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Tlic nbox e tltle is lxefixecl to a selles of . ~ r t i ~ l c i  ' 
recently pltblished, but is, honever, sonle\%-hat 
misleading. XVhat is attempted is. not the con- 
sideration of tlle causes and coniecluences of ab-
normal deviations in he~ght  in the humai: specic>s, 
hut a presentatloll of the d i f f ~ ~  cnccs resulting from 
the abiolute size of an nnitnal, -a soit of 'aili~nal 
n~echanics,' ~ ~ h i c h ,  in the autllor's opinion, 1s to 
become at2 nnl~ortaat chapter of n~orpliological 
icience. The bpeculations piesented are not m~tlr- 
out sonle \ nlue and couiiclerable ingenuity : hiit 
tltey are cltaravterized by a passion for reducing 
every thi ig  to mevhanical terms in a way nllich 
does not fit biological facts ; 1)y a peculiar anthio- 
polllorpllic point of \ iew, x\-hich gauges the actious 
of animals as though the anilnnls were inen : and 
by an avoida~ice of evolutionary l~rincil?lei, wl~ich 
one would thinlr ~ iou l t l  be eipecially iinpoitnat in 
this connection. Perllaps it will not be alt-get21t.r 
without interest to slretch very briefly the autlior's 
illetllods ancl his conclnsions. 

If a body ii, ten tlmes sllinller in one dinlctn- 
sion, say in height. tiian another, and 1s to 
retain the same shape as the first, all linear di- 
niensions will be reduced to 1-10, all surface dimen- 
sions to 1-100, and all solid clin~ensions to 1-1000, of 
their size in the original bocly. For brevity's salre, 
me will call an animal of aTewge slze a ~ncso-
animal ( A h )  ; an animal 1-10 as large will be a 
micro-animal (X?); one 10 tiines as large, a 
macro-animal (Jfn). Keeping these statenients 
in mind, we \\ill rexie\i~ the difTerences which 
mould be caused in the sevelal vital systems by 
a reduction of an animal to 1-10 its size. 

Reginning ~vitli  the skeleton. will measure 
the strength of a bone by the inultiple of the 
weight of the animal necessary to crusli it. Now, 
as the strength of a beam (the bone) varies (I)as 
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less in meso-anilrlals. 
Next the innsclei. T f  1.000 micro-animals were 

to ~~1111) wouldagainst one ~ne\o-anlmal, each 
juillp as lug11 as t11e S l e ;  for relatixely equal 
inuscles, with a single contraction, do relatitely 
equal work. But altogether they nil1 do abso- 
lutely ni tnnch morB as the lve.  Tlie jump will 
depend on the ratio of the niuscular syite~rl avail- 
able for j1i1l111ing-17url)oses to the \%-hole body. d 
thouiand snlall lnuscles will lilt 10 tiinei as n ~ u c l ~  
as one ~)luscle1,000 times its weight. Xoreox er, 
the small inu.;clei n ould contiact quicker illail 
the large one. If one meso-man can tllroxv stones 
the s i ~ e  of his fist for a distance of .50 of his en 11 
steps in 1 second. the11 x ~nicro-nlan could throw 
itones the iize of 111s fist foi a diitance of 300 ol 
his own steps in 1-1 0 oi a seconcl. il nlicro-gill 
would lrnit a stoclanq of a ?  equal nuiilber of 
nleshes in  1-10 the time recluirecl by a meso-girl. 

Again, take wallring. The liblation of the 

leq of the i,ricro-~-rln~l will talre about 4 ) 
tlrc x ibra~ion-timeof the leg of the meso-man. The 
small rnan TI ill nallr 3 er j  lapidly ; but, as fatjguc! 
depends 011 the number of contmctions, Ile will 
tire easily. T\ ill be out of breath soon, and will hat 6, 

covered very little distanc8e. If we reduced our 
man hy 1-100, the ~vallring 7%-onld be so rapid as to 
gixe forth a low tone ; and ~f to 1-1000, the vibra- 
tion of his legs would give a shiill note. Hanil-
slialring mould take the forin of a gentle chirp. 
T l ~ e  micro-man is evidently a t  a great disad-
rantnge in TI alking : this can only be renledied 
by qixmg hiin different locoinotive organs and 
a different mode of locomotion. if we gi te  
lxiril very long extra legs on each side, and 
put his body bct\~-een them, he il ill be able to 
overcome the inwtia of Ins body nlucll more 
readily; lie will be able to resist svrlall sliocks 
without shifting to a great extent the centre of 
gravity: and he mill acquire a Ilopping gait, 
~vliicll is 11111~11 better suited to small aniluals. 
In short, he will :~pproxirnale the arthropod, in 



partic~llar the insect type. This proposition that 
the arthroporl form is best adapted for s n ~ a l l  
animals, and the mammalian form for large 
ones, is one of the points insistcd upon through- 
ont. 

Anlongst other differences are the follo~ving: 
The nervous iinpulses would be coaductcvl to the 
centre in 1-10 the time, and his I cflex n1oT e~rlents 
and reactions ~voul(lbe quiclrer. A water-rat can 
see the blaze of a gun and dip under tlle water 
before the shot has tinla to reach it. With regal11 
to ~x~ariuth, it is shown that tlie body surface of 
a small animal gives off nlore heat proportioaatcly 
than that of a large one : heilce sillall birds Iiave 
3 thicli corering, or, again, the saiall animals 
becorne cold-blooded. 

But Ire mill lea\ e illis part of the subject to con- 
sider what inay be called a micro-psycholoqy. Sorlle 
rather curious conclusions are drawn ~vitii  regard 
to the sense of sight. While the same amount of 
light mill affect the retina of the meso- ant1 the 
micro-man, nevertl~~less, owing to the difrerence 
in conrergence 01 the two eyes (upon which de- 
pends tlle inference of distance), the micro-inan 
will judge things to be slnaller and nearer than 
the meso-man. His liorizon would be nluch 
rnore limited, ant1 in  seeking an object he 
mould be less apt to find it. 

As to hearing. As micro-aninials live in  a condi-
tion where a constaut noise is present. they acquire 
:,pecial organs for nlaliing loud noises, sut.11 as are 
found on the legs of some inbects ; while, of course, 
their hearing is less ax ailable to them than in the 
case of larger animals. 

The general principle 15 it11 regard to tlie nervous 
system is this : as the amount of nervous inatter 
necessary to the needs of a small animal is pro- 
portionately much bmnller than in a larger animal, 
snch nervous i~iatter becoriles available for other 
purposes, and thus very fine sensibility to small 
pliysical variations, and the development of 1)ecul- 
iar sense-organs, become possible. Eyes and ears 
are multipliecl, touch-organs of various kinds be- 
come numerous, ancl there is more room for 
~ariabi l i tythan in higher animals. 

This theorj  malres it probable that sinall a n i m ~ l s  
are endowed with R sensibility for fine discriiliina- 
tions of temperature, barometric pressure, moist- 
ure, and so forth, which is nnlrnosvn to us ; and 
thus me account for tlre observation that :mimals 
talre cognizance of tlie :tliproach of a st01 111 before 
man does. 

With regard to ~)sychic life, tlie following state- 
ments will be of importance : the inirro-animal 
procures its food for a given period wit11 less 
trouble than a ineso-animal, it builds its house in  
a rnuctl shorter time, it foresees natural changes 

much better, and its iriovements are quicker. 
The result will be far-reaching forethought by 
ineans of house-building and harvesting instincts. 
Any act desirabli. for the moment, the meso-
aninla1 ~vill  be apt to  reglect on account of the 
bother of doing it. -4 man sees a spot on his 
writing-desk for years, <ik:d never cleans it up ; he 
decides to learn by heart a table of constants which 
has to  be loolied up rl-ith trouble each time, but 
ucrer does it. This drcad of labor causes 111ost 
liinds of neglect. But witli the micro-aninla1 the act 
follows the word ; there is no trouble, and thus 
n~ucllannoyance and danger to health are avoided. 
In the case of approaching danger, say of a storm, 
a meso- and a micro-animal will act very differ- 
ently. The mcso-animal recognizes the danger 
only when it is near, is flurried and frightened, 
has no time to build a .shelter, and must seek a 
chailcr one. The ~uicro-animal knows that the 
danger is not Tery near, that lle has ainple tiine to 
built1 a shelter, and need not trust to chance, And 
thus .ire see why many of the s~ualler animals 
prefer to build a new nest, to protecting or 
finding an old one, it is so readlly done. By 
aigunients r+hich it  moiild be diffic~~lt to repro- 
duce, the conclusion is reachecl that the train of 
thought of this n~icro-aninla1 is related to that of 
the meso-animal soillemhat as a minuet to ZUI 

opera of \t7agner's, or a frieze pattern to a painting 
by Kaulbach ; also that his conceptions woulcl 
tend to be ~nathelnatital and regular. But in 
general it  nlay be said that in  psychic life the 
meso-man woultl har-e the advantage of the 
micro-man. 

Tliis very partial account of these speculations 
mill, perhaps, serve to show their general ten-
dency. They certainly belong to a class of thinli- 
iilg \vhich is rather foreign to recent thought, but 
bring with then1 a suggestiveness which nlalies 
the problem discussed a very interesting one. The 
most serious objection is that very little attempt is 
made to show that t l ~ etheory fits the facts 
(which might easily have been done), and Inore 
attention is paid to  select facts that seeill to fit the 
theory. As particularly worthy of consideration, 
may he noted the argument that when 13ropor- 
tionately less of a certain tissue is needed for 
actual sustenance of the animal, no re of it be- 
comes ilisposable, and is subject to variation. I t  
would seem possible that some valuable facts 
niight be attained by a careful experimental study 
of the problelns suggested by these theoretical con- 
siderations ; and while they mill not be sufficient, 
as they have been to our author, to r r m  upon 
them a ~vhole physiology, a whole zoology, and a 
whole psycliology, they will do a unique senice 
to science. 


