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INTRODUCTION

oral useful reviews on the respiration of fishes
5 as separate reviews or as sections of reviews
iology (3, 33, 43, 49, 52, 63), others as dis-
r as monographs (60, 61) or as reference texts
count consists of an attempt to review recent
subject matter not covered in the articles by
(49), and Fry (34). Aspects of respiration
er are restricted to external respiration, and
f interchange of respiratory gases between the
environment.
has been approached by descriptive ac-
and quanhtwtwe Changes by compalmd
ilar ones in other classes of animals; and by
system to the activity of fish, as \le as to
‘both external and internal (49, 52, 60, 61,
parisons are made, it is desnablc to set out
which govern respiration in fishes and mam-

ot the gill and its projecting filament has been
it of the lung of mammals and its recessed
), Van Dam (28), and Krogh (49). Krogh
m’s work in demonstrating that the flow of
gh the gills is opposed to the flow of blood
making for very efficient extraction of oxygen
iratory medium. Associated with this an-
is the fact that in teleost fishes at least, the
the gill filaments is in one direction, while
i atory medium in mammals is tidal in nature.
nge between the external respiratory medium
is carried out in the same phase (liquid),

“Te are two phases, a gaseous one entering
I to and within the alveolus, opposing a
o1
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TABLE 4
REspIRATION IN FISHES AND NL\ME\.U\]_S

or loading pressures. The conditions for unloading
o also different for the two classes, for fishes may

_hon dioxide vacuum (in sea water as pointed out

Typec:))fn drig;atory Gill (Fﬂanl:;ﬁ) M ers (29)), while for fresh water fish the carbon
organ Lung . will usually be a value of less than 1 mm. Hg in
Circulation Counter . Dirgel s, Carbon dioxide is ever present in the mammalian
Ventilation Liquid flowing in one Tidal O  <sure is relatively high (39).
. .d‘uecm.n ; e of the differences in diffusion rate of oxygen
Mediu of sxchange Tlsﬁgsid(thd) il Tissue (J uid media to respiration is discussed by Leiner
Body temperature Variable Fired s in oxygen capacity together with the equally

—2° to 40°C. ] .5 in the density of the external respiratory media
p O: of inspired 1-200 mm. Hg 80-100 , Leiner (52), Van Dam (28), and Krogh (49).
medium ' of these various factors to the high oxygen utiliza-

f xpired 0-10 mm. Hg 0-459 R ; =
p g](e)gsfn?plre( 4045 m rate from the respiratory media is expounded by
0. Diffusion rate Low (ligquid) ‘ '
O Capacity of external Low - a comparison of respiratory mechanisms between
medium 5 als is not easily made. Moreover, particular adapta-
Density of medium High

ry ‘mechanisms can be related only to particular
ironment (49). Nevertheless attempts have been
spiration to environment as well as to activity
y of the papers entitled respiration, a wider use
been given than employed in this review. In par-
nsumption, or respiratory metabolism has been
x of respiration. While no one will deny that
seous metabolism are related, and that the latter

e former, it seems wise to separate the two
empt to study the effects of either environment or

liquid phase (tissue of the alveolus, blood, ete.).
between the blood and the tissues is carried out in the
(liquid for both fishes and mammals). -
Physico-chemical conditions governing respiration
mammals are also very different (Table 4). The tempers
in inland fresh waters inhabited by fish is approxima
and in the sea it is —1.8° to 30°C. In one downwa
through the thermocline the temperature may drop

8°C. The body temperature of fishes is not greatly € ot fFec
their immediate environment. These possible ranges ysiology of respiration. There are further diffi-

perature of fishes are contrasted with the relatively™ using oxygen consumption of fishes as an
; 3 - a : a B ’

fixed body temperature of mammals (37 ° to 40%). S8 > for at the present time, no paper upon oxygen
of the loading and unloading of oxygen to and from appears to be comparable with any other
will shift with changes in temperature as was shown o that not all the various conditions now known
Barcroft and his ass%ciates (12). These special comt metabolism have been controlled. These con-

ing oxygen exchange and hemoglobin at low temp® a;u fid (E?Ov 79), biological condition (48, 78,
first ap'p\-rcciated in fishes by Krogh and Leitch (50): 1), diurnal variation (80), and previous

vels which 18 \ :"‘_“- ¥, the relating of respiration to activity is
8 A very restricted application, for as yet the

activity of fishes in absolute terms are

also were aware of the variable oxygen levels: -
the fish gill, conditions which may range Frm[“high oh
stagnant\vaters to supersaturation in art‘;ﬂ-‘? ”'(mn withi
activity (Table 4). The pressure head of‘ux_\.-n'

of mammals at sea level ranges between 80 anc

:. . X 1
) _of eémergency respiration (Notatmung) has
: . Vit ; ry hi
although admittedly mammals living at very

gh altit A recent monograph by Olthof (57).
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ANATOMY OF RESPIRATORY SYSTEM ‘Tatarko has described the relationships of the hyoid and
v bones to the branchiostegal apparatus in the Acipénscridae
and Polyodontidae (74). Much of the Russian work in this
s initiated by Woskoboinikoff who wrote on the anatomy
:hYOid and branchial arches in the lower Gnathostomata in
n to respiration (90, 91, 92).

The paper by Pliszka (38) has not been available to the present

Leiner (52) has reviewed the literature on the anatomy ¢ o
respiratory system, and in addition he has given considerab]e attan
tion to the accessory organs of respiration. Hora (45) has revieyas
a series of papers on the physiology of the air—breathing fish
Monopteris javanensis. For a comprehensive treatment of respirg
and the physiology of the swimbladder, the works of Rauther gy,
and von Ledebur (51) should be consulted. Krogh (49) hag dis.
cussed adequately the anatomy of fishes in relation to respiraie
mechanisms, and has given timely emphasis to Van Dam’s (ggi
careful work in describing the relation of the circulatory system gf
the gills to the course that respired water takes. ( The earlier paper
by Woskoboinikoff (88) on circulation of blood through the g atory phases of the respiratory cycle. During inspiration
has not been seen by this reviewer.) The blood of lowest oxy oral cavity is being widened and the opercula are being
content is conducted to the gills as the respired water leaves, and ed, the oral valves are open, the operculurivalvcs are closed,
the oxygenated blood leaves at the point where inspired wate ater is drawn along the gills by the widening of the gill
(with its higher oxygen tension) enters the gills (28). This p During expiration when the oral cavity is being decreased
cinle of counter circulation obtains for the exchange of metabolites the opercula are abducted, the oral valves are closed, the
between maternal and foetal circulations in mammals (12). valves are opened, water is driven along the gills by the

Bevelander (14) noted in his detailed study of 36 species e in volume of the oral cavity. “In other words, durir;q in-
the respiratory epithelium of the teleosts was of the flat, squamo on the gill cavity acts as a suction pump, during expir;tion
type while in elasmobranchs it was a thicker polyhedral or cubie louth cavity acts as a pressure pump; in both cases water is
type. Bevelander also reported that mucous cells appear larger & along the gill.” (28). The significance of the continuous flow
more numerous on the gill filament proper, and smaller and.l _ T across the gill to the counter flow of blood through the gill
numerous in the interlamellar spaces and on the free surfaGey nts is expounded by Van Dam (28). Earlier, \Voslgoboinikboff
the lamellae. By the use of specific stains, Copeland (26) derti8 _ ublished a lengthy treatise on the suction pump system and
strated the presence of chloride-secreting cells distinct from & tation of the suction pump to the pressure pump in a number
mucous-secreting cells in the respiratory epithelium. - In 1939 Balabai showed that the alternate suction and

Willem (82, 84, 85, 86) has published a series f’ﬂr o 1 - pump action is characteristic of the breathing of elasmo-
papers on the reduction and modification of the respiratory P (S) and sturgeon (9).
atus in certain members of the teleost Plectognaths. b iderable interest are Van Dam’s observations on the uni-

Gray (35, 36) has determined the number of gills,-tj‘:‘; _ atilation and also periodic ventilation in the eel. The
and the length of gill units and the number of reSPl‘l“ ‘:m 7 Pauses may extend to five minutes. The pauses are not
{secondary Jamellae) in 8 species of marine fishes. Th“'“'“}q o the animal is using unilateral gill ventilation. Both the
respiratory units differs distinctly from species to Sl){?i]it\:c;]\’s palt Y Pauses and the unilateral ventilation occur when the
relatively great for surface active migratory fish snd veit o ~ “PPears to be in a resting condition (28).

for sluggish bottom fishes. cence G B.'Is on the mechanism of movement of gill filaments in

Gudger (88) has called attention to the occurr€ics & lltel_( 15, 16) discusses the position of the tips of the gill
breathing valves in 150 specics of fish. uring normal respiration the tips from adjacent gill

Balal‘)ali has written a series of papers on the det e , and thus the respiratory water is forced through the
of the respiratory apparatus in cyclostomes and jawc § arrangement was deduced by Van Dam (28)L from

MECHANISMS OF BREATHING

n Dam (28) has shown for the rainbow trout, Salmo shasta,
r is expressed over the gills during both the inspiratory

e Ila S
ailed muset i L
is
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the high percentage oxygen utilizutign rates (.80’,"(-) and obseryag
in living Tinca tinca by Hofdijk-Enklaar (44) and confirmeq b
Bijtel (15; 16). During the so-called cough reflex .thc tips of t
filaments are retracted to permit the sudden flow ot water t]'n"‘lgh
the gills (15, 16).

Pathways from receptors in the gill regions is essential to
sintenance of respiratory action. From these results the au-

yan Dam (28) in his observations on the respiration of the eel
illa vulgaris in a resting condition found that there were
atory pauses up to five minutes’ duration; at other times the
i ventilated on one side only, although no respiratory pauses
rvened when the animal ventilated unilaterally. These peculiari-
. in the respiration of the eel suggest a stronger dependence of
espiratory centre upon metabolism than appears in other fishes.

REGULATION OF BREATHING AND RESPIRATORY REFLrxig
Respiratory centre
Babkin and M’Gonigle (4) in their studies on the respirag
mechanism in skates, review the literature pertaining to their gy,
ject up to 1930. They recount the views of I_Sagli(mi (5) whe
asserted that the initiation of the respiratory act in fishes is centrg],
of Bethe (13) who contended that the respiratory act is accom.
plished through peripheral reflexes; and those of Babak (3) who
assumed an intermediate position by claiming that respiration is
actuated primarily by an autonomous centre arfd modified secondf
arily through peripheral reflexes. Babkin and M’Gonigle stgtcd that
much of the early controversy was due to the variety of species
studied, and further, since the place occupied in the evolutionary -
scale by elasmobranchs and teleosts is not the same, the respiratory =
mechanisms may also be different. To these statements should be =
added that therariety of mechanisms of respiration in diEFE!.‘&!ﬂ: .
fishes (5, 49) and even in the same fish (27, 28), and the mn%
of experimental methods used including the use of L—;Immthetli;
which may depress respiration, have not aided physiologists 4
formulating a general scheme of respiration in fishes. ol
Lutz (53) and Babkin and M’Gonigle (4) have furnish 3
direct evidence that respiration is maintained by an untonoe
centre in certain elasmobranchs. These studies add to th!e _
experimental work of Vulpian (77), Steiner (72) and .H.“'e
who demonstrated that in fishes all respiratory movt’fllt‘“fh
when the medulla was sectioned. Recording electric it
from the isolated brain stem of goldfish, Adrian and Bu.\'tt‘-‘i:‘ji]ra :; -
observed close correspondence between impulses and 1est |
activity. g pr
Mci'e recently Powers and Clark (59) sect_ioned _\"i:ll‘l‘:r"in
binations of the IXth and Xth cranial nerves 1n1n1(;(11~1? 'Lz}s ;
to the gills in three species of fish (bro‘olt- trout, Sallueﬂfl’; ué
tinalis; rainbow trout, Salmo gairdnerii irideus and ity 0
Lepomis macrochirus). Their results showed that the integ

piratory ,«gﬂcxes

Mechanical. Baglioni (5) described changes in respiratory
am for teleosts and elasmobranchs when air was introduced
respiratory passages. Lutz (53) studied the effect of sud-
starting and stopping the respiratory flow of water conducted
he spiracles of the dogfish, Scyllium canicula, and found that
jition of respiration occurred, followed by reflex ejection of
er from the mouth and gills. When the respiratory flow was
ased gradually, respiratory movements increased; on gradually
g the flow, the rate of respiratory movement decreased to
rting level. Ogden (56) observed in the dogfish, Mustelus
icus, a simple quantitative relationship between the respira-
ater pumped over the gills and the hydrostatic pressure be-
the mouth and the gill slits from —7 to 3 cm. water, yet the
thing frequency remained constant.

Chemical. The response of some fishes to changes in the
and also the carbon dioxide content of the inspiratory water
0 in Table 5. Where possible, cases have been listed where
 “Hthors included a simultaneous accounting of the frequency
. thing and the quantity of water moved during each respira-
 €¥cle. Observations by Baglioni (5) and Westerlund (81)
© Mmade on frequency only.
fésponse in the dogfish, Mustelus californicus, to lowered
. and also to increased carbon dioxide is one of struggling
1€ to Ogden (56). No change was noted in either breathing
€Y or quantity of water shifted. Clear indication of a similar
~€ In elasmobranchs is to be found in the earlier studies of
S0 and Willem (69) for the ray, Torpedo ocellata, and dog-
JHUm. canicula, and by Bethe (13) for the dogfishes, Scyl-
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Effects of
lowered O.

Torpedo ocellata
Seyllium canicula
Seyllium catulus

Seyllium canicula
Scyllium catulus

Mustelus californicus

TELEOSTS

“Karausch”
Carassius vulgaris?
Serranus scriba

Scorpaena ustulata

Spheroides maculatus

Uranoscopus scaber

Salmo shasta

Anguilla vulgaris

lium canicula, and S. catulus.
animal was held in a fixed position. Baglioni _
haviour of the dogfish, Seyllium catulus, when allowed t
freely in oxygen-free sea water. He found that within thre

the fish became restless, swam aimlessly and that t
frequency increased from 54 to 66 per minute. During
mental period of 1 hour and 56 minutes, t
rose at one point to 90 per minute; the

Schoenlein and
Willem (69)

Schoenlein and
Willem (69)

Baglioni (5)

Bethe (13)

Bethe (13)
Ogden (56)

Westerlund
(81)
Baglioni (5)
Baglioni (5)
Hall (40)

Mevyer (353)

Van Dam (28)

Van Dam (28)
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TABLE 5
Uron RESPIRATION IN FISHES
Species Author
ELASMOBRANCHS

None on rate
None on rate

Increased rate
and swimming
None on rate
None on rate
None on rate
None on volume
Struggling
response

Increased rate

Increased rate
and activity
Increased rate
and activity

Increased rate
None on volume
None on rate
Increased
volume
Increased rate
Increased
volume

Tu all these studies the ex]
(5) studied the be"
o swilk

!’H('h_’u., ed CO
. - (3

he respiratory l~re
activity and the freq

Eﬁ"f‘l‘s Of

None on rate
None on rate
None on rate
None on volume
Struggling

response

Increased rate

Increased rate

and activity
Increased rate

and activity
Increased rate
None on volume
Increased rate =
None on volumé
None on raté
TIncreased

yvolume
Increased raté
Inereased

volume; OF

apned

@ lﬂinu
he respirat®

the expt
(l‘LlIE,‘-n.

uents

er Lrﬂe“tnl

RESPIRATION IN FISHES 99

hing seemed to correspond. The control animal remained

same position throughout the experiment, and except for one

ation of an increased rate to 60 respirations per minute, the
ained at 54 per minute.

om studies made on teleosts (Table 3) it appears that a

se in oxygen tension or an increase in carbon dioxide in

¢+ flowing over the gills brings about changes in respiration.

response is not always the same in detail. In Uranoscopus
r, Meyer (55) found that the frequency alone changes; in the

sow trout, Salmo shasta, Van Dam (28) found that both factors

ed. Struggling, dyspnea and apnea also occurred in the eel in

mse to carbon dioxide depending on the concentration used
Woskoboinikoff and Balabai (94) showed that the carp

ded to oxygen lack by an increase in breathing activity.

Joden (56) states that the response in the dogfish to increased

| dioxide or decreased oxygen in respired water is one of
ning. Tracy (75) found that carbon dioxide initiated the
1” body movements in the larval form of the teleost toadfish,
s tau. However the earlier work of Baglioni (5) for the dog-
llium catulus, still must be recognized; in this study the
responded to oxygen-free sea water by swimming and by
ase in respiratory frequency. In Ogden’s (56) experiments,
was held in a fixed position, and the response was one of
ng only. It is possible to argue that in the natural environ-
the increase in frequency of respiration in the dogfish, Mus-
ornicus, may be due to the increased metabolism which
/ed the swimming movements caused by the unfavourable
nment. It is possible too that the mechanism in the species
by Baglioni is different from that in the species studied by
. The response to changes in respiratory gases in elasmo-
S should be tested further. As far as the teleosts are con-
the respiratory response is positive, though variable.

ResPiraTION AND CIRCULATION

Qenlein and Willem (69) long ago reported for the dogfish,
M canicula, and the ray, Torpedo ocellata, that the heart
el exly inhibited when the spiracles closed, the sensory limb
* Teflex originating in the pharyngeal cavity. Bethe (13) and
! (5) stated that cardiac and respiratory inhibition occurred
in elasmobranchs. Lyon (54) reported for the shark,
“ras, that the cardiac rate was intimately related to the
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was stored fully oxvgenated, and decreased when stored in
_ The importance of lactic acid in altering the properties
= plood has been emphasized by Von Buddenbrock (24),
(64), Redfield (63), Black and Irving (21), Secondat and
. (70) and Auvergnat and Secondat (2).

respiratory rate, and that there were indications that . h
normally takes its rate from respiration. Nevertheless the m\_-.-m 3
nature of the heart-beat is shown by the fact that the heart |, S
beats long after respiration has ceased (54). Lutz (53) g4
respiratory and cardiac reflexes in the dogfish, chllium‘f-fmicled
and reported that electrical and mechanical stimuli ;1pp]j&.dula‘
various parts of the body and certain viscera caused reflex i'l}lil;i _to
of both respiration and cardiac activity. Stopping or starting oy
flow of respiratory water over the gills caused respiratory inhil?iéhe
and sometimes cardiac inhibition; stimulation of the ‘_,Untri;n
caused cardiac inhibition and sometimes respiratory inhibition (53)e
Willem (83) has recounted the published work on synchronism Qf'
respiratory movements and heart-beats in fish. '
Hart (42) investigated the stroke volume of the heart in four
species of freshwater fish and noted that the values correlated
inversely with the Bohr effect of the bloods of the same species
investigated by Black (17) as discussed below. Hart suggested that
the differences in circulation may compensate for differences in
oxygen transport imposed by the differences in the bloods for trans-
porting oxygen.

sua]

port of carbon dioxide

2odfield (63) has reviewed the literature relating to the equi-
of carbon dioxide with the blood of fishes. In a number of
of animals which carry hemoglobin as the respiratory pig-
he form of the curve is much the same, although the quantity
arbonate increases as the hemoglobin content increases. This
yme out by the work of Root (64) on marine fishes.

he effect of hemolysis of fish blood in reducing the content of
is very great as shown by Black and Irving (21) for certain
water fishes and by Root, Irving and Black (67) for certain
ne fishes. The integrity of the red cell is of importance to the
ort of COs as well as for oxygen transport (11). Ferguson,
th and Pappenheimer (32) and Ferguson and Black (31)
Jemonstrated that chloride and bicarbonate ions interchange
g oxygenation and de-oxygenation of whole blood of fishes,
‘brings this aspect of the transport of CO, carriage in har-
v with that of mammalian blood as demonstrated by Van
 (76). Ferguson, Horvath and Pappenheimer (32) have also
lished evidence that the transport of CO: in the carbamino
possibly absent in the blood of the dogfish, M ustelis canis,
' be present in the bloods of the carp, Cyprinus carpio, and

D

RespmrAaTORY BLOOD-GASES AND TissUE TENSIONS
Methods
Since the comprehensive review by Redfield (49) appeared on
the respiratory functions of blood, more evidence has been obtained"
on the fragility of fish blood. Black and Irving (21) reported that
hemolysis abolished the Bohr effect for the bloods of at least t‘w
teleosts, and that hemolysis of the blood of the carp, Cy',ﬂﬂ'ﬂi'_f v trout, Salmo gairdnerii (31).
carpio, may be brought about by the use of the anticoagulant € buffer power of fish blood is not so great as that of human
potassium oxalate. Hamdi and Ferguson (41) found that fluorides ’d between the partial pressures of 10 to 60 mm. Hg (63), yet
used to prevent glycolysis of mammalian blood, caused hemolys® fier power of fish blood over what is probably the physio-
of fish blood. Krogh and Leitch (50) used leech head extract BE ange for fishes (0-15 mm. Hg) is considerable (20, 31,
their studies of fish blood; they also used defibrinated fish bloods
Irving, Black and Safford (47) and Black and Black (20) fouEy
that blood which had been drawn from fish for longer than 12 “i
18 hours could not be used for blood-gas studies, although no ri'
sons were presented for the anomalous changes in both CO: Cﬂ; ad
bining power and oxygen capacity. Ferguson and Black ( 31) nt':' :
that the CO. combining power in bloods from the carp: cypr®
carpio, and rainbow trout, Salmo gairdnerii, increased when

> Haldane effect (25) or the effect of oxygenation on CO:

"HINg power is present in the bloods of certain teleosts accord-

B ot (64), Ferguson and Black (31), Black (17) and Black

. 2¢k (20). Dill, Edwards and Florkin (29) found that a

¢ effect is present over the physiological range for the skate,

; while Ferguson, Horvath and Pappénheimer found
¢ effect in the dogfish, Mustelus canis (32).

-]
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Transport of oxygen _ as Krogh (49) warned, it is possible to find an ecological
_tation between the physiological machinery and limited en-
“ments, but usually the relationship does not hold for larger
omatic groups and wider environmental lattices.

ack (18), and Black and Black (20) investigated the blood
1e Atlantic salmon, Salmo salar salar, and Black (19) the brook

¢ Salvelinus fontinalis, acclimated to summer and winter con-

Krogh and Leitch (50) described the properties of fish bl
for transporting oxygen and observed a degree of difference in tu
ability of bloods of different species to combine with oxyger,. Th
also noted a sensitivity of the union of blood with oxygen ¢, tli
presence of low tensions of carbon dioxide. They contende( thai
the sensitivity of fish blood to carbon dioxide was an adaptatiun
for these authors appreciated the work that Barcroft and hjg Cu]:
laborators (11) had published to the effect that a decrease in ey,
perature increased the affinity of hemoglobin for oxygen, and that
this effect was countered by the Bohr effect (23), namely thyy
carbon dioxide reduces the affinity of hemoglobin for oxygen, and
hence physiological conditions would operate to augment the
tension at which oxygen would be unloaded to the tissues at low
temperatures. Krogh and Leitch also appreciated the sionificance
of the Bohr effect on the loading tension of oxygen in bloods of
fishes in poor oxygen supply. These various relationships are clearly
set out by Krogh (49) and Leiner (28). These reviewers list the
fishes showing a very large Bohr effect as first observed by Root
(64) in certain marine fishes. Green and Root (37) postulated that
the marked reduction of oxygen combining power by carbon dioxide
might be due to the inactivation of one or more prosthetic groups: es of respiratory cycle, namely, the tissues and the gills. Accord-
of the hemoglobin molecule. At the suggestion of Dr. D. B. Dill.:._' '
Black and Trving (21) hemolyzed bloods of two freshwater fishes
and found that the sensitivity to carbon dioxide was obliterated.
These studies were extended by Root, Irving and Black (67), Root
and Trving (66) and Black (17), who found that in some instances
the Bohr effect was not abolished totally by hemolysis. These find-
ings and later data obtained by Irving, Black and Safford (47) an
Black (18, 19) substantiated the early view proposed by KI:O_ J
and Leitch (50) that the specificity of fish blood as regards aﬁmﬁ-
for oxygen must rest partly on the hemoglobin and partly on : j
special chemical milieu maintained by the intact membrane 0
erythrocyte. :

yIn a)limited series of four species of freshwater fishes, ?lif;
(17) found specific differences in the affinity of fish T)lﬂtr“t :
oxygen and also in the Bohr effect. The indications are Ih“c ot
blood with a low Bohr effect and a high affinity for oxygett e 8
acterize fish which inhabit warmer waters of a temperate 1*" 0
summer; and that a large Bohr effect and a low affinity for OXYE
characterize fish which inhabit the colder waters in summer-

ecies and from species to species (63). In some instances the
capacity is so low that at low temperatures a significant
ure of the transport of oxygen must be attributed to the oxygen
y dissolved (29, 32, 64).

e tensions

Jonditions for discharging and loading carbon dioxide and
en to and from the blood must be known if the transport
city of the blood for the respiratory gases is to be rationalized.
nificant among the conditions are the temperature and the

(68) on diving mammals, the level of lactic acid in the
12 must also be considered.
determination of tissue tensions in fishes is difficult indeed,
Tecounted by Root (64). Dill, Edwards and Florkin (29)
lated the tension of carbon dioxide in “arterialized” blood taken
i efferent side of the gills of the skate, Raia ocellata, to be
m. Hg. Root (64) estimated the tension of carbon dioxide
:_b]ood taken from the gills of the sea robin, Prionotus caro-
' t‘l’ be 2 mm., Hg, and the “venous” blood taken from the heart
TﬁaqﬁSh, Opsanus tau, to be 10 mm. Hg. Ferguson and Black
X fl;:i:lii values of 5 to 10. mm. Hg carbon dioxide for blood
Jrom the heart of the rainbow trout, Salmo gairdnerii, the
“YPrinus carpio, and the bullhead, Ameiurus nebulosus. Black
fl Black and Black (20) noted that the venous tension of
; d!Odee for the Atlantic salmon, Salmo salar salar, acclimated
"' €r was 6 to 8 mm. Hg and 3 to 6 mm. Hg for winter con-

acid levels have been recorded for fish by Von Budden-
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brock (24), Secondat and Diaz (70), and Auvergnat and Sccq,
(2). These works indicate that lactic acid accumulates i, __
plasma during activity. Von Buddenbrock (24) discusnes the i
portance of lactic acid to the carriage of oxygen, particular|
fish blood sensitive to COa.

Root (64) estimated the venous tensions of oxygen in » Serigg
of four marine teleosts ranged from 0 to 20 mm. Hg; in three freh.
water teleosts Ferguson and Black (31) estimated the Venqyg
tensions of oxygen to range from 3 to 10 mm. Hg.
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ble over the physiological range of carbon dioxide tension for

blood of teleosts varies in oxygen capacity, in the affinity

blood for oxygen, and in the Bohr effect. In some instances

gen affinity and Bohr effect constitute an adaptation to a
environment.

he physiological tensions of carbon dioxide are very much

- than those found in mammals. The tensions of oxygen at
g in fishes are variable. The importance of lactic acid levels

plasma to the unloading and loading of both gases is

ble.

YV for

SUMMARY

Recent papers on respiration in fishes were reviewed. By respirg.
tion is meant the exchange of oxygen and carbon dioxide betweey
the external environment and the gills. Papers on the respiratorxj
function of the blood were included, but the literature on oxygen
consumption in fishes was excluded. .

Important in the advance of knowledge of respiratory mechans
isms has been the description of the principle of counter circula tion
between the respiratory flow of water and blood through the g
and the efficient extraction of oxygen from teleost gills made pos-
sible by the continuous circulation of respired water in one
direction, and by the position of the tips of adjacent gill Fnamen
which are so held that during normal respiration wat'er is fot ¢
through the lamellae. During “coughing” the filament tips separaté
reflexly.

The importance of the respiratory centre of the medulla t _
autonomous activity of respiration has been established’b}’ i
experiments on sectioning, and by action potential studies “1;
show a correspondence between impulses arising from theto
and respiratory frequency. However, the centre seerms
dominated by reflexes in certain teleosts. 1

Respiration may be modified by a variety of physical 55

21.
. [ > = .
vyl wefis chiieine. Themosmirsicsy eapanse 10 chémlu‘-{ftl :et 8 N, B. P. and M'Gonicrr, R, H. Studies on the respiratory
such as lowered oxygen tension or increased carbon dioxide

i ‘Mechanism in skates. Contr. Can, Biol. and Fish. N.S., 6:
e - e -4
is definite although variable in teleosts but uncertain 17

branchs.  follo “,-_s
Transport of carbon dioxide by the blood of teleos .h]iqn plodt
somewhat conventional pattern established for mamma 1‘” 1
with unexplained peculiarities, while the b!ooﬁd of elas.l-]w - ool
shows little or no Haldane effect. The buffering capactt’
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