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Oxygen depletion in marine water has been an increasing problem in many coastal areas due to
eutrophication (Rosenberg et at, Ambio 19,102,1990). Under hypoxic and anoxic conditions in bottom
waters, the flux of manganese out of the sediment increases and substantial concentrations of dissolved
manganese in the water column can be reached. Manganese liberated as Mn"1"1" from the sediment during
hypoxic conditions is re-oxidised fairly slowly (in order of weeks) after reintroduction of oxygen to the
water (Dehairs et al. Est. Coast. Shelf Sci. 29, 457, 1989). Therefore, benthic organisms may encounter
concurrent exposure to increased manganese concentrations and hypoxic condition.

Only few investigations have been carried out on the kinetics of manganese in benthic organisms
and the purpose of the present was to investigate manganese kinetics in the shore crab C. maenas and the
effect of hypoxia on manganese accumulation.

Exposure via food. To obtain a homogenous source of food, soft parts of blue mussels Mytilus
edulis were homogenised in a food processor and 54Mn was added. Gelatine was added and food blocks
were made as described by Hansen & Bjerregaard (Mar. Pollut. Bull. 31, 127,1995). Crabs received one
labelled meal every second or third day.

Exposure via water. Crabs were exposed to either 54Mn or unlabelled Mn in glass or polystyrene
aquaria at ca. 14.5 EC and 15 to 22 1 and a 12:12 light:dark regime. In the hypoxia experiment, oxygen
saturation was adjusted by means of a GM-602 gasmixer and the oxygen concentration was controlled daily
by a PHM73 oxygen meter (Radiometer).

Manganese determination. Whole body counts for MMn were obtained by means of a Bicron well-
type Nal(Tl) crystal with a diameter and depth of 7.6 cm; 54Mn in tissue and water samples were determined
on a 1480 Wizard™ 3". Stable manganese was measured by ordinary flame AAS.

Crabs exposed to 54Mn in the water accumulated manganese almost linearly with time to whole
body CF=s of 20 after 22 days. Manganese was eliminated according to 1. order kinetics with a half life
of 44 days. The exoskeleton contained the major part of the manganese taken up from water.

Crabs fed 54Mn containing food assimilated between 22 and 51 % of the 54Mn ingested. The crabs
reached a steady state concentration after approximately one week. Manganese taken up from food was lost
according to 1. order kinetics with a half life of 96 days.

Manganese concentrations in unexposed crabs were approximately 2-3 Fg Mn g"1 wet weight in
midgut gland and muscle, 3 in gills, 1 in testes, 2 in hypodermis and 100 in carapace. No significant
(ANOVA) amounts of non-radioactive manganese was accumulated in the tissues over 35 days from 50
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Fg Mn I"1. Exposure to 300 Fg Mn I"1 over 14 days led to increased concentrations in hypodermis (p=0.013)
and muscle (p=0.039); no other tissues were affected. In some of the tissues a fairly high variability in
manganese concentration was seen in the groups sampled weekly. The variability was mainly due to single,
high values.

In another experiment groups often crabs were exposed to 0, 2, 2, 4 and 8 mg Mn I'1 for 7.5 days
at either 100 % or 19 % oxygen saturation. Exposure to 2 and 2 mg Mn I"1 led to an almost linear increase
in manganese concentrations in the tissues analysed (gills, midgut gland and carapace) whereas exposure
to 4 and 8 mg Mn I'1 caused no or little further accumulation. Two-way ANOVA analysis demonstrated
that hypoxic conditions augmented accumulation of manganese in midgut gland (p=0.001) and lowered
accumulation in carapace (p=0.039), whereas the accumulation in gills was not affected by the oxygen
tension.

54Mn kinetics in C. maenas is very similar to the kinetics found in another bentbic invertebrate, the
sea star Asterias rubens (Hansen & Bjerregaard, Mar. Pollut. Bull. 31, 127,1995).

It is noteworthy that the potential for manganese accumulation predicted from the studies with the
radioactive isotope is not reflected in actual accumulation in crabs exposed to stable manganese.

Although there was a significant effect of hypoxia on manganese accumulation in midgut gland
and carapace, the effect was only moderate. C. maenas increases ventilation during hypoxia (Taylor, J. exp.
Biol. 65, 309, 1976). This might result in increased uptake into the organism (including midgut gland), but
the effect would have been expected to be reflected in the gills also, which is not the case. The mechanism
for the effect of hypoxia on manganese accumulation in the carapace (probably mainly adsorption) cannot
be explained; however, the adsorptive properties of the carapace of C. maenas seem to be affected by the
general physiological status of the organism (Bjerregaard, Aquat. Toxicol. 2, 113,1982).
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