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Restocking in Chile Chilean kelp forests among the most 

degraded around the world 

Black Kelp “replanting” 

in the coast of Iquique 

“We look for an agreement similar to 2016, 

where ENAP was forced to restocking management áreas” 

They want to restock 

the  bay of Ancud 
More than 4,000 commercial 

fishers from the north of the 

province will be beneficiaries 

of the long-awaited plan 



Restocking in Chile  

• Top fisheries and aquaculture country 

 

• Coast line, 4,300 K (BUT, ~ 50,000 K) 

 

• 71,900 commercial fishers 

 

• 791 Management and Explotation Area  for Benthic 

Resources MEABRs (2017) – Co-
Management – TURFs regimes 
 

• Top producers of salmon and trout 

 

• Top producers of mussel 

 

• Top producer of seaweeds 

“LOCO” (Concholepas concholepas) 
Chilean abalonii 

Santiago, Nov 2019 

Top producers of socio-ecological issues 



Restocking in Chile  
Promotion and development 

Subsidy  
for restocking and  

cultivation of 

seaweeds 

SUSTAIN 
YOUR OCEAN 

IN MANAGEMENT AREAS Conceptual model for ecosystem degradation and 

restoration 

MEABRs 
OPEN-ACCES AREAS 



(MARINE) RESTOCKING 

Replenishment of depressed population to a previous level of abundance.  

Enhancement of the production of recruitment-limited fisheries. 
 

ARTIFICIAL RESTOCKING 
BY SEEDING/TRANSPLANTING 
1. Adults, Juveniles, Larvae 
2. Natural or cultivated (sea 

farming or hatchery) 

NATURAL RESTOCKING  
BY MANAGEMENT (passive) 

1. Natural stocks and population 
2. Seasonal closures 

3. Rotation of fisheries grounds 
4. Habitat improvement (reefs) 

5. MPAs  

(ARTIFICIAL) RESTOCKING 
BY AQUACULTURE ACTIVITIES 

1. Un-intended ? 
2. Larval input 
3. Detachment 

TRANSLOCATION OR 
TRANSPLANTATION 

Human-mediated movement 
and free-release of organisms to 
enhance fisheries productivity 

and the conservation or 
restoration of endangered 

species 

Restocking in the world  

Artículo 27) Repoblación: Es 

la acción que tiene por 

objeto incrementar el tamaño 

o la distribución geográfica 

de la población de una 

especie hidrobiológica, por 

medios artificiales  

LG
PA

 

Article 27) Re-stocking: The 

action  whose main purpose 

is increasing the extent or 

geographical distribution of 

the population of a 

hydrobiological species by 

artificial means 



Restocking in the world  

STOCK ENHANCEMENT BASED ON AQUACULTURE 
Hatchery reared individuals released in the environment to prevent collapse 

(Bell et al. 2008, Loneragan et al. 2013, Taylor et al. 2017) 

STOCK ENHANCEMENT 
Continuous releasing of seeds 
to increase natural supply of 

juveniles for harvest 
optimisation 

SEA RANCHING 
Seed releasing at open 
sea to increase harvest 

 

RESTOCKING  
Temporal releasing of seeds for 

restoring spawning biomass 
impoverished productive levels 

Intra-generational effects 

Inter-generational effects 



Literature 

review -Database MEABRs 
-Publications (WoS, Google Scholar) 
-Technical reports 
-Pers. Com. 
-Jerez & Figueroa 2008 

1. Type of initiative (experimental, productive, other) 

2. Strategy (restocking, stock enhancement, translocation) 

3. Species 

4. Geographic Location 

5. Type of fishing ground (MEABR, concession, open access 

area) 

6. Type of habitat (rocky, sandy, other) 

7. Origin of seeds (hatchery, natural stocks) 

8. Seeding Method 

9. Amount of seeds 

10.Evaluation or monitoring methods 

11.Evaluation or monitoring period 

12.Results (if reported)  



North 
[PORCENTAJE] 

Central north 
[PORCENTAJE] Centre 

[PORCENTAJE] 

South 
[PORCENTAJE] 

153 Sites 

MEABRs 
[PORCENTAJE] 

Open Access 
11% 

Open-Acces 
Areas 

[PORCENTAJE] 

MEABRs 
[PORCENTAJE] 

Marine Farms 
[PORCENTAJE] 

hatchery 
22% 

204 initiatives 

Juvenile 
[PORCENTAJE] 

Adults 
[PORCENTAJE] 

Reef/ Cage 
[PORCENTAJE] 

Direct 
Releasing 

[PORCENTAJE] 

EXPERIMENTAL 
15% 

Productive 
[PORCENTAJE] 

Commercial Fisher 

 organizations 

Seed′s origin 

Translocations 



Seaweeds 

Benthic 
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Seaweed 
26% 

Bivalves 
20% 

[NOMBRE DE 
CATEGORÍA] 

[PORCENTAJE] 

Sea urchins 
28% 

Gastropods 
20% 

[NOMBRE DE 
CATEGORÍA] 

[PORCENTAJE] 

[NOMBRE DE 
CATEGORÍA] 

[PORCENTAJE] 

85% 

0 5 10 15 20 25 30

Giant chilean barnacle

Chilean silverside

Northern Clam

Surf clam

Northern River Prawn

Keyhole limpet

C. chamissoi (Edible seaweed)

Black kelp (1)

Black kelp (2)

Olive flounder

G. skottsbergii (Carragenophyte)

Brown kelp

Chilean rubbed mussel

Chilean sea squirt

Giant kelp

Venus antiqua

Chilean mussel

A. chilensis (Carragenphyte)

Giant chilean mussel

S. crispata (Carragenophyte)

Chilean abalonii

Red sea urchin

Most profitable – Most complicated – Less successful – Translocation! 
Easy to do – Moderately profitable 

Easy to do – Moderately reliable market – Low price 

* * 

* 
* 

* 

* 
* 

* 

* 

Relatively easy to do – reliable market - Stock for aquaculture 

Very easy to do – unreliable market – Low price 

Relatively easy to do – reliable market – Stock for aquaculture 

* Ecosystem engineers 

Number of initiatives 



1 

initiative/

site 

[PORCE

NTAJE] 

2  
initiatives/ 

site 
[PORCENTAJ

E] 

3  
initiatives/ 

site 
[PORCENTAJ

E] 

4 
initiatives/si

te 
[PORCENTAJ

E] 

● Chilean giant mussel ● 
A. Chilensis (Agarophyte) 

● 
Chilean abalonii 

● ● ● 
Red sea urchin 

Red sea urchin ● 
Brown kelp 

Giant kelp 

Chilean abalonii 

Northern River Prawn 

Chilean abalonii 

Red sea urchin 

● 
Venus antiqua 

● Red sea urchin 
Venus antiqua 
● ● Red sea urchin 

● Red sea urchin 

Chilean abalonii 

● 
● 
● ● 

Red sea urchin 

● 
● Chilean abalonii ● ● 
● 
● ● 

Olive flounder 

Chilean abalonii 

Northern Clam 

Chilean abalonii 

Red sea urchin 

● ● 
Chilean abalonii 

Chilean giant mussel 

Chilean abalonii 

Red sea urchin 
Ribbed mussel 

Chilean abalonii 

Red sea urchin 

YES 
9% 

NO 
91% 

Reported/published results 

Incidental 

Salmon escapees 

Mining  

wastes 
$ Compensation 



Some Results 
¿How much         does my MEARB needs? 

www.chileesmar.cl 

Abundanc

e 

Harvesting 

event 

Restocking event 

Lack of understanding of  
restocking-ecosystem interactions 



                       GAP/CHALLENGE 1 Connectivity and site-selection 

Sources, Sinks, and Population Regulation, 

(Pulliam 1988) 

Source Sink 

Sink Source 

REGIONAL LARVAL TRANSPORT 

LARVAL LOSS 

AUTO-REPLENISHMENT 

LARVAL LOSS 
“MEABR A” 

recruitment 

growth 

immigration 

migration 

predation 

“MEABR B” 



                       GAP/CHALLENGE 1 Connectivity and site selection 



                     GAP/CHALLENGE 2 Seed Quality 

GENETICS EFFECTS  

G
ra

n
t 

et
al

. 2
0

1
7

; 
K

it
ad

a 
2

0
1

8
 

Cultivated and restocked 

populations have shown reduction 

in allelic diversity 

(Guillemin et al. 2008) 

Agarophyton chilensis (Pelillo) 



                        GAP/CHALLENGE 3 Monitoring and Success. Where, when, how? 

Post-seeding 
 Survival 

Survival to  
maturity 

Resilient and 
sustainable  
Population 

Su
cc

es
 le

ve
ls

 

Time - $$$ 

AMERB 

…when the released specimens survive to adulthood in sufficient numbers to rebuild a population with 
a stable age structure and to ensure the next generations of broodstock  

(Ireland et al. 2002; Mar Gil et al. 2017) 

Monitoring 

Tagging 

Socio-econ Assesment 

Population, community, genetic assessment 

MEABRs 
The only 
Option? 



                                     PROPOSAL Elements to develop a national strategy 

Today 

Species 

Seeds Survival 

Commercial resource 

Site availability (AMERB 

only) 

Restocking of resources 

Re-action / Project 

Community / ecosystem 

Sustainable population 

Ecosystem services 

Suitable/Optimal/Site Specific 

Habitat restoration 

Program / Strategy 

Precautionary principle, sustainability and ecosystem approach in LGPA 

ECOSYSTEM 



• Government has done his job trying to underpin social demands by immediate 

economic pressures (RE-ACTIVE not PROACTIVE), unfortunately following a short-

term subsidy based-model 

 

• Understanding either local or regional… ecosystem dynamics - poorly addressed 

 

•  This has led to failure of government-artisanal fishers co-management of coastal 

ecosystems 

 

• MEABRs may not represent “suitable ecological units” for community dynamics and 

connectivity needed by true “restocking” good practices approaches  

 

• Coherent, but expensive, ecology management of depleted stocks is needed  

REMARKS 
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Environmental Social 

Average 

Henríquez et. al., (2019) 
Marine Policy 

Hibrid multicriteria analysis  
(AHP – SWOT) 

Status of Chile for  
New Subsidy LAW 



Santiago, Nov 2019 



                                     PROPOSAL Elements to develop a national strategy 

2. Diagnosis 
1. Baseline 

2. Why has the population decreased? 

3. Bio-physical-ecological drivers 

4. Socio-economic drivers 

5. Restocking based on aquaculture is 

the most feasible option? 

Objectives / Planning 
1. Selection of site / regional context 

2. Define goals (participatory) 

3. Program design (> 1 reprod. Cycle) 

4. Supply of seeds? times? 

5. Technical/economic feasibility 

6. Define measures of success 

7. Initial modeling of K (poor data) 

8. Program would allow to observe 

effects on population/ecosystem? Evaluation/Optimization 
1. Population/ecosystem effects 

2. Genetic effects  

3. Socio-economic impacts  

4. Bio-economic modeling 

5. Adaptive management cycle 

6. Techniques Monitoring/Evaluation 

show effectivennes and success? 

7. Management Strategy Evaluation 

1. Normative Adaptation 

2. Differentiated breeding management: 
Aquaculture vs Restocking 



PMEA - Solicitud Repoblamiento 

a) Identificación y procedencia 

b) Ubicación geográfica y superficie 

c) Estado población especie a repoblar 

d) Número, peso y tallas individuos 

e) Metodología siembra y monitoreo 

f) Fuentes y montos financiamiento 

g) Cronograma de actividades 

h) Resultados en Informes Seguimiento 
 

 A
M

ER
B

 

27) Repoblación: Es la acción que tiene por objeto 
incrementar el tamaño o la distribución geográfica de la 
población de una especie hidrobiológica, por medios 
artificiales  

e) Repoblamiento: Acción que tiene por objeto introducir 
especies de invertebrados bentónicos y/o algas a una 
AMERB, cuya ubicación espacial se encuentra dentro de 
la distribución biogeográfica del recurso  

f) Semilla: Recurso hidrobiológico, invertebrado 
bentónico o alga en una etapa de desarrollo apta para el 
repoblamiento 

LG
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