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fact : it is determined by n a t ~ ~ r a l  conditions. and 
izot by the voluntary decision of individuals. 

J. J .  

A SUGGESTrOIN E'ROJI ZOUERN EJIBRI--

OSE of the obstacles which proved to be a dii11- 
culty of considerable weight to Darwin in his 
application of the descent theory v a s  the sudden 
appearance of a highly developed fauna in the 
Silurian age. diftic~~ltyThis has izot decreased, 
but has rather increaeecl with the fnrther lmowl- 
edge of that fauna. The primordial fauna, as 
shown by the fossils of the Silurian roclrs, was not 
\r~hat naturalists would have ass~lnled had they 
been called upon to construct this f a ~ m a  froni 
u priori grounds. Instead of a few simple gener- 
a l i ~ e dforms, these early rocks showed evidence of 
a highlv diversified fauna. J11 the Silurian rocks 
are iepresentecl all of the great divisions of the 
aninzal l;ingclom, including even the vertebrates. 
Moreover, of the smaller di\isions, a sufficient 
nunlber are here represented to cause considerable 
surprise. About fire-bixtlzs of the orders now 
existing, nearly an equal proportion of sub-orders, 
a great Inany familles and sorne genera of to-day 
are found in these earliest roclri. It is indeed 
remarkable to find such a very large number of 

cate that the difficulty is izot so great as has been 
sometiines conceix ed. For nzocleriz embryology is 
teachlizg us that our Various sub-kingdoms are all 
direct modifications of the most yriizlitive multi- 
ce l l~~la r  Using einbryology as a guicle in animal. 
interpreting animal history, naturalist6 have been 
continually shortening this history, particularly at 
tlte bottom. Fronz the time \\-hen Ilaeckel traced 
the genealogy of man through twenty-one stages, 
these stages have one by one been clropped by 
naturalists, with the iesult of nlaklng the history 
a inuch more direct one. 1-inally, the recent the- 
ories of Sedg~~-iclr,and others who follow hirn 
wholly or partially, would lnalie the history of all 
animals much shorter by showing that all the sub- 
kingdoills may be regarded as resulting directly 
fro~nmoclifications of the gastrula by slight changes 
in its shape. \Ve oirce derived the worms froin the 
coelenterates, the annellds from the lower worms, 
and the vertebrates fro111 the annelids ; but now 
all of these groups are derived directly fiom the 
gastrula itself. This theory of Sedgwicli is re-
reiving support in some form from Illany sources -
at least, so far as concerns this feature of it. Theie 
is certainly a tendency to-day to look ~17011 a 
greater and greater number of types as direct mod- 
ifications of the original anirual representecl by the 
gastrula stage. Coelenterates, polyzoa, brachi-
opods, mollusks. annelids, and vertebrates have 

existing groups rel~reseizted in the, eaillest f a ~ ~ n a  all been sho\vn to be derivable frorn the gastrula 
of which wt. ha>-e any knowledge. I t  is true tLat 
the Silurian age lasted a long time, and that in 
the lower Silurian the fauna is not quite so diverse 
as above indicated ; but even here it is sufficiently 
diverse to hc snrprising. When the history of 
vertebrates siilce that time is conlpared with the 
lzihtor) of other groups, the contrast is \-ery strik- 
ing. They have had time enough to de~~elop  froin 
the very lox\-est forins-which we judge lived in 
the Silurian times- into the present highly diver- 
sitied groups. But with all other groups of ani- 
mals the, advance has been comparati~ely sl~mall. 
It must he assurned, to reconcile these facts with 
eYolution, that enough tiine elapsed bet~vee~z the 
beginning of life on the world and the beginning 
of the Silurian to develop all of the sub-kingdoms 
except the vertebrates to n higlz degree of differ- 
entiation. And, when the great amount of tirne 
TT hich it has required to cle~elop the veltebrates is 
taken into consideration, the amount of lost time 
necessarg to assume previons to the Silurian seems 
too prcat to be credible. 

I t  will, of course. neT er be possible to reconcile 
the Silurian fauna wit11 evolntion wlthout the 
assumption of a long lost period of this character. 
But certain general results from nzoclern ernbry- 
ology are in  this connection suggestive, and iildi- 

by siniple direct inodiiications. 
il'ow, me must remember that slight variations 

at the bottom of a diverging series l~roduce much 
greater effects than variations higher up. When 
a tree is first sprouting, dlffererrces in the direction 
of its buds determine the shape of the future tree ; 
for these early buds beconze the great branches, 
and the slightest difference in  their direction is 
enough to cause a wide separation between them 
as growth goes on. After the tree has grown to a 
considelable s i ~ e ,  its buds no longer produce great 
blanches, but only small ones, or perhaps only 
twigs. Growth cannot now change the general 
shape of the tree, but only increase the ~~rofusion 
of sinall branches, tniqs, and 1e:rvcs. That such a 
relation represents the history of the various g o u p s  
of the aninla1 klrgdonz is ~~nclucstionablythe 
teaching of rizodern embryologv. 

The significance of ihls result in enabling us to 
understanci the fauna of the Silurian rocks is 
e ~ i d e n t  enough. I t  not only shortens the time 
nevessary to he assurtted prior to the Silurian, but 
it also enables us. partially at least. to understand 
the presence at  this early period of such a larqe 
number of o m  present existing tjpes. For the 
protozoan to de\-elop into the first niulticellular 
animal, represented by the gastrula, must ha\-e 



taken a length of time of ~ ~ h i c l ~  there any higher power introduce uncertainty we haTe no means to 
of getting an idea. But after this animal \x7as in the operations of political forces. This is no 
developed, the oriqins of the ~ ~ a r i o u s  new thought ; and if the English reader rx-ishes to great tlpes 
were not serial, but simultaneous. This animal understand the significance of such political in- 
began to be nlodified in various directions to fit its 
surroundings, and the result was a rapid cli~~er- 
gence of groups. Slight ~~ariat ions in these simple 
types would cause the descendants of the various 
lines to separate still further. We can therefore 
imagine the Silurlan times to be somen~llat close 
to the origin of life, ancl je t  not be surprised at  
the existence of all the greater divisions of the 
animal kmgdom, and many of the smaller ones. 
We can also understand nrhy it is that the develop- 
ment of no st groups since that tirne has resulted 
chiefly in the increase of the abundance and 
dix elilty of small branches. For the Gastrea, ha7 -
ing diverged into several great branches, has itself 
clisappearecl as such, and can of course produce 
no new sub-kingdoms. Development must now 
take place within the branches, and must confine 
itself to smaller and smaller paiticulars as evolu- 
tion progresses. Modern embryology, therefore, 
sho~ving as it does the early divrrgence of the 
great types, offers to us an explanation both for 
the hishly cliveis~fied fauna of the Silmian age, 
and for the comparativelj less inlportance of the 
development that has talren place since that time, 
even though post-Silurian times be recognized as 
veiy much longer tha.1 pre-Silurian times. And 
we are finallj lecl to beliere that the veitebrates 
also wele rnuch more abundantly represezted 111 

tlns fauna than the scanty ieinr~ins hitherto dis- 
COT ered would indicate. H. \Ir. CONN. 

Wesleyan unlverslty, M~ddletomn, Conn. 

POLITICAL SCIEXCIE IIY FRALTCE. 

AS X. Donnat well remarlcs, politics in France 
have been largely based on sentiment ancl abstract 
reasoning rather than on the lessons derived froin 
obser~ation. Frenchnlen are confessedly adepts 
in constitution-building, but so little acquainted 
are they with the practical history of political 
methods that they haye not yet arrived a t  the 
stage of regarcling politics as an art, much less as 
a science. I t  is n ell, therefore, to notice these two 
n~orlis' as written in the spirit of comparatix epoli- 
tics. 31. Donnat maintains that there is a science 
of politics whose priilciples are as unvarying and 
determinate as the laws of the natural and pllysl- 
cal sciences. A political solution ]nay be com- 
pared to the product of the tmo gases in fixed 
T olumes to form the molecale of water ; nor is 

quiry, free, however, frorn the particular irreli-
gious character of If. Donnat's thinking, he is 
already in possession of the suggestive work by 
Shelclon Anlos on ' The science of politics.' While 
the latter has the advantage in pl~ilosophic treat- 
ment of the subject, the foriller is more imperative 
in his claims for the purely scientific nature of 
politics. I-Ie is constantly suggesting parallel 
illustrations from the other sciences, and derives 
mnch cornfort fro111 a contemplation of the 
methods employed by Claude Bernard in his d e ~ ~ e l -  
oplnent of the science of nlecliciae. 11. Donnat's 
spirit of inquiry, nevertheless, is adri~irable, ancl 
one sure to be fruitful in its results. I le  is ani- 
mated by the spirit p)romptecl De Tocque- 
\rille, Comte, and Le Ploy. Lilce thc first, he has 
travelled much abroad : and his lmo~vledge of 
English and American political life extends even 
to the details of such legislation as our homestead 
laxxrs. In  early life he hoped to find in Cointe a 
guide, but this master soon turned aside, ancl be- 
came a diririty. In  Le Ploy, also, he well-nigh 
found a kindred spirit ; but, instead of persisting 
in those remarkable studies of the c i ~ i c  and in- 
dustrial institutions of European society, this pro- 
found thicker also was dran-n into imrna l~~re  syn-
thesis, in declari1::j that religion n7as indispensable 
for private and pablic life. \T7ith &I.Donnat it is 
ever observation and experinlentation in politics. 
The former, on account of the conlplexity of polit- 
ical phenomena and political Daltonisin on the 
yart of the observer, is insufficient. I t  must be 
suppleniented n~itil  experiment. The great suc-
cets of the Swiss, English, and Americans has 
been due to their adoption of this principle. Their 
legislation is not only of local application, but 
lirmted in time ; and the different legislative as- 
semblies of England's coloniei are compared to LO 

many political laboratories. In  France, hon ever, 
legislation is indiscriminating. The colollies ha^-e 
no local voice. An enactment of the Palais-
Bourbon is as far-reachiag in its provisions as the 
limits of the most distant colonial possessions. 
Nor is legislation of that tentative character vihich 
shotxld be the splrit of all genuine scientific in-
quiry. The author, therefore, earneqtly pleads 
that France cut loose from its hard and fast 
methocis, and make trial of local and temporary 
legislation. 

X. Guyot is even savage in his criticisms. The-
1 La politique ezpe~inaentale. Par AEON DONXAT.Paris, arraigllnlent of fiencll colonial policy is exhaus- 

Rei?t?cnld,1885. 
tive in its cletails. The budgets and commercinl 

L e t t ~ e s s u rla politiqtre coloninle. By YVESGUYOT.PLI.P~S, 
Rei i~wnld ,1885. statistics of colony after colony are taken up ancl 


