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done by omitting the potash from the bath. One curious fact of 
observation is that the mirrors experimented on never seemed to 
take the first application of the silvering solution, but on being 
recleaned with nitric acid the second was always successful. 
Why this should be so does not seem to be easily explained, for 
Mr. Common only commits himself to the statement that "the 
nature of the liquid other than distilled water last in contact 
with the surface of the mirror seems to be the determining 
thing." 

Himmel und Erde.-In this magazine for October there 
is a most interesting set of articles, of which we mention the 
following:-" Meteorology as the Physics of the Atmosphere," 
by Herr Wilhelm von Bezold. This comprises a general sum
mary of the proceedings of the German Meteorological Society, 
which met in Braunschweig on June 7 last.-" Astronomy of 
the Invisible," by Herr Dr. Scheiner. This is the first of a 
series of articles, and deals, as far as it goes, with the discovery 
of Neptune by Adams and Le Verrier; it contains also a trans
lation of the letter which Le Verrier wrote to Dr. Galle, who 
was then an assistant at the Berlin Observatory, telling him the 
results he had obtained, and asking him to make a search for 
the unknown planet. As a matter of interest we will give the 
elements of Neptune as obtained by Le Verrier and Adams, 
together with the true ones afterwards determined, for the re
sults of such a piece of work will always be looked npon with 
interest. 
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In the notes two excellent illustrations of parts of the moon are 
inserted, one being a reproduction of a photograph taken at the 
Lick Observatory on August 31, 1890, and the other displaying 
the region to the north of Hyginus, showing these curious river
like appearances as first remarked by Prof. Weinek of Prague. 
Other notes deal with the astronomical reasons of the Ice Age, 
observations of Mars during the period r883-88, polariscope 
observation of the surface of Venus, &c. 

GEOGRAPHICAL NOTES. 
MOUNT ORIZABA, or Citlaltepetl, in Mexico, has been 

measured trigonometrically by Mr. J. T. Scovell, with the 
result that its height is fixed as r8,314 feet. Popocatepetl is 
about 700 feet lower, and unless Mount St. Elias is found to 
considerably exceed Russel's estimate of r8, roo feet, Orizaba 
must be considered the highest summit in North America. 

THE pumping of brine from the North German salt mines and 
the consequent subsidence of the land, is the cause of a some
what interesting change in the small lakes near Mansfeld. The 
Salzigen See, as observed by Dr. Ule, of Halle, had a maximum 
depth of thirty metres on June 18, and of no less than forty-two 
metres on June 28, the subsidence of the bottom having taken 
place at the average rate of more than one metre a day. 

FoLLOWING the death of Dr. Theodor Menke (see p. 302) 
we have to notice the loss of his fellow-worker, Dr. Karl 
Spruner von Merz, at the age of eighty-nine. He died on 
August 24, 1892. After a military career of some distinction, 
he retired from the army in r886. His attention was early 
attracted to historical geography, and his famous '' Historical 
Atlas" (1837-1852) has made his memory imperishable. It 
was in preparing the third edition of this atlas that he was first 
associated with Menke. 

THE camels which were introduced into German South-West 
Africa last year, have, according to the Deutsches Kolonialb!att, 
proved a great success. They are employed in keeping up com
munication between Walfisch Bay and Windhoek, and for 
journeys into the interior. Their power of travelling for a week 
at a time without food or water has frequently been put to the 
test on the borders of the Kalahari desert. The climate does 
not seem to affect them unfavourably, and they have proved 
exempt from the many fatal diseases which attack horses and 
even oxen inN amaqualand. 

A LECTURE on " Regions and Races" was delivered on 
Monday evening in the Regent's Square Hall by Dr. H. R. Mill. 
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The object of the lecture was to demonstrate the continuity of 
geography with the physical sciences "hich account for the 
growth of the surface features of the globe, and with the natural 
sciences which explain the forms of 'plant and animal life on its 
surface. The interactions between man and his environment 
were discussed as the tt ue basis of the higher geography. 

M. J. THoULET has this summer been engaged in an oceano
graphical study of the Basin of Arcachon, and publishes in the 
last number of the Compt" Rendus an interestin·.! epitome of 
his prelimina• y results. This lagoon forms a valuable oyster 
preserve, and the researches into the action of the tides 
on the enclosed water has practical as well as scientific 
bearings. The investigation will be continued, so as to include 
the other lagoons along the coast enclosed by sand dunes, and 
more or less cut off from the sea. 

THE COMPARATIVE PHYSIOLOGY OF 
RESPIRATION.' 

AMONG the very first of the physiological acts observed were 
those of respiration. The regular movements of breath

ing, from the first feeble efforts of the new-born babe until the 
sigh in the last breath of the dying-after which is silence, cold, 
and dis,olution-have commanded the attention and claimed the 
interest of every one, the thoughtful and the thoughtless alike·. 
And one comes to feel that in some mysterious way "the 
breath is the life." But in what way does breathing subserve 
life or render it possible? Aristotle and the naturalists of the 
olden time supposed that it was to cool the blood that the air 
was taken into the lungs, and, as they supposed, also into the 
arteries. With the limited knowledge of anatomy in those early 
days, and the fact that after death the arteries are wholly or 
almost wholly devoid of blood, while the veins are filled with it, 
what could be more natural than to suppose that the arteries 
were vessels for the cooling air? If one supposes that he 
has entirely outgro\\ n this view of Aristotle, let him think for a 
moment how he would express the fact that an individual is de
scended from the Puritans, for example. In expres-ing it even 
the physiologist could hardly bring himself to say other than 
" he has the blood of the Puritans in his veins." Would he 
sav "he has the blood of the Puritans in his arteries "? 

·As observation increased the cold-blooded animals were more 
carefully studied and found to possess also a respiration ; they 
certainly do not need it to cool the blood. Then there are the 
insects and the other myriads of living forms that teem in the 
oceans, lakes, rivers, and even in the wayside pools. Do these, 
too, have a breath? And the plants on the land and in the 
water, is the air vital to them ? Aristotle and the older natural· 
ists could not answer these questions. To them, on the respira
tory side at least, all life was not in any sen'e the same. It was 
not till chemistry and physics were considerably developed, not 
until the air-pump, the balance, and the burette were perfected 
that it was possible to give more than a tentative answer. It 
was not, until the microscope could increase the range of the eye 
into the fields of the infinitely little, possible to form even 
an approximately correct conception. The first glimmerings of 
the real significance of respiration for all living things was in the 
observation that the air which would not support a flame, al· 
though it might be breathed, could not support life. That 
is, there must be something in the transparent air that feeds the 
flame and becomes the breath of life, the real pa!,ulum vitre, the 
merely mechanical action of the air not being sufficient. 

Since the experiments on insects and other animals by Boyle 
(1670) with the air-pump, by Bernouilli, on subjecting fishes to 
water out of which all the air had been boiled, and those of 
Mayow ( 1674), it became more and more evident that respiration 
was not confined to the higher f,,rms, but was a universal fact 
in the organic world. Then came the most fruitful discoveries 
of all, made by the immortal Priestley (1775-6), viz., that the 
air is not an element, but composed of two constituents
nitrogen, which is inert in respiration, and oxygen, which is the 
real vital substance of the air, the substance which supports 
the flame of the burning candle and the life of the animal as 
well. 

What would seem more simple at this stage of knowledge 
1 Address delivered, in August, 1892, at the meeting of the American 

Assoc1ation for the Advancement of Science, by Prof. Simon Henry Gage. 
of Cornell University, Ithaca, N.Y., Vice-President of the Biological 
Section 



© 1892 Nature Publishing Group

OcTOBER 20, I 892] i'lATURE 599 

than that the parallel between the burning candle and the living 
organism should be thought to repre;ent tmly the real con· 
ditions? That as the candle consumes the oKygen, burns, and 
gives out carbon dioKide, so the living thing breathes in oxygen, 
and gives out in place of that Cc)nsumed carbon dioxide. And 
as in each case heat is produced, what would be more natural 
than to look upon respiration as a simple coml:>ustion? This 
was the generalization of Lavoisier (1780-89). As he saw it, 
the oxygen entered the lungs, reached the blood, and burned the 
carbonaceous waste there found, and was immediate! y given 
out in connection with the carbon with which it had united, 
and as the gas given off in a burning candle makes clear lime· 
water turbid, so the breath produces a like turbidity. 

But here, as in of the processes of nature, the end pro· 
ducts or acts were alone apparent, and while the fundamental 
idea is probably true that respiration is, in its essential process, 

oxygen and giving out carbon dioxide. Finally it was proved 
by Saussure (1804) and others that for green plants, and those 
without green, like the mushroom, oxygen is as necessary for 
life as for animals. It thus became evident that this use of oxy. 
gen and excretion of carbon dioxide was a property of living 
matter, and that the very energy that set free the oxygen of the 
carbon dioxide was derived from oxidations in the green plant 
comparable with those giving rise to energy in animals. Further 
that the purification of the air by green plants in light is a 
separate function-a chlorophyll function, as it has been happily 
termed by Bernard-and resembles somewhat digestion in 
animals, the oxygen being discarded as a waste product. In· 
deed so powerful is the effort made to obtain oxygen for the life 
processes by some of the lowest plants-the so-called organized 
ferments-that some. of the most useful and some of the most 
deleterious products are due to their respiratory activity. In 

a kind of combustion or oxidation, yet the seat of this action is 
not the lungs or blood. If the myriads of microscopic forins . 
are considered, these have no lungs, no blood, and many of I 
them even no organs ; they are, as has been well said, organless 
organisms, and yet every investigation since the time of Vinci 
and Von Helmont, Boyle and Mayow, has rendered it more 
and more certain that every living thing must in some way be 
supplied with the vital air or oxygen, and that this is in some 
way deteriorated by use; and the nearer investigation approaches 
to the real life-stuff or protoplasm, it alone is found to be the 
true breather, the true respirer, as was shown long ago by Spa!· 
lanzani ( 1803-7). If one of the higher animals, as a frog, 

alcoholic fermentation, as clearly pointed out by Pasteur and 
Bernard, the living ferment is removed from all sources of free 
oxygen, and in the effort for re;piration the molecules of the 
sugar are decomposed or rearrangell. and a certain amount of 
oxygen set free. 

It has been found that the motile power of some bacteria like 
Bacterium termo depends on the presence of free oxygen in the 
liquid containing them. When this is absent, they become 
quiescent. This fact has been utilized by Engelmann and 
others in the study of the evolution of oxygen by green and other 
coloured water plants. The bacteria serving as the most delicate 
imaginable oxygen test, so that when the minutest green plant is 
illuminated by sufficient daylight, the previously quiescent bac
teria move with great vigour and surround it in swarms. Out 
of the range of the plant, the bacteria are still, or move very 
slowly, as if to conserve the minute energy-developing substance 
they have in store until it can be used to the best advantage. 

is decapitated and some of its muscle or other tissue exposed in 
a moist place, it will continue to take up oxygen and give out 
carhon dioxide, thus apparently showing that the tissues of the 
highly organized frog, may, under favourable conditions, absorh 
oxygen directly from the surrounding medium, and return to it 
directly the waste carbon dioxide. This shows conclusively 
that it is the living substance that breathes, and the elaborate 
machinery of lungs, heart, and blood-vessels, are only to make 
sure that th" living matter, far removed from the external air, 
sbaJl not be suffocated. Still more strange, it has been found 
that if some of the living tissue is placed in an atmosphere of 
hydrogen or nitrogen entirely devoid of oxygen, it will perform 
its vital functions for a while, and although no oxygen can be 
obtained, it will give off carbon dioxide as in the ordinary air. 
If it is asked, ''how can these things be?" the answer is appar
ently plain "nd direct. Not as the oxygen unites directly with 
the carbon in the burning candle does it act in the living sub

The oxidations are not dnect in living matter, as in 
the candle ; but the living matter first takes the oxygen and 
makes it an integral part of itself, as it does the carbon and 
nitrogen and other elements ; and, finally, when energy is to be 
liberated, the oxidation occurs, and the carbon dioxide appears 
as a waste product. 

The oxygen that is breathed to·day, like the carbon or the 
nitrogen that is eaten, may be stored away and represent only 
so much potential energy to be used at some future time in 
mental or physical action. 

So far only living animal substance has been discussed. If 
plant' are considered, what can be said of their relations to the air? 
The answer was given in part by Priestley (1771), who found that 
air which had been vitiated by animal respiration became pure 
and respirable again by the action of green plants. He thus 
discovered the harmonizing and mutual action of animals and 
plants upon the atmosphere; and there is no more beautiful 
harmony in nature. Animals use the oxygen of the air and give 
to it carbon dioxide, which soon renders it unfit for respiration; 
but the green plants take the carbon dioxide, retain the carbon 
as food and return the oxygen to the air as a waste product. 
This is as thoroughly established as any fact in plant physio· 
logy ; and yet, in his experiments, Priestley had some of what he 
called " bad experiments " ; for instead of the plants giving out 
oxygen and thus purifying the air, they sometimes gave off car· 
bon dioxide, and thus rendered it more impure, after the manner 
of an animal. What investigator cannot sympathize with 
Prie<tley when he calls these '' bad experiments" ; they appeared 
so rudely to put discord into his discovered harmony of Nature. 
But Nature is infinitely greater than man dreams. The "bad 
experi•nents" were among the most fruitful in the history of 
scientific discovery. Ingenhausz (1787) followed them up, care· 
fully observing all the conditions, and found that it was only in 
daylight that green plants out oxygen; in darkness or in· 
sufficient light they condacted themselves like animals, taking up 
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May we not now approach the problem directly, and answer 
for the whole organic living world the question, "What is re· 
spiration?" by saying it is the taking up of oxygen and the giving 
out of carbon dioxide by living matter? This is the universal 

1 and essential fact with all living things, whether they are animals 
or plants, whether they live in the water or on land. But the 
ways by which this fundamental life process is made possible, 
the mechanisms employed to bring the oxygen in contact with 
the Jiving matter, and to remove the carbon dioxide from it, are 
almost as varied as the groups of animals, each group seeming to 
have worked out the problem in accordance with its special needs. 
It i> po3sible, however, in tracing out these complex and varied 
methods and mechanisms, to discover two great methods-the 
Direct and the Indirect. · 

In the first, the re is the direct assumption of oxygen from the 
surrounding medium, and the excretion of carbon dioxide 
directly into it. The best examples of this are presented 
by unicellular forms like the amceba, where the living substance 
is small in amount, and everywhere laved by the respiratory 
medium. But as higher and higher forms are destined to appear, 
evidently the minute, organless amceba· could not in itself 
realize the great aim toward which Nature moving. There 
must be an aggregation of amcebas, some of them serving for 
one purpose and some for another. Like human society, as 
civilization advances, each individual does fewer things, becomes 
in some ways less independent, but in a narrow sphere acquires 
a marvellous proficiency. Or, to use the technical language of 
science, in order to ad vance there must be aggregation of mass, 
differentiation of structure, and specialization of function. 
Evidently, however, if there is an aggregation of mass, some of 
the mass is liable to be so far removed from the supply of 
oxygen, and the space into which carbon dioxide can be elimi
nated, that it is liable to be starved for the one and poisoned by 
the other. Nature adopted two simple ways to obviate this
first to form its aggregated masses in the form of a network or 
sponge, with intervening channels through which a constant 
stream of fresh water may be made to circulate, so that each 
individual cell of the mass could take its oxygen and eliminate 
its carbon dioxide with the same directness as its simple proto-
type, the amceba. . . .. . 

But in the course of evolutiOn forms appeared w1th aenal 
respiration, and the insects, among these, solved the mechanical 
difficulty of respiration by a most marvellous system of air-tubes, 
or trachere, extending from the free surface, and therefore from 
the surrounding air, to every organ and tissue. By means of 
this intricate network, air is carried and supplied almost directly 
to every particle of living matter. The respiration is not quite 
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direct with the insects, for the oxyr:en and carbon 
dioJ<iie me1't p:1ss through tne wall of the air-tube 
before reaching or leaving the living subs!ance. 

In the and final step, the step taken by the highe;;t 
forms, the living material is mas;ed, giving rise not only to 
animals of mo lerate size, but to the huge creatures that swarm 
in the seas or the earth, the elephant. \Vtth all of 
these the step in the differentiation of the respiratory mechanism 
consists in the great perfection of lungs or gills, and in the 
addition of a c.1mplicated circtdatory system with a respiratory 
blood, one of the main purposes being, as the name indicates, 
to subserve in respiration by curying to each individual cell in 
the most remote and hid:len part of the body the vital air, and 
in the same journey removing the poisonous carbon dioxide. 

This has been called Indirect Re<piration, because the living 
matter of the body does not take its oxygeh directly either from 
air or water, hut is supplied by a middleman, so to speak. 

The com plicated movements hy which water is forced over the 
gills, or by which the lungs are filled and emptied, and the great 
currents of blood are maintained-that is, the striking and easily 
observed phenomena of respiration are thus seen to be only 
superficial and accessory, only serve as agents by which the real 
and the essential processes, that go on in silence and obscurity, 
are made possible. 

So far I have attempted to give a brief resume of the views 
on respiration that have been slowly and laboriously evolved by 
many generations of physiologists, each adding some new fact 
or correcting some misconception ; and I tmst that this brief 
sketch has recalled to your minds the salient facts in our know
ledge of respiration, and that it will give a just perspective, and 
enable me, if I may be permitted, to briefly describe what I 
believe to be my own contribution to the ever-acCllmulating 

of this subject. 
In 1876- 77, Prof. Wilder, who may be said to have 

his interest in the ganoid fi shes directly from his friend and 
teacher, Agassiz, who first recognized and named the group, 
was investigating the respiration of the forms Amia and 
Lepidosteus, common in the great lakes and the western rivers. 
As his assistant it was my privilege to aid in the researches, and 
to acquire the spirit and method; a• in no other way is it so 
readily possible, by following out, from the beginning to its 
close, of an investigation carried on by a master. The results 
of that investigation were repo rted to this section in 1877, and 
formed a part of the proceedings for that year. From that time 
till the present the problems of respiration in the living world 
have had an ever increasing fascination for me, and no oppor
tunity has been lost ·to investigate the subject. The interest 
was greatly increased by the discovery that a reptile-the soft
shelled turtle-:lid not conform to the generalizations in all the 
treatises and compendiums of zoology, which state with the 
greatest definiteness that all reptiles, without exception, are 
purely air-breathing, and throughout their whole life obtain 
their oxygen from the air and never from the water_ The 
American soft-shelled turtles, at least, do not conform to this 
generalization, but on the contrary, naturally and regularly 
breathe water like a fish, as well as air like an ordinary reptile, 
bird, or mammal. 

In carrying on the investigation of the respiration of the 
turtle, there appeared for solution the general problem, which, 
briefly stated, is as follows: In case an animal breathes both air 
and water, or more accurately, has both an aerial and an 
aquatic respiration, like the ganoid fishes, Amia and Lepidosteus, 
like the soft-shelled turtles, the tadpoles, and many other 
forms, what part of the respiratory process is subserved by the 
aqueous and what by the aerial part of the respiration? So 
far as I am aware this problem had not been previously con
sidered. It was apparently assumed that there were in these 
fortunate animals two independent mechanisms, both doing 
precisely the same kind of work- that is, each serving to supply 
the blood. with oxygen and to relieve it of carbon dioxide, as 
though the other was absent. Tnat was a natural inference, for 
with many forms the respiration is wholly all the oxygen 
employed bei ng taken from the water, and all the carbon 
dioJ<ide excreted into it. On the other hand, in the e"
clusively air-breathing animals, as birds and mammals, the 
re; ·iration is exclusively aerial. 

This natural was followed in the first investigations 
on the respiration of the soft -shelled turtles, and while it was 
proved with incontestable certainty that they take oxygen from 
the water ltke an ordinary fish- that is, have a true aquatic 
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respiration, in addition to their aerial respiration-there was 
altogether too much carbon dioxide in the water to be accoun•ed 
for by the oxygen taken from it. Furthermore, upon analyzing 
the air from the lungs of a turtle that had been submerged some 
time the oxygen had nearly all disappeared, and but very little 
carbon dioxide was found in its place, while, as compared with 
human respiration, for example, a quantity of carhon dioxide 
nearly as great as that of the oxygen which had disappeared 
should have been returned to the lungs. Likewise in Professor 
\Vilder's experiments with Amia, to use his own words: 
"Rather more than one per cent. of carbon dioxide is found in 
the normal breath of the Amia, but much more of the oxyg-en 
has disappeared than can be accounted for by the amount of 
carbon dioxide." Everything thus appeared anomalous in this 
mixed respiration, and imtead of a clear, consistent, and in
telligible nnderstanding of it, there seemed only confusion and 
ambiguity. Truly these seemed like "bad experiments." 

It became perfectly evident that the first step necessary in 
clearing the obscm ity was to separate completely the two 

' respiratory processes, to see exactly the contribution of each 
mechanism to the total respiration. But this was no easy thing 
to do. In the first place, the animal must be confined in a 
so,.·ewhat narrow space in order that air and water, which are 
known to have been affected by its respiration, may be tested to 
show the changes produced in it by the respiratory process ; in 
the second place, the water has so great a dissolving power 
upon carbon dioxide that even if it were breathed out into the 
air it would be liable to be absorbed by the water. Then some 
means must be devised to prevent the escape of the gases from 
the water as their tension becomes changed ; and, finally, the 
animal in the water must be able to reach the air. A diaphragm 
must be devised which would prevent the passage of gases 
between the air and the water, and at the same time offer no 
hindrance to the animal in projecting its head above the water. 
As a liquid diaphragm must be used, it occurred to me that 
some oil would serve the purpose, but the oil must be of peculiar 
nature. It must not allow any ga£es to pass from air to water, 
or the reverse ; it must not be in the lea>t harmful or irritating 
to the animal under experimentallon, and, finally, it must itself 
add nothing to either air or water. Olive:: oil was thought of, 
and later the liquid paraffins. The latter were found practically 
impervious to oxygen and fulfilled all· the other requirements, 
but unfortunately they absorb a considerable quantity of carbon 
dioxide. Pure olive oil was finally settled upon as furnishing 
the nearest approximation to the perfect diaphragm songht. 1 

The composition of the air being known, and a careful de
termination of the dissolved gases in the water having been 
made, the animal was introduced into the jar and the water 
covered with a layer of olive oil from ten to fifteen millimetres 
thick. The top of the jar was then vaselined, and a piece of 
plate-glass pressed down upon it, thns sealing it hermetically. 
Two tubes penetrate this plate-glass cnver, one connecting with 
the overlying air-chamber and the other extending into the water 
nearly to the bottom of the jar. As the water and air are 
limited in quantity, the shorter the time in which the animal 
remained in the jar the more nearly normal would be the 
respiratory changes, the experiment was continued on'y so long 
-one or two hours-as was found necessary to produce sufficient 
change in the air and the dissolved gases of the water to render 
the analyses unmistakable. 

Proceeding with the method just descriibed, the results given 
in the following table were obtained :-

Table of Mixed Respiration, showing the number of cubic centi
metres of oxygen nmoved from air and water, and the amount 
of carbon dio.XJde added to the air and the water. 

Oxygen Carbon Dioxide 
from from 

air water to air to water 
Ganoid Fish (Amia calva) 65 10 22 53 
Tadpoles (Larval Batrachia) 70 5 24 51 
Soft-shelled Turtle (Amyda muti,·a) 31 8 lO 29 
Bull Frog (Rana catesbwtza) 18) 4 IIO 77 

NoTE.-The oxygen from both the water and the air, and the carbon dioxide 
in the air, were determined "ith exanll<.SS in a ll the experiments; t.ut 
owing to the fadure of Stt'J:S in the ti tra t1on for the carbc n dtoxide in 
the water, the figure s gwen for the Amia and the turtle are the 
calculated resu .ts, that the quotient is one. as that is 
the relation f, unci by a 1,al) sis in 1 he o ther cases. 

1 See W m. ThOrner on the use of ... prevention a b. 
sorption of car bon dioxide. Repertonum der analytl:::chtn Chemie. 18.8s,· 
pp. 15-17-
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It requires but a glance at the figures in this table to see that 
the aerial differs markedly from the aquatic part of the respiration. 
Even in the frog, in which the skin forms the only aqltatlc 
respiratory organ, the tendency is marked. The law appears to 
be unmistakably this, viz. that in combined <lCJUltic and aerial 
respiration, the aerial part is mainly for the supply of oxygen and 
the aquatic part largely for the excretion of carbon dioxide. 
This law, which I stated in 1886, has been confirmed by the 
repetition of old experiments and by many new ones made during 
the present summer. It is also confirmed by the experiments 
made on Lepidosteus in a different way by Dr. E. L. Mark, and 
published in 1890. I therefore feel that this is the expression 
of a general law in nature. 

From the standpoint of evolution we must suppose that all 
forms originated from aquatic ancestors, ancestors whose only 
source of oxygen was that dissolved in the water. As the water is 
everywhere covered with the limitless supply of oxygen in the air, 
there being 209 parts of oxygen in rooo parts of air as contrasted 
with the 6 parts of oxygen dissolved in 1000 parts of water, it is 
not difficult to conceive that in the infinite years the animals 
found by necessity and experience that the needed oxygen was 
more abundant in the overlying air, and that some at least 
would try more and more to make use of it. And as any thin 
membrane with a plentiful bl<>od supply may serve as a respir
atory organ to supply the blood with oxygen, it is not impossible 
to suppose that such a membrane, as in the throat, could 
modify itself little by little with ever-increasing efficiency; and 
that a part might become especially folded to form a gill and 
another might become sacular or lung-like to con•ain air. While 
I am no believer in the purely mechanical physiology which 
sees no need of more than physics and chemistry to render pos
sible and explain all the phenomena of life, yet it is patent to 
every one that, although vital energy is something above and 
beyond the energies of physics and chemistry, still it makes use 
of these ; and certainly dea;i matter forms the material from 
which living is built. So given a living thing, it, in most cases, 
moves along lines of least, rather than of greatest, resistance ; 
therefore if practically a limitless supply of oxygen may be 
obtained from the air and only a limited amount from the water, 
if anything that might serve as a lung is present, most naturally 
it (the animal) will take. the oxygen from the air where it is in 
greatest abundance and most easily obtained. On the other 
hand, carbon dioxide is so soluble in water that practically a 
limitless amount may be excaeted into it; and as it is apparently 
somewhat easier, other things being equal, for it to pass from' 
the liquid blood to the water than to the air, it seems- likewise 
natural that the gills should serve largely for the excretion of 
the carbon dioxide into the water. This is the actual condition 
before us in these, and I believe in all other cases, of mixed or 
of combined aerial and aquatic respiration. And I believe, as 
stated above, that it may be laid down as a fundamental law in 
respiration that wherever both water and air are used with cor
responding organs-gills for one and lungs for the other-'-that 
the aerial part of the respiration is mainly for the supply of oxy

_and the aquatic part largely for the getting rid of carbon 
dtoxtde. 

It is not difficult to see in an actual case like that of the 
Ganoid Fishes (Amia and Lepidosteus) the logical steps in its 
evolution, by which this most favourable condition has been 

A condition renrlering these fishes capable of living 
m waters of almost all degrees of purity, and thus giving them a 
great advantage in the struggle for existence. But what can be 
said of the soft-shelled turtles, animals belonging to a group in 
which purely aerial respiration is almost exclusively the rule? 
Standing alone, this might be exceedingly difficult or impossible 
of explanation. The Batrachia (frogs, toads, salamanders, &c.) 
all have gills in their early or larval stage, and most of them 
deyelop in the water, and are in the beginning purely aquatic 
antmals. The adults must therefore, in most cases, repair to 
the water at the spawning season and frequently in laying the 
eggs they must remain under the water for considerable intervals. 
Being under the water, and the need of oxygen becoming 
pre?sing, there seems to be, by a sort of organic memory, a 
revtval of the knowledge of the way in which respiration was 
accomplished, when. a< larvre, their natural element was water, 
and they take water into the mouth and throat. This may be 
done by as highly a specialized anrl purely aerial form as the 
little brown tree-frog ( ffyla pickeringii) or the yellow spotted 
salamander (Amb!ystoma punctatum). Another very interesting 
form, the vermilion-spotted newt (Diemycty!us), after two or 
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three years of purely aerial existence goes to the water on 
reaching maturity and remains there the rest of its life, regularly 
breathing both by its lungs and by taking water into its mouth 
and throat. A still more striking examp:e is given by Prof. 
Cope. The young siren almost entirely loses its gills, and later 
regains them, becoming again almost completely aquatic in its 
habits as in the larval stage. 

\Vith these examples, which mav be seen by any one each 
recurring year, is it impossible or difficult to conceive that in the 
struggle lor existence the soft-shelled turtles found the scarcity 
of food, the dangers and hardships on the land greater than 
those in the water? Or, remaining constantly in the water, and 
advantageously submerged for most of the time, it gradually 
reacquired the power of making use of its pharyngeal membrane 
for obtaining oxygen from the water and excreting carbon dioxide 
into it as had its remote ancestors. And further, is it not intelligible 
that with capacious lungs, which it can fill at intervals with air 
containing so large supply of oxygen that it, like the other 
double or mixed breathers, should use its lungs to supply mo't 
of the oxygen and its throat to get rid of much of the carbon 
dioxide? 

Indeed it seems to me that if the evolution doctrine is a true 
expression of the mode of creation, then development may be in 
any direction that proves advantageous to an organism, even if 
the development is a reacquirement of long di,carded structures 
and functions. 

In closing, may I be permitted to say to the older biologists
to those familiar with the encouragements and inspirations that 
come with original investigation, that I trust they will pardon 
what to them is unnecessary personality or excess of detail in this 
address, for the sake of the younger ones among us, to whom the 
uphill road of research is less familiar. Judging from my own 
experience in listening to similar addresses by my honoured pre
decessors, it is helpful to know, when one is beginning, some
thing of the" dead work," the difficulties and discouragements, 
as well as the triumphs, in the advancement of science. 

fi!INES AND MINING AT THE CHICAGO 
EXHIBITION. 

THE exhibition of objects relating to mines and mining at 
the "World's Fair" promises to be one of exceptional 

intere>t and importance. The following details about it were 
given by Mr. George F. Kunz in a paper read before the recent 
meeting of the American Association for the Advancement of 
Science:-

The building of mines and mining, which is entirely com
pleted, is 700 feet long and 350 feet wide, at an elevation of 
25 feet above the main floor. On both sides is a gallery 6o feet 
wide, running the entire length of the building. Up to the 
present time there have applied for space in this building 26 
foreign Governments and 36 States, these exhibits to be sup
plemented by other State and Government exhibits, such as 
that of Sweden in the Swedish building, the East Indian in the 
East Indian court, Illinois in their State building, &c. 

There will be a scientific collection of all the known elements, 
and with them a complete collection of all the known alloys of 
gold, silver, copper, zinc, tin, &c., such as electrnm, German 
silver, Babbits metal, fusible metal, and the thousand and one 
other, common and rare, used in the arts and industries. In the 
name of the Lake Superior copper mines, Prof. Alex. Agassiz 
has promised a complete exposition of ores, rocks, and pro,
cesses, illustrating the occurrence mining, metallurgy of copper. 
There is now in preparation a coal collection to contain all 
varieties of coal, from every known occurrence in the United 
States. Petroleum will be shown as it never has been at any 
exhibition. The subject of abrasives of all kinds will form a 
special exhibit under the charge of Mr. T. Dunkin Pare!, wh() 
has devoted his entire life to this subject, and is now making a 
special European trip to enlist the co-op•ration of 
manufacturers and investigators to supplemtnt the Amencan 
exhibit. 

The De Beers Mining Company of South Africa, who own 
and control mo1 e than 95 per cent. of the entire diamond 
output, will make first a full and comprehensive exposition of 
diamond mining and the original blue stuff, a de:omposed 
peridotite, enclosing carbonaceous shale, the matnx of the 
diamond, in great quantities. They will show it passing through 
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