
Recent Ad vances in Sea-Urchin
Aquaculture in Nor way

Nils T. Hagen and Sten I. Siikavuopio

Sea-urchin aquaculture (echiniculture) in Nor way is being de veloped
along two sep arate paths with some overlap. Bodø Uni versity Col lege
(HBO) is pur suing a strategy of full do mestication, with the explicit
goal of bringing the entire pro duction cy cle of the sea urchin un der a
con trolled in dus trial re gime, whereas the Nor we gian In sti tute of
Fisheries and Aquaculture Re search (NIFA) is de vel op ing tech niques
for go nad en hancement of wild ur chins us ing for mulated feed. Both
in sti tu tions fo cus their R&D ef forts on the green sea ur chin,
Strongylocentrotus droebachiensis. The closely re lated species S.
pallidus is also being in vestigated at HBO, as it appears to be largely
re sis tant to in fec tion by the par a sitic nem a tode Echinomermella
matsi.(1) Nematode in fection is easy to pre vent in land-based
echiniculture fa cil i ties us ing hatch ery-reared ju ve niles, but all
sea-based ur chin aquaculture in north ern Norway is susceptible to
in fec tion by E. matsi. S. pallidus is, therefore, tar geted as an integral
part of an on going ef fort to develop a dis ease-resistant sea-urchin
variety suit able for both land-based and sea-based echiniculture.(2)

Hatchery

The only sea-urchin hatchery in Norway is located in Bodø. HBO’s main em -
phasis is the de velopment of methods for continuous mass pro duction of larvae
and ju ve niles of Strongylocentrotus droebachiensis. Ex per i men tal quan ti ties of
S. pallidus and hy brids of the two spe cies are also be ing pro duced. The hatchery is 
supplied with run ning seawater from a depth of 250 m, where salinity and temper-
ature remains stable at 35‰ and 7°C throughout the year.

Broodstock

Broodstock are maintained in plastic shopping baskets in a simple rearing sys -
tem con sisting 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.(3) Al though ga mete
quantity and quality vary, it has nev ertheless proved feasible to initiate spawning
and start new larval cultures on a weekly ba sis through out the year.

Spawning is routinely in duced by intracoelomic in jection of isotonic KCl so lu-
tion,(4, 5) as electric stimulation is not rec ommended.(6) Males and fe males are kept 
sep a rately to pre vent un con trolled fe male spawn ing. In di vid ual iden ti fi ca tion of
sea ur chins is feasible by intracoelomic in sertion of electronic tran sponder tags,(7)

but the cost of tags precludes rou tine tagging of the en tire broodstock pop ulation.
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Lar vae

Larvae are reared in 160-L
tanks with a cone-shaped bot -
tom, and a gen tle flow of fil-
tered sea wa ter (Fig ure 1).
Water drains through a central
standpipe with a dou ble banjo
filter, and the wa ter level is
controlled by an ex ternal
overflow pipe. Larvae are
kept in suspension by gen tle
aer a tion or with me chan i cal
ag i ta tion by a sub merged
plas tic pro pel ler. Lar vae are
fed once or twice per day cul -
ti vated microalgae in clud ing
Chaetoceros  graci l is ,
Dunaliella tertiolecta, and
Hymenomonas elongata. The
amount of food is rou tinely
ad justed af ter mi cro scopic in spec tion of the shape,
pig men ta tion, and stom ach con tent of lar vae (Fig-
ure 2). The rearing temperature is kept be low
10°C, and time to metamorphosis is approxi-
mately 30 days. 

Early ju ve niles

Early ju venile rearing in Bodø is
based on the Jap anese system(8)

where competent larvae are induced
to set tle on cor rugated plas tic plates
cov ered with cul ti vated ben thic di a -
toms that pro vide the ini tial food for
postlarvae and early ju veniles (Fig -
ure 3). The growth of di atoms on the
settlement plates is con trolled by the
amount of ar tificial light from flu o-
rescent light tubes po sitioned di-
rectly above the rearing tanks. De -
tachment of early ju veniles from the
plates is fa cilitated by KCl-in duced
pa ral y sis.(9)

Early ju veniles may re quire in ter-
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Fig ure 1
Larval rear ing tanks at the
sea-ur chin hatch ery in
Bodø, Norway.

Fig ure 2
Sea-urchin larva with early ju venile
rudiment on the left side of the
stom ach.



me di ate cul ture and ad di-
tional feed ing with lo cally
available foliose sea weed,
such as Ulva lactuca or
Palmaria palmata, be fore
they are ready for transfer
to grow-out.

Ju ve nile Grow-out

Grow-out tri als are cur -
rently con ducted in a vari-
ety of ex per i men tal con-
tainers, as a commer-
cial-scale ju ve nile grow-
out sys tem for sea ur chins
is not yet avail able. Both
land- and sea-based sys-
tems face the dual chal -
lenges of max i miz ing pro-
duc tion ca pac ity and min i -
miz ing main te nance ef-
fort. Juveniles fed fresh
kelp may reach har vest-
able size in ap proximately
2 to 3 years of grow-out

cul ti va tion,(10) and recent tri als with a new dry food from NIFA
(Figure 4) suggest that the grow-out time may be reduced to less
than 2 years.

The go nad in dex of cultivated sea ur chins may be greater than
25%, or approximately twice the average go nad size of ur chins

har vested from nat u ral
pop u la tions.(11) On go-
ing ex per i  ments at
HBO are aimed at im -
prov ing the com po si -
tion and pigment con-
tent  of for  mulated
feeds, in an attempt to
match the superior col-
our, con sis tency, and
flavour of go nads from
urchins fed f resh
kelp.(12)
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Fig ure 3
Early sea-ur chin ju ve niles
on cor ru gated set tle ment
plates.

Fig ure 4
Ex per i men tal
production of dry feed
pellets for sea urchins.



Go nad En hance ment

Al though NIFA had previously de veloped a moist, for mulated feed for sea-ur-
chin go nad en hance ment,(13) they have recently amal gamated with the Nor we-
gian Herring Oil and Meal In dustry Re search In stitute, and are now focusing their
research on the de velopment of an improved commercial dry feed suit able for
both grow-out and go nad en hancement. Feed com po si tion in flu ences both the
‘bitter taste’ and the ‘sweet taste’ of sea-urchin go nads. The un desirable bit ter
taste is as sociated with increased levels of the amino acid valine, while the de sir-
able sweet taste is as sociated with increased levels of the amino ac ids alanine and
glycine.(14)

Sea ur chins in go nad en hancement trials are prone to increased mortality dur ing
the first four weeks after harvest. Con trolled ex periments have demonstrated that
such post-harvest mortality is caused by lack of salt water immersion and rough
handling dur ing har vest and transport. Rough handling may also cause non-le thal
injuries which lead to re duced go nad growth due to a combination of reduced ap-
petite and lower feed conversion ef ficiency.(15)

Go nad en hance ment in ex per i men tal land-based rear ing sys tems has been car-
ried out suc cessfully at sea-urchin densities up to 6 kg-2. (16) In creased mor tal ity
and reduced go nad growth at higher stocking den sity may be due to the fact that
adult S. droebachiensis has a rel atively low tol erance of ni trite(17) and ammo-
nia,(18) be cause they have a low ox ygen requirement (< 0.15 mg min-1 kg-1 at tem-
per a tures < 14°C).(19)

A prototype of a new com mercial system for sea-based cultivation of sea ur-
chins is currently be ing tested in northern Norway (see www.seanest.no). A
feed-lot based man age ment scheme for har vest ing nat u ral ur chin pop u la tions is
also be ing eval u ated (www.sjomatklynge. no).

Pro cess ing

Attempts to op erate pro cessing plants for sea urchins in Nor way have failed,
possibly due to the vari able qual ity and un predictable sup ply of sea ur chins from
natural pop ulations. As a re sult, wild sea urchins from Nor way are now ex ported
whole for processing abroad. This practice greatly in creases the risk of ac ciden-
tally in tro duc ing the par a sitic nem a tode Echinomermella matsi into new ar eas.
This epizootic parasite was dis covered only 30 years ago,(20) and is still not re -
ported outside north ern Norway.

Pros pects

Sea ur chins are short-listed among the candidate spe cies worthy of in clusion in
national ef forts to di versify the aquaculture industry.(21) Re cent de vel op ments in
dry-food manufacturing and hatchery pro duction may prompt greater national in -
volvement in the strategic development of echiniculture in Nor way. A successful
echiniculture in dus try would also ben e fit sea-ur chin har vest ers by pro vid ing
needed ac cess to do mes tic pro cess ing and mar ket ing chan nels.

Ref er ences

1.  Hagen NT. 1987. Sea ur chin out breaks and nem atode epi zootics in Vestfjorden, north ern
Nor way. Sarsia 72:213-229.

2.  Hagen NT. 2003. Nematoden Echinomermella matsi. Parasittproblem ved villfangst og

Bull. Aquacul. Assoc. Canada 108-1  (2010) 21



oppfôring av kråkeboller. HBO-rap port 7/2003:i-viii, 1-26. [in Nor wegian]
3.  Hagen NT. 1997. Out-of-sea son mat uration of echinoid broodstock in fixed light re gimes.

Bull. Aquacul. Assoc. Can ada 97-1:61.
4.  Hagen NT. 1999. Kråkebolleoppdrett i Nord-Norge. HBO-rap port 5/1999:1-23. [in Nor we-

gian]
5.  Strathmann MF. 1987. Phylum Echinodermata, class Echinoidea. In, Re pro duc tion and De-

velopment of Ma rine In vertebrates of the North ern Pa cific Coast. Data and Meth ods for the
Study of Eggs, Embryos, and Lar vae (MF Strathmann, ed), p. 511-534. Uni versity of Wash -
ing ton Press, Se at tle.

6.  Hagen NT. 2003. Eval uation of electric stim ulation as a method for in ducing green sea ur -
chins to spawn. In, Echinoderm Re search 2001 (J-P Fe ral, B Da vid, eds), p. 237-242. A.A.
Balkema, Lisse.

7.  Hagen NT. 1996. Tag ging sea ur chins: a new technique for in dividual iden tification.
Aquaculture 139:271-284.

8.  Hagen NT. 1996. Echinoculture: from fish ery en hancement to closed cycle cultivation.
World Aquacul. 27(4):6-19.

9.  Hagen NT. 2003. KCl in duced pa ralysis fa cilitates de tachment of hatch ery reared ju venile
green sea ur chins, Strongylocentrotus droebachiensis. Aquaculture 216:155-164.

10. Hagen NT. 2004. Near ex ponential growth of hatchery reared Strongylocentrotus
droebachiensis. In, Sea Ur chins: Fish eries and Ecol ogy (JM Law rence, O Guzmán, eds), p.
359-365. DEStech Pub li ca tions, Inc., Lan cas ter.

11. Hagen NT. 1998. Ef fect of food availability and body size on out-of-sea son go nad yield in
the green sea ur chin, Strongylocentrotus droebachiensis. J. Shell fish Res. 17:1533-1539.

12. SPIINES2. 2005-2006. Sea ur chin pro duction in in tegrated systems, their nu trition and roe
en hance ment. EU-pro ject.

13. Mortensen A, Siikavuopio SI, Raa J. 2004. Use of transglutaminase to pro duce a sta ble sea
urchin feed. In, Sea Ur chins: Fish eries and Ecol ogy (JM Law rence, O Guzmán, eds), p.
203-212.  DEStech Pub lications, Inc., Lan caster.

14. Dale T,  Siikavuopio SI, Aksnes A, Hope B, Gebauer R, Carlehög M. 2006. Smak og struktur 
på kråkebollegonader. Forholdet mellom biokjemisk sammensetning og produktkvalitet.
Fiskeriforskning Rap port nr. 4/2006:1-37. [in Nor wegian]

15. Dale T, Siikavuopio SI, Aas K. 2005. Roe en hancement in sea ur chin: ef fects of han dling
during har vest and trans port on mor tality and go nad growth in Strongylocentrotus
droebachiensis. J. Shell fish Res. 24:1235-1239.

16. Siikavuopio SI, Dale T, Aas K, Mortensen A. 2004. Effekt av individtetthet på overlevelse og 
gonadevekst hos villfanget kråkebolle (Strongylocentrotus droebachiensis) i landbasert
oppdrett. Fiskeriforskning Rap port nr. 1/2004:1-24. [in Nor wegian]

17. Siikavuopio SI, Dale T, Christiansen JS, Nevermo I. 2004. Ef fects of chronic ni trite exposure
on go nad growth in green sea ur chin Strongylocentrotus droebachiensis. Aquaculture
242:357-363.

18. Siikavuopio SI, Dale T, Foss A, Mortensen, A. 2004. Ef fects of chronic am monia ex posure
on go nad growth and sur vival in green sea ur chin Strongylocentrotus droebachiensis.
Aquaculture 242:313-320.

19. Siikavuopio SI, Christiansen JS, Mortensen A. 2002. Vannbehov hos Drøbak-kråkebolle
(Strongylocentrotus droebachiensis) i oppdrett—effekt av temperatur, kroppsstørrelse og
fôring. Fiskeriforskning Rap port nr. 10/2002:1-23. [in Nor wegian]

20. Jones GM, Hagen NT. 1987. Echinomermella matsi sp. n., an endoparasitic nem atode from
the sea urchin Strongylocentrotus droebachiensis in north ern Nor way. Sarsia 72:203-212.

21. Anon ymous. 2003. Planmessig igangsetting av nye arter i oppdrett (Evaluation of new
aquaculture spe cies). Re port com mis sioned by the Nor we gian De part ment of Fish er ies.
KPMG AS, Senter for havbruk og fiskeri, Trondheim, 309 p. [in Nor wegian]

Au thors

Nils T. Hagen is a professor of ma rine aquaculture at the De partment of 
Fish er ies and Nat u ral Sci ence, Bodø Uni ver sity Col lege, N-8049 Bodø,
Norway (e-mail: Nils.Hagen@hibo.no).
Sten I. Siikavuopio is a se nior re searcher at the Norwegian In stitute of
Fisheries and Aquaculture Research, Tromsø N-9291, Nor way.

22 Bull. Aquacul. Assoc. Canada 108-1  (2010)


