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ABSTRACT

Regulation of chloride, sodium, potassium, calcium, and.ﬁagne-
sium ions was determined for hypo- and hypersaline conditions

in the crab, Cancer magister, from an estuarine environment. -

Animals from both summer and winter were examined,

Chloride regulation in the blood was hypertonic in dilute
salinities and hypotonic in concentrated salinities, with

summer animals maintaining a greater gradient in the former

and winter animals a greater gradient in the latter. Sodium

.in the blood is regulated hypertonically in all experimental
salinities, with summer animals maintaining a greater gradient.
Blood potassium is regulated hypertonically in dilute salinities,
approaching isotonicity in hypersaline media. Summer animals
maintain é greater gradient of potassium concentration. Blood
calcium is regulated hypertonically in all experimental‘
salinities, wifh summer animals maintaining a greater gradient
in dilute salinities and winter animals a greater gradient in
concentrated salinities. Magnesium is regulated ét a pronounded
hypotonic level in the blood over the entire experimental
salinity range, with winter animals maintaining the greater

gradient.

Major changes in the adaptation of blood ionic concentrations
occur within a few hours of exposure to the experimental salini-
ties, with half of the final equilibrated concentration values

attained by twelve hours.
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" Animal weight was found to bear no significant relationship to

the ionic regulatory activity observed.

Renal involvement in regulation has been shown for all the ionmns,
with the production of a urine hypeftonic to the blood for
Achlbfide and magnesium, and a urine hypotonic to the blood for
_sddium, pofassium, and calcium., Renal fegulafion was greater
in winter animals for chloride, and greater in'summer animals

for sodium and potassium.

Ionié regulation by the gills of summer and winter animals was
investigated by potential difference measurements, and was |
suggested to occur for all ions., Ghloride may havé been
regulated by the absorption from dilute media and excretion
into concentrated media. Sodium may have been regulated by
secretion into dilute media. The involvement of the gill in

potassium, calcium, and magnesium regulation was implicated.



iii
TABLE OF CONTENTS

Page

Abstract ....cicierecececocacscrcssscsscccsccacscccscrnae i
Table of Contents S € ¢ |
List Of TableS ..ceeccecsccoscvcocsosssccsscsncssssossscsnse v
List of Figures ................}......'.........;.;."." vi
Acknbwledgements I £ S ¥ !
Introduction ..;.........................,,............., 1
Materials and MethOAS ....eeeeeeeeesscesscecnsseennsaneas S
Source of research animal ...cciceeeecccnnnccacanns 5
Ekperimental design teeevecveccnseasessesssescnnnss 7
Holding conditions .‘f......}.......;...... 7

Sampling of blood and urine ...cceeceescesss 10

Analyses of ion concentrations ......;............ 12

U/B TYatioS s.iceecececscsoccascsososssssssssccnsssancse 1D

- Gill a¢tivity measuréménts P 1 -
Statistical analysis of data .....................} 17
RESULLS e e eeeeennennnnnseseseeeesesesssssssnnneas 19
Chloride .Q..............r..,..................... 19

SOQAUM v v eeenneennseunesensesssesssessneessasnss 25
Pofassium et eeeseteeeeassataeseasscacarasennnanas 27
Calcium ...;............;......................... 29
Magnesium c.oeeceeceecenccescntcocccacsocccccnncns 31

.Animal weight ...........;........................ 33

Gill activity measurements ...c.eeceeveccccccceccss 33
Discussion .............................J..........w;.... 41

The estuarine environment ....cceceeecesosccescesecs 4l

Size '......0........l.l.l’.....‘..l................ 46



iv
TABLE OF CONTENTS

Page
SEX teeeecescscrsncssscssesssscassscescscssssssscas 46
ChlOTide vuuveeeeeeeeococssscassocsascscanssasnsees 47
Sodium ..............;............................ 51
POtASSIUM «veeereoesocansasacaasasseanssasassannce 54
CALCAUM «vnnennennnnnnnsienossssssssssassssesnaes 56
MAgNEeSilUM «.eeeeecsccsssosrsccsosssssscsssssscsssscses 08
SEASON seeeeeoeoceossscssssssssssasssssssssssssssse 600

Literature Cited ...'..'O.........Ql...l.l'..‘.l....l..‘.. 67



LIST OF TABLES

Table

Field ionic concentrations in summer (August 17,
1969) and winter (February 24, 1970) in the
Roberts Banks area off the Fraser River. . These
values are averages of 12 collecting stations

in summer and 10 collecting stations in winter
(f s.pn.)

Measured ionic concentrations in experimental
media

® ® 0 0 8 6 05 056 060 06 00 .0 SO O SO 0LEOLOL IR Ee SO OSSN e 00

© 00 0000000000000 000000000000000000CCOGEIOSITES

11



vi

'LIST OF FIGURES

Figure - Page

1 Map of collecting area off the south arm of the
' Fraser River, British Columbia (from Department
‘of Mines and Technological Surveys, Canada;
NO:. 92 G) tevevecceseessossoscsssssscssesassescasessces ©

2 Concentrations of 5 ions, expressed as a percen=
tage of the medium, in blood of summer and winter
Cancer magister, as a function of time of exposure,
in hours, TO stock sea Water ....eceecececcsssccccass 20

3 Blood chloride concentration, in mEq/L, of summer
and winter Cancer magister, as a function of
time of exposure, in hours, to experimental
salinities of 50 and 125% sea wWater ....cececeesse’ 2l

4 - Chloride ion concentration, in mEq/L, at 96 hours
in blood and urine of summer and winter Cancer
magister, as a function of medium concentration,
as expressed in per cent sea water ..eeeeesecsscss 23

5 Urine - blood (U/B) ratios of 5 ions of summer
and winter Cancer magister, as a function of
medium concentration, as expressed in per cent
S WATEr .....ceceeeeccettettsccnceracaseccancans 24
-
6 Sodium ion concentration, in mEq/L, at 96 hours
in blood and urine of summer and winter Cancer
magister, as a function of medium concentration,
as expressed in per cent sea wWater ....ececcccsses 26

7 Potassium ion concentration, in mEq/L, at 96 hours
in blood and urine of summer and winter Cancer
magister, as a function of medium concentration,
as expressed in per cent sea water ...ccccceceseacees 28

8 Calcium ion concentration, in mEq/L, at 96 hours
in blood and urine of summer and winter Cancer
magister, as a function of medium concentration,
as expressed in per cent sea wWAater .....ceeeeseseas 30

9 Magnesium ion concentration, in mEq/L, at 96 hours
' in blood and urine of summer and winter Cancer
magister, as a function of medium concentration, :
as expressed in per cent sea Water .....eeeeceececes 32



'LIST OF FIGURES

Figﬁre

10

11

12

i3

14

‘Potential differences, in mV, of in vitro gill
. preparations of summer and winter Cancer magister,

as a function of medium concentration, as ex-

_pressed in per cent sea water,

a. In NaCl, where concentration is based on
sodium ion.

b. In NaZSO4, where concentration is based on
SOdium 10N teeeeeeesscoscssscscascscssssncssncaanse

Potential differences, in mV, of in vitro gill
preparations of summer and winter Cancer magister,
as a function of medium concentration, as ex-
pressed in per cent sea water,

vii

Page

35

a. In Na-Acetate, where concentration is based on’

sodium ion,
b. In Choline-Cl, where concentration is based on
Chloride ion ® & & 9 % 8 6 5 00 0 5 O O S PO OO SO OB OO SO e

Potential differences, in mV,>of in vitro gill

preparations of summer and winter Cancer magister,

as a function of medium concentration, as ex-

pressed in per cent sea water. '

a. In KCl, where concentration is based on
potassium ion,

b, 1In Ca012 where concentration is based on
calcium 10N ... ciececosaccscssesasssccasascnsos

Potential differences, in mV, of in vitro gill

37

38

preparations of summer and winter Cancer magister,

as a function of magnesium concentration, as ex-
pressed in per cent sea water, in solutions of

MgC12 ® 9 0 & 0 0 0 0 00 00 P OO SO OO O O HH L OB OSSO e PPE SO

Average precipitation in inches per month for the
Fraser River Basin, from January 1969 to August
1970, based on monthly meteorological reports
from Abbotsford, Hope, Lytton, Quesnel, Vancouver,
and Williams Lake, British Columbia .¢eceeceevcosces

40

44



viii

ACKNOWLEDGEMENTS

I ﬁish to expend my thanks to my supervisor, Dr. Paul A. Dehnel,
for his support and éritical evaluatidn of this study. ‘Thanks
are also due to Dr, T.H. Carefoot and Dr. J.E. Phillips for
construétive reading of this fhesis. I am indebted to Mr. G,
Major; whose vessels and equipment were used for the collec-
tion of the research animals. I wish to acknowledge the receipt
of financial support from the National Research Council of
Canada. I extend my gratitude to my wife, Jennifer, for her

enthusiasm and help in the preparation of this thesis.



INTRODUCTION

Crustaceans inhabit a wide range of environmental saiinities,
ranging from fresh water to greatly hypersaline conditions.
Since crustaceans have probably evolved in the sea, and their
tissues consequently tend to function most effectively when their
total internal concentratién is that of sea water, some regula-
tion of body fluids becomes necessary in a non-marine environ-
ment such as the estuarine condition. 1Ionic concentrations of
body fluids have to be maintained at a level not too far'removed
from‘intracellular concentrations, or else within a range where
-the cells themselves can regulate their concentration (Florkin,
1962 a, b; Shaw, 1958 a, ‘b). Consequently, the concentration

of these body fluids may be far removed from the ionic concen-

_trations found in the particular environmental medium.

-——In ‘the hyposaline ‘estuarine environment, crustaceans can oppose

reduceqﬂsalinities by means of reducing the permeability of

body membranes, as well as by regﬁlating the ionic concentrations
of body fluids, especially those of the blood. An increased
production of urine serves to rid the body of excess water tending
to flow into the animal from the hyposaline environment. The

loss of salts accompanying such a‘urine flow must be compensated

for by their active reabsorption (Martin, 1957).

There are several ways in which relative stability of body

fluid ionic concentration is achieved in an estuarine crustacean.



'Mény researchers, past and present, have found the gill to be
an ion regulating organ. Among these, Webb (1940) found that

in the crab Carcinus maenas, ionic regulation in the blood is

partly the resﬁlt oi active absorption by the gills of potassium,

sodium, calcium,'and chloride at a rate greater than that at
'WhICh they are lost by dlffu51on. Actlve regulatlon of sodium

at the g111 surface has also been observed in the blue crab

Calllnectes sapidus (Habas, 1965; Habas and Prosser, 1963;

Mantel, 1967), and in the mitten crab Eriochier sinensis (Koch,

19563; Koch et El}“1954)' Potassium'regulation has been observed
to occur at the gill surface of the squat lobster Galathea

squamifera (Bryan, 1965). Dall (1965) found that calcium re-

gulation, as well, occurs at the gill surface of metapenaeid
shrimp. Other researchers have used chloride ion regulation
as a rough measure of the entire ion trensport occurring in

the gills, both for.thefuptake of ions, as in Astacus leptodac-

tylus and Astacus astacus (B1e1awsk1, 1964) and active secretion

of ions, as in the ghost ‘crab Ocypode alblcans (Flemlster and

Flemister, 1951).

) The antennary gland, as an excretory system combined with the
urinary bladder, is able to produce a urine hypertonic to the
blood with regard to such ions as magnesium and sulphate, and
in this way maintains the blood concentrations of these ions
hypotonic to the ﬁedium. This has been shown, for example,

in fiddler crabs, Uca pugnax and Uca Duollator by Green et al

(1959), in the squat lobster Galathea squamifera by Bryan (1965)

and in a shore crab, Pachygrapsus crassipes by Gross (1959'a, b).




Two other épecies of shore crab, Hemigrapsus nudus and Hemigrap-

sus oregonensis have been shown to regulate blood magnesium

levels by selective urinary secretion (Dehnel, 1967; Dehnel
and Carefoot, 1965). The antennar§ gland also serves to
regulate sodium, potassium, and calcium in some crustaceans,
such as the lobster Homarus sp. (Burger, 1956 a,b; 1957), the
brachyuran crabs Cardisoma sp., Sesarma sp., and Varuha sp.

(Gross,gﬁvgl, 1966), and the crab Carcinus maenas (Riegel and

Lockwood, 1961; Webb, 1940).

Other siteé have been found to be involved in ionic regulation

by estuarine crustaceans. - In the lobster Homarus sp. (Burger;
1956 a; 1957), the gut is effective in the regulation of magne-
sium and sulphate. The mid-gut gland has been suggested by Green,
et él (1959) as having some regulatory function in Uca pugnax

and Uca pugilator. /f)

Seasonal differences in the degree of ionic regulation of body
fluids have been demonstrated in several species., For example,

recent work on the shore crabs Hemigrapsus nudus and Hemigrapsus

oregonensis showed an interrelationship of season and calcium .

ion regul#tion, these animals being better regulators of this
ion in winter at low salinities (Dehnel, 1967; Dehnel and Care-
foot, 1965). Temperature was found by Dehnel and Carefoot (1965)
to affect the degree of magnesium regulation by impairing it

at high temperatures of 25° c.

This study. is undertaken to determine the occurrence and extent



. of ionic regulation in the bodymfluids of the crab Cancer magister,

taken from an estuarine habitat in different seasons and exposed
to a range of hypo- and hypersaline experimental concentrations.
Seasonal‘differences in.ionic regulation are related to-
seasonal concentration and temperature changes in the habitat.
_TheAénfennary gland system and the gilils are examined as

Vpotential sites of regulatory activity.



MATERIALS AND METHODS

Source of Research Animal:

The animal used in this study was the Pacific or common edible

crab, Cancer magister Dana, which ranges from Unalaska, Alaské

to Magdalena Bay, Lower California (Schmitt, 1921).

Male intermolt C. magister were obtained from an estuarine en-
vironment, the Roberts Banks area in thé\S{rait of Georgia off
the mouth of the south arm of the Fraser River (Fig. 1). This
collecting area is desigpated as fishing érea 29 Avand B by the
Department of Fisheries of Cahada. The animals were caught in
standard commercial crab traps, set at depths of 30 to 60 feet,
mean tide level, using as bait dead flounder and other ground
fish caught in thé same‘area. The traps were laid for a distance
-~ of about 15 miles along the’coast, and animals were taken from
the entire length. Collecting was done in both summer and

winter in_the same area. Summer animals were COllected'on

June 6 and August 17, 1969 and July 30, 1970. Winter animals
were collected February 24, 1970. On August 17, 1969 and February
24, 1970, a sample of sea water was taken in the area at the
depth of each trap for later ionic concentration measurements.

At the same time, temperature measurements were obtained from

the same depth of water. Summer temperatures were found to be

14 - 15° C. and winter temperatures were 7.5 - 890 C.

Bofh field and experimental concentrations were expressed as



FIGURE 1
Map of collecting area off the south arm of the Fraser River,
British Columbia (from Department of Mines and Technological

Surveys, Canada; No. 92 G).

Scale 1:250,000

k% %¥ - collecting sites
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.percentageg of se# watef, where 100% sea water has been deter-
mined in this laboratory to have a salinity of 31.88 °/,,

and a chlorinity of 17.65 °/_  at 25° c. (Dehnel, 1960,

1962, 1966). Concentrations of the major.ions in 100% sea water,
measured in mEq/L, are then determined to be 497 for chloride,
433 for sodium, 10.13 for potassium, 25.6 fbr calcium, and 97.9

for magnesium.

Ion analyses of field sea water showed the concentration of
chloride, sodium, potassium, calcium, and magnesium to be lower

in the summer on August 17, 1969 than in the winter on Febrﬁary
424, 1970 (Table 1). A greater variation was present in the summer
sampies than in the winter samples. Conversion of chloride
cbncentration to total salinity by the Knudsen equation
(Strickland and Parsons, 1968,>p. 11) gives a value for the

summer condition of 27.3 0/oo and for the winter condition of

29.4 °/ both below the standard value of 31.88 ©/55. These

00’
results are similar to the analyses given by Waldichuk, et al
(1968 a, b) for the Fraser River estuary in the Roberts Banks

area.

Experimental Design:

Holding Conditions

After collection from the traps, the crabs were transferred to

holding boxes, where they were kept in damp sea weed (Fucus sp.)



TABLE 1

Field ionic concentrations in summer (August 17, 1969) and winter
(February 24, 1970) in the Roberts Banks area off the Fraser
River. These values are averages of 12 collecting stations

in summer and 10 collecting stations in winter (% S.D.).

Ion | , Summer | Winter

mEq /L % sea water mEq/L % sea water
c1~ 426 T 37 86 458 * 14 92
Nat 370 t 29 85 418 t 5 96
Kt 8.2 T o.9 81 8.3 1 0.2 82
Catt . 16.1 + 1.8 63 18.3 X 0.4 71
mgtt 83.8 * 6.8 86 94.6 3.1 96




.or in sea water wetted excelsior. They were then transferred
to laboratory holding tanks, no longer than 3 - 7 hours following

collection.

in the laboratory, the crabs were kept in a controlled tempera-
 ture environment room, at 15 ¥ 1° C. for summer and at 7.5 * 1° C.

for wiﬁtervconditions. No more than 12 animalé were kept in
>.any»oné of the covered holding tanks. These tanks had a floor

2 and were filled with at least 50 L. of aerated

area of 3.14 m
sea water. The water was changed daily until all digested and
undigested food had been voided from the animals, then changed
every second day. ' The sea water used for the eighf—day holding
period was from Burrard Inlet (Fig. 1). The concentrations of
ions in this stock sea water were found to be essentially the same
as those of the summer and winter field conditions in both

relative and absolute amounts. This indicated the suitability

- ~~~of stock sea water for use during the holding periods.

Experimental salinities were determined as follows: hyposaline
- —7media were obtained by dilﬁtion of stock sea water with glass
distilled water, while hypersaline media were obtained by the
dilution of a 200% artificial sea water (based on 100% sea water
of 31.88 o/Oo salinity). The 200% sea water was made up by the
addition of NaCl, NagS0Q4, KCl; CaClg, and MgClg to stock seé

water (Barnes, 1954).

A concentration range of 50, 75, 100, and 125% sea water was
expected, but subsequent measurement showed this to be the case

only for chloride, sodium, and magnesium. Potassium and calcium
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' varied from the expected range as a result of,relatively lower
values of these two ions in stock sea water, and, in the case
of calcium, wetness of the reagent salt to depress final experi-

mental salinity values (Table 2).

After the eight-day holding period, 12 crabs were piaced into
each of the experimental media, and this time notéd asOvhours

of exposure to these salinities. Subsequent unaccountable deaths
occurred, but left at leést 8 animals in each salinity, summer
and winter, which survived the entire experimental_period.

5 animals were also us¢d>as controis_for both summer and winter

‘and were placed into stock sea water at the same time.

Sampling of Blood and Urine

Blood and urine samples were taken at 0, 6, 12, 24, 48, 72, and
96 hour time intervals from individual énimals, placed at O hours
into the experimental salinities. The contfols were sampled

the same way to determine that the eight—day holding period

was of sufficient length to allow'the animals to maintain stable
blood imnic concentrations, and further; to tesf any effect of

the sampling operation on blood ionic concentrations,.

A group of summer animals was sampled first, and for the addi-
tional time periods of 120; 144, 168, and 216 hours, to determine
the time at which regulatory activity achieved a constant level.
Since this point had occurred by the 96 hour time interval, winter

animals were sampled subsequently only to the 96 hour time period.
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TABLE 2

“Measured ionic concentrations in experimental media.

Ion . Experimental Salinities
Medium 1 Medium 2 Medium 3 Medium 4

mEq/L % sea mEq/L % sea mEq/L % sea ‘mEq/Lr % sea
- water : water water water
Cc1l™ 249 50 373 . 75 497 100 621 125
Na® 217 50 325 75 433 100 542 125
' 3.9 -38 6.7 66  10.1  100° 12.7 125
catt 8.8 34  14.3 56  20.8 81  26.8 105

Mgt 48.9 50 73.4 75 97.9 100 122.3 125
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‘Blood samples of approximatély 1.5 ml. were drawn with a No. 22
hypodermic needle and syringe through the membrane proximal to

the coxopodite of the second, third, or fourth pairs of pereioé
pods. Urine samples were obtained by lifting the operculum cover-
ing the ureter from the antennary gland. This liftihg action
was'uSQally sufficient to stimulatevthe flow of urine from the
greter,'offWhich approximafely 1.5 ml.were coliected by aspiration.
ﬁfine samples were drawn at the same time as the blood samples,
and from the same animals. Any contamination of the urine sampie
with blood,as a result of rupture of the ureter, was readily de-
termined since the contaminated sample lost its clear appearance
to take on a turbidity due to the clotting of the blood -
contaminant. Such samples were discarded. Aliquofs of the ex-
perimental sea water were also taken during the sampling period,

to be analyzed as.'a check on the specific experimental salinities.
Once all blood, urine, and medium sampling at the particular

time period was completed, individual samples were sealed in
glass vials with parafilm (American Can Company) and refrigerated
at 1.0 £:0.5° C. to await later analyses.

Wet weights of animals used in the salinity experiments were
recorded at the end of the experimental period.

Analyses of Ion Concentrations:

Blood, urine, and medium samples were treated uniformly in the
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-analyses.

The samples were first agitated using a Vortex mixef, which
served to break up the clot in the blood samples. Subsequently,
they were centrifuged at 1600 x G. 1In the time required for
'theSé bperations, the samples attained the room temperatures

peceSsary to carry out the dilutions for the ion analyses.

Chloride concentrations were determined as a measure of the
regulation for this ion, as well as a rough indication of the
total ionic regulation oécurring in these animals since a large
‘proportion of the cations in sea water are in solution as their
chloride salts (Pearse and Gunter, 1957). Total chloride con-
centration was obtained by cou10metfi¢-amper0metric titration
with silver ions using a Buéhler—cbtlove chloridometer with
direct readout (Buchler Instruments, Inc.) and following the
) “"method designated by Cotlove, et al (1958 a, b) and Cotlove-(1963).
'“““““““K‘IOO’1ambda'iliquot”6ff§“100“ﬁEq/Lfééiufion”df“NaCl was used

to standardize the instrumént. .Thié standard, as well as 100

lambda aliquots of 1:4 dilutions of blood, urine, and medium

samples were_titrated at high rate, coulometrically delivering

about 0.25 microequivalents of silver per second, in a 4 ml.
solution of 0.1 N.HNO3, 10% glacialzéc;tic acid, and 0.025% gela-
tin reagent (Buchler Instrﬁments, Inc.). Multiplic#tion of the
readout value by é_factor of four then gave total chloride
concentration. Fresh polishing of the electrodes, analySis of

at least six’standard samples at the start of each set of chloride
analyses, as well as restandardizing the instrument é?ery twenty

samples, if required, and use of identical volumes of reagent
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.and sample in each case assured minimal variability (& 1%) due

to method.

Concentrations of sodium, potassium, and calcium ions were de-
termined by flame photometry using a Zeiss PF 5 flame photometer,
| and the method described by Hoefert (1962). At the start of
the;analysié for each of the three ions, the ihstrument was
.calibrated using a blank solution, and a éeries of standard
'soiutions of NaCl, KC1l, and CaClz} Potassium and calcium
calibration solutions were corrected for flame background by

the addition of 1.5 mEq/L of NaCl. The values obtained for each
set of calibrations were plotted as a calibration curve, from
which readout values of 1:250 dilutions of blood and urine, as
wel} as medium, samples yielded concentration values for sodium,
potassium, or calcium in mEq/L. These were multiplied by a

factor of 250 to give final ionic concentrations.

Magnesium concentrations were found_by determining combined cal-~
cium-magnesium concentrations by the EDTA-titration method for

- divalent-cations of Schwarzenbach;gl_gi (1946). 2.0 ml. aliquots
of the same 1:250 dilutions used for flame photometry were preé
pared for titration with 5 x 10-5M EDTA by the addition of three
drops of NH4OH - NH4Cl1l buffer (pH 10) and four drops of Erio-
chrome Black T indicator (Hartman Leddon Company). Constant
agitation and heating of this mixture to 382 C. was found to

" sharpen the titration end point. The colour change was from a
clear magenta to a clear aquamafine. Since EDTA at pH 10 °

combines with both calcium and magnesium, the volume of EDTA
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'solution used to bring about the titrétion end point indicated
the total amoﬁnt of both ions present. The concentration of
magnesium alone was determined by subtracting the corresponding
goncentration value for calcium in the same sample from the
product of the number of ml. of EDTA required, multiplied by

a conversion factor of 12.5, based on the 1:250 dilution.

Ih all of the above analyses, only the samples drawn from
animals which survived the whole experimental period were

. used.

Analyses of blank solutions for chloride, sodium, potassium,
calcium, and magnesium ions using the same methods as described
for blood, urine, and sea water samples were carried out to
determine the leaching of these ions from the glassware used

in the experiments. Sodium was found to contribute no more.
than 1% to the final experimental concentration values, and
thus was ignored. No indication of 1eachihg of the four other.

ions could be found.

U/B Ratios:

Urine to blood (U/B) r#tios were calculated using the concentra-
tion values obtained by the above.methods. U/B ratios greater
than unity were interpreted as evidence of regulatory activity
by the antennary gland by the production of a hypertonic urine.
This may have occurred by an active secretion of ions into

the urine, or by the reabsorption of water from it. Conversely,
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~ U/B ratios less than unity indicate a hypotonic urine, produced
by selective reabsorption of an ion from the urine, or an active

excretion of water,

Gill Activity Measurements:

Both summer and winter éonditions were examined, with summer
animals collected on Juiy 30, 1970, and winter animals collected
on February 24, 1970. These animals received the same treatment
as those used for determination of blood and urine concentrations.
This included a holding period of eight days, and 96 hours of
exposure to the experimental concentrations, at which time the

potential difference measurements were carried out.

Individual gills, 3 cm, in length,'measured from the distal end,
of the fourth to the ninth gill pairs were used. Each.gill

was fiushed and perfused with a total of 10‘m1..of a single salt
solution, the concentration of its specifié cation corresponding
to the experimental salinity from which the crab had been removed.
Sucrose was added to bring the total osmotic pressure of these
solutions equal to that of the experimental salinities. The
single salt solutions used for both summer and winter animals
were of Naél, KC1, CaClé, and MgCl,. Further, the gills of
summer animals were exposed to solutions of choline chloride,
where the chloride conéentration corresponded to the experimental
salinities, depending on the treatment given the crab. The gill
- was expected to be impermeable to the choline radical (Mantel,

1967). The gills of winter animals were_additiondlly treated
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-with solutions of sodium acetate and sodium sulphate. These

€

particular sodium sodium salts were chosen since the sulphate
and acetate radicals were probably not transported—(Mantei;
1967; Shaw, 1960 a). In each case, the concentration of the
.sodium ion was equal to its respective experimental salinity.

A11¢pf theée solutions were buffered with 0.2‘M Tris-HC1

(Sigma Chemical Company) to pH 7.4..

Once filled with the experimental solution, the single gill
preparation was attached to a frit junction calomel electrode
 “(No. 39071, Beckman Instruments, Inc.) and immersed4in approxi-

mately 50 ml. of the same solution, which was aerated; The same
type of electrode was pl;ced into this external solution to act
as a reference electrode in the circuit. These electrodes
were connected to a pH-meter (Model 1019, Beckman Instruments,
“Inc.) to measure potential differences‘in millivoits. Assymetry
- — —potentials measured for the electrodes were ;ubtractéq from the
potential differences obtained with the gill preparations.
"5 to 8 separate gillvpreparations were measured for each solu-

>

tion at each salinity and season.

All potential difference measurements for gills from summer crabs

were carried out at 15 * 12 C., and winter crabs at 7.5 % 1° c.

-

Statistical Analysis of Data:

A.large part of the preliminary calculation. of the data was
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done with the aid of the computing services of the Biology Data

Centre at the University of British Columbia.

Statistical analyses were carried out using Student's t-test»

to determine significance at a 5% level (P< 0.05) of blood’
concentrations, urine concentfations, U/B ratios, and pofential
differences, as well as of seasonal differences in blood concen-

trations, U/B ratios, and potential differences.
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RESULTS ' -

Since blood concentration values.fof chloride, sodium, potassium,
calcium, and magnesium ions at O And.96 hours in stock sea

water were significantly equal for both summer and winter crabs
(Fig..z), it may be assumed that the eight-day preFexperimental
holding period was of sufficient.length for blood ion levels

to stabilize following the collecfion of the crabs, Further,

it may be assumed that the sampling operations themselves had

no significant effect on blood ionic concentrations.

Since bloéd ionic concentrations of summer C. magiéter attained
at 96 hours in all salinities remained‘significantly constant
when compared with the final measurement at 216 hqurs, it was
assumed that maximum regulation of.each ion in the blood

was reached by 96 hours.:

The chaﬁge in blood concentration of chloride over the 96 hour
exposure period in 50 and 125% sea water can be seen in Figure 3..
nwwg;g;gggﬂqgggg§”of.simil§§MShape were observed also in the cations,
and in all the experimental salinities. Blood concentrations '
for all ions had attained about half of their 96 hour llevelb

of regulation after 12 hours of exposure.

Chloride:A

Significant regﬁlation of blood chloride occurred in all of
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FIGURE 2

Concentrations of 5 ions, expressed as a percentage of the-

medium, in blood of summer and winter Cancer magister, as a

function of time of exposure, in hours, to stock sea water,
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"FIGURE 3

Blood chloride concentration, in mEq/L, of summer and winter

Cancer magister, as a function of time of exposure, in hours,

to experimental salinities of 50 and 125% sea water.
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the experiméntal salinities, with hypertonic reguiation in 50
and 75% sea water, and hypotonic regulation in 100 and 125% sea
water (Fig. 4), in both summer and winter animals. Summer and
winter crabs were significantly different in the degree of
chloride regulation they maintained in 50 and 100% sea water.
Summer animals}maintained the‘higher gradient in 50% —~ 46%
more hypertonic than the winter animals, and winter animals
maintained the greater gradient in 100% — 39% more hypotonic

than the summer animals.

Since the concentration of chloride ion in the urine of both
summer and winter animals in 50% sea water was found not to differ
significantly from that-of.the corresponding blood.chloride,
regulation to achieve the hypertonic blood chloride at this
experimental salinity is by an extra-renal route. A U/B ratio
equal to 1.0 at this salinity (Fig. 5) documents this. When
bbth summer and winter animals were exposed to 75, 100, and
125% sea water, however, urine chloride was significantly higher
than that of the blood, and the U/B ratios were significantly
greater than 1.0, indicating the involvement of the antennary
gland in regulation. If the measurement of total chloride may
be assumed the sum of the regulation of chloride salts, this
would indicate that regulation of overall blooé ion concentra-
tion, in any.but the most dilute salinity, occurs at least in
part in the antennary gland. Summer and winter animals were
not found to be significéntly different in this, except for
animals in 100% sea water, where the summer U/B ratio was
significanfly less than that of the winter, indicating less

involvement of the antennary gland, at least in this salinity.
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‘'FIGURE 4

Chloride ion concentration, in mEq/L, at 96 hours in blood

and urine of summer and winter Cancer magister, as a function

of medium concentration, as expressed in per cent sea water,
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FIGURE S

Urine - blood (U/B) ratios of 5 ions of summer and winter

Cancer magister, as a function of medium concentration, as

expressed in per cent sea water,
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This would have contributed to the winter chloride concentration

in the blood of C. magister being more hypotonic than the summer.

Sodium:

Summer C. magister was observed to be a hyperregulator of sodium
in all of the experimental salinities, hypo- and hypersaline
(Fig. 6). The winter animals were also observed to regulate
hypertonically to a significant degree in 50, 75, and 125%

sea water% while hypotonic in lQO%. This last result was only
barely significant, and‘thus>ma§ have been aberrant, parficularly
in view of the hypertohic regulation observed in winter crabs
at the 125% salinity. Summer crabs maintainedra higher gradient
of sodium than winter animals, beihg 22, 67, and 38% more hyper-

tonic in 50, 75, and 125% sea water, respectively.

- ——8odiumconcentration inthe—urine of summer animals was found

, to be significantly less than that_of the corresponding blood

" "sodium in all of the experimental salinities, except at 75%,

ratios (Fig. 5) in 50, 100, and 125%‘s¢a water were significant-
ly less than unity, indicating a renal involvement in the regu-~
lation of hypertonic blood sodium. 1In experimental salinities
of 50 and 75%, the urine sodium concentration in winter animéls
indicated no significant involvement of the antennary gland in
blood sodium regulation, and the U/B ratios in these salinitiés,
were not significantly different frOmvl.O. At the 100 and 125%

salinity, however, the urine sodium was lower than that of the
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FIGURE 6

Sodium ion concentration, in mEq/L, at 96 hours in blood and

urine of summer and winter Cancer magister, as a function of

medium concentration, as expressed in per cent sea water.
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“blood, and U/B ratios less than 1;0 occurred in winter animals'
as well., Thus, at higher salinities, the antennary gland of
winter animals playsva signifiéant role in the regulation of
blood sodium, but this may be less effective than that of the
summer animals since the U/B ratio of summer animals atvloo%
is significantly less than that of the winter anim&hsét this

salinity.

Potassium:

‘Summer C. magister maintained potassium concentrations in the
blood significantly hypertonic in 38, 66, and 100% sea water,
becoming isotonic with the medium in 125% (Fig. 7). In winter
crabs, blood‘concentfations of potassium were higher than the
experimental salinity only in 38 and 66% sea water, and hyper-
tonic regulatign failed'in the 100 and 125% salinities where
“the blood became isotonic. 1In 38, 66, and 125%, the blood
potassiuh of summer animals waé not significantly different from
that of the winter animals. In 100% sea water, however, summer
animals maintained the hyﬁertonic gradient significantly higher,
by 160%, than winter animals, exemplifying a possibly greater

ability for hyper-regulation in the summer animals.

Potassium concentration in the urine was always significantly
lower than that of the corresponding blood, except for winter

crabs at 38%, when it was the same. The U/B ratios for both

summer and winter animals (Fig. 5) were similarly less than

unity, except for winter animals at 38%, when the ratio was 1.0.
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FIGURE 7
Potassium ion concentration, in mEq/L, at 96 hourslin blood and

urine of summer and winter Cancer magister, as a function of

medium concentration, as expressed in per cent sea water.
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- Consequently, the.ahtennary gland was involved in the hypertonic
regulation of blood potassium observed. At higher experimental
salinities; the activity of the antennary gland was not suf-
ficient to maintain a hypértonic state, and blood concentrations
approached isotonicity. Summer animals showed a significantly .
lower U/B ratio at 66 and 100% sea water.than wintef animals.
This, combined with the fact that the winter animéls showéd'no
antennary gland activity in 38% sea water while those of the
summer condition did, indiéated that the summer antennary gland
involvement in the regulation of blood potassium levels is
greater in all saliﬁities except 125% than that of the winter

.condition.

Calcium: -

Calcium ionic concentration in the blood of both summer and
winter C. magister was regulated significantly hypertonically
in all éxperimental salinities (Fig. 8). At 34%, the summer
crabs maintained a significantly hypertonic gradient 46% greater
than that of.the winter énimals at this salinity. This condi-
tibn becaﬁe reversed in experimental salinities of higher
calcium ion concentration, where the_winter animals maintained
fhe greatef gradient, significantly more hypertonic by 34% in
56%, by 77% in 81%, and by 28% in 105% sea water. Thus, the
winter animals seemed to regulate t6 a greater degree at these
three higher salinities, while the summer animals were better

regulators in 34% sea water.
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FIGURE 8

Calcium ibn concentration, in mEq/L, at 96 hours in blood and

urine of summer and winter Cancer magister, as a function of

medium concentration, as expressed in per cent sea water.
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Involvement of the antennary gland in the maintenance of thé
hypertonic calcium levels observed above was indicated by urine
calcium concentrations significantly less than those of the blood
in 105% for summer and 81 and 105% for winter animals, as indi-
cated by U/B ratios significantly less than 1.0 at these sali-
nities (Fig. 5). No explanation is offered for the apparently
aberrant high urine concentration observed in sumﬁer animals

at 81%, resulting in a U/B rafio greater than unity. 1In the
two lower experimental salinities, the U/B ratios were found

to be significantly equal to unity, indicating that the anten-
nary gland was not involved in the maintenance of hypertonic

"~ "blood calcium at these salinities, but thﬁt some extra-renal
site had to be active. With the exception of the aberrant 81%
result, U/B ratios of sumﬁer and winter animals were not signi-
ficantly different, nor, consequently, was the effective regu—'

latory activity of their antennéry glands.

Magnesium:

Regulation of magnesium in the blood of C. magister was the
strongest.of any of the ions observed, as illustrated by the
large gradient maintained between the blood and the experimental
salinity (Fig. 9). Both summer and winter animals regulated
hypotonically, with the winter animals being significantly
better hyporegulators for this ion in all of the experimental
salinities. Winter énimals kept their blood magnesium about

one third of the experimental salinities, while summer animals

maintained their blood magnesium concentration_at about half
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FIGURE 9
Magnesium ion concentration, in mEq/L, at 96 hours in blood and

urine of summer and winter Cancer magister, as a function of

medium concentration, as expressed in per cent sea water.



BLOOD AND URINE CONCENTRATION (mEq/l.)

280

240
200
160
120

80

aol .-

Mg'l-'l' .

SUMMER

------ WINTER
v BLOOD
vV  URINE

125
MEDIUM CONCENTRATION (% SEA WATER)

50 75 100




33.
-0f the experimental salinities..

The greatest degree of renalionibregﬁlation was for magnesium.

In both summer and winter crabs, the urine concentration remained
much higher than that of the blood, with this gradient increas-
»ing'with increasing salinity, so that at 125% the antennary gland
was~approxiﬁately three times as active in thé'excretion

.of magnesium than at 50%. The U/B ratio, always significantly
greater than 1.0, showed a similar trend (Fig. 5). No signifi-
cant difference in the degree of renal magnesium regulation

was determined between summer and winter animals, which may have
been the result of the greater variability of the urine magne-
sium concentration values, as compared to that of the blood
values. Otherwise, some other site of regulation was iﬁdicated

to account for the greater gradient maintained in winter animals.

Animal Weight:

No significant relationships could be determined between the
weight of individual animals and the degree of ionic regulation

maintained in their blood.

Gill Activity Measurements:

Potential differences across a gill surface in vitro were mea-
sured to investigate the role of the gill as an organ of ionic

regulation. The results obtained by these methods were by no
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means unequivocal since the potential differences obsérved,
interpreted as an indication of ion movement from on side of
the gill to the other, may have been the result of exchanges

of ions between the cells of the gill epithelium and the inside
or outside medium, for instanqe. Notwithstanding the lack of
conclusive evidence for regulatory involvement by the gill,
these results are presented as a possible indication of such.'

regulation, and és a preliminary to further work in this area.

Winter gill preparatibns of C. magister placed into solutions

of NaCl, corresponding in salinity to 50, 75, and 100% sea water.
with respect to the sodium ion, showed a significant negative
potential on the inside, relative to the outside sélution (Fig.
10 a). Gills obtained from summer animals also showed such a
negative potential, but only at 50%.' In both summer and winter,
preparations, the potential difference_decreased with increased
sodium chloride concentration, to a point at 125%, where no sig-
nificant potential difference was observed. The summer and winter

gill preparations were not found to differ significantly in their

potential difference readings.

A further experiment using.preparations of winter crab gills

and chloride-free sodium salt solutions resulted in a signifi-
cant negative potential difference, inside relative to the out-
side, in solutions of 50, 75, anq 100% sea water of NagSO4. The
potehtial difference was not significantly different from zero.
at 125% (Fig. 10 b). A significant ﬁegative potential was found

also using 50 and 100% salinities of sodium acetate, and of the
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FIGURE 10

Potential differences, in mV, of in vitro gill preparations

summer and winter Cancer magister, as a function of medium

concentration, as expressed in per cent sea water.

a. In NaCl, where concentration is based on sodium ion.

b. In NagySO4, where concentration is based on sodium ion.
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same polarity as above. The potential difference readings ob-
tained for 75 and 125% solutions of sodium acetate were not

significantly different from zero (Fig. 11 a).

Using solutions of choline chloride and summer gill preparations,
a significant negative potential difference, inside»relative

to the outside, resulted with the 56% salinify solution. In
125%, a significant positivé potential difference resulted,
inside relative to the outside. In 75 and'loo% salinities, the

potentials were not significant. (Fig. 11 b).

When single salt solutions of KCl were used, significant
potential differences, also negative on the inside, were obtained
for gill preparations of both summer and winter animals, for

all salinities. Winter potential differences were significantly
greater in the 38% salinity, but no éignifiéant differences were

found in the other concentrations (Fig. 12 a).

Similariy, significant negative potential differences were found
in single salt solutions of CaCl, when the salinity for calcium
was 34% for summer and winter preparations, and 105% for the
winter preparation only. No significant differences could be

determined between summer and winter preparations (Fig. 12 b).

The potential differences obtained using solutions of MgCloy
were negative on the inside, relative to the outside, and signi-

for summer preparations in 50, 75, and 100% salinities, and winter
preparations in all but 100%. The gill activity of summer and

winter animals was determined to differ significantly only in
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FIGURE 11

Potential differences,  in mv, of in vitro gill preparations of

summer and winter Cancer magister, as a funccion of medium

concentration, as expressed in per cent sea water,

a. In Na-Acetate, where concentration is based on sodium ion.

b. In Choline-Cl, where concentration is based on chloride ion.
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FIGURE 12

Potential differences, in mV, of in vitro gill preparations

summer and winter Cancer magister, as a function of medium

concentration, as expressed in per cent sea water,.

a. In KC1l, where concentration is based on potassium ion.

b. In CaCl,, where concentration is based on calcium ion.

of
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the 75% saiinity, where that of the winter was more negative

(Fig. 13).
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FIGURE 13

Potential differences, in mV, of in vitro gill preparationé of

summer and winter Cancer magister, as a function of magnesium

concentration, as expressed in per cent sea water, in solutions
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‘DISCUSSION -

The Estuarine Environment:

Estuarine crustacean fauna isvderived almost exclusively from
marine species, and as such has amplified greatly the capabiliF
ties for ionic regulation'of its marine precursor, enabling the
estuarine forms to be euryhaline. Although marine crustaceans
are stenohaline, limited to a narrow range ofosmotic and ionic

concentrations (Gross, 1957; Habas, 1965; Jones, 1941; Kalber

“"andCostlow, 1968; Mantel, 1967), they are capable of active

regulation of those ions contribﬁting to the total isosmotic

concentration of the blood. Generally, increased values, rela-
tive to sea water, of sodium, potassium, and calcium and lowered
vélues(of magnesium are féund in the»blood. Sodium and chloride

concentrations are found to vary least from the'medium, while

~—-——calcium—tends to-be-regulated-strongly hypertonically and

magnesium strongly hypotonically (Prosser, 1955). Extreme varia-

tion in thé concentration of ‘any one ion away from its optimum

results in decreased survival as a result of an alteration of

the compensatory effects the ions have on each other when presenf
at optimum concentrations (Pora, 1958, 1960). In a few cases
where the blood tonicities do not correspond to the above general

scheme, concomitant changes in the regulation of other major

ions occur. For example, in the lobster Homarus gammarus and

the shrimp Nephrops norvegichs, potassium is regulated hypo-

tonically to sea water (Robertson, 1949, 1960). This can. be

related to increased concentrations of blood sodium, where the
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hypertonic éodium is in turn a compensation for extrémely low
hypotonic blood magnesium concentrations. This same'sortvof
selective regulation of ion content in the blood of marine crus-
_taceans is enhanced in their relatéd_estuarine species, or in
the estuarine population Qf a species normally considered a‘ma—‘

rine form,as is the case with Cancer magister in this study.

Estuarine fauna is additionally modified in that it is euryhaline,
able to withstand wide environmental salinity fluctuations.

It seems that physical factoré such as fluctuating osmotic and
ionic concentrations are involved in determinihg the population
dynamics of a species (Kinne, 1967). Those species not able

to compensate for the increased metabolic demands of life in

low salinities cannot survive for extended periods-in an estuarine
environment. Survival depends, of course, not on the average
environmental condition, but on the most extreme condition, and

adaptation to several extremes is usually involved (Prosser, 1955).

TEstuaries, as areas of transition between the more stable envi-

ronments of fresh water and the neighbouring sea, may show radical

mdeﬁaftures in the relativédéhd'ébsolute concentrations bf specific

~ions, The Fraser River is _a good_example in thét, while it has
depressed values for'all the méjor sea water ions, calciﬁm,and
potassium are depressed relatively more than the other idns (Table
1). The calcium and potassium regulatory abilities of C. magister
are consequently stressed to .a_greater degree. Such fluctuations
are dependent on diverse geological factors, suéh as river bed
composition and the terrain through which the river flows, picking’tﬂ
up its specific load of ions. Absolute changes in the salinities

of estuaries, as a result of dilution by fresh river water, may
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vary seasonally as well. Poéitive correlation can be found
between seasonal salinity changes (Table 1) and precipitation

in the FraSer River Basin as shown in Figure 14 (Vancouver Weather
Office, personal communication). 'Low salinities in the months

of June, July, and August are mainly the result of the melting

of high altitude ice and snow, deposited in the winter months,
causing a greater fresh water discharge by the Fréser River into
its estuary. Reduced precipitation in the months of February

and March, as well as reduced melting in thé winter months, allows

high field salinities in February and March.

Several brocesses are involved in the maintenance of blood idns
at concentrations which differ from those of the médium. These
include: 1) reduction in the permeability of the body surface,
2) tolerance at the cellular level of variations in blood con-
centration, and 3) enhanced'abilify to transport inorganic ions
against a concentration gradient across the-body surface (Lock-

wood, 1962).

‘In the lbwer‘estﬁarine salinity, regulation by the active uptake
or secretion of ions ié coupled with physiological adjustment

by lowering the effective gradient that has to be maintained,
This reduces the metabolic input required to maintain optimum
ion concentration (Croghan, 1961). Potts (1954) considers

this reduction as the single most important means whereby an
animal entering brackish water can lessen the strain on its
regulatory mechaniéms. It is probabiy this requirement which

becomes the limiting féctor to-determine the penetration of a

species up the estuary. Penetration down the estuary, toward
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FIGURE 14

Average precipitation in inches per month for the Fraser River
Basin, from January 1969 to August 1970, based on monthly
meteorological reports from Abbotsford, Hope, Lytton, Quesnel,

Vancouver, and Williams Lake, British Columbia.
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the sea again, does not seem to be a limiting factor, af 1ea$t

in some grapsoid crabs (Barnes, 1967), indicating that estuarine
crustaceans do n&t necessarily lose their ability to live in
sea water. C. magister reacts similariy, being able to survive

in 100% sea water.

While often regarded as a stenohaline marine decabod (Jones, 1941),
C. magister was found to bebeuryhaline'in this study, re-

gulating the ionic concenfrations of its blood in experimental
salinities as low as 34% and as high as 125% sea water., Pre-
liminary studies showed that the survival of C. magister was

much reduced in experimental salinities of 25% and 150%, indi-
cating that the effective regulatory range of this crab is

between these two extremes., On the basis of this, and using

the classification of estuarine fauna proposed by Carrikker (1967),
it may be concluded that this decépod is a euryhaline marine
speciés, extending from the sea into the_upper dilute reaches

of an estuary,:as distinct from: 1)'sténohaline mérine, able .

to inhabit only the lower reaches of an estuary, such as

Cambarus’ virilis (Prossér,'1955),-2) euryhaline marine migrants,
.....able_to move up the estuary thrOugh the entire mixohaline range
of salinities before returning to the sea, such as the blue crab

Callinectes sapidus (Tan and van Engel, 1966), or 3) true estua-

rine, in the middle and lower salinifies of an estuary, spending
its whole life there, but so adapted to the dilute conditions,
that they are not able to tolerate marine salinities. An example

of this is the brachyuran décapod Rithropanopeus harrisii (Jones,

1941),
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‘Size:
No signifiéant correlation could be found in C. magister between

ionic regulation and the size of the animal. This situation

is similar to that found in Hemigrapsus nudus and Hemigrapsus

oregonensis (Dehnel, 1959, 1960), and Ligia oceanica and Ligia

granulosa (Todd, 1963).

The lack of correlation may not be conclusive since a relation-
ship between size and‘salinity optima may exist. This has been
postulated by Broekema‘(194l) for the estuarine shrimp Crangon
'crangon, where only the younger animals were able to tolerate
the most dilute environments. Thus, C. magister in the collec-
ting area may all have been of one size range, determined by
a possible size dependent tolerance of lower salinities. The

field crab Paratelphusa sp. shows a similar relationship (Pad-

manabhanaidu and Ramamurthy, 1961).

Sex:

Although only male C. magister were used in this study, the rela-
tionship of sex of the animal and its body fluid regulation
deserves mention. Repeated observations indicate that the females

of many species of crustaceans have reduced abilities of ionic

regulation. This occurs in Carcinus maenas (Gilbert, 1959 a),

in Paratelphusa sp.(Padmanabhanaidu and Ramamurthy, 1961), and

also in Callinectes sapidus (Tan and van Engel, 1966), where

the females show reduced sodium regulatory ability. This has
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" been extended to include reduced chloride regulatory ability

in female crustaceans, as in Carcinus maenas (Gilbert, 1959 b).

Examination of female C. magister may reveal differences in their
ion regulatory abilities, as compared to the male animals exa-

mined in this study.

Chloride:

Regulation of chloride ion, both hyper- and hypotonically in
dilute sea water and hypotonically in concentrations of 100%
sea water and higher, has been observed in many crustaceans.,
Marine species maintain their blood chloride levels close to
that of the medium, regulating only slightly above or below

ambient concentration, Cancer pagurus, for instance, has a

chloride level 97% of medium concentration (Robertson, 1939),

while. the spider crabs Hyas araneus and Maia squinado maintain

a hypertonic gradient equivalent to 102% sea-water (Robertsdn,

1953).

Measurement of chloride concentration is an indication of the
osmotic concentration in the animal, and, thus, of osmoregulatory
ability. This is true for hypersaline and hyposaline conditions

down to about 50% sea water. In Penaeus setiferus, Penaeus

aztecus, and Tracﬁypenaeus similis, for instance, the total

ion concentration accounts for 94 to 97% of the total osmotic
'pressure in the above salinity range (McFarland and Lee, 1963).
At salinities less than half that of sea water, the role of

chloride salts in the maintenance of osmotic equilibrium decreases

~4
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but is combensated by the the addition of‘amino acids, effecting
a Donnan equilibrium (Potts and Parry, 1963, pp. 27-32). Thus,
the measurement of chloride concentration in the blood of C.
magister in the experimental salinity range was a measure of
total ion regulation of chloride sélts, as well as of osmofegu-

lation,.

In salinities below 100% sea water, C. magister regulates chloride
hypertonically, as much as 138% of the experimental salinity

in 50%. As such, it is similar to the decapods Homarus ameri-

canus (Burger, 1956 b, 1957) and Hemigrapsus nudus and Hemi-

grapsus oregonensis (Dehnel, 1966), the amphipod Corophium

volutator (McLusky, 1968), the isopod Mesidotea entomon (Lock-

wood and Croghan, 1957), and the stomatopod Squilla empusa

(Lee and McFarland, 1962).

Correlating with the chloride tonicity of their marine.éncestry,
brackish water crustaceans-will regulate chloride in 100% sea
water either hyper- or hypotoniéally. C. magister does the
latter, regulating at about 93% of 100% sea water; In this, it

is similar to the crab Rithropanopeus harrisii (Smith, 1967)

and the estuarine shrimp Palaemon serratus (Parry, 1954) and

Metapenaeus monoceros (Panikkar and Viswanathan, 1948); This

condition is distinct from that observed in the intertidal

brackish water crustaceans, such as Ligia oceanica (Parry, 1953),

Corophium volutator (McLusky, 1968) or Hemigrapsus nudus and

Hemigrapsus oregonensis'(Dehnel, 1966, 1967), which maintain

a hypertonic blood chloride concentration in 100% sea water.
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Hypotonic chloride regulatory ability is often observed in

estuarine crustaceans in hypersaline media. For example, the

shrimp Palaemon serratus (Parry, 1954) reacts this way. C. ma-
gister behaves similarly, regulating its blood chloride hypq—
tonically at about 94% of the experimental salinity of 125%

sea water,

Although Burger (1956 b, 1957) demonstrated that Homarus ameri-

canus 1is not able to regulate chloride by urinary activity,
this ability has been demonstrated in several other crustaceans.

In Hemigrapsus nudus, for instance, Dehnel (1966) found that

the antennary gland can excrete a hypertonic urine, 140% of the

blood chloride concentration. The estuarine Palaemon serratus,

as well, produces a hypertonic urine (Parry, 1954)., These
studies of‘g. magister have illustrated that this crab has a
similar ability to concentrate chloride in the urine, at least
in a concentration range of 75 to 125% sea water. Excretion

of a urine more concentrated than the blood in 125% is instru-
mental in keeping the blood chloridé hypotonic. At 50% sea
water, the concentration of chloride in the urine is not suffi-
ciently different from that in the blood to indicate antennary
gland'activity, but it aids the animal in maintaining a hyper-
tonic blood chloride with reduced loss of chloride by way of

the urine. Examination of the fresh water crayfish Austropota-

mobius pallipes and Oronectes virilis (Riegel, 1963) shows

that they produce a hypotonic urine with respect to blood chloride.
This may be an extension of the production of an isotonic urine
observed in Q. magister to conserve chloride further and aid

in the maintenance of a hypertonic blood. 1n this same paper,
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"Riegel also implicates the bladder component of the antennary
gland as being the specific tissue involved in the regulation
of urinary chloride. The large amounts of urinary bladder tissue

obsérved’in the body cavity of C. magister may function similarly.

' Mosf.of the_regulation of chloride has been attributed to the
Tcrustacean gill, paricularly acti?e uptake inldilute salinities
(Burger, 1956 b; Flemister and Flemistef, 1951; Webb, 1940),
Histologically, the gill epithelium seems to be a secretory
type (Flemister, 1959), filled With mitochondrial and osmio-
philic materials (Copeland, 1963, 1968).

Measurementsvof the potential difference between the inside of
a regulating g111l and the outside medium may possibly suggest
an active transport of ions in E, magister, with an uptake of
chloride ions from the choline chloride solutions at dilute
Salinities and a possible secretion of chloride to the outside
: in concentrafed salinities. Essentially the same results were

obtained by Mantel (1967) with in vitro preparations of Calli-

nectes sapidus gills. 1In C. sapidus, chloride seems to be
~ transported independently of cations such as sodium. Shaw
(1960 a, b, c) has shown this to occur also in the crayfish

Astacus pallipes, where chloride uptake into the gills was inde-

pendent of and about one third of the rate of sodium uptake.
It may be that shrimp and crabs show a different system of chlo-
ride excretion, since 0136 flux measurements in the shrimp

Metapenaeus bennettae indicated chloride to be excreted exclu-

sively by way of the gut, and not the gills (Dall, 1967).
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This is in contrast to C. magister excreting chloride in hyper-
saline condition both by way of the antennary gland and the gills.
Croghan (1958 a, b) also invokes the gut as a chloride regula-

tory organ in Artemia salina, implicating it as a site of active

uptake of chloride. This may be oécurring in C. magister as well

to keep the blood hypertonic in dilute salinities.

Sodium:

Like most brackish water crustaceans, C. magister regulates blood
sodium hypertonically in dilute salinities. C. magister main-
tains-a level of sodium in the biood 156% that of fhe 50% experi-
mental salin%ty. The intensity of regulation is somewhat less
than that observed at this salinity for the shore crabs Pachy-

grapsus crassipes (Gross, 1959 a) and Hemigrapsus nudus and

oregonensis (Dehnel, 1967; Dehnel and Carefoot, 1965). Regula-

tion of sodium is greater than that in the estuarine prawn Palae-

mon serratus, which regulates sodium at only 105% of the experi-

mental 50% salinity i(Parry, 1954),

In 100% sea water, sodium regulation by C. magister is much 1iké
that of most marine decapods (Burger, 1956 b; Robertson, 1939,
1949), with a maintenance of the blood at about 110% of the
environmental concentration, at-least in animals from the summer

condition., Pachygrapsus crassipes (Gross, 1958; Prosser et al,

1955), Hemigrapsus nudus (Dehnel, 1967; Dehnel and Carefoot,

1965), Palaemon serratus (Parry, 1954), and the isopod Ligia

oceanica (Parry, 1953) are all brackish water crustaceans
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- exhibiting the same slight degree of hypertonicity of sodium
in 100% sea water.

While g. magister shows agreement with most other brackish
water species with respect to sodium regulation in sea water
 of 100% or less, in the hypersaline condition of 125% it is
pnusual in-fhat the blood is still'hypertonic.at 107% of the
.medium concentration. This was not found for any of the species
abbve, where blood sodium concentration either approached iso-

tonicity, as in Hemigrapsus nudus and oregonensis (Dehnel, 1967;

Dehnel and Carefoot, 1965), or where hyporegulation of

sodium occurred, as in Pachygrapsus crassipes (Gross, 1958;

Prosser et al, 1955) and Palaemon serratus (Parry,'1954). The

hypertonicity'df sodium in C. magister may be correlated with
the extensive degree of hyporegulation of magnesium occurring
at this salinity of 125% sea water (Gifford, 1962; Prosser, et
al, 1935).

Associated with hypertonic regulafion of sodium in C. magister

is the production pf a urine hypotonic to the blood, particularly
at the 100% and 125% salinities. The antennary gland is the

site most commonly attributed to carry out sodium regulation

in crustaceans. Measurement of urine tonicity with reference
to.blood sodium concentration has revealed that estuarine

crustaceans such as the amphipod Gammarus duebeni (Lockwood,

1961 a, b, 1965; Sutcliffe, 1967 a, b) and the shrimp Palaemon
serratus (Parry, 1954) show a similar capacity for renal
sodium regulation. Intertidal crustaceans also carry out renal

regulation of this ion, as shown in Hemigrapsus nudus and orego-
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‘nensis by Dehnel (1967) and Dehnel and Carefoot (1965), and in

Pachygrapsus crassipes by Prosser, gﬁ_gl (1955). P. crassipes

shows a hypotonic urine at high salinities (170% sea water) and,
interestingly, a hypertonic urine in 50% sea water, distinct
from the antennary gland activity observed iﬁ C. magistef. This
may be an indication of better adaptation to dilute salinities

on the part of Pachygrapsus crassipes, which maintains a much

lower optimum blood sodium level by the production of this

hypertonic urine than 9, magister.

Gill activity is c0mmonly associated with a hypertonic blood
sodium. An active uptake of sodium by the gill epithelium in

dilute media is found in the fresh water Eriochier sinensis

(Koch, 1953, 1954; Koch and Evans, 1956; Koch, et al, 1954).

In the euryhaline estuérine migrant Callinectes sapidus, as well,
sodium_shows a net influx into the gill in dilute salinities.

It is postulated that in this animal the chloride influx exceeds
that of sodium to create the measured negative potential differ-
ences inéide the gill and to facilitate further sodium influx

in this way (Habas, 1965; Habas and Prosser, 1963; Mantel, 1967),
If the negative potentiai differences observed in C. magister
gill prepafations using NaopSOy and Na-Acetate are indicative

of an outward movement of sodium from the gill, sodium regula-
tion by the gill of this crab would consequently not fit into

the scheme proposed above for Eriochier sinensis and Callinectes

sapidus., Further, since the possible transport of sodium by
the gill of C. magister occurs in the absence of chloride and

other cations, it may be independent of them. This was also

suggested by Shaw (1960 a, b) for Astacus pallipes. He suggested
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"also that when acetate and sulphate radicals are used in the
formation of sodium salts, it is possible that sodium ions ex-

change for either ammonium or hydrogen ions.

The hypothesis that some site of sodium regulation other than
the gill or antennary gland exists in crustaéeans finds support

in the work of Mantel (1968) on Gecarcinus lateralis, where the

foregut of this land crab may be able to regulate sodium, moving

it into and out of the blood as needed.

Potassium: ‘ ' . ‘ ‘

Potassium is hypertonic in C. magister in 38, 66, and 100%

sea water, maintained at gradiénts of 174, 144, and 105% of

the experimental salinities, respectiVely. Pronounced hyper-
tonicity in this animal at low sélinities can be related to a
relatively lower potassium level in the estuary (Table 1), stres-

sing a well-developed hypertonic regulation of this ion.

The hypertonicity of blood potassium in C. magister is similar
to that found in other estuarine or littoral crustaceans, such

as in Pachygrapsus craésipes (Gross, 1959 a; Prosser, et al,

1955), in the shrimp Palaemon serratus (Parry, 1954), and in

the shore crabs Hemigrapsus nudus and oregonensis (Dehnel, 1967;"

Dehnel and Carefoot, 1965).

In 100% sea water, C. magistef iS capable of a slight degree of’
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- hyper-regulation,»but this is not comparable to the pronounced

hypertonicity observed in Pachygrapsus crassipes (Gross, 1958),

in Palaemon serratus (Parry, 1954), or in strictly marine

decapods (Robertson, 1939, 1949, 1953). It would seem that
C. magister falls more into a category of isotonicity in

100%'sea water and above, similar to the shore crabs Hemi-

‘grapsus nudus and oregonensis (Dehnel, 1967; Dehnel and Care-

foot, 1965).

The antennary gland in C. magister.is strongly involved in
potassium regulation in all but fhe most dilute salinities,

to prodﬁce a urine hypotonic to the blood. While not as-active
in hypertonic fegulation of the blood‘as the fresh water crab

Potamon niloticus (Shaw, 1959) or crayfish (Riegel, 1965),

renal involvement is greater than that of marine crustaceans,

in particular the decapods Cancer pagurus, Homarus vulgaris

(Robertson, 1939, 1949), Homarus americanus (Burger, 1956 b),

and Galathea squamifera (Bryan, 1965), It is comparabie to that

shown by brackish water crustaceans such as Palaemon serratus

(Parry, 1954), as well as that shown by the littoral crab

Carcinus maenas (Riegel and Lockwood, 1961; Webb, 1940).

Using the findings of Shaw (1960 c) that the uptake of chloride
from solutions of KC1l is slight, or non-existent, to interpret
the negative potehtials observed in the in vitro gills of C.
magister, an indication of an outward movement of potassium
through the gill epithelium may exist. Potassium transport; if

‘this is what has been observed in the gill preparations, may

be independent of the presence of other ions, as indicated by
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. Harvey and Nedergaard (1964) for sodium independent active

transport of potassium in the Cecropia sp. midgut.

Calcium:

Hypertonic fegulation of blood calcium in an éstuarine crusta-
cean such as C. magister may'be expected from the reduced calcium
leﬁels found in estuarine waters, and is associated with the
need for calcium in the seasonal moult cycle (Robertson, 1937).
Only in the intermoult phase is the calcium level at all
- constant (Hayes, 33.21,'1962). Blood calcium concentrations

in E, magister are hypertonic in all experimental'saiinities,_
averaging 192, 148, 117, and 113% of medium calcium concentration
in experimental salinities of 34, 56, 81, and 105% sea water,
respectively. Calcium:tends to be.regulated hypertonically in

~ "strictly marine crabs as well (Robertson, 1939, 1949; Gross,

~--—1964) .

“The ability to regulate calcium demonstrated by C. magister over
the entire experimental salinity range corresponds almost

exactly to that of Palaemon serratus (Parry, 1954) and to that

of - the shore crabs Pachygfapsus crassipes (Prosser,?éiggl, 1955)

and Hemigrapsus nudus and oregonensis. (Dehnel, 1967; Déhnel and -

Carefoot, 1965). 'Hypertonic calcium regulation would seem to-
be a common feature of estuarine crustaceans. Hypotonic regu-
lation in high salinities exists in some crustaceans, as in

Pachygrapsus crassipes (Prosser, gi.gl,_1955) and in the fiddler
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crabs Uca pugnax and pugilator (Green, et g;,'1959). 1”

The antennary gland in C. magister seems to be involved in the
maintenance of hypertonic blood calcium levels only in the 81
and 105% salinities, Here, a urine hypotonic to the blood is

produced. Similar regulation of calcium was observed in the

terrestrial crab Cardisoma armatum (deLeersnyder and Hbestlandt,

1963), in the lobsters Homarus americanus (Burger, 1956 a, D)

and vulgaris (Robertson, 1939), and in the estuarine shrimp

Palaemon serratus (Parry, 1954)., The littoral crabs Pachygrapsus

crassipes (Gross, 1959 a) and Hemigrapsus nudus and oregonensis

(Dehnel, 1967; Dehnel and Carefoot, 1965) do not show any renal
involvement in calcium regulation -in this salinity range, indi-
cating that an extra-renal mechanism must be active, possibly

the gills., These species do show hypotonic blood regulation,
however, with the production of a hypertonic urine,in hypersaline
sea water. Nd hypertonic urine production was observed in C.
magister, but may have been found if the experimental salinity
range were extended to include more of the upper hypersaline
concentrations. Fiddler crabs definitely produce a hypertonic
urine in high calcium concentrations (Green, et al, 1959),

which correlates with their pronounced hypotonic blood regulation,

Since urine concentrations of calcium in C. magister are equal
to those of the blood in 34 and 56% experimental salinities,

the antennary gland is not involved in the maintenance of hyper-
tonic blood calcium at these salinities. The source of the

calcium producihg this hypertonicity is probably not the calcified
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exoskeleton, since in the lobster Homarus americanus the source

for hypertonic blood calcium was found to be not the exoskeleton,
but derived through gill activity. The gill in the lobster
actively takes up calcium when the internal state becomes hypo~

calcaemic (Hayes, et al, 1962).

If the potential differences observed in the in Xiizg gill pre-
parations of C., magister are indicative of calcium transport
through‘the gill, some involvemént of the gill in the regulation
of blood calcium is implied in this animal as well, particularly
in dilute salinities, where the potential differences were

the largest. Some other undetérmined site may be involved in
the regulation of a hypertonic blood calcium level, Burger
(1956 b), for instance, indicated that divalent ions entered

by way of the stomach in Homarus americanus. In the amphipod

Corophium volutator (McLusky, 1970), as well, a large part of

- the ion uptake is by way of the gut. Furthei experimentation

may clarify the situation in C. magister,

Magnesium:

Hyporegulation of magnesium is the most universal feature of
ionic regulation in crustacean blood. A definite correlation
seemé to exist between the locomotory activity of a particular
species and its blood tonicity for magnesium. Those with low
values of magnesium are more active and capable of faster move-
ment than those with high levels of magnesium (Lockwood, 1962;

1968 p. 11; McFarland and Lee, 1963; Potts and Parry, 1963 pp.-



59

100-101; Robertson, 1949, 1953, 1960). This leads to the sﬁppo-
sition that magnesium levels arevrelatedrto the speed of neuro-
nuscular impulse transmission.‘4g. magister-is considered és

a fairly active crustacean, beihg a scavenger and moving about
readily on the sea bottom, and correspondiﬁgly has a magnesiun
tonicity half or leés than that of the experimental salinities.
C. magister is similar in this respect to fairly éctive crusta-

ceans such as the decapods Cancer pagurus, Homarus vulgaris

(Robertson, 1939) and gammarus (Robertson, 1960), which also

have magnesium levels at least half of the medium concentration.

By way of comparison, the slower moving spider crabs Maia

squinado and Hyas araneus have higher blood magnesium levels,

only slightly hypotonic to the medium (Robertson,v1953).

The antennary gland is involved in the reduction of blood
magnesium tonicity in C. magister. This is achieved by produc-
tion of a hypertonié urine. The pronounced increase in the toni-
“““city“of urine at 100 and 125%‘salinity may indicate a dispropor-
tionately greater net influx in these salinities. The degree

of magnesium regulatioh carfied‘out by the antennary gland in

100% sea water is comparable to that found in Hemigrapsus nudus

and oregonensis (Dehnel, 1967; Dehnel and Carefoot, 1965), while

larger than that of the marine lobsters Galathea squamifera

(Bryan, 1965) and Homarus vuigaris (Robertson, 1949). It is,

however, not as large as in the estuarine shrimp Palaemon ser-

ratus (Parry, 1954), which also maintains a lower blood magnesium

concentration than C. magister.

Interactions of magnesium and sodium are possible, as indicated
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by Gifford (1962) in Uca pugnax and Ocypode albicans. A similar

situation may exist in C. magister. While C. magister regulates
for a hypotonic magnesium level, it maintains its blood sodium
hypertonic, so that compensatory regulation may be occurring
here. 'Prosser, et al (1955) indicate that regulation by the
| antéﬁnary glands to produce a hypertonic urine with respect to
magnesium in some way effectively reduces the boncentration of
.sbdium in the urine to make it hypotonic for sodium. Thus,
increased urine hypertonicity for magnesium in 100 and 125%
sea water correlates with, and may be a function of, increased
urine hypotonicity of sodium at these salinities,
The gill of C. magister may also be involved in thé regulation
of magnesium over the whole experimental salinity range, and
this possibly by an extrusion of magnesium ions to lower

blood tonicity.

Other organs may contribute to the maintenance of hypotonic blood

magnesium, Indications of this have been found in Callinectes

sapidus and Ocypode albicans (Gifford, 1962), as well as the

lobster Homarus americanus. In H. americanus, the cycle seems

to involve an uptake of magnesium irom the gut, with an excre-

tion by way of the antennary gland (Burger, 1956 a, b).

Season:

The effects of season seem to extend to the regulation of all
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‘ions studied in C. magister. ‘The - process -involves acclimation,
where this term is defined as '"any demonstrable compensatory
change over some length of time" (Bullock, 1955). Salinity
acclimation is observed in C. magister. Temperature acclimation
is involved as well, since temperéture varies with season and

| thué will,have a demonstrable effect on the degree of ionic |
pegulationléarried out by crustaceans. The effects of tempera-
.tﬁre on ionic regulation in E. magister have not been studied
independently, but may be inferred since temperature varied with

season,

Chloride in winter blood is lower at 50% and higher at 100% than
summer blood. That is, winter animals maintain a iesser
gradient at low salinities, but a higher one at high salinities.
This may be correlated with changes in chloride concentrations
in the summer and winter ehvironments, where summer animals
become. acclimated to lower salinities and have a greater ability
T T Tto maintain hypertonicity in thé lowest experimental salinity
than winter animals. The reverse hblds for the higher salini-
ties. Figure 3 shows that summer animals have significantly
___lower blood chloride concentrations th@gwjhgﬂgorrespOhding»
winter animals at 0 hours. The principle idvolved here may
be one suggested by Beadle (1943) for fresh water énimals —
~ the lower the blood concentration initially, the lower the con-
centration of brackish water to which they can be adapted. The
converse seems to hold for the hypersaline conditions.

Temperature effects, as well, may be involved in chloride fegula-

tion, similar to the situation found in Potamobilis fluviatilis,

a fresh wafer crayfish, where low temperatures decreased the
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-absorption of chloride (Wikgren, 1953). The results for chloride
regulation in C. magister are not similar to those obtained

for summer and winter comparisons of regulation in Hemigrapsus

nudus (Dehne1,>1966) or in Callinectes sapidus (Ballard and

Abbott, 1969), where the winter blood was maintained hypertonic
to fhe summer blood at all salinities. Similartresults were
obtained, héwever, for the chloride gradients bf urine to blood,
Aail showing greater antennary gland-activity in the winter

months.

The concentration of sodium is also higher in summer than in
winter C. magistef. Again the situation is the reverse of that

found in Hemigrapsus nudus and oregonensis (Dehnel; 1967; Dehnel

and Carefoot, 1965). Greater hypertonicity of summer sodium

in C. magister can be related directly to a greater degree of
renal regulation of sodium, as.indicated‘by a greater gradient
maintaiﬁed between blood and urine of summer animals as compared
to winter. Lower winter sodium values may be related as well

to a situation found in Asellus aquaticus, where a fall in tempera-

ture caused a decrease in blood sodium as a result of decreased
uptake (Lockwood, 1960; 1961va; b; 1962). This may occur at
the antennary gland or some other regulatory site such as the

gut.

Potassium concentration in summer and winter blood differed only
in the 100% salinity, where that of the summer was the greater,
and the blood was hypertonic as compared to isotonic winter
blood. This related to greater activity of the antennary gland

of summer C. magister.
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With regard to the regulation¢of«calbium;—summer blood levels
are higher only in the lowest experimental salinity of 34% sea
water, while at 56, 81, and 105% sea water, the calcium of
winter animals was regulated more hypertonically. This may

be attributable to a higher calcium concentration in thé w%nter
field condition, resulting in acclimation and a higher-optiﬁum
blood calcium level in all but 34% sea water, whefe summer
animals carry out more effective regulation'while that of winter
anihals, acclimated to higher_salinities, breaks down. Higher

winter calcium levels 'are also observed in Hemigrapsus nudus

and oregonensis (Dehnel, 1967; Dehnel and Carefoot, 1965).

Since no significant seasonal differences are obtained for
the regulatory activity of gill or antennary gland, some other

site such as the gut may be more effective in winter animals.

Magnesium regulation in C. magister is similar in that the winter

animals maintain a greaterveffective'gradieht than those of

‘the summer. The greater degree of hypotonicity observed

for the winter animals may be the result of a greater loss

rate at the body surface, possibly thé gill.. It could not be

.—~—fdetermined.as a function_-of-increased antennary.gland activity.

Acclimation is involved here, as well, with summer animals main-

taining a lower magnesium gradient as a result of acclimation

to a lower environmental salinity. The reverse situation

. —exists for animals from the winter..condition.
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SUMMARY

1) Concentrations of chloride, sodium, potassium, calcium,

and magnesium ions in the blood and urine of Cancer magister

have been measured in four experimental salinities: chlofide,
sodium, and magnesium in 50, 75, 100, and 125% sea water;
potassium in 38, 66, 100, and 125% sea water; calcium in

34, 56, 81, and 105% sea water,

2) Blood and urine ion'values were determined for summer
animals at an experimental temperature of 15° cC. and for winter

animals at 7.50 C.

3) Major changes in the adaptation of blood ionic concentra-
tions to dilute or concentrated salinities occur within
a few hours of expoéure, half of the final equilibrated concen-

tration achieved by twelve hours,

4) Animal weight was found to bear no significant relationship

to the ionic regulation observed.

5) Chloride was determined to be regulated hypertonically in
hyposaline media and hypotonically in hypersaline media. Summer
animals maintain a greater gradient in dilute salinities,

and a lesser gradient in concentrated salinities, than winter
animals. Regulation at 50% is extra-renal. At higher salinities,

the antennary gland actively excretes chloride by way .of a

hypertonic urine. Renal regulation is greater in winter animals.
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* 6) Sodium is regulated hypertonicaliy in the blood at all
experimental salinities, with summer animals maintaining the
greater gradient. Renal sodium regulation occurs at allvsali—
nities to produce a hypotonic urine. Winter animals show less

renal activity than summer animals.

.7) 3'Potaséium is maintained hypertonic in diiute salinities,
.with summexr animals maintaining the greater gradient. The
antennary giands'ére active in regulation, producing a hypotonic
urine., Summer animals show greater rena1>regu1ation than

winter animals.

8) ~Calcium is regulated hypertonically at all medium conceﬁ—
trations. Summer animals are the better regulators in the most
dilute medium of 34% sea water, while winter animals are better
hyper-regulators in the higher salinities. Except at 34%,
the antennary gland actively regulates calcium to produce

a hypotonic urine.

9) Regulation of magnesium is strongly hypotonic, at about
half the medium concentration in summer animals and one third
the medium concentration in winter animals. Renal involvement
in magnesium fegulation is pronounced with thé productiqn of
a hypertonic urine. Summer and winter animals showed no

difference in their degree of renal regulation.

10)  Ion regulatory activity by the gills of summer and winter
animals was investigated by potential difference measurements

of in vitro gill preparations using single salt media for each
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of the five ions of this study. Chloride is suggested to be
regulated by absorption at 50% and secretion at 125%. Sqdium
may be transported outwards, especially'in dilute salinities,
fhe involvement of the gill in the regulation of potassiunm,
calcium, and magnesium is implicated. SeaSonal differehces
in the degree of regulatory activity of the gill were determined
for potassium and magnesium, with winter preparations showing

greater activity.

11) Seasonal acclimation is related to changes in the concen-
trations of constituent ions in summer and winter of the

estuarine environment.
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