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of regulation of the osmotic concentration of body
on to both marine and fresh-water teleost fishes.

teleosts maintain an internal concentration equivalent
point depressions (l:::..)betwe~n b,.-O.5°C ..and l:::..-O.8°C.,
that regulation must occur 10 these ammals, for the

,ntration of fresh water is close to O°C. while that of
usually between l:::..-lSC. and -2.3°C. For fish in fresh
ore, the problem is to maintain body fluids which are

to the environment; whereas marine teleosts must keep
fluid concentration which is hypotonic to that of the
lum. The mechanisms whereby osmotic regulation is
in fish were first coherently assembled and described

128). Further advances have been discussed by Krogh
'n (2), and Scheer (122). A short description of the
ismswill be reviewed in this paper as an introduction
lon of some recent work in the physiology of osmotic

Iy teleost fishes. The concentrations of the external and
, ~e expressed in the units used by the author to
ce IS bemg made. Equivalent concentrations are tabu-
1 for the convenience of the reader.

TABLE 1

EQuIVALENTS

Salinity
0/00

5
10
15
20
25
30
35

~ckn.owledgeswith pleasure the assistance of Miss
g Librarian, and Mrs. M. A. Wilson, in pr.oviding
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CWorinity
0/00
2.8
5.6
8.3

ILl
13.9
16.7
19.4
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. in fresh-water teleosts is accomplished by the
tiO~toniC urine and the acquisition of salts from food

Iibyp ding water.e surroun

'mental work on fresh-water fish
C eland (27) has shown that in Fundulus heteroclitus

tb opills that are responsible for the excretion of chloride
~e fish in sea water are the same cells which absorb

fresh water. Some experiments by Liu (97) on the para-
ocropodus opercularis, indicate that this air-breathing

me slowly acclimatized to salt water (NaCI). Liu
t content gradually to 3% over a period of four months.

of this time he found well developed "chloride secreting
gills. Presumably here too the chloride absorbing cell
a "chloride secreting cell."

(101) found that chloride is excreted in the urine of the
the fish is placed in water with a salt concentration up

e concentration of the urine increases from A-O.07°C.
A-O.88°C. as that of the external medium is in-

.6.-O.15°C. to A-l.O°C. Thus the carp seems to be
creting urine with a salt concentration slightly more

the concentration of sea water.
. g point depressions of blood and muscle of carp in-

ively, from A -0.53 and .6.-0.68 in fresh water to
.6.-0.94 after twenty-four hours in water A-O.7°C.,
Leovey (96). This increase in concentration of the
to be due to salts alone, for Korzhuev (92) reports

no Significant change in urea content of the blood of
after several days in salt solutions up to 1%, though

COntent doubles. .
~o~ of the ions present in the muscle of carp in water

es have been made by Kaplansky and Boldyrewa
and Pora (37) and Drilhon (32). Their work indi-

bulDtuthsclesbecome a reservoir for sodium calcium and
at· "th . potaSSIUmtends to decrease rather than in-

e antmal" 1to b IS In sa t water (salinities up to A-2°C.).
in I e no compensation within twenty-four hours in

Owsaliniti 1 h heel af es, a t oug a return towards the normal
ter three h (32) d I

S (lOb . ~~rs ,an In chum salmon fry
h ). VIabilIty of carp in salt water decreased

ours in dilute salt water (A -O.9°e.) to one and
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many of the articles through the Inter-library loan .
Library, University of British Columbia. sel'Vice

OSMOTIC REGULATION IN FRESH-WATER TELEOST F~
Method of regulation in fresh-water fish

It is generally agreed on the basis of palaeontolo .
anatomical evidence that the teleosts lived in a fre h gIcal. . s -wavironment ( 120). Water regulation In fresh-water tel

b db imitive th eoststherefore, e a~sume to e more. pn~l1ltive. an in the marine
Since fish in fresh water maintain their body fluids at

centration higher than that of the surrounding medium, the:
be continually taking on water through the tissues by osmosis.
sites of entry are mainly at the gills and oral membran
permeability of the rest of the body being relatively low
of the scaly or mucous coats (94). Water is absorbed throu
exposed semipermeable membranes and the blood passing
them. The water in the blood is then filtered through the gl
of the kidney and a urine hypotonic to the blood is ex
this way the water taken on by osmosis is removed by the
Freezing point depressions of urines of fresh-water fish ha
reported by Haywood and Clapp (70). Average value for
fish (Ameiurus nebulosus) was A-0.025°C., for the suck~
stomus commersonii), A-O.094°e. The rate of flow was
the catfish. Since there is this continuous osmotic inflow of
the fish does not need to drink water. Smith (127) showed
drank no water within the first twenty-four to forty-eight
fresh water. More recently GrafHin (64) has also demonstra

Fundulus in fresh water drinks practically no water. n:"
fi h i the m•••••The next problem facing the fresh-water s IS kidn

of salt content. Some salt will be lost by way of the
S

Its
. b b d J h kid ey tubules. athough much IS rea sor e m ten .' the

f th fi h J to mamtam
be eliminated in the feces. I e s IS 'ntake
osmotic concentration of the blood and tissues: an ted wi

S 1 ill be mgesmust occur to replace those lost. a ts w . d re alsO
but fish which normally fast during long peno s:awed
replace lost salts. Experiments by Krogh (93 h s ere able
in the gills of several species of fresh-water fis wuch gr

. hI 'de was rnon chloride even though the tissue c O~I this meanS
the chloride content of fresh water. It IS by tion. In
water £ish maintain their normal salt concentra
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a half hours in salt water (..6.-2.0°C.). Kaplansky
(85) report that carp living for one to two m thand

on s .
NaCl showed an increase of 76% in blood cht td 10 l~
muscle sodium but no change in muscle chIorid:n e and
They conclude that only cations enter tissues, wheror~lood
in undissociated form. e ey are

According to Drilhon (32) the water content f
decreased from 81% in fresh water to 79.5% after ~vocarp
hours in salt water (..6.-2.0oG). and

Some unpublished experiments on the goldfish
auratus) by Black s~~w th~t the total body chloride incre(C
(from 50 to 100 milli-equivalents per kilo) within two ::::
days after the fish have been placed in 140/00 salinity
~ncre~se~o~s not occur, however, and the fish are capabl~of
III this salinity for several weeks. According to Pora (114) C.
sius can live indefinitely in 15 0/00 salinity. Determinationsof
content of C. auratus by Black were not satisfactory as the
among the controls covered the range of variation among
14 0/00 salinity. The fact that many of the fish were mature
have caused the wide range in water content.

Interesting experiments have been done recently by
(104) which indicate that there is a continual gain of chi
the gills, and loss in the urine in normal goldfish. When 2.5
tilled water or 2.5 ml. of 2% NaCl are injected intrape .
the fish respond by decreasing chloride excretion or a
respectively, rather than by increasing either of these
This response appears different from that of the carp (10
the different methods of administration of salt may have
the type of response. Meyer's work also indicated that aft:
from one aquarium to another the chloride balance at e
the goldfish was temporarily upset (two days). Be refe~ =
review (124), suggesting that a mild form of shock ~g
cause. This possibility should be kept in mind, an~ han
if possible when measurements concerned with tissue
are being made. . . ated by

Four species of fresh-water fish were lllvestig p rea
(67); the minnow (Cyprinopsis auratus}, per?h fl~;atili$).
roach tLeuciscus rutilus) and gudgeon (Gobw aJinitiesb
eral she found that these fish could not tolerate s lost
to the body fluids. They did not regain water dingly.
whereas the euryhaline stickleback did. Correspon
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. e fluid increased for the fresh-water fish in
the tissU 'gni:6 h . th tith re were no Sl cant c anges ill e ssue

though e
. kleback.

stic
f

d that the salt content of scales in several
illS) outn fish increased when the fish were placed in"__~"'_waer
~ enty-four hours; the water content decreased.

for tw th th kin hI'
f his experiments at e s as no ro e ill
rom . 1 1 f. and that all changes ill sea es resu t rom ex-

tion al body fluids. Further work by Gradinesco and
intern. 2)) indicates that an electric current (0.01-0.04mA:/mm

the resistance of fresh-water fish to salt water by mcreas-
bility of the membranes. Pora also correlated resis-ea .' . h. lty directly with oxygen consumption per umt weig t

inversely with size of the fish (112).
in the density of blood taken from the heart of goldfish
190/00 CI showed an initial rise in blood density from

ut 1.050 within two hours, followed by a decrease in
). McLaren found that in 100% sea water (190

/00 CI)
ease occurred from two and a half hours until the time

hours). Loss of water from the blood in a hyper-
ent might be responsible for the initial rise in blood

attempt at regulation which occurs within three hours
to hydration of the blood by swallowing salt water and
salts from blood to tissues.
(34) carried out experiments which pointed to the

carp as a significant factor in osmotic regulation of
without the medulla can tolerate salinity of ..6.-O.2°C.,

carp tolerate ..6.-O.9°C. Nervous and hormonal
I of membrane permeability appear to play a part in

of ~tenohaline fish to salinity changes.
failure as a cause of death in stenohaline fish was

;,y Bert (6). Some evidence for this is presented by
. irly (42, Q3) who found that the increase in serum
~ asphyxiated carp occurred also in carp in salinities
A~e..lethal salt concentrations.

. n~~ (116) were unable to find histological evidence
(~~4 reakdown in gill lamellae of goldfish in 150/00

s~.s~ggests that death of goldfish transferred from
ef£ Ities higher than 150/00 may result in asphyxia-
in:~~?f salts on the acid-base balance of the blood,

Ity of the hemoglobin to combine with oxygen.
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has not yet been described. Pora found, however ~s of 6sh.
tion to high salinities decreased mortality, p:es at slOW
adjustment of the internal medium to a new i~ablyOlllccould take place. eq

Interesting work has been done recently by Veselo
oxygen consumption of the goldfish (Carassius caras . v (
(Cyprinus carpio) in various salinities. In enViron~!Us)
no~mal fresh water and a medium isotonic (.0.-O.470C.~n:
fluids of the gold£sh, the water content of the tissues and th
consumption of the animal gradually increased. In hyperto:C
( .0.-O.5-0.95°C.) water was lost and oxygen consumptiond
to 60% of the normal rate. These results indicate that the
ism for respiration of the goldfish is impaired by solutions
tonic to the blood or that, for some reason, the demand for
is not as great.

Although the specific cause of death of fresh-water fish
water is uncertain, and probably is not the same for all
recent work indicates that some of the factors involved
tology of the gills, extent of gill surface, rate of oxygenco
and the control of tissue permeability.

OSMOTIC REGULATION IN MARINE TELEOST FISHES

Method of regulation in marine fish
If marine £sh have descended from fresh-water forms,

expect that the original equipment for osmotic regulation.
in fresh-water fish, would become successfully adapted to
environment. This does, in fact, appear to be the =:
ample proof is provided in the existence of euryhaline

fishes that can tolerate a wide range of salinities.
Marine fish continually face osmotic dehydration b

body fluids are hypotonic to the sea water. In o~d.ert~f
water loss, sea water is swallowed in large quantities'follo\\,
is prevented, water balance is upset and death ma~e et
88). Conservation of water is brought about by. to
small quantities of urine which is slightly hypotoUl

l
crge

hi h ides a aIn some species the glomerulus, w IC prov f fresh-
the filtration of water and salts from the blood 0 lutiO
has become vestigial. This is presumed to be an evo
resulting from lack of use (61, 129). ther tbafI
. Secondly, marine fish must get rid of salt ra
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)
showed that the sodium, p~tassthium,and fchlorthide

allowed were absorbed WIth e water rom e
tet sW calcium, magnesium, and sulphate were also
. soIlle ul h d I' . lirn, f the magnesium spate an ca crum IS e -

ost 0 . the remainder, i.e. the amount absorbed, is
feces, th hl id f th . .. However e c on e content 0 e urme ISthe unne. 'It has been found by Keys (87) that the chloride
)b cells in the gills of the eel. These cells have been
'dfsecreting cells" and are well described, with notes

by Keys and Willmer (89). Since Krogh's work
CS:tes that there is specific ion absorption by the gills

water (CI-, Br+, N a+, but not K+), it has been
ted that the excretion of salt ions at the gills is also

fact that Copeland has found that the same cell in
eroclitus is responsible for the intake and outgo of

fresh and sea water respectively, supports this view.
suggested (94) there is great scope for the use of
topes to determine the movement of ions across the

during osmotic regulation. According to Krogh it is
in fresh-water fish chloride is absorbed by exchange

HCOs-. Exchange in the opposite direction may
excretion of chloride by the gills of marine fish.

(28-31) report an exchange of CI- and HCOs- in
etion of hydrochloric acid in amphibia. There may
'ties between the mechanism they describe and the
oride by cells in the gills of fishes.

Ish osmotic regulation is accomplished by swallowing
excreting the contained salts. A summary of the

nsible for osmotic regulation in teleost fishes is
ble 2.

tal work on marine fish
themade an ecological study of an oceanic fresh-water

Bahama Islands and found that all the fish present
-;:ter or marine forms, even though the salinity was

Contrast to 33 0/00-370/00 in the neighbouring
as, however, a calcium carbonate froth on the lake
experimth ents confirmed the fact that the presence of

hay e existence of these fish in almost fresh water.
& ehalso found that calcium facilitates viability of

es Water (9, 12,74, 136).



TABLE 3

MYER's (106) CLASSIFICATION OF MICRA
TINe FISl{

Term Migration
Diadromous Between sea and fresh water
Anadromous From fresh water to sea to breed
Catadromous From sea to fresh water to breed
Amphidromous To fresh water or sea, but not Prim .
Potamodromous In fresh water arily for
Oceanodromous In sea water
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th summer starvation, loss of chloride or "de-
!an~ probably increased imbibition by the tissues

. to a more concentrated environment a neces-
'grabOn

JIll They also recognize the part played by the thyroid
eel.. the winter migration the "demineralization"

). J)ullIlje colder water temperature so that in this way
due to ti1 they reach the sea. Factors in the migration

've unba been fully discussed by Callamand (19). The::0" of eels before migration has not, however, been
other workers, and a later paper by Fontaine and

~2) states that "demineralization" is not necessarily a
tioo since there is no set relation between "demineral-
development of the gonads.

content of the blood and tissues of the eel in fresh
has been determined by Drilhon (35). When intro-

sea water the sodium in the blood plasma increased
g the first four hours, then decreased very slowly over

; potassium content was probably very small because
of red blood cells, and showed no significant change;

ed for twenty-four hours, fluctuated considerably
and remained slightly higher than in fresh water. In

e the normal concentration, Drilhon found that small
better than large ones. This might be correlated with

Fundulus (86) which indicated that the higher the
length (gill surface) to body length, the greater the
fish to survive salinity changes. Sodium content of

showed the most significant increase in Drilhon's
ts where the salinity of the water corresponded to

. more concentrated than sea water.
of thes' .th e IOns m excess in the external medium

~ eel c~uld tolerate a 0.6% KCl solution for only
d~urmg which time there was abundant mucous

::: lac acceleration (35). The sodium potassium
•..•..••tent of th 1 h "t th e p asma, owever, showed no excessive

e toxicity of th tassi hlorid .a re 1 e po assium c on e solution was
o~~ t of salt concentration per se. Eels lived in 4%

\Vas abfor fifteen days at which time the sodium
Ie ta °hve normal. In calcium chloride the resultso t ose . . .th th in magnesmm chlonde. This work by

at e ability of the eel to maintain a constant
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cl~ssification of migrating fish has been proposed FISl{
HIS terms are defined in table 3. by MYE!ra

The salmon and eel cannot, however, be considered trul
haline fish for they are relatively stenohaline between th Y
hatchin~ and entrance into the new environment (94). e
euryhaline from the elver stage to maturity. The tissues of the
eel have a low permeability to water (88), but the gills do
to be able to extract chloride from fresh water (93). Hence
regulation by the eel is brought about by practically
reabsorption of chloride by the kidney and low water pe
Little is known of the ability of the sea salmon to tole
water between the time the fish leaves and re-enters the
Both salmon (Salmo) (39, 100) and eel (Anguilla) (62)
ney structure typical of fresh-water fish.

It is becoming increasingly clear that the endocrine g
a part in initiating changes which are necessary for th~
penetration of these fish into the new environment. This
the adjustment will be discussed in another section by H
However, other aspects of osmotic regulation in anadro
catadromous fish have been investigated recently.

Eel
b done 00During the last ten years work has een .

(Anguilla vulgaris) by investigators in France. Fon~~Jll~y
lamand (20, 50, 51) report a marked loss o~ ch: ;eri
before migration. The eel does not feed dunng spera
also note that this loss is accentuated in war~ t:e cb
addition, it has been shown that during starvab0.o the'
fatty acid ratio of muscles increases, thus .favo~:3aU
of water (131). From these facts Fontallle a
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gen consumption and activity of the hypophysis
g oX)'ea water to fresh water or the reverse.
from s

SOME ASPECTS OF THE PHYSIOLOGY OF
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total blood concentration during excessive changes'
tion of the external medium is reHected in the in the CO

individual ions which were measured. constancy
The sodium, potassium, and calcium content of th

the eel, however, increased during the first two a d e III

in sea water, as was the case for the carp; but afte~ a a half
content had returned to levels approximating those of~ar.
eels in fresh water. No analyses were reported bet e. Weenh_
a half hours and one year ill sea water, but judgin fro'-
experiments (88) on the water loss by the eel and N1 k~
work with chloride content of salmon fry it is quite p~c .~(
regulation of muscle ions towards the normal did not oc:
the first twelve hours. It seems apparent that in the eel and
the tissues supply a temporary storage place for salts until
tion by the gills and kidneys is accomplished. During this
blood remains only slightly changed in salt concentration.

Osmotic regulation in young migrating eels or "elv
been extensively studied by investigators in France.
adapt to abrupt salinity changes if the mucous coat is in
According to Fontaine and Raffy (55, 118) their oxygen
tion in fresh water is higher than in sea water. Raffy exp
on the basis of change in water content of the tissues. A
show no difference in oxygen consumption in fresh water
water, although the migrating silver eels have an increased
consumption when going from fresh water to sea water..

Experiments by Vilter (135) indicate that the pi
"elvers" migrating to fresh water is responsible fo~
phobic behaviour. Only 30% of the hypophysectomized
avoided sea water within a half hour peri?d, w~er~a:.lll·
normal fishhad vacated the saline area dunng this tiIDthb
study by Vilter (134) showed that the activity of ed
. .. f th . t decrease .increased as the salimty 0 e envrronmen s

. . h nadromou
the hypophysis appears to be active ill tea. n in con
of the eel, this gland apparently has no functIO d and
euryhalinity of' the adult eel. Fontaine, ?anam~ 'ophY
(56) could detect no difference in the abilIty of f y~ sea
and normal eels to tolerate abrupt changes ro entrati

. h the conefresh water and back agaill, even w en
sea water was doubled (.6.-4°C.).. . s b Faffr,

A comparison of the above investigatIOn Y ot act
. 1 . di th linity per se does J1Fontame et a . m icates at sa im

of its economic importance, the salmon has been the
cb investigation. Most of the work has naturally been

lied aspects of life history, habits, and conservation.
apparding the forces involved in migration were based
~ts of environmental factors, but recent work has
t hormones may be active in initiating changes which

migration (46, 47, 54, 81). Discussion in this paper
to osmotic regulation from the point of view of

lp of the £ishand the environment.

of salmon are laid and hatched in fresh water. Pacific
salmon (Oncorhynchus keta) lay their eggs in the

of the river near the sea where they are sometimes
salinity variations. According to Neave (108) the
area do not appear to hatch successfully because

"harden." A series of unpublished experiments was
1946 on chum (0. keta) and pink (0. gorbuscha)

by J. E. Moore (105) formerly of the Pacific Biologi-
ada. Moore's experiments indicated that the uppet

hardening of chum and pink salmon eggs was

Warren (44) have found that hardening of speckled
fom occur in or above salinity 6 0/00' In a series of
ound that non-electrolytes had little or no effect
ce or hardening, whereas electrolytes caused im-

';:'r by eggs according to the Hofmeister series of
ese .results confirm the work of Bogucki (11) who

I ?envitelline membrane formed on trout eggs in
u:tiO~s of non-electrolytes, but that membrane for-
incpe ed in hypotonic salt solutions. Bogucki con-reas .d tur e 111 egg volume, formation of perivitelline

ted fescence of the egg depend on imbibition of
bn.... • Y the egg cell into the perivitelline space.
.---t""nmentsb B 1 1 ((Sal y usne et a. 16) on eggs of the
00. 45;ohsalar) showed that, in 100/00 NaCl, 97%

o atch; of eggs acclimatized to 20 0/00 onlj
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1% hatch; hatching occurred twenty days late Ii
fresh water, and the alevins lived only about r than
hatching. Eggs acclimatized to 25 0/00 NaCI ~elve da
was observed that the water content of the not

se eg
25 0/00 NaCI) did not change over an eighteen_dags (in
an increase in salt concentration occurred which Y .
to the salt concentration of the environment (fro Waspro
water to ..6.-1.32in 25 0/00N aCl). m ~ -.59 ill

Salmon alevins and fry

Rutter (121) reports that the quinnat or spriu s
~schawytscha) cannot tolerate sea water until aftergthe
IS absorbed. However, at two months the fry survived~
sea water. This species may go to sea after hatching
in fresh water for a year (26). Shepard (125) found'::at
alevins (0. keta) tended to choose sea water when both
fresh water were available. The response to sea water
more marked among chum fry.

Investigations by Auvergnat and Secondat (1) indi
the freezing point depression of the yolk sac contents of
of Salmo solar at the beginning of yolk sac absorption .
above ..6.-O.6°C. when the external water was above A
At the end of yolk sac absorption, however, the internal
tration remained at ..6.-O.6°C, when in water having a
tion, ..6.-0.77°C. (12.50/00 NaCI); therefore the rnec
osmotic regulation begins to function at this time. B
(16) found that S. salar alevins tolerate 100/00 aCl
150/00NaCl. The water content of alevins in fresh water
81.8% thirty-one days after hatching; in 100/00NaCI it v::
Salt content of alevins in fresh water changed from. A. in
..6.-O.59°C. in the first thirty-one davs after hatching, A

. goC to i->
NaCI the corresponding change was from ..6.-?6. ioo/oo
Resorption of the yolk sac was slower in alevIllS III d that

In previous experiments Fage (39) had reporte pp
day old S. salar alevins tolerated 35% sea wa~er (:sed
120/00 NaCI) but not 40% sea water. Vi~bility.:~;% sea
so that at sixty-nine days the fry survIved 1d ath ill

Respiration and heart rate increased before de. bighd .. re Inwater. The branchial epithelium appeare IllJU t Bert
and gills were pale. These observations suppor

TIC REGULATIO IN TELEOST FISHES
OS~o l:~;ty affected the respiratory system of fresh-
that saw"

. ents described above, one may conclude that
expe

l
f11Il

most favourably in a fresh-water environment.
deve op

and smolt·r: of the osmotic regulation of fry and parr of
.~o:~rmallY spend their early life in fresh water shows
fish are relatively stenohaline. Huntsman and Hoar (82)

Atlantic salmon parr (Salmo salar) can only tolerate
'ty. Black (lOb) found that Pacific. coho salmon fry
hus kisutch) lived and fed normally in water of 140/00

t could not tolerate 29 u/ 00salinity for more than thirty-

67

somework has been done on the subject of progressive
adaptation of parr to sea water the problem has not been

settled. Chaisson (23) indicates that tolerance of
increases with intermittent exposure to tidal water.

and Hoar (82) find that apparent increased resistance
parr is a result of the change in relation of body size to

and does not involve changes in osmotic regulation.
by Hoar (80) on the Pacific coho salmon does not,
leate that size is the Significant factor in the ability

to tolerate sea water.
permanent change in salt content of salmon mi-

to the sea or to fresh water has been recorded.
made by Black (lOb) of the body chlorides and

om and coho salmon fry, two to three months after
fer from fresh water to sea water (28 0/00-300/00

ced a rise in both density and chloride content. The
h salmon increased from approximately 1.003to 1.028

) ours and then fell to a level close to that of the sea
at about twenty-four hours. The body chloride in-

.ut t~e same rate in both species for twelve hours (from
h~ulvalents chloride per kilo). Between twelve and
. ~rs, however, the coho fry continued to acquire

eath occurred, whereas the chum fry began to
, returni h .
.sbt h ng to t ell' normal level, or slightly above,

ours. In 50% sea water (140/00 salinity) a milder
Useof body chloride occurred without lethal effect
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for either species. The ability of chum fry to surviv:l~li
is thought to be due to the development of "chI .10. Sea
cells" in the gills of these fish. The survival of choflde S
in sea water is not surprising in view of the fact thai sahnOilat thisenters the s~a soon after hatching, whereas the col,
least a year ill fresh water (26). Hoar (80) has obse 0 s~
secreting cells" in coho yearlings about to migrate t rved c
unable to locate these cells in the gills of coho fry. 0 sea, but

Attempts were made to acclimatize chum and coh
by leaving them in 50% sea water for varying len o~aImOll
before transferring them to sea water for twenty-fo~ hS of
effect of acclimatization was similar for both species . o~, I.e. su:
?f acclimatization .effected a decrease of 10 m.eq. chlorideper
ill the body chlonde after twenty-four hours in sea water. Ia
coho, however, the change was from 80 to 70, in the chum
to 52 m.eq. per kilo. This change in the coho indicates that
acclimatization may be possible.

Experiments were also carried out by Black (lOb) to de
the changes in density and chloride when chum and cohofry
returned to fresh water after twelve hours in sea water. At
hours the body chloride and density were high. Subsequ
crease in fresh water was relatively fast, attaining normal
five or six hours. It is interesting to note in this connection
return adjustment to the normal sea water environment .
Fundulus heteroclitus was also much more rapid than ad
to fresh water (8). Apparently the kinetics of regulation ill

case favours the normal environment, indicating that th~co
tion difference between the internal and external enVJl'O
not the only factor involved. lrn

At the time of smolt metamorphosis before the sa ::
sea, many changes occur which undoubtedly enable e
smolt to enter sea water. The shape of the fish chan~:~
in a decrease in the weight-length ratio (78). The eXPffish
is covered by a coat of guanine, and the fat contentf~at of
is low (80). According to Lovern (98) the typ~ 01 of tJlast

salar also changes at this time from the type ty~lca f fat
Thi d pletlOn0 .water fish to that peculiar to salmon. IS e nd SO

. fattv acid . f the tissues araises the cholesterol! atty aCI ratio 0 ld be couJl
imbibition. This tendency to imbibe water wou ....t andd ·ronme•. ,by penetration of a more concentrate envi auntsOlan
a factor in migration, as suggested for the eel.
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S {OTIo (133) find that salmon smolts can survive direct
ibert t r According to Jones (83), however, a period

wa e . thsea lirnatization is necessary. Vibert (133) reports at
aC:hich have spent two weeks in sea water may be
ts sh water without ill effects. Black (lOb) also found
fre on fry could be transferred from fresh water to sea

~k again without apparent harm. However, chum
b hi h had been kept in fresh water for four months

•W at
C
a bigh rate. The density and dry weight of these

~nded to be below the normal. Kuroda (95) likewise
rise in water content of the blood of chum fry between
J.5O days after hatching. Chin and Kuroda (25) were
. e chum salmon in fresh water for two years after
y controlling diet, light, temperature, and sound. Nor-
ver, chum salmon fry go to sea soon after hatching.

of the adult salmon in the sea has been difficult to
the exception of determinations of the freezing point

of the blood made by Greene (66) for the chinook
on (0. tschawytscha) and Benditt et al. (5) for the

on (S. salar) little has been done. These investigators
. g point depressions of -0.76°C. and -O.79°C. respec-
salmon in the sea; -O.63°C. and -O.64°C. for salmon
returned to fresh water. It is not known whether sea

are not ready to spawn are euryhaline.
of the quinnat or spring salmon (0. tschawytscha)

slimy and thick when the adults return to fresh
>: Vibert (133) reports that he has reacclimated mature

C salmon in fresh water to full strength sea water.
.surprising since this species may return to the seag.

eneral st t b .,in the ~ em.ents may e made on changes ill osmotic
b h mlgratmg salmon, but the physiological mecha-
~l ts e;e. changes are brought about are not necessarily
uti P cies (80). Salmon eggs cannot develop normally

devo~s. Yo~ng salmon entering the sea must have
g e oped chloride secreting cells" in the gills. In
es Occu' 1 br m t ie ody covering and fat content which
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oTIC ) F . . d .haline eel (14. reezmg pomt epresslOns

aJld the eury le of S. irideus are compared at different
and JllU~ical "chloride secreting cells" were found

4,16). ~ b w trout but masses of mucous cells wereof the rain 0 ,

)', of oxygen consumption in fresh and salt water was
on (16). Alevins and fry showed an oxygen consump-

t~ower in 5 0/00 NaCI than in fresh water. In 100
/00

%consumption decreased 35%.
Neave (107), there are on the west coast of

~~ct races of Salmo f!,airdneri w~ich show hereditary
eale counts and in migratory habits. Those that go to

jn Seads) migrate before their third year and may return
as adults; the non-sea-run group (rainbow trout)
water and tend to move upstream rather than down-

migratory period.
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b bl .. th di 0 F1Slipro a y assist ill e a [ustment. n returning t
adult salmon the concentration of the blood is onl ~ the '
in Pacific spring salmon and Atlantic salmon. p?o~afhtIy I
regulate to osmotic changes is not the primary c ly f
th . . - aUSe ofe Pacific salmon. The Atlantic salmon remains
returns to the sea after spawning. eury

"Rainbow trout"

Investigators in France have done work on the rat b
(Salmo irideus = S. shasta + S. gairdneri (15» in a in OW

re-stock their rivers and make this fish more abundant Sr att
. oruay (

made the first critical statement of the problem in 1934 d
then Busnel et al. (14-16) have carried out a series of exan ,
to determine the euryhalinity of the rainbow trout (S. i~

In one of his papers (15) Busnel states that the Se '
Eaux et Forets find better and more rapid hatching of
trout eggs in brackish water and that the adults thrive w
saline environment because their parasites are killed by salt
However, Busnel et al. (16) found that alevins after hate .
tained mortality as follows:

0/00 NaCI
o
5

10
15

% Mortality
10
SO

100
100

, ns have been made on the blood of the shad (AIosa?)
(45, 46). This species enters the rivers in March and
wns in May and June. Some fish regain the sea after
t according to Fontaine most of the fish succumb on

grounds. As the fish progress upstream salt is lost
causing a marked decrease in the salt concentration

Some water was lost and salt absorbed during the first two
.6.-O.52°C. to .6.-0.7SoC. but water was regained within

fdays as development progressed. After the abso:pti~n 0 • '

sac (three weeks) osmotic regulation was effectiv~ llld:
to 150/00 NaCI but at 190/00 NaCI the freezing POlllt ufee
the tissue fluid increased and mortality ensued. A~entwO
S. irideus still tolerated only 150/00 NaCI whereas w Cl (
old the Atlantic salmon (5. salar) can live in 17

0
/ °d ~6 o/ot

the quinnat salmon (0. tschawytscha) withstan s

( 121) . (fifteen moll
Immature S. irideus between 15 and IS ern. 0C. Whell

tolerate salinities up to .6.-1.6°C.; adults, b.-1.9
d

pressiOIl
are drawn showing changes in freezing pOlllt

h
:"ternal

internal medium with increase in the salinity of tbe tween
the line for the rainbow trout is intermediate e

EURYHALINE TELEOST FISHES

fish discussed in the following section are those
~ tolerate a fairly wide salinity range, but in which
IS not so strongly associated with migration as was

th.e anadromous and catadromous fish. Migrations to
. h water do occur, however, in many euryhaline

time of spawning. Although low salinity is doubtless
co d't'rnn i 1O~~such as temperature, oxygen content, cur-
L' conditions are probably equally important to the

" Ight as well as temperature may be a factor, the
tit: ~e endocrine glands, the latter affecting the per-

~sues. ~xternal conditions causing migration haveani Chidester (24) for the killifish (Fundulus
acuz by Rogers (119) for the killifish, stickleback

eatus), and silverside (Menidia).
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Distribution of euryhaline fishes Frsli

Although studies have been made of the distributi
in brackish water, probably one of the first thorou h ?n of
of euryhaline fish in a specific area on this con~ lIlVes'
recently by Gunter (69) on the Texas coast. He repo ent Was
ber of euryhaline species of marine origin, of w~tsha large
taken below 50/00 salinity. Gunter records seasonal c forty
many of these fish and presents data to show that th mOve
bel's of the species penetrate the brackish waters me smallerore pe '
than the large ones. This fact bears out the work of K
Fundulus parvipinnis. Keys found that small fish, with ?S (
length in relation to total length, survived dilution betteronger

fish. He a:t~'ibutes the s~rvival to greater gill surface and
greater ability to cope with temporary respiratory stress r
from the dilute environment.

In Canada, a study of the flora and fauna of Lost La
brackish water area cut off from Vancouver harbour, was
Carl (21). Only four species of fish were reported: the sti
(Gasterosteus aculeatus), the sculpin (Cottus asper), the
trout (Salmo clarkii), and the starry flounder (Platichthys
The flounder was not thriving in the brackish water en '

Water balance
1. From concentrated to dilute environment. A marine

tering a more dilute medium tends to take on water by
The problem is to decrease osmotic imbibition and dispose
water absorbed. An integument which has a low permea
water will help to decrease water absorption while the a
the kidneys serves to excrete any excess water.

Experiments by Henschel (72) on two species of RaUD
cate the importance of protection by the i~tegumen~eo:e
succumbed to diluted sea water more readily than s

h d si of distres
more resistant species, however, s owe SIgnS bserVati
skin was injured. Henschel concludes from these 01' try

f in sa In!the body covering is an important actor lIck (lOb
Similar experiments are reported by Krogh (94). B ad chutXl
that serial weights could not be made on coho ~nltls
fry because frequent drying caused death. Fun tI arent

ith no apphowever, survived the same treatment WI
(8). kidneyS

Recent work on glomerular and aglomerular
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e kidney tubule is the ess~ntial structure, capable
tb II normal kidney functions (38, 63, 99). The
out a with its large capillary surface, assists in the
however, d . £Ii . d .from the bloo ill an e cient manner, an IS,
of water et to fish in fresh water. Most euryhaline fishomeat asS .
tI- - kidneys and can therefore take care of the ill-

a when in fresh water. The relation of the kidney
ba~';at has been discussed by Marshall and Smith
rafIIi~ (63). The former investigators find a correlation

G ber of glomeruli and habitat for sixty-seven species
~umhowever, describes the aglomerular kidney of the
ipefish (Microphis boa;a) and indicates that kidney

;ot the limiting factor for survival in a dilute medium.
) showed that the eel transferr~d to fresh ~ater took
a rate which increased the weIght 2%-3% ill twelve

hours. After this time, however, weight decreased
Donnallevel in three days. Black (8) found an increase
4%-5% in Fundulus heteroclitus under the same con-
ed by a marked decrease between seven and twenty-

The decrease in weight is presumably brought about
of the kidneys in removing water.

dilute to concentrated environment. When, on the
&sh goes from a less to a more concentrated environ-
'bility of osmotic dehydration of the tissues becomes

Here again the protection afforded by the integument
The lateral plates of the stickleback have for some
idered a protective adaptation to cope with changes
and salinity (7). Gueylard (67) found that a species

Without plates (Gasterosteus pungitius) was less re-
water than G. aculeatus with lateral plates. The cor-
perf~ct, however, and Heuts (76, 77) presents evi-
phYSIOlogicalraces of stickleback, one found largely
, the other in a more saline environment. He finds,
natural selection operates in survival· that is whenr typ . ' ,

1 e IS reared in sea water the individuals having
P ates survive (77).

e in act' ity f~l' IVI 0 the kidney towards a less voluminous
b~lD~dby Ke~s (88) as follows: "if water is with-

P
00 by paSSIve diffusion the resulting increase in

ressure ill dloss, th W re uce the glomerular filtration and
, e reverse effect will take place following the
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ed directly to sea water, they survived as well as
fry in 50% sea water (14 0/00 salinity) and changes

.de were the same.
onexperiments by Koch and Heuts (90, 91) on two sub-
c;asterosteus acule~tus (gymnur~s and trachurus) pro-

for changes in chlonde and osmotic pressure of the blood
and immature sticklebacks. Their work shows that

cbloride in the blood play only a small part in the total
e. Bateman and Keys (3) found this to be true of

n. Koch and Heuts suggest that the spawning migration
ebacks may be due to the effect of hormones on neuro-
·vity.

found that calcium is effective in diminishing ex-
water and salts by animals transferred to a dilute en-
Breder (12) reported that calcium had a protective
p entering dilute sea water. He found that this applied
. e fish also (see p. 59 of this paper). Experiments by

Ihowed that calcium in the water decreased the extent
loss and water gain in Fundulus heteroclitus in fresh
40% of the body chloride was lost in six days in water

calcium salts, whereas 60% was lost in soft tap
by Heuts (74) indicates that calcium in the water is

cing the distribution of the stickleback (Gasterosteus

is also significant. Heuts (75) found that two sub-
• aculeatus had a geographical distribution which cor-
. hi '

IS results on the effect of temperature on salt

pts were made by Black (9) to acclimatize F. heter-

h water by keeping fish in 1/3 or 2/3 sea water for
ours before t· f . th& h rans ernng em to fresh water. The loss

~ water at the end of this time decreased by 15
6 ~ to 40) during the first five days spent in dilute
v:na~l:re not fed, ~nd af:er .five days the results

P"nd 1 ,The experiments indicated however that
<4 U Us' f "\Vater. ll1 resh water was less after acclimatization

ute to conc t d . 'ore sal' en rate erunronment, The penetration
the me environment seems to be less general than

sea to fre h G\Vater 6 h s water. unter (68) observed that
s that has been taken in sea water in North
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transfer of the fish from a concentrated to a diI
In the eel, Keys (88) reports a 4%-5% loss of ute .euViro
hours with a return to the normal in forty-eight ::lght in
showed that Fundulus heteroclitus returned to sea Uts. Black
rapidly within the first eight hours. This weight 7ater lost
gained within the four days of the experiment. ~ss \V.as
Gueylard (67) indicated a sharp loss of weight b 2en~enta.
within the first half hour in sea water, but a r: id e stic

d tw d . d I . P leve'occurre over a 0 ay peno m Immature fish in 200
During the summer breeding season, however, osrnoj; /00

by sticklebacks in varying salinities was greatly di ,c, re
ImlillShed.

fact was confirmed by Black (lOa) on sticklebacks of th C
river in British Columbia during August. The body w:ter 0

decreased when fish were placed in sea water (280/ --300/
ity). Black found that the failure to retain water was trueoo

mature as well as mature fish during this period.

Salt balance
1. From concentrated to dilute environment. For m .

entering a dilute medium there is a tendency to lose salts
fusion through the gill and oral membranes as well as by
the kidneys and feces. This loss has been clearly shown forF
heteroclitus in fresh water (8). Although rapid at first the
body chloride becomes more gradual from the second to the
day after which time the chloride content appears quite
55%-60% of the normal. In these experiments the fish
fed so that the only means of gaining chloride would ha
through the chloride-absorbing cells in the gills. Scott (l.23)
the following changes in the blood of F. heteroclitus in fresh
decrease in specific gravity from 1.051 to 1.047 in eight hours;

. th' waterred blood corpuscles and less hemoglobin an 10 sea . set
Sticklebacks re-entering fresh water after five hours (10&>

lost the chloride they had absorbed from the water ting
loss was probably the result of diffusion. It is intere~
that chloride was gained and lost at approximately t e f 1
. , f the rate 0
10 the stickleback. For the coho salmon ry iff rence
greater than the rate of initial absorption. The d e'i!c

f Speclll

was even more marked in the chum salmon ry. 'ble
in membrane permeability are probably responsl

results. oot
Although the sticklebacks used by Black were
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America, nine marine fishes have been taken in fr h
reason for this may well lie in the problem of saltes \Va
"chloride secreting cell" must be sufficiently develo ~l(creti
extrarenal excretion of chloride swallowed by the l~,to eft
Copeland (27) reports complete development of "chlIII ,sea
ing cells" within twenty-four hours in Fundulus h t onde

e eroclithave been accommodated for one or two weeks to ta lit

cells may reverse their polarity within two days, In Fu~dvatet
the adaptability of the cells in the gills to fresh or sea w Ul~
paratively rapid. The ability of the cell membrane to wate~
a chloride gradient is the essential property of the "chlo~~
ing cell." In both sea and fresh water it transfers chloride
less concentrated chloride "solution" to one more concentr:

The adjustment of the "chloride cells" is probably not as
in most fish as in Fundulus though the only evidence for
found in the work of Liu (97) where a fresh-water fishwas
atized to 3% sodium chloride over a four month period.
however, no other evidence so far that the ability of fishto
to sea water is dependent for the most part on "chloride
cells." Nor is there evidence that cells capable of absorbing
in fresh water can invariably secrete it in sea water, The
excrete chloride but cannot absorb it effectively (93).

Gueylard (67) found rapid adaptation to sea wat~
stickleback. There was no significant change in the fre
depression of the tissue fluid over a two day period, w
the roach and gudgeon, stenohaline fresh-water fish, there
marked increase. During the breeding season, however, ~
back also had a high tissue fluid concentration after be
ferred to sea water. Black (lOa) found an average increar
in chloride content of the stickleback within twenty-
during the summer season. r se

th ff f ti essure pe 'Experiments on e e ect 0 osmo ICpr 'd in
those reported by Drilhon (35) for the eel weree~:e; 1
Siedlecki (126) on the stickleback. The fish tol d died
solution but at 15% they did not feed normallY1a~ ThiS

. . bl b t ot 7°'days. A 6% glycerine solution was VIa e u.n ,thio
F' h died WI ••.Tseemed to affect the nervous system. IS 60 0/00 !.••.a

hours in 1 0/00 KCI, 35 to 40 0/00 NaCI, 50 to '0 dis
60 to 70 0/00 MgS04• Sticklebacks lived norm~llY\ to ad

fi h I resistao .Small, mature, and starving s were ess that osrno
ditions. He concluded from his experiments
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OS~ i1 the determining factor in the survival of the
sar '! solutions were more toxic than others, It is well

t certaIn I' b in "b I d" linnd anima s survive etter in a ance sa e
tiSsuesa d R' , I' th ' I tiwater an mger s so ution an in so u ons
cb as sea, g the same osmotic pressure (71). The effect
ts havUl d I bibiti ti f thth permeability an im 1 ition proper es 0 e
on ~e the significant factor. Some experimental evi-
s fftot of unbalanced solutions on fish is reported bythe e ec

\0 acclimatize the stickleback by p~tting fish in 50%
f varying periods before transfernng them to full
orwater (28 0/00-30 0/00 salinity) showed that the
the fish was variable but on the whole acclimatization,

by body chloride content after twenty-four hours in
occurred at a faster rate than for salmon fry. However,

very high if the transfer was made before the fish
50% sea water for four days (lOa).
ts (already described) by several investigators have
ed the fact that the muscles become a reservoir for
by the fish in sea water until some mechanism, such

"de secreting cells," is developed to enable excretion
tion for the development of the "chloride secreting

, is thought by Keys (88) and Copeland (27) to
the increase in the chloride content of the blood by

salts from the digestive tract. Copeland did some
to show that fish (Fundulus) in fresh water were
" eloping "chloride secreting cells" when salt solution
mto the alimentary tract.

3

~ors are also involved in osmotic regulation. Koch
, 90) found that when thyroid was administered via

~ct a. decrease in ability to tolerate sea water re-
hi ge III tolerance also occurs in sexually mature
t c~ show a preference for brackish or fresh water.
.:~ im~~a~~ewhich appears to have some importance

tin Iblti~n of water by the tissues. Gueylard (67)

f g expenments with the stickleback which showed
o Water I .•.••tio t resu ting from an increase in the choles-

& •• 0 In th ti (. e ssues 102) may be significant for the
g salt water. The spleen which, according to
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Gueylard, is a source of cholesterol decreases .
stickleback in salt water, but no significant cha: Weig}t
spleen weight of the typical fresh water fish exam~e oCCUla
roach). Gueylard concludes that the mobilization ~ed (
terol in the stickleback increases the cholesterol/f spleen
of the tissues and is responsible for the mainten atty
water content of the tissues of this species in sea w:~ce of
lost osmotically is thus regained by physical imbibitio er,
There is some substantiation of this theory in thenf

Of
the

normal spleen weight of "summer" sticklebacks is ab act
f " " n h p bl f outo winter DS. resuma y one reason or the poor da

"summer" fish is the fact that the cholesterol availa~la
spleen is much less. Gueylard found, however, that the eel
no loss in spleen weight when transferred to sea water
tolerate changes in salinity after splenectomy. Imbibitio~
described above apply to dead fish also. Dead sticklebai
in concentrated sea water, ether, chloroform, acetone, or
disulfide showed a gain in weight when in sea water and
weight in fresh water. The reverse was true for the fresh-
Cyprinopsis auratus. When killed by strychnine and sa
ever, the stickleback behaved the same as Cyprinopsis.
concludes that the two latter poisons affect the oholest
Experiments by Veselov (132) also show that the water
the tissues of dead fish depends on the killing solution.
6sh (Carassius carassius) in a sodium chloride solution, A
lost weight within two hours to 91% of the no~al .
killed by formalin, instead of salinity, gained welgh~Ul,

chloride solutions, t:.-O.90°C. The gain was only 1%:ash
weight in two hours, 7% in twenty-nine hours. Gol ,
formalin and kept in fresh water gained 11% of the no
in twenty-nine hours. . in the

Graetz (59 60) believes that water regulation . 5 rJ, . 1 perUe
(G. aculeatus) is controlled by the physlca ,Pro lIe fo
rather than by osmotic forces or kidney functIOn. u'ng. . preven
mucous coat of the fish was not effectIVe In I ( cbl'
change, although it did hinder the passage of sa ts

FllESli W·
BIOCHEMICAL CHARACI'ERISl'ICS OF FISH IN

SEA WATER ~

krerese
Biochemical characteristic such as al a In . t and. 1 . pOln,

ion concentration, protein content, isoe ectnC

C
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'01'1
. 1 s have been determined for the blood of steno-
,usee
haline Bsh.

~e alkaline reserve of fish in sea water is lower than

(36 49).i~n concentration of the blood of the carp and the
( lI1.8 to 7.34) after three and a half hours in a
~ whereas the pH of the blood of the eel shows

~ge (18). Busnel's (15) work on rainbow trout
pH of the blood increases from 7.95 in water,

.5 in water, t:.-l.6°C., whereas the pH of the muscle
6.2 to 6.62.

of protein content of stenohaline and euryhaline fish,
'Boucher-Firly (48) found that the migrating eel had

protein, and they suggest that the proteins in-
ity of calcium by the formation of non-ionizable

ible complexes. Additional work has shown that the
content of the blood serum of eels is less in sea
:h water (17, 41, 43). Some work on the effect of

'1 content and the isoelectric point of the blood of
by Drilhon and Florence (36) and Drilhon and

.tation rate of the blood of the eel increases after
:h water to sea water, whereas in the stenohaline

sea water (t:.-0.9°C.) the rate decreases (33).
:on rate of the blood of the rainbow trout also shows

after the fish has been in a saline environment
). These experiments show that the viscosity of

ltenohaline fresh-water fish is much greater in sea
:h water. It has been shown that the viscosity of

as the concentration of the cells is increased (137).
'ease in viscosity of the blood of fresh-water fish
be due to an increased cell volume arising from

fr in this section indicates that the biochemical
~m a change in the concentration of the external

erent in stenohaline and euryhaline fish.

SUMMARy

have been reviewed whereby teleost fishes can
COncentration of the body fluids at a constant
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level, although the natural habitat is much less co
d ncentr t

water) or much more concentrate (sea water). a ell
The death of fresh-water fish in sea water ap

to the accumulation of salts in the tissues until a fe:rs to he
tion is reached. In some species injury to the gills a d COn

respiratory difficulties may be an important cause o~ d Co
Marine fish in fresh water, on the other hand sufi eath,

tissue water content that cannot be relieved by the ki;r an
death. The permeability of the tissues to water can hueys

reduced by ~he ad~tion of calcium to the fresh wat:r, ~:tbat
vival of manne fish m fresh water may be increased by this

Osmotic regulation of anadromous and catadromous fish
the salmon and eel is subject to change at different stages in
history. These changes are probably associated with ho
factors, which may, in some cases, be stimulated by exte
ditions.

Euryhaline fish are able to withstand variations in the
of the environment because of low permeability of the body
adaptability of the kidney, and ability to develop "chloride
cells." External factors such as calcium content and tern
the water influence the permeability of the tissues and
tolerance of the fish for salinity changes.
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