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This report was prepared in collaboration between the Swedish 
University of Agricultural Sciences (SLU) and WorldFish, a One 
CGIAR member and produced with the support of SLU Global. It was 
written to elevate the profile of aquatic food systems, and the millions of 
small-scale actors involved in these systems supporting healthy people 
and planet, during the United Nations “International Year of Artisanal 
Fisheries and Aquaculture” (IYAFA) 2022.

 “We must recognize the crucial role of aquatic 

foods in land and water system transformations for 

sustainable, nutritious and equitable food systems.” 

– Shakuntala Haraksingh Thilsted, 2021 World Food Prize Laureate, 
CGIAR Director for Nutrition, Health and Food Security Impact Area 
Platform & Honorary doctor at the Swedish University of Agricultural 
Sciences



Summary 
 

Global nutrition needs are increasing and aquatic foods have recently been identified 
as crucial in addressing many of the world’s urgent challenges, including hunger and 
malnutrition. This synthesis highlights the importance of aquatic foods as a source of 
protein, micronutrients and income, its potential to meet increasing food demands, as 
well as the challenges in aquatic food production and harvesting.

Most importantly, it provides an overview of 
management initiatives and innovative solutions 
for secured sustainable access to aquatic foods in 
the future. Aquatic foods provide micronutrient-
rich foods for 3.3 billion people and support 
the livelihoods of more than 800 million people. 
Small-scale fisheries, in particular, play a key 
role in supporting the diversity and nutritional 
benefits of aquatic foods. However, the capture 
and production of aquatic foods is not always 
sustainable, and access to these foods may be 
unequal. At the water-land nexus, new ways of 
producing aquatic foods hold the potential to 
reduce the climate footprint in the food system. 

The governance of, and investment in, aquatic 
food systems needs to aim to preserve, support and 
improve aquatic species diversity and to improve 
access to this highly nutritious food. These efforts 
need to include multiple stakeholders, such as 
fishers, community agencies, policy makers and 
researchers, and be firmly established in both the 
latest research and in a local/regional context 
- ecologically and socially. By incorporating 
different aspects of aquatic foods, this synthesis 
aims to inspire and inform the reader about the 
importance of these systems, and means for a 
sustainable way forward.  
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Introduction

This synthesis seeks to highlight the importance 
of aquatic foods across society, its potential to 
meet increasing food demands, and the challenges 
in aquatic food production and harvesting. 
Furthermore, it presents an overview of some 
of the management initiatives and innovative 
solutions that are available to secure sustainable 
access to aquatic foods in the future. In the 
following, emphasis is first on an overview of the 
importance of aquatic foods from a food security 
and nutritional perspective, followed by a section 
that lists some of the main challenges these system 
face. The last part elaborates on, and explores 
solutions, which have been applied in various 
aquatic food systems across the globe. 

Importance of aquatic foods
Aquatic foods comprise of fish, invertebrates, 
aquatic plants, algae and aquatic mammals 
captured or cultured in freshwater or marine 
ecosystems for food or feed (Golden et al., 2021; 
Tigchelaar et al. 2021). The top seven categories of 
nutrient-rich animal-source foods are aquatic, and 
aquatic foods are highly diverse, giving access to 
varied nutrient compositions across both seasons 
and geographical areas (Naylor et al., 2021a). 
Currently, more than 2370 taxa are harvested from 
the wild, and more than 600 species or species 
types are used in aquaculture (Golden et al., 2021). 
While aquatic foods still remain undervalued 
as a nutritional solution they are increasingly 
understood as central in the goal for achieving 
sustainable and nutritious diets across the world 
(Golden et al. 2021). By providing micronutrient-
rich foods for 3.3 billion people and supporting 
the livelihoods of more than 800 million people, 
aquatic foods are crucial in addressing many of 
the world’s urgent challenges, including hunger 
and malnutrition (Building Blue Food Futures 
for People and the Planet, 2021). Global demand 
for aquatic foods has roughly doubled since the 
turn of the 21st century, and is projected to double 
again from 2015-2050 (Naylor et al., 2021a). Still, 
aquatic foods currently contribute to only 17% of 
the current production of edible meat (Costello 

et al., 2019), and its access is threatened by 
inadequate management and competing demands 
by wealthier consumers, leading to overharvesting 
and marginalization of traditional and indigenous 
fishers (Farmery et al 2021; One CGIAR 2022). 
Also, the global production of seaweeds has more 
than tripled during 2000-2018 (FAO, 2020). 
In 2018, farmed seaweed represented 97% (by 
volume) of the total 32.4 million tonnes of wild-
collected and cultivated aquatic algae combined 
(FAO, 2020). Yet, the potential for seaweed, as well 
as for molluscs (such as clams, oysters, scallops and 
mussels) remains underexploited contributing to 
only 8% and 6%, respectively, to the edible-weight 
of aquacultural products/harvest in 2017 (Naylor 

More than 600 species or species types are used in 
aquaculture.
PHOTO: CHARLOTTE BERKSTRÖM 
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et al., 2021b). Blue foods can help achieve food 
system ambitions across nations in four major 
ways, i.e. (1) ensuring supplies of critical nutrients, 
(2) providing healthy alternatives to terrestrial 
meat, (3) reducing dietary environmental 
footprints and (4) safeguarding blue food 
contributions to nutrition, just economies and 
livelihoods under a changing climate (Crona et al., 
2023).

Small-scale fisheries, in particular, play a key 
role for securing the diversity and nutritional 
benefits of aquatic foods. Improved and effective 
management of capture fisheries and stimulation 
of aquaculture is not only critical for securing 

protein provision, but also increasingly viewed as 
a pathway to prevent malnutrition for millions 
of people by the provision of micronutrients 
(Golden et al., 2021). At the water-land nexus, 
new ways of producing aquatic foods also holds 
the potential to reduce the climate footprint in 
the food system (Gephart et al., 2021). Research 
based on model simulations has indicated that 
aquatic food production is capable of sustainably 
producing much more food than it does at present 
(Costello et al, 2019), which shows a promising 
future for small-scale fisheries and aquaculture, 
as long as these resources can be managed in a 
sustainable way.

Aquatic food production is capable of sustainably producing much more food than it does at present, which shows a 
promising future for small-scale fisheries and aquaculture. 
PHOTO: CHARLOTTE BERKSTRÖM 
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Food security is not simply about maintaining 
yields, but also about the need for a stable supply 
of nutritionally diverse foods (Bernhardt and 
O’Connor, 2021). The Committee on World Food 
Security (CFS) have conceptualized food security 
into four different pillars: availability, access, 
utilization and stability (CFS, 2012), of which this 
synthesis is focusing on access. Access to foods can 
be defined as a sufficient supply of a nutritious 
diet (FAO, 2008). In order for adequate food 
security, both food availability and access need 
to be fulfilled, as food availability alone does not 
guarantee a nutritious diet (Bahn et al., 2021). This 
is important because the diets of approximately 
one third of the global human population (approx. 
2.3 billion people) are deficient in at least one 
micronutrient (Golden et al., 2021). 
While aquatic foods are important for both sexes 

and all ages, they are especially relevant for young 
children, women of childbearing age and pregnant 
women, given the critical role of micronutrients 
and certain omega-3 long-chain polyunsaturated 
fatty acids in fetal and child growth and 
development (Golden et al., 2021). For example, 
many aquatic foods are rich in vitamin A and 
zinc, which is highly relevant in especially the 
Global South (Golden et al., 2021). On both the 
African continent and in South Asia, vitamin A 
deficiency is likely prevalent among children, 
and zinc deficiency affects half of all children in 
regions for which information exists (Golden 
et al., 2021). Also, iron, zinc, calcium, vitamin A 
and docosahexaenoic acid (DHA) are commonly 
lacking in the diets of women and young children 
in low- and middle-income countries (Byrd et al. 
2021). Given that aquatic foods provide high-

Nutrition and access to 
aquatic foods 

Many aquatic foods are rich in vitamin A and zinc, which is highly relevant in especially the Global South.
PHOTO: CHARLOTTE BERKSTRÖM 
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quality proteins and are rich in micronutrients 
such as iron, zinc, calcium,  omega 3 and vitamin 
B12 (Tichelaar et al. 2021), investing into aquatic 
foods (e.g. aquaculture) may make diets more 
environmentally sustainable (Gephart et al., 2021) 
and improve human health (Golden et al. 2021). 
Specifically, consuming aquatic foods can be 
beneficial for brain, heart and eye health, and may 
contribute to preventing certain types of cancer, 
cardiovascular diseases, stroke and age-related 
macular degeneration (FAO, 2020). This is even 
more important for many low-income food-
deficit countries and least developed countries, 
where populations may be overly dependent on a 
relatively narrow selection of staple foods such as 
rice or other grains, which lack adequate amounts 
of essential amino acids, vitamins, micronutrients 
and healthy fats (FAO, 2020; Bernhardt and 
O’Connor, 2021). Another indirect health benefit 
of increasing the consumption of aquatic foods is 
a likely reduction in the consumption of less-
healthy red and processed meats that can cause 
adverse health outcomes (Golden et al. 2021).

Recently, it was shown that increasing aquatic 
food diversity increases nutritional benefits 

and reduces the portion sizes required to meet 
nutritional demands. These benefits, however, may 
simultaneously increase contaminant exposure. 
Hence, finding a balance between seafood 
biodiversity, seafood biomass consumption, and 
the resulting risks and benefits, will be critical for 
both human and ecosystem health. Biodiversity 
in natural aquatic systems can be maintained 
by reducing pollution and overharvest and by 
allowing ecosystems to adapt to climate change, 
and these measures could benefit humanity 
directly through seafood provisioning (Bernhardt 
and O’Connor, 2021). Additionally, we need to 
increase access to aquatic foods rich in omega-3 
fatty acids and micronutrients for marginalized 
populations. This can be achieved by eliminating 
some of the barriers to the sustainable harvest 
and consumption of these aquatic foods, and by 
ensuring that they are affordable. Also needed are 
appropriate protocols to reduce the loss of fish 
quality and quantity from inadequate handling, 
processing and storage, thus ensuring access to 
high-quality aquatic foods (FAO, Duke University 
& WorldFish, 2023).
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Despite being a unique nutritious and relatively 
environmentally friendly food source compared 
to meat production, the state of marine fishery 
resources has declined, and hence requires careful 
management (FAO, 2020). Approximately one 
third of all fished stocks are currently harvested 
at biologically unsustainable levels (year 2017; 
FAO, 2020), and one third of the global annual 
harvest from fisheries and aquaculture is currently 
either lost or wasted (FAO, 2020). Some of the 
challenges in the sustainable use of aquatic foods 
are that the different ecosystem components 
are rarely analysed and managed simultaneously 
(Tigchelaar et al., 2021). Furthermore, current 
fisheries practices often cause a shift in size 
structure and abundance of targeted species, 
altered food webs and bycatch of non-targeted 
species (Gephart et al., 2021). Additionally, 
management of pathogens, parasites, and pests 
also remain challenging, especially within the 
aquaculture context (Naylor et al., 2021). Luckily, 
several examples of successfully managed fisheries 
are found around the world, providing guidance 
and acting as role models for others to come (see 
text boxes for selective examples).  

The high risk of negative climate change effects 
on aquatic resources requires adaptation and/
or transformation of aquatic food systems 
(Tigchelaar et al., 2021). Such adaptations could 
include farming of temperature-tolerant species 
with reduced feed dependence, or restoring 
essential habitats such as mangroves, seagrass, 
wetlands and reefs, to enhance coastal storm 
protection and aquatic ecosystem productivity 
(Tigchelaar et al., 2021). Also, in efforts to lower 
the nutrient load, integrated aquaculture or the 
farming of  “extractive species”, such as marine 
bivalves or seaweeds, together with species of fish 
or invertebrates could be applied (FAO, 2020). 

Global environmental change, illegal, unreported 
and unregulated fishing, and fraud, collectively 

Challenges in food 
production and harvesting 

and independently, represent the most prominent 
threats to long-term sustainable development of 
aquatic foods and nutritional security. Indeed, 
failing to address illegal fishing and properly 
manage the sustainable development of aquatic 
food could exacerbate climate change and 
biodiversity loss (Bank et al., 2022). While 
aquatic foods are promising for reducing food 
and nutrition insecurity as well as tackling 
malnutrition such as undernutrition or 
obesity (Golden et al. 2021), the challenge and 
requirement for managers and stakeholders is 
to build climate-resilient, integrative, equitable 
and long-term sustainable aquatic food systems 
(Tigchelaar et al. 2021). 

Approximately one third of all fished stocks are currently 
harvested at biologically unsustainable levels.
PHOTO: CHARLOTTE BERKSTRÖM 
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The governance of, and investment in, aquatic 
food systems need to aim to preserve, support 
and improve aquatic species diversity (Golden 
et al. 2021). Encouragingly, while fisheries with 
weakly developed management systems are often 
in poor shape, intensively managed fisheries are 
found to reduce average fishing pressure and 
increase average stock biomass, often reaching 
or maintaining biologically sustainable levels 
(FAO, 2020).  Also, fish farming allows greater 
control over production processes than do capture 

Striving for solutions – is 
aquaculture the way forward?

fisheries, and farmed aquatic foods are among 
the fastest growing food sectors, with average 
annual growth rates of ca. 5% during 2001–2018 
(FAO, 2020). In 2018, aquaculture contributed to 
46% of the fish production globally (Gephart et 
al., 2021), with more aquatic animals produced 
from farming than fishing in 39 countries (FAO, 
2020). Still, current aquaculture production 
is far below its ecological limits, and could be 
increased through policy reforms, technological 
advancements and increased demand. However, 
aquaculture faces challenges such as destroyed 
habitats, excess nutrients and spread of pathogens 
that ultimately must be addressed (Naylor et al, 
2021b). Additionally, many farmed species are 
carnivorous, being fed fish oil or fishmeal derived 
from wild-fisheries which adds instead of reduces 
pressure to already overfished stocks (Naylor et al. 
2000). 

To reduce fishing pressure, a key issue is the type 
of feed used in farms, so that fishing effort is not 
simply shifted to other species that are used to 
feed the farmed animals. Aquaculture species 
belonging to low trophic levels, such as filter 
feeders and herbivores, are therefore preferred 
over carnivorous species. Seaweeds, bivalves, 
sponges or herbivorous or detritivorous fishes 
such as rabbitfish and tilapia are all examples of 
such. There is currently an increased use and also 
intense efforts in developing alternative feed 
ingredients such as terrestrial plant- or animal-
based proteins, seafood processing waste, microbial 
ingredients, insects and algae, which could catalyse 
considerable expansion of aquaculture food 
production in some regions (Costello et al., 2019; 
Hua et al. 2022). Increasing the use of food system 
by-products and residues as feed could further 
reduce the competition between aquaculture 
feeds and food production (Sandström et al. 2022). 

Fish farming allows greater control over production 
processes than do capture fisheries, and farmed aquatic 
foods are among the fastest growing food sectors.
PHOTO: CHARLOTTE BERKSTRÖM 
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There are several innovative initiatives in 
efforts to enhance sustainable use of our 
marine resources, where alternative feeds in 
aquaculture is one promising example. 

In Tanzania, there are trials with locally 
available and low-cost feed ingredients as an 
alternative to fishmeal as a protein source 
in fish feed for tilapia farming. The aims are 
to find feed alternatives that are of good 
quality for the growing fish, less expensive 
than imported commercial fish feed, and 
to increase fish production in Tanzania in a 
sustainable way. Locally produced test feeds, 
containing ingredients such as meal of 
cattle blood, fish bone, freshwater shrimp or 
brewery spent yeast, all showed promising 
results in terms of both fish growth and fish 
farm economy. Cost analyses for producing 
tilapia of standard Tanzanian market size 
showed that 50% replacement of fishmeal 
with the selected test ingredients could 
reduce feed costs by 30%, thus improving 
the profitability of small-scale tilapia 
farming in Tanzania (Mmanda, 2020).

With the aim to produce a local, circular 
fish feed for Swedish farmed rainbow trout, 
the Swedish University of Agricultural 
Sciences (SLU) and Axfoundation initiated 
the collaborative project “5 ton grön 
fisk i disk” (5 tonnes of green fish on 
the counter) with actors from the entire 
production and distribution food chain in 
Sweden. Researchers, chefs, retailers, fish 
farmers and municipal waste companies 

worked together to find ways to produce a 
more sustainable fish of very good taste and 
quality for the Swedish market. Instead of 
feed made of soy and imported wild-caught 
fish, the rainbow trout in the project was 
given an innovative feed made of insects 
and other raw materials almost exclusively 
produced in Sweden. The insects in turn 
had eaten organic waste in the form of 
husks, kernels and bread leftovers from 
the food industry that otherwise had been 
wasted. The rainbow trout produced within 
the project received good reviews in taste 
panels and were sold in restaurants and 
grocery stores during the winter of 2021-
22. The project showed that it is possible to 
produce a fish feed that is sustainable both 
from an environmentally and economically 
perspective, which is a necessity for the feed 
industry to take the next step and produce 
circular feed on a large scale (Axfoundation 
2021).  

SLU has also been involved in farming 
wild-caught subadult perch (grow-out or 
capture-based aquaculture) that otherwise 
would have been discarded as bycatch 
because of its small size. Because perch is a 
piscivore, plant-based feeds are not optimal. 
However, fish feed based on insect protein 
was also tested in this study with promising 
results, as well as fish feed made of bycatch 
of less sought after species such as cyprinids, 
and invasive species like the round goby  
(Östman & Vidakovic 2021). 

Alternative feeds in aquaculture 
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Fisheries regulations
Given the enormous diversity of small-scale 
fisheries, in regards to the type of species that 
are targeted, the different habitats and countries 
they are operating in and the various gears that 
are used, there is no one solution that fits all. 
Therefore, to safeguard and harness sustainable 
small-scale fisheries and aquaculture for future 
generations, there is a need for adaptive and 
hands-on/practical approaches that reflect the 
heterogeneity of the fisheries (Andrew et al., 
2007). In many small-scale fisheries, emphasis 
tends to focus on how fishing is conducted instead 
of how much that is actually caught, which is in 
contrast to the management of industrial fishing 
fleets (Hauzer et al., 2013). This is mainly due to 
data scarcity and the lack of reliable information 
on catches in many small-scale fisheries, hence 
other management options need to be considered 
(Chrysafi et al., 2019). 

Spatial Management – MPAs 
and OECMs
Access restriction, such as marine protected 
areas (MPAs), is one of the most common 
management strategies in low-income countries 
(Hicks & McClanahan, 2012). This is mainly 
because area-based restrictions are comparably 
easy to implement and cost-efficient to monitor, 
especially if the areas in question are small and 
located close to land (Hicks & McClanahan, 
2012). MPAs may come in different forms, with 
various degrees of protection, ranging from 
banning only certain human activities to strictly 
no-take zones. No-take zones are the most 
conservative form of spatial management and 
the ecological effects by this type of protection is 
well documented, often with higher abundances 
and larger individuals of target species inside the 
reserves (Edgar et al., 2014; Zupan et al., 2018). 
Large MPAs may also be divided into zones 

Sustainable management of 
artisanal fisheries

with different degrees of protection. Recently, 
there has been a lot of focus on “other effective 
area-based conservation measures” (OECMs), 
introduced in 2010 and defined in 2018 (IUCN 
2019). OECMs have been acknowledged as 
a complementary framework to MPAs, and 
are defined as “a geographically defined area 
other than a protected area, which is governed 
and managed in ways that achieve positive and 
sustained long-term outcomes for the in-situ 
conservation of biodiversity with associated 
ecosystem functions and services and where 
applicable, cultural, spiritual, socio-economic, 
and other locally relevant values” (CBD 2018). 

A dema trap, used by local artisinal fishers to catch fish 
in tropical seascapes of Zanzibar, Tanzania.
PHOTO: CHARLOTTE BERKSTRÖM 
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OECMs can be governed by a variety of rights 
holders and actors including Indigenous peoples 
and local communities, government agencies, as 
well as sectoral actors, private organizations, and 
individuals.   

Temporal closures
Some MPAs are implemented only during certain 
periods of time, i.e. temporal closures. These may 
be established during sensitive periods or seasons, 
such as during spawning times for a particular 
species, or over several years to allow for regrowth 
of species with short life cycles. Such partially 
protected areas (PPAs) are generally preferred 
in areas where there are large numbers of local 
users in the protected areas, because they tend to 
generate less conflict between local communities 
and management and better balance the social and 
ecological interests (Zupan et al., 2018). However, 
the ecological effects of PPAs are not as well-
known compared to no-take zones (Zupan et al., 
2018), though some have proven to be beneficial 
for invertebrates such as lobsters, octopus or 
gastropods, but less so for finfish (Cohen & 
Alexander, 2013).

Gear restrictions
Restrictions concerning fishing gears, such as net 
mesh size and bans of certain fishing gears, are 
among the cheapest management measures and 
are widely used across the globe within fisheries 
management (Kolding & van Zweiten 2011). Bans 
may apply to methods or gears that are destructive 
to the environment, such as dynamite fishing, 
beach seines or the use of toxic substances, as 
well as gears (e.g. spear guns) that enable a high 
selectivity for certain species and sizes (Cinner 
et al., 2009; Roos et al., 2016). Within small-
scale fisheries, fishers are generally more positive 
towards gear restrictions than closures of areas 
(Cinner et al., 2009). 
 
Gear restrictions can also be used in the 
adaptation or development of a fishery instead of 
restricting it (Breen & Kendrick, 1997; Hicks & 
McClanahan, 2012). Because gear restrictions can 

be adapted to local ecological conditions as well 
as social context they offer many solutions for 
management, which can be fine-tuned depending 
on site-specific social-ecological circumstances 
(Hicks & McClanahan, 2012). Fisheries 
regulations as such can be used within adaptive 
management strategies to decrease fishing pressure 
on certain functional groups of fishes or on 
specific habitat types (Carvalho & Humphries, 
2022). For example, in areas that host habitats that 
are vulnerable to mechanic disturbances, such as 
coral reefs, a reduction or ban on the use of nets 
might be implemented (McClanahan & Cinner, 
2008). Hook-and-line fishing generally targets 
piscivorous fishes, whereas nets (depending on 
mesh-sizes) may catch a higher ratio of small or 
juvenile individuals, and spear-guns may select for 
larger individuals of certain species, depending 
upon local preferences (Carvalho & Humphries, 
2022). Therefore, in efforts to protect certain 
species, life stages or functional groups, the 
restriction of specific fishing methods or gears 
may be highly useful (Carvalho & Humphries, 
2022).

Size restrictions
Size-selective fisheries are widely adopted 
within fisheries management where information 
on quotas or landings are lacking or difficult 
to obtain, for instance within recreational and 
small-scale fisheries (Ahrens et al., 2019). These 
kind of management restrictions often focus 
on a minimum legal size of certain species 
(usually length, but could also be weight for 
invertebrates such as octopus), but can also include 
a “harvest window” where neither too small nor 
too large individuals are caught (Ahrens et al. 
2019). Restrictions may also apply for certain 
life stages, such as the ban on catching female 
lobster carrying eggs in Swedish fisheries (HaV, 
2022; Sundelöf et al. 2013). Another solution 
may be to diversify the target species within 
small-scale fisheries to promote species that are 
not traditionally consumed locally, such as ide 
(Leuciscus idus) and freshwater bream (Abramis 
brama/bjoerkna) in Sweden (Dahlin et al., 2021).
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The reef octopus (Octopus cyanea) is an 
important species within small-scale 
fisheries in the Western Indian Ocean 
(Benbow et al., 2014; Chande et al., 2021). 
This fishery provides protein for coastal 
communities since catches are consumed 
locally. The fishery also provides income 
as catches are sold to hotels and restaurants 
and sometimes exported (Silas et al., 
2022). Tanzania is the largest producer of 
octopus in the Western Indian Ocean (Silas 
et al., 2022). However, octopus catches 
have dwindled in several areas along the 
Tanzanian coast, with fewer and smaller 
specimens harvested, and overexploitation 
considered to be the main reason (Silas et 
al., 2022). 

In response, temporally closed fishing 
grounds were suggested as an appropriate 
management action, as such initiatives had 
previously been successful in Madagascar 
(Benbow et al., 2014). In cooperation 
with local fishing communities and WWF, 
temporal closures of three months were 
implemented on reef areas in a number of 
places in Tanzania in 2017 (Lindkvist et al., 
2019). Octopus are short-lived, therefore 
a closure of three months was considered 
sufficient (Silas et al., 2022). After the 
closed period, octopus catches increased 
substantially, in almost all sites, both in 

numbers and weight (Silas et al., 2022). 
In the Songo-Songo archipelago, octopus 
catches were so large that the fishers could 
not sell all their catch before it turned bad 
(Lindkvist et al., 2019). However, this issue 
was solved by WWF arranging proper 
storage and ice (Medard & Arnold, 2022). 

Depending on site-specific arrangements, 
some fisheries opened only for a few days 
and then closed again, whereas others were 
open during longer periods of time and 
closed on an annual basis (Lindkvist et al., 
2019). In some areas, the number of fishers 
were restricted during the open days, 
whereas it was open access for all in others. 

In one site, on the island of Pemba, there 
was a slightly different arrangement with 
a permanent closure which functioned 
as a “resource bank” (www.mwambao.
or.tz). These reefs were only allowed to 
be fished when the village was in specific 
need of income. In summary, the periodic 
closures were successful, with benefits both 
for the near-shore octopus populations 
and the local communities (Silas et al., 
2022). Recently temporal octopus closures 
have also been established in Kenya with 
positive outcomes (G. Okemwa, personal 
communication 2022).

Local fisher catching octopus in Tanzania.
PHOTO: MARIA EGGERTSEN

Temporal octopus closures in East Africa 
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Restoration efforts may be applied in areas where 
fisheries are already overexploited. Such measures 
could for example be restocking, i.e. the release 
of cultured juveniles to wild populations that 
are overfished, or restoration of  habitats that are 
critical for the survival of species targeted within a 
fishery (Bell et al., 2005; Bell et al., 2008). 

Restoration of fished popula-
tions - restocking initiatives
Restocking of individuals reared in hatcheries 
has for example been tried for invertebrates such 
as the greenlip abalone (Haliotis laevigata), giant 
clams (Tridacna spp), topshell (Trochus niloticus) 
and different species of sea cucumbers (Bell et al., 
2005; Loneragan et al., 2013). However, for the 
majority of the species, it is uncertain if restocking 
initiatives have resulted in positive results for the 
wild populations (Bell et al., 2005). The restocking 
of European eel is an example where restocking 
has failed to recover wild stocks. Instead, the 

Restoration measures

restocking only provides just enough recruits to 
keep the fishery on eels alive (Rohtla et al. 2021). 
In Sweden, there is an ongoing research project 
(ReCod 2020-2025), where Atlantic cod (Gadus 
morhua) are reared in hatcheries and released into 
the Baltic Sea with the aim to strengthen the wild 
population (https://recod.balticwaters2030.org/).

Restoration of critical habitats
A habitat-based approach is also used to enhance 
small-scale fisheries in degraded environments. 
Such efforts are diverse and include for example 
the restoration and replanting of mangroves 
(Lewis & Gilmore, 2007), seagrasses (Das, 2017), 
kelp forests (Coleman et al., 2020) and corals 
(Williams et al., 2019). Underwater constructions 
that form artificial reefs have also been 
implemented (Wilson et al., 2002). These types 
of restoration initiatives can be found across the 
globe, from tropical to temperate regions. 

In the south-eastern (Hanö Bay) and western 
(Bohuslän) part of Sweden, there are pilot 
studies using “cod hotels” in an attempt to 
increase survival of cod by the construction 
of artificial reefs (http://hanotorskrev.se/
index.html#; https://www.fjordtorsk.se/). 
The projects are part of a commission from 
the Swedish Government to restore Swedish 
cod populations. 

The reefs are constructed of waste products 
from the concrete industry. Concrete slabs 
with cylinder holes are stacked on top of 
each other to provide a complex structure 
with high topography and places to hide. 
These can provide protection from predators 
such as seals and cormorants, which have 
increased in abundance. Strings with floats 

are attached to the concrete in order to 
create so-called “mussel bands”, where 
mussels, sea squirts and algae can grow and 
create habitat similar to seagrass beds and 
kelp forests where juvenile fish can settle and 
grow while protected. The cod hotels on 
the Swedish west coast are also intended to 
provide habitat for lobsters. 

Additionally, there are other ongoing 
projects with reconstruction of lost 
habitats such as artificial lobster reefs in the 
Gothenburg archipelago (Kraufvelin et al. 
2022).

Cod hotels
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There are several key factors for successful 
management of sustainable small-scale fisheries. 
These may vary across different geographical and 
socio-ecological settings, but one of the brightest 
shining stars is the concept of co-management 
(Kosamu, 2015). In general, co-management 
describes a structure of joint management efforts 
including both resource users (fishers) and 
governmental institutions, and highlights the 
development of social networks that empower 
local resource users and foster resilience (Castilla 
et al., 1998; Finkbeiner & Basurto, 2015). This 
is in stark contrast to management models in 
western fisheries that traditionally are top-down 
structured (Techera, 2007). Co-management 
can have many faces, such as beach management 
units (BMU) and locally managed marine areas 
(LMMAs) in East Africa (Cinner & McClanahan, 
2015; Kawaka et al., 2017), or territorial use rights 
fisheries (TURFs) in Mexico and Chile (Castilla 
& Fernandez, 1998; McCay et al., 2014), to name 
a few.

The structure of co-management varies 
largely with different set-ups and designs and 
describes interactions among e.g. states, local 
communities, NGOs, public or private interests 
(Finkbeiner & Basurto, 2015). However, in 
most cases, some management tasks (such as 
decision making, enforcement, monitoring or 
conflict resolutions) are decentralized from the 
state and there is instead empowerment of local 
communities by transferring the rights of access 
and control from a few officials (top-down 
driven management) to a larger community 
(bottom-up driven management) (Pomeroy et 
al. 2001; Finkbeiner & Basurto, 2015). This is 
a suitable alternative when state control is not 
sufficient for resource management (Finkbeiner 
& Basurto, 2015), or if there is a risk of conflict 
between local communities and governmental 

Co-management – the key to 
success

authorities (Noble, 2000). A few prerequisites 
need to be fulfilled to make co-management 
initiatives successful.  For example, there is a 
need for governmental back-up in initiatives 
to implement legislation and/or control, and 
in the establishment of supportive legislation, 
policies, rights and authority structures 
(Pomeroy et al. 2001). This may be achieved by 
strengthening local enforcement (by various 
means), by accountability mechanisms and by 
providing fishers or local groups/organisations 
with legal rights (Pomeroy et al., 2001). A clear 
legal framework, participation by those affected 
in decision-making and local leadership are 
important for the success of co-management 
(Pomeroy et al. 2001). 

Negotiations among middlemen and artisinal fishers at 
a landing site in northern Zanzibar, Tanzania. 
PHOTO: CHARLOTTE BERKSTRÖM 
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One of the most well-known examples 
of co-management is the loco fishery in 
Chile. The loco (Concholepas concholepas) is 
a marine gastropod that traditionally was 
harvested for local consumption in Chile. 
In the mid-70s, the economical liberation 
opened Chile’s borders to the world, and 
demand for locos, especially from Asia, 
drove an export market and a subsequent 
booming fishery (Albornoz & Glückler, 
2020). Unfortunately, just a few years of 
intense fishing caused the loco to decrease 
substantially, and the fishery crashed (Castilla 
& Defeo, 2001). 

Several different management strategies 
were tried, such as seasonal and permanently 
closed fishing grounds, but many of these 
were unsuccessful. With the high incomes 
generated by the loco fishery, illegal 
fishing was widespread, and fishers also 
migrated to other areas where conflicts 
between local and migrating fishers 
often erupted – a phenomenon called 
“fever of the loco” (Albornoz & Glückler, 
2020). In efforts to create a sustainable 
fishery, a co-management structure was 
implemented between 1993 and 2000, with 
joint management between the fishing 
communities and the government (Cerda & 

Stotz, 2022). 

Total allowable catch, 
which was divided 

into quotas and 
assigned to 
individual 
fishers, were 
implemented 
legally by 
the Chilean 
Fishery and 
Aquaculture 
Law. Also, the 

fishery was only 

open during a few days in different seasons, 
to allow the loco stocks to recover (Defeo 
& Castilla, 2005). By law, exclusive fishing 
rights in defined nearshore areas were only 
given to organisations of small-scale fishing 
communities, although, if necessary, the 
authorities could decide on a total allowable 
catch amount (Defeo & Castilla, 2005). 

The areas were on average quite small, some 
of them not more than 1 km2 (Cerda & 
Stotz, 2022). These territorial user rights in 
fisheries (TURFs) actually led to that fishers 
changed their behaviour, and avoided to 
overexploit their designated fishing grounds, 
which was not the case for open-access areas 
(Defeo & Castilla, 2005). The TURF areas 
had to have an official annual harvest plan 
and follow-ups of the management plan, 
which included trends in abundances of 
locos, surveyed by the fisheries organisation 
(Defeo & Castilla, 2005). Protection of the 
TURF areas that aim to stop poaching are 
implemented by the fishers themselves, and 
they also design participatory and regulatory 
rules within their community (Castilla & 
Defeo, 2001).  

In almost all areas, densities of locos 
increased substantially compared to fished 
and unregulated areas, and almost reached 
similar abundances than those recorded 
at the beginning of the fishery (Castilla & 
Fernandez, 1998). Since 2002, with some 
local variations, loco catches have remained 
relatively stable. However, many fishing 
grounds have experienced decreases in 
catches during the last decade, which may 
be a result of illegal fisheries outside of 
TURF areas. To maintain the loco fishery 
and safeguard a sustainable small-scale 
fishery also in the future, further research 
and management strategies will have to be 
implemented (Cerda & Stotz, 2022).

PHOTO: MAR DEL 
SUR (CC BY-SA 4.0)

Co-management – the Chilean loco fishery
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Aquatic foods consists of a multitude of animals, 
plants and microorganisms with high nutrient 
content that are farmed or harvested from water. 
They are superfoods for people and for our planet 
and if managed the right way, aquatic foods 
contribute to nutritional, socio-economic, and 
environmental benefits. However, the challenges 
lie in sustainable capture and production of 
aquatic foods, and in increasing the access of 
nutrient rich aquatic foods to marginalized 
populations. Our perceptions, acceptance, 
consumption and management of aquatic foods 
will need to be diversified to allow for innovative 
solutions. Small-scale fisheries, in particular, have 
a key role for the diversity and nutritional benefits 
of aquatic foods where improved and effective 
management of capture fisheries and stimulation 
of aquaculture is needed. This report highlights 
how fisheries regulations, co-management and 
restoration initiatives can assist in ways forward to 

Conclusions

secure sustainable fisheries, and provides examples 
with positive outcomes. Aquaculture is suggested 
as a solution to meet some of the growing needs 
of aquatic foods, since fish farming allows greater 
control over production processes than do 
capture fisheries, and farmed aquatic foods are 
among the fastest growing food sectors. However, 
capture fisheries and aquaculture are interlinked 
in resource systems dependence. Alternative 
feeds, improvements in processing technologies, 
and more focus on non-predatory species in 
aquaculture is therefore encouraged in order to 
prevent competition with aquatic food for human 
consumption. We also highlight that partnerships 
and stakeholder collaboration are keys to success 
– the bottom-up approach achieves consensus and 
equips communities to own the interventions to 
protect, restore and better manage fisheries and 
aquaculture resources securing sustainable access 
to aquatic foods in the future.
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