
gat(11ers in pupport of the hypotliesis of physio-
logical selection, on the segregation of the fit. 
Domesticated varieties cannot show much evi- 
dence for physiological select~on, because breeders 
lreep their strains separate arfificially, and this kind 
of variation is not in their interest. They do 
show very strongly, however, how iml~ortant it 
is to prevent intercrossing with the parent forms if 
the varietal form is to n~aintain itself. It is hardly 
possible that a species could be fortneci \vithout 
the prevention of intercrossing with other forills : 
it is even difficult to imagine any single rariation 
so intensely useful as to resist the s\van~ping 
effects of free intercrossing. In the natural state 
tlle variation in  question would not be noticed 
until the process were over ; and so, as is the case 
with natural selection, the process cannot be 
directly observed. But it can be proved that the 
liincl of variation which the theory requires does 
occur in nature and under domestication. If the 
season of flowering or pairing were advanced or 
retarded (and changes in the environment \vould 
frequently produce the result), the conditioils for 
physiological selection would be given. 

But physiological selection will be best shown 
in what may be termed ' spolltaneous variability 
of the reproductive system.' Of this fact me have 
evidence in incliviclzculs(e.g., Mr. Uarw~n observes 
that " it is by no means rare to find certain inales 
and females which will not breed together, though 
both are known to be perfectly fertile with other 
n~ales and females "), in races (e.g., under domesti- 
cation, " the yellow and white uarieties (of Verbas- 
cum), when crossed, produce less seed than the 
similarly colored varieties" - Darwin),in species 
(for, as the distinction between varieties and species 
is of degree only, and as the main distinct~on is as 
regards mutual ster~lity, every instance of sterility 
between parent and varietal forms is evidence of 
the action of physiological selection). 

Dr. Romanes then proceed? to show that " the 
facts of organic nature are such as they ought to 
be, if it is true that physiological sel~ction has 
played any considerable part in their causation ;" 
and to do this he sllows that the three cardinal 
objections to the theory of natural selection -
namely, sterility, intercrossing, and inutility- find 
a rcady explanation in the hppothesis of physiolo- 
gical selection. In this evidence it  is brought out 
that in all probability the variation in the repro- 
ductive system is the primitive and distinctive 
one in the formation of species, anrl not that it 
was developed as secondary to another specific 
distinction in any other part of the organism. 
I n  addition, it is shown that the theory is capable 
of explaining why species have multiplied, and 
have not become transmuted in a linear series, 

and tllal the large body of favorable evidence 
furni,hed bj- the geographical distribution of or-
ganic life is perhaps the strongest argunnent for 
the truth of the theory. For tlle details of these 
points, reference nus st be made to the original 
paper. 

A word as to the relation of the theories of 
natural and of physiological selection. I t  bas 
already been noticed that the lrind of evidence 
on which earh depends is alike ; th%t the former 
deals with the origirl of genera, families, orders, 
and classes, even more than that of species, while 
the latter relates to species alone ; that the former 
perpetuates useful distinctions alone, while the 
latter talres up  the non-ailaptire kind. I t  remains 
to add, that the two theories are in no Tray op- 
posed to one another, but are coml~lementary and 
co-operati\e. Without ~~hysiologlcal selection, 
natural selection \vould be overcorne by the ad- 
verse influences of free intercrossing : ~ v i t l ~ o u t  
natural selection, physiological selection could 
perpetuate no d~fferenccs of specific type other 
than those of mutnal sterility and t~ iv ia l  details of 
structure, form, or color. 

I n  conclusion, Dr. Rornanes suggests the fol- 
lowing experimental verification of his theory, 
and asks the co-operation of observers in different 
geographical areas. The experiment consists in 
talring well-marked naturalvarieties of plants, and 
testing the relative degrees of fertility, first within 
themselves, and next towards one another; in 
continuing the process " in successire years over 
a number of natural varieties, by carefully con-
ducted artificial fertilization, and by counting the 
seeds and tabulating the results." 

PROFESSOR hasLAUNIL~RDT ~nade  what seems 
to us quite a notable contribution to the literature 
of mathematical economics in the volume before 
us. Whatever may be thought of the importance 
of investigations of this nature, i t  callnot be denied 
that the worlis of the principal writers on the 
mathematical theory of political economy -Cour-
not, nTalras, Jerons, and perhaps others-are 
marlted by insight as well as ingenuity, and in 
Inany respects by true scientific method as well 
as scientific forrn. They have nothing in corn-
tnon with that 1,seudo-science which we occasion- 
ally find endeavoring to' conceal its emptiness be- 
11i.nd a breastworlr of inatheinatical formulas. 

Professor Laiulhardt bases the theory of political 
economy on the Walras-Jevons idea of utility in 
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relation to value. Thii may be indicated with 
sl~fficient l~recision in a brief space. One of the 
firat poillts noticed by econonlists in  the theory of 
value is that theexchange v a l ~ ~ e s  of cliffe~ent coul- 
nzodities are not a t  all proportioned to their util- 
ities. Tlie tlleory aclvanced by Jevons -;md 
Wnlras's is substnntidly ident~cal with it -points 
out, that while it is trnct that the aggregate utility 
of the whole nnlolnlt of a given Bind of co~nmod- 
ity llas no relation to its exchange value, yet in a 
certain sense comulodities do exchange in the 
ratio of their utilities. The total ntility of differ- 
ent a11lou11t.s ol the saxrnle coinnzodity is not pro- 
portional to the amount: as successive equal in- 
crenlents are added to tlre existing quantity, tliey 
add less and less to the aggregate utility. Now, 
what the theory asserts is, that the exchange val~ie 
of any conllllodity is deterinined by llle utility 
which T\-oulil result from the addition of a snlall 
quantity of it  to t,he amount already possesseil. 
Thus corrlnlodities do not, indeed, exchange in the 
ratio of their total utility, but they do exchttirge 
in  the ratio of their $nccl utility ; that is, of the 
utility of the last srnall portion produced, or, what 
is the sarne thing, of t,lie next small l~ortion that 
rr~iglit be produced. T l ~ e  total utility, u,of t l ~ e  
mhole quantity, x,of a given co~llnlodity, is, then, 
given by an equation, 

tL =f(x), 

wi~iclz nlay be cttlleii the utility-equation ; and the 
exrhnnge value of the conllnoility is proportional 
to the derivative of z~ with rrspect to x. We 
111ight concei\7a\)ly obtain the I'orm of the utility- 
equation of any article from a study of its com- 
inercinl statistics ; bat this has not been done for 
any cornrnodity, and it rnay be doubted mlletller 
it ever call he clolle- with even the lowest toler- 
able degree of accuracy -unless, possibly, in  some 
very pecaliar cases. TVe do know, Ilowever, in 
practically every case, tliat f (x) increttbes wltll x, 
bat increascs~ a t  a climinisbiug rate ; that it is O 
when x =0, and reaches a maximnnl for some 
value of x. This last point might a t  first sight be 
doubted, for it is equivalent to saying that for 
every co~nmodity there is a point beyond \~h ic l i  
the qoantity on hand cannot be increased witllout 
its beconling a nuisance ; but it is plain that snch 
a point does in gcil'ral exist, though it rnay he 
very far beyond the quantity actually possessed. 

What h n n h a r d t  has added to the work of his 
predeces3ors is chiefly the discnssic~n of a large 
nu~nher  of applicntions of the general theory, -a  
discussion wllicll mas in 111ost illstances rnacle pos- 
sible only by a special and arbitrary assumption 
concerning the form of the utility-equation. Since 
the function ax-bx2(where a and 71 are positive 
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constants) is a very simple function, possessing the 
properties above ilientioned as belonging to the 
utility-f~ulction,-viz.. i t  is O when x is 0, then 
increases but a t  a diminishing rate, and reaches a 
maxirnum a t  a certain point, -Lsunhardt adol)ts 
it, stating at  the outset that he would ernploy it 
for purposes of illustration. bnt insensibly f:tlling 
into the way of deducing iron1 the assumption of 
its sufficiency the greater parL of his theorems. 
That the form is not sufficieiltly general for even 
the roughest approximation, despite the fact that 
the choice of diiyerent coefticients, tr aizd b,gives 
a wide rauge for the different characters of differ- 
ent com~no~lities, one nmy easily convince hi~riseif. 
The derivative of ux -- bx2 is a- 2 bx : accord-
ingly, the excllange value of a unit of any corn- 
rnotlity woulcl l)e a linear funct,ion of the entire 
quantity of that commodity available ; so Lhat, if 
we consider aay three quantities, x,,x,,x,,snch 
that x, is the ttrithmetical mean of x, and x,, the 
exchange ~ a l n e  of the article \\--hen the quantity 
is x2 \vould necessarily be a mean l)etu~eeil its 
values when the quantity is x ,  ancl x,. This is 
certainly not even approximately true for colrz- 
nzodities in  general ; and this consideration done 
mould be dufiicirnt to justify us in not accepting 
tlie forrzz ctx -Ox2as sufficiently general for pur- 
poses of inrestigation. Indeed, as already stated, 
the author seems to have had no deliberate inten- 
tion of so using it. 

We haTe dwelt a t  sorne length on this point, 
because the most striking conclusions in the firsl 
section of the book -that devoted to exchange- 
are dependent up011 it. One or two tlreorenls of 
this lrind ]nay l)e quoted, and tiley mill also ser17e 
to indicate thc nature of the questions discussed 
by the author. Tlre theorems are printed in  
italics, as enlbotlying the net outcotrie of the 
mathematic:rl in\-estigtttions which preoeile them. 

"When the merchant is so placed that he can 
fix his rate of profit a t  the point most advanta- 
geous to liim, he obtains two-thirtls of the entire 
ecolloinic gain accomplished by the exchange, or 
twice i2b nluch as the producer and consunler to- 
gelher. 

.'The most advantageous duty is therefore equal 
to one-third the difference between tlic price 
which the domestic goods ~vonld bring if there 
were no iiilportatiou, and the price at  wllich the 
foreign goods could be sold with no profit to the 
producer." 

The simplicity of these results is equnllrd by 
their unreliability. I t  is not very surprising that 
a simple result should be reached from a mathe- 
matical hypothesis so much simpler than the facts 
warrant, even for the purposes of the purest 
theory ; but, in spite of the snlall value of the re- 



sults, the lnethods of arriving at  them, often in- 
genious and depenclinq on a refined analysis of 
the subject-matter, seen1 to us' of clecidecl interest 
to any who nlay be considering the part which 
mathematical metliods are capable of talring in 
the developnlent of econonlic science. We can- 
not here enter upon a discussion of this general 
question ; hut we ]nay be perinitted to say that 
we do not loolr forward to their giving important 
direct aid in the invcstigation of the funda~iiental 
questions of economics, tlioirgh they inay, wherl 
the science has reached a nlore advanced stage, 
be useful in the rnore minute cliscussion of ~pecial 
problenis. I11 a certain indirect and incidental 
may, we tliinlr that ~natheniatical inquiry inay he 
useful even to the fundamental theory ; for the 
necessity under which tlie mathematician lies, of 
clearly ancl exactly coulprehendin,q his premises, 
mill doubtless in some instances bring ahout a 
more accurate view of econolnic phenomena. 
Upon the rnatlleruatical economists the111sel~-es, 
this necessity of accurate clefinition is apt to act 
in a most harmful manner, as their writings abml- 
dantly yrore. lt7hen they have got 11olil of a 
notion which lends itself to mathematical treat- 
meat, the temptation is very great to unduly es- 
tend its ljrovince. Jevons's theory of utility in 
relation to value is a consljicuous exa~i~ple  of these 
merits and defects. TVlrile the accurate anal~,sis 
of some features of the phenomenaof value \vlli;h 

than almost anywhere else to a representation of 
the actual problem : a large part of the cluestions 
there discussed are, in fact, sucli as are necessarily 
considered in an essentially niathenlatical way, 
though doubtless with little scientific metliotl, by 
railroad nlarlagers. A batisfactory itlea. of tlie 
hoolr can only be obtained bv readinq it. For the 
benefit of those rvllo may contea~platc doing so, 
we nay state tliaL a Irno~\-ledge of the first 1.k-
ments of the differeutial c:~lcu1111 will 11~lt1cc the 
little \-olunie of txvo ht~ntlred pages snf'ficiently 
eaqy I eading. 

THE POPULATION OF 4fEU lAE VAL C'Il'IES. 

SOCIALscience 11aa certain l~roblelns of recon-
structing pqst conclitioils ont of frag~nentaryre-
mains, which are annlogous to t1i:tt reconstruction 
of terrestrial life al~dconditions which has been the 
tri~lmpir of motlern natt~ral scicnce. FIistory does 
not u o ~ v  contenl itself with a nlerc 11nrr:~tion of 
events, but strives to portray tlie \rliole social con- 
ditioi~ of tlic pcol)le, -to give a .;ivid picture of 
society as it existed a t  the time. hLodern histori- 
cal writ'ing llas accon~plishecl this to a greater or 
less extent, and the re;nlt is that our histories are 
liistories of the people ratller thau of dynasties. 

was a necessary preliminary t,o the n~atlien~atical 
discu?sion, has been useful to trco~iolnists in Zen- 
eral, the results reached by the mather1latic:ll 
theory are open to the gravest objections ; and 
this quite apart from any subsidiary dt~fects, such 
as those occurring in soine of Launhar~lt's discus- 
sions, as 1)ointed out above. In the matl~eniatical 
development of the theory, its exponents overloolr 
two capital points, --first, that, u~liler a rigiilze of 
separation of eii~l~loynlents, atlle direct utility of 
product to its protlucer has little or no signifi-
cance ; secondly, that, when an addition to the 
arnount of a given c:onli~lodity snpl~lies with it a 
new class of individuals who formerly could not 
possePs it, t,he utility thus arising is very different 
-and, if nleasurable at all, its amount follows a 
very different law -from that wllich arises froni 
an increase in the quantity possessed by those 
who were already provitled with the comn~odity. 

We have not left ourselves space to spealr of 
other points, sonle of them very interesting, in the 
section on exchange, nor to make inore than a 
passing mention of the other two sections, on pro- 
duction and transportation respectively. On t#lle 
subject of tnouey, the author takes, ill our opinion, 
a very erroneous view. In thc section on trans- 
portation, the nzatllenlatical premises come nearer 

I11 one particular, B o ~ ~ ~ e v c r ,  this rel~rocluction is 
incoluplete. The 11istori:ms do not give us exact 
statist,ical details of the relations of pojrulnlion, 
ir~d~istry,conlnlercc, etc., with out irllicll any cle- 
scription of a inoilern conzmuuiLy x\-o~~lcl be con- 
sidered entirely iucoml)lrte. I t  is impossible for 
tlleln to do SO, l~ecause such statistical inrc~stiga-
tions are entirely inoclern, rnost of thein reacliing 
ba,cli only to the beginning of this centnry. In 
fornzer tirnes there were no statistical bureaus, 
no census of the people, no returns of tr~tilc :tnd 
commerce. There mas no detilan~l for sac11 in- 
for~ilation, either for or scientific governn~c~it:~l 
purposes. It  is notorious that a~lcieilt and meili- 
aeral vvriters had no sense for numbers. The 
figures they give of the streilgth of artnies or 
the populatian of cities are mere estimates, and on 
tlle face of tllelli are often obvious exaggerations. 
One of tlie most difticalt l)robleliis the Ilistorian 
has before him, is to weigh the statenients of dif-
ferent writers as to the number of peoljle con-
cerned in any event, ant1 very Pew purely literary 
historians have the reqidsite scierltitic training for 
sncEi work. 

Tlie pure historian must here appeal to the pro- 
fessional statistician for help. The acute ancl 
learned work of which $7-e give the title is an ex-
ample of what C~ern~au industry can acconlplish 
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