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conjunction with, the well-known treatise of 
Tholnson and Tait. 

ERNES~I,W. BR~TVN. 

IIISCCJBXION A X U  CYO/CJ<EXPOArDENCB. 

ON TIlR SPELLING Ob' '('LON.' 

To T ~ L EEIPTTOR SCJENCE: originalOF The 
orthography of ' clon ' should be retained, in 
the opinion of the prment writer, for the fol- 
lowing reasosls : 'Clone,' the forin preferred by 
Mr. I'ollard (SCIENCE, XXII., p. S T ) ,  is 
already in use as a medical terin, and is of 
different origin and significance from elon: 
If the latter word should take final e in or-
der to ~narlc an olnega sound in the original, 
so also should eon, pzon, autocllthon, halcyon 
and silnilar words in conlnlon use. 

Linguistic usage docs not require, however, 
that loan-words and derivatives from other 
languages should always preserve the same 
vowel quantities, and in trarlsliteration frolrz 
the (ireclr no distinction is rnade between the 
long and short, sounds of o and e. I n  fact, 
7 and o \Yere uriknown until the introduction 
of scholastic writing, and remained long after- 
wards confused with E and o. Final e in 
English cierivatives may stand for a distinct 
syllable in the original, as in the other ex-
alnples given by Mr. Pollard, or inay be added 
for euphony, but not for the sole purpose of 
indicating quantity. Soinetilnes the final 
vowel is arbitrarily syncopated, whence the re- 
sulting variants of metaphor and semaphore, 
plasrrr and plasma, hypohyn and hypocrite, 
rhyine and rhythm, etc.; or we may even write 
both synonym and synonyine, though the latter 
forin is antiquated. 

Scarcely gcrnlane to Lhis matter, but sug- 
gcsted by it, is the popular habit of Iniscalling 
undcr a variety of un-English names one of 
the most famous masterpieces of Greek art. 
When we say 'AIilo,' we arc merely following 
thc continental pronunciation of Melos, in 
which the final s is no longer sounded. V e n u s  
de  Milo is thc French narnc of the statue, 
Apllrodits of ICZclos the correct English narrre. 
The most unpardonable conlbination of all is 
'Venus 01 Milo,' with the long (English) 
sound of the i in Milo; for in the first placc, 

the ltalian goddess is not the precise equiva- 
lent of Aphrodite, and in the second place 
there is no such geographical narne as 'Milo,' 
at least, not in (ireece. C .  R. EA~YAIAN.  

I~ARVARDIJR'IVICKS~I'Y. 

TIlE LAWS OF IGVOCUTION. 

TITKYaccount of universal evolution which 
we owe to Mr. Uerbert Spencer may be sup- 
plemented by a Sorrnulation of certain quan- 
titative laws which Mr. Spencer seeins not to 
have apprehended. Mr. Spencer's own so-
called 'Law of Evolution ' is in reality only a 
great generalization, and not in a stricter 
sense of the word a law at all. I t  tells us 
that everywhere the loss and redistribution 
of the internal motion of a finite aggregate 
are accoinpanied by the concentration or ' in-
tegration ' of mass, a ' differentiation ' of 
arrangements, forms and activities, and a 
' segregation ' or drawing together of like 
units. I t  does not tell us anything about the 
rate or arnount of 'colnpound evolution' to 
be expected from any given expenditure of 
energy under given conditions. 

Econorrlists have long beer1 familiar with 
certain laws of differential cost and gain. 
They are conlrnonly called laws of increasing 
and of dirninishing return. The usual state- 
ment of thern in the text-books is inadequate. 
A more accurate, and possibly a sufficient, 
statement is, that in any given state of in-
dustry and the arts, an increasing outlay of 
labor and capital in agricultural, manufac-
turiug, or connnercial operations conducted 
upon a given area: will, up to a given limit, 
yield returns increasing faster than the out- 
lay, and will, beyond that lirnit, yield returns 
increasing less rapidly than the outlay. 

I n  the course of my sociological studies I 
have been led to believe that increasing and 
dilninishing returns, within the realm of eco-
nomic pllenoincna, are only special cases of 
relations that hold good throughout all phe- 
nornena, physical, chelnical, biological, psy-
chological and social. Tn a future publica- 
tion 1hope to set forth the grouncls of this 
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belief, and to show that the laws of inereasiilg 
and diminishing return are universal laws; 
in other words, that they are laws of universal 
evolution. I n  the present article I attempt 
only to offer a tentative forinulation of these 
laws, and to present a few of the more obvious 
and important explanations that they suggest 
of certain specific phases of evolution, such as 
natural selection and survival. 

In  the evolutionary process 'outlay,' instead 
of being niade in terrns of labor and capital, 
as in industry, is made in expenditures of 
energy, that is to say, in dissipations of mo-
tion. The 'rcturn' for this outlay is the 
total amount of cornpound evolution. Under 
certain conditions an increasing expenditure 
of the energies-original amid subsequently 
acquired-of an aggregate, results in evolu- 
tionary changes that extend or multiply more 
rapidly than the expenditure of energy in-
creases. Under other conditions, evolutionary 
changes extend or multiply less rapidly than 
the expenditure of energy increases. 

Chief among the conditions here referred 
to as determining the rate of evolutionary 
change, thc important ones are, first, the 
heterogeneity of the elements or materials 
entering into the aggregate, and, secondly, 
the kind or quality of the materials. 

I n  homogeneous bodies or aggregates con-
centration bears a constant ratio to the loss of 
internal motion, but in heterogeneous bodies 
there is no such constant ratio. Concentra-
tion may proceed more or less rapidly than 
the loss of energy, accordipg to the composi- 
tion of the mass. 

Different forins of matter differ one from 
another in their capacity to contain motion 
with a given concentration of their particles. 
That is to say, they differ one from another 
in energy-storing, energy-conveying and en-
ergy-transforming capacity per unit of volunle 
and weight, as is seen, for example, in the 
unequal capacity of woods and inetals to con- 
vey heat or to transmit electricity. 

The general laws which formulate the rela- 
tion of these facts to the rate of evolution are 
khesc : 

1. I n  a heterogeneous aggregate the amount 

of transformation, i. e., of compound evolu- 
tion, increases more rapidly than the dissipa- 
tion of motion if, in the composition of the 
aggregate, materials of a higher are being 
substituted for materials of a lower capacity 
-per unit of weight and of volume-to store, 
convey and transform cnergy, and are being 
maintained in a perfect working correlation. 

2. Conversely, the amount of compound 
evolution increases less rapidly than the dis- 
sipation of motion if, in the composition of 
the aggregate, materials of a lower are being 
substituted for materials of a higher capacity 
-per unit of weight and of volume-to store, 
convey and transform energy, or if they are 
not maintained in perfect working correlation. 

Two or three simple illustrations derived 
from econoinics must here suffice as examples 
of innumerable facts upon which the demon- 
stration of these laws rests. 

Increasing the returns of a factory of given 
floor space by increasing the speed of ma-
chinery is possible only if for mechanisms of 
poorer quality there are substituted boilers, 
shafting, gearing, etc., of great cohesive 
strength, and great tensile strength in pro- 
portion to weight and volume. 

The increasing returns of a department 
store, in proportion to capital invested, have 
been made possible by the substitution of such 
devices as the light and diminutive cash car- 
rier apparatus for the relatively clumsy mech- 
anism of a sufficiently large staff of men and 
wornen, or boys apd girls, to perform a like 
function. 

The mechanically and coinn~crcially possible 
' skyscraper ' has been made possible by revolu- 
tionary changes in building materials and 
construction, including a substitution of light, 
but immensely strong, steel frames supporting 
the outer walls as well as the flooring, for 
inassive outer walls supporting an internal 
structure. 

These laws of evolution are, I think, tlie 
basis and explanation of tlie plieriomerra of 
natural selection and survival. 

In  any finite aggregate of competing things 
or organisms, those survive in which the total 
amolint of evolutionary transformation in-
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creases more rapidly than the net expentii-
ture of energy; those perish in wliich the 
total quantity of evolutionary transformation 
incrrases less rapidly than the net expendi-
ture of energy. 

These laws of evolution and of survival are 
exerrlplifiecl in biological evolution both in the 
constitution of organic rrlatter itself and in 
the paleontological series. 

I n  all organic matter we find rrlarvdo~ls 
strength, and marvelo~ls capacity to store and 
to transform ener&, in proportion to weight 
and volurnc. 

I n  the paleorltological series we see the 
termination of tlie line of monster organisrns, 
and the rise and s~lrvival of organisms of less 
weight anti bulk, but of liiglier biological 
quality. 

111 psycliological evol~ltion the superirr~posi- 
tion of reason upon instinct is correlatccl with 
an increasing corrlplexity of nerve and brain 
structure, the rrlarlis of which are a finer anti 
finer cell rnechanisrn, of crlormo~~sly hiqh 
energy-conveying and converting capacity in 
proportion to weight anti volurne. 

I n  the corn~)etition of hnman races one with 
another, and of population aggregates one 
with another, those of high energystoring 
and converting capacity per intiivicl~lal have 
occupieti the superior environments, and have 
most vigorously multiplied. 

I n  the evolution of social organization su- 
perior corporate forms displace inferior forrrls 
only if with a differentiation of departments, a 
multiplication of officials anti a specialization 
of functions, thcrcl is a corresponcling i~nprove- 
rr~erlt in individ~lal efficiency. 

FILAN1cr.1~ H. GTI)DINCS. 
( : O L ~ J ~ I I : I ~ L[ J N I ~ E R S I ~ ~ Y .  

t\LTElLhATION 01" GERI$lIATIONS IN ARIIIATJS. 

I x  SCIENCEof April 28, 1905, Professor 
IIarolti L. Lyon atterr~pts to criticize my paper 
on 'Alternation of Generations in Animals 
fro711 a 13otanical View-point (Botar~ical 
Gazette 93: 137-144, 1!)05). My theory, 
stated briefly, is tliis: Tlie egg with the three 
polar bodies coilstitutes a generation compar- 
able with the female gametol~byte in plants; 
similarly, the primary sperrnatocytc with the 

four spermatozoi~ constitutes a generation com- 
parable with the male garnetophyte in plants. 
All other cells of the anirrlal corlstit~lte a gen- 
eration co~nparable with the sporophytic gen- 
eration in plants, the fertilizeti egg being tlie 
first cell of tliis series. 

Bccordirlg lo Professor Lyon, rrly cliagrarrls 
indicate " tha t  the anirrlal egg by itself anci 
each sperr~~alozoidis corrlparable to a plant 
galnetophyte. Iris statcrr~ents are not con-
sistent, not in accordance with the facts or 
even with liis figures, and i t  appears that just 
where he wishes to draw the horrlology is not 
quite clear in his own 

Such a positive nncl dogmatic eriticisrn 
sho~lld bc accompanied by sonte proof, hut tlitx 


