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Osmotic and Ionic Regulation in the Ghost Crab
Ocypode saratan in Hypoionic and Hyperionic
Media and Following Desiccation in Air
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ABSTRACT. 1. Sodium, potassium and magnesium ion concentrations in
the blood of Ocypode were hypoionic to normal and concentrated sea
water.

2. Over the entire salinity range tested calcium ion toncentration was
found to remain fairly constant and hyperionic to all media.

3. The changes in haemolymph sodium concentration reflect the changes
in total osmotic concentration.

4. Death from desiccation related directly to weight loss, indicating that.
water loss probably as circulating haemolymph volume was the critical fac-
tor, rather than ionic concentration.

Introduction

The decapod Crustacea include groups such as the brachyuran and anomuran crabs,
which present: a full spectrum of intermediaries between aquatic and terrestrial
forms. The subject of terrestrialness in crustaceans was reviewed by Edneyl!l. Crabs
showing various degrees of terrestrialness typically maintain the osmotic concentra-
iton of their blood below that of the sea i.e. they hyporegulatel>-)l. Tonic and water
regulation has been examined. in . detail in the semi-terrestrial crab Pachygrapsus
crassipes,>7land in several species of Ucal®!. Land crabs are most often found close to
a source of water which they enter at regular intervalsto excrete waste products such
as CO, and ammonia and to ionoregulatel®-1%). This source of water may be saline or
relatively fresh, presenting a variable osmotic and ionic problem to the crab. The
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role of behavior in the regulation of water balance i in land crabs was discussed by
Gross and Holland!!!l and Gross!1?l,

A few crustaceans that rcgulate hyperosmotically also regulate hyposmotically('3].
Many crabs that spend time on land are capable of hyposmotic regulation. The fid-
dler crab Uca spends long perlods on sand and mud flats; it is a good hyposmotic reg-
ulator, its blood concentration increases less rapidly during prolonged exposure to
air than that of rock crabs such as Hemigrapsus'4l.

The ghost crab Ocypode saratan is the most conspicuous member of sandy beach
communities in the Red Sea. Its environment is bordered by desert and environmen-
tal air temperatures may exceed 40°C in summer and drop below 15°C during winter
nights. Relative humidities are also greatly variable, from below 5% to 100%!151.
Spaargaren!'®l has studied osmotic regulation in OCypode saratan, it maintains a very
constant 1nterna1 concentration when exposed to a wide range of salinities.

The present work was undertaken in order to study the regulation of blood cations
and total blood osmotic concentration in Ocypode saratan adapted to normal, con-
centrated and diluted sea water. Also the effect of desiccation on blood osmolarity
was examined and discussed.

Material and Methods .

Specimens of the ghost crab Ocypode saratan of either sex and weighing between
(20-60.g); were collected from local beaches close to the Faculty of Marine Sciences,
Jeddah, Saudi Arabia. The crabs were maintained for one-two weeks in tanks con-
taining damp sand, with access to sea water at 22°C. The water was changed daily and
the animals were fed with chopped heart and liver. The sea water was obtained from
‘the same site of collection. Experimental crabs were starved for three days before
and during the experiments. Crabs were exposed to a variety of salinities between
25% and 175% with 100% S.W. = 34%o0 as measured by titration with silver nit-
ratel!?). The water level in the tanks was adjusted to enable the crabs to raise the front
of their bodies sufficiently to bring the exhalent openings of the branchial chambers,
which are situated above the mouthparts, just clear of the water surface. Specimens
were exposed to test salinities for 24 h, after which time blood samples were ob-
tained. In some experiments, crabs were left for four days at test salinities to ensure
that 24 h period was sufficient to obtain a steady state of ionic composition in the
haemolymph. The osmolarity of the blood of crabs was determined by measuring
blood cations concentrations and total osmotic concentration. For cations concent-
rations, blood was sampled from crabs by inserting a glass disposable micropipette
(50 ) into the basal joint of one of the walking legs. The area was first carefully
dried. The micropipette was then transferred to a 50 ml measuring flask, broken up
and the contents were diluted by adding deionized water. Cations concentrations
were determined using a flame atomic absorptlon spectrophotometry (A-A-670
Shimatz Corporation).
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For the determination of total osmotic concentration, a-jonotec osmometer
(030D) was used. The same technique was used in withdrawing the blood, but sam-
ples were collected in (50 wl) epidural tubes.

The crabs were then taken from water of various salinities and placed in air in open
tanks. The relative humidity and air temperature were 47 and 22°C respectively. Be-
fore death from desiccation the crabs were weighed and a second blood sample was
taken for the determination of blood total osmotic concentration. The approach of
death was manifested by the crabs decreasing activity.

Unless otherwise described, measured variables are given in the text as mean val-
ues + S.E. of mean, followed by the number of observations (n) in parentheses. Stu-
dents t-test was used to test the significance of any difference between mean values
and the term “significant” in the present report refers to 95% confidence level (P <
0.05).

Results
1. Haemolymph cation concentration

Blood cations concentrations as a function of salinity are shown in Fig. 1.
Haemolymph magnesium concentration remained constant over a wide range of-
salinities Fig. 1,a. Only in diluted sea water (25% S.W.) did the haemolymph mag-
nesium decrease significantly (P < 0.01) but remained byperlomc to the medium.
Haemolymph potassium concentration remained unchanged over the entire salinity
range with the exception of very concentrated sea water (175% S.W.) in which the
haemolymph potassium concentration increased significantly (P < 0.01) by 5 m
equiv.l-1.

Haemolymph [Na*] was the same at 50% and 100% sea water, but decreased with
decreasing the salinity (but remained hyperionic) and increased with increasing sa-
linity outside this range (but remained hypoionic).

Haemolymph calcium level remained mdependent of the external medium but
hyperionic to all salinities.

2. Total blood osmotic concentration

Determination of blood osmotic concentration was made on the blood of 40 crabs
(Fig. 2). The blood was hyperosmotic to both 25% and 50% sea water and hyposmo-
tic to normal and concentrated sea water. Crabs in 25% sea water had significantly

‘lower blood osmotic concentrations than those in normal and concentrated sea water
(P < 0.05). Haemolymph osmotic concentration of crabs in 175% was significantly
higher than that of crabs in 100% sea water.

The effect of desiccation on blood osmotlc concentratlon of crabs are illustrated in
Fig. 3. Blood osmotic concentration at death varied in relation to the salinity from
which the crabs were taken prior to desiccation.
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3. Changes in body mass during desiccation

Crabs weighed immediately on withdrawal from water of various salinities, ex-
posed in dry air until they seemed to have died from desiccation and then reweighed
showed very similar patterns of weight loss. Crabs removed from 25% sea water
showed a mean weight loss of 12.2 * 0.8%, from 50% sea water a loss of 12.9 *
1.0%, from 100% sea water a loss of 10.2 = 0.4% and crabs from 175% sea water lost
14.0 + 0.8% of their original, hydrated weight. Although the proportion of original
body weight lost by crabs removed from 100% sea water was significantly less than
that lost by crabs from 50% at death (P < 0.05), there was no significant difference
between the losses experienced by crabs from water of 25% and 175% sea water
salinities and these data indicate that Ocypode dies from desiccation after experienc-
ing water loss equivalent to 10-14% of hydrated mass irrespective of the salinity to
which it is previously exposed and adapted.

Discussion .

The present investigation revealed that Ocypode saratan effectively hyporegulates
in normal and in concentrated sea water, and hyperregulates in dilute media. When
Ocypode is adapted to normal and concentrated sea water, the blood concentrations
of sodium, potassium and magnesium are kept somewhat below their corresponding
levels in the external medium. The calcium concentration of blood appears to be
higher than that of the medium and remained fairly constant over the entire salinity
range. This may indicate that a proportion of calcium ion in crab blood is found inan
indiffusible forml1821). Also calcium levels relate to acid-base status, moult cycle and
the specific effect of [Ca2*] on the oxygen affinity of haemocyanin!?]. The ability of a

‘land crab to hyporegulate might be of value in preventing water loss to a concen-
trated fluid in the gill chamber, itself caused by evaporation from that region®l.

Hyperionic regulation of blood sodium, potassium and calcium occurs when
Ocypodeis adapted to concentrations below 100% sea water (50% S.W.). The blood
levels of sodium and ‘magnesium tend to decrease remarkably as the external
medium becomes more diluted (25% S.W.); at the same time, the blood potassium
and calcium concentrations are kept relatively constant. Blood sodium concentra-
tions, reflect completely the changes in total osmotic concentration of Ocypode sara-
tan blood. As it represents about 75% of haemolymph cation concentration, this is to
be expected and it agrees with the observed close relationship between osmotic con-
centration and [Na*] in aquatic crabs(®l.

In the decapods in general, the regulation of the blood ionic levels is accomplished
by active uptake or excretion of ions between the haemolymph and branchial
chamber water over the gillsl!82427). Moreover, Shaw [ has shown in Carcinus
maenas that the rate of active uptake of sodium from dilute media, is proportional to
the difference between the concentrations of sodium in blood and medium. Under
‘steady-state conditions, a given concentration gradient between blood and medium,
in the absence of a significant potential difference, can be maintained only if the rate



Osmotic and Ionic Regulation. 97

of ion uptake fully compensates for the losses in the opposite direction. Assuming
that the permeability of the surfaces involved in ionic exchange between blood and
medium remains constant, regardless of the external concentration, the passive ion
loss will always be proportional to the gradient itself, and it follows that the rate of
uptake must also be proportional to this concentration difference, if balance is to be
maintained(?].

The participation of the antennary glands of the crustaceans in ionic regulation is
that of removing magnesium and sulphate from the blood and excreting these ions in
the urine, together with some other unwanted metabolites and excess waterl%:12.27,30-
¥1, Nonethsless, these organs may contribute to some extent to the regulation of the
blood(32-33.3¢I, Active regulation of the ionic concentration of urine during desiccation
was described in the crayfish with [Na*], [Mg?*] and [CI'] all increasing 37! although
in this species urine flow ceased after 24 h in air. The possible role of the antennary
glands in osmotic and ion regulation in Ocypode saratan is the subject of current ex-
perimental work.

In desiccation experiments, the osmotic pressures (F) of the various individuals
prior to death ranged from 1.83-3.13 = C. The individuals with the highest blood os-
motic pressure at death were those which came from the most concentrated sea water
and which therefore had the highest initial blood osmotic pressure, see Fig. 3.

The percentage increase in blood osmotic pressure, at death in air for crabs taken
out of 25%, 100% and 150% sea water, were 20%, 12% and 29%, respectively. This
will be as a result of water loss by evaporation and/or increased activity of the anten-
nary glands. N : ‘

Although crabs died at an internal osmotic pressure as low as 1.83 during desicca-
tion for crabs taken out of 25% sea water, they were able, however, to tolerate and
survive for many days a blood osmotic pressure of 2.48 in concentrated sea water. It
seems that death from desiccation relates to water loss in air as all crabs died after los-
ing 10-14% of body mass. Assuming a haemolymph volume of 20-30%38! and that
the losses represented loss of circulating haemolymph as described in the crayfish{3],
this indicates that crabs died after haemolymph volume was reduced to 50% of the
hydrated value, resulting in circulatory failure. It was difficult to sample
haemolymph from desiccated crabs indicating that the volume was reduced. The
branchial chamber water may also be used in the regulation of the blood acid-base
balance and its evaporation from that region may lead to an accumulating respiratory
and metabolic acidosis in the blood, (personal communication with E.W. Taylor).
The role of the gills of Ocypode saratan in ionic and acid-base balance regulation
should be further investigated under normal and desiccating conditions. '

The adaptive value of ionic regulation by branchial ion exchange for the land habit
in crabs remains.in question, as it is difficult to assign it a specific function when they
are not immersed in water(®!. On the other hand, amphibious and terrestial crabs are
commonly found in regions of fluctuating salinities (e.g. estuaries or pools flooded
by tides or heavy rainfall), and it may well be that selective pressures which encour-
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aged the land habit were included with those favouring hypo- and hyperosmotic reg-
ulation!®?]. Under normal circumstances, however, the burrowing mode of Ocypode
Saratan enables it to avoid the dangers of desiccation. The temperature within the
burrow is fairly constant, avoiding environmental extremes, and the relative humid-
ity is highl15],
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