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Sea-urchin aquaculture (echiniculture) in Norway is being developed
along two separate paths with some overlap. Bodg University College
(HBO) is pursuing a strategy of full domestication, with the explicit
goal of bringing the entire production cycle of the sea urchin under a
controlled industrial regime, whereas the Norwegian Institute of
Fisheries and Aquaculture Research (NIFA) is developing techniques
for gonad enhancement of wild urchins using formulated feed. Both
institutions focus their R&D efforts on the green sea urchin,
Strongylocentrotus droebachiensis. The closely related species S.
pallidus is also being investigated at HBO, as it appears to be largely
resistant to infection by the parasitic nematode Echinomermella
matsi.”) Nematode infection is easy to prevent in land-based
echiniculture facilities using hatchery-reared juveniles, but all
sea-based urchin aquaculture in northern Norway is susceptible to
infection by E. matsi. S. pallidus is, therefore, targeted as an integral
part of an ongoing effort to develop a disease-resistant sea-urchin
variety suitable for both land-based and sea-based echiniculture.®

Hatchery

The only sea-urchin hatchery in Norway is located in Bodg. HBO’s main em-
phasis is the development of methods for continuous mass production of larvae
and juveniles of Strongylocentrotus droebachiensis. Experimental quantities of
S. pallidus and hybrids of the two species are also being produced. The hatchery is
supplied with running seawater from a depth of 250 m, where salinity and temper-
ature remains stable at 35%o and 7°C throughout the year.

Broodstock

Broodstock are maintained in plastic shopping baskets in a simple rearing sys-
tem consisting of racks of standard salmon hatching trays. Both wild and culti-
vated broodstock are fed on fresh kelp, Laminaria hyperborea and L. digitata.
Gametogenesis of captive broodstock is not synchronized.® Although gamete
quantity and quality vary, it has nevertheless proved feasible to initiate spawning
and start new larval cultures on a weekly basis throughout the year.

Spawning is routinely induced by intracoelomic injection of isotonic KCI solu-
tion, as electric stimulation is not recommended.® Males and females are kept
separately to prevent uncontrolled female spawning. Individual identification of
sea urchins is feasible by intracoelomic insertion of electronic transponder tags,”
but the cost of tags precludes routine tagging of the entire broodstock population.
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Larvae

Larvae are reared in 160-L
tanks with a cone-shaped bot-
tom, and a gentle flow of fil-
tered seawater (Figure 1).
Water drains through a central
standpipe with a double banjo
filter, and the water level is
controlled by an external
overflow pipe. Larvae are
kept in suspension by gentle
aeration or with mechanical
agitation by a submerged
plastic propeller. Larvae are
fed once or twice per day cul-
tivated microalgae including
Chaetoceros gracilis,
Dunaliella tertiolecta, and
Hymenomonas elongata. The
amount of food is routinely

adjusted after microscopic inspection of the shape,
pigmentation, and stomach content of larvae (Fig-
ure 2). The rearing temperature is kept below
10°C, and time to metamorphosis is approxi-

mately 30 days.

Early juveniles

Early juvenile rearing in Bodg is
based on the Japanese system®
where competent larvae are induced
to settle on corrugated plastic plates
covered with cultivated benthic dia-
toms that provide the initial food for
postlarvae and early juveniles (Fig-
ure 3). The growth of diatoms on the
settlement plates is controlled by the
amount of artificial light from fluo-
rescent light tubes positioned di-
rectly above the rearing tanks. De-
tachment of early juveniles from the
plates is facilitated by KCl-induced
paralysis.©®

Early juveniles may require inter-

Figure 2

Sea-urchin larva with early juvenile
rudiment on the left side of the
stomach.

Figure 1

Larval rearing tanks at the
sea-urchin hatchery in
Bodg, Norway.
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Figure 3

Early sea-urchin juveniles
on corrugated settlement
plates.

mediate culture and addi-
tional feeding with locally
available foliose seaweed,
such as Ulva lactuca or
Palmaria palmata, before
they are ready for transfer
to grow-out.

Juvenile Grow-out

Grow-out trials are cur-
rently conducted in a vari-
ety of experimental con-
tainers, as a commer-
cial-scale juvenile grow-
out system for sea urchins
is not yet available. Both
land- and sea-based sys-
tems face the dual chal-
lenges of maximizing pro-
duction capacity and mini-
mizing maintenance ef-
fort. Juveniles fed fresh
kelp may reach harvest-
able size in approximately
2 to 3 years of grow-out
cultivation,®® and recent trials with a new dry food from NIFA
(Figure 4) suggest that the grow-out time may be reduced to less
than 2 years.

The gonad index of cultivated sea urchins may be greater than
25%, or approximately twice the average gonad size of urchins
harvested from natural
populations.*? Ongo-
ing experiments at
HBO are aimed at im-
proving the composi-
tion and pigment con-
tent of formulated
feeds, in an attempt to
match the superior col-
our, consistency, and
flavour of gonads from
urchins fed fresh
kelp.*?)

Figure 4

Experimental
production of dry feed
pellets for sea urchins.
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Gonad Enhancement

Although NIFA had previously developed a moist, formulated feed for sea-ur-
chin gonad enhancement,®® they have recently amalgamated with the Norwe-
gian Herring Oil and Meal Industry Research Institute, and are now focusing their
research on the development of an improved commercial dry feed suitable for
both grow-out and gonad enhancement. Feed composition influences both the
‘bitter taste’ and the ‘sweet taste’ of sea-urchin gonads. The undesirable bitter
taste is associated with increased levels of the amino acid valine, while the desir-
able sweet taste is associated with increased levels of the amino acids alanine and
glycine.®¥

Seaurchins in gonad enhancement trials are prone to increased mortality during
the first four weeks after harvest. Controlled experiments have demonstrated that
such post-harvest mortality is caused by lack of salt water immersion and rough
handling during harvest and transport. Rough handling may also cause non-lethal
injuries which lead to reduced gonad growth due to a combination of reduced ap-
petite and lower feed conversion efficiency.*®

Gonad enhancement in experimental land-based rearing systems has been car-
ried out successfully at sea-urchin densities up to 6 kg2 *® Increased mortality
and reduced gonad growth at higher stocking density may be due to the fact that
adult S. droebachiensis has a relatively low tolerance of nitrite®” and ammo-
nia,*® because they have a low oxygen requirement (< 0.15 mg min™ kg™ at tem-
peratures < 14°C)."9

A prototype of a new commercial system for sea-based cultivation of sea ur-
chins is currently being tested in northern Norway (see www.seanest.no). A
feed-lot based management scheme for harvesting natural urchin populations is
also being evaluated (www.sjomatklynge. no).

Processing

Attempts to operate processing plants for sea urchins in Norway have failed,
possibly due to the variable quality and unpredictable supply of sea urchins from
natural populations. As a result, wild sea urchins from Norway are now exported
whole for processing abroad. This practice greatly increases the risk of acciden-
tally introducing the parasitic nematode Echinomermella matsi into new areas.
This epizootic parasite was discovered only 30 years ago,” and is still not re-
ported outside northern Norway.

Prospects

Sea urchins are short-listed among the candidate species worthy of inclusion in
national efforts to diversify the aquaculture industry." Recent developments in
dry-food manufacturing and hatchery production may prompt greater national in-
volvement in the strategic development of echiniculture in Norway. A successful
echiniculture industry would also benefit sea-urchin harvesters by providing
needed access to domestic processing and marketing channels.
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