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Results improve knowledge of dietary requirements for aquafeed formulation

Results of this study provide valuable information on dietary requirements applicable to the formulation of aquafeeds for culture of the valuable
southern king crab. Photo by Butterfly voyages [CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)].

The southern king crab (SKC, Lithodes santolla) has a high commercial value and has been fished in southern South America since the 1970s. The
Argentine fishery for SKC collapsed in 1993 due to the high fishing pressure over a small area near the city of Ushuaia, and to the lack of controls that
permitted illegal landings of females and sublegal male crabs. Recent surveys demonstrate that the population remains vulnerable, and therefore the
combined techniques of indoor (hatchery) and outdoor culture (sea culture) are being tested for the production of a large number of SKC juveniles to
enhance the natural population and for the fishery stock recovery.

Although important for their maintenance in culture conditions, there is limited knowledge about the nutritional and energy requirements in these species
of crabs. A sub-optimal diet can affect animal growth under laboratory conditions and promote cannibalism. Studies on physiologic and energetic changes
throughout their development can be useful for understanding the nutritional requirements for adequate diet formulation and optimization of husbandry
practices for L. santolla, and for a better understanding of the ecological role the species has in its ecosystem.

From an aquaculture perspective, an adequate understanding of the energetics of the different crustacean developmental stages is essential, because animal
growth may be related to the survival of individuals during their early stages. Since direct measurements of the energetic content and metabolic heat
production are not always possible, the parameters of bioenergetic budgets are usually estimated with indirect methods.

This article – adapted and summarized from the original publication – evaluated the biochemical and physiological changes through the quantification
the energetic reserves, digestive enzymes, amino acid profile and energy in the midgut gland, muscle and hemolymph of juveniles, pre-adults and adults of
wild L. santolla, to provide relevant information to improve indoor culture practice.

Study setup

Twelve juvenile L. santolla (six males and six females; average weight 14.40±2.67 grams; carapace length, CL, 27.75±2.16 mm) and 10 pre-adult crabs
(six males and four females; average weight 160.35±13.32 grams; CL 62.10±1.61 mm) of in intermolt stage were collected by scuba diving at depths of 6
to 12 meters from the subtidal zone of the Golondrina Bay in the Beagle Channel (Ushuaia, Argentina). Ten adult crabs (five males and five females;
average weight 940±125 grams; CL; 106.78±4.51 mm) were captured in Punta Oriental (Beagle Channel) using baited commercial traps.
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The crabs were transported to the aquarium facilities of the Centro Austral de Investigaciones Científicas (CADIC), Ushuaia, and maintained in individual
plastic containers in a chilled seawater recirculation system at 6 to 8 degrees-C, a photoperiod cycle of 10 hours light:14 hours dark (resembling the
Beagle Channel day/night cycle at the time of their collection from the wild), and were not fed.  and without food. The animals were kept under these
conditions for 48 hours, and then sacrificed and dissected, and various body samples collected for analyses.

For detailed information on the experimental setup, sample collection and sample and statistical analyses, refer to the original publication.

Results and discussion

Results of our study provide new and relevant biological information on physiological changes during the development of L. santolla, which can help
support its culture. The main results of our research reveal that the juveniles, pre-adults and adults present dissimilar physiological profiles according to
multiple parameters like glycogen and lipids reserves; lactate, proteinase and lipase enzymes; amino acids profile and energy content.

We determined that lipids are the most important energetic reserve in adult crabs, probably associated with reproduction. Contrarily, glycogen is the most
important energetic reserve during the first years of crabs, perhaps associated with high both metabolism and molting rate. Specifically, the lipids reserves
increase ontogenetically, whereas the glycogen reserves of the midgut gland decrease in adult crabs. Molt frequency progressively decreases with crab
size, with adults molting annually, and juveniles molting at least 20 times during the first three years of their life span.
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Fig. 1: Glycogen, glucose, lipid, and protein concentrations of the midgut gland (A), muscle (B) and hemolymph (C) of L. santolla at different
ontogenetic stages. Different letters (a, b or α, β, χ) and asterisks (single or double) indicate statistical differences among ontogenetic stages (p<0.05).

In crustaceans, the molting process requires high levels of energy and the high molting frequency of juvenile crabs coincides with their high metabolism
demand and thus the storage of glycogen as a molecule of rapid availability of energy. But the higher lipid concentration in adults is related to the
reproductive and growing processes. These energetic demand processes should be based on molecules that can be stored for long periods, like lipids,
either in the midgut gland or in the ovary, depending on their destination (molting or reproduction).

During their development, the capability of the crabs to digest lipids was higher than for proteins and changed with animal size. Juvenile and pre-adult
crabs had higher protein digestive capacity, while adult crabs had higher lipid digestive capacity). Our results suggest that juveniles and pre-adult crabs
feed on protein-rich foods, while adult crabs feed on lipid-rich foods. Studies on wild crab populations have shown this change in food habits as the
animals grow and develop.
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Fig. 2: Lactate concentrations of the midgut gland, muscle and hemolymph (A); activity of digestive enzyme and lipase-proteinase ratio in the midgut
gland (B) of L. santolla at different ontogenetic stages. Different letters (a, b or α, β, χ) and asterisks (single or double) indicate statistical differences
among ontogenetic stages (p<0.05).

Dietary protein requirements are particularly high in rapidly growing, early life history stages with a high metabolism, to support tissue synthesis. In
studies on amino acid requirements, the reference of the dietary amino acid profile is mostly based on either crustacean whole body or tail muscle
composition. Our data provides the essential amino acid requirements for L. santolla, and supports the formulation of culture diets and the feasibility of
incorporating vegetable protein sources. Our results suggest that high levels of methionine, arginine, tryptophan and cysteine amino acids will be needed
for an adequate diet formulation for this crab species.

The muscle of L. santolla juveniles has high amounts of methionine, arginine, tryptophan (9 percent, 11.4 percent and 12.6 percent respectively) than the
muscle of pre-adults and adults. Methionine and arginine are essential amino acids that are critical for optimal growth and survival of crustaceans.

Also, L. santolla has high concentrations of non-essential amino acids (NEAA): aspartic acid, glutamic acid and glycine (6.8 percent, 8 percent and 14
percent respectively), and similar results have been reported for other decapod crustaceans. Our research is the first report of an amino acid profile of the
muscle of L. santolla, and this information provides the essential amino acid requirements of this species to formulate a diet for its culture.
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Cannibalism is one of the main reasons for failures in the development of culturing methods for a variety of crab species. It can be triggered to
compensate for nutritional deficiencies and/or low feed palatability. During the early stages of crustacean juveniles, cannibalism can be particularly
intense, because of their high metabolic and growth rate, which, in turn, causes losses in cultures through mortality. Knowledge on the amino acid profile
of juvenile crabs could have a direct application by reducing cannibalism in cultures. For example, the essential amino acid tryptophan is the precursor of
serotonin, a neurotransmitter that is linked to aggressive behavior.

Also, dietary supplementation with high tryptophan levels causes an increase of serotonin concentration, and thus suppressing aggression and improving
the survival of some cultured fish and decapod crustaceans. In our study, we observed that the muscle of juvenile crabs has high amounts of tryptophan.
However, under laboratory conditions, cannibalism is frequent when early stages are pooled together, and this behavior occurs during both intermolt and
molting periods.

Perspectives

The biochemical and nutritional information generated in this study improves the understanding of the body nutrient levels of L. santolla and the amino
acid profile of its body tissues, as well as its dietary requirements. This information is relevant for the formulation of balanced diets for this valuable crab
species.

The physiological changes we observed during our study indicate that juvenile L. santolla have high protein dietary requirements, with methionine,
arginine, tryptophan and cysteine as crucial amino acids during their early development. Juvenile and pre-adult crabs have similar dietary requirements
and an amino acid profile comparable to that of adult crabs. From previous studies and our results on lipid digestive capacity and lipid reserve of the
midgut gland, we propose that adult crabs obtain their energy mainly from dietary lipids.

Our results improve the understanding of the physiology, energetic and nutritional requirements of L. santolla, and are the starting point for current
research on diet formulation for the culture of this valuable crab species.

References available from the original publication.
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