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WHY SEA CUCUMBER AQUACULTURE?
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° Overexploitation of Species in tropical waters Figure 1 Global wild captures and aquaculture produc-

tion of sea cucumbers over time; in metric tonnes (t).
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(China, Japan, Korea) refer to fresh animal weights, so
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* Possible value creation

factor of 0.04, based on other Stichopus species (Skewes

0 0 0 ~ . ot al. 2004).
* High prices achievable ~100-3000 USD/kg (dried) i
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(NORTHERN) NORTH ATLANTIC SPECIES

Within the NORA-area -
two species considered potential aquaculture candidates

Red sea cucumber,
(Parastichopus tremulus)

== ll‘ 1

Both species commonly
occurring in the Atlantic

P. tremulus - bycatch
C. frondosa - fishery




STATUS — AQUACULTURE — WHERE ARE WE FOR NNA SPECIES ?

no commercial aquacu
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CHALLENGES RELATED TO CULTIVATION OF SPECIES FROM N-NA
WATERS

e Cold water species — slow
growth rates in natural
environment

* Limited knowledge on
population sizes/structure

* Limited knowledge on
fecundity/recruitment
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PARAMETERS OF IMPORTANCE FOR AQUACULTURE DEVELOPMENT

Lack of data on growth from
early juvenile to commercial
size

Lack of data on temperature
tolerance and nutritional
requirements

Time to market size?? -
important for investment in
potential industry

Photo: Gyda Christophersen



DIFFERENT LIFE STAGES

From: Gianasi, B. L., Hamel, J. F., Montgomery,
E. M., Sun, J., & Mercier, A. (2021).

Current knowledge on the biology, ecology, and
commercial exploitation of the sea cucumber
Cucumaria frondosa. Reviews in Fisheries
Science & Aquaculture, 29(4), 582-653.

— FROM MM TO CM

Figure 31. lllustration of juveniles and adults of Cucumaria frondosa in their normal posture and during active buoyancy adjust-
ment. Six-month-old juvenile displaying (A) normal posture and (B) bloated behavior resulting from active buoyancy adjustment.
Adult showing (C) normal posture and (D) bloated behavior. Juveniles are ~18 mm long and adults are ~22cm long (relaxed

length mouth-anus). Medified from Hamel et al. (2019).



EXAMPLE C. frondosa FROM EAST COAST CANADA

Fig. 7. Growth of embryos and young Cucumaria frondosa under natural environmental conditions
during the first 24 months in the laboratory (n = 30—40) and in the field at 20 m depth dunng 40 months
(1 = 80-90). The voung were monitored from fertilization to ca. 35 mm in length in the laboratory, and
from 35 to ca. 110 mm in the field. The error bars represent the confidence interval (95%).
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From: Hamel, J. F., & Mercier, A. (1996). Early development, settlement,
growth, and spatial distribution of the sea cucumber Cucumaria frondosa
(Echinodermata: Holothuroidea). Canadian Journal of Fisheries and Aquatic
Sciences, 53(2), 253-271.
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Fig. 1. Wet weight of wild individuals of Cucumaria frondosa
(collected in 2017) and wet weight of captive individuals over
time (2013-2017). Data are shown as means + SD (n = 24 for
wild and captive individuals in 2017; n = 40 for 2015 and
2016). Means with different letters are significantly different
(Tukey's test, p < 0.05). ND: not determined

From: Sun, J., Hamel, J.
F., Gianasi, B. L., Graham,
M., & Mercier, A. (2020).
Growth, health and
biochemical composition
of the sea cucumber
Cucumaria frondosa after
multi-year holding in
effluent waters of land-
based salmon

culture. Aquaculture
Environment
Interactions, 12, 139-151.
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EXAMPLE OF GROWTH P. tremulus — LAB STUDIES :
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REDUCED ENVIRONMENTAL FOOTPRINT FROM SALMON FARMING
USING SEA CUCUMBER IN IMTA SYSTEM Project funded by Mgre and Romsdal County Municipality

Photos: Ingebrigt Bjgrkevoll



POSSIBILITES - AQUACULTURE METHODS

Capture based aquaculture
Intensive aquaculture (hatchery production)

Sea ranching
Co-cultivation/polyculture
Integrated multitrophic aquaculture (IMTA)

Land-based
Sea-based



INDUSTRIAL HATCHERY PRODUCTION:
Available juveniles (spat) & controlling the life cycle

Benthic Planktonic



HATCHERY PRODUCTION

SANOCEAN project 288536

Scale bar
7-59 dpf =200 pm
BLASTULA > GASTRULA AURICULARIA

Fertilization 2.5-5 hpf | 5-6 hpf |

From: Christophersen & Sunde, Poster, Agaculture Europe 20




INTEGRATED MULTI-TROPHIC AQUACULTURE (IMTA)

° i i ?

Po§5|ble in the north.. i B
 Suitable as IMTA species ? et {4 e e
 Can we adapt sea cucumber

farming to already existing _Sten
aquaculture infrastructure ? oganc o

Figure 1. Conceptual diagram of the Integrated multi-trophic aquaculture (IMTA) system.

From: Zhang et al 2019. Bio-mitigation based on integrated multi-trophic aquaculture in temperate coastal
waters: practice, assessment, and challenges. Latin American Journal of Aquatic Research, 47(2 Bio): -
mitigation based on 212-223, 2019 IMTA in temperate coastal waters 1 DOI: 10.3856/vol47-issue2-fulltext-1



POSSIBLE PROSPECTS - NORWAY

* Highly developed salmon aquaculture
infrastructure

* Waste - aquaculture sludge
e Potential new feed resource ?
* High in particulate matter

Photo: Jan Sunde

* High protein/energy content
e Current use - fertilizer or production of biogas
* Current legislation limits use

Photo: Jan Sunde



LIFE IN CAPTIVITY — SUCCESS FACTORS

* Reproduction

* Feed composition and conversion
Environmental conditions

Growth performance / biological constraints
 Rearing technology adapted for

e -seacucumber species
- life stages



FEED UTILIZATION — ONGOING STUDIES

W)} SAFER-IMTA EIE })_:

SANOCEAN project 288536

* Feed composition/ingredients

* Formulated vs natural substrate?

* Digestibility of sludge

* Increase digestibility of sludge through
processing?




SUMMARY - POTENTIAL AND OBSTACLES

* Biological knowledge gaps

* Growth rate — slow, seasonal variation (cessation of feeding ?)

» Stage specific adapted nutrition

* Species specific rearing technology

* Optimisation of water conditions

* Juvenile production — upscaling, industrialization

* Legislative obstacles (integrated farming, use of “waste” as feed)
* Disease/hygiene

* Processing industry

* Human and financial resources



ARE SEA CUCUMBERS POSSIBLE TO CULTIVATE IN NNA?
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