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In this paper there will be an attempt to review certain work that
has been done on the physiology of the respiration of fishes in rela-
tion to the environment. The original work will be found in The
Relation of Respiration of Fishes to Environment, Ecological Mono-
graphs, Vol. 2, pages 385 to 473, 1932, by Edwin B. Powers, et al.,
together with bibliography. The original data will not be given but
will be discussed and summarized.

All animals are aquatic
Gills and other structure
aquatic animals are bathe

as far as their respiration is concerned.
s functioning in gaseous exchanges in

d VVit}:l water; and lungs, trache, book-
lungs and other structures functioning in gaseous exchanges in ter-

restrial animals have membranes always kept moist, that is, covered
by a fluid. * Thus, gaseous exchanges in all animals, including proto-
zoa—and 1n plants as well—are essentially the same in every detail.
In all cases the gaseous exchange is by the process of 0smosis ; the
rate and direction follow the laws of diffusion of gases through
permeable membranes.

There is an essential difference in the mor
tory organs of lung and gill breathers. The
is more or less a closed system. The gills of gill breathers are more
or less continuously exposed to the water and thus form a more or
less open system. Apparently fishes have no means by which they
can control the gaseous tensions to which their gills are exposed.
This is determined by the gaseous tensions of the water in which
the fishes are living, being, perhaps only slightly altered by the rate
of bathing the gills with the water. Since there is no definite rela-
tion between the oxygen and carbon dioxide tensions of natural

waters, fishes living in different waters experience entirely different
oxygen and carbon dioxide complexes.

In lung breathing animals, the actual oxygen partial pressure of
the alveolar air at any given time is determined by the barometric
pressure and the rate and depth of respiration as modified by the
rate of oxygen utilization. The carbon dioxide partial pressure of
the alveolar air is determined by the rate of carbon dioxide produc-
tion by the body and the velocfty of ventilation of the lungs. The
actual carbon dioxide partial pressure is in reality controlled by the
alkali in use in the blood at any particular instant, which mn turn 1s
controlled by the oxygen pressure of the habitat. That is, the OX)’gE“
and carbon” dioxide partial pressures of the alveolar air and the
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hlood as a 1_)11ysico-chemica1 gystem are ipterreplprocal and the ¢},
as opposing forces tend to reach eqq111br1um, i, ¢., a dynamic-e 2
hrium, \We may call this a pllysiologlcal'dy namic-equilibrium, gmh‘
oill hreathers are not able sO well to cont}‘ol fche oxygen and carlll)lce
Gioxide tensions of the water bathing their gills, the greater burdon
of adjustment 1 placed upon the blood as @ physico-chemical systeen
o merely means that an Orgarg'

This physiological-dynz;lmic-e(;luihbru_1 .
tain an adjustment of 1its interpy

ism is able, within Jimits, t
and external environment.

It has been determined that, at least in t_he'blue cat (Ictalur,
punctatus), the yolum f carbon dioxide of the (venousi
hlood increases with an increase . the oxygen content (tension) of
the water and vice versa, and also with an increase in the carhop

The oxygen volume per

dioxide tension of the water a : .
) blood increases with an increase 1n the oxygen
No obvious relation between

cent of (venous :
tension of the water and wvice versa.
{ the blood and the carbon dioxide

the oxvgen volume per cent O
tension of the water has yet been shown; however, a relation is

suspected.

There 18 a
to the oxygen tension
The number increasc
increase of the second an

The oxygen and carbon dioxide dissoci
as has been shown by various workers, are ¢

those of mammalian blood. There are certain
-1 the behavior of fish blood in its relations to carbon dioxide tensions,

Fish blood reaches its isoelectric point at a Very low carbon dioxide
tension (from about 2% to 4% of an atmosphere) after which
there 1s an increased affinity for oxygen with an increase in the
carbon dioxide tension. However, very quickly

. a carbon dioxide
tension (apparently about 1% to 1.69% of an atmosphere) 15 reached
when the blood agamn loses its affinity for oxygen with increase in

carbon dioxide tension. These characteristics are only apparent and
not esgel}tially different from mammalian blood. This is obvious
when it 18 rgmembered that the carbon dioxide tension of natural
waters in which fish live normally approximates 035% of an atmo~
phere and not 59 as found in alveolar air. T wo-tenths per cent
four-tenths per cent f:arbon dioxide is approximately ten times norma
for fish blood. This, according to all formule used 1n calculating
the pr of blood, would mean approximately a decrease of 1

hlood. H ok t.he
ylood. uman blood has been shown to reach its isoelectric point
when passed over about the same range.

On_ the other hand, there are certain
peculiar to fish blood. However, these on further mnve
again prove only apparent. First, blood when exposed t0 carbon

;111]2;1.(15: Partial pressures higher than normal, actually lowers its
i reserve. 'This has been shown in two ways. The blood when
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ation curves of fish blood,
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worium with atmospheric air has a lower
in equllé]iag;uitirl: content, provided it has first been
Cafbo(? artial pressure higher than normal.
. cll)ioxide tensions higher than normal
carbO?; to combine with oxygen. In certain
capacils)’as great as 75% of the original oxygen-loading capacity.
II?S(S)m a few preliminary experiments, the indications are that the
cali)acity of the blood to load OXygen 1s at least partially regained
when its carbon dioxide tension is again rgdqced to normal. The
physiological advantages of these _characteristics of the blood will
he more apparent yvhen t}}e mechanism of the deposition of gases into
the swim-bladder 1s considered.

It has been shown as far back as 1807 th
present 1n closed swim-bladders at percent
in atmospheric air, and that the percentages
increase in depth at which the fish is found.
the deposition of all gases could take place
pressures at which deep sea fishes live.
known that the inert gases were present
fishes in the same proportion as in atmo
higher partial pressures.

There is a rete mirabile and gas gland present in the walls of the
swim-bladder of fishes that are able to deposit gases at all rapidly
into their swim-bladders. The fundamental mechanics of the rete
mirabile gas gland relations can be described as parallel arteries and
veins which are split up into a large number of capillaries, the rete
mirabile, in which the capillaries of the arteries run parallel to the
capillaries of the veins. The capillaries of the veins and those of the
arteries always approximate each other and are intercalated with the
most astonishing regularity. At the end of the rete mirahile proximal
to the gas gland the arterial and venous capillaries again form into
arterioles and venules and arteries and veins. T hese are united by
arterioles to epithelial capillaries in the gas gland. These in turn
lead to venules and back to capillaries of the rete mirabile. A con-
c€Ption of this mechanism can be gained by referring to the dia-
gram (Fig, 1).

¢ arterial blood which has been brought into equilibrium with
the carbon dioxide and oxygen tensions of the water enters the rete
Mirabile, Tt ig then distributed among the very large number of
Cpillaries of the rete mirabile. ‘The blood is then gathered up by
arterioles tq arteries and again distributed into arterioles. and t}?en
"o the capillaries of the gas gland. Here the carbon dioxide tension
" the blood s brought to approximate that of the carbon dioxide
high - Pressure in the swim-bladder, which is generally if not e

igher thap the carbon dioxide tension of the art(?rlal blood. .
PXyhemoglobin wip then give up a large part of its oxygen. =
blogq ¢ing in a closed ith surroundings having a metabolism
MOS0l 4o e Y orem Wi into_solution in a plasma

nml, the excess oxygen must go 1nto S

Pr and has a lower
exposed to a carbop
Second, the blood at
actually loses in its
Sea-water fishes, this

at oxygen was generally
ages higher than present
of oxygen increased with
It was also known that
against the enormous
As long ago as 1896, it was
in the swim-bladder of these
spheric air, although at much
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already in equilibrium with the external oXygen tension of the Wate,
This automatically raises the oxygen tension of the blood The
oxyhemoglobin ratio is higher than it would have been had g,
' ‘ ' excess oxyhemogloh
OXygen tension remained constant. This xyhemoglobin o,
stitutes a potential back pressure against the car tg)r} 10Xide, This
and the characteristic of the blood to lpse a part of its alkalj Tesery,
at higher carbon tensions! in turn raise the tapsmn of the Carhoy,
dioxide, which in turn lowers the oxygen-loa mfg }(liapallmty 0f the
blood. This further increases the oxygen tensmnbo td§: b.c(>10d Plas.ma,
The blood with its augmented oxygen and car pnb_llom ’If:htensmns
is carried to the venous capillaries pf the rete n‘lljllra dl €. € eXcegg
oxygen and carbon dioxide will diffuse from bloo ]1311 the venoyg
capillaries to the blood in the arterial cap1ll§rles.d. }cfl cc;ntmuous
circuits (see Fig. 1) of the oxygen and carbon dioxide from the
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Fig. 1. Diagrammatic representation of a rete mirabile gas gland mec_hani_sm
of an eel. The arrows indicate the direction of transportation and diffusion

of oxygen and carbon dioxide.
= -

arterial capillaries of the rete mirabile through the gas gland and
back to the venous capillaries of the rete mirabile and by diffusion
back to the arterial capillaries of the rete mirabile, the total gaseous
partial tensions of the plasma will finally reach and exceed the
mechanical pressure on the blood. Gas bubbles will then be formed:

'From all observations made, one would conclude, although there is a potent}al
back pressure due to oxyhemoglobin and the blood does lose alkali reserve with
rise in carbon dioxide tension, that the blood will always hold more total carbos
dioxide at higher carbon dioxide tensions than at lower tensions. This is not the
case with oxygen. The total oxygen held by blood at higher oxygen tensions &%
be lowered below what it can hold at lower oxygen tensions by increasing t].le
carbon dioxide tension of the blood. This explains how it is possible to ha'WE_ln
the swim-bladder a very high partial pressure of oxygen and carbon dioxide
partial pressure very low or even nil. This can be the case even though the

partial pressures of the inert gases are much higher than their respective pa E
pressures in the atmosphere.
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e the total gaseous partial tensjons has r -
perhaps erfq(:erchanical pressure on the blood, the Oxygezac(}ili?u;ilzyls
ould be toward the lumen_of the Swim-bladder. Oxy en
ur s be deposited into the swim-bladder by simple diﬁugir?
P ould tbubbles are formed, the bubbles would contain prim;ari]\}
It g5 Vg inert gases would diffuse into the bubhles 1N Proportion
pxygen- espective partial tensions in the plasma, When the gas
to thetr are formed, the total partial gaseous pressyres would he
bubblkf;) or greater than the external pressure upon the blood. Water
equd © ssure would augment the total gaseous pressures of the
vapml‘ PSinc e the water vapor tension of a fluid is independent of
hubb :g’,eou s pressure on the fluid. The total interna] pressure of the
e pressure of the

th gb abble would thus be greater than the internal

agm_bla dder, which is balanced by external pressure.  The gag
Swll)ble would then move and break into the lumen of ¢

gi; dder, since of necessity thf: gas bubble would always
2 higher to a lower pressure. o

~ The inert gases would thus be deposited into the swim-bladder
regardless of their respective partial pressures in the swim-bladder.
‘The oxygen being reabsorbed more rapidly than inert gases due to
its chemical activity, the inert gases would be left behind in the
swim-bladder. Their partial pressures would be determined solely
by the mechanical pressure upon the swim-bladder. This is a clear.
cut explanation as to why the inert gases are present in the swim-
bladders of fishes in the same proportion as found in the atmosphere.
This explains clearly how it is possible for inert gases to have higher
partial pressures in the swim-bladder of fishes than their respective
partial pressures in the atmosphere. This is also an explanation of
the mechanism of the deposition of gases into the swim-bladder of

fishes, without the aid of any vitalistic force, generally called “secre-
tion.”

he swim-
move from

_ “It might be argued that gas plus vapor tension would expand the bubble until
internal pressure of the bubble would equal the swim-bladder internal pressure.
This being the case, the gas defussion pressure would be from plasma to bubble.
Thus there ig always a resultant pressure from bubble to swim-bladder.

ANNOUNCEMENT OF THE ANNUAI MEETING

(Continued from page 357)

l;e Yoted on at the coming annual meeting. The proposed amendments

s(:: ppl;lmg“ly for aut}}orization of a Board of Trustees of the Tennes-
Dire -ademy of Science and of a separate Board of Trustees, a
ctor, and 3 Curator for the Reelfoot Iake Biological Station.
the proposed amendments may be obtained upon reque{?t
am(".‘ndme ccretary of the Academy. With minor correctlon_s;1 1; tf-:

tendap CNLs are the same as those circulated among members 1
“¢ at the last annual meeting.
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