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results. Professor Harkness has great  hopes of shoto- 
graphy as  an  auxiliary in this direction. 

THE SOCIETY.-FOUr papers 
were read in October, all of them mythological and 
of permanent value, to wit : the Buffalo Woman : an 
Omaha Myth, by  the Rev, Oiven Dorsey ;. Myths of the 
Wintuns, by Major ,.W. Powell ; the Stone God of the 
Putepemni, by the Rev. S. D. Hurman : and the D a n g e ~ s  
of Symbolic Interpretations, by Col Gerrick Mallery 
It is impossible to give an abstract of'a I.lie 
only say that Major PoM,ellyears ago conceived idea 
of studying myths by the Baconian method. He told 
the writer of sketch, there are books and boolts 
on mythology, b u t  very few myths, 1 will collect a vol-
ume of well authenticated myths, which mythologic 
philosol,hy can be deduced,n The Major has himself 
gathered a great number, and Messrs, Uorsey and 
man were for  Inany years missionaries amot'g the 
Dakotas, speaking their language with the greatest free- 
dom,  Our  readers will be pained to hear that Major 
Polvell has been confined for several weeks by an acute 
attack of iritis. Colonel Mallery's paper was a thoughtful 
treatment of the subject of symbolism, neatly considered ill 
its threefold aspect of signs, emblems, and symbols. T h e  
North American Indians nor th  of Mexico had not  arrived 
at that  psychologic staxe tvherein true symbolism mani-
fests itself. 

THE BIOLOGICALSOCIETY OF \ . ~ ~ A s H I N G T O N . - T ~ ~  
opening meeting of the Biological occurred on the even- 
ing when the city was  all excitement over the reception 
of our French and German guests. T h e  session of 
Friday, October 28th, however, was one of considerable 
interest. Professor Lester F.  Ward  exhibited an exam-
ple from the petrified forests of Wyoming, mimicking the 
paw of an an~mal ,  which elicited a discussion as  to the 
formation of agates and other minerals of that  character, 

Mr. Henry Elliot's communication on the biology ot 
the Sea-Otter was very instructive. Little is known of 
the habit of this animal, the stuffed specimens in the 
museums conveying a very poor notion of its form. I t  is 
supposed to breed on the great beds of kelp which float 
in the northern seas, having one pup a t  a birth. I ts  fur 
is a hundred times more valuable than ali other fur pro- 
ducts combined. T h e  hunting is especially dangerous 
and requires great skill. 

Professor Thomas Taylor exhibited and described a 
freezing microtome, in which the cooling effect of a cur- 
rent of water from salt and ice is used to produce the 
hardening. The  extreme cheapness, simplicity, and 
practicability of this apparatus will enable the micro- 
sccpist to dispense with the more costly and dificult 
methods hitherto used for obtaining thin sections of tis- 
sues and for examining the brain and other soft parts of' 
the body in a rigid condition. 

-. 
T H E  E V O L U T I O N  O F  FLYING ANIMALS.  

BY CHARLESMORRIS. 

There are some questions in Liiolo~ical science ivhich 
i t  will be difficult, i i  not impossible, io settle by an ap-
peal to facts, and in the investigation of which we are 
obliged to employ a degree of speculation. Thus  we 
have abundant reason to believe that birds are direct 
derivatives from reptiles. W e  know, in fact, that  these 
animals resemble each other in such essential particulars 
a s  to  justify the grouping of them together in a single 
vertebrate section, the S x u r o p s i d ~  oi Huxley. W e  can 
even trace, by aid of the palzeontological record, some of 
the steps by u hich birds arose from their reptilian pro- 
genitnrs. And yet n o  definite hypothesis has been ad- 
ranced as  to how the scales of the reptile became the 
feathers of the  b:rd, how the quadrupedal habit of the  
one became the  bipedal habit of the other, o r  how the 
walking changed to the flying method of Iocomotion. 

-

These questions we cannot now, and perhaps may 
never be able to, answer with the argument of facts. 
But if some probable mode by which such variations 
may have can be suggested, the 
hardly be an  ernpty one. All the great theories of science 
have the force of probable 
based on known facts ; and lesser theories, if given the  

s a ~ ~ ) ~ ~ i ~ l ~ a ~ ~ ~ ~ ' $ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ' ~ ; 
life is its 
tendency to spread out\vards, functionally, in every pos- 
sible direction, so as  to  occupy each field of nature in 
every advantageous manner. One-half of the animal 
world seeks to feed on the other half, while this second 

seeks to escape beillg fed  upon '  This is One  of the 
change in 

organization that proves an advantage to the carnivorous 
anma1  in assailing his prey, is apt to be retained. Every 
change that aids his prey in escaping is likewise retained. 
Through this cause thel.e have been continual variations, 
since every favorable change in the one class would 
prove injurious to the other class, unless met by an equal 
CoL1nterchange' 

In long process of to cir-
cumstances~every advantage offered by water and l a n d  
to  their animal inhahitants, in overcoming their prey, or 
in escaping from their enemies, has been long since 
adopted, and an immense variety of animal forms has 
arisen in consequence. But the air also presents favor- 
able conditions both for escape and pursuit, and the 
adaptation of animals to aerial f l~gh t  is so obviously ad- 
vantageous, that  it must have arisen as soon a s  the devel- 
oping organization of animal life, and the occurrence of 
the necessary terrestrial conditions, rendered it possible. 

I n  considering the problem of how flight originated, 
it will be desirable to talte up successivelv the three 
questions above given. First, how did scales become 
feathers? T h e  three higher classes of vertebrate ani- 
mals have each its peculiar dermal covering. T h e  Rep- 
tile has its bony plates, or its scales, the Mammal its 
hairs, and the Bird its feathers. Scales, hairs, and 
feathers are alilte in origin, and are but specialized forms 
of a si~nilar epithelial outgrowth. Yet these three 
classes of animals seldom invade each other's province. 
No reptile has a hairy or feathery coating. If mammals 
and birds were evolved from reptilian progenitors, the 
change of scales into hairs and feathers forms one of 
the processes of this evolution, and should he explicable 
under the natural selection hypothesis. 

Certainly reptiles never brcame feathered through the 
Lamarckian process. No effort to fly, ho\irever vigorous, 
could have converted the scale of the  reptile into the 
feather of the bird. It would be useless for flight until 
it had become almost a perfect feather, and therefore 
there could be no moulding influence upon its intermed- 
iate stages. T h e  rudimentary feather must have arisen 
under the pressure of some other influence, and its 
adaptation to flight must have been a secontlary resultant. 

If we ask, what is the rudimentary feather, we seem 
to find it in the hair. In the larger land birds, as  the 
Ostrich. the feathers on some Darts of the bodv are in- 
disting"ishable from hairs ; and* in the tails of flying-
squirrels the hairs spread out in a manner that seems 
preliminary to a clevelop~nent into the feathery condi- 
tion. W e  may begin by askrng, then, through what pro- 
cess of natural selection d ~ d  the scale develop into the 
hai r?  

In seeking to  solve this problem we first ask, what 
advantage has the hair over the scale a s  a dermal cov- 
er ing?  T h e  only positive answer we can make to this 
is, that  it has greater warmth. It ena'lles the haired 
animals to endure degrees of co:d which would be fatal 
to the scaled animals. This d~fference in covet-ing has  a 
marked effect on the lives of the two classes of animals. 
Through the wide possibilities of increase in length and 
thickness of their hairy coat, mammals can endure the  
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greatest extremes of winter temperature, while reptiles 
are  strictly summer animals, thcse inhabiting the colder 
zones being forctd to  hibernate during the winter. 
E x ~ s t ~ n g  no a warmer cov- reptiles, then, have need of 
ering than they possess. Their  1ocal.ties and l,fe habits 
render this sufficient to protect them tram all the changes 
of temperature to which they are exposed during their 
period of activity. But i f  the possession of a hairy cov- 
ering would have enabled the reptiles of the past to 
remain active throughout the xi~hole year in cold climates, 
why was it not developed ? T h e  answer is that it would 
have been ot no special advantage to them. They are 
otherwise unfitted for activity during the season of low 
ttmperature,  and to adapt them to this cond~tion,  not 
only t h e ~ r  outer covering needed to he modified, but 
their internal organ~zation as  well. This  change in or-
ganization has taken place in many cases, and with it 
the developn~ent of a warmer co\-er:ng than the rept~lian 
coat. But the reptile, thus modified, has lost its reptil- 
ian character. It has, in the one case, with other iers 
important changes, become a b i rd ;  in the other case, 
with oiher more important 'changes, it has becollie a 
mammal. 

T h e  change in internal organization referred to is that 
in the circulating system. T h e  imperfect heart, the sack- 
like lung, and the  half-=rated blood of the  reptile have 
developed into the perfect heart, the unlike but widely- 
extended lungs, and the fully =rated blood of the mam- 
mal and the bird. Tne varyirig temperature of the rep- 
t ~ l e  is exchanged for the uniarylng t tmperature of h ~ s  
successors. T h e  sb-called cold-blooded rept~le,  with its 
insufficient oxygenating organs, is at  a disadvantage a s  
cornpared with the bird and the mammal, with their fully 
OX)  genated blood. 

T o  bodily activity is necessary a n  internal temperature 
sufficienily high to  render the  organic chemistry of the 
body active. In the lemperature of the t rop~cs ,  and the 
summer temperature of the extra tropical zones, all ani- 
mals possess this temptrature, and none are at  a disad- 
lage In this particular. But the rept~le  de ;~ends  directly 
on the solar heat for its temperature, the bird and t h e  
mammal do not. Thus  when the temperature falls the 
internal temperature of the reptile similarly decreases, 
its organic chemical change declines in act~vity, it be- 
comes sluggish in movement, unable to  obtain food, and 
would perish but tor the  h~bernat ing  habit which is cus- 
tomary with it. But the bird and the mammal preserve the 
temperature essential to organic chemical activity. They 
continue, theretore, awake and energetic, and in a con-
d~ t ionto obtain the necessary food-supply. 

T h e  reptile is essentially a tropical animal. I ts  or- 
ganization unfits it for the extremes of extra tropical 
temperature, and it is active in the temperate and frigid 
zones only during the tropic hea: of t h e ~ r  summers, but 
conceals itself and continues torpid during the  cold of 
their w~nters .  

Birds and mammals are essentially adapted to a life in 
the colder zones. They must have originated in regions in 
ivhich m ~ n t r y  cold, for some part of the year, replaced the 
summer heat. T h e  reptillan circulation suff~ced for the 
needs of animals bathed in a fixed degree of external 
hcat, high encugh to promote their bodily activity. But 
animals exposed to severe cold during any portion of the 
ytar must either hibernate during that  period, or must 
galn an  improved circulation. T h e  heat which fails them 
b i ~ h ~ u tmust bz produced within, or their activity must 
cease. 

This is what u e  must understand from the systems of 
crcuLat~onof the bird and the mammal. 'l'heir reptilian 
progenitors slo\vly gain-d more complex lungs with an  
inc~easeda ra t ing  surface ; the blood btcame more fully 
oxygenated ; the arterial and venous blcod became more 
completely separated in the chambers of the hear t ;  and 
a s  a natural result the internal temperature increased. , 
Such slight changes could not have been preserved and 1 

augmented unless of advantage. They would have been of 
no ~pec ia l  advantage to the tropical animal. T o  the animal 
of the temperate zones they were decidrdly advantageous, 
in enab l~ng  it to remain active during a greater portion 
of the year, and finally during the whole year, the in- 
ternal stores of heat replac~ng the lost external stores 
when winter replaced summer. 

Rut these internal stores must not only be produced, but 
must be retained. A heat-retaining covering is necessary 
to  hinder the chilling effect of the wintry air. The reptilian 
scale is obviously not sufficient for this purpose. As  the 
internal heat ot the animal increased, and it was able to  
prolong its period of active life more and more into the 
cold season, some modification of the scale became nec-
essary, so a s  to make it more efficient in retaining this 
internal heat. T h e  scales may. from their points of origin, 
have grown out longitudinally, covering each other in 
successive layers, and thus forming a warmer and closer 
covering. Such a process of elongation, if accompanied 
by a narrowing of the individual points of origin, would, 
in time, convert the the  scale iato a hair. I t  is well known 
that  they are ct~pable of becoming so converted, by such 
an  elongating outgrowth. 

Thus  the halred and feathered animals could not have 
arisen until the possibly general summer of early times 
was  replaced by a double season of summer and winter 
in the extra ~ropical  regions. But though thus of tem- 
perate origin, there was nothing to hinder their spreading 
both into the frigid and the tropic zones. Their improved 
circulation gave them an activity superlor to that of the 
p r t ced~ng  rept~han rulers of the  tropics, and they thus 
had an advantage in the l ~ f e  battle, which soon showed 
:ts effects. T h e  giant reptiles disappeared and giant 
mammals took their place. Gradually the reptlles re- 
treated before the march of the mammals. They sank 
to the ground, hid in holes, learned to creep, to squirm, 
to swim, while their mammaltan successors proudly 
stalked over their conquered realm, the lords of the earth. 

If this, through the advantage gained by adaptation to 
wintry cold, animals were evolved possessed of a perfect 
circulation, a fixed internal temperature, and a poorly con- 
ducting external covering of hair ; and if these animals, 
through their improvetl powers, banished their reptilian 
predecessors, or forced them to retreat to the waters, the 
holes, and the dark recesses of the earth ; it remains to 
consider the subsequent variations of these hair covered 
animals ; or, at least, of the flying sections of these crea- 
tures. 

T h e  next question to be considered is that of the change 
from a quadrupedal to a bipedal habit of motion. There 
is only one true biped among the whole great class of mam- 
mals, namely, man. H e  is approached in this bipedal 
habit by the higher apes, and it is not difficult to under- 
stand how the specialization of limbs took place in the 
latter. It undoubtedly arose from the climbing habits of 
monkeys. T h e  fore limbs became used as  grasping or- 
gans, the hind limbs as supporting organs. As  climbing 
monkeys increased in size, they must in many cases have 
rnovetl by grasping upper branches with their hands, and 
supporting their feet on lower branches. This was an im- 
perfect bipedal movement. Eventually some of them be- 
came too heavy to render a continual arboreal residence 
desirable. These came to spend the most of their lives 
upon the earth, as  we find in the larger apes of the pres-
ent day. But these apes are neither quadrupeds nor 
bipeds. The  specialization of their limbs during a long 
arboreal residence has unfitted them for either rnode of 
motion upon the ground, and they move along in an  awk- 
ward and ineflicient compromise between the two modes 
of motion. Evidently the method of progression of these 
animals is not a desirable one for a land rcsitlence. Natu-
ral selection must tend to make thcm full quadrupeds or 
full bipeds. Those of them which have recently changed 
their arboreal for a ground habitat, have not had time to 
change. Those which earlier descended to the earth have 
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evolved improvecl niethods of progression. T h e  most of 
then1 have returned to the quadrupedal condition, if we 
may coilceive the four-footed 11aboons to have arisen in 
this mani1er. As  to whether ally of thein have gained tile 
perfected bipedal condition, it is perhaps best to malie 110 
assertion. Those who hold that nlan had an ape-lilie pro- 
genitor, must accept this view. 

There are other mammals wit11 partially l~ipedal habits. 
These compronlise the jumping animals, the kangaroos, 
jerboas, etc. But in these cases there has been no speciali- 
zation of the fore-limbs. They have simply become partly 
aborted. The  bear also, through its plailtigratle feet, anti 
perhaps its climbing habit, has gainetl imperfect l~ipetlal 
powers, antl a grasping habit with its fore limbs. Eut 
there has been no specialization of these limhs. Tlley 
continue true ~valliing organs. 

In the reptilian worltl other instances of bil~edal habits 
present thebselves, developed in still anot!lerAmailner. 

The  animals thus organizetl are all creatures of a van- 
ishetl age-the huge Deinosaurian revtiles presented to 
us in the geological recortl. These creatures may have 
gainetl their specialization of for111 throug-11 the sarne cause, 
t h o u ~ hnot in the same manner, as  the girafle gainetl its 
special formation. \Iany of then] livetl hy browsing 011 

the foliage of trees. Ai:tl these, insteatl of developing an 
elongated neck, lilie the giraffe, probal~ly ohtaii~ed their 
food by a partially climbing process. Their fore liinbs 
claspetl the tree trunk, ~vhile their weight restetl on the 
hind limbs antl tile tail. In this manner they were able to 
reach the tlesi~ etl footl. 

A long continuance of such habits would protluce, 
tllrough selection, a specialization of the fore limbs. 'To 
becoine eflicient org:lns for grasping tree trunks, they 
must have beco~ne iiiefhcient \vall;ing organs. Throug-11 
this specialization the fore l i~nbs  seeill to llave 11rco.ne 
sillall and comparatively weak, the hind Iiml~s large antl 
po\verful. T o  loolr a t  the renlaiils of these creatures now, 
as preserved for us in the roclc strata, it seems as if a 
cluadrupedal motion must have been very a\\~k\vard and in- 
efficient ; \\,bile their habit of erecting themselves on their 
hind legs, may 11ax.e rentlered a bipetlal motion easy and 
natural. Professor E. D. Cope says of them : ( (  some have 
chiefly scluattetl, some leapetl on their hint1 legs like the 
Itangaroo, some stalked on erect legs like the great l~irtls, 
\\.it11 their snlall arms hanging uselessly 11y their sitles." 
Yet when we consitler tile great size of these reptiles, 
\i711ich comprise the huge Iguanotlon and hIegalosaurus, 
the Hadrosaurus of our New Jersey marl, and other such 
gigantic creatures, we iuay \veil inlngine that they pres- 
entetl an appearance witlely different from that of any es- 
isting creatures. T o  see animals thirty feet in height antl 
huge in proportion, to whom our elepha~it ~voulcl be a 
Illere pigmy, stalking about erect on their liind legs, ~ o u l t l  
certainly be an astonisliiiig spectacle. Yet such a vie\\, 
was very probably presentetl 114; that bizarre n,orltl of the 
past ~~rhicll  tinle has swept away. 

These Ueinosaurian reptiles, with their peculiarities of 
structure, their hollow bones, ant1 their three-toed feet, 
presented certain strong affinities to the great lailtl birds 
of modern times. So close, indeed, that some have con- 
jectured that  these large wingless birds, such a s  the 
Ostrich, are direct descendants of the Deinosaurs. Jn 
this claim there are no powers of flight to be expla~netl, 
yet the possession of feathers by the ostrich seerns a fatal I 

obstacle to the hypothesis. Feathers are a highly spec- I 
ialized form of dermal covering. They are specially 
adapted to purposes of flight, and we  can imagine for 
them no other use which the less specialized hairs or 
scales would not have subserved. W e  are therefore tlis- 
posed to  conclutle that any animals possessed of feathers 
nlust have gained them through powers of flight in them- 
selves or their ancestors ; and that the resemblances in I 

organization above nlentioned arose froin siinilarity in , . 
modes of progression, and not from hereditary connection. 1 

How, then, was  the further step in the process talren ? I 

T h e  primitive hairy covering heing gained, how did hairs 
develop into feathers, how were the imperfect bipeds 
among land animals succeetied by the perfect bipeds 
among flying ani~nals,  and how (lid nlotion upon the 
earth tievelop into motion through the a i r ?  I t  certainly 
(lid not arise as  a result of leaping habits. IVe cannot 
imagine the spring of a Itangaroo as  so ad~rantageously 
aidecl by an  accide~ital conformation of the fore limbs, a s  
to produce a natural selection of this conformation. If 
these leaping animals habitually sought to assist their 
flight by a motion of the fore limbs, then any n~embra-  
neous expansion or special thicltness of 11a1ry covering 
would be atlvantageous. B ~ i tnone of those now existing 
have such a hahit, antl without it their leap could never 
become a flight. 

(7;)de  eoi i f i~z i ,cd . )  

T H E  NEIV COMPRESSED A I R  LOCOhIOTIVE. 

On the 13th ultimo a trial of a new engine built 
by the Baltlwin Works, Philadelphia, took place on 
the Secontl Avenue Railroatl, the result of the trial 
being 011 the ~vhole satisfactory. Compressed air a s  a 
motive power for railway eng-ines has been repeatedly 
tr-ied already in this coui1try and in Europe. A t  
Paris and Narites the kIeltarslti Air Engine has at  
d:fferent tinles been used with more or less success, a t  
Glasgo\v. 14s. Scott Moncrieff has l a b ~ r e d  perseveringly 
to  demonstrate the superiority of cornpressetl air over 
steal11 for locomotive purposes, while in June last year 
Col. Beaumont protlucecl (in London) an  engine vihich 
was thought at  tile time to have eclipsed its predecessors 
in point of efiiciency ant1 snlall \vorlting cost. T h e  
"success," howevrr, of these engines has been so very 
untlecitied, and the advantages they presented in point of 
cleanliness, aud absence of smoke antl noise, have been 
so counterbalancetl by the cost of compressing antl stor- 
ing the air, that  as  yet we have heard of no 11ne of rail- 
road or tramway being s~tcc~~ssJC~llJ~worked by compress- 
etl ail.. 

Comparing the data obtainable froin these engines with 
the result of the 1:lte trial, we find a decided superiority 
in the efficiency of the American engine which possesses 
several n e ~ v  allti important features, anti is the result of 
long experience ant1 study of the subject by the inventor 
and patentee, hlr. Thos.  Hartlie, the f'neu~uaticConipa~iy's 
Chief Engineer. 

A short description of the engine and its trial may not 
be uninteresting to our reatlrrs. In length and weight 
it is as  nearly a s  possible the same as  an average Elevated 
Railroad engine, the patt usually reserved for the boiler 
heing in this case occupied 11y the receivers for contain- 
~ n gthe air, four in nurnher antl ot unequal lengths, hav- 
iug an  aggregate capacity of 460 cubic feet, in which air 
is stored at  a pressure of Goo Ibs, per square inch. In-
side the cab is a small boiler (the collsumptiou of coal in 
which is nomi~lal) through which air from the receivers 
is passed before being allowed to enter the cylinders. 
A11 automatic throttle valve on the supply pipe of this 
boiler regulates the pressure a t  which the colt1 air enters 
the boiling water. Tile air being thus heatetl expands 
and tile pressure is of course considerably augmented, 
antl ill this hot, moist condition it passes into the cylin-
ders, having a far larger percentage of efficiency than if it 
were allowetl to tlo so in a cold, dry contiition. There is 
thus by this means a great saving in the quantity of air 
coilsui~letl. T h e  system of drawiug air from the reser-
voir at  a low pressure aud espanding it by heat until it 
attains a\vorlting pressure of from 100 to 130 Ibs. per 
square inch is, we believe, entirely novel, and in this 
respect the engine differs altogether from Col. Beaumont's 
machine, in which air was admitted to the  cylinders a t  . . .~ t s~nitial  reservoir pressure-1000 lbs., and then quicltly 
cut off. 

I n  a former engine built by the Pneumatic Company 


