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The average wholesale price of fresh Japa­
nese sea urchin roe is approximately 14 
000 ¥lkg, making it one of the most valu­

able seafoods in the world. Increasing demand for 
sea urchin roe in Japan has spurred the develop­
ment of extensive domestic fishery enhancement 
techniques. (36,42,49) It has also provided the incentive 
for a worldwide expansion of sea urchin fisher­
ies. (2-4.14-16.22-24.27 .35,42,45) 

With a total production of 60 000 tonnes whole­
live-weight per year, the world supply of wild sea 
urchins has reached a plateau. However, this pro­
duction level is probably not sustainable at current 
levels since declining producti vity of exploited sea 
urchin stocks no longer can be offset by further 
geographical expansion of the fishery. To main­
tain or expand the world supply of high quality sea 
urchin roe is a major aquaculture opportunity 
awaiting commercial scale trials. 

The term echinoculture refers to the cultivation 
of echinoderms; i.e. to both sea urchins (Echi­
noidea), and to a lesser extent sea cucumbers 
(Holothuroidea). Nevertheless, sea urchins are 
more valuable than sea cucumbers, and their cul­
tivation is more advanced. This paper will concen­
trate, therefore, on sea urchins, although the culti­
vation of sea cucumbers will be considered. 

Catch 
and consumption 

The total Japanese catch of sea urchins (6 spe­
cies , Table 1), and sea cucumber (Stichopus 
japonicus), peaked in the late 1960s at approxi­
mately 27.5 thousand tonnes per annum for sea 
urchins and 13 thousand tonnes for sea cucumber 
(Fig. 1). Over the two next decades sea urchin 
landings fluctuated between 20 and 27 thousand 
tonnes, until by 1991 the catch had dropped to 14 
thousand tonnes. The cause of this recent decline 
remains unknown, although it coincides with ob-

servations of disease related sea urchin mortality. 
Even so, sea urchin landings remain 2-3 times 
higher than the steadily declining sea cucumber 
landings (Fig. 1). 

The gonads are the primary soft tissue and only 
edible part of the sea urchin. The harvested gonads 
of both female and male sea urchins are called 
"roe" regardless of sex. As the most important 
market for sea urchins, Japan imports approxi­
mately 5 thousand tonnes of sea urchin gonads per 
annum (Fig. 2), the equivalent of 40-50 thousand 
tonnes of whole live sea urchins. In addition there 
is a moderate import of whole live sea urchins 
(Fig. 3). Total Japanese consumption then, includ­
ing the domestic catch, is approximately 60 000 
tonnes of whole sea urchins per annum (Fig. 3). 
The second largest consumer nation is France with 
an annual consumption of approximately 1000 
tonnes of whole sea urchins.(33) 

Price 

The wholesale price of whole Japanese sea ur­
chins (6 species) was similar to the price of the 
Japanese sea cucumber in the 1960s, but although 
the price of both urchins and sea cucumber contin-

Table 1. Exploited Japanese sea urchins 

Japanese name Scientific name 

Aka Uni Pseudocentrotus depressus 

Bafun Uni Heterocentrotus pulcherrimus 

Ezo Bafun Uni Strongylocentrotus intermedius 

Kita Murasaki Uni Strongylocentrotus nudus 

Murasaki Uni Anthocidaris crassispina 

Shirahige Uni Tripneustes gratilla 
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Figure 1. Japanese echinoderm landings 

ued to increase, by 1990 the urchins were 
twice the price of sea cucumber, reflecting 
increasing demand for quality urchin go­
nads (Fig. 4). Fresh sea urchin gonads 
fetch approximately 10 times the price of 
whole live sea urchins, with the average 
wholesale price being almost 14 000 ¥/kg 
in 1993. Fresh imported sea urchin gonads 
fetched an average wholesale price of only 
6000 ¥/kg the same year due to their infe­
rior quality (Fig. 5). These quality prob­
lems are related to the nutritional and re­
productive status of the source population, 
as well as the processing and shipping 
routines of the suppliers. However, some 
harvested species of sea urchins do not 
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produce superior quality gonads under any cir­
cumstances. 

Sea urchin 
CUltivation 

Sea urchin aquaculture in Japan is part of a multi­
species fisheries enhancement effort organised by 
local fishery cooperatives. The three limiting factors 
of the sea urchin fishing industry have been identi­
fied as: 1) insufficient food supply; 2) lack of 
suitable habitat; and 3) insufficient recruitment. 

The green sea urchin, Strongylocentrotus 
droebachiensis (top), yields quality go­
nads (roe) under proper conditions. Roe 
quality is judged on the basis of color, 
(attractive orange, lower photograph), 
shape, consistency and taste. 
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Sea urchin transplantation and 
seaweed reforestation are aimed 
at improving the gonad yield of 
undernourished adult sea urchins 
by providing increased access to 
food. Undernourished sea ur­
chins, transplanted from barren 
grounds off the north-western 
coast to seaweed dominated 
feeding grounds off the north­
eastern coast, are usually ready 

Food and reproductive condition 
are major factors in roe quality. 
The most valuable roe has a high 
glycogen level and a rich orange 
color (top). Roe of lesser quality 
lacks this rich orange coloration 
(bottom). 
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Figure 6. Catch and cultiva-
tion of Japanese sea ur-
chins. 

for recapture after 3 months.(41} 
The objective of seaweed refor-
estation is to improve the local 
food supply of undernourished 
sea urchin stocks by establishing 
algae in barren areas through a 
combination of algal cultivation 
and overgrazing control ,t25) Sea-
weed reforestation is still an ex-
perimental technique, and trans-
plantation of adult sea urchins is 
gradually being replaced by re-
lease of juvenile seedstock. 
Feeding of captured sea urchins 
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is also being attempted on a small scale. 
Habitat improvement and habitat creation is part 

of a larger ongoing fisheries enhancement pro­
gram primarily aimed at artificial reef construc­
tion.(15.37) The main purpose of artificial reefs is to 
improve the productivity of soft substrates by cre­
ating new fishing grounds for the kind of flora and 
fauna normally associated with rocky shore habi­
tats, e.g. edible seaweed, abalone, top shells, sea 
urchins, rockfish, etc. In a related effort the effec­
tive surface area and habitat complexity of exist­
ing reefs has been increased by blasting, by adding 
rocks, or by constructing shallow channels with 
wave-powered water circulation.(7.39.49) 

The third limiting factor, insufficient recruit­
ment, is still a major problem even though the 
Japanese sea urchin fishery is strictly regulated to 

90 

80 

en 
m 

70 m 
C en 
-t 

60 0 
n 
:=-:: 

50 
[ 
0" 
:::l 
en 

40 0 ..... 
5" 
c. 

30 S: 
c. 
c 
III 

20 ~ 

10 

o 

Figure 7. Seedstock produc-
tion of Strongylocentrotus 
intermedius in Japan 

ensure that spawning stocks are not 
depleted. To improve recruitment a 
large scale seedstock release pro-
gram has been implemented. Juve-
nile seedstock is produced in land 
based nurseries from hatchery 
reared larvae, and from wild larvae 
collected on suspended settlement 
plates.(41) Although seedstock pro-
duction has increased rapidly in the 
past decade, to a current level of 
more than 60 million individuals 
per annum, the total catch of sea 
urchins has remained at a relatively 
low level since 1991 (Fig. 6). 

The single most important sea 
urchin in Japan, Strongylocentro­
tus intermedius (ezo bafun uni), 
accounts for approximately 80% 
of the total seed stock production 
(Fig. 7). The rest is shared among 5 

other species, of which Pseudocentrotus depressus 
(aka uni) is the most important (Table 1). 

Broodstock 
management 

Japanese sea urchin cultivation is based on the 
spawning of wild broodstock (Fig. 8), with the 
availability of mature sea urchins, in most places, 
restricted to the annual breeding season. However, 
a local population of S. intermedius, in the south­
ern part of its distributional range, has biannual 
reproduction which allows some hatcheries to pro­
duce two annual batches of sea urchin larvae. For 
example, the largest sea urchin nursery in Japan 
(located in Shikabe municipality, south-eastern 
Hokkaido) obtains broodstock from this source 
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Figure 8, Principal sea urchin 
cultivation techniques. 

Mature sea urchins are easily in­
duced to spawn by injecting 1-2 
mL of a 0.53 mol. KCI solu­
tion.(17.48) A new technique for in­
dividual identification of sea ur­
chins using electronic PIT (Pas­
sive Induced Transponder) tags, 
has the potential to facilitate cul­
tivated broodstock manage­
ment.(1l·12) 

Larviculture 

Larviculture in Japanese hatch­
eries commences with the mixing 
of gametes from several animals. 
Excess sperm is rinsed off, and 
the fertilised eggs hatch after ap­
proximately 20 hours. Three to 
four days later they have devel­
oped to the early pluteus stage 
which requires planktonic mi-
croalgae as food. The diatom 
Chaetocerus gracilis is com­
monly used in commercial sea ur-

popUlation and produces one batch of juveniles in 
the spring and another in the fall for a total of 11 
million juvenile S. intermedius per annum. (41) 

chin hatcheries, whereas the green flagellate Du­
naliella tertiolecta is popular in research laborato­
ries.(48) C. gracilis is cultivated in 3-liter batches in 
a separate microalgae cultivation room, and fed to 
the larvae at an initial rate of 1.5 liter (5000 
cells/mL)/tank/day. The amount is gradually in­
creased to 10 liters/tank/day in the final stages of 
cultivation. The larvae are cultivated in 1000 liter 
tanks with continuos flow of 1 ~m filtered seawa­
ter. The water flow is increased from 15% water 

The factors controlling reproductive maturation 
are incompletely known for most sea urchin spe­
cies, but photoperiod and water temperature are 
considered to be important.(40·44,51) Experimental 
brood stock cultivation has shown that multiple 
spawning is possible when well fed sea urchins are 
cultivated in darkness in relatively warm water.(30) 
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Larval sea urchins are commonly fed 
the diatom Chaetoceros in commercial 
hatcheries. Chaetoceros can be cul­
tured in 3-liter batches (top left) and 
fed at a rate of 4.5 -15 million cells per 
tank per day, depending on larval 
stage. 

The larvae metamorphose to juveniles 
and settle on polycarbonate plates 
(above) covered with algae or diatoms, 
which provide food for the juveniles. 
Once they reach 4-5 mm they are 
transferred to nursery tanks with 
open mesh cages (middle left), to habi­
tat modules created from opaque 
polycarbonate plates (lower left), orto 
hanging cages suspended beneath the 
surface of the sea. 
-All photos, H/li/ln K Marshall 
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In nursery culture, the preferred food for 
juvenile sea urchins is kelp, but because of 
the scarcity of kelp it is often necessary 
to utilize other seaweeds, processed food 
pellets (above), and knotweed leaves (up­
per right), which are placed in the tank 
with the sea urchins (right). 
- All photo5 Helen K Mar5hall 

exchange/day to 100% at the time of settlement, 
16-30 days after fertilisation depending on water 
temperature. Circulation in the larvae tanks is 
provided by two large airstones with a gentle flow, 
one on the bottom and another near the surface. 
The central water outlet is covered by 100 !-lm 
plankton net (later 150 and 200 !-lm). The density 
is initially 1.5 larvae/mL, but decreases to 0.8 
larvae/mL at the time of settlement. The metamor­
phosed juveniles are approximately 0.3 mm in 
size. (1,43.49) 

Early 
juvenile rearing 

Settlement is induced by introducing wavy set­
tlement plates covered with the minute green alga 

Ulvella lens, (43) or the benthic diatom Navicula 
ramosissima, (19) which serves as the initial food 
source for the juvenile sea urchins. The plates are 
made of transparent polycarbonate which facili­
tates the growth of benthic micro algae on both 
sides of the plates. The settlement plates are pre­
pared in tanks inoculated with the desired algae. 
Nutrient salts are added to stimulate algal growth, 
and the tanks are occasionally drained and rinsed 
to eliminate unwanted benthic diatoms. Feeding 
with soft seaweed such as Ulva lactuca com­
mences when the juveniles reaches 3-4 mm 
size.(I·43.49) 
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Nursery culture 

The larvae are transferred from the settlement 
plates to nursery culture at 4-5 mrn size. Most 
juveniles are transferred to nursery tanks with 
open mesh cages, or to habitat modules made from 
non-transparent wavy plates, but some are trans­
ferred to nursery cultivation in hanging cages 
which are suspended I-2m below the surface. The 
juveniles are fed with kelp (Laminaria spp, Un­
daria pinnatifida, Eisenia bicyclis) and other lo­
cally available seaweed, supplemented by food 
pellets or knotweed leaves (Oita dori, Polygonum 
sp.). Food pellets come in different sizes, but their 
food value is still inferior to fresh kelp. Some 
juveniles are released 6 months after fertilisation 
when they are 7-10 mrn. Six months of additional 
nursery cultivation produces larger (15-20 mrn) 
seedstock with higher survival rates. The large 
juveniles are ready for recapture 2 years after 
release when they have reached a diameter of more 
than 40 mrn. Survival rates are variable, but have 
been estimated at 20-50% for large seedstock. 
Approximately 80% of the survivors are captured, 
yielding a total recovery rate of 16_40%.(41.42) 

Closed-cycle 
CUltivation 

Closed-cycle cultivation requires growout facili­
ties. These can be constructed by expanding exist­
ing nursery techniques, by adapting technology 
developed for the intensive cultivation of aba­
lone, (5) or by the development of new technology. 
The French adopted the last alternative and devel­
oped a prototype of a multilayered grow out tank 
which consists of four stacked, sloping shelves. 
Water is pumped up to the top shelffrom a reser­
voir tank under the shelves, and then runs down 
through the stack of shelves in a zigzag pattern. 
The accumulation of sea urchin faeces in the res-

ervoir tank is siphoned off at regular intervals. The 
recirculated water is gradually replenished by ma­
rine groundwater.(31.32) 

An important factor when considering closed­
cycle cultivation is the choice of a good target 
species. The gonads of the green sea urchin, 
Strongylocentrotus droebachiensis,(IO) for exam­
ple, are popular in Japan, despite quality problems 
commonly caused by food limitation of wild 
stocks. Highly similar to the S. intermedius, which 
occurs only in the northwestern Pacific, S. droe­
bachiensis is a cold water species with a wide 
distribution throughout the North Atlantic and the 
Northeastern Pacific.(20) The larvae of S. droe­
bachiensis must be cultured at temperatures below 
10-11 ec, (13.47) but juveniles and adults can tolerate 
somewhat higher temperaturesY2.28.29) Other po­
tential candidates for closed-cycle cultivation are 
the Chilean sea urchin Loxechinus albus (8.9) and 
the European sea urchin Paracentrotus 
lividus .(6.31.32) 

A commercial-scale grow out facility would re­
quire a stable food supply, with kelp being the 
major ingredient. Kelp is necessary for good fla­
vour and colouring of the sea urchin gonads, but a 
protein supplement can enhance growth and im­
prove overall food conversion.(6.9.18.26) The most 
important determinant of gonad quality, besides 
food, is the reproductive state of the sea urchin. 
Sexually mature gonads have a undesirable soft 
consistency and bitter taste due to the reduced 
number of glycogen-containing nutrient cells. 
Closed-cycle reproduction offers the potential to 
inhibit sexual maturation through manipulation of 
photoperiod and temperature, thereby extending 
the harvesting season, improving gonad quality, 
gonad yield and food conversion rates. Closed-cy­
cle cultivation also offers the opportunity for 
growth acceleration through systematic brood­
stock selection and breeding. 
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Adult Japanese sea cucumber, 
Stichopus japonicus. 

Closed-cycle cultivation is capital intensive and 
has high operational costs, but requires only a 
modest investment in R&D. Full scale hatchery and 
nursery technology is well established in Japan, 
and prototype growout facilities already exist in 
France. A recent profitability analysis of a hypo­
thetical Norwegian growout facility, using pessi­
mistic, realistic and optimistic parameter esti­
mates, was unable to demonstrate non-profitabil­
ity. In fact, there was a large profit potential when 
realistic and optimistic parameter estimates were 
used.(50) 

Sea cucumber 
CUltivation 

Sea cucumbers are consumed in Japan, as well as 
in Chinese markets including Singapore, Hong 
Kong and Taiwan. The Japanese sea cucumber 
market is largely self sufficient, whereas the Chi­
nese markets are more import oriented. Sea cu­
cumber landings peaked at 13 thousand tonnes in 

the late 1960s, subsequently declining to the pre­
sent level of approximately 6 thousand tonnes. To 
supplement natural recruitment, seedstock pro­
duction commenced in the early 1980s, but is still 
at a modest level of 2-3 million individuals per 
annum (Fig. 9). Most of the seedstock is being 
released, but some is being used for experimental 
closed-cycle aquaculture. 

Sea cucumber broodstock is captured in spring 
when sexually mature. Spawning is induced by 
temperature shock, for example by raising the 
water temperature by 5°C from 16° to 21°. The 
planktonic larvae are then cultivated in WOO-liter 
tanks and fed a planktonic microalgae, most com­
monly the diatom Chaetocerus gracilis. Settle­
ment occurs after approximately 2 weeks. At this 
stage the larvae measure approximately 800 ~m, 
but after metamorphosis they measure only about 
200 ~m. These tiny juveniles are then fed an initial 
diet of mixed assemblage benthic diatoms 
(Navicula spp.) before being transferred to out­
doornursery tanks with unfiltered seawater. There 
they feed on the natural growth of benthic diatoms 
on the tank walls, supplemented with dried sea­
weed powder (wakame, Undaria pinnatifida). 
Mortality is high during the hatchery/nursery 
stage. The juveniles are released after 6 months 
when they measure 2-8 em, and recaptured 1 year 
later when they measure approximately 20 cm. 

Sea cucumbers feed on detritus and suspended 
particulate matter, including the faecal pellets of 
sea urchins. Intensive polyculture of sea urchins 
and sea cucumbers appears feasible, but has yet to 
be investigated. 

I n conclusion, it appears that closed-cycle cul­
ti vation of sea urchins for the Japanese market 
is an emerging cold water aquaculture oppor­

tunity awaiting commercial trials, whereas sea 
cucumber cultivation is still in the experimental 
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the Japanese sea cucumber. 

stage. However, joint development of ur­
chin/cucumber polyculture is an interesting possi­
bility since sea urchin waste can be used as sea 
cucumber food. In addition, echinoculture has the 
potential to become a long-term sustainable indus­
try with ecologically and environmentally sound 
production, since both sea urchins and sea cucum­
bers are primarily herbivorous organisms. 
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