature than in its elemental ex-



ORGANIC DEPENDENCE AXND DNSEKEASE 11

pression; the primary division of the whole kingdom of
life 1= based upon the interpretation of this faet.  Let us
consider the plant world, the trees of the forest and the
lilies of the field. They are elothed in a majesty and beanty
hefore which the attaimments of the animal kingdom pale,
In the carliest life ages of the world, the davs that geolo-
eists have called the Proterozoie, the multicellular progeny
of the carhiest unicellular beings whose simplest beginnings
we are slowly coming to know, determined throngh adapta-
tion the entire subsequent course of life upon the earth,
With our present understanding I believe it safe to sayv that
the carcer of the life record on earth was laid down, *“con-

ceived in the lowest parts of the carth,”” when some of these
progeny found it to their material advantage to anchor
themselves and to draw sustenance out of the soil or sea
bottom where they stood, while to others fell the lot to seck,
or being of more pronounced exeitation and reaetion, chose
to seek their food from place to place. Those beeame de-
peindent, the latter retained their tede pendence; and there
ame the great eleft in the world of life, a cleft so deep and
so enduring that time has had no power to heal it. A great
tree may well be of more service to the eonmmunity than a
man, some human dereliet, but a tree will never become a
man, nor anything else than a tree.  In all the bewildering
developments of the plant kingdom in whieh we find oreans
and fhuids for the digestion of flesh, organs of special sense
implying a nerve system that vields to and perhaps inter-
prets the impaets of touch and of light, funetions which
have lTed undisciplined philosophers to the fanev that this
apparent assumption of special funetions indieates a refine-
ment of anatomy which approaches the bridgineg of the
abyss between plant and animal, the plant in its most im-
pressive attainment still remains anchored and rooted,
sometimes tossed about or floated by the waters hut essen-
tially devoid of independent motion.

The significant faet, supported by the most tangible and
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olvious of evidence, of the primitive divergence of the two
great subkingdoms of life, lays clemental emphasis on the
distinetion between normal independent living and abnor-
mal dependent living ; between what we may with perfeet
propricty term, in hiological sense, rieht living and wrong
living, Out of the first of these eroups have come all the
agreat trivmphs of life; the races of life which, by keeping in-
dividual and racial independence, have persistently climbed
upward.  The second group has been hampered and rooted
from the beginning, hopeless of ever throwing off its chains
or of arriving at any end bevond a certain refined funetional
speeialization within its own limitations. The eiants of the
redwood forests are the hoary and venerable obelisks of
power shackled bevond redemption; the garvdens of Howers
are blossoms of a hope never to be attained. In any sound
philosophy of nature this great fact, even thoueh its in-
ceptive canse is still veiled to us, must lie elose to the base
of all deductive reasoning. Lest these sentences he sus-
pected of a teleologieal taint, let me express the convietion
that, in any interpretation of such phenomena as those here
considered, the materialistic formulas of adaptation and
subjection to environment give way to recognition of pur-
poseful activity which ean be interpreted only in terms of
psvehology,

As there are evidenees of lmited freedom in the plant
world (as in the amoeboud movements in the Slime-funet,
the Flagellates and many Baeteria) so, by contrast, the ani-
mal world is shot through with races of dependent erea-
tures, and in so vast degree that it may safely be said the
Foundation races of animal life, the invertebrates, have in
greater or less measure fallen by the wavside in the course
of their journey through the ages; few indeed have kept
to their charted course amd to these few, hinked toeether
in the sucecessive ages of the world, following one upon the
heel of another, we owe all the enduring progress and at-
tainment which our present life has reached.
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On this point onr present knowledge permits ns to lay
emphasis, namely, that on the whole, in the survey of the
earth and the sum total of its multitudinous and inconceiv
ably variant groups of life, there has been a strong nini
mum, a redecming minority, of competent upward evolu
tiom: and wise students of nature, in refleeting on thns
thought, have broken out into exelamations of wonder and
amazement at the slender thread of ehance by which we
who eall onrselves men have come to this estate, in a world
where for millions of vears the temptation to the easier
wav and the obstacles to independent living were con-
stantly against us,

et us look at a most common illustration of the general
fact of dependence among existing races of animal life, of
very ancient ancestry.  The ovster is early attached firmly
to the sea hottom, to the rock or to the shell of a brother
ovster and never stirs from its moorings for the rest of its
life. It opens its hard valves a little way to let its servants,
the food-bearing water currents, deliver their nutrient
supplies and it defends itself in the strugele against en-
emies, not by standing out in the open and meeting foree
with foree but simply by closing its doors and shutting itself
up in its caleareouns caisson.  To the attacks of sharp-
toothed fishes and the relentless starfish the ovster has lit-
tle defense.  The nonresistant, flaceid, pacific ereature
within, fully equipped with the organs of special physiol-
ogv, is essentially the sane in habit as he was those millions
of vears ago when the ovsters began to show themselves in
the salt waters of the Carboniferous age. The knell of its
progress was struek when first it settled down to a fixed
mnmaohi

o existence and, hopeless as the ox, the future holds
for it no promise of improvement.  And vet even today the
embryo ovsters have a brief period of locomotive freedom,
proof enongh in the laws of ontogeny that a free life was
once the ancestral condition of the race. With the ovster’s
cousin, the elam, the ease is similar; less degenerate in phys-
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1ology than the oyster and very rarely attached solidly to
the sea bottom, yet the same degenerative offoet npon the
animal has heen produced by burving itself in the mud with
only the tips of the valves or a pair of Heshy tubes extrnded
upward to reach the moving food supply in the water enr
rents, while the burial helps ont in laree measure the de-
fensive purpose of the solid armature of the shell, The
clam is a mueh older ereature than the ovster and i specifie
serves to bring out the important faet that the habit of
burial in the mud, from which it does not easily release it-

Funetions it has, broadly speaking, degencerated less, but it

self and never for long, is tantamount to fixation and in-
volves the organie stagnation in which these ereatures have
lain for ages which can not be counted., This is hardly the
place in which to restate well-known paleontologieal facts,
bt sueh cases as these and the extensive cataloe of like in-
stances must serve to remind us that sneh adjustments,
carly formed and perduring through the ages, have heen
attended with the least possible variation in proportion as
the adjustment is perfeet.  The longest lived of all erea-
tures, then, ave those which have lived in most perfeet
adjustment and in whieh therefore readjustment is most
hopeless,

We have very direet evidenee of the early formation and
long endurance of specific habits of life in these adjusted
dependents, The starfish of the Devonian age fed upon con-
temporary mollusks in the same way and by the same maode
of attack that the starfish uses today upon the ovsters of
Long Island sound; surromnding the tightly elosed valves
with their strong-armed ravs, pulling steadily against the
strained muscle contraction of the mollusk until the weary
shell-fish, musenlarly tired ount, gives up, the valves relax
and open and the extrusive maw of the radiate enters.?

1 Clarke, Jouwr, dead, Naf, Sei., Philadelphia, v, 15, 24 ser. Centenary num-

llllllq



-

ORGANIC DEPEXDENCE AND DISEASE 1:

PROTECTIVE COVERING A BASIC FACTOR
IN DEPENDENCE

A knight in armor is a protected fighter and by his pro
teetion inereases his viability. A man ““on his own,”” who
fights with his “*dukes,”” risks his viability but nevertheless
increases his physieal vigor and exalts his bodily prowess,
A recent writer on the morale of our army in Franee hrings
out the faet that a man who could defend himself with his
fists made a better soldier than the one who depended alone
on the weapon he earried in his hand,

Nature has given to a large part of the animal world one
or the other of two solid supports for the soft organs and
Hesh of the body; an inside skeleton, like that on which our
own soft anatomy is hung, or an outside skeleton or shell,
to which we may here give special attention. T have used
the expression, nature has given, meaning that the neees-
sity of support to the body having early shown itself, such
supports developed in response to external impaets and
internal stresses; the historieal eourse of development of
these ealearcons supports makes the faet sufficiently obvi-
ous that they are a determined sequence and not a chemieal
reaction or a casual device.

A rhizopod, a speck of soft protoplasm with the mar-
vellous special funetion of eliminating the siliea from its
solution in the sea, exudes this mineral matter in the
torm of an outside shell of wondrous delicaey and svm-
metry.  The unprotected soft tissue in the primitive ances-
try of all the ereat tribe of the Mollusea or shell-fish, tossad
haphazard on the sea hottom and hopeless against attack
except throngh concealment or powers of rapid self-propul-
sion, acquires the speeial funetion of climinating from the
sea the salts of lime, earbonate or phosphate, and with them
butlds up its outside shell.  We have just noticed that even
today the young of such hard-shelled mollusks, in stages
when their shells are hut heginning to erow, are free swim-
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mers fora while; their ontogeny or individual history here,
as often, refleeting the suceessive phases of development
throngh which their entive race has come.

This ontogenetie fact referred to is so generally repeatod
in other groups of the lesser animals that it may salely he
sald of all which live their mature life encased in shells or
moored to other objeets, that it is in their infaney alone
their normal life is expressed, and we know as well that the
pervasion which has set in to change a life of freedom and
independence has likewise set up ehanges of anatomy and
physiology which make the mature ereature only the more
dependent by adjustment to his abnormal life. The de-
velopment history of the individual is an important record
for interpreting the status of that individual, whatever kind
of ereature he may be. The boy is father to the man in a
very true sense when we apply it to ourselves or to any ani-
mal that keeps its independence throughont life. But the
boy, the young, the infant stage, is the only faithful reflee-
tion of the dignificd past in the ease of such ereatures as
have lost their grip on normal living and have resorted to
the sheltered life.

With these statements of cause and effeet it is easy and
natural to ask and answer onee more that venerable ques-
tion whether the perfeetion of life lies in the perfection of
adjustment.  Independent living, freedom of locomotion
and range expose the individual to ever new dangers.
These the individoal must quicklvy overcome or outwit:
otherwise suceumb.  The choiee is quick, imperious and fi-
nal. To live is, for sueh independent ercatures, an eseape
or a victory. To eall it a ““strugele’ for existence is to
designate it subjeetively but very often it is exaetly that,
a quick reaction of refined mnervation or “*wits,” of the
weak against the strong.  But to the larger problem, that
of those which have songht and found the easier wayv and
which have snugeled into personal comfort, as contrasted
with the strugeles of the pathfinders of ereation, there are
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many angles of approach. The conmmon elam is the perfect
adjustment; buried in the mud and fortified by its coat of
matl it is diflicult to find a ereature better adapted and pro-
teeted. It 1s a natural sequenee, then, that the race of elam
has abounded in all the seas sinee almost the earliest ages.
Again, the pea erab hides himselt in the living ovster, and
the hermit erab backs himself into an empty conch-shell or

periwinkle, hiding awayv his soft degencrate abdominal
joints and tail and using the mouth of his bombproof for of-
Fensive as well as defensive purposes. Neither of these in-
quilines comes out; neither would dare to expose his soft-
ened mature body outside: but his adjustinent is competent
notwithstanding the faet that he is a degenerate whose an-
cestors were harvd-shelled and who, =ueenmbinge to the ont-
side strngele, found this protection inside the shells of the
mollusks.  The paleontologist Ruedemann has beautifully
shown that far back in Orvdovieian time or earlier, the acorn
barnacles, whose hard-shelled descendants of today ecoat
the submerged reefs of the sea and the hulls of befouled
ships, were derived from the free-swimming erustaceans of
the phyllopod type, through attachment by their backs: a
process which seems to have started first as a partial burial
of the earapace, leaving the food-grasping organs and
gills exposed above the mud; eventually hecoming an actual
solid fixation beeause of the distinet advantage in protec-
tion and ease of feeding which the animal had diseovered.
Lateral stresses, Ruedemann thinks, the play of the cur-
rents against the earapace and the strains against its side
walls, developed the sutures which divide the peenliar shell
of the Acorn barnacle. The other great class of barnacles,
Lepas, or the commonly known Goose barnacles, whose ¢lus-
ters are found today in places where the other barnacles
grow, seem to have had a like origin at a like period of
earth history, through a cementation, not by the back of the
phyllopod ancestor, but rather by its head. These are most
venerable degenerates of most adequate adjustment.  They
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started so many millions of vears ago that a half of the
whole period of life on earth has passed over their degra-
dation and the whole race to which the barnacles belong, the
entire class of eirripede ernstacea, have taken this course,

With a thousand like ecases, they speak only of extreme
adaptation of their physiology to their adjusted require-
ments.  Substantially protected, their longevity has heen
thereby ensured. We do not need to raise the question as
to whether these protected and adjusted creatures have
been the souree or starting point of any progressive dde-
velopment in the animal world, for they are, as we have
said, the most obvious degencerates, out of which nothing
better has been derived and from whieh nothing can he
hoped for; on the eontrary, which are moving slowly under
their protection into an ever more hopeless state.  Fxam-
ples quite as explicit in their teaching permeate the more
progressed groups of life.  Here we are dealing with the
simple and less specialized beeanse in them the laws of life
can be read most clearly.

It would be trite to sayv that a perfeetly adjusted life is
an unprogressive one. The adjusted life makes for con-
servatism and reduees the chanees of variation to its lowest
terms, It stabilizes the organism in all its physiology; it
anchors the type.  Speaking for the moment in higher terms
for the individual the adjusted life is likely to carry with
it the highest content of happiness. To progress in or-
eanie development it is the undeniable foe, but to the eon-
servatism of intelleetual and spiritual 1deals the undoubted
friend. In the reading of this law of adjustment we must
estimate its worth in terms of the end subserved.

Today the world is rattling with uncasiness; it has en-
tered a period of explosive evolution in human ideals di-
rectly comparable to the compulsions whieh again and
aeain in the history of life have brought quick climaxes
and aeute onthursts of eulmination after slow ages of ae-
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cumulating dyvnamism, The parallel is a true one.  The
insects branched into being from ont of the seorpion stock
ol the early Paleozoie age.  Slowly they made their way
ahead, attaining the endowments of agility whieh life in the
air imparts; quick nerve reaetion and refinement.  Sud-
denly today they have reached a point where their intense
vitality is an actual menaee to the mammal life on the earth,
whose future salvation seems in no small measure to be up
m the air between these imseets and their aérial enemies, the
birds.  The great reptilian bubble swelled up and burst in
the davs of the Jurassie and Cretaceous |w|'inu]:~1, leaving
hehimd a few erocodiles and hizards for today, and that great
agile race of highest variability—the birds. The alligators
and salamanders and their seattered kin alone retain the
type of strueture so painfully worked out throngeh the long
ages before the davs of the collapse and there is no ehance,
not the faintest promise in the history of Nature that she
will, in such an earth as has now come into heing, seain
experiment with this type of strueture. Out of the erash
of the reptilian overgrowth and extravaganees only the
birds seem to have emerged with a promise still ahead.
Our own stock, the line down which we have come, travelled
clear of these exeesses in development, and while the rep-
tilian blood is in mankind it is not that of the reptilian eli-
maxes, the dinosanr or the brontosaur. It is the surest
thing that the minorities of those ancient davs saved the
day for us.  And in the eonvulsion of ideas which has burst
upon the present world throueh the liftine of the lid to
pent-up and restrained bizarreries of impulse, there will
remain behind, if Nature is true to her standards, a stal-
wart conservation of the type, minovity though it mav he,
which has been worked out through the ages and in which
must lie the enduring germ of future advanee. The froth
is a scum of bubbles, the relief of a tension it is well to be
rid of,



20 ORGANIC DEPENDENCE AND DISEASE

The Proper Understanding of the Shell or External Skele-
ton. It is well recognized throughout the evolution of or-
ganie beings that a feature acquired as an advantage in the
fight for existenee is casily earried bevond the point of ad-
vantage into a disqualifieation or obstacle in the same struge-
gle. The elephant’s tusks, the narwhal’s horn, the moose’s
antlers, the sabre-toothed tiger’s canines, bony collars and
dorsal crests in the ancient reptiles, stony spines on head
and hody in infinite variety among invertebrates, are ready
representatives of this fact, It is speeialization-develop-
ment carried from usefulness into disadvantage., The hard-
ening of the outside coat of primitive organisms or the ere-
ation of an external shell was, in its ineeption, a definite
protective advantage so adjusted by seeretion that it conld
not impair the activity of any funetion. In many of the sim-
pler expressions of life, the Radiolaria, the Foraminifera
and sponges, these mineral deposits were not permitted to
imterfere with the easy movements of the protoplasmie or
simple cell econtents, and so if the seattered mineral parti-
cles became united into a solid framework, there were defi-
nite openings and holes left for such movements. As net-
works of minute rods or stars or little burrs, or in other
forms of beauty and symmetry, built up by an unexplained
diveetive process, the mineral matter is often disseminated
through epithelial or epidermal walls, as in the sponges, or
compactly joined together into definite continnity, as in the
corals. The starfish and the erinoids have agereeated the
skin deposits about centers out of which growth has often
developed solid plates which press against one another
without uniting and so produce a covering with some de-
agree of elasticity.

In the type of external skeleton shown by the mollusks,
to which we have referrved, the elam, the snail, the nautilus
and their allies, the epithelinm or mantle builds up by spie-
ular ealeification a hard continnons covering whieh actually
embraces or is competent to embrace the entive animal ; an
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impenetrable and typieally unjointed armor.'  With them
is to he grouped the vast army of brachiopods which
thronged the early seas of the earth, a group whose or-
oanie station has been mueh debated, whose historie posi-
tion and anatomy separate them too widely from the mol-
lusks to justify speculations as to their degeneration or
derivation from that stoek.

This form of proteetive covering vepresents almost the
cte adjnst-

extreme of defensive personal armor; a comp
ment accompanied by, or resulting in, a stabilized inheri-
tance.  All groups of the Mollusea have not permitted this
development to go to so great an extreme as in the lamelli-
hranchs, or elams, for the snail and the nautilus travel about
carrving their coiled shells with them, quick to withdraw
into them whenever danger comes and often to close the
door behind with a shelly plate or hardened skin.  Squids
and cnttlefish, late representatives of the nautilus stock,
have followed a divergent path in this development by
which their outer shell has been enfolded within the body
substance.  These ereatures, too, maintain an active mo-
bilitv, flving like darts through the ocean waters. Ptero-
pods, a very anecient and aetive mollusean tvpe, and the
translueent scaphopods are the surface swimmers of the
deep seas.  Both earry light external shells and all these
together seem to portray the result of long strugele against
the general enchainment of their class and to tvpify in a
measure what the Mollusea might all have been had not
subjection of close encasement been sought or thrust upon
them.  Among them all, the most palpable change, progress
and variation of expression are within the active groups.

A very mueh less seclusive body-cover was developed by
the great group of articulated animals, the Arthropods,
represented by the shrimps, erabs, lobsters and inseets. In

! Except chiton and such multivalvular mollusks, whose articulated shell ap-

pears to be a response to the coiling habit which the animal had in much the
same degree as the trilobite and the sow bug.
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simplest expression sueh animals arve constituted of a sue-
H'“I“II From head to tail, of a series of fransverse iunh
serments, cach of whieh is to boe imterpreted as a somatie
unit. H'fu-(lclllmlmn among these somatie elements early
appeared by adaptation to definite functions, and advance
in specialization was followed by coalescence of the an-
terior segments as we see them in the carapace of the loh-
ster or the head of the trilobite.  But regarding this type
i its inception, we have to deal with a repetitive series of
clementary like parts, eomparable only to and probahly
derivable only from the ancestral segmented worms. The
epithelivm of this group was so vitalized that it could elim-
imate from the water earbonate and phosphate salts of lime,
combining with them a eertain proportion of organie mat-
ter which may have heen in part derived from the epithe-
liam itself.  Thus we fined the members of the aroup for the
most part thin-shelled, with the shelly cover of plates deli-
cately jointed one with another, so that the motion of the
parts, except for such as are fused together, and of the ap-
pendages of the parts, similarly covered and jointed, is in
no way impeded,  And in the normal expression of these
creatures there is no impairment ot locomotion,

This is a protection by an exoskeleton which is a per-
Feetly advantageous adjustment, as it involves no interior
constraint of organic function. The arthropods may put
on an infinitude of shape and be found adapted to all media
of life; they may present inmumerable expressions of ex-
treme degeneracy, subservience and adapted solid protee-
tion acquired by boring or burial; but in all these conditions
the type of epidermal proteetion is not fundamentally
altered,

The external shell on any ereature, whether snail or sol-
dier, is then a stroeture which, in the idea and the ineeption,
helps, not hinders, in the fight against untoward conditions,
Kept in subjection to the high funetion of locomotion, it has
accelerated and helped to ensure progress.  Used intem-
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perately and in easy surrender it has execeded its first pur-
pose and finally walled up its owners against a fighting
chance for improvement.

STABILIZATION, LONGEVITY AND DISSOLUTION

Over and over again in the history of the earth we find
the evidence of a methuselan stability among living erea-
tures, usnally shown in definite species but sometimes per-
meating an entire assemblage or fauna.  Ruedemann has
shown in great detail the extraordinary number of conser-
which have been perpetuated

vative tvpes or “radicles’’

through the geological ages. It is a remarkable role of de-
linguents.!

Such illustrations as these will serve: There arve the pro-
toplasmie Foraminifera which appeared in the Ordovieian
and Silurian and have kept their generie charactors over
the lapse of millions of vears, to the hest of our knowledee,
imto the present seas (Saceamina, Lagena, Nodosaria). The
brachiopod Lingula lives abundantly in the existing seas
its life began in the early Ordovician, and though students
of this group believe they see some divergence in structure
between the ancient and the existing Lingula, vet the type
1s but slightly altered and the line is unbroken over this
enormous range of the ages. The brachiopod Crania has
had a hke eareer, and another brachiopod species, Leptaena
rlhomboidalis appeared in the Orvdovieian seas and con-
tinued asg a specifie type throngh the Silurian, the Devonian
and Carboniferous, thus eanght in the world-wide conti-
nental disturbanees which broneht to its elose the lone
Paleozoie era. Tt varied indeed within limitations but re-
tained its essential speeifie characters without dissolution
for a period probably ten thonsand times as long as the

L R, Ruedemann, * Paleontology of Arrested Evolution®': Presidential fidl-

dress before The Paleantoloeienl Societv. (N. Y, Stete Mus, Bul. 196 140145,
il!r, rr.j--.llrill
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Christian era. It would he only a long gness to tell why
Leptacwa vhombaoidalis Tived long and was more quickly
adaptive than others of its congenerie associates.  Not a

Feature of structure observed or dednecible points to the ex-
planation.  Another brachiopod, Afrypa rvelicularis, lived
throngh the milhions of vears from the Silarian into the
Carboniferous with but imdifferent modifications of 1ts
specific type.  Some paleontologists mav sav that these
statements fail to recognize the ehronologie differences in
these stabilized types, and that to identify lLiving Forami-
nitfera, for instance, with those of the Mesozoie and of the

Silurian is hasty and incompetent, It is an a priori state-
ment without demonstration,  For the brachiopods at least,
the Lingulas, the Leptacnas, the Atrypas, the fact remains
after careful serutiny that the differences have not proved
permanently translatable i terms of time and change, are
henee negligible, and that other distinetive generie nmmes
that have been applied to them are not of mueh account.
These are long-lived ereatures, and, while exceptional in
their longevity, we must try to realize that by virtue of
structural and funetional constitution they acquired an ad-
Justment or resistance to change which made them as nearly
permanent and as completely stabilized as life, it would
seem, can ever become.  Their enduranee without change
can be expressed only in millions of vears.  Armored or
protected, they were the more competent for this long life.
Jut even Methuselah died, and Leplacia vhomboidalis died
at last, as a species, through some revolutionary malad-
justment which would no longer permit its endurance.
These are patriarchal life periods; but for the multitude
of species of the past that have kept their characters un-
altered througeh a single geologieal system or a major sub-
division of it, we must think of their days in thousands of
thousands of vears and not in any terms of easy concep-
tion that we might use in our conventional expressions of
time,
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There 1s also a stabihization that alleets an entive fauna
in balanee with

when the members of the assemblagze arve al
therr external and internal control; and o a single fauna
may endure for a long period without change of complex-
led Tauna of the Mississip-

ion.  Thus the invertebrate she
pran or Lower Carboniferons marine limestones which
spread over Colorado, New Mexico and northern Texas,
shows such unmiformity of character through a very long
lapse of time; and in the Middle Devonian Hamilton period,
when shallower water prevailed, there is a similar continn-
ity of organic character without variation, throughout
nearly a thousand feet of shale which must represent a
period of many thousand yvears. The fauna must, however,
eventually sueenmb, that is, vield by evolutionary or intrin-
sie variation, or by extrinsie ehange ; shallowing or deepen-
g of the sea, change of climate, a hundred outside influ-
ences, to its surroundings; just as many of the long-lived
species must yvield, or at any rate have vielded, to a resist-
ance too great even for their conservatism to overcome, 1t
15 again to be emphasized that it is protected, encased and
mmmobile life alone that achieves sueh long enduranee : the
conservative and sheltered t}'|:l'r-', The mobile and locomo-
tory animals have at no time in the earth’s history evineed
long life without change.

These eonclusions are so well established that we may
rightly look to them for light upon the interpretation of
certain tendencies to rest and unrest, conservatism and im-
pulsive change, in human soeciety, and while it may not seem
very appropriate to speculate on the further bearing of
this theme, it must be said in looking back over the field of
organie history, that the value of the produet must he in
terms of the worth of the type conserved or broken: that
is, worth in the sense of highest attainment in funetional
grade and in the approach to mentality. In such a sense a
lobster is better than an ovster beeause it is of vastly
more refined grade of structure: and though the ovster has
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had the longer life, its type was locked up almost from the
start, amd exeept for the lesson it teaches of stagnation and
decline, we might say, withont impiety, that its conservation
has been a waste of time.  And it is a type, too, that was
won, not by the arduons strugeles of the ages, but arrived
at early and with ease. Therefore its lessened worth,

DIVISIONS OF GEOLOGICAL HISTORY

We eannot well proeced with this discussion without a
sucecinet statement here of the stages of eeologieal history,
in whieh speeial emphasis is laid upon those carlier di-
visions with whieh we are especially coneerned. The table
that follows is a condensed one of standard aceeptance; it
hegims at the top of the latest life-bearing rocks and ends
with the oldest.  As to the estimates of time represented
for the deposition of these sediments and for the existence
of the Life of the carth, this must be said: Ten vears
ago  there was  considerable variance of opinion  be-
tween the physicists who were estimating the age of the
planet on the basis of the external disturbanees to which it
was subjected in our planetary svstem, and the geologists
who sought to approach this problem from measurements
of the rate of deposition and erosion of water-laid sedi-
ments; but a conservative conelusion had been provisionally
attaimed which was tacitly accepted by most geologists as
somewhere between sixty and one hundred million vears
for the sum of all water-laid rocks and perhaps from forty
to sixty million vears for those rocks which still earry the
obvious remains of life. Sinee the discovery of radimm and
with a erowing understanding of the significance of radinm
decomposition and radio-activity these estimates have been
enormonsly outstripped, so vastly indeed that the very size
of the ficures seems to put them under suspicion.  The time
clement in this is still a factor of mueh dizenssion and
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TABLE OF GEOLOGICAL DIVISIONS ADAPTED TO NORTH AMERICA
FRAR A= PERIODS CHARACTER OF LIFE

I"'syelozoie eeent

I*lesist oeeane

st ernary (Glaeial)

Cemorole Pliocei
LI N

.\Ii”l‘i'rll'

L3 & 2
lertinry :
¥ i

i":* LR T
L
Cretiaceons

Livwasy

Mesowoie

Jurassic

Triassic

Permian

Carboniferons

Devonian

Falenenie
=ilurian

COrdovieian

Cambrian

Proterozoice
il
Areheoroie

Iise of it elligenee and awe of man,

Suceessive glaciation, wide extinetion
of life throngh cold, followed by ||I1if'ii
remd justments and rapid evolution.

The vertebrate stock approaches phys-

el enlmination:  ob=seoare  mammals

achieve the ereet position.  The earlier

mamnals ave of simple (ype,

Diminutive and primitive marsupial-
like mammals continne to the elose of
this period and start upon a speeifie
upward progress,

The great reptiles are becoming fewer
after the earth in
infinite variety,

having  governed

The reptiles at maximum development.
In the period of their earlier and more
plastie expressions bivdlike reptiles de-
veloped and started the race of binds,

While their origin-stock is represented
by the primitive dinosaur reptiles. Hepe
are the first traces of the mammal stoek.

Climax of Cryptogamons plants.  Land
reptiles and Amphibians fully estab-
lished, Stalked Echinoderms (erinoids)
at their maximum.

Culmination of lung and avmored fishes
and primitive =harks. Beginning of

fonrests=,

Seorpionlike  arachnids  (Euryvpterida)

it their maximum.

Reign of invertebrates of all stocks,
largely affected by dependence and loss
of funetion except in Cephalopod mol-
lusks amd Crustacen, but locomotive
independence was more generally re-
tained in the older faunas,

Worms, Radiolaria, Cale-algae, Bacteria,
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study it is too soon to determine its value and to disenss
it here 1s irlzl‘;r]rl’n|li‘izl1v. but we must at least erant to these
stneeestions the pl'uh.‘lhiﬂl}' that we have heretofore u'r'u-ntl_u'
underestimated the time required for the upbuilding of the
Fossiliferous rocks and for the evolution of life. In terms
of millions of years time bhecomes incomprehensible and the
<smm total, whatever it ITHEY b, must he recarded as eom-
petent for all the evolutionary processes of life and work.

INDEPENDEXCE OF THE FIRST FAUNA

We still stand in ignorance of the real primitive or in-
ceptive fauna of the earth, and when we use the expression
“Hirst fauna,’” it is with the reservation which absence of
facts compels. We may speak freely, however, of the first
Fauna known to us and with a fulness of knowledae that
Justifies, in good measure, deduetions regarvding the nature
of its ancestors upen earth.  The fauna of the Cambrian
system represents to us the actually known first fauna, for
evidencees of oreanie life in the rocks before and helow

the Cambrian arve desultory though positive.  While we are
considering the special nature of the Cambrian fauna from
the point of view we have here taken, let it bhe not forgotten
that this so-called ““first fauna®’
of years in the making, worked out by the slow and arduous
advanees with which first steps have ever been taken in the
course of nature, Our ““first fauna,’” then, 15 also the prod-

must have been millions

net of the ages; and in spite of its complexion of simplieity,
the entire absence in it of the vertebrate type and of what
we are wont to regard the more progressed of its inverte-
hrate types, :-a]u'f,'izlli:n{nii::1| in anatomieal structure 1s per-
haps, in view of our expectations, the most obvious fact that
it sets forth, Let us keep this important faet in mind as we
study its composition with reference to independent and de-
pendent Tife,
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GENERAL SURVEY OF THE CAMBRIAN FAUNA OF
NORTIH AMERICA

The present registry of deseribed species is now about
1200, and they range from algae to crustaceans and anne-
lids,  This statement fairly represents the span of life in
this fauna. It is a reach from an expression of perfeet
function with minimum of struetural differentiation, as in
the sponges, to the speeialized organie structure of the tril-
obite,

OF the 1200 speecies, one-third (373) are brachiopods,
Brachiopods are animals which we believe to be derived
from a stock similar to, or identical with, that out of whiel
the worms have come; and it is quite certain that the long-
lived ““inarticulate’ hrachiopods represented by Lingula,
retain pretty definite annelid resemblanees. A vast num-
ber of Lingulas ocenr in this fauna and their form of at-
tachment, if comparable with the living Lingula anatina,
a burial in the
mud, rather than a fixation to the sea bottom., The ereat

was like that of many contemporary worms

array of Cambrian brachiopods presents at maturity a min-
imum of fixation by means of the pedicle, which was an
organ not homologons with the byssus by whieh the mussel
shells are attached but an adapted organ obviously of a
different original funetion.  Throughout the later Paleo-
zoie story of these brachiopods, attachment by the pediele
was easily surrendered, and solid fixation by the substance
of the shells easily asswmed. The faet is to be emphasized
that the brachiopods are a distinet order of creatures with
no alliliations with the Mollusea and none exeept in sem-
blanee with the Molluseoida.

OFf the Mollusea which swarmed in the Posteambrian seas,
but few had then been 1]1*1'1*[{:1]1~:| or at least have been reeis-
tered: less than 10 per cent of the whole fauna, and but 3
per eent of these are of the dependent type of the oyster
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and clam. The rest are free (gastropods 39, pteropods
A2 speeies), The sponges of the Caimbrian arve as vet in a
large measure undeseribed but the material in the collec-
tions made by Dr. Waleott from the Burgess shale indieates
the great abundance of the silicions sponges, while thev re-
tain a simplicity of form which is in contrast to the Pro-
aressed species of the Devonian,

With the foregoing we may contrast the great outstand-
ing army of independents—the Crustacea.  Of the trilo-
bites there ave 502 species and of the Euerustacea, the prim-
itive shrimps, 89 species—together constituting one-half
the entire list of deseribed species of the fauna. These
creatures were all elaborately inmervated and highly loco-
motive throuehout their entirve life, and their anatomieal
and funetional strueture was a verv advaneed attainment
m specialization.  Sueh an enormous development of the
single type of strueture represented by the trilobites, which
were here at the elimax of their entire eareer on earth, gave
material and opportunity for different degrees of progress,
delay, decline and reversion, all of which are to be estimated
in the construction of a true elassification of the ereat
aroup. No adequate conception of their specialization ean
be obtained without a study of the restorations of their ven-
tral anatomy as shown by Neolenus, a late member of this
Cambrian or ““first fauna.”” This has been restored by
(. D). Walcott on the basis of specimens eolleeted by him in
the Middle Cambrian of Bureess Pass, Alberta. The trilo-
hite has maintained thronehont its imdividual (ontogenie)
and race (phylogenie) existence, complete freedom and full
locomotor efficieney.  And if this is trone of them it is a
fortiori true of the Euerustacea' of this fauna of which

1 These Euerustaven are creatures which to the easual observer show evident
relationship to the ““shrimps.”" Tt is interesting to a paleontologist to observe
the uneonscious solemnity with which biologists familiar alone with evident

structures in the vast group of living arthropods or jointed invertebrates, and

their elapssification, debate with them=clves the |-ur='i[il|-|l anmd aflinmities of these
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Waleott has brought out a wost impressive number and
variety,

As to the ammelids or worms, speaking in broad and
Familiar terms, while the number of species actnally ree-
ognized from the preserved parts is comparatively small,
vet the rocks of this age are voluminously marked with
their trails and borings, and we must conelude that these
soft-bodied ereatures were abundant. Deduetively  they
must have been, for on evidence quite independent of fossil
renmains we look to these simply segmented ereatures, or to
some radiele construeted on a like pattern, as the starting
point for several of the differentiated groups of the
Cambrian; the specialized, partly stabilized and partly
retrogressive hrachiopods, the progressive ernstaceans, and
perhaps the echinoid holothurians and evstids. The worm
radicle must therefore be very ancient and we have reason
and evidence to predieate its abundanee in the faunas of
Precambrian time,

Heve then, in essence, we have the significanee of the
Cambrian fauna in terms of its abundance and independ-
enee, retreat and advance, It enters later geologie stages
of existence equipped to carry forward its ereat dependent
groups to further expansion within the restraints of its in-
dueed limitations and a specialization into more perfected
adjustments but without hope of any advanee that will im-
prove the grade of life; and to direct its independent
groups, its segmented annelids, trilobites and erustaceans
upward with the promise of quick developments which are
ancient creatures to those now living and their proper place in the seheme of
living things; forgeiting or overlooking the fact that these designs are un-
reckoned millions of vears old and are in truth the parents of all sueh eonjee-
tures,  They antedate elassifications and the objects classified. Governor Wil-
liam Bradford, of the Plymouth eolonv, muast have at least ten thousand living
descendants in this land of ours, rejoicing under varions patronyvmies which

time and marriage have brought, To which does the old progenitor now |e-

long, Smith, Jones or Robinson?  All alike may elaim him,
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to mdvance without restraint imto hicher but more transi-
tory organisms,

THE CAMBRIAN FAUNA GENERALLY

The known Cambrian fauna of North Ameriea is repre-
sentative of the total life of that age, as 1ts lists are twice
the size of all from the rest of the world., The additional
species from Eurvope, Asia, Australia and South Ameriea,
in which the proportions of immobile and mobile organisms
are about as dieated above, make a sum total of approxi-
mately 1500 species.  In this total the trilobites and other
erustaceans constitute 58 per cent; for the North Ameri-
can fauna these latter figures arve 587 per eent. But it is
obvious that this fauna was an essentially independent
congeries of animals in which we must reckon all the erusta-
ceans, all the thin-shelled hyvaline pteropods, all the anne-
lids, practieally all the thin phosphatic and allied brachio-
pods (in contrast to their deseendents) and perhaps the
limpetlike eastropods—a fully 90 per cent representation
of locomotive freedom. It is an assemblage, too, whieh, =o
far as our knowledge extends, was essentially free of ex-
pressions of svmbiosis, even of the most mnocent form.

PRECAMBRIAN LIFE (ARCHEOZOILC)

Here lies the field still of greatest importance for future
investigations of the beginnings of Life. Out of it, thus far,
little else than sugeestions have been derived as to the ae-
tual living things of those vast ages. From the midst of
its heaved and altered sediments have been resened here
and there a few tangible fragments of recognizahb
of life. From the eritieal knowledge which iz to help most
in the unveiling of the progress of life, this diffieult reposi-
tory is of such high importance that it should enlist the
concern of students who are well endowed with patient en-

¢ species
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thusiasm, for no serviece to thix science, whether in faet
or philosophy, is more competent or more needed than
the evidenee which lies here buried. To Waleott, who has
lifted the vel
Cambrian fauna and, with Barrande, has tanght us to re-
aard that Fauna, not as primitive but a venerable monument
of life, we owe our best knowledee of life in the still earlier

from the unsuspected speecialization of the

AL0eS,

Out of the vast Preecambrian ages and its ereat seas
which, in view of the high specialization of the rieh Cam-
brian fauna, must have laid down fossiliferous sediments
for inconceivable ages, we know immense erowths of lime
deposits built np as reefs in the seas like the corals of today
and in whose formation algal life seems to have plaved
effective part. There has also heen deseribed a spongelike
skeleton called Atikokamnia (.. lawsoni and .. irregularis
Walcott) from the Steeprock series of Ontario, an organism
so primitive in its skeletal characters that its reference even
to the sponges lies in donht.!

Waleott® has deseribed as ““Mierococeus sp. indet.,’ a
bacterium from the Algonkian (Precambrian) of Gallatin
county, Montana, which the bacteriologist Kligler® regards
as close to the existing Nitrosocoeeus which derives its ni-
trogen from ammonium salts. ““The cell structure of the
Algonkian and of the recent Nitrosococens bacteria is Very
primitive and uniform in appearance, the protoplasm being
naked or unprotected.””  With this point before us we are
confronted by the impressive inference that this simplest
of organie structures has defied echange and the azes. The
type at least has not failed to find its appropriate surround-
ings or to adjust itself readily to change in them. It is the

11t appears from the comments of Waleott that we munst not yvet regard the
horizon of this organism finally established, though Van Hise, Leith and the
discoverer, Lawson, regard it as from true sediments of the Precambrian Hu-
roTean,

'..'j'l"u-r'_ ."l..lhfl:ﬂflﬁlr Al Hi r_l.rl Nele Wes, v, |I [+ j__:ﬂ.‘ [I-'”-_l.

G =g Dlshorn s “Origin aml Evolution of Lifa, *? 1017, I 45
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true example of the deathless Life wherein reproduction by
division has earrvied the parent into all its uncountab
c1ny.

Onee more it 1s well to enforee the faet that the simplest
organisms have lived the longest and those that have =o
lived have been subjeeted to the minimum of ehange and
the optimum of adaptation.  While we recognize that to
this the sessile condition and immobility arising from any
other cause contribute, it is sueh persistent simple forms
that Ruedemann has ealled ““immortal types,’”

¢ pProg-

THE COMPOSITION OF THE LOWER CAMBRIAN
FAUNA IN NORTH AMERICA

This is the **“first fauna.”” The easual renmmants of life
that have been found in the Precambrian rocks cannot be
characterized as fauna or flora,  And this ““first fauna,”’
so far as known to ns, must be regarded as an escape from
unfavorable conditions, for its sediments have evervwhere
heen easily liable to alteration by earth movements and
destruetion of its organie contents.  So it is fair to sayv that
much of the fauna is still to be uncovered. In its known
composition, however, which is now numerically estimated
at 243 species in North Ameriea, there is essentially the
same relative prominence of groups of organisms as in the
total Cambrian; thus the brachiopods (76) constitute about
30 per cent, the trilobites (110) almost 50 per cent. The
Mollusea are represented chieflv by the gastropods (16
species ), mostly of the simple, conical, lIimpet shapes and
the free-swimming pteropods (12 species). Otherwise there
are representatives of algae (2), sponges (1), corals (8),
annelids (trails: soft bodies not retained), evstids (ele-
mentary echinoids) (2), peleeypods or clams (1), enerus-
taceans or shrimps (5).  That the pereentage of locomotive

10p. cil., p. 116,
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independence here indieated is essentially that of the Cam
brian fauna as a whole is an indieation of how slowly sub-
jection and dependenee permeated the life ol the earth.

THE BEGINNINGS OIF SYMBIOSIS AND
PARASITISM

In the foregoing we have endeavored to indieate that de-
pendence is not a primitive but a sceondary condition of
organisms; that, as the alternate state to independence, it
had involved in lesser degree even so early a fauna as the
Cambrian; and in suecessive faunas to the present we have
the Tull knowledge that it has vastly inereased in its scope
and effeet.  We have no reason to helieve that the depend-
ent habit of life once acquired has ever been fully removed
or lost; it is safe to say that dependence, under the normal
procedure of the organie law, is incurable; an adaptation
without escape.

We are now to consider, not the expressions of race de-
pendenee, but those consociations amone carly animals
which have led from conditions of mutunal support and in-
terdependence (symbiosis) into conditions of parasitism or
absolute dependence of one animal or plant upon another’s
vital functions. From the protozoa and bacteria to man
and the oak, nature is riddled with sueh expressions of de-
pendence and surrender.

[n the more innocent expressions of symbiosis termed
mutualism and commensalism, where associations of 0r-
ganisms are purely social and apparently harmless or even
mutually advantageous to the participants, it is probable
that once fixed the onteome is infallibly deleterions.

The glass-rope sponge (Hyalonema) has its coil of rope
by which it anchors itself to the sea bottom, inerusted and
shielded by a eoral (Palythoa), which spreads like a thin
wrap of felt all about it, while its ally the Venus’s Flower-



a6 ORGANIC DEPENDENCE AND DISEASE

basket ( Kuplecetella) imprisons a erab in its interior behind
the bars it throws across its aperture but feeds it with
ever changing water currents: worms and anthozoan corals
arow together, with the tubes of the former surrounded by
the eells of the latter, both sweeping the water enrrents
for food which may go to either month; dead snail shells
in which hermit erabs have taken residence are often beset
with sea anemones (Sagartia and Adamsia) whose stinging
cells may seare away the enemies of the erab, while the erab
favors the fixed anemones by moving his establisliment
from place to place, thus to new feeding grounds,

All these conditions seem on the surface entively harm-
less or positively advantageous to all parties involved : that
i, advantageous in the sense that they make life easier,
less arduous, discourage activity and perfeet adaptation.

The general effeet of all symbiotie conditions is degenera-
tive.  They themselves arise from degenerate tendencies
and could not exist save that degeneration had alrveady set
in.  Thev are expressions of this condition and serve to
confirm and transmit this tendeney, The fact is tremen-
dously evident that even the most innoeent of svimbiotie, de-
pendent or attached conditions of growth is the leaven of
progressive degeneracy.

[t is well known that the eritical methods of morphology
and embryology have been requisite to determine the origi-
nal ancestral independencee of the most debased of para-
sites, While the doetors of the Middle Aves wondered over
the barnacles and pictured them as growing on trees, drop-
ping thenee to the ground transformed into ecese, their
real nature as debased erustaceans was not unfolded till
the hife history of the ereatures showed that their early
stages were free and predatory, and the adult condition
one of extreme adaptation by progressive loss of funetions
and organs. Thus the parasitiec and dependent habit is, in
metazoan life, preceded by a free and predatory condition,
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Onece the dependent habit is established the capacity for
reaction grows weaker; decenerative :|||EL]rI;|11:11| crecps
still further back in the
the degradation of the adult state becomes more profound.

ife of successive generations and

CoMPLEX UHArACTER oF ParasiTisay

Svimbiotie conditions reckoned in terms of the host are
often helpful.  There is a world full of henign parasites
but they are not haphazard.

True parasitism as known amongst the existing animals
and plants is in most cases excecdingly complieated.  More-
over, when the infesting parasite requires a series of hosts,
a different one for each phase of its development, and when
in all its stages it 15 a soft-bodied erveature, we must recogo-
nize the hopelessness of trving to unravel from the geologie
record the history of such complex adjustments and be sat-
1sfied to take them as they arve after human imgennity has

succeeded 1 deeiphering them.,  The course of such per-
fected adjustments in evil living may be interesting knowl-
edge, but the canse and origin of them ean be deciphered
only by the mode which we are following through the his-
torie study of the more legible expressions of these associa-
tions.  And it 1= altogether probable that sueh complieated
careers, especially sueh as are best known hecause of their
relation to man, are of qguite recent adaptations.

BEGINNINGS OF SYMBIOSIS

Our analysis of the Cambrian fauna has shown the degree
to which it has been affeeted by dependence.  So far, how-
ever, as onr present acquaintanee coes, there is no obvious
record of symbiotie or commensal conditions in that fauna;
if they occurred at all, they were conditions rarely re-
corded. This is a significant faet in its bearing on the oriei-
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nal direetness and independence of life and must he Tiven
important weight in the conelusion that life started un-
perturbed and with the hest upward purpose; and even if
the evidence is essentially negative it loses no foree From
this Faet.

[t wonld seem then that not until life had wot in full swing
did these organie eombinations come into existence, even
in their simplest commensal expressions,  Recarding hae-
teria and sporozoa we have written on a later page, but
among the invertebrates even the consociation of the anne-
lids and the eorals, which formed casily and ecarly and has
endured long under manifestations of various sorts, does
not seem to have vet appeared with the opening of Ordo-
vician time,

RELATION 0F SyMBIoSIS To PARASITISM

We have intimated, and it seems a natural presumption,
that parasitisim, by which is meant an adaptation in which
one organism has hecome helplessly dependent on another
for its existence, is the outcome of the innocent combina-
tions of symbiosis.  One would have little diffieulty in he-
lieving that from such a complicated relation of the worms
to the corals as shown in the Devonian by Plenrodietyum
and its associates, which we shall presently deseribe, a con-
dition of genuine parasitic dependence might well have re-
sulted, even thongh the faet is not actually demonstrated.
It would seem that we must continne to distineuish an in-
nocent symbiosis from a dependent symbiosis or parasit-
ism, but this is based only on our present understandine,
and a statement that the latter can be independent of the
Former and not a consequence upon it seems so illogieal that
it 1s really not likely to stand up when the faets are more
Far-reaching,  In parasitic svmbiosis the host is the resist-
ing, not the consenting or cotperating partner,
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ILLUSTRATIONS OF PRIMITIVE PARASITISM
Tur Case oF THE AXNELIDS

(e group of animals, the worms or annelids, is of prime
interest in these considerations.  The worms oceur in vast
variety in the existing fauna and their derived or secondary
expressions are abundant. It is not with these that we are
concerned.  The primitive or arehetypal worm is coneeived
as a simple fore-and-alt segmented strueture in whiceh the
imnervation is repetitive by segments and the alimentary
and distributive organs simp
has led a long eareer of ideal independence and it has been
the arvehiteetural model for the higher ereation. In the
Jjudgment of many morphologists there is, as we have al-
ready intimated, a convergence backward into the past
toward the archetypal worm, of great differentiated stocks
like the brachiopods and the echinoids, while we recognize
in all segmented ereatures the normal continnous progeny
of the annelid prototype,

Worms, we may restate, were conunon enough in the
Cambrian fauna, known both by their trails and burrows
and by some highly specialized bodies; and it is probable
that sueh evidences of their existenee will not long be lack-
ing in the Precambrian. The worm, however, had a soft
body ; its acquisition of a cover or shell which would en-
able its preservation was a secondary development. So we
are contronted in all the early rocks by few actually fossil-
ized worms but with a great abundance of their trails in
the soft mds. The worm buried itself halfway or wholly
in the mud; encased itself, at times, in tubes of its own
making; thus ensuring a protection against adversaries.
But it retained an active, vibratile vitalism and an en-
tire freedom from attachment to its tube. The rocks of
these formations arve often filled with vertical worm tubes,
and the surface of the same beds may be marked by fes-

¢ and continuons.  The worm
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tooned and wavy markings in the sand, made by the ocen-
pants of these fubes as theyv swept the sea bottom with their

extended bodies,  They were eager commensals and in the

Paleozoie faunas we find them in varions associations, espe-

Fie. 1. Silieified mass of stromatoporoid eoral full of straight worm tubes {ritenia)
which start at varions levels in the coral growth, Omotnlaen limestone | Lower

| RIENT ITHINS

i Iqll:}l'-

Fiee, @, A =olid colony of Steeacfapord vonstellfate from the I.-|lilr'." Stluran
<kill imest one) with its surfaee |:i| Lol by il openings of vert teesi] T s ol e wor

foileapeiin .ﬂilra."m.
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cially with the corals and the sponges and the calearcous
algae.

The coexistence of the tubicolons worms with the corals
is one of the commonest phenomena of present seas and 1t
beeame established as early as the Silurian.  In most of
the ancient eases observed it is an elementary expression
of commensalism, but not long after its start it becomes at
times rather complex.  Worm and coral may start together
directly on settling down from the free larval state, or con-
junetion may be formed by attachment of the annelid Tarva
after the erowth of the coral has well progressed. In both
cases the growth of the latter engulfs the former save at
its tentacled aperture.  We give herewith examples of these
oceurrences,’

i
s e ]
'.::__":..Ir L ol
P
AL ; )
“ 4 =

Fig. 3. The coral Cystiphyilnm with short tubes of (eifomie coradlophilu 'l]li'll'irlj.',‘
outwird through the thecal walls,

Fig. 4. A ealyx of Zaphrentis wit h a number of tube openings of Gitonia.

Figs. 5, 6. A Zaphrentis from two points of view to show the eonrse of the tube
af fr, rm-uﬂ'ﬂ'up.fri.fﬂ with both ends H|=I-Ilill.t.'.' ontwanrd into the l‘-'lll'n X.

Fig. 7. Tubes of this eharacter opening through the Iateral walls of Zaphrentis,

All are from the {inn]|11;|;-_::| limestone | Lower Devonian .

1 Same of these illustrations are taken from the writer’s “° Beginnings of
ih']-mnh'tﬂ Life? {1908), but to these and to the other classes discussed, new
lustrations have been added,
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Silurian.  The reef-building coralloids, Stromatopora,
which abound in the stages of the Silurian arve frequently
permeated with =straight tubes ol the worm Gfowia sipho.
This 1= an oceurrence often repeated in the Stromatoporas
and true corals (Favosites) of the Lower Devoman.,

Devonian. Interesting simple combinations of this eate-
cory are shown by individual polyps of evathophylloid
corals like Zaphrentis and Cyvathophyllum, where we have
frequent indication that the tube of the worm is open at
both ends and its eontinuity unbroken, each end opening
at the tentacular surface of the coral. Often the worm dies
in the coral and is buried in the stereom, or its upward
erowth is not so rapid as that of the coral and it is left be-
hind with its head protruding from the side of the corallite.
[t is also quite evident that the coral may so build its tissue
about the worm as to inelose it in a sheath which takes the

Fie. 5. Head of the trilobite Dalmanites overgrown by a colony of the bryozoan
Montieulipora in which is e ledddend @ servies of the tabes Gitoria sipha. Onon-
daers Hestone | Laower Drevonian ).

Fie. 9. Colony of the coval Furesites sphacvicas with s series of Gitonia Pabes,
Helderbergian ( Lower Devonian).

Fies, 10, 11, A weathered surface and a fransverse section of a Stromatopora

full of Gitonia tubes,  Cobleskill (Upper Siluring.
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place and serves the purpose ol a self-construeted tube.
Thus the worm Gitonia corallophila expresses itself in vari-
ons meanderings among the simple corals.  Some small
lens-shaped eoral colonies from the Ordovician of lowa are
permeated with worm associates, all of which seem to start
from the initial basal point of growth of the coral, and
then, after a single turn or so of the tube in Serpula fashion,
«trike outward radially between the polyp cells, all reach-
ing the tentacle surface of the eolony. This combination
indicates that the embryvo worms ageregated themselves in
numbers abont the anchoring ceoval larva,

Spiral worms and corals. These interesting associations
are common throughout the Silurian and Devonian.  Spiral
worm tubes passing in these faunas under the name of
Spirorbis and living independently arve normally, or at
least often, attached to shells of brachiopods and mollusks,
where they eseape any chance of becoming cimbedded, and
after a few initiatory attached coils the tube often becomes
free and resolves itself into very loose spirals (see figures
of S. angulatus). In the tube called Adwlodetus, which 1s
frequent in the Devonian, there is an initial spiral attach-
ment, but the whorls of the free tube keep in contact and

FE;-'""- 19215, ]‘:'I:I]:I'I'f.ﬂ'il .|_-|-:|_“i||g:_=: of .'H'fu'p'ur'hrlﬁ .-nr_qm'urn.\', a worm tube from the
Hamilton group (Middle Devonian).  These show the tendency of the tube to
unwind in a lax spiral as soon as fixation is firmly established,
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the whole shell takes on the form of a smooth eone attached
by its apex. It is to be understood that the worm in these
cemented tubes was highly flexible and vibratile and free
to extend itself from the aperture and was not attached to
the tube shell ; and indeed, if ke many living worms, conld

Fig. 16, Section of a Stromatopora colony showing the ent ends of the spiral
worm tubes Steepipdyles concoemintins Trom the Cobleskill limestone I['EI]H'T Silu-
vian).  The apparent difference in divection of volution in these is entirely due
to difference of divection amd angle at whieh the tubes are eat,

Fig. 17.  An enlarged restoration of the charaeter of the worm tubes

Fig. 15, Steeplindytes acervalarioe Calvin, Two tubes of this spival worm in a
colony of Acerealavia Davidsoni,  Middle Devonian, Lowa,

abandon its shell entirely and build a new one somewhere
else. Streptindytes concoenatus is such a worm, with tube
stretehed out in loose spival, which we find to be common
in the Stromatopora colonies of the Upper Silurian (Coble-
skill) limestones.  Our figures 16, 19, indicate that these
worms started their growth at different stages in the
agrowth of the colony, obviously attaching themselves to the
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outer surface of the coral when it was well grown, but i
is interesting to see that at any given stage they attach
themselves not singly but in numbers, as thoueh cach set-
tlement indieated a new erop of young worms.  Streplon-
dytes acervulariae Calvin is a quite large spiral tube not
uncommon in Adeervularia davidsoni, a coral of the Mididle
Devonian of Towa, and 8. compactus, a short, close-coiled
species whieh is found buried up in the calcarcouns sub-
stance of the Towa Middle Devonman Stromatoporas. These
embedded worms were often eventually strangled by the
more rapid overgrowth of the coral, as there was no lateral
way out for their heads as in the straight tubes.

S0

Fige. 19, Stpeptimidyles compaelus, o spiral worm embedded noa solid stromatopo-
roid coral.  Sections of the tubes are indieated by the white ilint s

Fig. 20. A single individual enlarged.  From the Mididle Devonian of Towa,

The extraordinary case of the coral Pleurodictyum and
its commensals. Pleurodietyum is a small compound coral
orowing in lens-shaped eolonies with large eells, in its strue-
ture very similar to the common honeyeomb coral Favo-
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sites but distinguished by its habit of growth as well as
details of eell structure. It does not abound in species and
all that are known belong to the Middle and Lower De-
vonian faunas.  The following arve its known Species

1Y, Tentieulare Hall: Helderbergian ( New Yark),
I, lenticnlare var, laurentinum Clarke @ Grande Grive limestonge
| Leaspt ),
1, eonvexam ffall : Chondaea limestone { New York). l.ower
. problematicnm Goldfuss ; Coblentzian { Western Furope), - Devonian,

P 1.'||||""“Ht|illﬂfltllililr'l'ltlll el "Avehioe and  Vernewil : Roumeli
shalest ("Turkey).

P, amaronienm Clarke ; Maceurn sandstone ( Brazil).
| i :-'l.'-'lll]Hll'lIJII Eoton—Iamilton [:\rl'u' York, ete.); Muldle Devonian,

The combination of the Pleurodictyum with what was
long called a “*eoiled eentral body’ or a ““wormlike ob-
jeet,”” aetually the eurved tube of a connmmensal worm, has
long heen known from the internal easts preserved in the
sandy shales of the Coblentzian.

The concurrence of the coral and its eonvoluted worm
has been noted in several of the species here mentioned,
but the varyving degree of its frequeney is instruetive, Thus
in the earliest species, P. lenticulare, T have seen the worm
tube very rarvely, after the examination of a considerable
number of examples; in the var, lawrentivwm not at all;
never in the laree species P converum Hall of the Onon-
daga limestone.  The single published illustrations of P,
amazonicwm and P, constantinopolitamwm show its presence
but enable one to form no conception of its prevalence, The
combination is frequent enongh in 2. probilematicwm to have
eiven rise to the specific name of the coral. The American
Middle Devoman P, stiloporwm has afforded the material
for most of the illustrations here given.  Of this very coms-
iles of the Hamilton group

mon species in the ealearcous s
I have heen able to examine eritically a great many idivid-
LThe Romneli shales of Ronmel-Thssar amd  elsewhere in the vicinity of

Constantinople are generally regavded as the Meditervanean equivalent of the
Coblentzian of the Rhimeland,
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nals and it is safe to say that the worm is present in the
majority of examples, 1t is usnally easy to determine its
presence on inspeetion of the tentacular surtace of the coral
by the contrast hetween its round tubes and the angular
coral cells.  All the specimens here figured to show the con-
volutions of the worm have been drawn from actual prep-
arations,

The history of the combination in P. styloporum s as
follows : At the close of the free-swimming larval stage the
coral, in fully eight cases out of ten, selected and attached
itsell to a
Loxonema hamiltoniae  Direetly upon fixation or even
actually contemporaneous with it was the attachment of the

ead or hiving shell of the common gastropod

larval worm upon the gastropod and alongside the ineipi-

I The zelective attachment of sueh lens *=h.'l'|u~:| corallond stoecks seems to have
acquired directiveness with the progress of time., At any rale we have a sug-
gestive intimation of this in the very common Chaetetes yeope refon ( PPrasopora

cimilatriry in the Trenton limestone of the Ordoviecian, which 15 a stony coral

]"ir_{'_ ‘_"|_ H;|;-..;||_ Iu-..|;||-|;-|.|-q- |||I !||||- :-.lrliql '|||':.,'1|;.r|.,-||| |--n|_n-||_'., f",l'u.\uyur'rl w.l'u'_r;uf, 'I.'-Ili1'.|l
has attached itzelf to the beachiopod Plectambonites.  Trenton himestone

(Ohrdovician), Cftawi.

of quite the same shape and habit of growth as these Pleurodictya,  This is
found attached sometimes to E-I':u'llin[-mi :1‘hlq'l'i:|||.\' Ploctambontfeos serieeda )
and as often to gastropod shells which were the abundant exuviae of the sea
baottom., More often Fu-rh:t|m‘ it 15 Tastened to some easunl stone or other hard
object, but among all of which 1 have taken note there secms to have heen no

ohvious preference by majority,
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ILLUSTRATIONS OF PLEURODICTYUM AXNID TS COMMEXNSAL
WoRM HICETES

Figs, 22 and 25, Top and side views of the eorallum in its novimal size and form,
T apeeriures of the worm tube are shown at X,

Fig, 24, An etehing which has the calearcons substance of (e lase of the eoral
vermoved and shows the initial convolutions of the worm tabe,

Fig. 25, The annder =ide of o corallom with the impression of the  gastroquod
Fowromenna Tevapiltoniee 1o whiel 10 was attaehed,

I:"‘i,"_f. G, The form of the et e worrn talve deawn from an aetoal .-t]u--;"tll:n'l:l.

L L

Fiee, 27, A shell of Locowewn hamillowin,
Fie, 25, Vertieal seetion of @ corallum, showing the convoluted worm tube,

|"i.:_-,'. M. I‘:II]:II‘_‘_‘__‘INI <iprfmee of o Loxonems =hell which bad been the base of
attaeliment for the eoral. Thiz specimen bears several serpulil worm tubes

whieh were ilere before the coral egan o erow,

Fie, S0 Seetion of the coral, showing tabes of more than one worm,
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Fig. 51, Etehing of the basal part of the eoral, showing the ehief worm tnbe and
a wormlike extension which appears to arise from the base of a polypite and turn
into an upward eourse between the eells,

Fig. 32, The greatly enlarged interior of a dead Hicetes tube encrasted with
slender serpulid worms.

Fig. 35. A minute sponge found in the tube of the large Hicetes,

Fig. 34, Chonetes sarcinnlutus, the brachiopod to which the German coral Plewro-
dictpne problemativien usually is attaehed,

Fig. 33, Vertieal seetion of coral amd tubes,

]"'i;_f. 36, The base of 1l Pl pand fefaparine ;-nrhh wrer b attached to the lr:':tq-hiu'uu:i
Chonetes sarcinelafus,  From Stadifeld.

Fig. 37, The tulw Hicetes overgrown by polyp-cells of different zeries.

Fig. 55, An etehing of the coral showing an actual attachment of the worm tube
tor the =nail-shell Loxonema.

Fig. 30 Yertieal seetion of a coral showing the worm tube entrenclisd bei ween
the polyp-cells.

Fig. 0. An almost nnigue illusteation of the attachment of the American
Plenrodictvum to the brachiopod Clonctes coronatus,
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ent coral. Inomany cases, sueh as that illustrated in fGenre
o, the worm tube s direcetly  fixed to the sastropod ;
again it may bhe free of the wastropod  and <eparatod
From it by the thickened basal covering or epitheea of the
coral. - With the multiplieation of eell growth and the 1}-
ward trend of the coral, the worm hegan its convoluted
growth, its tube growing as much at one end as at the other
and with the same curvature at caeh end. Many of the ex-
isting tubicolous as well as the boring worms have their
tubes open at both ends.  In view of the regularity of coiling
shown in some of the commensal worm tubes it is interest-
ing to notice that in this ecase the worm, after making a
start, @ets its double coil into parallelism for from one-half
to an entive turn and then each arm starts off into a direct
course outward and upward following the vadial path of
the coral eells. These tubes often pass in and ont hetween
the eclls; shut off from them by seeretions of the coral sub-
stance, keeping their extremities alwavs at the tentacular
surface, and very seldom is there evidenee of the worm
encroaching on the polypite cells.  Still this may oceur and
the worm tube oceasionally becomes encased by a voung
polypite and holds a position in the eenter of the eoll. Not
always does the growth of coral and polvp and worm ego
on part passu. Ina gronp of the largest specimens of these
corallites we have seen, taken from the shales on Javeox’s
run, Genesee county, No Y., the later and acee
of the polvps seems to have overwhelmed and straneled the
worms whose tubes continue halfway or more upward and
then abruptly end,

Other worms also may be eneased in the thickening hase

crated growth

of the growing coral, as shown in fignre 30, bhut it i= not
vet elear where their apertures lie, as 1 have never seen
more than two annelid openings at the surface of an adult
coral, hoth belonging to the same tube, Origimally opening
on the tentacular surlace at an early stage of coral growt

]‘
they ||;|".'-- heon buried 1 the later ;!L'L‘||]||||].'|Ii|r]|=- ol stor-
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cont.  There are long tubular passages hetween the coral
lites in earlv-growth stages which have not heon deseribed
1 the structure of this coral genus but undoubtedly helong
toit. In seetions these may be confounded with worm tubes,
but in etehed specimens, sueh as have here prineipally
sorved for illustration, their real nature seems to he clear,

In this interesting combination there is still another
memboer—a  small silicions sponge. It has come to my
notice several times.  The one here figured was taken from
the empty tube of the worm, but whether that is its nsnal
position or whether it may seal itself in one of the coral
calvees or whether indeed it is a usual member of the con-
sociation eannot he regarded as elearly established.  Its -
portance is not to be magnified 3 sueh little organisms are
casilv entangled in growing corals and must be expeeted in
the fossil state.

Some illustrations are here given whieh show how readily
the dead parts of these oreanisms hecome enerusted with
serpulid worms. Figure 20 is the sarface of a part of a
dead Loxonema to which a Pleurodietyum had grown, and
fienre 32 shows the inside of an old tube of the commensal
worm (which is known as Hicetes innerus), itself inernsted
with minute worm tubes.

Interesting as is this instanee of commensalism, its most
extraordinary feature is the evidenee of seleetion by the
larval coral, of the hody which serves as the base on which
it is to grow. It is stated above that a very evident ma-
jority of the colonies of this coral Plenrodietyum, as it oe-
curs in the Hamilton shales, are attached to an organie
ohjeet and that this organie base in apparently a very
laree majority of the eases is a shell of Loxonema hanil-
touiae. Oceasionally the shell may be a Plenvotomaria of
one or another species.  On the other hand the Rhenish
Plewrodictywm problemaliciom fixes itsell” by deeided ma-
jority to the bhrachiopod Clhonetes sarcundatins scehilothenn.
I have examined a considerable number of  specimens
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of this Coblentzian species but have seen no other <hell
used for attachment nor have I found record of any other,
Though it is not practicable to use pereentages  with
reference to the frequeney of this occeurrence, the palpable
Fact remains that, as hetween these two closely allied if
not identical corals, growine in different and remote hasins
of the sea, one selects a sastropod, the other selects a
brachiopod as its base of attachment. Fimphasis is put
on the word “*seleets,”” for among the hrilliant examples
of seleetive adaptation none could be more striking than
this. The floor of the New York Devonian sea was covered
with Chonetes and of the Rhenish sea with gastropods, dur-
ing the life of this coral. Were either wanting in the
other fauna, hundreds of other species of organisms lined
the sea bottom. It is very impressive to find the evidence
of this singular Devonian association of coral and worm
from parts of the world as remote from each other as
New York, northern Brazil, western Furope and Con-
stantinople.  The faet that in chronology the New York
oceurrence is later than the rest (Lower Devonian) seems
to indieate a gquick spread of this adjustment over the sandy
sea bottom of the early Devonian of the world,' from which
the deeper contemporary waters of New York were ex-
cepted and in whieh region this svinbiosis Jid not arrvive
till the next suceceding stage,  Of its ultimate fate a nega-
tive evidence permits us only to sav that it went out with
the Hamilton stage and did not return with the partial re-
turn of that fauna in eentral New York during the time
that 1s reckoned as of the next succeeding stage—the
[thaca-Portage time of the Upper Devonian,

[ have not attempted to escape the obvious interpreta-
tion of these phenomena nor to avoid its expression in
terms of psvelie funetion.  To biologists who still find the
term “finstinet’ a comfortable reeeptacle for sueh reac-

I Save in the early Devonian of austral latituwdes where the fauna is very

unlike that of the rest of the world,
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tions, the interpretation may seem invasive.  Nothing, 1 am
disposed to believe, ean be more illuminative ol the prog-
ress toward and in intelligence than the early ease before
us, in which a dirveeted habit has already become fixed by
heredity,

Taken as a whole this combination is very complicated
commoensabis=m from a date =o ancient as the Devonian, more
extreme than any other yvet known from the Paleozoie rocks.
We find a somewhat parallel case in the present fauna de-
seribed by Bouvier as oecurring in the Gulf of Aden—a
coral and a worm growie together, and idden i the coral
substanee a gastropod on which both settled down when the
partnership began; furthermore there appears to be a small
bivalve in association with the worm. Other similar eases
might be eited from the existing fauna.

One stands with wonder before sueh evidence as this from
the ancient faunas, questioning how sueh a habitude came
about, what conditions impelled, stabilized and restrieted
it, and our wonder is none the less beeause here we stand
at the inception of such associations and contemplate it
from a world that is full of them today. And the inguiry
naturally arises: What became of this organie combina-
tion! It reached its acme only as the coral genus became
old, indeed in the last of its representatives.  Riddled with
commensals, overloaded with boarders who fed at the same
table and flonrished, 1t may be that the worm became an
clffective parasite which helped to bring about the extine-
tion of its host,

Commensalism between the worms and sponges. This
combination appears in the late Devonian, but there is evi-
dence that it is of earlier date. We have just ecited the
presence of a minuate sponge in the Hicetes tinerns, the 1m-
colant worm of Plenrodietyum, and there is an undeseribed
spreading  sponge  of the Middle Devonian  (Hamilton
eroup) which indieates the presence of coexistent annelids,
The simple aneient instance T ean here illustrate is that
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shown by the spiral or meandering worm tubes which are
Found i connection with the glass-sponges Hydnoeeras andd
Prismodietyva of the Chemung fauna (Upper Devonian of

New York).

12

Fig=. 41, 42,  Two silicions sponges, Hydnoceras and Prismodietya, with mark-
inees of wortn tnbes on the retienlum. :l.]l!ll'l' Prevoninm,

In a considerable number of individuals of Prismodietya
from the same loeality nearly all showed the presence of
the annelid commensal and as the surface of the impres-
sion left in the sands by the worm tube is in all eases
crossed by the retienlated skeleton of the sponge it is in-
ferred that the position of the former was internal. These
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are sithicions sponges allied to the hving ]‘:LI|P|1-='11'||.'I or
Venus'’s Flower-basket, and though we find no parallel ex
pression of commensalism in the living glass-sponges, vet
Fupleetella earries a parasite in the form of a erustaccan
which in vouth enters its
open cloacal eavity and re
mains there so that when the
sponge has i adult growth
built the termnal or sieve-
plate over its aperture the
crustacean 15 wholly  and
permanently eaged.

This ancient assoeciation
continned  lone  after  the
Palecozole, for I have else-
where illustrated 1ts ocenr-
rence in the sponges of the
Cretaccous from very strik-
ing speehnens sent to me by
Dr. F. A. Bather of the Brit-
ish Musenm.  They are here
reprinted. Al show a spiral
worin  tube  eneireling  the
long median eloaca of the

sponge, 1 one the spiral he-
Fig, 45, A silieified sponge from g dextral and the other
e i el ginistral. The flat -section

the cloaca of the sponge. (Courtesy hore shown 1s a direet ]|i|n1u—

of Dr. F. A. Bather.) araphie print made from a

thin =hde and shows the

actual distance of the annelid tube from the eloaca, and
sngeests also the presence of other commensal worms in
the upper left-hand part of the sponge-body (prepared by
Doctor Bather), Al are from the Chalk series at Beek

Lannpton,
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Fig=. 44, 45, Sponees From the FEogelish Chalk showing spiral anneliad tulaes, In
both the worm is seen to eneirele the elonea of the sponge and at some distancee
from it (e 44, seetion).  In Fie. 45 the direction of the spival is the reverse

of that in Fig. 43, From Beekhampton,  (Courtesy of Dre, F. A, Bather.)

Symbiosis in the worms and crinoids. The data for such
association are not abundant.  Mvyzostomum, a wormlike
creature, believed to be an annelid, is parasitic on living
erinoids where its species cause galls or swellings by the
overgrowth of the ealearcous substance. On the columms of
Paleozoie erinoids small gall-like protuberances are ocea-
stonally found, with a central |u-|‘I'n|':lTin[l. amd several
anthors have aseribed these to the Myzostomum.'  These
Myzostomid galls (Myzostomites) have been recorded from
rocks as early as the Upper Ordovician, but we must contess
to knowing verv little about them, and some of the pit-
tings and depressions on erinoid eolumns which have been
thought to be the inner cavities of Myzostomid evsts are
doubtless of other origin.  Perhaps the best proof that these
aalls have been made by infesting worms is aftorded by the

1 f=yugn -'||I';.;|- I‘|"\-||!'||i| anl :";I-|':II'_'_1'I',. ]“'!lr. |I. ‘l:-l. Il]. ]. ﬁ_' L ¥ ol ['] Gtk
fig. T3 I, L. Moodie; I°. A. Bather.
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Fie. 46. A erinoid stem from the Carboniferous with deep pits over the surface
which may be due to the work of Myzostomites,

Fie, 47. Transverse seetions of a caleareous hypertrophy or Cen 1™ om the Jointedd

stem of a Devonian (Hamilton) erinoid.  This shows, by etehing and trans-
parence, the filling of winute worm like tubules in the enlarged stem joints,
and a darkened aggrecate at the center along the stem-canal which has Deen
contracted and obstrueted by the spread of this growth, producing a genninely
pathologic eondition.  Enlarged, (The speeimen from whieh {hese sections

wers Tl p]'q-:-l'r|11'||_ 1|:.' |"1'1|t'|-,u_uu|'l'r|-1||';1- . l']luliwil']{.j

speeimen here ficured from the Hamilton shales of the De-
vonlan,

Commensalism of coral with coral. The so-called genus
C‘aunopora is an interesting illustration of this habit of
orowth. Caunopora is a compact hydroid eoral with sharply
defined and definitely walled tubes scattered throueh its
substanee. For a long time it was regarded as the work of
a single hvdroid eolony, but it is now known to be a lami-
nate hvdroid overgrowing a series of ereet coral tubes like
those of Syvringopora or Aulopova.  Fistulipora oceidens
presents a similar coalition of a hyvdroid coral growing
about the tubes of Aulopora. These are both Devonian oe-
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|'|_L','. I8, Lnnunopora; st t'lhlll.il[ﬁ]lul'nill |‘n||nll_\' -'||fm'il|_l_[ the tubes of !"'u_'l.'l'illl_':upur.'l.

accoral that lived commensally with it.

Fig, 49, Schematic seetion showing the steneture of the coral tulues
inthe st l'illmlln]u:t'n"ltl TTHEE {H!u]H]:l,t_{:l livestone | Laower Dhevoninm ).

currences and this assoeciation of the hvdrowd with the zoan-
tharian corals is widespread.  Other oceurrences of this
sort are well known and we figure here a colony of the
honeveomb coral Favosites which has overgrown a small
plantation of the evathophylloid coral Amplexns.  In all
these associations there has been apparently no interfer-
ence with the functions of cither member of the combina-
tions.  Naturally, as these arve merely ineidents of their
arowth they have bheen carvied onward into recent coral
plantations where sueh combinations arve not infrequently
noted,
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Fig. 56t A colony of the coral Farosites micnprrensiz whieh lias partianlly overgrown

a small plantation of the evathophylloid coral Amplexus.  From the Ningara
formation (Siluvian), Monticello, Town,  x 15,

THE BARNACLES

It is well known that the barnacles are degenerate and
attached erustaceans.  The acorn barnacle with its hard
valves consolidated into a cone-shaped shell, and the TOOSE
barnacle with its flat shells on clustered stoms, represent
for us the living members of this interesting group of
recreants.”  In the barnacle, of whichover kind, the animal
has lost its independence throueh attachment by its head
or back and the readjustment of its segmental plates to fit
the demands of its stationary maturity.  Ontogeny shows
a free and normal larval state for the barnacle and 1meli-
cates a phylogeny in which locomotive independence had
been normal throughont life.

We have known for some years the existence of barnacles
in the Paleozoie rocks, The acorn harnacle Palacocrensia,

1 Far sreater -h-;:wrwr:uh.u of anatomy and founetion is presented v spvepal

other forms of soft-bodied barnacles in exigting sens,
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which has been found eneased in a honeveomb coral (Favo-
site=) of the Onondaga hhmestone (Lower Dovonian), is (-
parently as completely degenerated as the existing harna-
cles.  IHereolepas is an acorn barnacle from the Swedish

L3

e

-
%n

-
e

-Jf
-
Ny,
-
L ]
. T B T T
1!

=1

Fig., 51. A Paleozoie harnacle, Palarocrensio devawica, Daried partly by brrowing
and partly by solution, in a colony of the coral Favosites,  Onondaga limestone
{ Lovwer Dhevonian).

Silurian.  The recent disecovery by Ruedemann, to which
we have referred; of a primitive Balanus in the Ordovieian
( Lorrame shale) attached to the shell of a eephalopod (En-
doceras) and in several stages of its growth, has beautifully
indicated the mode in which this degencration has taken
place. In this early speeies the valves arve simple apposed
plates, corresponding in size and number on each side, and
these, the author cited believes, were developed from free-
swimming phyvllopods (like the Apus of present waters) of
earlier faunas by two factors:

a. Fixation by the back, so as to give a better play to
the feeding and breathing appendages.

b, Lateral stresses exerted on the long pod-shaped eara-
pace, by the play of the currents from without and the re-
action from within whieh eventually developed sutures
where these strains were greatest,

Thus we seem to have traced back to pretty elear indica-
tions of its beginning this highly degenerate erustacean, and
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in these early presentiments see that the fixation which led
to reereaney was for a purpose ll.l.‘-'-|iII{‘|i_‘l.' advantaceons to
case of living: that the ereature hecame consolidated and

set at a very early geologieal age.

For the Lepad or goose barnacles we have very mucl
the =ame =ort of evidence. There are mueh elongated
flat scemented barnacles in the Ordovieian known as Lepi-
docolens. Others of this type occur throughont the Silu-
rian and Devonian ( Plumulites, Turrilepas, Strobilepis') in
which the elongated shape and the regular fore-and-aft
ranges of plates are retained, but the earlier form 1s much
the simpler, as it has but two such ranges; one on each side
and both symmetrieal.  Attachment in all of these is by the
hase, that is, by one end of the shell; and we have expressed
the belief that the whole stock to which these belong and
which is represented by the existing Lepads arose from a
like phyllopod aneestor to the Balanudae but through fixa-
tion or cementation by the head, rather than the back; :
fixation which gave a similarly favorable exposure of the
feeding and breathing appendages, but also induced greater
exposure to lateral stresses, which has resulted in a more
numerous development of sutures and valves, This attach-
ment, and consequently the career of the goose bharnacles
would seem to date from approximately the same geologi-
cal age as that of the Balanidae and, as we have said, to
have come out of the same free and independent erustaccan
stock.

I These have Leen commonly aceepted as Cirripedia and while we are grant-
ing that the probabilities seem in favor of this interpretation, there are features

of structure which suggest the sealed annelids.  This comparison has not heen
closely earried through,
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EARLY PARASITISM OF THE SNAILS UPON THE
CRINOIDS

A true parasitie combination has long been recognized
among the ancient erinoids or sea lilies and the esast ropods
or sea snatls, It |u'}_1';131, so far as we know, in the Silurian,
became of common oceurrence in the Devonian and reachod
a climax in the Carboniferous age: and with the close of
Paleozoie time, this special combination ceased or was ex-
tingunished.  The history of these eases is of very large sig-
nificanee to our investigations.  The erinoid. by the end of
the Orvdovieian period, was fully developed and specialized.
Its habit, presumably from the larval state on, as today, was
one of fixation by a long highly fexible stem which re-
mained funetional, with rare exceptions if at all at this
period, throughout the rest of life. It had developed a well-
defined aboral or anal orifiee to the curved intestine and
this opening was on the upper surface of the ealvx between
two of the arms or in the summit of the dome embraced by
these free arms.  In many speeies of the later Carbonifer-
ous and Devonian this dome was elongated into a proboseis
which earried the anal aperture npon its summit either for
the purpose of conveving the rejectamenta bevond the
reach of the mouth or for the actual protection of the erin-
oid host from the parasitic gastropod which must have been
obnoxious to it as it interfered with the normal alimentary
function.  These suggestions will be again referrved to,

The gastropod had also attained in the Ordovician a nor-
mal form, that of a simple spiral shell with a eivenlar
aperture or mouth. It was a holostomatous shell, with a
continnons shell month, without anv speeial adaptation for
fixation by suection or otherwise to anv extrancous ohject.
The limpets had alveady developed, and these are shells
which express even better the simple conical form out of
which all the eoiled gastropods had been dervived. This type
was primitive and both phylogeny and fossils show it to
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have been the most ancient, The first simple coiling of the
shell which resulted from subsequent obstruceted growth on
one side of the animal eould not have mueh altered any
funcetions.  The habit of these limpetlike shells with apical
coil only (Platyeeras, Capulus') seems to have been then,
as now, one of easy but not necessary musenlar attachment
to whatever body they might choose to grow on, and today
we have a long list of genera, both of marine and fresh wa-
ters, in which this exterior form of shell and the internal
habit are retained,

In the various expressions of conjugation between suel
shells and the Crinoidea we have evidence enough to trace,
stop by step, the progress of free and haphazard associa-
tion into a fixed and dependent parasitism; a cinema of
some millions of vears, displayving the gradual vielding to a
fixed and essentially vieious habit. It is the illustration,
eritical we think, as it eould hardly be derived exeept from
the paleontological record, of the passage of symbiosis into
parasitism,  With it the case would seem to have been made
out also for the incurability, under unconscious ageney, of
such a “*perturbation of normal activities'; for so far as
we can see the habit ended only with the downfall of those
erinoidal groups whose strueture exposed them to these
attacks.

We may here turn aside to note briefly the fact of para-
sitic attachments in the existing fauna, of gastropods to va-
rious representatives of the Fehinoderma (starfishes, sea
urchins, ete. ), the group to whieh the erinonds belong, Ton-
niges has given® a very interesting pictorial account of
these, drawing m some measure on the determinations
made by the Sarasin brothers. We are not muceh in the way
of thinking of the snails as true parasites, but the anthor
cited remarks that all of the very few species known to have

1 Troe eapulids of this period are doubtless reversionary forms as shown by

tendeney of later growth to reassume the conieal shape,

t Noturwizsenseh, Wochenselie., vo 19, no. 16, Janonary, 19404,
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parasitic habits live on the echinoderms—as thougeh the
habit established in ancient Paleozoie davs upon the erin-
oids had found Tavorable adjustment throughout the oroup.
Nevertheless it is of speeial interest to find that one of these
parasites is a lmpet of essentially the same type as those
which infested the ancient erinoids.  This is the speeies
T-Irx.ff:'r.' celoconchia whieh attaches itself to “I{‘ ounter skin of
a starfish and inserts an extension from its snout well into
the mtegument.  The interesting statement is made that
Thyea is usnally a wandering snail erawling over the spines
of the starfish, devouring the little sponges and their ad-
herent organisms; in other words, lives normally until it
adopts the attached and parasitie habit. The starfish has a
still more degenerate parasite-snail, Stilifer, of a distinet
generie type with spirval coil, which sinks itself deep in the
skin of its host leaving only a minute projection of its spire,
while the rest of the shell beeomes enveloped in a false man-
tle or membrane from which a proboseis develops that pene-
trates far into the soft parts of the host and sucks out its
nourishment. Far more extreme cases of degeneration are
Hlustrated by the snails Entocolax and Enteroxenos, para-
sitic within the sea eucumbers or holothurians and whieh
appear to have found their way in by penetration throngh
the wall of the body. In these cases the gastropod strue-
ture is so modified in the adult, by loss of form, shell, or
dental ribbon and indeed the adaptation of all the anatomy
to a suctorial funetion, that identity is shown only by the
normal stages through which the voung shells pass.

Living erinoids do not eseape similar infestation but not
by the limpetlike snails. A, . Clark has found Ptilocrinus
pinnalus parasitized by the spiral Eulima (ptdlocrinicola)
which Bartseh, who deseribes the species, finds attached to
the ealyvx through a veritable puncture of the skin made by
a suctorial proboseis.  These extreme adaptations indieate
complicated conditions of parasitism which could not well
belong to the less complex life of the Paleozoie.
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In tracing the history of the combination our starting
point is the rich marine fauna of the Cineinnati shale whieh
lies near the summit of the Ordovieian, thus immediately
antedating the advent of Silurian time. We have on a pre-

Fiee. 532, The snail Cyvelonemi Fig, b, A l'lrul':ll. UCnrvoerinites
enelosed within the arms of the carrving  an attached  snail
erinoil ';';]}'Iﬂill‘l'i“l];h. 1 an at- whieh eovers the APHETTHres irf
titwde of fesding,  Ondovieian the summiat,  Silnrian age,
HTLEN

vious oceasion pointed out the free coneurrenee of the holo-
stomatons snail Cyelonema biliz, one of the abundant
members of the fauna, with the erinoid Glyptocrinus deca-
dactylus. In this ease the shell is found to lie, inclosed by
the arms of the erinoid, in a position that would give it full
advantage of the waste from the erinoid, but without fixa-
tion. It had been drawn to the erinoid by an obvious sup-
plyv of food but it was free to go and come as it was im-
pelled.  And yet the shell was of sueh build that its aperture
was quite admirably adapted to fixation—a round thin edge
without any irregularities which might lessen the effective-
ness of the attaclment.

If now we may turn from the erinoids to the closely allied
group of the Cystids in which the alimentary parts have
essentially the same alignment, we find a case, long ago
figured by Hall in the ¢ Palacontology of New York™ (v. 2,
pl. 49, fig. 14, 1847), of an apparent attachment of a similar
round-monthed shell (Strophostylus) to the anal surface of
the evstid Caryocrinites ornatus, of the Rochester shale
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Fauna of the Silurian age.  There seems no good reason for
not interpreting this oceurrence, even though it mayv he iso-
lated, as a definite and purposeful fixation. To reeard it as
casual would be sophistication.  With these preliminary
evidences then we find the snail-erinoid adjustiment well
under way very early and elearly developing from a habit
ol visitation into a set adjustment to vitiation and para-
sitism,

As we enter the Devonian or next sueceeding period of
ceologieal time, we are confronted at onee by an enormous
development of the holostomatous shells
of the limpet group, known as Capulus
or Platyeeras, with various generie
allies.  They are all very closely allied
to the speecies we have already re-
Ferved to and have the same inheritance.
So abundant arve these Devonian limpets
and so great their variety that it has
more than once heen proposed to desig-
nate the carly Devonian age by the name
Capulian or Platveeras stage. In a sud-
T T den outburst of evolution these mollusks

Silurian erinoid Mar-  Deve reached their climax. Every stu-

stpocrivns coclatux dent of these shells recognizes the diffi-
(l’]l]iliilu; Q) -

culty of assigning specimens of them to
mounted by, and 3 y . :
partly enclosing an Well-defined  speeies, beeause the thin-
attached snail, Wen- ness of the shell mounth and 1ts (EHEAY
loek Tmestone, Dud-— 4 Japstability in fixation to the irreculari-

lev, England, (Conr- ! i s F
; ties of the surface to which they may

tesy of Al Frank
Springer. ) attach themselves have eaunsed many
differences of expression.  Attachment

was their habit and we may expeet to find them fixed
to varions sorts of objeets, oreanie and imorganie, when-
ever they have been eanght alive or in a cemented condition
by the burving sediments. We must then serutinize every



ORGANIC DEPENDENCE AND DISEASE (FH

case of sneh attachment to determine its casual or its -
tentional nature. It is in the Devonian that the growing
abundanee of the crinoids amid |l';;'inll.=- ol {':I||lt|II:- |H',L'.'i.!l.=%
to provide us with inereasing instances of fixation of the
latter to the former. The carliest of
all these and the most striking case on

record at all, is the eombination of the
crinoid Meloerinus micmae Clarke with
the capulid snail Ovthonyclia tortuosa
Hall from the fauna of the Lower Devo-
nian Grande Grove lmestone of Gaspd,
Here we have a small species of Melo-
erinus overwhelmed amd borne down
by a massive trumpet-shaped Iimpet,
whose very weight must have toppled
the erinoid over to the sea bottom. The
aperture of the shell fits down over the
entire dome of the erinoid naturally
covering the ececentrie aboral aperture,
The attachment of the shell must have

hegun very carly and continued firmly
Fig. 35, Meloerinns mie-  t0 the full maturity of the shell.  Or-
mae, a Lower Devonian— thonvehia is a division of almost conieal
inobl, embravel e or slightly twisted capulids, the spire
by a trumpet-shaped  being apical and ineipient or altowether
snail. absent.  Such shells have not before
heen seen in this attached condition;
they were not adapted to it, for therr nneotled form wonld
make the erinoid =o top-heavy that the whole combination
would sueeumb. It is therefore not surprising that this
record does not repeat itself.’
Craterocrinus ruedemanni Goldring is a speeies as yet
1 This specimen of M., micmae is the only erinond ever found in the profuse
Grande Grive fauna. Tt was obtained by the writer from a ledge a half fathom

under water at low tide.
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deseribed in manuscript,’ taken from the Onondaca lmne-
stone of New York. It is like Megistoerinus in its veneral
form with a broad upper surface or tegmen and very large
aboral opening.  Our illustration shows a .~4|n--:*im|-||‘u}' this
erinoid with the sear of at-
tachment made by a <hell
which heeame fixed early and
clung to its situs throughout
life, the enlarging sear grow-
Ing eccentrieally  from the
anal aperture, and leavine a
deep sinns about the buleine
adjoining  portions  of  the
CrowWine erinoid.

[In the Middle Devonian
Hamilton shales of Thed-
ford and Bosanqguet, Ontario,

Fig. 36. Upper surface or dome of ocenrs the platyerinid spe-
4.1-ir;ul|-| {Crateroerinns) with anl oles .".."IEI.H'!'J‘F:I'J'J‘.IJH'H f'ff."}H’Hlff'l'u;
opening amnd =sear of shell attach- . : . .

Hinde, a peenliar genus with
surface spines jointed to the
calyx by a ball-and-socket arrangement.  The species

ment.  Davonian,

Is known only in the shales of these loealities. Two
species of gastropods have been found attached to the
aboral surface amd dome: one a smooth form. Plat yeeras
erectum Hall, and the other a spiny shell whieh has been
incorreetly ealled P. dwmoswm Hall,  These shells have
not been found attached to any other erinoid and no
other erinoid of the Hamilton shales in that vieinity has
thus far shown evidenece of such combination. This com-
bination is thus elosely restrieted loeallyv,  The erinoid with
its broad tegmen or vault, diffuse arms and absenee of anal
proboseis, offers every convenienee for this adjustinent, but

1 By Winifred Goldring in preparation of a Monograph of the New York

Devonian Crinoddes,
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novertheless there were lacking in this loeal Fauna neither
erinoids nor snails of other species. The limpets are of the
usual tvpe with small spives and broad whorls and not un-
like each other in general proportions.  Hystricrinus puie-

tobrachiatus Hall, which oecurs in the same Fauna, carries

Fig. 37. Two -'!-e-i'ilm-n:a ol @ -“E"i”."-' o, I[.nn-i--rirnr-. with two  different

\-En'ril"- of =uamil=.  Devonian,

no parasite so far as known and the later species of the
genus (M. ithacensis) is without such associates. The di-
rective impulse indicated in the adjustment of the limpets
to these erinoids is here undeniably clear.

From the Middle Devonian limestone fauna of central

Fig. 5. Two views of the calyx of Megistoerinus with attached Platyveeras,
Middle Deevonian,

Towa we have heretofore recorded the eombination between
the erinoid Megistocrinus farnsworthi White and a large
Platveeras.  This is known only in a single ease and, as
shown by the figure here given, the evidence of eradual
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erowth and expansion of the shell after attachment was
effected, is seen in the adaptation of the latter to the irregu-
larvities of the erinoid dome.  The adjustment perfectly
covers the anal region and is so effeeted as to avoid un-
profitable =urfaces,

In all the erinoids taken from the extensive plantations
uneovered at Vineent, N. Y., in the Hamilton shales (Mid-
dle Devonian). the most striking assemblage of these fos-
<ils ovor found in the Devonian rocks, not a single instance
has heen observed of this conjunction.  We have, however,
a nnique oecurrence from another locality, of one of the
species represented in o this colony,
f]’f!r.uq’r.lr'l'i:un,ﬁ' .h'};.f‘.iru.h-:H:-' Hall, m ‘n‘i'hi[.'h
a very marked ease of this parasitism
is displayed, the gastropod covering
the aboral orifiece with the anterior
part of its mouth, the rest of the

Fig. . Rhodocrinns
calyx with heavy =nail ﬂ]H’l'llII'L" extending downward over

<hell over amal aper-  the sides of the calyx. This is fre-
ture.  Middle  Devo- -

2 quently a well-marked and perhaps
[ITHA IS .

normal position for the shell, and
the necessity of keeping the mouth close to the source of
food, forces the shell growth to be cecentrie from this
point and thus permits the shell margin to expand in any
convenient direction.
In the Upper Devonian we have record of attachment of
2 broad-mouthed capulid to Melocrinus hieroglyphicus
Goldfuss and a smaller species to M. globosus Fraipont.
These are from the Frasnian rocks of Senzeille, Belgimm,
and have been fieured by Fraipont.! They are sufficient
proof of the widespread practice of this parasitism in the
Devonian age.
1 4% Ann. Soe. Geol. de Belgique,”” Mem, X 1883, plates 2 and 5. Fraipout
thinks the latter ease mentioned in which the attached eapulid spreads over

the side of the ealvx, merely easual commensalism, but it is evident that the

shell eovers the position of the anal orifice,
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Fig. 6, Two specimens of the Devonian erinoid, Taroevinas lobafes Hall, with a
coiled snail (Platvostoma) attached to the dome. Canandaigua Lake, N, Y.
(b, by conrtesy of Mr. Frank Springer.)

A singular and single instanee of similar conenrrence has
bheen found in the Portage Upper Devonian (West Thll
shales) of Naples, N. Y., a baby Meloerinus, not above one-
half ineh in length (ealvx) to which is attached a baby
Platveeras of about the same size, This 1s a convineing
ovidence of the early age at whieh this adaptation became
offective, though it is no proof that the conjunetion may not
have been broken in later life. It
is certainly extraordinary that this
parasitized voung condition is the
only one recorded in these rocks,
while Meloerinus is the only abun-
dant erinoid in the Lower Portage
fauna.

The Devonian faunas, in these
cited instanees, have thus furnished
us with instances of the growing
habit of this parasitie attachment.
We find it to be occasional and spo-

radie, desperate and often ill-ad-

justed arrangements whiceh seem to

: Fie. 1. Young Meloerinus

have broueht disaster to the hosts. o : S
: with young snail attached,

We see cases, as Meloeriwus mie- Uppisr Devonian,
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wmac, fhodocrinus and Melocrinus sp., where dispropor-
tionate erowth of the gastropod evinces lack of advan-
taceous cravitational balanee such as 15 seldom to be found

the following period when the parasitism had become
set, We observe a greater varviety in the form of lhq- snail
than appears later, and it is evident that some of these
were better adapted than others to this mode of Life.  And
we also see, from the instance of conjunction at a very carly
age in both parties to the combination, that the habit must
he a long-time inheritancee out of the past.

We may now consider the expression of this parasitie
adjustment as it appears in great frequeney in the marine
faunas of the next or Carboniferous age, especially in the
caleareons deposits whieh compose the earlier or, as called
in this conntry, the Mississippian stage of this series.

i

Fiee. 620 Part of the dome of the crinoid Strotocrinns showing siecessive oot h
sears made by an attachel Platyveeras always keeping its anterior extremity
over the anal aperture of the erinotil,  Mississippian.  (After U, . heves )

Fig. 65, The crinoid Platyerivas hesvisphaericas with the snail Plalyeeras fnfii-

dibwhin attached,  Mississippian.  (After O 1 By )

Such concurrences are noteworthy for the evidenee they
bring of the general dissemination of this habit whieh now
attains its elimax. So general is it that palecontologists
have recoenized the difficulty of determining the species
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characters of the eapulids beeanse of the shell deformations
vesulting from these attachments.  So far as we have sue-
coeded in listing these conenrrences they are shown
cighteen species of erinoids.  Doubtless others have heen
recorded which we may have overlooked. It was a matter
of comment by Meck and Worthen, who first took espeeial
notice of the frequeney of these combinations, that certain
erinoids seemed always to earry certain snails, intimating
thus a definite affinity of one for the other; and to anyone
confronted by an array of these combinations this purpose-
ful predilecetion 1s very impressive.

last oF REcorpeEp CarpoNIFEROUS URINOIDS
wiTH Parasiric GasTropops®

1. Platverinus hemispherieus Meek and Worthen.
2. P. pileiformis Hall.
3. Strotoerinus regalis Hall.
4. Gilbertsoerinus tuberosus Lyon and Cassiday.
5. G, tyvpus Hall.
6. Dorverinus immaturus Wachsmuth and Springer.
7. Aegaricoerinus americanus Roemer.
8. Pterotoerinus acutus Wetlerby.
9. P. bifureatus Wetlerby.

10, P. depressus Lyon and Cassidaiy.

11. Physetoerinus ornatus Hall.

12. P. ventricosus Hall.

13. Eueladoerinus  millebrachiatus  Wachsmuth — and
Sprivger.

144 Geologieal Survey of Ilineis, ' v, 5, 334, 1873,

2 We are greatly indebted to Dr, Charles R, Keyes for his investigation and
record of these asseciations as registered in literature and in the extensive
colleetion of erinoids at that time |-(r'|:r1|;_:51|;_."' to Dr. Charles Wachsmuath, now
by the generosity of Mr, Frank Springer the possession of the National Mu-
seum.,  Doetor Keves's papers on this subject of the species of Platyeeras
which econsort with the Mississippian erinoids were printed in 1888 (*¢ Proe,
Amer. Phil. See.,?’ v. 25) and 1880 ("¢ Proe. Acad, Nat, Sei, " Phila., v, 42).
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14, Aetinoervinus verrucosus fHall.

15, A multivamosus Waelismoth and Sprivger,
16, Neroerinus shwmardl Yandell,

17.  Poterioerinus coceinus,'

12, Cromyvoerinns simplex Trautsehold ?

Fige. 64 Croogocrinns simpler with attached snail of large size, its anterior

JHII'T'I-ﬂl 1'!-1.'-'r'il|;_: The anal :L]uq‘:'run'. Uarboniferous limestone, Rassia,

[n order to show that in the study of this adaptation be-
tween erinoid and snail we are not being misled by appear-
ances, let ns look a moment to the mode of evolution of the
exeurrent aperture in the erinoid and the effort made by
the erinoid host to proteet itself against this disadvanta-
geons parasitisn,

1. In the erinoids of the Ordovieian and Silurian, where
this adjustmment first appears, there was only a =smooth-
domed teemen between the arms and, with these arms float-
ing expanded in seareh of food, the dome with its anal aper-
ture was a freely exposed surface, an open invitation to
such attachment as ensued.  There were, however, plenty
of erinoids of that period provided with anal tubes, that is,
plated extensions of the tegmen or upper surface into pro-
hoseis-like shapes, bearing the anus at their extremity, and
the purpose of this combination seems to have been to raise
the rejectamenta well above the month of the crinotd.’

On this matter Wachsmuth and Springer' have written:

1 An uneertain species, thus spelled by Keyes hut not otherwise known,

2 From the Moscovian limestone of Russia,

3 Among these genera are Diaboloerinus and Deocrinus of the Ordovieian;
Lampteroerinns, Siphonocrinus, Lyrioerinus, Eaealyptocrinus, Callicrinus and

Chicagoerinus of the =ilurian,

1807, CONL Amer. Crinoidea Camerata, ™" p, 133,
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““As a rule, a tube oceurs more frequently among speeies in
which the arms form a continuous series around the ealyx,
while species in which they are arvanged in elusters often
have a simple opening.””  And it also appears that this tube
was of convenient rather than essential funetion.  The ani-
mal could live without it when it was bhroken off or ob-
structed, and easily made a new orifice when necessity re-
qllii'mi.

2. 1t appears; however, that early attachment may have

prevented the development of the anal tube,  This would,
indeed, seem to be indieated by the speeimen of Cratero-
crivus rucdemanni here shown, where the attachment be-
ginning very early prevented the development of an anal
tube which wounld have been normal to this type of strue-
ture, or at least is normal to all other members of the fam-
ily to which this belongs—the Dolatoerinidae,
3. In general, erinoids which have been found to bear
parasitic gastropods have no anal tube but only a slight
protuberance. Kxceptions to this statement are rare and of
uncertaim value,  Adefiwoerinus verrucosus Hall has an anal
tube but a speeimen is reported by Keves, with an attached
snail.  In this erinoid, however, it appears that the tube
has been broken off and an aperture developed on the dome,
Wachsmuth and Springer vefer to Aetinocrinus multiramo-
sus In which this anal tube is retained and a gastropod is
attached to the teemen bolow.®

4. The parasitic condition so rampant in these early
Carboniferous ages disappeared entively so far as present
records indicate, with the disappearance of the fauna from
the various shallow seas of the world. There are instances
of the continunation of some of these parasitized genera of
the Mississippian into the marine faunas of the Coal Meas-
ures (that is, Aoroerinus) but in none is the condition of

1 [Keves, 1888, Pp. 235, 237,

21807, YN, Amer. Crinoiden Camerata,’” p, 566,
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parasitism continued,  The habit was extinet; I think we
may =ay that this particular adjustinent had been extin-
culshed.

SYMBIOTIC CONJUNCTION OF CRINOIDS AND
STARFISITES

This 1= a habitude which, so far as known, is exhibited
only in the Mississippian fauna of the Lower Carbonifer-
ous and on its face it would appear to be a purely voluntary
association, a= there 1s no anatomeal evidenee that the star-
fish  has s=aerificed 1tz locomotive
Function and none that the adjust-
ment is essentially unlike the associa-
tion between Glyptoerinus and Cy-
clonema. The known faects reearding
the combination are interesting, The
starfish 152 Onychaster ﬁr'.rﬁﬁﬁ Meck
amd  Worthen: it has rarely been
found undetached. The  erinoid
seems most commonly to have been
the high-domed species detiiocri-
wies mndtiramosus. Wachsmuath and

= Springer! tell of finding forty speel-
" mens of this erinoid in the Craw-
Fig 65 The erinoid Jdefi-— fopdsville shales of Indiana, of whiceh
poerinms mnllivemesas with '
. o nearly one-half had the attached
a  starfish  (Unyvelaster) ks
attached to the anal tube.  starfish, and these anthors were
':..\1'14'1' Waeli=mmnth IIT]II Ftl'nll,‘-'.'lj\' 'Ii:";]'“:':{."l 'I.'” t]“. Ti{nﬁ' 1}“.1-'
HI"I “'I--. ¥ . o
pringer.) heeause of the elevation of the anal
tube and the situation of the waste
aperture near its apex in a position seldom if ever cov-
ered by the mouth of the starfish, the association was one
of comfortable attachment only. Referenee is made by
the same writers to the faet that this starfish at the locali-

11507, “4N, Amer. Crinolden Camerata, ™’ p. 566G,
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ties of their observation oceurs on no other erinoid species
except Seylalocrivis robustus, which also possesses a long
anal tube but with the aperture far down toward the base
and within easy reach of the starviish.  We here illus-
trate a Baryervinus (6. Hoveyi Hall), a speeies withont
anal proboseis, eneaged with this starfish. No evidenee
exists that this habitude continued hevond the Lower Car-
boniferons,  One familiar with the feeding habits of the
starfish from ancient Devonian times to the present would
he disposed to suegest that the association under present
consideration can be only for feeding purposes. That this
may have been “a favorite resting place™ ( Wachsmuth and

Fig. 66. The erinoid Buryerinms Hoveyi with the starfish Oogelster ferilis inter-
twined with the arms, Mississippian.

Springer) for the starfish will hardly explain it. The small
boy in an apple tree is not there to rest. This alliliation,
its constant reenrrence always between the same speecies of
starfish and a very few species of contemporary erinoids ;

limited apparently to the very brief period which repre-
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sents only the life of the species Onypelhaster _ﬂr',:'i.’i.«-, may
have heen an attack upon the erinoid animal through its
oral aperture.  But whether it intimates an actual state of
dependencee or might under favorable eirenmstances have
developed into a true parasitism we do not have to decide,
as nature quickly wiped out the combination through canses
which we eannot know,

THE WORK OF PSEUDOPARASITIC BORING
ORGANISMS

On almost every sea beach one can find the shells of dead
or hivine mollusks bored full of minute tubes, No skeleton
of the sea, except those essentially free of lime, escapes the
attack of the borers.  And as our present beaches and sea
orounds abound with these things, so did the seas of the
Paleozoie ages.

Such borings and borers have been mueh studied in their
living form, an interesting literature has grown up about
them, and perforations of like character in ancient fossils
have been oceasionally noticed.  There ean be no denial of
their important present and past activity in the breaking
down of accnmmlated lime and its return to the sea waters,
Kolliker' pointed out in mueh detail the general diffusion
of certain boring ““vegetable parasites’
varieties of ealearecous shells in the existing fauna and he,
with others, the vast total of dissolution of lime wrought
by this ageney alone. Such shell perforations have been
ascribed to different organisms, both animals and plants; to
the aleae and funei, to the boring sponges and to the bor-
ineg worms. The more eonspicuous rock excavations made
by such boring mollusks as Teredo and Pholas® and nestling

among the many

1 Annals and Magazine of Natural History, ser. 3, v. 4, p. 300, 1859
Zeitsehr, 1 Wissensch, .rrf,ln';]ngil‘_ v 10, I 214, IFL 13, 1, 156 Juarr, Jar,
Microscop. Sei., v, 8, p. 171, 1366,

2 Boring mollusks are known from Paleozoie seas and Whitfield has figured
aueh an occurrence (Corallidomus concentriens in the coral Labechia) from the
Orpdovieinn of Ohio (see **Geology of Ohio,”7 v, (i p- 493, pl, 13, 18D3),
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eavities made by eertain sea urchins are not ineluded in the
present category.

Plants. Our attention may be given first to the plant
parasites of the Paleozoie rocks. These are invariably very
minute filamentous tubes often showing the swellings of
hyphae or sporangia. There has been a constant and con-
tinuing difference of opinion among the students of the liv-
mg forms of such horing plants, as to whether these are to
be regavded as fungi or aleae. Kélliker! helieved them all
to be fungi, as he could not satisfy himself that the fila-
ments in the living forms showed eell partition. Loomis®
has also identified as funei suel oceurrences in the Clinton
(Silurian) fauna of New York: while Wedl regarded the
living forms as algae’ and Dunean,' who specially studied
these borings in fossil corals of the Silurian. Devonian anil
Tertiary, agreed in regarding these minute tubules the
work of unicellular algae. Natu ally the distinetion in the
fungous and algal character of these borings in the fossil
state 1s very difficult, and for our present purpose not of
high importance. Dunean gave a common name to all these
coral-boring plants recardless of geologieal age: Palae-
acklya perforans, and determined them in the Silurian coral
Goniophyllum pyramidale, the Devonian eoral Caleeola san-
dalina; also in a Silurian Cyathophyllum and an Ordovieian
“Foraminifer from Canada,” whatever this last may have
heen,

The elearest light upon the nature of these boring plants
has been given by the botanists Bornet and Flahaut® after
exquisite operations in the isolation of the plants from their
stony matrix. These investigators were able to detormine
from growth-habit, structure, sporangia and fruit, that the

10p. cil,

2 F. B. Loomis. N. Y. State Museum Bul. 39, p, 223. 1900,

* Bitzungsh. d. k. Akad, d, Wissenseh. v, 33, p. 451, pl. 1-3. 1838,

4 Quar., Jour, G olog, Soe, London, v, 32, . 205, plate, 1176,

SriEur les algues perforantes,’” RBul, Soc. Botanique de Franee, v, a0,
p- 147. 1889,
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living plant borers were ehiefly green and blue-green algae,
only two of their species being recognized as having a prob-
able affinity with the fungi. In a very instruetive paper by
Duerdent on the effect of these algae in the disintegration
of recent corals, it is remarked that the red algae also have
now been recognized among these borers,
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Fig. 67. DBoring Plants (recent ). . SipepraTilons rodwlicodn Haviot,  x Sih
b, Glenonlig? x 250, e Ciomondie polyehize Bornet and Flahaat, = 25,

o, Mastigueolvas lestaran, X S50, (After Birnet and Flalaut, ap. vl )

That the debris of the Paleozoie beaches and the shallow
orounds of the sea, the living as well as the dead -:!u=1|~:
were abundantly attacked by these mieroscopic plant par

1Bul. Amer. Mus, Nal, Hist., v. 16, p. 523, pl. 32, 1902,
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sites has been very obvious to the writer in his studies of
twentyv-five vears ago on the intimate strueture of the shell
in the ancient brachiopods.  In brachiopods, wherever the
| substance has been so ;{i'ih]ll:lf

secondary change in the she
as to cause no disturbanee of the fibrous tissue and of the
vertical perforation which 1s normal to mueh brachiopod
shell tissne, these vagrant filinentous tubes are readily
recognized and often evident.  Sueh borings are excecd-
ingly abundant in the Devonian corals. It they have been
less often seen in the acephalous mollusks it is perhaps he-
cause the secondary shell substance is less perfeetly re-
iave wiven their at-

placed. 1 think paleontologists who
tention to such microscopie struetures would be well agreed
that, for the brachiopods and corals at least, objeets which
presented  freest opportunity for attack, these riddling
aleae were far more abundant in the Devonian than in the
Stlurian and Ordovician: thoneh the evidence of their
abundance even in the Lower Ordovieian sea under con-
ditions in which hematite ivon is segregated in shoal waters,
has been given by Hayes' who, with the approval of Gil-
bert Van Ingen and W. O. Howe, refers them to the blue-
green algae. The existence of such aleal borinegs in the
scales of eretaceons fishes has been recorded by Wedl* and
by Rose” The heavy plates of the Devonian fishes would
seem to have afforded favorable conditions for such opera-
tions but they have not thus far been searched,

We have no elew at all to the inception of this very ex-
traovdinary adjustment or of the mode of acquirement hy
the filamentous plants of the singular property of dissolv-
ing or otherwise exeavating their tubes in hard organie
lime deposits. How the work is done by the plant is still,
amid various suggestions of chemieal and mechanieal ne-

' A. 0. Hayes. The Wabana Iron Ore of Newfoundland: Canadian Dep 't
Mines: Geol, Survey, Mem, 78, p, 75, pl. 1. 1915, The colored plate shows
coiled tubmles in the nuelens of the iron spherulites,

:Wedl, Op. e,

T, B. Rose, Trans, ."nliq'l'u:d.l'rq.i.-:” e, IJ""||.||||r nig., V. 3. " it |'|. 1. 18345,
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tivities, an unsolved problem. This activity of course plavs

a large part in the seavenging proeess which helps to elean

Fige. G5, Perforating algae fayesio hemalitivo

in the shell of the brachiopod Lingula.  From
il irom bied= of the Wabana sevies (Oedovi-
cian).  Coneeption Bay,  Newfoundland.
g, x 110, b x 100, (A, O, Hayes, o el )

up the organie excesses
and restore the inor-
canie balanee of nature.
[f alrae cean cause the
deposition or seerction
of lime earbonate, as
tll[‘:l.' ]H*f_{';l]] to Jdo on a
vast seale even in Pre-
cambrian times, and do
this in effect by extract-
inge the execess moleenle
of earbon dioxide from
waters  carrving  lime
carbonate 1n solution,
it scems reasonable to
believe that in the same
early ages algae might
also have been the in-
struments of lime soln-
tion by virtue of the
excessive atmosphere of
carbon dioxide  whieh
they of necessity car-
ried about them. Gener-
ally estimated we must
aseribe to these plant
parasites an early adap-
tation and an inereas-
ing activity which seems
to be in fair correspond-
enee with the inerease
in lime-shelled imverte-
brates.  Unknown hith-
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erto in the Cambrian, oceasional in the Ordovieian, more
common in the Silurian, they became abundant and wide-
spread in the Devonian and thenee onward to the present

Fauna and their activities now are known not to he confine
to the salt waters only.!

Sponges. Fxeavations which seem referable to the activ-
ities of perforating sponges of types comparable to the liv-
ing Cliona and Thoosa, whieh
are familiarly known to hore
i ealearcous remains, have
been observed EI}' ns I va-
rious hrachiopod and acepha-
lon= shells of the Devonian.
Our record of them does not
extend mmto the earher fau-
nas. Weare holding the same
reservation  regarding  the
precise nature of some of
the borings here assiegned to
sponges of this type becanse
of want of full comparative

evidenee, but the assienment

Fig. 6%,  Boring algue in the test of

15 lll'l-‘"'l"ll (111 ('{IIIITFEII'IFUIIH HII thoe teilolne fhfr.lrr!'arr-r;.u.l'.-rf.l'u.x sefowin -

.\"IEH'J “'“ll Tr"'“J": “t' gll‘ﬂl‘lt“ HH J'“-“:llh"'-'"]!iillll. s L A

between the mieroscopie tu-

bules of the algae and the large regular tubes of the worms,?
In a previous discussion of sueh perforating organisms® we
mstituted the generie designation Clionolithes for a Lroup
which was based on the form deseribed by MeCov' from

15ee T. 5, Collins, ““Some Perforating and Other Algae on Fresh Water
Shells*?; Erythea, v. 5, p. 95. 1807.

* Comparison with the tubules of living perforating sponges may be made
by reference to the work of Emile Topsent in the Arehives de Zoologic Erpori-
menlale, X ser., v, 5 b=, 1557, 1807 = dth ser.. v, 7, 1807,

¢ Dependent Life, '

4 ¢ Hritish Paleoyoic Fossils, "’ 1855, p. 260, pl. 13, fig. 1, 1a,



Fie. 70 Clionalithes cadicans,  Etehed speeimen of an old shell of the brachi-
opod  Dedmeawelln superstes of the Chemung shales (Upper Devonian), with a
multitude of irregularly branching borings riddling the shell and apparently

starting inward from the <hell margin. x 10
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the Silurian as ioa prisca and which was made by us to
include not only tubes of that type, that is, straight suh-

clavate fillings, but also very much smaller, mueh more
intricate, arborescent or vagrant tubules, Tt is evident to
us now that only the Iatter ean be assigned to the sponges
and that
relationship to sponges, is applicable only to this division,

It 1s proposed to retam the name for that eroup, even

ienee our name Chonolithes, devised to sneeest

though this may not he in precise accord with proper no-

Fig. 71. Etching of a tube eluster of Clionolithes radicans in the shell substanee
of the brachiopod Leptostrophie magmifica,  From an enlareed photograph.  x 64,
Ceramiles Gpcve ]irlll-.-1ur||- { Livwoy Ih-k'q:lhi.'nzlk,

Fig. 72, The same in a shell of Aty veticndaris from the Chemung sandstone
{Upper Devonian).
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menclatorial procedure. The Fioa prisea and its type being
undoubtedly worm borings must take a more appropriate
destenation,

We are referrving to Clionolithes, the form . radicans,
enters brachiopod shells by a simple perforation

and onee within the shell substance produces a radiate and
arborescent or root-shaped colony,  Shells are often qute
riddled by these colonies, which may maintain individual
independenee, no matter how numerous, though at times in
a thick shell, galleries may so overlie one another as to ap-
pear massed or felted. It is this form of sponge which may
be taken as the type of the genus.

f'Hu.-mHHuw palmatus, which has heen found only in the
soft shales of the Portage group (Upper Devonian), pre-
sents a somewhat different aspeet from ', radicans in its
broad, sparsely branched or pahnate tunnels,

Clionolithes reptans 1s a filamentous amnd vagrant tube
tunneling just beneath the surface of the host-shell. 1t is
common in brachiopod shells of the Lower Devonian and it
is assigned to the sponges becanse there seems no better
present interpretation of it.

Of entirely different type and of much greater size 15 a
perforating sponge which we observe in the Middle De-
vonian Stromatoporas of Towa. In this there is a large
spherieal central body from which stout eylindrical arms
radiate into the coral substance. The formation of the
tunneling appears to begin with the gradual burial of the
ronid l*l'll'll"lllll with its branches and the subsequent exea-
vation of additional tunnels by later outgrowths of the
colony.  These sponges have been found both as depres-
sions at the surface of the coral and as completely buried
bodies within the coral substance and revealed only by cut-
ting

This parasitic sponge we shall designate Topsentia de-
v,

Worms. The boring worms of the existing fauna have
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Fie, 73. The sarface of a Si romatopora from which theee individuals of Taops-

sentia, a boring sponge, have been removid v weathering,

been especially studied by E. Ray Lankester' and W. (.
MeIntosh® who have deseribed the habits of suel Lenera as
Sabella, Leucodore, Dodeeaceria, whose mdividuals abun-
dantly penetrate corallines, corals, hmestone amd other
rocks.  Sabella savicara Quatrefages makes a usnally
straight tube, but these are often deflected or curved, some-
times looped so that both extremities protrude.  This loop
shape is a habit common to a number of worms which bury
themselves in soft mud, and is familiar in the sediments of
the Paleozoie rocks. Such U-shaped burrows into the sea
bottom have been recorded in rocks as old as the early Or-
dovician.” The same shape characterizes some of the living
worms which eonstruet agglutinated tubes. Such tubes as
1 Annals and Mag. of Nat. Hist., April, 1868, p, 233, pl. 11.

2 MNtto, October, 156GR, p. 276, pl. 18, 20, See also W. Blaxland Benham in
Cambridge Natural History, 2, “‘ Polychaet Worms, "' p. 287

see Hayes, op. eil,
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Fig<., 74, 70, The I---rr'ul:':nili-_-: sponge Tosppsanfina devonicag in o Middle Devonian
=1 |-1|i.:!|l|||llll':|. t{]lﬂ'l.:l'. I'.-I;'. |_|' i.'-C H Elli]inl‘ll'll :-'l‘l‘litlll; I"iu'_ 7..:| :-i|.l1'|.1. = 1|‘|I' I'Il]]ll"l{lll'-l]
spromgre by transmitted light,

these made by the worms are in contrast to the perforating
tubes deseribed beeause of their usunal simplicity and their
areater size, awl among the fossil ocenrrences these fea-
tures lead to comparatively easy and safe recosnition,
These simple worm-borings ave found in many sorts of
colitl ealearcous oreanie masses in the Paleozoie rocks.
While we finddl in the Ordovielan worms srowing concur-
rently with solid eorals or eoralloid bryozoa, like Praso-
pora, there is no present evidence of perforating worms
boring into sueh masses and more specially into molluscan
and other heavy shells, until late in the Silurian, from which
date they acquire greater abundance and in the Devonian
faunas become widespread.  As the evidencee now stamds
they were rife in the early Devonian evervwhere, even in
the austral fannas of this period which are in many respeets
widely distinet from the eontemporary faunas of the north.!

i . - = - L]
1 Mo Clarke: ¢ Fosseis Devoniinos, 4
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[n the later stages of the Devonian they seem less eom
mon amd become inereasingly so through the rest of Pal-
cozoie time, 1t would appear that the carly Devonian was
the chimaeterie period of these Sabella like boring worms.

In sceking a desienation for these tubes and burrows,

we have noted the faet that they were deseribed by MeCoy
under the name iea prisca from a Silurian mollusk.
Vioa being an existing genns of boring sponges, and as we
are convineed that such tubes as were indieated by MeCoy
are referable to the worms, a more appropriate name is
required and we propose to apply to all of them the desig-
nation Paleosalella prisca (MeCoyv) disvegarding differ-
ences in size, which are often obvious, amd of eurvature,
which are sheht,. We give abundant illustration of these
ocenrrences and in the explanations to them point out fea-
tures of special interest.

Fige. 76, A stromatoporoid coral Teom the Ninga roup (Sluran ) of Hamilton,

Unt., with wenthered holes of boringe worms or RN,
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To a flattened tube with raised edees, giving the sugoes-
tion of a distinet loop with the branches conneeted by a
thin diaphragm, we have on a previons occasion applied the
name Canlostrepsis taeniola. So far as our present knowl-
edge goes this has been seen only in strophomenoid brachio-
pods from the Lower Devonian of the Rhineland,

Fig, 77, Palacosabella prisea in a valve of the brachiopod Leptost rophia. From

the Grande Grove limestone (Lower Devonian); enlarged,

Finally, it is worthy of note that the host-shells receive
these boring worms in various wayvs. Sometimes the para-
site starts at one surface and bores straight across to and
through the other surface. Again a number of worms may
commence their attacks simultaneously at the growing edge
of the shell and while they bore parallel to, and within the
shell surfaces, the shell grows on outward beyond the eircle
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A smaller form and prolably a different species of Palacosabella, ridilling

Fig. S,

Oriskany =amdstone,

ak

X =

a brachiopod =shell withont interferenee.,
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Fig. 84, Cunlosteepsis faeniola growing in the shell of the brachiopod Stropleo-
donta from the Coblentzian (Lower Devonian) of Seifen. The margins of the
Tesehiopodd valves have been entered on all sides simultanconsly biv these horers
which have made loop-shaped tubes joined by a median eavitv,  Together witl

tHlie=e e Hifl]]lil' tubres of Palaneosabella,

of their entrance.  Often the tubes adapt themselves to the
thickening or thinning valves, taking advantaze of the for-
mer to recurve or loop, and compelled by the latter to Aatten
down. The tendeney to make a hook or loop, or to take on
the U-shape, is shown in many eases and the development
of a clavate form at the blind end is frequent and charac-
teristic. Most interesting bevond these features is the fact

Fig. 5. Cast of ponieh-shaped (algal?) Borings extending in from the surfuee of

il ]II'III'IIEII]u:nE --]li']l. X 4. { h'i"-il::lrl_'l.' 5‘:|'|.'|I4|:‘-1IJ|IP' rJ‘““-r,r. I""'-”‘H‘til!l.L



bl ==

Fig. 56.  One valve of the phyllopod crustacean Evhinovariz popctata with marks
of Clionolithes borings among the surface ornament.  Hamilton group { Mididle
Iheveniamn|.

Fige, 87, Clionaolithes reptans: diffuse tubules in the shell snbstanee of the brachio-
podd Leptostrophia, x 20. Orviskany ( Lower Devoutan).

Fie. 55, The pygidium of the trilobite Homalonolus Dikagi exposing by weather-
ine the tubules of a similar speeies; natural size. Hamilton group | Middle
Drevonian).



I"i:'_f. s T emelithes l'fj'-r”ff-‘- in the shell substanes oof ."i'lpr'r'J:i'rr ALET IR,

Cwviskany sandstone
{ Loovwer [resvomnam ),

Il|1_f LR A =hell of the ]II':||'|Iilrilul|_ =1 |'|-[H|I1+I.'|.'II1']|Il_h. witlh ]"ll'ill'_:’-- of & Fiasnnind iffies oot i o Prive,

From the Pottsville serios | 1|i-'-i“i|:-|ni;|lll.

Fig. D1 Clisuolithes eanma Price.  Conemangh sevies (Mississippian).  Mueh enlarged,

Fig, 92, Cliowolithes pecfmerts in the shell substanee of the Bivalve .f,r-.rujn.l'rr.iu tlizpeny Fromm
R ITE ]"ralr:l'_:'d' boieal= r'|_r]|F.|-|' I Wsvoemizin .

Fig. 93, A similar palmate boring in o sastrapod <hell, Loxonema, from the same loeality,
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Fie. 4, Palacoserdy i pn'h!r'u ftl\ld"'l'-}"}. {'up}' ol the “1'i;-‘.‘i"-'l| figrnre.

Fig. 95, The same in the shell of the beachiopod Spiviter from the Chemnng
group (Upper Devonian),

Fig. %6,  Similar elavate tubes in the eachiopod Leptostrophia.  Orviskany =andd-
ST T rl-,ll'lﬁ'l'l.' I""\"ﬂ']i:‘ll..

Fig. 97, Sketeh of Palacosabella tulwes converging from the margin towarl thae
thickened apex of the hrachiopod Spiviter,

Fig. 95, A =imilar sketeh to show the bend in the fube where the =hell is
thickest. Hamilton group (Middle Devonian),

Fig, 9. The bivalve Avienlopeeten with boring= all beginning at a detinite
growtli-gtage of the shell, outside of which the shell is vegular, indicating that
the mollugk was alive when the borings were started aml eontinued 1o live
while they were making,  Chemung gronp ( Upper Devonian).

Fie, 100, The sponge here started in the thickened apieal substanee of the shell
of a breachiopod (Leptostrophia) and as it entered the thinner part of i =heell
wits Toreed to take on a flattened form. At the mner emd it shows a tewleney
ta dlivide,

Fig. 101, A hook-shaped boring in the east of a Lrachiopmd.  Oriskany sawdstone
{ Lower Dhevonian).

Fig. 102, A set of clavate Dorings in the Deachiopod Leptocoelia. Oriskany
aynulstone,

Fig. 103, A series of these tubes beginning at the margin of the diseinoid brachi-

opod Orbiculoiden Lower Devonian, Sao Paulo, Breagil.
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that in host-shells which have been well rviddled by these
tubes and where the ehannels are elosely erowded together
i mnnbers, there s very rarvely any evidenee that one
crosses another or even touches 1t= IIL']_‘.’.’|I|HH'.‘¢.

THE DISTINCTION BETWEEN PROTOZOAN AND
METAZOAN PARASITISM

:UHI![‘I'II l'lli.ll"‘.'“ill.lil"_'_':\-
and germ pathology
wlieh are founded on the
recognition of the play
of the protozoan or pro-
tophytie parasite in dis-
turbing the health of hu-
man beines, haveat thmes
indulged in too hasty ex-
pression as to the prev-
alence of protoplastie
ciorm Jdisease thronghont
the history of life on
the earth.  Germ infee-
tion, in the sense of pro-
toplastie protozoan and
protophyvtic adjustment,
is universal; it enters
into every phase ot life
and into every mdividual
of the animal and plant
world.  That is, all life

Fige, 104, The Silurian scorpioid crustacean o ]]iﬂ‘,’lli':‘it to lowest E
-"..il'nl'_‘.f:!lll'i""‘I”“""’“'rli Iyvanm il:l"-'1|'.:i.|';.-lil!L|. ]I:”’"f"i:.-

shot throngh with condi-

<howing an overgrowth of agglomerated : :
fnbnles which seem o lmve spread From tions of disorder result-

joint to joint but eleae all artienlating swe- jpe0 from sneh parasitie
Faees: o syvimliobie and ]ll'l'lll.'l|l‘ ||:||':|--ili-- x i .
" : = i P 1= i
;_"l'H\'-'||'I whose natnre is not I'1LH:'.' vinders |I|II_.|E|- t'|.'|] 1nt= r I|II. l - -

st asiml, l'};{'l'}ﬂ,“'“. 1 iH" I”l'll“'“
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15 that of a universal strugele to maintain existenee at the
cost of some other’s normal phyvsiology, 1t is the nnremit
ting battle of the invisible. The fight is not hidden AW
from eyves that are trained to see, amd its vietims lie dead
on every field. Tt is a war whose harvest, snrpassing com-
putation, is the only salvation of a erowding world.

But it is casy to forget that the picture has another side
and that the attacks of the protozoan army and all the race
of unieellular parasites are not by any means malign in
their results. It is viee rather than virtue that ever chal-
lenees widest attontion. Probably more of these adjust-
ments are benign and helptul to the host than arve harmful,
and there are as many ““good’ germs as “had’” ones. It is
reasonable that the student of germ pathology should be so
profoundly impressed with the mischievons invasions as to
understate the helpful activities, and thus be led to such a
convietion as that expressed by Eecles, “The Path of Fvo-
lution is the Path of Past Disease.’” The historv of suel
protozoan adjustments is not properly within the present
scope of our subjeet, though we must look at cortain paleon-
tologic records which have been interpreted as devastatine
results of widespread germ infecetion.

Fig. 105, Valves of the hl':wiliu!-r--[ Dalwoewella testodivacia from the Lorrine
shale (Upper Owdovician), in which disease in, or injury to, the mantle of the

shell has produesd irregular growth,

It is not to be wondered that several writers, Metehni-
koft amd Keeles among them, who have had under their Ve
the universality of parasitism in existing nature, should he
very positive in their expressed inferences that destruetive
pathologie parasitism has continued for vast awes.  The

statement 1s undounbtedly deduetively correet within certain
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limitations of time.  But we have little exeept inferenee to
build on in applving this statement to those early periods
of weologieal history in which various types of hife were
establishing themselves and with which we have been es-
pecially dealing.

Two reasons restrain ns from attempting to aseribe sueh
high influence to mierotrganic digease in the early life
periods of the carth:

1. Inadequate records,

2. Protozoan parasitism funetions essentially as a chem-
ical attack upon the tissue and proteid contents of the cell
of the host for purposes of nntrition, and results mjury
to sueh tissue by exudation of active poisons.  In metazoan
parasitism the injury thus eaused, if any, and the arljust-
ment in any eases, are mechanical and due to the funetional
mechanism of the parasite.

The essential coneeption of germ disease is the invasion
of the eell by another cell, in which the invader strikes rieht
at the heart of the host by the attack upon the moleeular
constituents of the protein, inclusive of the ehromosomes
which are the recognized carriers of the traits whieh we
characterize as individuality and heredity. 1t is, in other
words. the attack of the individual cell on the individual eell,
i which the invaded cell must rouse itself to its full power
of opposition by the development of greater molecenlar
streneth and more resistant cell tissne.

Of such procedures we ean learn only from the living
world.

The coneeption that the progress of lite by evolution 1s
the path which germ disease has permitted and which mieht
have been otherwise if not prevented, would seem to tear to
tatters the obvious plans and purposes laid down in the
<cheme of nature—Ilike a carpet that has heen so caten by
moths that the pattern is gone and with it the purpose or
the thought of its maker. We therefore emphasize the dis-
tinetion hetween protozoan and metazoan parasitism and
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regard this distinetion important and essential. 1 is not
easy to aseribe to the former as we now understand if, any
other foree than a pulsing chemistry.,  In the parasitic
association of metazoans that conception must he whollv
put aside; here the association is a mechanieal one thouel
governed by a pulsing vitality, It is casy to sav that the
latter is naturally a derivative of the former, much less
casy to show evidence for the assnmption. The latter is
probably suecessive in time to the former but we cannot
show that it exists beeause of the former.

The conrse of protoplastic parasitism is essentially chen-
ical and so when it is veally pathologie, chemieal neutraliza-
tion is the aceepted practice.  But the procedure in destroy-
ing the bacillus of tetanus is of an altogether different code
from the proeedure for the destruetion of ehigoes, tapeworm
or trichina.  The “attack,”” or speaking with exactitude,
the adjustment of the sporozoan parasite, is, as we have
stated, an invasion of the moleenlar contents of the cell and
an absorption of its protein; in the metazoan parasite the
attack involves an ablation or readjustment of organs or
organized tissue.

SPOROZOAN AND BACTERIAL PARASITISM Ix
(reorocrean History

There are pretty clear evidences of the activity of epi-
demic infeetions in geological history and there are, besides
these, occurrences which have sugeested suel interpretation
but which may be open to other construetion. We have the
word of such botanical specialists as Massee' and Berry
that even in Carboniferous times the plant world had be-
come infested with parasitic fungi, a fact which of itself
bespeaks a long development leading up to these adjust-
ments,

! Massee speaks of four hundred species of such parasitic Carboniferous
Fungi,
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Many writers on the eanses of extinetion among the ver-
tehrate races of the past have predieated mueh of germ
infestations.  Perhaps no one has more ceffeetively summa-
rizedl these eanses of extinetion than Henry Fairfield Os-
born.' Any student who seeks suggestive evidenee ol an
intensifyving cause of race extinetion which is wholly collat-
cral to the imperious control of decline in racial vitality,
will he impressed by the Facts which have been set out in
detail by Professor Osborn.  From them, however, we can
alean no conelusive deduetion that any such attacks from
external ageneies, however devastating the records show
them to be at the present linw—11'\']+;il|rm:|ni;l-'i-'~ rinder-
pest, tick fevers, sulla, nneinariasis and other such ]ld“ln-
logic expressions which sweep away their vietims in epi-
demies. have over reached the elimax of actual race
oxtinetion. Notwithstanding the raids by these agents and
the ehieek which they put upon reproduetion, still the subject
races seem to possess sufficient adaptability and surviving
competence to outlive them, It is easy to nnderstand that
cueh might not be the ease with a declining stock whose
racial vitality is already departing and whose nnpending
oxtinetion might well be aceelerated by such invasions.  In
phases like this it may well he coneeded that, as an acces-
sory cause, germ infeetion has heen climacterie.

We shall have, sometime, to estimate the differential
offeets of such epidemie attacks of protoplastic disease ac-
cording to, or in terms of, the vital phase of the race at-
tacked: for a race at the summit of its vitality can better
rosist and fully survive sueh infestation than in its declin-
ine stages,  And it goes without further statement that the
erowing and aspiring race whieh s reaching forward to its
climax would sturdily resist sneh invasions, Finally, we
mayv add that the diseovery in the Tertiary rocks, of --|wt1 =
of the tsetse (lv whose present-day descendants ave carr ers

L Ameriean Nafuratist, Nov. and Dec., 1906, Lull, Leeas, Williston  and

Momdie have also, among others, w vitten interestingly on this theme.
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of the tryvpanosomes of the deadly sleeping sickness, mnst
not be too quickly interpreted as evidenee of the same infes-
tation in Tertiary times, It may he so, of eourse, but the
case and quick change of adjustment, known to every stu-
dent of the lower organisms, must invoke eantion in sueh
mterpretations,

In connection with these thoughts we naturally revert to
Walcott's important determination of a Microcoeens from
the Precambrian rocks—the carliest form of life and the
simplest; vet, in the opinion of the most competent, indis-
timemshable from still living forms of bacteria.  We tonel
this delectable morsel of fact with caution—it stands as yet
alone and independent, but it opens the door to a new, vast
and inviting field of microseopie research among the older

rocks, whieh affords the promise of mueh light upon the
history of bacterial funetions,

SUMMARY AND CONCLUSIONS

Out of the facts and refleetions here assembled it would
seem that these conelusions rezarvding the beginnings and
the progress of svmbiotie dependence may safely be drawn.

1. Symbiosis was inaugurated very early in the history
of life. It visibly existed in the Ordovieian fauna and in-
ferentially must have been present in the Cambrian ages.

2. In these carly stages of life its ocenrrence must have
been rarve and sporadie, even if we grant that it prevailed
in the soft-bodied animals or plants that have left no fos-
sil remains,

3. Such eombinations, in their inception, were innoen-
ous and took on the primary expressions of commensalism
or mmtualism; partnerships which were in most instances
undoubtedly of mutual helpfulness at the start, whatever
the risk to progress.  In the most notable of these ancient
combinations, in which the highly innervated worms were
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conspienons partners, the combination was evidently at the
control of this active member which established itself on
the passive member as ease or convenience may have di-
rected; but continued such partnerships as established
habits,

4. Complicated associations of three or more partners
became fixed only in secondary faunas and evinee prede-
termined procedures in selection,

2. In an early secondary Fauna, casual or haphazard as-
socintion which found one ercature’s strugele for food
cased by the alimentary processes of another, led gradually
to habitual association which eventually beeame a fixed
habit and involved entire and lifelong dependenee; ereated
a parasitie state; transmitted this acquired habit from gen-
oration to generation:; compelled modifieation of form in
the parasite and unquestionably interfered with the ali-
mentary functions of the host. This habitude of dependent
parasitism lasted for millions of years and its culmination
took place not at the period of the highest development of
the offending organism but in the decline of the race when
racial streneth was failing: but it did oceur at the elimax
of the host-species.  There are evidences of a struzele on
the part of the host-species to throw off the parasite by the
erection of structural defenses for the obstructed funetion.
The host-species eame to a sudden end.

G. It appears to be evident that the members of the prim-
itive fauna and fora, that is, of the first assemblage of life,
were unimpaired by any “‘perturbation of normal activi-
ties,

7. The first and primitive division throngh the Kingdom
of life was just within the beginning, when the earthy ma-
terials breathed upon and infused with that interacting vi-
bratory foree (hion) which we eall Life, heeame in progres-
sive development in one part free from, and in the other
part attached to the earth out of which hoth emerged. Thus
eame the chasm between the free animal and the dependent

¥
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plant world; a division which euts so deep it has never been
brideed nor can he.  Independence and dependence were
established as the elemental and essential partition of the
kingdom of hife,

So Individual and locomotive independenee then, it wounld
seem, has bheen the major funetion and prime determining
Factor in the progress of life.  We find even in the plant
world, fettered as it is, the effort to get free or to develop
along the lines of the animals as shown in the development
of specialized funetions to which we have referred.  But
the plants never have got free. Their dependence is inear
able under Nature’s codex. Al progress in life, as
reckoned in terms of man, has come throngh independence
and through those lines of animal life in which independ-
enee has been maintained at any cost. It is safe to say that
none of the physieal ancestors of man, however remote the
diveet line may have run, have ever surrendered their phys-
ical independence or suffered essential modifieation through
perturbation of their normal activities.

Y. Discase, then, in its broadest sense, so far as it means
a disturbanee of normal living, is a svnonyvm of abnormal
living ; that is, of any life that has departed from the primi-
tive nmpulse to a consistent, coordinated and fully eom-
petent physiology,

1O, If dependence has affeeted and sealed the fate of one
great division of the Kingdom of Life, so that it is and
must remain subsidiary to the larger purposes of nature,
dependence also has entered upon, invaded and degeneratod
a very large part, indeed, probably the major part of
the other, the animal world. THere it seems to us that
the dependent condition thus enforeed is of a different or-
der of quality than the aboriginal dependence of the plant
world. - Dependent races of animals have songht or accepted

dependence as an easier mode of living, either waiting npon
the unconseious forees of Nature, waves and winds, or on
the normal activities of other animals.  Such dependence
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has entered in some degree upon all primitive stocks of ani-
mal lite and from such racial dependenee there has bheen no
escape.  The lines in the animal world along which links i
the ehain of advaneement have continued unbroken, arve but
few; the rest have run ont into culs-de-sac where all hope
i< abandoned.  Their expressions are about us on all sides,
Neither barnacle nor brachiopod shows any tendeney, after
the agzes, to return to its orizinal -HIIII'-EH'IIi]i'II'f'I".

11. It is thus cmphatieally true, in Natore’s program,
that physical salvation is of the few and is the reward only
of righteous hving.

12, We mmst not try to eseape the conelusion that mi-
crobie disease is an abnormal adjustment in which the para-
site lives its own dependent eareer at the cost of the host.
The disease is of the host,—onr friend suffers from tuber-
enlosis.—hut the life of the parasite thongh fully adjusted is
still abnormal.  For we have now evidenee that the bacteria
were in their ineeption free and independent.  Their de-
pendenee is an acqguisition of thme. “Benien'” or “malig-
nant,”” from onr point of view, there is little place for helief
that either will ehange its adjustment.

13, For dependent races of life there hins been no reseue
or return.  For dependent species, we are not so sure, but
the present evidence is not very favorable. We have inti-
mated for the case of the erinoid and the gastropod that
the former mav have exerted its comprehending defensive
power to drive its parasite away. Irequently a host en-
cvsts its parasite by building up a protective wall about it.
To wet rid of a parasite is not, however, to cure the parasite
hahit.

14. Reseue of dependents is therefore not a part ol the
scheme of Nature, except through the exercise of intelli-
sence.  In Nature's plan of evolution dependents of all
corts are negligible and abandoned to hopelessness, save
as eradually developing psyehic factors intervene,
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To the thoughtful person who concedes that the physical
and the intelleetual funetions of man can be apprehended
only in the light of their historie development and through
an understanding of their vast ancestry; who grants that
the laws of life are umiform and effeet the same covernanee
whether in man or the insect; and who sees that the read-
ing of the law is elearest where the tablet on whieh it is in-
seribed is least obseurved, in its simplest manifestation
rather than in its most complicated effeets; to such as these
the data and conelusions here should prove operative argu-
ments,  To those who have aecnstomed themselves rather
to deduetive thinking, who have been wont to coneeive that
the nature of man is to be construed from subjeetive and
projected eonceptions of what ought to be in order to con-
form to an introspectional standard; those who have not
vet fully learned their subjection to Nature's laws, are en-
arossed with the passing mterpretations of soeial prob-
lems, with expediences of the statute and the eares of the
world: to these should go the assuranee that in greater
measure than thev may have suspeeted the elue to human
destiny and social adjustment lies coneealed in the rocks
heneath our feet.
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