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Promoting sustainability in the aquaculture sector:
production of alternative and ecofriendly feeds and
farming of low -trophic species

Laura Ciriminna, Department of Earth and Marine Sciences, University of Palermo
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Overexploitation of marine resources
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Sources: Historical data, 1950-2016: FAQ (2017b) and FAO (2018).
Projections to 2050: Calculated at WRI; assumes 10 percent reduction in

wild fish catch from 2010 levels by 2050, Iiﬂeafgmwth Ofaquacunure - WORLD RESOURCES INSTITUTE

production of 2 Mt per year between 2010 and 2050.
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is expected to reach 9 billion by 2050, and the world food -producing sector must secure food and

nutrition for the growing population through increased production and reduced waste. (World Bank, 2013)
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Strategies for Sustainable Aquaculture and Conservation

ntegrated Multitrophic Aquaculture (IMTA
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FISH _ MOLLUSCS CRUSTACEANS

By value

250
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Figure 2. Total global aquaculture production by major species group in 2017 (values given in million
metric tonnes and US$ billion, FAO2019)

Speciesdiversification _
Sustainable feeds for aquaculture
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Figure 2. Total global aquaculture production by major species group
in 2017 (values given in million metric tonnes and US$ billion, FAO
2019
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Echinoidea ( sea urchins)

Holothuroidea (sea cucumbers)
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Sea urchins
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Traditional fishing

Strongylocentrotus
franciscanus

Commercial fishing

Seaurchin commercial species
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Seacucumbers
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Specimens
from wild
stocks

Low
information
on growth in
captivity

High market
standard
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Macroalgae Fishmeal and fish oil Terrestrial vegetables or cereals

Ulva Spinaciaoleracea
lactuca l Laminaria digitata l Wheat meal
High harvesting and stocking cost Hiah envi:j)lr?rzggfatl Mbacts Conflict with human consumption
High seasonal variability g P Exploitation of soil and water

Low efficacy Conflict with human consumption
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Fooddiscards from food retail chain T 1

N oS Consumption
| O Dismbf:““" 59.7 Mt (46.3%)
__‘% I*«ﬂ_ & Retai 6.6

5.1%

Processing &
Manufacturing

Primary production | 30.5 Mt (23.6%)
32.2 Mt (25.0%)

14%
Sugarbeet
10%

Figure 4. Amount of food waste (in fresh weight) generated during the different stages of the food supply
chain (bars) and breakdown by main food groups (pie charts). Source: Caldeira et al. (2019a)1°.
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Fresh outermost leaves of commestible vegetables Macroalgae (Ulva spp., Laminaria spp.)
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4 5. Is there an alternative to )
[ . \ sacrificing reared organisms,
1. Are vegetable 3. Does the _a?::chtlodn of one of the major bottlenecks
discards suitable as _commerciatiee in echinoculture ?
diet for seaurchins? improve growth and \_ )
gonad quality?

J

. 4 .
Paracentrotus lividus 2. Could vegetable " 4. Whatwould be ) 6. What is the effect of

discards sustain the performance of a discard-based feeds on the

juvenile growth? completely discard - reproductive effic_iency of
based feed? reared organisms?
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Paracentrotus lividus
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2. Could vegetable discards sustain juvenile growth?

Temperature (°C) Dissolved oxygen (mg/I)
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Fresh outermost leaves of . . . T0 T T2 T3
’ Small-size sea urchins reared in sea based system Seawater temperature (°C) and dissolved oxygen (mg/L) recorded
L. sativa during the feeding experiment (June—-November 2011)

TO T1 T2 T3

a) —e—Test Diameter (mm) --a-- Total Weight (g) b)  —e—Gconadomaticindex (%) --a- Gonad Weight (g)
§;‘ ‘ 2'5 ‘ > High survival rate, increase in TD and
22 a5 5 ' TW but GSI for market goals. ;
: 2 3 E :
Z 1 wE 82 ®  iResults suggests a limit for farming |
L ’ g ' context, maybe due to unbalanced ;
17 ” . i
16 2 ! nutrient content (low lipid and protein |
15 15 0 ! content) 5
! i

a) Test diameter (mm) and total weight (g) and b) gonad somatic index (%) and gonad weight (g) of sea urchins during the six month (Vizzini et al. 2018)
feeding experiment T, M mo—— — =
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3. Does the addition of commercial feed improve growth and gonad quality?

2L-FEED 3L-FEED

Thanks to previous
findings the next step
was to enrich L. sativa
discards with protein

and lipid sources

Fresh outermost leaves of lettuce Egg white

Commercial fish feed [ Lettuce discards [] Egg white [l Fish feed

After 18 weeks small size sea urchins showed: e
‘In summary a well-balanced ingredient selection
(vegetable and animal) is fundamental to ensure a proper.
. provision of pigments, proteins and lipids and obtain a hlgh

- quality product. i

Test Diameter: + 22%
Total Weight: + 130%
Gonad Weight: + 240%

! (Vizzini et al., 2019) ;

e 1

Gonad Index: +288%

Accettable or eccellent gonad colour: >80%

2L > 3L
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4. What would be the performance of a completely discaabsed feed? —ummmz 77
7

~

20 - 70: Wild = 60/40 = 80/20 p OTOOTIET2 BT3
18 - T1: Wild = 60/40 = 80/20
T2: Wild < 60/40 = 80/20 c
16 - T3: Wild < 80/20 < 60/40 c
14 - . 100% -
= ] T 80% -
= 10 = b b E;
N n S 60% -
7 a g-
& 7 a O 40% -
G
4 o
£ 20% -
. s
0 - 0%
wild Feed 60/40 Feed 80/20 To-WTL T2 T3 T0-s T1 T2 T3

80/20

......................................................................................................................

High GSI increase across time and among feeds and improvment in gonad colour

60/40 > 80/20 > WILD
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Rakaj et al., 2024

Recirculating
aquaculture

Rearing
of sea
urchins in
floating
baskets

Dry
stimulation

Sea urchin
caviar

urchin

Thermal
stimulation

&5 4 =
£5 /
Centrifugation [ Eag
and water collectio
removal

This approach overcomes the main traditional constraints due to long rearing times to reach market size, avoiding
sacrificing sea urchins at the end of the farming cycle, but allowing multiple breeding cycles with the same stock.
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Diet-M = mussels '

: Diet-A > algae Diet-K = krill Diet-D = discards :
35 7 100 _
¢ C b,c
30 A b’c
80 -
25 -~ EBO
b
T 20 A 60 - mPO
= R
S g | ° [Co
40 A
107 m DO
'|' 20
5
0] o 4
TO (wild) Diet-A Diet-F  Diet-K Diet-M Diet-D Diet-A Diet-F Diet-K Diet-M Diet-D
Ovosomatic index (Ol) of sea urchin at the start of the experiment (T0-Wild) and after Relative frequency of the egg colour categories (BO, bright orange, PO, pale orange, CO cream orange,
the feeding experiment with the five experimental diet. DO, dark orange) produced by female P. lividus fed with the five experimental dietfeeds.



European

MARINE BOARD B L Scas & Ocean Science

Juvenile

Male sea urchins
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6. What is the effect of discardbasedfeedson
the reproductiveefficiencyof rearedorganisms?
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Pluteus (P) Early P. Abnormal . Abnormal Early P. Prism Gastrula
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1 i e o . ©
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Diet-A

Diet-F

Diet-K

Diet-M

Diet-D

a) Relative frequency malformation observed in larvae produced by sea urchins fed with the five experimental feeds (Larvae-A,
Larvae-F, Larvae-K, Larvae-M and Larvae-D) and sea urchins collected in the wild (Larvae-W.). b} Integrate toxicity index (ITI)
values. Normal pluteus (P). earlv pluteus (EP). abnormal pluteus (AP). earlv abnormal pluteus (EAP). prism (Pr). gastrula (G).

Ciriminna et al., 2026
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1. Are vegetable discards

suitable asdiet for sea 3. Effect of discard-

cucumbers? based feeds on sea
cucumber quality

Holothuria forskali

2. Efficiency of
sustainable feeds to
boost juvenile growth
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Sediment

Potato peels Bran Anchovy discards Pumpkin seeds
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The ASSEMBLE Plus Transnational Access (TBjjogramme

«Hologrowth dfood discards as feed ingredients for the aquaculture of deposit feeders sea cucumbers»

Estacion de Ciencias Marifias de Toralla (ECIMAT) University of Vigo



