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In tro duc tion

Chris Pearce

In many parts of the world, pop u la tions of sea ur chins are
de clin ing.(1,2) How ever, im ports of sea-ur chin prod ucts by Ja pan 
have been on a gen eral in crease for the last ten years or more
(Fig ure 1), al though over all value is on a slight de cline (Fig ure
2). It is un likely that fu ture mar ket de mand for sea ur chins will
di min ish and, as a re sult, it is pre dicted that aquaculture will be re quired to fill
this po ten tial gap be tween sup ply and de mand. Over the past ten to fif teen
years, com mer cial in ter est in rear ing echinoids has in creased in a num ber of
coun tries, in clud ing Aus tra lia, Can ada, Chile, China, New Zea land, Nor way,
Scot land, and the USA. Con com i tantly, the amount of re search on sea-ur chin
aquaculture has in creased dra mat i cally in the last de cade and a half (Fig ure 3).
The pa pers in this is sue of the Bul le tin of the Aquaculture As so ci a tion of
Can ada (AAC) are a re sult of my re quest to the au thors to sum ma rize the state
of re search and com mer cial in ter est in sea-ur chin aquaculture in par tic u lar
coun tries in ter ested in de vel op ing an ur chin-cul ture in dus try. I would like to
take this op por tu nity to thank all of the au thors for their con tri bu tions (and
pa tience with me), Leah Sauchyn for data analysis and figure production, and
Su san Waddy (AAC Bul le tin ed i tor) for all her help in putt ing this is sue
to gether. 
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Fig ure 1

Ton nage of var i ous sea-ur chin prod ucts im ported to Ja pan by year since 1988. Source: FAO

Fish er ies and Aquaculture De part ment, Fish ery Com mod i ties and Trade da ta base

(http://www. fao.org/fish ery/ sta tis tics/global-com mod i ties-pro duc tion/en).  Data pub lished in: 

FAO Year book of Fish ery Sta tis tics, vol umes 43 – 105 (1976 – 2007).  Weights mea sured in

na tional units and con verted to tonnes (in cludes net weight of com mod ity, ex clud ing weight

of con tainer and any liq uid added).
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Fig ure 2

Value of var i ous sea-ur chin prod ucts im ported to Ja pan by year since 1988.  Source: FAO

Fish er ies and Aquaculture De part ment, Fish ery Com mod i ties and Trade da ta base (http:// www. 

fao.org/ fish ery/sta tis tics/global-com mod i ties-pro duc tion/en).  Data pub lished in: FAO 

Year book of Fish ery Sta tis tics, vol umes 43 – 105 (1976 – 2007).  Val ues ex pressed in na tional

cur rency units and con verted to thou sand US$ by ap ply ing av er age an nual ex change rates

from the In ter na tional Mon e tary Funds.  Val ues are c.i.f. (cost, in sur ance, freight).

Fig ure 3

Num ber of pub li ca tions on sea-ur chin aquaculture by year since 1970. Lit er a ture search was

con ducted with Scopus us ing search pa ram e ters “ur chin” AND “aquaculture” and look ing for

these terms in Ar ti cle Ti tle, Ab stract, and Keywords. The ab stract of each ar ti cle was read to

en sure that it was about sea-ur chin aquaculture. 
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Re cent Ad vances in Sea-Ur chin

Aquaculture in Ja pan

Yukio Agatsuma, Yuichi Sakai, and Ken-ichiro Tajima

In Ja pan, the sea-ur chin fish ery is en hanced by seed ing hatch ery-raised
ju ve niles into the wild. On na tional and pre fec tural scales, the 
ef fec tive ness of the seed ing pro gram is be ing de ter mined from the 
pro por tion of wild and cul tured sea ur chins in the har vest. Char ac ter is -
tics of the an nual growth bands that form in grained and charred gen i tal 
plates, or mark ing ur chins with aliz a rin complexone (ALC), can be used
to iden tify seeded  ur chins. In ad di tion, un der re cent warm ing 
con di tions, bar ren grounds are ex pand ing and sea-ur chin growth and
go nad de vel op ment are likely to be use ful in di ca tors for eval u at ing
subtidal al gal veg e ta tion. Such in di ca tors would con trib ute to the 
sci en tific ba sis for man ag ing fish er ies for wild and seeded sea ur chins.

In tro duc tion

In Ja pan, hatch ery-raised ju ve niles are be ing used to en hance sea-ur chin
fish er ies. The num bers of sea ur chins seeded into the wild in creased sharply in 
the late 1980s and has been rel a tively sta ble since 1997. In 2003, 68 mil lion
ju ve niles were re leased (Fig ure 1). To tal fish ery land ings de clined from the

mid-1970s un til 1991, and since then have fluc tu ated
be tween 11,000 and 15,000 tonnes (Fig ure 1). It seems
that the in crease in the num ber of seeded ur chins has had 
no ef fect on land ings.  

The two spe cies Strongylocentrotus intermedius and
S. nudus ac count for 70% of the to tal sea-ur chin land -
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Fig ure 1

Num ber of sea ur chins seeded and to tal catch

(tonnes) by year for all sea-ur chin spe cies and

pre fec tures. [Data from the Ja pan Fish er ies Agency,  

Ja pan Sea Farm ing As so ci a tion, and An nual Sta tis ti cal 

Re port of Fish er ies and Aquaculture Pro duc tion]

Yukio Agatsuma



ings in Ja pan.(1) Fish er ies for these spe cies are con cen trated in Hokkaido and along 
the Pa cific Ocean in Tohoku. In 2003, 59 mil lion hatch ery-raised ju ve niles of S.
intermedius and S. nudus—ac count ing for 87% of to tal ju ve nile pro duc tiv ity in Ja -
pan—were seeded into the wild in Hokkaido. The num ber of seeded S.
intermedius in creased steadily to 60 mil lion in 1996, then fluc tu ated be tween 53
mil lion and 57 mil lion (Fig ure 2). In con trast, catches of S. intermedius in
Hokkaido, as in dexed by roe weight, de clined un til 1992, then sta bi lized and even
in creased slightly un til 1998 in par al lel with the in crease in seed ing un til 1996.
The num ber of ur chins seeded de clined slightly in 2001 and then in creased again
un til 2003 (Fig ure 2). The ef fec tive ness of seed ing on ei ther a na tional or pre fec -
tural scale is still not clear. In ad di tion, warmer sea wa ter tem per a tures in re cent
years have tended to cause the bar ren grounds to ex pand to up per subtidal ar eas, in
con cert with the re duc tion in the ma rine for est. Ac tu ally, seed ing at some lo cal i ties 
along the Pa cific coast in south ern Tohoku has ceased. 

In the pres ent pa per, we sum ma rize re cent ad vances in the  hatch ery pro duc tion
of S. intermedius and S. nudus (re viewed by Sakai et al.(2)) and pro vide a few ex -
am ples of aquaculture in Hokkaido. We also ar gue for the de vel op ment of tech -
nol ogy to clar ify the ef fec tive ness of sea-ur chin seed ing on a pre fec tural and na -
tional scale and to eval u ate al gal veg e ta tion which is closely as so ci ated with the
growth and go nad pro duc tion of wild and seeded sea ur chins. 

Hatchery

Broodstock

Re pro duc tive cy cles of S. intermedius dif fer among ar eas around Hokkaido.(3)

Seeded ur chins have the same re pro duc tive cy cle as their pa ren tal broodstock.
Dur ing the fish ing sea son, go nad de vel op ment of sea
ur chins seeded to ar eas dif fer ent from the hab i tat of the
broodstock can be in fe rior to that of the wild sea ur -
chins, or go nad qual ity can de te ri o rate due to ef fu sion of 
the ga metes.(3) Hence, hatch ery-raised S. intermedius
are now be ing re leased to the same, or ad ja cent, ar eas

Bull. Aquacul. Assoc. Canada 108-1  (2010) 5

Fig ure 2

Num ber of sea ur chins  Strongylocentrotus

intermedius seeded and land ings (roe 

weight in tonnes) by year from Hokkaido.

[Data from Ja pan Fish er ies Agency, Ja pan Sea Farm ing

As so ci a tion, and Hokkaido Fish ery An nual Sta tis tics]



from which the broodstock orig i nated. This also helps to avoid ge netic dis tur -
bances. Fur ther more, to main tain ge netic di ver sity, no off spring are fer til ized from
seeded par ents and fer til iza tions be tween par ents are not re peated.(2)

Lar vae and early ju ve niles

The amount of Chaetoceros gracilis fed to the lar vae of S. intermedius and S.
nudus is based on the food in take of each de vel op men tal stage.(2) The 8-armed
plutei, with fully de vel oped ru di ments, set tle and meta mor phose on cor ru gated
PVC plates cov ered with Ulvella lens. Ju ve niles grow from a di am e ter of  0.3 to
5.0 mm in about 4 months. When they reach a size of 3 to 4 mm, Laminaria spp.
and Ulva pertusa are also of fered to them.(2) Most ju ve niles that reach 5-mm di -
am e ter are seeded into the wild or are cul tured in ter me di ately un til re lease.  

Ju ve nile Grow-out and Gonad En hance ment

The rec og ni tion that fish er ies may be lim ited in their abil ity to meet the de mand
for sea ur chins has in creased in ter est in aquaculture. Al though ur chin cul ture in
Ja pan is still not wide spread, stud ies have been con ducted on roe en hance ment
and im prove ment of roe tex ture, firm ness, taste, and col our (e.g. de Jong-
Westman et al.(4)). 

One of the few ex am ples of the cul ture of hatch ery-raised S. intermedius is be -
ing un der taken in west ern Tsugaru Strait, Hokkaido. Ju ve niles (12-mm di am e ter)  
are cul tured in cages that are 80 cm x 80 cm x 30 cm deep with 5-mm mesh. The
cages are sus pended in the sea in March or April with 1,000 ur chins per cage.
Fresh cul tured kelp is added to the cages once or twice a month, ex cept dur ing the
win ter when salted or boiled kelp is used. The num ber of spec i mens held in each
cage is re duced as the ur chins grow. Ur chins reach the le gal fish ing size in
Hokkaido (4-cm di am e ter) 14 months af ter the ini ti a tion of the cul ture. The ur -
chins are har vested in March or Sep tem ber when the price is high. Sur vival rates
to har vest ex ceed 90%. Mass mor tal ity oc ca sion ally oc curs dur ing high wa ter
tem per a ture in the sum mer, and this prob lem is not yet solved. 

In the Sea of Ja pan, Hokkaido, S. nudus with un de vel oped go nads are taken from 
bar ren grounds and in ten sively cul tured for a short pe riod of time to en large their
go nads. They are then trans ferred to fish ing ports, small in lets, or ex ca vated rocky
grounds with calm wa ters, and are stocked at a den sity of ca. 40 in di vid u als m.-2  

Off the coast of the Sea of Ja pan in Hokkaido, the kelp Laminaria ja pon ica is
cul tured as food for hatch ery-raised S. intermedius un til they are seeded. Growth
of kelp is slow in the win ter (un til March). It is well known that foods with high
pro tein con tent strongly pro mote go nad pro duc tion.(5) Fish flesh is one of the
foods that pro motes go nad de vel op ment,(6,7) but it causes the go nad to have a bit -
ter taste due to the in crease in valine(6) and re sults in a white go nad.(7) These fea -
tures de crease the qual ity and mar ket price of the go nad, which has led to changes
in the ap proach used to en hance roe. Dur ing the win ter, low-priced fish flesh
(river-run salmon, Pa cific saury, and ar a besque greenling) are fed to sea ur chins
to en large their go nads. In the spring, the diet is changed to kelp, konbu, and
wakame, which im proves go nad qual ity.(7) An abun dance of cul tured kelps are
avail able from spring to sum mer, so the ur chins are har vested twice a year—in the 
spring and sum mer. Graz ing ac tiv ity of the ur chins is crit i cal for the main te nance
of en larged go nads. Hence, mod er ate ex changes of wa ter from the open sea to the
cul tured grounds is re quired to avoid the de cline in wa ter tem per a ture in the win -
ter that can re sult from low air tem per a tures. 
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Wild Stock En hance ment

Stock en hance ment plays a ma jor role in the man age ment of sea-ur chin fish er -
ies in many Jap a nese pre fec tures, and in Hokkaido in par tic u lar.(1,8) En hance ment
ef forts in volve: 1) re leas ing cul tured ju ve niles to aug ment the num ber of an i mals
avail able for har vest; 2) pro vid ing ad di tional hab i tat to in crease the car ry ing ca -
pac ity of in shore wa ters for sea ur chins; and 3) im prov ing the size and qual ity of
the roe.(9)
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Fig ure 3

Quan tity of sea ur chins im ported as whole an i mals, chilled roe, salted or brined

roe, and pre served roe (in clud ing sea cu cum bers) by year from ma jor coun tries.

[Data from the Ja pan Tar iff As so ci a tion]



The ef fec tive ness of seed ing ju ve niles de pends on the growth rate, go nad size,
and sur vival of the sea ur chins un til har vest, as well as the cost of seed. To clar ify
the ef fec tive ness of seed ing on both a pre fec tural and na tional scale, it is nec es -
sary to dis tin guish be tween seeded and na tive sea ur chins. Char ac ter is tics of the
an nual bands formed in grained and charred gen i tal plates,(10-12) and mark ing
with the red flu o res cent dye aliz a rin complexone (ALC),(12) are ef fec tive for iden -
ti fy ing seeded S. intermedius. Us ing these meth ods, some stud ies have dem on -
strated the pos i tive ef fect of seed ing on a lo cal scale in Hokkaido.(1,10) 

Growth and go nad pro duc tion of Strongylocentrotus spp. are greatly af fected
by the type and abun dance of al gae (e.g. Agatsuma(13)). A re duc tion in the ma rine
for est re sults in a de crease in go nad size and an in crease in the in ci dence of S.
nudus with brown-col oured go nads.(14) In north ern Ja pan, subtidal veg e ta tion af -
fects a sere in the course of al gal suc ces sion, al ter ing the tem po ral ex pan sion and
re duc tion of ma rine for ests or coralline flats.(15) Hence, the pres ent sere can be
eval u ated by clas si fy ing the al gal veg e ta tion as five life forms char ac ter ized by
thallus size and lon gev ity.(16) Growth and go nad pro duc tion of S. nudus and
Hemicentrotus pulcherrimus can be ranked, in or der, by the al gal sere, cli max,
seral, and pi o neer stages. In north ern Ja pan, re sults sug gest that growth and go -
nad pro duc tion are af fected by al gal sere and spe cies of small pe ren nial al gae in
the seral stage with or with out feed ing-de ter rent chem i cals.(13,17) Thus, ur chins
are likely to be use ful as in di ca tors for eval u at ing subtidal veg e ta tion. Such in di -
ca tors would en able the changes in spe cies com po si tion of al gae and sere to be
eval u ated un der re cent warm ing con di tions and would con trib ute to pro vid ing
the sci en tific ba sis of man ag ing fish er ies for wild and seeded sea ur chins. In the
pi o neer or seral stages, pro gres sion to cli max ma rine for ests is achieved by in tro -
duc tion of con crete blocks (18) or re moval of com pet i tive al gae by graz ing pres -
sure from seeded hatch ery-raised ju ve niles.(10)

Fu ture Studies

The Jap a nese mar ket con sumes more than 80% of the world pro duc tion of sea
ur chins.(19-21) Im ports of whole an i mals from Rus sia and frozen roe from Chile
have in creased dra mat i cally, while im ports of chilled, salted, or brined roe have
decreased (Fig ure 3). The in crease in im ports has low ered the Jap a nese mar ket
price of sea urchins, par tic u larly for S. intermedius and S. nudus. Hence, grow ers
have been forced to im prove hatch ery tech niques to re duce pro duc tion costs. The 
pos si bil ity of lar val and ju ve nile rear ing at high den si ties has been stud ied. De ter -
mi na tion of the max i mum stock ing den sity, which will not neg a tively af fect lar -
val and ju ve nile growth and sur vival, will lower the cost of seed due to sav ings in
la bour costs and en ergy.  

The ef fec tive ness of seed ing on na tional and pre fec tural scales can be eval u ated 
from ex am in ing har vested sea ur chins. In com bi na tion with data on fish ing ef -
fort, it is likely pos si ble to eval u ate the size of wild and seeded ur chin pop u la -
tions, and de velop a ra tio nal ap proach to fish er ies man age ment. 
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Re cent Ad vances in Sea-Ur chin 

Aquaculture in New Zea land 

and Aus tra lia

M. F. Barker

Evechinus chloroticus is the only sea ur chin spe cies com mer cially
har vested in the north and south is lands of New Zea land (NZ). In 
Aus tra lia, Heliocidaris erythrogramma and Centrostephanus rodgersii
are fished in Tas ma nia and New South Wales re spec tively.

E. chloroticus sur vives well in shal low tanks of well-aer ated run ning
sea wa ter main tained at den si ties of 1 ur chin per 1.5 L of tank vol ume or 
in cages sus pended in wa ter with some tidal flow. Tem per a ture range
should be be tween 8° and 20°C de pend ing on lat i tude. Ur chins will sur -
vive well if fed sev eral dif fer ent kelp, es pe cially Macrocystis pyrifera 
(south ern NZ) or Ecklonia radiata (north ern NZ). Adult and sub-adult
ur chins will also eat a range of com mer cial pel let (Wenger) or agar-
bound ar ti fi cial feeds and de velop large go nads and vi a ble ga metes.

Lar vae can be suc cess fully reared in ex per i men tal quan ti ties in small
(3- to 5-L) beak ers or pickle jars, or in com mer cial quan ti ties in large
500-L fibre glass tanks. Lar val den si ties in both sys tems should be 1 to
3 mL-1 and lar vae must be kept sus pended us ing pad dles or by bub -
bling air through the cul ture. When fed Dunaliella primolecta, D.
tertiolecta or Rhodomonas lens at con cen tra tions of 5,000 to 10,000
cells mL-1 set tle ment and meta mor pho sis oc curred 18 to 24 days af ter
fer til iza tion. Echinopluteus stage lar vae will set tle on a range of nat u -
ral and ar ti fi cial sub strata with a 1°film. Set tle ment and meta mor pho -
sis is, how ever, most rapid on coralline al gae. For set tle ment and
grow-out of large num bers of ju ve niles we use a large V tank. Ju ve nile 
ur chins ini tially graze the nat u ral di a tom film that forms on the tank
walls, but at a di am e ter of 7 to 8 mm we in tro duce the macroalgae
Macrocystis pyrifera for sub se quent growth.

Go nads of E. chloroticus fed pre pared feeds were white or cream col -
ored and larger than the yel low or or ange go nads from ur chins fed al -
gal di ets. En hanc ing ar ti fi cial feeds with carotenoid pig ments re sulted
in lit tle change in col our. Sen sory anal y sis by a taste panel of go nads
of ur chins fed pre pared feeds show marked sea sonal dif fer ences in
taste, and tes tes were sweeter and pre ferred to ova ries of ur chins fed
the same diet. E. chloroticus held in sea cages and fed both ar ti fi cial
feeds and kelp de vel oped larger go nads than wild ur chins. 

NIWA has tested feeds pre pared from gelled fish skins and kelp di ets in 
a range of ex per i ments us ing both land-based and sea cages. They
found lit tle dif fer ence in go nad sizes be tween hold ing sys tems or with
den sity of ur chins or depth of cages, al though go nad in di ces were
higher in ur chins from wave dis turbed cages.
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Ex per i ments in South Aus tra lia show some po ten tial for roe
en hance ment in Heliocidaris erythrogramma.

In tro duc tion

Only one spe cies of sea ur chin, Evechinus chloroticus (Va len ci ennes), is com -
mer cially har vested in New Zea land and only in the last 3 to 4 years has the fish ery
ex panded to catches of hun dreds of tonnes. The bi ol ogy and ecol ogy of this spe cies 
was re cently re viewed.(1) Stud ies have been done on roe en hance ment, but only
lim ited work has been done on the cul ture and de vel op ment of lar vae and ju ve niles.

In Aus tra lia, two spe cies have been com mer cially har vested: Heliocidaris
erythrogramma in Tas ma nia and New South Wales, and Centrostephanus
rodgersii in New South Wales.(2) The only aquaculture re search on these spe cies
has been on the post-har vest en hance ment of H. erythrogramma roe.(3)

Hatch ery

Broodstock

Evechinus chloroticus (known in New Zea land as kina) sur vive well in tank sys -
tems when they are pro vided with an ad e quate wa ter sup ply, are rea son ably well
fed, and are not kept in over-crowded con di tions. New Zea land spans a wide lat i -
tu di nal gra di ent with sum mer wa ter tem per a tures in shal low wa ter rang ing from
18° to 23°C, and tem per a tures can be even higher in land-based tanks. To keep ur -
chins in good con di tion at tem per a tures above 20°C, flow rates need to be in -
creased and den si ties of ur chins low ered, es pe cially for larger an i mals. 

a. Rear ing sys tems 

At our lab o ra tory, we keep 130 to 150, 70- to 80-mm di am e ter kina in good con -
di tion in shal low 215-L tanks (2.2 m x 1.4 m x 0.7 m deep) at a den sity of ap prox i -
mately 1 ur chin per 1.5 L of tank vol ume. Fresh fil tered sea wa ter is pro vided from 
a sin gle out let at a rate of 10 L min.-1 Spray ing wa ter into the tank from mul ti ple
jets is a better ar range ment, how ever, as it al lows for higher ox y gen a tion of the
wa ter. The wa ter ex its from a sin gle standpipe pro tected with plas tic mesh to pre -
vent ur chins or food ma te rial from clog ging the out let. The ad van tage of shal low
tanks is that ur chins can be eas ily fed and checked, and un eaten food and dead or
mor i bund an i mals re moved. An al ter na tive hold ing sys tem is to place an i mals in
cages sus pended in the sea from a wharf or buoy sys tem. Pro vid ing the cage is in
an area with ad e quate wa ter cur rents, this is a very con ve nient way of hold ing
large num bers of an i mals with out uti lis ing tank re sources. The dis ad van tage of
us ing cages is that ac cess for feed ing or clean ing is more dif fi cult and ma rine foul -
ing can re duce wa ter flow in fine-mesh cages. Coarser mesh can be used, pro vid -
ing feed, es pe cially if in pel let form, stays in the cage. Ur chins col lected from
some field sites have a ten dency to move up the sides of tanks so that a por tion of
the test is ex posed to air. While this can oc cur as a re sult of an i mals at lower lev els
in the tank forc ing smaller and higher in di vid u als out of the wa ter, some ur chins
will climb out of the wa ter even when tank den si ties are low. When this oc curs it is 
nec es sary to fit tanks with heavy or tight-fit ting lids.

b. Phys i cal re quire ments 

A prime re quire ment for al most all sea ur chins is good qual ity sea wa ter. E.
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chloroticus re quires well-ox y gen ated flow ing sea wa ter within a tem per a ture
range of 8° to 20°C. Ur chins in north ern New Zea land will tol er ate wa ter tem per -
a tures as high as 23° to 24°C, but they show signs of se vere stress or mor bid ity if
tem per a tures rise above this level. Sim i larly, ur chins will tol er ate wa ter tem per a -
tures of less than 8°C, but move ment and feed ing rates de cline mark edly.

c. Feed 

Pro vid ing al gae are avail able, and op er a tors have ac cess to them (har vest ing is
tightly con trolled by con ser va tion and fish er ies reg u la tions in New Zea land),
they are the ideal food be cause they are the nat u ral feed of sea ur chins. In the south 
of the coun try, the laminarian blad der kelp Macrocystis pyrifera is used as feed
and is oc ca sion ally sup ple mented with the green alga Ulva lactuca. In more
north ern ar eas, the laminarian Ecklonia radiata is of ten the dom i nant laminarian
and is also one of the more com mon dietary items of wild ur chins. Al gae will sup -
port growth of both smaller and larger ur chins, and ur chins fed al gae de velop go -
nads with high-qual ity ga metes. Adults will con sume a va ri ety of ar ti fi cial di ets
and de velop large go nads and pro duce vi a ble ga metes. Lit tle re search has been
done on the de vel op ment of ar ti fi cial feeds for the growth of adult or ju ve nile E.
chloroticus. Nei ther is it known how ga mete qual ity dif fers be tween ur chins fed
ar ti fi cial and nat u ral di ets. 

Lar vae

   a. Rear ing sys tems 

A main re quire ment of rear ing lar vae of any planktotrophic in ver te -
brate is keep ing both the lar vae and their al gal feed in sus pen sion. This
can be achieved in dif fer ent ways. When rear ing lar vae in small vol -
umes (3 to 5 L) for ex per i men tal pur poses we use 4- or 5-L Py rex beak -
ers as the rear ing cham bers, al though a much cheaper op tion is to use 3-
or 4-L pickle jars. These can of ten be ob tained from the res tau rant trade,
but re quire ex ten sive rins ing be fore use. To keep the lar vae sus pended
we have tried a range of de vices, and are now us ing a sys tem orig i nally
de signed by Rich ard Strathmann that is com prised of a rack with a se ries 

of hor i zon tal wires from
which PVC pad dles hang,
one per con tainer (Fig ure
1). The pad dles are moved
side ways with a sec ond
frame sus pended by wires
be low the top rack, also
with hor i zon tal wires. This
lower frame is moved 5 to
10 cm side ways with a
small cam mounted on a
elec tric mo tor re volv ing at
10 rev o lu tions min-1. The
wa ter in cul ture ves sels
should be changed at least
ev ery two days. A con ve -
nient way to do this is to
pour the cul ture through a
fil ter im mersed in sea wa ter
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Fig ure 1

Lar val sus pen sion ap pa ra tus.

Plas tic pad dles hang from a

plas tic frame and are pushed by 

the un der ly ing plas tic frame.

The in set shows the cam that

pulls the un der ly ing frame. 



held at the same tem per a ture as the cul ture. It is im por -
tant to en sure that lar vae are not poured di rectly against
the fil ter, i.e. they should be poured into the wa ter which 
then flows out through the bot tom. A sim ple but ef fec -
tive fil ter sys tem can be made by glu ing Nytex®

(100-µm mesh size) to the bot tom of a 10- to 20-cm
length of plexi glass or PVC pipe and glu ing a short (1 to
2 cm) sec tion be low the fil ter.

For larger mass cul tures we use 500-L rounded-bot -
tom tanks (Fig ure 2). The ba sic cul ture method is the
same as that used for the smaller beaker sys tems. How -
ever, in stead of pad dles, an aquar ium airstone is placed
on the bot tom of the tank to pro vide good air flow and
suf fi cient wa ter cir cu la tion. It is of ten too time con sum -
ing to change the wa ter ev ery sec ond day; how ever we
com plete a par tial wa ter change by al low ing fil tered
(0.28 µm) wa ter to flow into the tank which has a
‘banjo’ fil ter at tached to a standpipe out let to pre vent
lar vae from be ing flushed away. The flow needs to be
slow, ~ 20 to 40 L hour-1, to pre vent lar vae be com ing
stranded against the fil ter. For com plete wa ter
changes—ev ery 3 to 5 days, de pend ing on the con di tion of the lar vae—a
scaled-up ver sion of the PVC pipe fil ter de scribed above can be used. Wa -
ter should be si phoned from the tank at a flow rate of ap prox i mately 100 L
hour-1. This pre vents lar vae be com ing dam aged against the fil ter, which
will need to be washed into a clean tank ev ery 15 to 20 min utes.

b. Physical re quire ments  

Lar vae are more sen si tive than adults to wa ter qual ity. The build-up of
met a bolic wastes, as a con se quence of high con cen tra tions of lar vae in rel -
a tively small vol umes of wa ter, is a long-stand ing prob lem in lar val cul -
ture. Lar vae also re quire sta ble wa ter tem per a tures. Evechinus chloroticus
will de velop in tem per a tures of 10° to 20°C. How ever, at tem per a tures be low
12°C de vel op ment is pro longed, and at tem -
per a tures above 18°C bac te rial pop u la tions
can de velop rap idly, re quir ing more fre -
quent wa ter changes. We have found 15° to
16°C is the ideal tem per a ture for lar val de -
vel op ment. Wa ter qual ity will vary with the
site, but wa ter should be taken from the open
coast wher ever pos si ble and fil tered to at
least 1 µm (al though ide ally to 0.2 µm). Car -
tridge fil ters pro vide a con ve nient way to fil -
ter large vol umes of wa ter rel a tively quickly.

Lar vae can be reared at con cen tra tions of
up to 4 to 6 mL-1 from early em bryos to the
4-armed pluteus stage. How ever, we pro -
gres sively di lute cul tures as lar vae ma ture:
con cen tra tions of 2 to 3 mL-1 at the 6-armed
stage, no more than 2 mL-1 at the 8-armed
stage, and ide ally 1 mL-1 as they ap proach
the echinopluteus stage  (see Ta ble 1). 
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Fig ure 2

500-L fi ber glass tank used for

the mass cul ture of Evechinus

chloroticus lar vae. A ‘banjo’ 

fil ter that pre vents the loss of

lar vae dur ing wa ter ex change

is at tached to the standpipe

out let. 

Ta ble 1. Chro nol ogy of de vel op ment of
Evechinus chloroticus at 15°C

Stage of De vel op ment Time

Fer til iza tion 0

Late blastula/early gastrula 24 h

Prism—skeletal rods pres ent, gut com plete 48 h

4-armed feed ing pluteus 4-5 d

6-armed pluteus 9-10 d

8-armed pluteus, ep aul ettes form ing 12 d

8-armed pluteus, ep aul ettes com plete 14 d

Early echinopluteus, pedicellaria form ing 19 d

Ma ture echinopluteus, tube feet pres ent 21 d

Set tle ment when pipetted onto Corallina 24-28 d



As lar vae be come com pe tent to set tle, they need to be pro vided with a suit able
sub stra tum. Al though the echinopluteus will set tle and meta mor phose on a range
of sub strata—in fact al most any hard sub strate with a well-de vel oped pri mary film 
will even tu ally in duce meta mor pho sis—lar vae set tle most rap idly on en crust ing
coralline al gae.(4) For ex per i men tal cul tures, small rocks with en crust ing coralline
al gae can be placed di rectly into cul ture beak ers. For mass cul ture, com pe tent lar -
vae are better trans ferred into tanks pro vided with a well-de vel oped pri mary film
or set tled with a di a tom film. If tanks are al lowed to stand with run ning sea wa ter
and some il lu mi na tion, such a film will de velop nat u rally over sev eral days. 

   c. Feed

Evechinus chloroticus lar vae will de velop through to set tle ment in 25 to 30 days 
us ing ei ther Dunaliella primolecta or D. tertiolecta at con cen tra tions from 5,000
to 10,000 cells mL.-1 How ever, the most rapid de vel op ment to set tle ment (18
days) is achieved by feed ing lar vae with Rhodomonas lens at con cen tra tions of
8,000 cells mL.-1 It is pos si ble that a diet of mixed al gal spe cies might pro vide a
better range of fatty ac ids and would prove to be su pe rior to unialgal di ets, but ex -
per i ments to de velop a better diet have not yet been con ducted.

Early ju ve niles

a. Rear ing sys tems and phys i cal re quire ments

At the com ple tion of meta mor pho sis, E. chloroticus ju ve niles are 0.38
mm in di am e ter. Ju ve niles will grow in al most any size or shape of tank,
pro vided there is an ex change of sea wa ter and a suit able al gal food. We
have found that an ideal tank for rear ing ju ve nile ur chins is one sim i lar to

the V tanks used by the ab a lone in dus try in New Zea -
land to rear ju ve nile ab a lone. These tanks can be made 
of fi ber glass or PVC plas tic. The de sign used at our
lab o ra tory is shown in Fig ure 3 and com prises a white
PVC tank (2.44 m x 0.9 m x 0.45 m high) fit ted to a
wooden stand. The V shape en sures that par tic u late
waste, which can smother ju ve niles and also cre ates
po ten tial BOD (bi o log i cal ox y gen de mand), falls to
the bot tom of the V so that it can be pe ri od i cally si -
phoned out with lit tle ef fort. Wa ter is trick led into the
tank at one end and ex its from a top-mounted out let.
Ver ti cal PVC par ti tions in crease the sur face area on
which ju ve nile ur chins can graze. We in tro duce
ready-to-set tle echinopluteus lar vae into this tank and
al low them to set tle di rectly on the tank walls. The wa -
ter can be ei ther turned off for 24 to 48 hours while
meta mor pho sis oc curs, or a Nytex® screen can be
used to pre vent lar val loss.

b. Feeds 

Ju ve niles graze di rectly on a di a tom film that de -
velops nat u rally on the walls of tanks pro vided with
run ning sea wa ter and nat u ral or ar ti fi cial lighting.
Light in ten sity is  quite crit i cal; if light lev els are too
high, it will of ten en cour age di a toms and other
epiphytic al gae to grow faster than lar vae can graze
them down and the ju ve niles can smother.
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Fig ure 3

V-tank used for settlement of

echinopluteus lar vae and

growth of meta mor phosed 

ju ve niles. 



Ju ve nile Grow-out

Land-based rear ing sys tems

Ju ve niles grow to 7- to 8-mm di am e ter in the above V-tank sys tem, feed ing en -
tirely on the di a tom film. At this size, ur chins will start to feed on macroalgae. If
lamina of Macrocystis pyrifera are in tro duced to the tank, ju ve nile ur chins will
move onto these and can be grad u ally weaned off graz ing di a toms. It is likely that
Ecklonia radiata would also be a suit able diet for small ur chins, but I have not
tried this spe cies. Growth rates in crease once ju ve niles are feed ing di rectly on
laminarian al gae. 

Go nad En hance ment

Land-based rear ing sys tems

Be cause of the vari able go nad col our (cream to brown) and an ap par ent bit ter
taste(5) E. chloroticus roe has proved dif fi cult to sell in south east Asian mar kets.
Im prove ments in roe qual ity are es sen tial if the New Zea land fish ing in dus try
wishes to sup ply these mar kets. At tempts to en hance the col our and taste of roe
have pro duced quite vari able re sults. A study was con ducted in which E.
chloroticus were fed ei ther ex truded pel lets, agar-bound pre pared feed, or nat u ral
al gal food to three sizes of ur chins (30 to 40 mm, 50 to 60 mm, and 70 to 80 mm di -
am e ter) held in in di vid ual con tain ers dur ing the aus tral au tumn, win ter, and
spring.(6) Go nad in di ces were higher in ur chins fed pre pared feeds than al gae;
how ever there were sea sonal dif fer ences in which of the four pre pared feeds pro -
duced the larg est go nads. Pre pared feeds tended to pro duce white or cream col -
oured go nads un suit able for sale, whereas ur chins fed al gae gen er ally formed yel -
low/or ange go nads. This study con cluded that al though pre pared feeds can en -
hance go nad pro duc tion in E. chloroticus, the di ets that were tri aled did not pro -
duce the de sir able yel low/or ange go nad col our or good so matic growth.

At tempts to im prove col our by en hanc ing lev els of carotenoid pig ments in di -
ets(7) also pro duced vari able re sults with lit tle over all im prove ment in col our.
Cur rent re search at Otago Uni ver sity is re fin ing soy pro tein based di ets en hanced
with mus sel (Mytilus galloprovincialis) tis sue and dried kelp with some en cour -
ag ing im prove ments in col our. This re search programme also in cludes de tailed
prox i mate anal y sis of roe and sen sory anal y sis of odour, col our, and taste. The re -
sults of ex per i ments so far com pleted show sig nif i cant sea sonal dif fer ences in the
ef fect of dif fer ent sup ple men tary amino ac ids on taste. Ova ries had an in tense sul -
phur odour, bit ter taste, and a sul phur, her ba ceous or me tal lic fla vour. They also
had an in tense me tal lic and bit ter af ter taste, that was long-last ing. Tes tes were
gen er ally sweeter and more ac cept able to the taste panel. 

The Na tional In sti tute for Wa ter and At mo spheric Re search (NIWA) has also
been in volved in a se ries of sea-ur chin roe en hance ment tri als over the past 2
years us ing both ar ti fi cial di ets and nat u ral al gal feeds. A wa ter-sta ble ar ti fi cial
diet, sim i lar in com po si tion to that de vel oped by the Nor we gian In sti tute of Fish -
er ies and Aquaculture (fish skins gelled with the en zyme transglutaminase) was
fed to groups of kina held in plas tic bas kets in land-based tanks.(8) These di ets in -
creased the quan tity and con sis tency of roe col our in a pe riod of 10 weeks.

Sea-based rear ing sys tems

Kina held in sea cages in a pi lot com mer cial-scale ex per i ment were fed a range
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of both ar ti fi cial di ets and sea weeds.(9) Ar ti fi cial di ets pro duced the great est in -
crease in go nad in di ces from 8% wet weight at the start of the ex per i ment to
23.15, 18.83, and 20.81%, re spec tively, in three se quen tial ex per i ments con -
ducted through the year. These in creases were sig nif i cantly higher than for all
other diet treat ments and for go nads col lected from ur chins in field pop u la tions 
over the same time pe ri ods. Ur chins fed M. pyrifera pro duced go nad in di ces
(18.16, 12.96, and 18.29%) sig nif i cantly higher than for other al gal treat ments
and field pop u la tions, al though not quite as high as those ob tained us ing ar ti fi cial
di ets. The best roe colours were pro duced by ur chins fed al gae, es pe cially M.
pyrifera and a switched ar ti fi cial/M. pyrifera diet.

NIWA has also con ducted ex per i ments com par ing sea-cages vs. land-based sys -
tems for hold ing wild-caught ur chins on two com mer cial mus sel farms in the
Marlborough Sounds at the top of the South Is land. Over a 10-week en hance ment
pe riod there were no sig nif i cant dif fer ences in roe quan tity (GI) or qual ity (col our) 
be tween the two sys tems.(10) The ef fects of depth and stock den sity were also ex -
am ined and the re sults showed no sig nif i cant dif fer ences be tween ur chins held at
depths of 3 or 6 m, or be tween ur chins held at low and high den sity.(10) The ef fects
of wave and feed ing dis tur bance were mea sured by hold ing ur chins in sea-cages
sus pended from a sur face line (wave dis turbed) or from a subsurface line buoyed
from a bot tom line (not wave dis turbed) and fed and cleaned in situ un der wa ter
(no feed dis tur bance) or re moved from the wa ter for feed ing and clean ing (feed
dis turbed).(11) In creased wa ter move ment in the wave-dis turbed cages re sulted in
a higher go nad in dex (GI) com pared to ur chins in cages that were sub-sur face
buoyed. Feed ing dis tur bance had no ef fect on the GI val ues or col our qual ity of
the ur chin go nads, re gard less of the dis tur bance treat ment.(11) 

Wild Stock En hance ment

There are no pub lished ac counts of ex per i ments where ur chins have been
moved from ar eas known to have poor go nad pro duc tion to ar eas where go nad
growth is better. 

Some short-term ex per i ments have been com pleted where peb bles en crusted
with coralline alga on which re cently-set tled ju ve niles (0.38-mm di am e ter) were
trans planted into caged and un caged sites at two depths in Doubt ful Sound and
Otago Har bour (Barker, un pub lished). Sur vival was con sis tently higher af ter 2
days than 21 days treat ment, in caged com pared to un caged treat ments, and in
shal lower (12 m) com pared to deeper sites (16 m). These ex per i ments need to be
re peated over a lon ger time pe riod and with a range of ju ve nile sizes at dif fer ent
sites be fore any firm con clu sions can be drawn. How ever they have shown that
re-seed ing of lab o ra tory cul tured ur chins is tech ni cally pos si ble.

Heliocidaris erythrogramma 

Four lab o ra tory tri als and one sea-cage trial were run in South Aus tra lia to de ter -
mine the ef fect of en vi ron men tal and nu tri tional fac tors on roe en hance ment in
the pur ple sea ur chin Heliocidaris erythrogramma.(2)

The most ap pro pri ate size of sea ur chins for roe en hance ment was found to be
ap prox i mately 72-mm test di am e ter. H. erythrogramma of 80-mm di am e ter pro -
duced larger roe than an i mals of in ter me di ate size and smaller (mean size: 55.5
mm). Al though much of the roe of this size group was fine-tex tured, it was light in 
col our and lit tle was of high qual ity.

The re sults of tri als us ing ei ther an im ported Wenger diet (Wenger Man u fac tur -
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ing, Inc., Sabetha, KS), or lo cally man u fac tured equiv a lent, in both land-based sys -
tems and in sea-cages, sug gest that be tween 70 and 90 days are nec es sary to pro -
duce ad e quate roe yield (10% of wet body weight). In lab o ra tory tri als con ducted
over the spring and early sum mer us ing the Wenger diet, “the fi nal mean roe yield
for me dium-sized sea ur chins was 12.28% (ini tial yield: 4.01%) af ter 84 days, with 
74% of the sea ur chins pro duc ing yields over 10%. In the field trial, 80 days were
suf fi cient to achieve a mean yield of 11.2% (ini tial yield: 2.63%), with 63% of sea
ur chins pro duc ing yields of over 10%. Both tri als were run dur ing spring/early
sum mer with the re sult that a mod er ate per cent age of sea ur chins showed ma ture
roe, prone to leak age, which in a com mer cial set ting would re duce the value of the
prod uct. Thus it is rec om mended that sea-cage roe en hance ment should be con -
ducted dur ing the cooler months while go nads are still pre ma ture (i.e. April to Sep -
tem ber), which may lengthen the time taken to achieve com mer cially use ful roe
yields, but should op ti mise the roe qual ity”.(2) It is sug gested that sea-cage cul ture
rather than land-based sys tems would be more com mer cially vi a ble.
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Re cent Ad vances in Sea-Ur chin

Aquaculture in Nor way

Nils T. Hagen and Sten I. Siikavuopio

Sea-ur chin aquaculture (echiniculture) in Nor way is be ing de vel oped
along two sep a rate paths with some over lap. Bodø Uni ver sity Col lege
(HBO) is pur su ing a strat egy of full do mes ti ca tion, with the ex plicit
goal of bring ing the en tire pro duc tion cy cle of the sea ur chin un der a
con trolled in dus trial re gime, whereas the Nor we gian In sti tute of 
Fish er ies and Aquaculture Re search (NIFA) is de vel op ing tech niques
for go nad en hance ment of wild ur chins us ing for mu lated 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 spe cies S.
pallidus is also be ing in ves ti gated at HBO, as it ap pears to be largely
re sis tant to in fec tion by the par a sitic nem a tode Echinomermella
matsi.(1) Nem a tode in fec tion 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 Nor way is sus cep ti ble to
in fec tion by E. matsi. S. pallidus is, there fore, tar geted as an in te gral
part of an on go ing ef fort to de velop a dis ease-re sis tant sea-ur chin
va ri ety suit able for both land-based and sea-based echiniculture.(2)

Hatchery

The only sea-ur chin hatch ery in Nor way is lo cated in Bodø. HBO’s main em -
pha sis is the de vel op ment of meth ods for con tin u ous mass pro duc tion of lar vae
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 hatch ery is 
sup plied with run ning sea wa ter from a depth of 250 m, where sa lin ity and tem per -
a ture re mains sta ble at 35‰ and 7°C through out the year.

Broodstock 

Broodstock are main tained in plas tic shop ping bas kets in a sim ple rear ing sys -
tem con sist ing of racks of stan dard salmon hatch ing trays. Both wild and cul ti -
vated broodstock are fed on fresh kelp, Laminaria hyperborea and L. digitata.
Gametogenesis of cap tive broodstock is not syn chro nized.(3) Al though ga mete
quan tity and qual ity vary, it has nev er the less proved fea si ble to ini ti ate spawn ing
and start new lar val cul tures on a weekly ba sis through out the year. 

Spawn ing is rou tinely in duced by intracoelomic in jec tion of iso tonic KCl so lu -
tion,(4, 5) as elec tric stim u la tion is not rec om mended.(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 fea si ble by intracoelomic in ser tion of elec tronic tran sponder tags,(7)

but the cost of tags pre cludes rou tine tag ging of the en tire broodstock pop u la tion.
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Lar vae

Lar vae 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).
Wa ter drains through a cen tral 
standpipe with a dou ble banjo
fil ter, and the wa ter level is
con trolled by an ex ter nal
over flow pipe. Lar vae are
kept in sus pen sion 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 rear ing tem per a ture is kept be low
10°C, and time to meta mor pho sis is ap prox i -
mately 30 days. 

Early ju ve niles

Early ju ve nile rear ing in Bodø is
based on the Jap a nese sys tem(8)

where com pe tent lar vae are in duced
to set tle on cor ru gated 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 ve niles (Fig -
ure 3). The growth of di a toms on the
set tle ment plates is con trolled by the
amount of ar ti fi cial light from flu o -
res cent light tubes po si tioned di -
rectly above the rear ing tanks. De -
tach ment of early ju ve niles from the
plates is fa cil i tated by KCl-in duced
pa ral y sis.(9)

Early ju ve niles may re quire in ter -
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Fig ure 1

Lar val rear ing tanks at the 

sea-ur chin hatch ery in

Bodø, Nor way.

Fig ure 2

Sea-ur chin larva with early ju ve nile

ru di ment on the left side of the

stom ach.



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

Ju ve nile Grow-out

Grow-out tri als are cur -
rently con ducted in a va ri -
ety of ex per i men tal con -
tain ers, as a com mer -
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. Ju ve niles fed fresh
kelp may reach har vest-
able size in ap prox i mately
2 to 3 years of grow-out

cul ti va tion,(10) and re cent tri als with a new dry food from NIFA

(Fig ure 4) sug gest that the grow-out time may be re duced to less
than 2 years.

The go nad in dex of cul ti vated sea ur chins may be greater than
25%, or ap prox i mately twice the av er age 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 pig ment con -
tent  of for  mu lated
feeds, in an at tempt to
match the su pe rior col -
our, con sis tency, and
fla vour of go nads from
ur chins 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 

pro duc tion of dry feed

pel lets for sea ur chins.



Go nad En hance ment

Al though NIFA had pre vi ously de vel oped a moist, for mu lated feed for sea-ur -
chin go nad en hance ment,(13) they have re cently amal gam ated with the Nor we -
gian Her ring Oil and Meal In dus try Re search In sti tute, and are now fo cus ing their 
re search on the de vel op ment of an im proved com mer cial dry feed suit able for
both grow-out and go nad en hance ment. Feed com po si tion in flu ences both the
‘bit ter taste’ and the ‘sweet taste’ of sea-ur chin go nads. The un de sir able bit ter
taste is as so ci ated with in creased lev els of the amino acid valine, while the de sir -
able sweet taste is as so ci ated with in creased lev els of the amino ac ids alanine and
glycine.(14) 

Sea ur chins in go nad en hance ment tri als are prone to in creased mor tal ity dur ing
the first four weeks af ter har vest. Con trolled ex per i ments have dem on strated that
such post-har vest mor tal ity is caused by lack of salt wa ter im mer sion and rough
han dling dur ing har vest and trans port. Rough han dling may also cause non-le thal
in ju ries which lead to re duced go nad growth due to a com bi na tion of re duced ap -
pe tite and lower feed con ver sion ef fi ciency.(15)

Go nad en hance ment in ex per i men tal land-based rear ing sys tems has been car -
ried out suc cess fully at sea-ur chin den si ties up to 6 kg-2. (16) In creased mor tal ity
and re duced go nad growth at higher stock ing den sity may be due to the fact that
adult S. droebachiensis has a rel a tively low tol er ance of ni trite(17) and am mo -
nia,(18) be cause they have a low ox y gen re quire ment (< 0.15 mg min-1 kg-1 at tem -
per a tures < 14°C).(19)

A pro to type of a new com mer cial sys tem for sea-based cul ti va tion of sea ur -
chins is cur rently be ing tested in north ern Nor way (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

At tempts to op er ate pro cess ing plants for sea ur chins in Nor way have failed,
pos si bly due to the vari able qual ity and un pre dict able sup ply of sea ur chins from
nat u ral pop u la tions. As a re sult, wild sea ur chins from Nor way are now ex ported
whole for pro cess ing abroad. This prac tice greatly in creases the risk of ac ci den -
tally in tro duc ing the par a sitic nem a tode Echinomermella matsi into new ar eas.
This epizootic par a site was dis cov ered only 30 years ago,(20) and is still not re -
ported out side north ern Nor way.

Pros pects

Sea ur chins are short-listed among the can di date spe cies wor thy of in clu sion in
na tional ef forts to di ver sify the aquaculture in dus try.(21) Re cent de vel op ments in
dry-food man u fac tur ing and hatch ery pro duc tion may prompt greater na tional in -
volve ment in the stra te gic de vel op ment of echiniculture in Nor way. A suc cess ful
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.
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Re cent Ad vances in Sea-Ur chin

Aquaculture and En hance ment

in Scot land and Ire land

Maeve S. Kelly and John Cham ber lain

The sea-ur chin cul ture strat e gies adopted by re search ers in 
Scot land have a very dif fer ent fo cus than those of re search ers
and a com mer cial pro ducer in Ire land. Cur rently tar get ing
Paracentrotus lividus, re search ers from the Scot tish As so ci a tion 
of Ma rine Sci ence (SAMS) are fo cus ing on pro duc ing P. lividus
in in te grated aquaculture sys tems, cul tur ing the sea ur chin
along side both At lan tic salmon and the blue mus sel. In Ire land,
Dunmanus Sea food con tin ues to pi o neer Eu rope’s first 
com mer cial pro duc tion of sea ur chins. Hatch ery-reared 
ju ve niles are grown to mar ket size mainly by ranch ing and are
then seeded to rock pools or sub-tidal ar eas. At the Uni ver sity
Col lege Cork, re search is fo cus ing on a novel land-based 
rear ing unit—the UP sys tem—and on pro duc ing new bind ers
for moist di ets, which in crease their shelf-life and sta bil ity in
sea wa ter. 

In tro duc tion

Scot land is slightly un usual amongst na tions with ac tive re search into sea-ur chin
cul ti va tion in that, de spite hav ing three ed ible ur chin spe cies, there has not been a
ma jor fish ery in re cent times. The large and com mon Echinus esculentus has been 
fished in the past from Cornwall, Eng land, but for its test—as a cu rio—rather than 
for its go nad. With the ex cep tion of some small land ings in the Shet land Isles, the
poor-tast ing and vari able go nad con tent of this spe cies, and its poor survivorship
in tran sit, have pre vented ma jor fish ing ef forts. Psammechinus miliaris is also
abun dant, but the go nad gen er ally has a low bio mass for much of the year, and is
per ceived by the mar ket place as be ing too small  to war rant com mer cial ex trac -
tion. How ever, in a farmed en vi ron ment, the go nad con tent can reach ac cept able
quan ti ties.(1) Paracentrotus lividus is at the north ern most limit of its range in
Scot land, with only a few, scant pop u la tions re corded. This spe cies, how ever,
was the sub ject of a con sid er able fish ing ef fort in south ern Ire land through out the
late 1970s and early 1980s. At its peak in 1976, more than 350 tonnes were ex -
tracted,(2) but the fish ery rap idly de clined in the early 1980s. Since 1993 only
min i mal quan ti ties (~ 2 tonnes per an num (p.a)) have been fished and the pop u la -
tion shows no sign of re cov ery.(3) As a con se quence, re search ac tiv ity in Scot land
(SAMS) has ex plored the po ten tial of all three spe cies,(1,4) whilst re search ef fort in
Ire land fo cuses ex clu sively on P. lividus. 

Eu rope’s first com mer cial sea-ur chin op er a tion is found in south ern Ire land:
Dunmanus Seafoods, es tab lished as a sea-ur chin hatch ery in 1995, pro duces P.
lividus ju ve niles, which are pri mar ily on-grown by ranch ing. The ma jor ity of the
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re sult ing pro duce is sold via shell fish buy ers to the UK res tau rant mar ket, al though 
the do mes tic Irish mar ket is ex pand ing. Cur rent prices are 15 Euro kg-1 for a mar -
ket size ur chin of 60 to 70 g. A smaller pro por tion of their pro duce goes to the
French mar ket or for bio med i cal re search. 

Hatch ery

Broodstock 

All three spe cies of sea ur chins have an an nual re pro duc tive cy cle and can be in -
duced to spawn in early (P. miliaris)(5) and mid (P. lividus and E. esculentus)(6,7)

sum mer, with some lo cal vari a tion. Broodstock are col lected from lo cal wild pop -
u la tions. The com mer cial pro ducer in Ire land, Dunmanus, is able to dis crim i nate
be tween intertidal and subtidal pop u la tions in terms of their qual ity as
broodstock; whilst the lat ter have a larger go nad and are more fe cund, the
intertidal ur chins per form more ro bustly in the hatch ery. Dunmanus has also ini ti -
ated a breed ing pro gram, re tain ing a se lec tion of the fast est grow ing in di vid u als
to serve as broodstock for sub se quent sea sons.

Broodstock are typ i cally held in flow-through sea wa ter tanks and con di tioned
on nat u ral di ets: Saccharina latissima for P. miliaris and Laminaria digitata for
P. lividus. The ef fect of broodstock di ets on fe cun dity, egg qual ity, and sub se -
quent lar val per for mance has still to be fully eval u ated in these spe cies.

Gravid adults are in duced to spawn by in jec tion of 1.0 M KCl into the haemo-
coel via the peristomal mem brane. Gravid
in di vid u als spawn within 40 min and the ga -
metes are then mixed to achieve fer til iza tion. 
Hatch ing to re lease swim ming blastocysts
oc curs in 24 to 48 hours, de pend ing on spe -
cies and tem per a ture. 

Lar val rear ing sys tems, 
phys i cal re quire ments, and feeds

Sea-ur chin lar vae in the re search fa cil i ties
at SAMS and the com mer cial hatch ery at
Dunmanus are main tained in static cul tures
in aer ated, am bi ent fil tered sea wa ter at den -
si ties rang ing from 1 to 4 mL-1. Lar val cul -
ture is based on meth ods de vel oped for P.
lividus by P. Leighton(8) at the Shell fish Re -
search Lab o ra tory in Galway, Ire land, and
mod i  f ied  for  P. mil iaris  and E.
esculentus.(9,10) Lar vae of all spe cies are now 
rou tinely brought to the point of meta mor -
pho sis in 14 to 21 days—de pend ing on the
spe cies and char ac ter is tics of the in di vid ual
lar val batches—with out sub stan tial losses.
Pro duc tion of ju ve niles at SAMS is in the or -
der of 10,000 ju ve niles p.a., whereas
Dunmanus pro duced 3 mil lion ju ve niles in
2006. 

The lar vae are most com monly fed the
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microalgae Dunaliella tertiolecta, Phaeodactylum tricornutum (SAMS) and
Pleurocrysis carteri or P. tricornutum (Dunmanus). Feed ing is ini ti ated once the
lar val stom ach is formed and feed ing rates are in creased with the ac qui si tion of
each pair of lar val arms. Most re cently at SAMS, P. lividus and P. miliaris lar vae
have been suc cess fully raised to set tle ment us ing the microencapsulated shrimp
di ets Lansy™ and Frippak™ as sup plied by INVE Aquaculture.(11,12) This is a sig -
nif i cant ad vance be cause it pro vides hatch ery op er a tives with an al ter na tive to the 
la bour-in ten sive prac tice of microalgal cul ture. It also of fers a safety net should
al gal cul ture fail dur ing a lar val pro duc tion cy cle. While lar vae of both spe cies ac -
cepted the ar ti fi cial di ets, P. miliaris lar vae adapted more readily to the feed than
did P. lividus. How ever, these di ets were de signed for shrimp and could clearly be 
mod i fied to better meet the sea-ur chin larva’s nu tri tional needs. 

Early ju ve nile rear ing sys tems, phys i cal re quire ments, and feeds

When con sid ered com pe tent to set tle, lar vae are trans ferred to set tle ment tanks,
con tain ing set tle ment pan els coated in a suit able biofilm. At SAMS, the set tle ment 
tanks are out door race ways (3 m x 0.5 m x 0.7 m high, with a wa ter depth of 0.5 m)
sub jected to nat u ral light and pro vided with aer a tion. Sea wa ter is pro vided from a 
sub-sand in take and is then pumped to a header tank where aer a tion and a de gree
of set tle ment oc curs be fore be ing grav ity-fed to the race ways. The set tle ment
pan els are PVC wave plates which have been main tained in sea
wa ter and al lowed to coat with a nat u ral biofilm. The amount of
growth on the plates can be con trolled by shad ing, if needed. In
this low main te nance sys tem, lar vae are
added to the set tle ment tanks and left un -
touched for sev eral months. Once ju ve -
niles of ap prox i mately 3- to 4-mm di am e -
ter are eas ily vis i ble on the plates and tank
walls, soft pieces of S. latissima are added
to sup ple ment their diet. The ju ve niles are
col lected by brush ing the plates and walls,
and from the macroalgae, as re quired. Af -
ter 3 to 4 months, one race way yields ap -
prox i mately 4,000 ju ve niles > 5 mm and
in nu mer a ble smaller spec i mens, which are 
not col lected for on-grow ing. 

Dunmanus op er ates a more in ten sive
sys tem. The set tle ment tanks are in doors
and prior to lar val set tle ment the plates are
seeded with a se lec tion of lo cally iso lated
ben thic di a toms. The bloom on the set tle -
ment plates is sub se quently man aged by
add ing more of the di a tom cul ture to the
tanks to meet the de mand of the feed ing ju -
ve niles. In the past, the set tle ment tanks
have been sub ject to col o ni za tion by
copepods which out-com pete the ur chins
for food. This prob lem has been solved
with ad di tional fil tra tion on the sea wa ter
in le t .  The ju  ve ni les  are  fed soft
macroalgae (Alaria escultenta and
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Palmaria palmata) from when they are 1- month old and/or 1-mm test di am e ter.
The larg est ju ve nile ur chins tend to at tach to the seaweed first and they are then
re moved from the set tle ment tanks and placed in cone-shaped rear ing tanks
(450-L vol ume, 4.5 m 2 sur face area). The re main der are brushed off the plates
and tank walls once they are large enough to han dle. The cone tanks are cleaned
reg u larly by si phon ing. From the age of 5 to 6 months, the ju ve niles are pe ri od i -
cally graded by size to pre vent can ni bal ism. For ur chins of < 10-mm di am e ter, the 
stock ing den sity is 10,000 per cone tank; for ur chins 10 to 20 mm, 4,500 per tank;
and for ur chins over > 25 mm the den sity is re duced to 1,500 per tank. Through -
out the on-grow ing pe riod, sea ur chins are fed a mix ture of macroalgae, pre dom i -
nantly L. digitata, P. palmata, S. latissima, and A. escultenta.

Ju ve nile Grow-out

Land-based rear ing sys tems

Re search ers at the Aquaculture De vel op ment Cen tre, Uni ver sity Col lege Cork,
have re cently de signed and pat ented a novel land-based rear ing sys tem for ju ve -
nile and adult sea ur chins.(13) Known as the UP sys tem, the ur chins are held in
cages within a tank, which fa cil i tates the pre sen ta tion of fresh food. Stock ing
yields of 80 to 120 kg m-2 of tank floor space can be achieved. A pi lot UP sys tem is 
cur rently un der go ing tri als in a com mer cial set ting at Dunmanus. 

Sea-based rear ing sys tems

Pre vi ous re search at SAMS showed that P. miliaris thrived when sus pended in
and around cages of At lan tic salmon.(1) The salmon cages pro vided shel ter from
the el e ments in sites that would oth er wise be far too ex posed for sea ur chins. In
ad di tion, the sea ur chins were able to trap and uti lize any un eaten fish feed, and
could be main tained in cul ture with salmon for long pe ri ods (> 1 year) with out re -

quir ing any ad di tional feed. This re search has re cently been re peated with
P. lividus, which also sur -
vived and per formed well
in the salmon cage en vi -
ron ment.(14) This in te -
grated ap proach of fers the
ad van tages to the em bry -
onic sea-ur chin cul ti va tion 
in dus try of shared sites, re -
duced need for cap i tal in -
vest ment in in fra struc ture,
and a low-cost (no feed)
rear ing en vi ron ment. For
the salmon farm ers, it of -
fers the op por tu nity to re -
cy cle part of the feed that
would oth er wise be lost to
the en vi ron ment and po -
ten tially pro vides a sec ond
in come stream. The
salmon farm ing com pany
Loch Duart  Ltd .
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(www.lochduart.com) is now un der tak ing fea si bil ity tri als with a view to scal ing
up their sea-ur chin cul ti va tion ef forts from a re search to a com mer cial scale.

A sim i lar con cept was the mo ti va tion for ex plor ing the pos si bil i ties of co-cul ti -
va tion of sea ur chins and mus sels. Many sea-ur chin spe cies will readily prey on
mus sels and in an ex per i ment on the west coast of Scot land, small un der-sized or
crushed mus sels and other grad ing ta ble waste were fed to ju ve nile P. lividus. The
ju ve nile ur chins were main tained in pearl nets sus pended from the same long-
lines as the mus sel cul tures. The sea ur chins fed mus sels had a high sur vival rate,
but rel a tively slow growth rates (ap prox i mately 1.25 mm month -1) com pared to
those in the same sus pended cul tures fed a mix ture of macroalgae (ap prox i mately
2.0 mm month-1).(14) This sug gests that P. lividus is per haps more her biv o rous by
na ture than some other ur chin spe cies or has a more ‘sed en tary’ char ac ter and is
slow to tar get and feed on live prey items. Sim i lar dif fer ences have been ob served
in other spe cies; for ex am ple Strongylocentrotus pallidus has stron ger pred a tory
ten den cies for mus sels than S. droebachiensis.(15) The ex per i ment is be ing re -
peated us ing P. miliaris, which is re cog nised for its om niv o rous na ture.(16) Both
in te grated aquaculture ex per i ments (P. lividus with salmon and with mus sels)
were con ducted as part of the SPIINES 2 pro ject ‘Sea Ur chin Pro duc tion in In te -
grated Sys tems, their Nu tri tion and Roe En hance ment’ funded by the Eu ro pean
Com mis sion CRAFT scheme, con tract num ber COOP-CT-2004- 512627.

Dunmanus pri mar ily raises ju ve nile ur chins to mar ket size by ranch ing. Once
the ju ve niles reach a test di am e ter of 25 mm, they are seeded to intertidal pools
and subtidal ar eas. The pro por tion not on-grown by Dunmanus are sold to lo cal
grow ers who ei ther re lease them to rock pools or on-grow the ur chins in sus -
pended cul ture hung from de-com mis sioned trawl ing ves sels. The intertidal
pools are flushed ev ery tide and the diet is sup ple mented with ad di tional
macroalgae, mainly L. digitata. The ju ve niles in well-tended pools reach mar ket
size (50 to 55 mm) in 2 years, at which time they are gen er ally sold back to
Dunmanus for ship ment to mar ket. Ur chins in pools that are less well tended can
take 3 to 4 years to reach mar ket size. There is re cent in ter est from mus sel farm ers
in ob tain ing ju ve nile ur chins for on-grow ing as the in dus try seeks to di ver sify to
avoid some of the re stric tions on har vest ing pe ri ods re sult ing from harm ful al gal
blooms. 

Feeds

Re search ers at the Aquaculture De vel op ment Cen tre have re cently de vel oped
novel bind ers for sea-ur chin and other macroalgivore feeds.(13) The binder, which
is based on nat u ral prod ucts, gives moist prep a ra tions in creased shelf-life and sta -
bil ity in sea wa ter. Fur ther ex per i ments are planned to test the pal at abil ity of the
di ets made with these bind ers and also to ex per i ment with a range of in gre di ents
to en hance the nu tri tional pro file of the feeds. 

Go nad En hance ment

Sea- and land-based rear ing sys tems

The sea- and land-based in te grated aquaculture and ranch ing sys tems de scribed
above are all used for go nad con di tion ing of adult sea ur chins as well as the
grow-out phase. Re search ers at SAMS and UCC are ex per i ment ing with for mu -
lated feeds and al though Dunmanus ex clu sively uses nat u ral di ets of macroalgae
at all stages of the life cy cle at pres ent, they are ac tively in volved in  diet re search,
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as pro vid ing the re quired daily amount 
(25 to 35 kg) of fresh sea weed is time
con sum ing and be com ing in creas -
ingly im prac ti cal.

Feeds

Paracentrotus lividus ex clu sively
fed a macroalgal (L. digitata) diet gen -
er ally pro duce a go nad of a de sir able
col our, which for this spe cies is a deep
or ange-red. Feed ing only kelp, how -
ever, can pro duce a go nad of lim ited
bio mass, so a diet that en hances go nad
bio mass with out det ri ment to col our or 
fla vour would be an ad van tage in con -
di tion ing ranched or kelp-fed ur chins.
It would also be use ful as a fin ish ing
diet for sea ur chins grown in in te -
grated sys tems. As part of the SPIINES

2 pro ject, re search ers from SAMS;  the Uni ver sity of Liv er pool; Bodø Re gional
Uni ver sity, Nor way; and the In sti tute of Lim no logi cal and Ocean og raphi cal Re -
search, Is rael, have been ex per i ment ing with dif fer ent diet for mu la tions for P.
lividus and S. droebachiensis. Ini tial ex per i ments have fo cussed on how nat u ral
pig ments (β-car o tene in the form of spray-dried D. sa lina ALGRO™) added to the
diet, de vel oped by a Ca na dian re search team,(17) af fect go nad col our. While feed -
ing di ets with high lev els of ALGRO™ did in crease the amount of carotenoid in
the go nad, the im prove ment in go nad col our was not uni ver sal and fur ther re -
search tri als are planned which will also test some di ets re cently for mu lated in the
USA.(18) A re cent study of the sea sonal pig ment pro file of wild male and fe male P.
lividus go nad (con ducted as part of the SPIINES 2 pro ject) has shown that, al -
though both all-trans and  9′-cis forms of β-echinenone are found in the go nad,
the lev els of the  9′-cis form typ i cally are 10-fold greater, mak ing it the pre dom i -
nant carotenoid in the go nad of this spe cies. The de tec tion of large lev els of
9′-cis-echinenone in wild P. lividus was un ex pected due to the ab sence of 9′-cis
forms of carotenoid in the nat u ral diet. Amounts of lutein and isozeaxanthin are
con sis tently higher in fe male than in male go nads.(19) 

Wild Stock En hance ment

There have been sev eral at tempts at en hance ment of wild sea-ur chin stocks in
Ire land. In 2004, Bord Iascaigh Mara—the Irish Sea Fish er ies Board—ex per i -
mented with the re lease of 100,000 ju ve niles at four sites. The ex per i ment is
on-go ing, but the ur chins have suc cess fully col o nized at least one of the four sites, 
but it is too soon to es ti mate if there will be any fur ther re cruit ment to these pop u -
la tions as a re sult. Gen eral ob ser va tions on the wild pop u la tions sug gest that nat u -
ral re cruit ment is very low, with the ra tio of adult to re cent re cruits (< 1-year-old)
on av er age be ing in the or der of 10:1.
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Re cent Ad vances in Sea-Ur chin

Aquaculture and En hance ment in China

Hui Liu, Jian Xin Zhu, and Maeve S. Kelly

Sea ur chins have been cul tured in China since the 1980s and sev eral
spe cies are in volved. In ten sive ex per i ments and re search have re sulted 
in the de vel op ment of rel a tively com plete meth ods for the hatch ery,
ju ve nile, nurs ery, and grow-out phases of cul ture. The scale of sea-
ur chin cul ti va tion is likely to ex pand in or der to meet mar ket de mand. 

Introduction

The ear li est pub li ca tion on Chi nese sea-ur chin tax on omy and bi ol ogy was in the 
1950s.(1) There are about 100 sea-ur chin spe cies (Echinodermata, Echinoidea) in
the China seas,(2) of which about 14 are com mer cially im por tant (Ta ble 1).
Strongylocentrotus nudus and Anthocidaris crassispina are pres ently be ing cul -
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tured, as is Strongylocentrotus intermedius (which is the most highly-val ued sea-
ur chin in Ja pan and has been in tro duced to China).    

Roe prod ucts are mostly ex ported to Ja pan; only a small per cent age is con sumed 
do mes ti cally. Since sea ur chins form a mi nor por tion of the cul ti vated spe cies in
China, there were few pro duc tion sta tis tics be fore 2003. This is re flected in the
dis crep ancy be tween the FAO re port that to tal sea-ur chin pro duc tion in China in
1995 was 150 tonnes and the Jap a nese re cord that 209 tonnes of Chi nese ur chin
prod ucts were im ported into Ja pan that same year.(4) How ever, aquaculture pro -
duc tion of sea ur chins has been re corded in the Chi nese Fish er ies Year Book since 
2003, and the to tal out put var ied be tween 6500 and 9500 tonnes from 2004 to
2007. 

Hatch ery

Broodstock 

Strongylocentrotus intermedius nat u rally spawns in Oc to ber and the seed grow
slowly. They have low sur vival dur ing the win ter be cause of un fa vour able tem -
per a tures and a short age of food. To ob tain seed in the spring, broodstock are con -
di tioned in land-based sys tems ei ther for 3 to 4 months (which re sults in spawn ing 
in April and May)(5) or for 6 months (which re sults in spawn ing in March).(6) 

a. Rear ing sys tems and feed

Broodstock are con di tioned in land-based tanks with flow-through sea wa ter,
and are held ei ther in lan tern nets or in the open tanks. They are fed Laminaria ja -
pon ica, Undaria pinnatifida, boiled mus sel (Mytilus edulis) and ar ti fi cial feed.(7)

Sea ur chins pro vided with a mixed diet of Laminaria and ar ti fi cial feed in creased
in weight by 306 mg day-1 and achieved a fi nal go nad in dex (GI = go nad
weight/body weight × 100%) of 22.9%.(5) 

b. Phys i cal re quire ments

The the o ret i cal ba sis for ad vanc ing time of spawn ing is that com plete go nad de vel -
op ment re quires the achieve ment of the Ef fec tive Ac cu mu lated Tem per a ture (EAT): 

EAT = Σ (daily av er age tem per a ture - bi o log i cal zero tem per a ture) × num ber of days

EAT for S. intermedius var ies from > 800 to 1850 de gree-days.(5,7) Broodstock are  
main tained at 18–20°C for about 120 days be fore be ing in duced to spawn. At this
point, their GI has in creased from 5% to 21.0–24.6%, in di cat ing the go nads are ma -
ture.(8) 

Broodstock are main tained in sand-fil tered sea wa ter at a sa lin ity of 29–32‰,
with a wa ter ex change rate of 100–200% day-1 at rear ing den si ties of 10–20 in di -
vid u als m-2 and 800% day-1 at a den sity of 200 in di vid u als per square me ter.(5,7)

Lar vae

KCl in jec tion, fol lowed by ar ti fi cial fer til iza tion, is the rou tine method for
spawn ing broodstock in Chi nese hatch er ies.(9) Broodstock can also be in duced to
spawn by ex pos ing them to the air for 2 hours, fol lowed by stim u la tion with  rapid
wa ter flow for 0.5 to 3 hours, or by in jec tion of 0.5 M KCl into the coelom.(7) 

a. Rear ing sys tems

The ear li est ex per i ments on lar val cul ture of S. nudus were done in the 1980s
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and the first re port on har vest ing and go nad-pro cess ing tech niques was pub lished
in 1982.(8,10-13) 

Sys tem atic hatch ery work on S. intermedius was done in the 1990s by Wang and 
Chang.(7) Fer til ized eggs are hatched at a den sity of ei ther 10–20 or 20–30 eggs
mL-1 at 17–18°C.(7,16) Swim ming lar vae are si phoned from the tank and placed in
static lar val tanks. The op ti mum lar val den sity is 0.75–1.0 in di vid u als mL-1 dur -
ing the early stages and 0.3–0.8 in di vid u als mL-1 in the 8-arm stage. Wa ter is ex -
changed  twice ev ery day at a daily rate of 60–140%. Fil ter drums or mesh cages
are used for wa ter ex change, with a gen tle out-flow speed of < 4.0 m3 h-1. Lar vae
are trans ferred into new tanks ev ery 5 to 10 days.(7,14,16) 

Pres ently, there are no spe cially de signed sea-ur chin hatch er ies in China. Lar -
vae are usu ally cul ti vated in or di nary scal lop or ab a lone hatch er ies.(17) Con tain ers 
used for hatch ing fer til ized eggs are usu ally small (about 15 L), while those used
for lar val cul ture range in size from sev eral li ters to tens of cu bic me ters. Larger
tanks are of ten used for com mer cial pro duc tion. 

b. Phys i cal re quire ments

Wa ter is not usu ally aer ated dur ing egg hatch ing, al though at higher den si ties,
gen tle aer a tion im proves sur vival.(16) Lar val cul tures are not usu ally aer ated ei -
ther, but the wa ter is stirred thor oughly ev ery 0.5–1.0 hours.(7)

Du ra tion of egg hatch ing in S. intermedius var ies from 11.5 hours at tem per a -
tures of 15.8–18.5°C(7) to 12–16 hours at 18–20°C.(5) In S. nudus, the swim ming
blastula ap pears 12 hours af ter fer til iza tion at 20–24°C.(14) 

There is not much dif fer ence be tween the length of the lar val de vel op ment pe -
riod in  S. intermedius reared at 15–18°C(16) and 18–20°C.(5) Lar vae held at these
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tem per a tures meta mor phose 18 –21days af ter fer til iza tion. S. nudus lar vae held at
20–24°C meta mor phose 20 days af ter fer til iza tion.(14) Ex treme tem per a tures can
be le thal to eggs and lar vae. Fer til ized eggs of S. nudus stop de vel op ing at tem per a -
tures < 5°C or  > 26°C, and nor mal lar val growth is achieved only at 15–24°C.(18)

Sed i men ta tion and sand-fil tra tion are rou tinely used to pu rify wa ter in hatch er -
ies. The use of mi cro-fil tered (5 µm) sea wa ter and uni form tem per a tures in -
creased lar val sur vival from 32–65% to 87%.(5) Con trol of wa ter qual ity pa ram e -
ters such as pH (7.9 to 8.36), DO (> 5 mg L-1) and COD (< 1 mg L-1) is im por tant
for suc cess ful hatch ery work.(14) 

Eggs of S. nudus sur vive sa lini ties from 24 to 35‰, but the op ti mum sa lin ity for
both fer til ized eggs and lar vae is re ported to be 27–35‰(19) or 28–32‰.(14) 

Light in ten si ties used for cul ture of larval S. intermedius have ranged from
< 300 lux(7) to be tween 500 and 1000 lux.(5)

c. Feed

The best lar val diet may vary among spe cies. Feed ing starts 24 hours af ter
hatch ing, when prism lar vae form. Microalgae are dis pensed into the lar val tanks
2 to 4 times per day, and the feed ing ra tion is in creased from 5000 to 20 000 cells
mL-1 for early stage lar vae and 50 000 to 70 000 cells mL-1 for late stage lar vae.(16)

The high est sur vival in S. intermedius lar vae has been achieved with Chaetoceros 
gracilis.(7) High sur vival and rapid growth were also ob tained when lar vae were
fed Chaetoceros muelleri in com bi na tion with other microalgae.(20) 

A study was con ducted in which five microalgae (C. muelleri, Dunaliella sp.,
Dicrateria zhanjiangensis, Isochrysis galbana, and Platymonas sp.) and two for -
mu lated feeds were com pared for their sup port of lar val growth and sur vival in S.
nudus. The best re sults oc curred in lar vae fed Chaetoceros; those fed  Dunaliella,
Dicrateria, or Isochrysis had slower growth and less uni for mity in de vel op ment.
How ever, lar vae fed a mixed diet of Chaetoceros and Dicrateria also had ex cel -
lent de vel op ment.(14,15) Most lar vae fed on other di ets died be fore meta mor pho -
sis.(13) 

Hemicentrotus pulcherrimus lar vae, in con trast, de vel oped well on Isochrysis
and Nitszchia sp.,(21) but C. gracilis was also the best diet for this spe cies.
Phaeodactylum tricornutum sup ported nor mal growth, though not as good as
Chaetoceros. Platymonas was used for later-stage lar vae.(22). 

In A. crassispina, the most rapid de vel op ment oc curred in lar vae fed C.
muelleri—with de vel op ment be ing com pleted in only 11 days.(23)

Early ju ve niles

a. Rear ing sys tems

Juveniles are cul ti vated in two stages be cause their di etary and en vi ron men -
tal re quire ments change with de vel op ment.(16,24) Early-stage ju ve niles are kept 
in shal low rect an gu lar ab a lone tanks (rang ing in size from 3 to 10 m long × 1.3
m wide × 0.5 to 0.7 m deep). PVC wave plates (40 cm × 33 cm) fixed into
frames (20 plates per frame) are used as sub strates. Late stage ju ve niles are kept 
in mesh cages in land-based flow-through sys tems, with 1 or 2 black PVC

wave plates (50–80 cm × 30–70 cm) placed on the bot tom of each cage. Sev -
eral holes (2 to 4 cm in di am e ter) are driven through the plates for ur chins to
move through. Cages are sized to fit the tanks, rang ing from 0.6 to 1.5 m long × 
0.5 to 1.5 m wide × 0.3 to 0.4 m deep. The mesh sizes of the cages range from
1.0 to 10 mm, de pend ing on the test di am e ter (TD) of the ur chins. 
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For early-stage ju ve niles, PVC wave plates are in oc u lated with ben thic
microalgae 10 days(5) or 20–40 days(7,14) be fore set tle ment. Ru di ment lar vae are
trans ferred into set tle ment tanks at a den sity of 0.2–0.4 in di vid u als cm-2 of wave
plate sur face area. Plates are placed hor i zon tally, and are turned over af ter 1 or
2 days when an op ti mum num ber of lar vae have set tled on the up per sur face of the 
plates. At 10 days post-set tle ment, meta mor pho sis rates range from a mean of
13.2%(7) to 33% (range: 18.4 to 75%).(6) Wa ter flow is started ei ther 2, 3, or 5 days
af ter set tle ment be gins.(5-7) The daily wa ter ex change rate is 100% for the first
2–7 days (be fore meta mor pho sis is com pleted) and 100–500% af ter 8 days. The
wave plates are turned over ev ery 10 days to en hance growth of ben thic microal-
gae. Fre quent clean ing of the tanks is nec es sary to de stroy harm ful or gan isms
such as copepods. Set tle ment plates may be soaked in a 3–5 ppm Metrifonate so -
lu tion for 6–8 hours to de stroy the copepods.(6) Early stage ju ve niles reach a size
of 2 to 3 mm TD in 30–50 days, and are then trans ferred to mesh cages.(7) Al ter na -
tively, they are main tained on wave plates for 50–60 days(5) or 71 days,(6) and are
trans ferred into cages when they reach a size  >7 mm TD. For easy re moval of the
ju ve niles, plates are soaked in 0.4% KCl so lu tion for 2–3 min.(6) 

Ju ve niles (2–5 mm TD) are held at a den sity of 10 000–20 000 or 2000–6000 (> 5 
mm TD) in each cage (0.5 m × 0.6 m × 0.3 m) with a daily wa ter ex change rate of
100-300%. The av er age daily growth rate was 30.5–65.8 µm (13.8–18.0°C) to
57.6–165.2 µm for late stage ju ve niles, and the sur vival rate was 33.3–90.0%.(7) Af -
ter 1–2 months(5,7) to 152 d,(6) seed of 5–13 mm TD are trans ferred onto the sea bed
for growout. Growth rate of late stage ju ve niles is strongly in flu enced by rear ing
den sity, feed avail abil ity and wa ter tem per a ture.

b. Phys i cal re quire ments

Con tin u ous aer a tion is re quired dur ing the ju ve nile nurs ery stage.(24) Op ti mum
tem per a tures for ju ve nile S. nudus are re ported to be 16–22°C(18) and 13.8–
18.5°C or 12.0–18.0°C for early- or late-stage S. intermedius ju ve niles.(7) S.

intermedius ju ve niles can not sur vive tem per a tures higher than 22°C.(5) 
Both spe cies of Strongylocentrotus spawn in the au tumn, and im prov ing the 

sur vival of the ju ve niles dur ing the win ter is im por tant for cul ture suc cess. To re -
duce the stress of low win ter wa ter tem per a ture, sea ur chins are held at 10–16°C
in land-based tanks. Al ter na tively, ur chins can be main tained in cages sus pended
at a depth > 4 m in the sea, where wa ter tem per a ture is uni form through out the
win ter.(25) 

Light in ten sity is con trolled in land-based sys tems to en hance the mul ti pli ca tion 
of di a toms and sup press the growth of other ben thic microalgae on the wave
plates.(14) Dur ing the early-stage ju ve nile nurs ery phase, light in ten sity of 500 to
3000 lux is rec om mended.(5,6) 

c. Feeds

Wave plates are fixed into frames be fore be ing soaked in 500 ppm NaOH so lu -
tion for 2 days. The frames are then placed in ab a lone tanks (10 m × 1 m × 0.6 m)
filled with sea wa ter. Sea weeds col lected from the intertidal sea bed are rubbed
and washed in a bucket to col lect the ben thic microalgae. This ‘microalgae broth’
is fil tered through a 150-µm mesh be fore be ing dis pensed into the tanks. The ma -
jor spe cies used for the in oc u la tion are Navicula sp., Cocconeis sp., and Nitzschia
sp.  Fre quent wa ter ex change and fer til iza tion is started 2 days af ter in oc u la tion,
and the light in ten sity is 2000 lux. Be fore lar val set tle ment, the wave plates are
cleaned of foul ing or gan isms by be ing soaked in 2 to 3 ppm Metrifonate so lu tion
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for 10 hours, and thor oughly flushed with sea wa ter.(14) 
Af ter set tle ment, nu tri ents are added to the ju ve nile tanks at a daily ra tion of

N:P:Si:Fe = 2:0.1:0.1:0.01 ppm to en hance ben thic di a tom growth. The light in -
ten sity is kept < 3000 lux.(7)  When the ju ve niles reach 3 mm TD one month af ter
set tle ment, shred ded ten der sea weeds such as Enteromenia sinuosa and for mu -
lated feeds are added to sup ple ment the di a toms.(14) 

Dur ing cage-cul ture, ju ve niles are fed on Ulva sp., Colpomenia sinuosa, Hizikia 
fusiforme, and for mu lated feeds.(7,24) Ur chins greater than 10 mm TD tend to se -
lect Ulva, Laminaria, and Undaria(20,25,26) among other di ets. They also eat for -
mu lated feed, mus sels, sea squirts, etc., when sea weeds are un avail able. Ur chins
are fed once ev ery 2 to 15 days. The feed ing ra tion is ad justed ac cord ing to the
size of the con tain ers to avoid ob struct ing wa ter flow.

Ju ve nile Grow-out

Land-based rear ing sys tems

Land-based ur chin cul ture al lows for better man age ment and con trol of en vi -
ron men tal con di tions, and pro vides flex i bil ity in har vest ing time. Es cape of an i -
mals is also min i mized. It takes 12 to 18 months for ju ve nile S. intermedius (1–3
cm TD) to reach mar ket size (> 4.5 cm TD), and pro duc tiv ity is > 15 kg m-2.
Tanks (2.4 m × 0.6 m × 0.3 m) with flow-through sea wa ter are used for ju ve nile
grow-out, and daily wa ter ex change is 1000%. Rear ing den sity is 1000 to 2000
ur chins m-2 for 1.0 cm TD ur chins, 500 to 1000 m-2 for those at 2.0 cm TD, and
150 to 500 m-2 when the TD is > 3.0 cm.(27) 

The first ex per i ment on land-based echinoculture in China was car ried out by
Prof ZC Wang and YQ Chang at the Dalian Bay Sea food Com pany (Dalian) in
1996. Ju ve nile S. intermedius (1.0 cm TD) were held at a den sity of 3500 m-2, and
the den sity was re duced to 1400 m-2 at 3.0 cm TD and to 200 m-2 at 5.0 cm TD.
Rel a tively higher wa ter ex change rates were re quired be cause of the high den si -
ties. Ju ve nile ur chins (1.16 cm TD, 0.47 g wet weight) reached 5.98 cm TD and
61.5 g with an av er age roe in dex of 18% in 12 months. 

The Dalian Pa cific Sea food Com pany (Dalian) uses rect an gu lar plas tic boxes in
flow-through sys tems for ur chin grow-out. Fae cal wastes are sieved out of the
boxes through the holes in the bot tom, which spares fre quent clean ing. This farm
now de ploys ur chins over a 5000 m2 cul ti va tion area, with an av er age pro duc tiv -
ity of 15 kg m-2 of mar ket size ur chins. 

Sea-based rear ing sys tems 

a. Longline cul ture

 Longline cul ture of ur chins in China uses an ap proach adapted from ab a lone or
scal lop rear ing. Con tain ers hung from longlines have a large bot tom area and
open ings on each side. The most pop u lar con tainer is a multi-layer cage with a
zip per fixed along one side.(27) 

b. Ben thic cage rear ing 

Ur chins are held in cages with a bot tom area of 2–3 m.2 Wave plates fixed to the
bot tom pro vide an at tach ment sur face for the ur chins. Rear ing den sity is 1000 m-2

for ur chins at sizes of 1.0–2.0 cm TD and 300–500 m-2 for later stages. Fre quent
clean ing and re moval of harm ful an i mals in the cages are re quired.(27)  
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c. Bot tom seed ing 

An ex per i ment in Dalian showed that 1.0 cm TD ju ve niles can reach a size of 4.5 
cm TD and 32–38 g within one year, or 6.0–7.0 cm TD and 80 g in 22 months. The
sur vival rate was 40% af ter 2–3 years of growout. In te grated cul ture of sea ur chin
and Laminaria or Undaria uti lizes the com ple men tary me tab o lism of both spe -
cies and min i mizes the en vi ron men tal in flu ence of echinoculture.(27) Pre cau tions
must be taken to avoid pred a tors.

Phys i cal re quire ments

Op ti mum tem per a tures for S. nudus ju ve niles are 10–24°C.(18) Af ter 10 years of
ac cli ma ti za tion in the Dalian area, S. intermedius is adapt ing to higher wa ter tem -
per a tures. Young ur chins (1.0–3.6 cm TD) grow well at 10–25°C, and the best
growth is at 19°C. Adults (TD > 3 cm) grow well at 10–22°C, with the best
growth at 16°C. The op ti mum tem per a ture de creases as ur chins in crease in size
from 1.0–5.3 cm TD. Ur chin cages should be low ered to a deeper layer when wa -
ter tem per a ture is too high; oth er wise feed ing should be sus pended.(29) 

Rel a tively high and steady sa lin ity is needed for good growth and sur vival of
sea ur chins(27) and fresh wa ter in puts should be avoided. Op ti mum sa lin ity for
adult S. nudus is 28–35‰.(19) 

Rock or gravel sub strates pro vide hid ing places for the ur chins. Some times ar ti -
fi cial reefs are con structed in or der to pro tect and ac cu mu late the an i mals.(27) 

Feeds

The rank ing of feeds suit able for S. intermedius is Laminaria, Undaria, Sargas-
sum horneri, Chondrus sp., and Ulva,(29) with Laminaria be ing the best diet.(31)

Growth of A. crassispina is sup ported better by Ulva and Laminaria than by
Gracilaria and Sargassum fusiforme.(30)  

Re search on for mu lated feeds has shown that adult S. intermedius has sig nif i -
cantly higher di gest ibil ity for soy bean meal than fish meal, which sug gests that
soy bean meal could be used to re place fish meal.(32)  

Sea weeds such as Laminaria, Undaria, or Ulva have been fed to ur chins in
land-based sys tems at a daily ra tion of 5% body weight.(27) As for bot tom seed ing, 
the pre ferred nat u ral sea weeds on the sea bed should be in suf fi cient sup ply for the
ur chins to graze upon. Oth er wise, ar ti fi cial sea weed plant ing and reef build ing is
needed to en hance sea weed growth. 
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Re cent Ad vances in Sea-Ur chin

Aquaculture and En hance ment

in Can ada

Chris to pher M. Pearce and Shawn M.C. Rob in son

There are three spe cies of shal low-wa ter echinoids in Can ada that
could po ten tially be cul tured: Strongylocentrotus droebachiensis
(green sea ur chin), S. franciscanus (red sea ur chin), and S. purpuratus
(pur ple sea ur chin). Ca na dian re search has pri mar ily fo cussed on the
for mer two. This pa per re views the re search that has been con ducted
in Can ada on cul tur ing green sea ur chins, with an em pha sis on re cent
work. The re view high lights some of the find ings on hatch ery de vel -
op ments, phys i cal and di etary re quire ments of the var i ous life-his tory
stages, and go nad en hance ment ef forts to date.

In tro duc tion

In Can ada there are three spe cies of sea ur chins that hold po ten tial for
aquaculture: Strongylocentrous droebachiensis (green sea ur chin), S. fran cis-
canus (red sea ur chin), and S. purpuratus (pur ple sea ur chin). Lim ited re search
into cul tur ing sea ur chins be gan in Can ada in the early 1980s in New found land
and Que bec, but it was not un til the late 1990s that se ri ous in ter est in the po ten tial
for com mer cial-scale cul ti va tion de vel oped. This was, in part, fu elled by the de -
cline in wild fish er ies in many ur chin-fish ing na tions(1-4) and the con tin ued high
mar ket de mand and prices for ur chin roe. In ter est has pri mar ily fo cussed on the
cul ti va tion of the green sea ur chin for a num ber of rea sons: (1) it is en demic to six
of the ten prov inces in Can ada [Brit ish Co lum bia (BC), New Bruns wick (NB),
New found land and Lab ra dor (NL), Nova Sco tia (NS), Prince Ed ward Is land (PE),
and Que bec (QC)] and there is al ready a de vel oped fish ery for it in four prov inces
(BC, NB, NL, and NS);  (2) it can grow to mar ket size in less than two years, given
the right con di tions; (3) it is fairly tol er ant of high-den sity cul ture en vi ron ments;
(4) it can be grown suc cess fully us ing pre pared di ets; (5) it pro duces high-qual ity
roe; and (6) it al ready has an es tab lished mar ket in Ja pan. Within Can ada, red and
pur ple sea ur chins are en demic only to BC, with the lat ter be ing found only in rel a -
tively ex posed ar eas of the west coast of Van cou ver Is land and not form ing the ba -
sis for a com mer cial fish ery. While there has been con sid er able re search and some 
in dus trial in ter est in sea-ur chin aquaculture in Can ada in the last two de cades,
there is as yet no com mer cial-scale ur chin aquaculture ven ture. The pres ent re -
view is fo cussed on re search and work that has been done with S. droebachiensis. 

Hatch ery

Broodstock: rear ing sys tems and phys i cal re quire ments

There are no par tic u lar re quire ments iden ti fied to date for the type, shape, or size 
of tanks for hold ing small num bers of broodstock (see Go nad En hance ment sec -
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tion, though, for a dis cus sion on sys tems and re quire ments for larger num bers of
an i mals in a com mer cial-en hance ment set ting). The an i mals should be sup plied
with clean sea wa ter at rel a tively high flow rates and with a high dis solved ox y gen
con cen tra tion. The tanks should be cleaned of un eaten feed and fae cal ma te rial ev -
ery two or three days, de pend ing on ac cu mu la tion rates. The length of the con di -
tion ing pe riod will de pend on a num ber of fac tors, in clud ing the go nad state at the
be gin ning of the con di tion ing pe riod, the time of year, the phys i cal hold ing con di -
tions (e.g. tem per a ture, sa lin ity, dis solved ox y gen), and the type of feed used.
Typ i cally, broodstock can be con di tioned for spawn ing within 8–10 weeks.(5,6)

Broodstock: feeds

While a pleth ora of stud ies has ex am ined the ef fect of feed on go nad yield and
qual ity (see Go nad En hance ment sec tion), far less re search has ex am ined the spe -
cific ef fect of feed on broodstock con di tion ing, or sub se quent fer til iza tion and
lar val de vel op ment, in any of the three strongylocentrotid spe cies of com mer cial
po ten tial in Can ada. One of the few stud ies to ex am ine this topic with green sea
ur chins showed that pa ren tal con di tion gen er ally had a small ef fect on lar val de -
vel op ment, but that lar vae pro duced from adults in rich feed ing ar eas may meta -
mor phose sooner than those from adults in poorer ones.(7) Broodstock can eas ily
be con di tioned with ei ther pre pared di ets or cer tain macroalgae. Strongylocen-
trotus droebachiensis will feed on a va ri ety of macroalgal spe cies, but large
brown al gae such as kelps and rockweeds are gen er ally pre ferred.(8–14) Cer tain
spe cies of foliose green or red al gae, how ever, may also be fa voured.(9,11,14-17)

Lar vae: rear ing sys tems and phys i cal re quire ments

Lar vae can be reared in con tain ers of any size or shape, rang ing in size from
small 4-L glass jars(18-20) to large com mer cial-scale tanks of 40,000 L [Is land
Scal lops Ltd. (ISL), Qualicum Beach, BC]. They can be reared un der static con di -
tions with pe ri odic wa ter re place ment or un der flow-through con di tions. If the
for mer, then there should be some means of gen tle ag i ta tion (e.g. stir pad dles)
and/or aer a tion. For the lat ter, low flow rates should be used and there should be a
fil ter (e.g. banjo fil ter) over the drain to pre vent lar vae es cap ing the sys tem. The
cul ture wa ter should be fil tered to 1 µm or less to re move particulates, and bac te -
ria/vi ruses may be ster il ized with ul tra-vi o let ra di a tion. Lar val den si ties should
be ad justed dur ing de vel op ment; early-stage lar vae can be reared at 1000–1500
in di vid u als L-1, but this den sity should be de creased to 100–800 L-1 as the lar vae
ap proach meta mor pho sis.(21-22) De pend ing on food and phys i cal cul ture con di -
tions, the lar val pe riod can last from 4 to 21 weeks.(18-20,23)

Lar vae: feeds

Lar vae of S. droebachiensis are plank tonic and feed on phytoplankton in the
wa ter col umn. Food should be added to the lar val cul tures when the echinopluteus 
stage is reached, gen er ally about day 3 or 4 at 12°C.(21) Lar vae can be reared with a 
num ber of dif fer ent cul tured microalgal spe cies (e.g. Chaetoceros gracilis,
Dunaliella tertiolecta, Isochrysis galbana) or con cen trated nat u ral phytoplank-
ton.(24) While growth and sur vival of lar val S. droebachiensis are un doubt edly de -
pend ent on the phytoplankton spe cies (or com bi na tion of spe cies) and ra tion used
for lar val cul tur ing, lit tle re search has been done on the topic. Hart and Scheibling
ex am ined survivorship and growth of lar val S. droebachiensis fed two spe cies of
phytoplankton, C. gracilis and D. tertiolecta. They found no sig nif i cant dif fer -
ence in growth rate or ru di ment de vel op ment in lar vae fed the two dif fer ent
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microalgal spe cies, but did find that sur vival was sig nif i cantly greater with C.
gracilis.(18) Meidel and Scheibling fed D. tertiolecta to lar val green sea ur chins
and found that food ra tion had a strong ef fect on the rates of de vel op ment, growth, 
and meta mor pho sis, all of which were sig nif i cantly greater in lar vae fed the
higher ra tion.(7) Fur ther re search is war ranted to de ter mine which al gal spe cies, or
com bi na tion of spe cies, are best for cul tur ing lar val S. droebachiensis. This work
should ex tend fur ther to ex am ine lar val nu tri tional re quire ments, some thing
which has yet to be done with any echinoid spe cies. This par tic u lar av e nue of re -
search should be made more trac ta ble with the re cent dis cov ery that lar val
echinoids can sub sist on pre pared feeds.(25)

Early ju ve niles: rear ing sys tems and phys i cal re quire ments

Nurs ery sys tems for S. droebachiensis are based on Jap a nese tech niques [see
Hagen(22) for re view]. Set tle ment sur faces cov ered with mi cro bial films are in tro -
duced into tanks or race ways of com pe tent lar vae. These films in duce meta mor -
pho sis and form the ba sis of the early-ju ve nile diet. Re cent re search with S.
droebachiensis has ex am ined the ef fect of var i ous spe cies of ben thic microalgae
on meta mor phic rates and post-set tle ment growth and sur vival (CM Pearce, un -
pub lished data), but re search in this area is lim ited. When the young ju ve niles
reach about 30–50 days old, soft foliose macroalgae can be in tro duced to the
diet.(26) The ju ve niles re main on the set tle ment plates, feed ing on ben thic mi cro -
bial films and foliose macroalgae, un til they reach a test di am e ter of about 5–10
mm. At this point they are re moved from the plates and trans ferred to grow-out
sys tems. The nurs ery stage is typ i cally flow-through, the wa ter not hav ing to be
fil tered or ster il ized. 

Early ju ve niles: feeds

Re cently-meta mor phosed in di vid u als of strongylocentrotid ur chins sub sist on
lar val en ergy re serves for about the first 8–12 days fol low ing meta mor pho sis un -
til their mouth and gut be come de vel oped.(27) At this point, the young ur chins
switch over to feed ing on ben thic mi cro bial films. At ap prox i mately 30–50 days
old, ju ve niles can start con sum ing var i ous spe cies of soft, fleshy macroalgae.(26) 

Ju ve nile Grow-out

Land-based rear ing sys tems

Much of the work on land-based rear ing sys tems in Can ada has been done with
adult sea ur chins for go nad en hance ment pur poses. Many of the is sues in volved
with de vel op ing suit able land-based sys tems for go nad en hance ment also ap ply
for ju ve nile cul ti va tion as well. See the Go nad En hance ment sec tion for fur ther
dis cus sion of this topic. 

Ross Is land Salmon Ltd. (RISL) (Grand Manan Is land, NB) did some small-scale 
tests in the late 1990s to ex am ine the fea si bil ity of rear ing ju ve nile green ur chins
in out door earthen race ways cov ered with pond lin ers. These were flow-through
sys tems that were rel a tively shal low (<10 cm deep) and not shaded. Dur ing the
sum mer months, ur chins were ex posed to bright sun light and de vel oped le sions
and, as a re sult, the sys tems were not de vel oped fur ther. ISL, how ever, found that
large, out door earthen ponds (500–750,000 L) with lin ers were quite ef fec tive for
rear ing ju ve nile S. droebachiensis. These sys tems, how ever, were sub stan tially
deeper than the race ways used by RISL. ISL also de vel oped a unique recirculation
sys tem for rear ing ju ve nile green ur chins that con sisted of a long race track [twin
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race ways (L x W x H: 6.4 x 0.9 x 0.9 m) that
were dou ble ended to form an oval] with
flow driven by an elec tri cally-pow ered
paddle wheel (Fig ure 1). To re move fae cal
ma te rial, the speed of the paddle wheel
was in creased to a rate where the wastes
were sus pended and then they were fil -
tered off by a de-wa ter ing sys tem.

Sea-based rear ing sys tems

Again, much of the work with sea-based
sys tems in Can ada has been done with
adult ur chins for go nad en hance ment, but
many of the same con cepts ap ply for ju ve -
nile rear ing (see Go nad En hance ment sec -
tion). RISL ex per i mented with plas -
tic-coated wire mesh cages (Fig ure 2) sus -
pended be low a float ing raft in a lob ster
pound (en closed ar eas in the intertidal zone that trap and hold
wa ter from the tidal flows, in which lob sters are tra di tion ally
held; Fig ure 3) to rear ju ve nile green ur chins. These sys tems
worked well al though mor tal ity events, which may have
been linked to ex treme tem per a tures, did oc cur pe ri od i cally. 

Phys i cal re quire ments

Ju ve nile ur chins re quire clean wa ter, high dis solved ox y -
gen, and prompt re moval of un eaten feed and fae ces. Lit tle
re search, how ever, has ex am ined the spe cific phys i cal re -
quire ments of ju ve nile green sea ur chins. Pearce and col -
leagues ex posed small green ur chins (ini tial test di am e ter:
2.4 mm) to five tem per a tures (mean ± SE: 4.7 ± 0.8,  9.0 ± 1.1,
12.9 ± 1.1, 16.0 ± 1.5, and 19.7 ± 1.3ºC ) and con cluded that
the best tem per a ture for growth and sur vival was in the
range of 9 to 13ºC.(28)

Feeds

Daggett and co-work ers reared ju ve nile
S. droebachiensis (ini tial test di am e ter:
4.5–13.7 mm) on a num ber of dif fer ent
macroalgal spe cies—in clud ing En ter-
omorpha linza, Laminaria saccharina,
Palmaria palmata, Porphyra purpurea,
and Ulvaria obscura—and found that
growth rate was great est on P. purpurea
and E. linza.(29) This study also re ported
that growth rate of young ur chins fed kelp
(L. saccharina) that had been col lected
next to salmonid cul ture cages was sig nif -
i cantly higher than that of ur chins fed kelp 
that was har vested away from the in flu -
ence of salmonid cul ture.(29) The au thors
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Fig ure 1

Race track tank, with paddle wheel, used

by Is land Scal lops Ltd. (Qualicum

Beach, Brit ish Co lum bia) to rear

ju ve nile green sea ur chins. 

Fig ure 2

Plas tic-coated wire mesh cages used

by Ross Is land Salmon Ltd. (Grand

Manan Is land, New Bruns wick) for

rear ing ju ve nile green sea ur chins at

sea.



hy poth e sized that pro tein lev els in the for mer may have been higher than that in
the lat ter (al though pro tein was not ac tu ally mea sured) and that these dif fer ences
in pro tein con tent may have led to the dif fer ing growth rates be tween the two kelp 
treat ments. Pearce and col leagues ex am ined growth and survivorship of ju ve nile
green sea ur chins (ini tial test di am e ter: 12 mm) fed three spe cies of kelp (L.
saccharina, Macrocystis integrifolia, and Nereocystis luetkeana) and a pre pared
feed de vel oped by Drs. John Castell and Shawn Rob in son at the St. An drews Bi -
o log i cal Sta tion, NB. They found that ur chins grew sig nif i cantly big ger and
heavier when given the pre pared diet than when fed any of the three kelp spe cies
(which did not dif fer sig nif i cantly from one an other).(30) 

A sig nif i cant amount of work has been car ried out on pre pared feed for mu la tion
of di ets for ju ve nile S. droebachiensis by Ken nedy and col leagues. They ex am -
ined the ef fect of pro tein source (soy bean meal and/or fish meal) and pro tein con -
cen tra tion (20, 30, 40, and 50% dry mass) on growth of two ju ve nile size co horts
(ini tial test di am e ter: 4–8 and 12–20 mm). They found that growth rate and
survivorship were not sig nif i cantly af fected by pro tein source or con cen tra tion,
sug gest ing that ju ve nile green sea ur chins do not re quire high lev els of di etary
pro tein for su pe rior growth and that plant pro tein can sub sti tute for fish pro tein in
the pre pared diet.(31) Fur ther work by Ken nedy and col leagues ex am ined the ef -
fect of lipid class (n-3 and/or n-6 fatty ac ids) and lipid con cen tra tion (1, 3, 7, and
10%) on the so matic growth of two size co horts (ini tial av er age test di am e ter: 7.0
and 15.3 mm) of ju ve nile green ur chins. Growth rate was not sig nif i cantly af -
fected by lipid class, but ur chins fed di ets with lower lipid lev els (3%) had larger
av er age test di am e ters than those fed di ets with higher lipid con cen tra tions
(7%).(32) In both these stud ies, growth on con trol di ets of nat u ral kelp was su pe rior 
to that on any of the pre pared di ets, lead ing Ken nedy and col leagues to pos tu late
that there may have been nu tri tional de fi cien cies in the pre pared feeds. Work by
González-Duràn et al. showed that the lipid con tent of the test and the so matic tis -
sue closely re flected the diet sea ur chins were fed. They showed that the sea ur -
chins were ca pa ble of han dling a num ber of dif fer ent lipid classes and that corn oil 
may have a role in the pro duc tion of com mer cial di ets for sea ur chins.(33)

Ken nedy and col leagues also 
tested po ten tial ef fects of min -
er als on sea-ur chin growth by
feed ing ju ve niles (ini tial test
di am e ter: 13–15 mm) pre pared 
di  ets  with a mod i  f ied
Bernhart-Tomerelli salt mix at
0, 1.5, 3, 6, and 15% dry mass
or a Shur-Gain/Ma ple Leaf
Foods min eral mix at 3 and 6%
dry mass. They also tested the
ef fects of added pig ment by in -
cor po rat ing 1.25% Algro™ to
the pre pared di ets (i.e. 250 mg
of beta-car o tene per kg of
diet). Sea ur chins fed di ets
with beta-car o tene added had
sig nif i cantly greater test
growth than those fed di ets
with out pig ment and min eral
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con cen tra tion in the pig mented di ets was di rectly re lated to ju ve nile size at the end
of the feed ing trial.(34) This work prompted Ken nedy and col leagues to pos tu late
that di ets used in their ear lier stud ies(31-32) may have been de fi cient in cer tain min -
er als and/or pig ments. 

Go nad En hance ment

Go nad en hance ment of sea ur chins is en vi sioned to oc cur with wild-har vested
an i mals that have been ob tained by li censed har vest ers from the ma rine fish er ies
lo cated in the coastal com mu ni ties of Can ada. This is seen to be dif fer ent from a
full-cy cle grow-out of sea ur chins pro duced from small ju ve niles (e.g. ob tained
from a hatch ery) due to the vari a tion in the ini tial go nad qual ity of the in di vid u als, 
spe cific fish ery reg u la tions in volved with their har vest, and the vari abil ity of sup -
ply due to the di rect sale from the fish er man to the buyer with out any ad di tional
hus bandry be ing ap plied. There fore, sea-ur chin go nad en hance ment re search is
di rectly linked with the scale of the lo cal har vest fish ery in a par tic u lar area.

Land-based rear ing sys tems

One of the ma jor hur dles in any com mer cial-scale echinoid cul ti va tion sys tem is
deal ing ef fec tively with the ac cu mu la tion of fae ces and un eaten food. Sea ur chins
can pro duce large amounts of fae cal ma te rial when fed ad li bi tum (up to 3% of
their body weight per day) un der cul ture con di tions. If these wastes are al lowed to
ac cu mu late they can start break ing down, re leas ing hy dro gen sul phide and am mo -
nia into the cul ture sys tem which can neg a tively af fect growth and sur vival of the
ur chins. At high ur chin den si ties, it be comes very dif fi cult to re move waste ma te -
rial from be tween tightly packed sea ur chins when their spines are in ter lock ing. 

An other is sue in cul ti vat ing sea ur chins is max i miz ing den si ties and ac cess to
feed. Deep tanks are not par tic u larly ef fec tive for rear ing ur chins since the an i -
mals can never en ter the wa ter col umn and much of the tank vol ume be comes
wasted space. In ad di tion, in di vid u als tend to con gre gate on the ver ti cal walls,
mak ing feed ing dif fi cult.(35) Typ i cally, it is easy to get food to the top few rows of
ur chins, but sub stan tially more dif fi cult to en sure that in di vid u als fur ther down
the walls get equal ac cess to the feed. Add ing ver ti cal sep a ra tors to deep tanks
may in crease sur face area and re duce the foot print re quired to house a given num -
ber of ur chins, but these ver ti cal sur faces only ex ag ger ate the prob lem of un even
food dis tri bu tion. 

Much re search has gone into de sign ing ap pro pri ate hold ing sys tems for ju ve nile
and adult ur chins. The most pop u lar de signs are those that make use of long, shal -
low race ways or troughs that can be stacked to max i mize bio mass per unit area and 
al low for main tain ing even food dis tri bu tion among in di vid u als.(35-40) Sys tems
with cen tral ized drain chan nels and sloped walls(35) or false mesh bot toms(36,40)

may be par tic u larly suit able as they al low for easy re moval of fae ces and un eaten
food. Land-based sys tems may uti lize flow-through(35,40) or recirculation(36,38-39)

tech nol ogy. RISL used stacked, flow-through race ways with false mesh bot toms
for go nad en hance ment of green sea ur chins in the late 1990s (Fig ure 4).

Sea-based rear ing sys tems

There are two ma jor forms of sea-based sys tems for go nad en hance ment: ben thic 
ranch ing and mesh cages sus pended from rafts or long lines. Work on the for mer
sys tem be gan in Can ada in the late 1980s, when pi lot-scale tri als in QC ex am ined
the po ten tial of cor ral ling for go nad en hance ment of adult green ur chins. Kelp
(Laminaria sp.) was fed to the ur chins and the study found that go nad yield could
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be sig nif i cantly in creased us ing this
form of cul ture.(41) Fur ther work on
cor ral ling ur chins and us ing kelp
(Laminaria digitata) for go nad en -
hance ment was con ducted in the mid
1990s in NL by New Ocean En ter -
prises Ltd. and Dr. Rob ert Hooper’s
team (Bonne Bay Ma rine Sta tion,
Me mo rial Uni ver sity, NL). They
found that sea ur chins could be suc -
cess fully im pounded and go nad
yields in creased over wild stock.
Cul tured ur chins re ceived fa vour able 
prices on the Jap a nese fish mar ket
and an eco nomic anal y sis was done
on the cor ral ling op er a tion.(42)

 Work on ur chin go nad en hance -
ment in sea cages be gan in the early
1980s in NL with some pi o neer ing

work by Dr. Derek Keats and col leagues at Me mo rial Uni ver sity. They
used wooden lob ster boxes an chored near the sur face and fed ur chins
dif fer ent macroalgal spe cies (Alaria esculenta, Desmarestia spp., Fu -
cus edentatus, L. digitata, and Saccorhiza dermatodea). They found
that go nad yield of fed ur chins could be sig nif i cantly in creased over
wild in di vid u als, with L. digitata giv ing the best re sults.(43) In the early
1990s Hooper and co-work ers ex per i mented with plas tic-coated stain -

less steel mesh cages (L x W x H: 1.3 x 0.5 x 0.4 m) placed on the sea floor to hold ur -
chins for go nad en hance ment. They fed adult ur chins a va ri ety of macroalgae
(Agarum cribrosum, A. esculenta, Ascophyllum nodosum, Fu cus vesiculosus, L.
digitata, and L. longicruris) and dis cov ered that the laminarian kelp plants were
best for in creas ing go nad yield and op ti miz ing go nad qual ity.(44) 

In 1995/1996, in the Bay of Fundy (NB), Rob in son and Colborne suc cess fully
en hanced adult green ur chins in plas tic-coated wire mesh cages (L x W x H: 1.2 x 0.6 
x 0.3 m) sus pended from long-lines for a pe riod of 12 weeks with min i mal mor tal -
ity.(45) Fur ther tri als oc curred in the Bay of Fundy in 1999 on Grand Manan Is land
where sea ur chins were placed in wire-mesh cages filled with kelp and hung from
long-lines. The an i mals did in crease their roe yields, but there were mor tal ity
prob lems as so ci ated with storm con di tions as the sea ur chins suf fered dam age
from the tur bu lence. There were also tri als in the early 2000s when ur chins were
con tained in lob ster pounds (Fig ure 3). The sea ur chins were ei ther loosely held or 
con tained in cages, but the re sult ing sur vival and roe pro duc tion were not en cour -
ag ing and the pro ject was aban doned.

Phys i cal re quire ments

As with ju ve niles, adult ur chins re quire clean wa ter, high dis solved-ox y gen con -
cen tra tion, and prompt re moval of un eaten feed and fae ces. Work in NL at the Sea
Ur chin Re search Fa cil ity (SURF) ex am ined the ef fect of stock ing den sity on sur -
vival and roe yield. Nash used race ways to rear adult green ur chins at three stock -
ing den si ties: 14, 16, and 18 kg m-2 (each at a wa ter flow rate of 3.8 L min-1 or one
tank ex change ev ery 2 hr). It was found that stock ing den sity did not sig nif i cantly
af fect go nad yield, but that 14 kg m-2 pro vided the high est rate of sur vival.(40)
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Fig ure 4

Stacked race ways used by

Ross Island Salmon Ltd.

(Grand Manan Is land, New

Bruns wick) for ju ve nile rear ing

and go nad en hance ment of

green sea urchins. 



Feeds

New found land was the first At lan tic prov ince to in sti tute a pro gram on sea-ur -
chin roe en hance ment, just as their fish ery was be ing es tab lished in 1993. This
pro gram was ini ti ated un der the di rec tion of Dr. Rob ert Hooper at the Bonne Bay
Ma rine Sta tion to look at the ef fi ciency of feed ing green sea ur chins var i ous spe -
cies of macroalgae, with the sup port of the Ca na dian Cen tre for Fish er ies In no va -
tion, Greens Seafoods, and the Ma rine In sti tute of Me mo rial Uni ver sity. This
work be gan with feed ing tri als in the lab o ra tory on sea ur chins held in small tanks.
The re sults showed that sea-ur chin go nads could be readily en hanced, but that diet
made a large dif fer ence in the qual ity of the go nads that were pro duced. Sea ur -
chins fed kelps, L. digitata or L. longicruris, pro duced the high est go nad yield and
best qual ity roe while those fed other macroalgal spe cies (A. cribrosum, A.
esculenta, A. nodosum, and F. vesiculosus) pro duced me di o cre or poor go nad
yields/qual ity.(44) Mor tal ity was min i mal in ur chins fed Laminaria, but higher in
in di vid u als fed Ascophyllum or Fu cus.(44)  Fur ther work found that the ad di tion of
fish to the diet gave good im prove ment in go nad yield, but pro duced un ac cept able
go nad qual ity.(46) Hooper’s team also found that, while it was easy to for mu late ar -
ti fi cial feeds that pro duced good growth, it was more prob lem atic to get high roe
qual ity with re spect to col our, tex ture, aroma, and fla vour. Later work showed that 
their ar ti fi cial di ets pro duced roe with much lower omega-3 fatty acid con tent than
uchins fed wild-al gal di ets.(47) More re cent re search has fo cussed on com mer cia li -
sation as pects of re fin ing pre pared di ets, de vel op ment of grow-out race ways, and
trans por ta tion sys tems for the sea ur chins from the har vester to the pro ces sor.

Early in the de vel op ment of the Bay of Fundy fish ery, sev eral fish er men no ticed
that, while the av er age roe yields of har vested sea ur chins ranged be tween 10 and
15% over the fish ing sea son (Fig ure 5), there were cer tain ar eas and times when
roe yields could be as high as 30% with ex cel lent col our and over all qual ity. This
in ev i ta bly led to ques tions on whether sea ur chins could be har vested and given
sup ple men tal feed to in crease their roe yield and over all prof it abil ity. It was 
gen er ally known from pop u lar and sci en tific lit er a ture that sea ur chins
would readily eat kelp and that the re sult ing roe would be of good qual ity.
The prob lem in the Bay of Fundy was that kelp is a sec ond ary hab i tat for
lob sters and that any di rected har vest of kelp would cause con cerns to the
pow er ful lob ster-fish ery in dus try.

As a re sult, the first tri als on de vel op ing a pre pared diet for sea-ur chin go -
nad en hance ment in the Bay of Fundy
were ini ti ated in 1995 by Green Gold
Sea Ranch. This com pany de vel oped a
feed based on ground-up raw waste
veg e ta bles mixed with soy meal, min er -
als, and vi ta mins and held to gether with
a guar-gum binder. The mix ture re sem -
bled a stiff por ridge, but the ur chins ate
it well and their go nad growth was en -
hanced. The col our and qual ity of the
roe was vari able, but fer men ta tion
prob lems with the diet made it im prac ti -
cal for large-vol ume man u fac tur ing and 
sub se quent stor age.(45)

As a re sult, in 1997 and 1998 the next
gen er a tion sea-ur chin en hance ment di -
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ets were for mu lated from com mer cially-avail able dry in gre di ents sup plied by
Corey Feed Mills Ltd. in Fred er ic ton, NB and Shur-Gain Feed Mill in Truro, NS.
These di ets were tested in both lab o ra tory and field (e.g. wire cages and lob ster
pounds) ex per i ments and while more sta ble for stor age, the in gre di ents were
based on fish di ets and the re sult ing roe was of poor qual ity in col our and taste. In
1999, a sea-ur chin spe cific diet was de vel oped by Castell and Rob in son. Un like
ear lier at tempts, this for mu la tion was an open ref er ence diet and was based on
plant car bo hy drates, pro teins, and lipid sources. A num ber of dif fer ent pig ment
sources in pre pared di ets were tested for pro duc ing suit able go nad col our and
beta-car o tene (at ~250 mg kg-1 dry weight of feed) was dis cov ered to be an im por -
tant com po nent in pro duc ing the rich yel low ish-or ange col our in the roe.(48-49)

Fur ther work on pre pared di ets and roe en hance ment was started in 1998 by Dr.
Chris to pher Pearce with a com mer cial com pany RISL on Grand Manan Is land,
NB. That body of work showed that gel a tin was the pre ferred binder for di ets in
main tain ing the proper sta bil ity in sea wa ter for the de liv ery of the food to the sea
ur chins.(50) Pro tein lev els were tested in re la tion to con cen tra tion and source. It
was de ter mined that 19% pro tein lev els were suit able for sea-ur chin en hance ment 
di ets and that plant pro teins could be used.(51) Fur ther stud ies also con firmed that
beta-car o tene was im por tant for colouration, but that dif fer ent car bo hy drate
sources (corn starch, po tato starch, tap i oca starch, ma rine plant meals) did not sig -
nif i cantly af fect go nad yield, col our, tex ture, firm ness, or taste.(52) RISL be gan tri -
als for pi lot-scale com mer cial go nad en hance ment in 2003 but mor tal ity, thought
to be due to prob lems with wa ter qual ity, put the pro ject on hold.

Wild re-seed ing

There are cur rently no wild re-seed ing pro jects un der way in Can ada, for sev eral
rea sons. Firstly, the stocks are gen er ally still in rea son able shape in most ar eas and
there is no per ceived need to re build pop u la tions. Sec ondly, the sup ply of sea-ur -
chin ju ve niles from ei ther hatch er ies or wild-col lec tion pro grams does not ex ist to
pro duce com mer cial vol umes of an i mals. Thirdly, in most ar eas there are no
sea-bed leases where ju ve niles could be re li ably re leased to be har vested sev eral
years later. Most of the beds are com mon to the en tire fish ery of the area and there
would have to be 100% com pli ance on the con tri bu tions from the li cense hold ers to 
sup port such an ef fort. At the mo ment, there is not that level of co op er a tion within
the in dus try and there have been no sug ges tions to move in that di rec tion.
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Note: 
For this re view, the au thors
have used the spe cies names
pub lished in the ref er ences.
The names of some of the
al gal spe cies re ferred to in this 
re view have been changed
since the pa pers were
published.  Laminaria
longicruris is now known as
Saccharina latissima and the
green sea weeds from the
ge nus  Enteromorpha are now
known as the ge nus Ulva.
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