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IONIC REGULATION IN CRANGON VULGARIS
(FABR.) (CRUSTACEA, NATANTIA)
FROM BRACKISH WATER
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ABSTRACT

The hyper-hypoosmotic (isosmotic at 23 %,) shrimp Crangon vulgaris was found to maintain
Ca2+ and K+ more concentrated than the medium in 5-25 %), Na+ and CIl- more concentrated
in the range 5-30(23) %) and less concentrated in higher salinities. Mg2+ was held at a very low
level throughout the salinity range. The importance of various mechanisms (low permeability,
active ion transport and hypo-osmotic urine) in assisting this efficient ion regulation is discussed.

INTRODUCTION

The sand-living shrimp Crangon vulgaris (Fabr.) is most abundant in shallow
brackish water, although its salinity distribution lies within 5-35%0 (see a. 0. Muus,
1967). Crangon vulgaris is a homoiosmotic species, hyperosmotic in salinities
below 21-26%0 and hypo-osmotic in higher salinities (Broekema, 1941; Fliigel,
1960; Weber & Spaargaren, 1970; Spaargaren, 1971; Hagerman, 1971). Both
in shallow water in summertime and during its migration to and from deeper
water in autumn and spring the species is subject to sometimes rather violently
fluctuating salinities which exert great demands upon the tolerance of the or-
ganism.

In this paper the ionic regulation of adult intermoult C. vulgaris adapted to
different salinities are studied. The work is part of an investigation on the eco-
physiological complex of Crangon vulgaris from the Oresund (Hagerman, 1970a,
b; 1971; 1973).

MATERIAL AND METHODS

Specimens of Crangon vulgaris were collected in shallow water (0-4 m) in the
Oresund, north of Helsingor (salinity 10-15%0). The animals were placed singly
in small containers (diam. 12 cm) and left to acclimatize to the experimental
salinities (5-35%0) for at least three days and not more than seven days. Only
specimens in the intermoult stage C-D, were considered suitable for further
treatment. All measurements were made on animals acclimatized to +10° C.

The animals were not fed during the acclimatization period.
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Before sampling the animals were gently dried on soft filter paper and placed
on a special surgery-table where they were held in place by a small plate pressing
gently on the carapace. Hemolymph was sucked from the heart by means of a
glass-syringe, and placed under liquid paraffin. It was usually possible to get
20-35 fil hemolymph from a Crangon 40-50 mm long. The ha@molymph was
divided into subsamples by means of 5 or 10 jxi Drummond microcaps and
diluted with distilled water.

Sodium, potassium, calcium and magnesium was measured on a Unicam
SP 90 Series 2 atomic absorption spectrophotometer. The hemolymph samples
were diluted 1000 x (Na+), 100-200 X (K+), 51 X (Ca2t) and 510 X (Mg2h.
Calcium was measured after the addition of lanthanumchloride. The results
were recorded on a Goerz Servogor RE 511 recorder. Chloride was measured
on 10 ql samples with an Aminco-Buchler-Cotlove direct reading chlorido-
meter.

The investigation was partly supported by a grant from the Danish Science
Research Council. Dr. Donald McLusky, University of Stirling, Scotland, kindly
read and criticized the manuscript.

RESULTS

The regulation of sodium in salinities between 5-35%0 has been discussed in an
earlier paper (Hagerman, 1971). The regulation of the major anion, chloride,
is shown in Fig. 1. It has long been stated that chloride passively follows the
sodium fluxes. When the chloride and the sodium curves are compared it is
also evident that they follow the same pattern, i.e. a higher concentration than
the outer medium below ca. 425 mEq Na+ and 340 mEq Cl-, corresponding
to a salinity of 30 and 23 %0 respectively. This discrepancy of 7%, a higher con-
centration of Na+ when Crangon is isosmotic with respect to chloride, points
to changes in the ratio of sodium and chloride fluxes, a better and thus less pas-
sive transport of chloride the closer to the isosmotic salinity in which the animal
lives. The level at which h&molymph chloride is the same as the surrounding
medium is the same as when the he&molymph is isosmotic with regard to the
total osmoconcentration (Hagerman, 1971). In salinities above 23 %0 chloride is
held at a concentration below the outer medium, the difference between medium
and chloride being appr. 50 mEq. at 30%o.

The regulation of magnesium in the salinity range 5-35%0 is shown in Fig. 2.
Throughout the entire salinity range magnesium is held at a level far below
the outer medium. The curve is slightly S-shaped, a rather steep increase in
magnesium ion concentration between 5-10%o0, a very efficient and constant
regulation between 10-25%o0 (i.e. within the normal salinity range in northern
Oresund), and then an increase in the ha@molymph magnesium concentration
in 25-35%0, but still very far below the outer medium. Compared to many other
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Fig. 1. The concentration of chloride ions in the blood of Crangon vulgaris.
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Fig. 2. The concentration of magnesium ions in the blood of Crangon vulgaris.
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marine crustaceans Crangon is very efficient in keeping the magnesium ion con-
centration in the hemolymph low (see Nicol (1967) for details on other species).

It has long been recognized that a low magnesium ion concentration in crus-
taceans is associated with high activity. Thus, since Crangon is an animal cap-
able of very intense outbursts of activity (Hagerman, 1970b) it must have a
low magnesium ion concentration in the blood.

The analysis of potassium ions in different salinities showed a concentration
in the blood higher than the surrounding medium. (Fig. 3). The potassium ion
concentration showed a very great variability, 2.5 mEq within the same sali-
nity. This could be due to technical reasons (all animals examined were of
stage C-DX or it could be due to residues of breakdowned cells as the rather
high cellular potassium concentration can elevate the blood concentration in
some animals when whole blood is analyzed (Potts & Parry, 1964). A still greater
variability was found by McLusky (1968) for Corophium volutator. The con-
centration of potassium in Crangon is slowly approaching the outer medium
in higher salinities, above 9 mEq/1 (i.e. above 30%0) no difference between blood
and sea water was found. This pattern of potassium regulation in lower sali-
nities and the relative ionic content is similar to that noted for other brackish
water crustaceans (Nicol, 1967). The obviously decreasing ability to maintain
the great difference between blood and medium must be correlated to the general
decrease in total hyperconcentration and in many cases a hypoconcentration.
That the potassium concentration in the blood in higher salinities could be most
variable, also within the same species, is well known (Adelung, 1971).

Calcium (Fig. 4) was consistently held more concentrated than the medium,
with differences of 2 to 7 mEq for minimum values within the salinity range.
The difference between inner and outer medium is greater the lower the salinity.
The large difference between the highest and lowest concentration in a specific
salinity is due to the variation in stored calcium for ecdysis in moult stages C-Dj.

The blood analyses are summarized in Tab. 1. The pattern of regulation
for C. vulgaris in the hyperosmotic range; an increase of sodium, potassium,
calcium and chloride relative to the medium and a strong decrease in magne-
sium ion concentration, and also the relative ionic content, is similar to that
noted for other crustaceans (Nicol, 1967; Lockwood, 1968). In the hypo-osmotic
range C. vulgaris showed a decrease of sodium and chloride relative to the
medium, while calcium was still higher and potassium almost isosmotic to the
medium. Magnesium was still very far below medium concentration. This pattern
of regulation is not so well known for marine and brackish water animals, partly
because rather few hypo-osmotic species has been investigated with regard to
ionic regulation (Potts & Parry, 1964; Parry, 1954; Dehnel & Carefoot, 1965).
With respect to sodium, calcium, magnesium and chloride similar results were
found for Leander (Palaemon) serratus by Parry (op.cit.) while potassium showed
a considerably lower blood concentration in Leander than in Crangon.
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Fig. 3. The concentration of potassium ions in the blood of Crangon vulgaris.
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Fig. 4. The concentration of calcium ions in the blood of Crangon vulgaris.
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Table 1. Analysis of inorganicions in the blood of Crangon vulgaris in moult stage C-Dx

Salinity NaCl Cations (mEq/1) Anion  § Z§
of  Aecx mM Total piser. (mEq/1) 5 B 5

medium Hook cations cl = o wm
% Na+ K+ Cat++ Mg+ E 1: 5
5 0,9 2574 205 66 147 45 2308 26,6 245 285
10 12 3432 310 6,0 16 83 3403 29 268 308
15 14 4004 320 63 18 90 3533 471 312 352
20 14 4004 348 7 20 101 3852 152 352 392
25 1,5 4290 387 79 205 106 4260 30 360 400
30 1,6 4576 390 80 2l 175 4360 21,6 405 445
35 19 5434 410 ) 23 181 4610 824 421 461

* According to Hagerman (1971)
** According to Nicol (1967)
*** mM = A X286

DISCUSSION

The investigations on the osmotic and ionic balance in Crangon vulgaris has
indicated that the intermoult stage is very well fitted for life under changing or
low salinity conditions, i.e. in estuaries, in tidal areas and in permanently brackish
waters. Within the hyperosmotic range the ions accounts for the majority of
the osmotic pressure, but a small discrepancy was found at high salinities (see
Table 1). This discrepancy may be suggested to be due to nonelectrolytes such
as amino-acids. For hyperosmotic crustaceans it is a general statement that the
concentration of amino-acids increase as salinity decrease (Lockwood, 1968).
To keep the he&emolymph at concentrations deviating from the medium requires
mechanisms with which the animal can protect itself from the negative influence
ofthe medium; i.e. a low surface permeability, an ability to transport ions against
a concentration gradient, and in some cases an ability to produce an urine with
a composition other than the hemolymph. Crangon vulgaris has a very low surface
permeability. When the silver-staining technique of McLusky (1968) was used
the only stained areas for intermoult animals throughout the year were the
gills, the excretory organs and the flagellum of the second antenna (probably
a center for chemoreceptory stimulus). Thus in this respect C.vulgaris is very
well suited for a life in an estuarine habitat. The sensitive phases with regard
to permeability are the ecdyses, as it is shown that the permeability of the cuticle
changes during and immediately after the ecdysis (Hagerman, 1973).
According to Spaargaren (1971) C.vulgaris {C.crangon) produces urine
isosmotic to the blood. This is an obvious disadvantage for such a good osmore-
gulator as C. vulgaris and in contrast to some other species living in similar
biotopes: Gammarus duebeni (Lockwood, 1961), Corophium volutator (McLusky,
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1968) and Nereis diversicolor (Smith, 1970). A few experiments on C. vulgaris
from the Oresund indicates that here the urine in fact is hypo-osmotic to the
blood. This will be further investigated.

A discrepancy between the total osmotic concentration of the blood and the
ionic concentration is found at all salinities with the largest difference at the
highest salinity, 35%0. The difference, i.e. the amount of non-electrolytes, shows
the same variations versus the salinity of the medium as shown by Spaargaren
(1971) for the same species. The non-electrolyte fraction seems to vary between
almost 0 to 15-20 % of the total osmolarity, dependent on the salinity, and
according to Spaargaren (op.cit.) it is also dependent on the temperature
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