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Art. XXX.—On Cephalization; by JAMES D. DAxA, Part V.
(,'gphm'-fzan'on a f_uurlum;ental principle in the Development of
the System of A wimal Jafe.

Tue principle of cephalization has been explained at length
in memoirs in former vo]pmes of this Journal,* and to them I
would refer for detailed illustrations of the subject. Among
these illustrations the attention of the reader is especially
called to those from the department of Crustacea, the study of
which—occupying more than half of my time between the years
1837 and 1855—brought before me the facts on which it rests.
It cannot fail to be perceived, in the review, that, with ele-
vation in grade among the Decapods, for example—passing
upward along the line of Macrural forms to the Brachyural (or
from the lowest of shrimp-like species to crabs)—there 1s in
general, with the rising grade, an abbreviation relatively of the
abdomen, an abbreviation also of the cephalothorax and of the
antennze and other cephalic organs, aund a compacting of the
structure before and behind; a change in the abdomen from
* For former papers on Cephalization, see this Journal, IT. xxii, 14, 1836;
xxxv, 65, xxxvi, |, 159, 321, 440, 1863 ; xxxvii, 10, 167, 1864; xli, 163, 1866.
One point made in these papers, I would withdraw, viz: that the _transfer of
the anterior pair of members in Man from the locomotive to the ceph?he series i8
anslogous to the transfer which takes place in Crustaceans in passing from the
Tetradeeapod to the Decapod type, or from the Arachnoid to the Insect type.
The latter is plainly a structural transfer, the two anterior pairs of limbs in the
Cm&t&fzean, or the one in the Insectean class, becoming, by the tr_anafer, strictly
cophalic organs (pertaining to the mouth series), and existing thus in 8 large tribe
of epecies. But in man it is properly only a functional transfer, analogous to cases

among spiders and Tetradecapods, where the anterior legs become adapted to
serve functionally the mouth oﬂw’d, without that structurs! transfer which would

Place them of itself in the higher order.
Am. Jour. Scr.—Tuirp Serigs, Vo XII, No. 70.—0cr., 1876.
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an organ of great size and power aud chief reljpye in ]
tion, to one of dimuutive size, and no locomotiye oW 0001,
change as to the particular pair of legs which i lSw sir‘
from one of the more POSLErior to the anterior iy the "?ngm’
other words, that, as grade vises, there is abbreviatiop beh; 3 i
betore, aud thus a concentration of the sy ucture, apg g
forwand or auterior position 10 the stronger of g or
locomotion and prehenstou. he shrimp and cray, are goga‘.ls
wulike in form that the common eye hardly suspects tha'fldely
gre made up of the sume parts or organs arranged pr.
the same order: that the latteris only a shrimp Contracteg iy
length, dwindled to almost nothing in ijts abdomeu, an
\acted 1o its mouth organs so that the outer pair makeg :
- jum over the others, and shortened in ; & wel]
fitting opercuinm O T oned N its yery |
multiarticulate antenu® to a few‘ articulations giving theg L
length often not a teuth of that of the cephalothoray. g
I would refer also to Il‘!t‘ tase among mammals, for g illus.
tration of the same principle—tbat the lowest formg are thoge
having their locomotive functions located in the Posterior parts
of the body :* and tl}at in t,hg higher, the forces, or fOi‘Oe-ortrans’
are more and more forward in the structure. For exampfe’ in
the whale—the tail 1s the Ympelhn_g organ and is of enormoyg
power and magnitude, and the pram 15 very small and is gjgy.
ated far from the head extremity in a great mass of flegh and
bone furnished with poor organs of sense; a grade up, in the
horse or ox, thg tail or posterior extremity s no longer an
organ of locomotion, and is little more than a caudal whip-lash,
and locomotion is performed by organs situated more anteriorly,
the lecs, and a well-formed head carries a brain which is'a
vastly higher organ of intelligence than that of the whale—buyt
the legs are simply organs ot locomotion, and the hinder are
the more powertul: and higher up, in the tiger or cat, the
fore-legs—not the hind-lees—ure the organs of chief muscular
g leg - 24 1
force, and these have higher functions than that of simple loco-
maotion, and, further, the body is proportionally shortened, and
the head is shortened anteriorlv or in the jaws and approxi-
mates thus toward the conditron in man. The existence or not
* The fact that fishes have, with few exceptions, the tail as the chief or anly
locomeive organ, corresponds with their inferior position among Vertebrates
A5 the same time, it makes the application of the principle of cephalization ﬂ::
determining grade among them quite difficuit. In most classes or groups
!orce—orpns constitute a series along the body, and the position of the strongesh
aod the transfer forward with the rise in grade, is openly B
Gearly all fizLes, the tail remains the locomotive organ, with no transfer of Mlmm'
wve furetion 1 more anterior members, and, therefore, other less obvmtili!m
wnch less certain inodes of determining any forward transfer of force are &
i“‘.;nfmn. And, further, as the conclusions we may arrive at hold good, ‘_’m"‘gw"
22268 of animals, only in cage other conditions in the structure are essentially i
the mfmﬂ from such evidence can ordinarily extend only to the grade 18
te Lawily or smaller group to which the species belong. s
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. ohi-like tail, a8 in ordinary quadrupeds, has little beqr.
Sw:;ﬁll(::tlustinn of degree of cep%-aliz_atil?n, gince the (3rgae'[?li‘g
o pwan of locomotion, or one indicating a_lgrge posterior
Jot a1 ¢ h_nt of mnscular force. But, approaching man in the
devclﬂl"';“]im even this seems to have significance,
gystem © orllﬂ,”"e with the principle and method lustrated,
In wf(:{ a given type differ widely as to the conditions and
ammnflnm)cm_ for action—muscular, sensorial and psychical—
arm“g.eqnimul structure. In the low,* there is, usually, large
in the A strength behind, an elongation of the whole structure,
gize ﬂ!i‘ : degree of compactness in the parts before and behind ;
and o ({‘?nrh “there is a relatively shorter and more compacted
in the -’:Da,more forward distribution of the museular forces
St'ruct.,m?cmcnts and a better head; and the progress in grade,
ol :m'l::‘% e is,pmgrass along lines from the former condition
u“derf tﬁé l,a.tter. that is, progress in the strength, perfection
;?iﬁﬂgiyminance of the anterior or cephalic extremity; in a word,
- o oroeress in cephalization.
» lr;tf) lo}-i-l;ibcqi;)le ofp cephalization is thus fundamental because,
first, fhg chief center of nervous power or energy in an animal is
2 he cephalic extremity; and. sgcondly. becausg form in na;
1 t's species is, with some limitations, an expression of forqe.
tmz(faifl)l I have exemplified, in my memoirs, the corresponding
fact fhat,,progress in cephalization genera'llly attends progi'lessla in
embryonic development; referring, for il 115!;1-9&1011A to 1'in % loss
of the locomotive tail in the frog and many oti(xlerh mp wéni
at the time of the passage to the adult stage, and the c{gnﬁm{lr nd
t anteriorly of limbs, with the perfecting ot the hea
devfl\(l)gg:?: and senseg; to a similar abbreviation posberu})]rlyhm
the dev ‘ : he fact that the higher
the development of modern gars; to the 1a } i Siffhes
insects rise from a state thatis worm-like in form, ng
aistinction of thorax and abdomen and somet.u%esltﬁ;rmzh(:g
with abdominal locomotivilap e?gg.;ee;,intzi:: :heuthor?:xg |
hich the abdomen is greatly dw ) '
:bd?)men are distinct gegments and the former alo:lxg lt?l?: &gﬁ_
motive members and these of perfected structure, aand e e
defined head has highly developed‘sense-oyganihe iy
senses; and to other examples, all ﬂl;ésm?}‘llg o ress of eon-
through the developments going forwa ll'i. e isﬁnguished "
bryonie development, there may 10 generfﬂﬂ o Srbnse.
cephalization, or forward improvement, of il e 1.1
It has also been illustrated that the geologlca epwigh the prin-
life of the world has been progress 1o fgcfzcotre da%i T gucspeion
ciple of cephalization, this being maniiest s
of forms under the various types, and also1n

ies of some groups, related to half-

* For a consideration of the inferior 8 ould refer to my former papers.

developed embryonic forms in structure, I W
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so often exhibited in a general way—gg

between the biological succession g a1“nounceﬁ
ment. I need not dwell on the facts im h?mbr
well understood. N this p] :;10}),

Professor Marsh has recently bro arg
emplify fully the view that the Suczgsg-ofor?"m‘d facts wp; b
the globe has been more or less coﬂneete?i n the animg) f £
tacts which sustain strongly the doctyi With braiy,. m‘febf
where urged, that this progress iny OIV'ege’c }\;v&f;lch I hamg’em,

ace, ag th

in obedience to the principle of cephalization 2% fn Struoty g

Professor Marsh statest that in th
2 : ; e Eo :
Rocky Mountain region, the brain was nc(f: ;;Dlnocgras, from g
the bulk of that of the modern Rhinacero ore thap one-eight}t;a
ally ; in the Miocene Brontotherium it wa:—lts N
equalling that of the Indian Rhinoceros; [;u;h. er, aboyt
Mastodon, thefbr.-a}n was larger than in Br6n£ h 2 2 Pliggene
ual to that of living Proboscidians. Ina therium, bhyy Dot
Cogphudon of the same region,} the brain VE:EZT on the Eoceny
in Dinoceras.  Again. after a further study of th:en lower they
a} comparison of an extensive series of ancie tsubJecta§ angd
f.ﬁalillﬂ. he gives as his conclusions—in advan“ and modery
;ngbtf“ ﬂf](% %19-’?011' on the subject : “ First, all ’I‘e:i'etiof Hal
ol o T e
;:onﬁ 'ie riam uring the age; thard, this increas oY
bminn-e{ 10 :b 1e cerebral hemispheres, or higher P;tw as mainly
i &jou-r y It some groups the c:onVo]utionls)ooflmlllB ;. e
come more complicated ; fifth, i the brain
and olfactory lobes h >3 JY, 10 some, the cerebellun
“there is some e:id i e‘t?f]m dl};lnmshed In sizes’ and f“rﬂzm
'idence that t . ’ } f
growth holds good for birde ande same general law of brain.

to the present time.”

Ag : . ,
enomf;rt:vtsai] eight fold in bulk since the early Tertiary is
organs; in fact {hexceeqmg o amount the growth in ort);ier
increased in bi:]ke ﬁlt)}?c’es related to the Rhinoceros have not
% i, tmm : the progress of time, but diminished.
grade with emaller b f[? ?&t{her species; there is in general higher
it the brain, thers Bas horooy 2 concurtently with thedbknge
shortening of the h das been in succeeding species a relative
modiﬁcatfons. sncbeaas izgrf{s%mé”lly of the jaws, besides other

; Author's Manual of Geology, 1874, p, zs:g grade of Gepha]mtmn'j'

t This Journa T
brain; xi, 335, ‘l,’mrgl*ﬁ;_‘;;%ﬁ%fl&'fi. and xi, 163, with figures of the Dinocerss
ﬁg;rlif :—ihe 4?;—,ain in the Eocens Celo:’):'p&'ﬁnodlgn]grontomeﬁum; Ao 3 3 X5

y X1, , 1876, 13 i ]
he Jaws are i § Ibid., xii, 61, July, 1876, g
being imperfectly &gv:"b’m mammals rek;tively siloﬂy;:,hrough the incigor portion

Fieming referred aboI:re:! and this condition is a merk of inferior grade. The
2 diminished distance betar, 8 10t of thia degradational kind, but that presented in

the poeterior molar—.gn am:rh @ normal incisor-extremity and the normal positi

eviation which reaches its extreme limit in mad-

AR
Yonig dég‘“‘s:z

reptiles from the Cretaceons
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eculiaritie ;

. is velg:'}]t?f :I:nd changesxg'fif];:ila;er Species any connection
with th18 & ohos b n e can hardly doubt,
that, inasmuch a8 there has been no corresponding change in th(‘a
animiﬂ’ﬁ bulk, there must have bee_n concordant changes some-
where, and change of equal magnitude and importance; and-
the supposition that they included the structural modifications
which mark the line of species from the early Tertiary onward
Joes not appear to be extravagant. ;

Such growth or progress in the brain and nervous system—
{he seat of power in the animal—is accordant with, and conse-
et upon, the great fact that this is the part of the structure
which comes into, actual contact with outsitfe and inside nature,
It is the means in an animal by which communication is had
with the outer worl.d and also. with its own inner workings and
appetites; that which takes impressions, which feels whatever
inspires energy; prompts to action, exhilarates, or exalts; the
art, therefore, which must grow whenever circumstances favor
rogIess, and, at the same time, fail to grow or dwindle under
unfavorable circamstances: which communicates whatever it
receives to the being to which it belongs, and, in each case, to
the part or parts responding to its condition; which reaches
every part of the system and dominates in all action and growth,
and hence must cause an expression of its own condition in
gome way on the structare; which, moreover, must ordinarily
produce correlate changes in correlated parts, if any, because in

tis own pature and distribution the system of correlation has a

full expression. Energetic use gives increasing strength to

muscle ; and that wonderful strengthening growth in the brain
since Eocene times may also bave come from use.

It would hence appear that a prominent means of change in
species is the action of influences on the brain; that the brain
grows and changes and sends its changing forces through the
animal: and that this gives progress, or degradation ; and hence
it is that progress is exhibited in cephalization, and degradatiou
in decephalization. The brain could not grow to the adult stage
in the frog without the change in the structure that cotempora-

neously takes place; and no more could the brain of a species

like a shrimp grow into a brain of the higher grade of a crab
concordant higher

without its determining in some sense &
grade of structure in the animal, involving the loss of locomo-
tion in the abdomen and also other changes. .
We recognize, as evidence of upward progress 1 Man, ap M-
creasing height, width and erectness of the forehead, and &
§h0rtening of his jaws, and see therein evidence of improve
intellect; which means higher grade of cephalization. But,
more than this, the erect form of Man, the shortened arms, the
naked skin, as well as the large, smooth-surfaced craniun, may

But hav



hatever he the true method of evolu-
t‘};ec‘ﬂ:ed creations through communica-
i ]nature should be subordinated, as

olecular law and all laws of growth;
profoundest expression of the Divine
natare ; and no department of nature
But the present
progress through the deri-
few occasions for Divine

tions of Divine

much as ap iy
fqr molecular Jaw ig th
will, the very essence o
115 appointed law of develo
vors the view of ¢

vati i
on of species from species, with
1

VIUBULE ALL VRN samaseeses

presence of 80 large a proporiun vt w
structure. in addition to other elements, gives an opportunity

for a vastly wider range of chemical combinations.

ART, XXXI.—On an Blectro-magnetic Machine constructed at the
Cornell University Workshop ; by _WM._A ANTHONY, Pro-
fessor of Physics at the Cornell University.

TrTs machine is essentially the same as the * Gramme" elec-

jon was undertaken on

tro-magnetic machine, and its construcil s W
d to exist in the way of

account of the difficulty that seeme
procuring the ** Gramme’ machine from the European manu-

facturers. ' ‘ )
The soft iron core of the revolving armature copsists of aco
ternal diameter, and 156 em..

24 cm. external diameter, 20 em. in
it come
* This sentence is cited from my Msnusl of Geology, 1874, - s W g
these words:—* For the develogment of Man, gifted }mth hlg%:‘ila:c?h:;d
and thus made a power above Nature, there was ToqUT % Lot only the source
the special act of a Being above Nature, whose Bupmmefmdmﬂ?ig losti{l hold.
of natural law, but the working foroe of Nature herself,” an



