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1. INTRODUCTION 

In recent years, the United Nations Food and Agriculture Organisation (FAO) has been 

promoting the Ecosystem Approach to Aquaculture (EAA) as a strategy to encourage 

efficient use of natural resources with diversification of products and benefits, while 

reducing impacts on the environment. For this reason, Integrated Multi-Trophic 

Aquaculture (IMTA) is presented as an ecologically sustainable alternative to the 

development of aquaculture activity (Soto, 2009). 

In southern Spain and Portugal, there are tidal saltwater coastal wetlands where 

aquaculture crops are developed in earthen ponds, and shellfish farming in marsh areas. 

These are places of high environmental value where this activity has been developed for 

many years (Fig. 1).  

The earthen ponds are the main system for cultivating fish, mainly sea bream and sea 

bass, although they can also be used for other species of fish, crustaceans, or bivalves. 

These farming systems are characterised by the fact that they occupy large areas, i.e. 

hectares, are generally highly influenced by tidal variations and have shallow farming 

units, normally less than 1.5 m deep. 

 

Fig. 1 Aerial image of a land-based aquaculture facility in southern Spain. Source: Estero 

Natural S.L. 

Aquaculture activity in earthen ponds emerged in the mid-twentieth century, as a 

complementary activity to the salt extraction industry that was beginning to suffer a 

significant decline. The disuse of these spaces for the extraction of salt was causing the 

renewed flooding of these spaces, becoming a refuge for many marine organisms, 
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mainly fish and as resting places for migratory birds. The traditional aquaculture pond 

provides a number of ecological services supporting fish and shellfish production. 

As these systems depend to a great extent on the tides, the entry of water from the sea 

means that there is some residual production of other species common to these 

environments, such as white seabream, spotted seabass or sole, and there is also an 

entry of extra food in the form of algae, small molluscs or crustaceans for the species of 

the main crop. For these reasons, there are many polycultures in these areas where one 

species of fish is joined with a bivalve mollusc or with shrimp or prawns (Santaella et al., 

2003). 

Although it is true that aquaculture activity in these areas has been declining, mainly 

due to the relatively low profitability of these crops, which are usually cultivated at low 

densities (1-4 kg/m3) compared to Mediterranean aquaculture in cages, the adoption of 

sustainable production models such as IMTA, can become a key strategy to make 

aquaculture in these areas economically viable again. 

 In conventional aquaculture, animal growth is supported by large inputs of feeds 

manufactured from ingredients obtained from ecosystems outside the pond. Wastes 

resulting from feed inputs stimulate high rates of biological activity within the pond and 

natural supplies of dissolved oxygen are inadequate to meet the overall oxygen demand. 

At the upper limit of intensity, rates of natural processes within the pond become 

inadequate to remove all the wastes produced during culture, and water exchange is 

used to eliminate excess organic matter or potentially toxic metabolites. When water is 

flushed from ponds to remove wastes, adjacent water bodies or land areas are used to 

treat or assimilate those wastes. In this regard, culture intensity is strongly associated 

with the concept of ecological footprint, which is a tool used to assess the dependence 

of an activity on resources or services appropriated from other ecosystems. In other 

words, the overall ecological footprint (which equals the facility area plus support area) 

of extensive pond aquaculture is small compared to intensive pond culture because, in 

the latter, land and water area outside the pond is used to provide the ecological 

services that support high levels of production. 

Ponds rely on natural processes to remove waste products. Solid wastes are broken 

down primarily by heterotrophic bacteria and detritivores at the bottom of the pond. 

Ammonia (NH+
4) excreted by fish or shrimp is directly assimilated by algae or converted 

into less toxic nitrite (NO−
2) by Nitrosamonas bacteria and, subsequently, into nitrate 

(NO−
3) by Nitrobacter bacteria. The nitrate form can then be assimilated by algae (Fig. 

2). The efficiency of this nitrogen removal system is the primary bottleneck in further 

pond production intensification. Humans can intervene by increasing the rate of algal 

assimilation or by increasing the rate of bacterial nitrification. 
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Fig. 2 – Conceptual model for pond IMTA 

With IMTA there is not only an improvement of the profitability of the system, by also 

diversification of the crop species and, consequently, reduction of the risks associated 

with possible production losses. It also assists in the recovery of the marshland area, by 

encouraging the use and, therefore, the maintenance of these flood areas. All this will 

be rewarded in the form of greater social acceptability of products from IMTA. 

This document is presented as an implementation guide for Integrated Multi-Trophic 

Aquaculture in earthen ponds in southern Spain and Portugal, both in facilities already 

dedicated to the activity that are interested in diversification of their production and 

development of new aquaculture projects. 

2. RECOMMENDED SPECIES 

Land-based aquaculture in earthen ponds is a type of aquaculture completely integrated 

in the natural environment. Therefore, seawater, sediment, and environmental 

conditions are those provided by nature. The processes and inputs controlled by the 

farmers include the degree of (tidal) seawater exchange, density, and number of target 

species, feeding, potential veterinarian treatments (limited), oxygenation in semi-

intensive and intensive fish cultivation and, of course, harvesting. Given these semi-

natural conditions, greatest success is achieved with species that naturally inhabit these 
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environments. Here, we will focus on the species that have the longest tradition of 

cultivation in earthen ponds since there are (more or less) established protocols, i.e. fed 

carnivores (fish), filter feeders (molluscs) and primary producers (seaweeds). However, 

keeping in mind its similarity with natural systems, earthen pond cultivation provides 

many opportunities for new target species and systems can be expanded with several 

species, especially of lower trophic groups, notably shrimps and other crustaceans, 

benthic detritus and seaweed feeders, such as echinoderms (sea cucumbers and sea 

urchins) and waste water can even be used for irrigation of halophyte cultivation, such 

as glassworts and samphires (Salicornia and Sarcocornia and other halophyte species). 

Species cultivated in earthen ponds must be able to withstand the wide range of salinity 

and temperature variation found in this type of environment with Mediterranean 

climates (Hot-summer Mediterranean climate (Csa) and Warm-summer Mediterranean 

climate (Csb) - (Kottek et al. 2006)).The strong influence of the tides and the shallow 

depth of the cultivation units render them especially susceptible to meteorological 

influences, favouring the occurrence of important fluctuations of these parameters 

throughout the whole cultivation cycle; for instance, during hot summer days, strong 

evaporation will lead to high salinities and elevated temperatures, whereas heavy 

rainfall in winter will have the opposite effect. Moreover, these fluctuations can occur 

on a temporal scale of several hours to one day. Therefore, the selected species, besides 

having a high commercial value, must be able to endure these short-term fluctuations 

in environmental conditions. 

Based on these criteria, the main species of fish, bivalve molluscs and macroalgae 

considered for this guide are presented below. 

2.1. Fish 

Among the different species of commercial value that we can find in these 

environments, we can highlight gilthead bream (Sparus aurata), European bass 

(Dicentrarchus labrax), spotted seabass (Dicentrarchus punctatus), European eel 

(Angilla anguilla), Senegalese sole (Solea senegalensis), white seabream (Diplodus 

sargus), meagre (Argyrosomus regius) and mullets, such as flathead grey mullet (Mugil 

cephalus), thicklip grey mullet (Chelon labrosus), golden grey mullet (Liza aurata), thinlip 

mullet (L. ramada), and leaping mullet (L. saliens). 

However, considering the technical feasibility of cultivation and successful cultivation 

experiences carried out in this type of facility, we have selected the following five 

species. 
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2.1.1. GILTHEAD BREAM (Sparus aurata) 

Kingdom: Animalia 
Phylum: Chordata 
Class: Actinopterygii 
Order: Perciformes 
Family: Sparidae 
Gender: Sparus 
Species: S. aurata 
(Linnaeus, 1758) 

 

BIOLOGY 

Species appreciated on the European market. It is characterized by an oval, high and 

laterally compressed body. It is characterized by a large head, small eyes, and thick 

fleshy lips. The body coloration is silvery grey with a dark spot at the beginning of the 

lateral line. The commercial denomination has its origin in a golden strip between the 

eyes and surrounded by two dark areas. 

It presents protandrous hermaphroditism, meaning that each individual matures 

sexually initially as a male (first 2 to 3-4 years), after which it develops as a female. 

Spawning occurs from October to December, egg incubation until larval hatching lasts 2 

days and the larval stage between 43 and 50 days, depending on the temperature of the 

system where its development occurs. The maximum number of juveniles appear in 

February, with their development fluctuating between November and May. It can live 

more than 10 years and can reach a size of up to 57 cm in length. 

FOOD 

Feeding, both in the natural environment and in open water cultivation, becomes more 

intense in the warm months, decreasing from October to December. They are mainly 

carnivorous, accessorily herbivorous, with a Trophic Level of 3.7. They feed on small fish 

(in occasional situations), crustaceans and molluscs (bivalves and gastropods). Besides 

commercial feed in captivity its main natural food source is the macrobenthos, 

specifically Hydrobia, Nereis, Abra, Cerastoderma and Carcinus. Annelids become a 

secondary food used in case of food needs. 

CULTURE 

It is a euryhaline and eurythermal species, so it can live in marine or brackish 

environments, tolerating temperatures between 12 and 30 º C, although the optimum 

is between 23 and 25 º C. Below 13-14 º C they stop feeding and growth can come to a 

halt. Regarding salinity, they are capable of living in ranges between 3 and 70 ‰, 

although its optimum is between 22 and 28 ‰ (Ortega, 2008). 

Source: Ministry of Agriculture, Fisheries and Food, Spain 
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For the reasons abo they are grown in most Mediterranean countries, including Portugal 

and Spain. Hatcheries produce eggs from breeding individuals under very controlled 

conditions. Each female lays up to 2 million eggs of 1 mm in diameter per kilogramme 

of weight. During their first month in captivity, the larvae feed mainly on living 

organisms: rotifers and artemia, although small size artificial feed start to be supplied at 

17 days post-hatch (PH). Subsequently, they begin with feed made from natural raw 

materials. The breeding facilities vary: floating nurseries in the sea, glass-fibre or 

concrete tanks and ponds on land. Gilthead seabream takes between 18 and 24 months 

to reach 400 g from the time they hatch from the egg. The commercial size ranges from 

250 g to more than 2 kg (APROMAR, 2019). 

In earthen ponds and in extensive regimes they reach the first commercial size of 350 g 

in approximately 20 months, after the fingerling stocking in the months of March and 

April. This cycle can be reduced when subjected to a semi-intensive regime where 

artificial feed is supplied ad libitum. 

2.1.2. EUROPEAN SEABASS (Dicentrarchus labrax) 

Kingdom: Animalia 
Division: Chordata 
Class: Actinopterygii 
Order: Perciformes 
Family:  Moronidae 
Gender: Dicentrarchus 
Species: D. labrax (Linnaeus, 
1758)  

BIOLOGY 

Like gilthead seabream, European seabass is a species of great commercial value on the 

European market. It has a fusiform, elongated, and slender body, with a pointed head 

and a large, protractile mouth. The lower jaw is somewhat prominent. The colour of the 

back is silvery grey with bluish highlights, silvery sides and a ventral area that sometimes 

appears slightly yellow; on the upper edge of the operculum (which has two pointed 

spines) it has a characteristic black spot (Santaella et al., 2003; APROMAR, 2019). 

The European seabass reaches sexual maturity with an approximate size of 30 cm, so 

that males develop at approximately two years and females at three years of age. 

Spawning takes place from March to June and the eggs are pelagic. They do not present 

sexual dimorphism, although the females grow faster and tend to be larger than the 

males and have a slightly longer and more pointed head. The presence of post-larvae 

and juveniles occurs in the months of January to July, with peaks in April and May. They 

can live up to 30 years and can reach 70 cm in length (Santaella et al., 2003; APROMAR, 

2019). 

Source: Ministry of Agriculture, Fisheries and Food, Spain 
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FOOD 

It is a carnivorous and very voracious species, feeding on small fish, crustaceans, such as 

shrimps and crabs, and molluscs, such as squid. Their Trophic Level is 3.5 (FishBase, 

2020). The diet varies according to the size of the fish, so that while the diet of the 

youngest is based on crustaceans, that of the adults consists mainly of fish. Their main 

food in streams and marshes are fish, specifically Atherina, Fundulus, mullets and 

crustaceans such as amphipods, or shrimps from the family Palaemonidae (Santaella el 

al., 2003). 

CULTURE  

Like gilthead bream, European seabass are raised in most Mediterranean countries, 

including Spain and Portugal. However, comparatively to gilthead sea bream, they show 

lower tolerance to the high temperatures. Hatcheries produce eggs from breeding 

individuals under very controlled conditions. Each female lays up to 250,000 eggs of 1 

mm in diameter per kilo of weight. During their first month of life in culture, the larvae 

feed on living organisms: rotifers and artemia. Subsequently, they start feeding on 

artificial feed. The breeding facilities vary: floating nurseries in the sea, fibre-glass and 

concrete tanks or ponds on land. Each seabass takes between 20 and 24 months to reach 

400 g from the time it hatches from the egg. The commercial size ranges from 250 g to 

more than 1,500 g (APROMAR, 2019). 

It is a euryhaline (can live in environments with a wide range of salinity) and eurythermal 

species (wide range of temperature, 5-28º C). Its optimum temperature is between 20-

25º C. 

According to information from the Spanish Ministry of Agriculture, Livestock, Fisheries 

and Sustainable Development, among the main methods of cultivation are extensive 

earthen ponds, taking advantage of the migration of juveniles from the sea. In this 

location they find better nutritional and climatic conditions, and above all, defence 

against predators not adapted to the changes in salinity in this system. In this type of 

cultivation, growth is slow (it reaches commercial size, 400-500 gr. in approximately 37 

months). One limitation of this system is that, the seabass can drastically reduce the 

natural resources of the ecosystem because it is a strong predator. A variation of this 

method is the improved extensive and semi-intensive, which achieves substantial 

improvement in performance and involves the fertilization of the ponds, to increase 

plankton production, the supply of artificial feed and the controlled supply of fry from 

the natural environment or hatcheries. 
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2.1.3. MEAGRE (Argyrosomus regius) 

Kingdom: Animalia 
Division: Chordata 
Class: Actinopterygii 
Order: Perciformes 
Family: Sciaenidae 
Gender: Argyrosomus 
Species: A. regius 
(Asso, 1801) 

 

 
 

BIOLOGY 

Meagre have a relatively large yellow head with an elongated silver-grey body with a 

mix of dark shades. They have a rounded snout with a terminal mouth position without 

chin, the teeth are conical and robust. They have relatively small eyes and a conspicuous 

lateral line, which extends over the caudal fin. The second dorsal fin is much longer than 

the first. The anal fin has a short first spinous ray and a very thin second one. Several 

branched appendages are present on the swim bladder, which may vibrate producing a 

'snore' sound. Large otoliths. Can reach lengths of up to 2 m and 50 kg in weight 

(APROMAR, 2019). 

FOOD 

Meagre inhabit sandy bottoms, from estuarine areas, river mouths to depths of 200 m. 

Natural distribution covers the eastern Atlantic, from Senegal to northern France, 

including the Canary Islands and the Mediterranean Sea. It is a very voracious predator 

of Trophic Level 4.3, feeding on fish, such as mullets, and clupeidae, and crustaceans 

(Corbera et al., 1996).  

CULTURE  

Compared to seabream or sea bass the history of meagre aquaculture is quite recent. 

Commercial production in Italy was first reported to the FAO only in 2002 (Alvarado, 

2009).  

The cultivation of meagre is carried out in various Mediterranean countries and the 

fattening techniques are similar to those used for seabream and sea bass. Breeding 

centres produce eggs from breeding individuals under very controlled conditions. A 1 m 

long female produces more than 1 million eggs per year, with a diameter of less than 1 

mm each. During their first month of life in culture, the larvae feed on living organisms: 

rotifers and artemia. Afterwards they are fed with feed made from natural raw 

materials. The feed used during pre-fattening and fattening is similar to that used in 

other Mediterranean species, with almost 50 % protein and 20-25 % lipids. These feeds 

Source: Estação Piloto de Piscicultura de Olhão, IPMA, Portugal 
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can be experimental or commercial. On land they are fed 2-3 times a day and in cages 

at sea once a day. Breeding techniques are similar to those used for seabass and sea 

bream, both in floating nurseries at sea and in land-based ponds. Meagre grow 

substantially faster than seabream or sea bass and can reach 1 kg in 12 months. 

Commercial size is between 1 and 4 kg (APROMAR, 2019). However, before 2 kg meagre 

have a very large head compared to the rest of the trunk, which makes them less 

desirable for consumers. 

2.1.4. FLATHEAD GREY MULLET (Mugil cephalus) 

Kingdom: Animalia 
Division: Chordata 
Class: Actinopterygii 
Order: Perciformes 
Family: Mugilidae 
Gender: Mugil 
Species: M. cephalus 
(Linnaeus, 1758) 

 

BIOLOGY 

The flathead grey mullet’s body is elongated and cylindrical, with a wide head, indented 

at eye level. Characteristic is the adipose membrane around the eyes, covering a large 

part of the pupil. The colour of the back is dark blue, and the flanks are silvery. They are 

mainly diurnal, feeding on detritus, periphyton and benthic organisms. They are an 

ecologically important link in the energy flow within estuarine communities. Sexually 

mature at 3 to 4 years. Breeding takes place between July and October. The eggs and 

their larvae are pelagic. The size reached by this species in culture carried out in earthen 

ponds is from 8 to 58 cm long (Santaella et al., 2003). Females grow faster than males. 

FOOD 

Feeding by sucking up the top layer of sediments, flathead grey mullets remove detritus 

and microalgae. They also pick up some sediment which helps grind food in the gizzard-

like portion of the stomach. Mullets also graze on epiphytes and epifauna from 

seagrasses as well as ingest surface scum containing microalgae at the air-water 

interface. Trophic Level is low at 2.5. 

CULTURE  

This species is of great interest for cultivation in earthen ponds, due to its easy 

proliferation in these environments, as well as its high growth rate that allows to reach 

a high number of large captures in a short period of time. It is usually cultivated in 

polyculture with other fish species in semi-intensive systems (Santaella et al., 2003).  

Source: FAO Fisheries & Aquaculture 
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Trials on the artificial propagation of flathead grey mullets have been carried out, but 

most of the commercial aquaculture production of flathead grey mullet still depends on 

fry collected from the wild, which is cheaper. Ninety-nine percent of fingerlings for 

aquaculture purposes are collected from the sea during late August to early December.  

2.1.5. WHITE SEABREAM (Diplodus sargus) 

Kingdom: Animalia 
Division: Chordata 
Class: Actinopterygii 
Order: Perciformes 
Family:  Sparidae 
Gender: Diplodus 
Species: D. sargus 
sargus (Linnaeus, 1758) 

 

BIOLOGY 

The white seabream has an elongated and laterally compressed body. The colouration 

is silver-grey, with a dark nose and interocular space. It has a black band around the 

caudal peduncle and a black spot on the pectoral fin insertion. Juveniles do not show 

these bands until they are more than 4 cm long. The maximum size reached by this 

species in the culture carried out in earthen ponds is 40 cm long (Santaella et al., 2003). 

Like the gilthead bream, the white seabream is a proterandric hermaphrodite species. 

Sexual maturation occurs at 2 years of age and spawning occurs from March to June 

(Divanach et al, 1982, Morato et al, 2003). Eggs and larvae are pelagic, settling from late 

May to July on shallow, sheltered bottoms. 

FOOD 

White seabream is an omnivorous fish that feeds on seaweeds and benthic 

invertebrates, mainly small crustaceans, bivalve molluscs, echinoderms (sea urchins), 

and sedentary polychaetes. They have a Trophic Level of 3.4. Younger specimens also 

include molluscs and cnidarians (hydrozoans) in their diet.  

CULTURE  

White seabream farming is usually carried out in earthen ponds in combination with 

other fish species, since, in captivity, this species seems to increase its aggressiveness 

(Gonçalves et al., 2012). Broodstock maturation and spawning in captivity does not 

present major constraints and eggs can be easily obtained by spontaneous spawning 

Source: Ministry of Agriculture, Livestock, Fisheries and Sustainable 
Development, Andalusia, Spain 
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(Abellán and García-Alcázar, 1995) although the number of eggs produced is not as high 

has the gilthead sea bream (Bodington, 2000). 

Larval growth and survival are good under intensive farming (Abellán and García-

Alcázar, 1995). The overall growth performance during larval stages 60/90 days is better 

than for gilthead sea bream, but the same is not true during the nursery and ongrowing 

phases (Divanach et al 1993; Abellán and García-Alcázar, 1995), which make them 

considered a poor candidate for aquaculture. However, the fact that the species is an 

omnivore and performs well under broad dietary protein levels suggests that it could be 

a good candidate for semi-extensive pond IMTA where the fish are able to supplement 

their diet with natural organisms.  

2.2. Bivalve molluscs 

An important trophic link in IMTA culture in earthen ponds is represented by filter 

feeders; in this case, bivalve molluscs. 

As with fish, and due to the high fluctuation of the environmental properties of this type 

of system, it is advisable to choose species that, in addition to having a high market 

value, are highly resistant to the physicochemical variations of the water and possible 

fluctuations in water level. 

Although at present, some species of clams, e.g. Ruditapes decussatus and R. 

philippinarum, are starting to be cultivated in these type of systems, it is still difficult to 

find seeds for stocking.  The relatively easy access to seeds along with the high filtering 

performance make the oyster (Crassostrea spp.) an excellent candidate for this type of 

cultivation. Furthermore, extensive literature has proven its filtering efficiency in 

integrated multi-trophic cultivation systems (Barrington et al., 2009; Smaal et al., 2018). 

2.2.1. OYSTER (Magallana spp., formerly Crassostrea spp.) 

Kingdom: Animalia 
Class: Bivalvia 
Order: Ostreoida 
Family:  Ostreidae 
Gender: Magallana 
 

 

FEATURES 

The oyster (Magallana spp., formerly Crassostrea spp.), is characterized by a very thick 

and rough shell, wider than long, as well as unequivalve shells. The shell can reach a 

length of more than 100 mm, has an irregular and variable contour, and is usually at 

least twice as long as it is wide. The left shell is the lower one and is cemented to the 

Source: Ministry of Agriculture, Fisheries and Food, Spain 



DELIVERABLE NUMBER: 4.5b 
DELIVERABLE TITLE: Earthen ponds standard model guidelines 

 

 

PAGE:15 

substrate, concave. It is formed by growth grooves and radial folds of varying 

importance. The right shell is flat with a fairly large muscular impression, located closer 

to the rear edge than to the front edge and halfway up the shell. The colour of the 

interior is white-purple, white-blue or whitish, except for the muscular impression which 

is always tinged with a violet tone. The outside of the right shell has radial bands of a 

dark violet colour while the left shell is paler, white in the cemented parts. The umbuses 

are prominent and the impression of the abductor muscle is reniform. It can reach up to 

15 cm in length (Gofas et al., 2010). 

The Pacific oyster is a bivalve mollusc, filter feeder, dirty white or greyish coloured. The 

shells are slightly elongated on the anteroposterior axis with one end (where the hinge 

is) ending in a point. The right, or top, shell is relatively flat and the left, or bottom, shell 

is concave and adheres to the substrate. The average size is 9 to 10 cm and reaches a 

maximum size of 20 cm (APROMAR, 2019). 

HABITAT 

It is a species that lives on rocky bottoms in sub-coastal areas with strong 

hydrodynamics, specifically on rock and gravel bottoms of the deep coast, normally 

between 50 and 300 m deep. Crassostrea spp. is distributed throughout the Atlantic, 

from the west of the British Isles to West Africa, also in the Canary Islands, the Azores 

and the underwater banks of the Lusitanian area (Gofas et al., 2010).  

FOOD 

It feeds by filtering organic matter through its gills, mainly phytoplankton, which are 

suspended in seawater. 

CULTURE  

The farming method used depends on the environment, as well as tradition. In off-

bottom oyster farming, the oysters are placed in some kind of mesh container and held 

above the bottom. In bottom culture, they are placed directly on the shore or in shallow 

water. In deep water culture, the oysters are placed in parks located at depths of up to 

ten meters (APROMAR, 2019) in suspended culture either in tray culture or lantern net 

culture. The use of ropes (rope culture) are also common. In Portugal, Crassostrea gigas 

is classified only as exotic species but in special cases cultivation will be permited 

(Decreto Lei 92/2019). 

2.3. Macroalgae 

The role of macroalgae in an IMTA culture is the extraction of dissolved inorganic matter. 

Choosing species should be based on its filtering capacity, among other characteristics. 

There is an increased interest in Europe in the consumption of macroalgae as well as 
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their use for extraction of various valuable compounds; therefore, they also represent a 

commercial value.  

Since most of the locations of this type of farming environment are within or near special 

environmental protected areas it is necessary that, in addition to presenting commercial 

interest, the selected macroalgae species are naturally present in the environment. 

Furthermore, their cultivation must be tested and relatively easy. 

Considering the above, the most suitable species for production in the south-western 

wetlands of Portugal and Spain are species from the genus Ulva (Chlorophyta), and 

Gracilaria (Rhodophyta). 

 

2.3.1. ULVA spp. 

Kingdom: Plantae 
Phylum: Chlorophyta 
Class: Ulvophyceae 
Order: Ulvales 
Family: Ulvaceae 
Gender: Ulva 

 
 
 
 
 
 
 
 
 

BIOLOGY 

Ulva are green algae, currently including 132 species that have been accepted 

taxonomically on the basis of the listed literature under the species name (Guiry, 2020). 

Most species have a marine distribution; however, most of them can tolerate very low 

salinities and can, therefore, be found in brackish and even fresh waters. Formerly, 

species presenting a filamentous morphology were included in the genus 

Enteromorpha; however, genetic analyses showed that all species should be grouped in 

the same genus (Hayden et al., 2003). 

Two basic morphologies can be distinguished of this edible species, as shown above. 

Species known as sea lettuce present laminar, foliaceous, irregular, sometimes lobed 

and trimmed thalli, of relatively solid consistency, composed of two layers of cells joined 

and fixed to the substrate by a rhizoid zone. The other morphology, commercially known 

in many countries by its Japanese name aonori or green aonori, consists of hollow, often 

flattened tubes of one cell layer, ramified from the bottom or sometimes with 

ramifications in the central thalli. Sizes can vary of only a few millimetres to large fronds 

of several centimetres in length, depending on species and growth conditions. Due to 

the relatively simple organization of the thalli, species systematics, which is based on 

microscopic characteristics, it is extremely difficult and unreliable and, therefore, still 

Ulva lactuca (left) and Ulva intestinalis (right) Source: 
CEVA 
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subject to change. Many species become fertile during spring tides, which can be 

observed easily; however, the laminar species currently dominant in southern Europe, 

Ulva ohnoi, does seem to reproduce vegetatively. Ephemeral algae’s annual spring or 

summer proliferation (depending on species) contributes to the formation of "green 

tides". 

HABITAT 

Ulva spp. grow in intertidal zones, in ponds, rocks or sublittoral areas up to 20 m. Since 

they tolerate low salinity they can be found in estuaries, and also frequently in areas 

where there are nitrogen inputs. It is present in almost all the oceans and estuaries of 

the planet. Like Gracilaria and Graciolariopsis, we usually find Ulva spp. on the 

Andalusian Atlantic coast. 

CULTURE  

Ulva spp. are relatively easy to cultivate and various methods have been developed, 

each with their own degrees of control of cultivation parameters (DeBusk et al. 1986, 

Sebok et al. 2017, Neori et al. 1996, Malta et al. 2019). Due to its high capacity for 

nutrient uptake, it has been one of the first algae that has been associated with IMTA, 

even long before this term was introduced (e.g. Neori et al. 1996). Cultivation has been 

carried out both indoors, with artificial lighting or in greenhouses, as well as outdoors. 

Apart from outdoor cultivation in tanks, Ulva is currently being cultivated on a 

commercial scale in earthen ponds, tanks, and in open waters. INTEGRATE project 

partner ALGAplus is growing Ulva in land-based tanks in Portugal, using circulated water 

from a fish farm, whereas the company La Huerta Marina, based in Cartaya (southern 

Spanish Atlantic coast) is growing the algae in earthen ponds. The produced biomass is 

mainly destined for human food, especially through (high end) bars and restaurants. 

2.3.2. GRACILARIA spp 

Kingdom: Plantae 
Phylum: Chlorophyta 
Class: Ulvophyceae 
Order: Gracilariales 
Family:  Glacilariaceae 
Gender: Gracilaria 

 

BIOLOGY 

Gracilaria is a genus that belongs to the phylum of red algae (Rhodophyta) of great 

economic importance, since they are used both for food (human and animal) and for the 

production of agar and other compounds (Pérez-Lloréns et al. 2012, Sfriso et al. 2017). 

Gracilariopsis longissima (left) and Gracilaria gracilis (right) 
Source: Algaebase (© Ignacio Barbara). May 2020 



DELIVERABLE NUMBER: 4.5b 
DELIVERABLE TITLE: Earthen ponds standard model guidelines 

 

 

PAGE:18 

The species of the genus Gracilaria are characterised by cartilaginous, cylindrical, 

reddish-purple fronds, about 500 mm long, one or more of which are made up of small, 

fleshy, perennial discoid folds. Although traditionally the genus Gracilariopsis was not 

distinguished from Gracilaria, some authors have insisted on the existence of some 

differences between the two, although they are not a priori distinguishable at first sight, 

and require a deep knowledge of the morphology of these species. The difference was 

later confirmed using molecular techniques (Gurgel & Fredericq 2004). 

Worldwide cultivated genus including Portugal (Valente et al., 2006, Abreu et al., 2011) 

and Spain (Martínez-Aragón et al., 2002, Hernández et al., 2002) 

HABITAT 

It appears on rocks and stones, in the intertidal and subtidal zone, and on sandy beaches. 

In southern Portugal and Andalusia, southern Spain, we find species belonging to the 

genera Gracilaria and Gracilariopsis. 

CULTURE  

The cultivation of Gracilaria spp. can be carried out in tanks, long-lines, bottom stocking 

or in earthen ponds. In the latter, seeds from nature or crops are used, or cuttings 

produced in nurseries. In general, the depth is kept at 30-40 cm and the water is 

exchanged every 2-3 days. Brackish water with a salinity range of 20 ppt to 28 ppt favors 

growth although salinity of 25 ppt is optimum Salinity is adjusted by adding fresh water, 

while the expected seasonal temperature regimes can be modified by the depth of the 

pond (deeper ponds in warmer areas or seasons) (Trono, 1988). Depending on the 

species, after 30-35 days of growth in summer or 40-45 days in winter, harvesting takes 

place by removing a third to half of the total biomass. Annual figures of about 34 tons 

per hectare have been reported for this production system (FAO, 2014). 

2.4. Final recommendation 

Below is a summary table with the potential for cultivation of each of the species 

presented above, in order to identify the combinations that could generate a production 

model adapted to each project: 

Table 1. Assessment of cultivation potential at IMTA in earthen ponds 

 

Species 
Adaptability 
conditions 

Presence 
around 

Seed/fruit 
breeding 

Crop 
fattening 

time 
(months) 

Market 
value* 

(euro/kg) 

Fi
sh

 (
1

st
 

cr
o

p
 

le
ve

l)
 Gilthead bream 

(Sparus aurata) 
++++ ++++ ++++ 18-24 5.35 

European 
seabass 

++++ ++++ ++++ 20-24 5.85 
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(Dicentrarchus 
labrax) 

Meagre 
(Argyrosomus 

regius) 
+++ ++ ++ 12-24 6.32 

Flathead grey 
mullet (Mugil 

cephalus) 
++++ ++++ - 12-24 2.00 

White seabream 
(Diplodus 
sargus) 

++++ ++++ + 18-24 13.80 

B
iv

al
ve

 m
o

ll
u

sc
s 

 
(2

n
d

 c
ro

p
 le

ve
l)

 

Oysters 
(Magallanas 

spp.) 
++++ ++++ ++++ 8-12 5.79 

European flat 
oyster (Ostrea 

edulis) 
+++ + +++ 18-24 11.28 

Grooved carpet 
shell (Ruditapes 

decussatus) 
+++ +++ + 36-40 20.89 

Japanese carpet 
shell (Ruditapes 
philippinarum) 

****  

+++ + ++ 16-24 8.61 

A
lg

ae
 (

3
rd

 

cr
o

p
 

le
ve

l)
 Gracilaria ++++ ++++ ++++ 1-2 / 3-4** 

28.8-
36.5*** 

Ulva ++++ ++++ ++++ 1 / 2-3** 
26.5-

31.2*** 

Legend: ++++ Very easy; +++ Easy; ++ Little; + Very little; - Null 

Source: (*) Ministerio de Industria, Comercio y Turismo (2018); EUMOFA, Eurostats; (**) 
Depending on whether starting material is existing biomass (vegetative growth) or 
starting from spores; (***) Average prices ALGAplus, Suralgas; (****) In Portugal, 
Ruditapes filipinarum is classified as invasive species besides being exotic. Therefore 
only natural harvesting is permited (Decreto Lei 92/2019) 

3. IMTA DESIGN IN EARTHEN PONDS 

IMTA cultivation in earthen ponds, as with monospecific cultivation, can be based on 

different production models (ecological or conventional, semi-intensive or extensive). 

The IMTA pond provides confinement space for the aquatic organisms, while algal 

growth in the pond serves as the base of an aquatic food chain providing some or all of 

the feed, depending on pond carrying capacity. Algal growth removes potentially toxic 

CO2 and ammonia from the pond environment and supplies needed oxygen. Other 



DELIVERABLE NUMBER: 4.5b 
DELIVERABLE TITLE: Earthen ponds standard model guidelines 

 

 

PAGE:20 

microbial, as well as physical and chemical, processes assist in treatment of metabolic 

waste produced by the aquatic animals. In most extensive ponds these functions occur 

simultaneously in the same space where the animals are cultured as they can roam 

freely within the pond. The space required for animal confinement is much less than the 

area or volume needed to support the waste treatment functions. Consequently, 

combining animal confinement and ecosystem support into the same physical space 

often leads to inefficiencies and management difficulties. Therefore, it is 

recommendable to confine the animals to a smaller area using nets where it will be 

easier to manage the harvest and any type of treatment including additional feeding.  

To increase aquaculture yields obtained with semi-extensive production, more feed 

ingredients from outside the pond must be fed to cultured animals and the system 

becomes semi-intensive; therefore, the system depends more on external resources and 

services. The degree of technical aspects will be related with the size of the investment 

to be made, but these aspects will be limited by environmental regulations and, 

therefore, it is essential to take them into consideration. 

In this type of systems, the production model itself is not the determinant of the real 

functionality of the system, but it is crucial to ensure the transfer of nutrients from the 

animal confinement space to the macroalgae. For this reason, the most important factor 

to consider when designing the IMTA pond model will be related with the water flow 

that of course will be tied to the culture densities. 

3.1. Water Flow 

A semi-extensive IMTA pond can be defined more fully as an aquatic animal culture 

system where, by virtue of a long hydraulic residence time, suitable water quality for 

animal production is controlled primarily by natural physical, chemical, and biological 

processes that occur within the water body. In semi-intensive IMTA ponds, and due to 

the higher animal density, the hydraulic residence time is much lower and suitable water 

quality for animal production is controlled primarily by external energy. However, 

natural physical, chemical, and biological processes that occur within the water body are 

still important to maintain the water quality and, therefore, the water flow needs to be 

managed to minimize the loss of organisms.  

Although there are various possible combinations of organisms, the cultivation model 

presented here will be based on three trophic levels, i.e. fish, bivalves and macroalgae, 

which will be located in two or three cultivation units as follows: 
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IMTA cultivation scheme in earthen ponds: A) 3 cultivation units model; B) 2 
cultivation units model 

 

Each cultivation unit will be independent from the rest, but the water flow will be 

connected to the rest of the units. This flow connection can be carried out in different 

ways, either by using the infrastructure of the cultivation buildings (generally they have 

communication between channels by means of sluices) or by forced communication 

through pipes. Use of the original infrastructure of the crops is recommended, for which 

it is essential before starting the project design, to know the dynamics of water flow and 

select the site that best suits each crop. 

3.2. Culture intensity 

The intensity of pond aquaculture and, therefore, the degree to which pond aquaculture 

depends on external resources and services, varies more widely than other production 

systems. Yields in pond IMTA vary over at least two orders of magnitude, from 300 kg/ha 

in semi-extensive managed ponds to more than 25,000 kg/ha in semi-intensively 

managed cultures with feeding and aeration. At the low end of the intensity spectrum, 

all food and oxygen needed to support fish growth is produced in the pond and most of 

the wastes produced during culture are retained within the pond, where they are 

removed or transformed by natural processes. At the other extreme, nearly all resources 

needed to grow animals are provided from ecosystems external to the pond. 
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3.2.1. Fish farming 

The necessary equipment consists of feeders and protection against predators, in 

addition to the elements necessary for the handling in biometric samplings, stocking of 

fry or fish net for harvesting (“despesque” traditional form of fishing). 

Depending on the characteristics of the farm, the fish rearing procedure can be carried 

out in two ways: a) in a single phase (direct stocking or direct cultivation) where the fish 

are sown in a unit and kept there until the end of the culture (an easy process with 

minimal control over population density); b) in at least two phases: a first phase called 

pre-fattening, until the fish reach, in the case of gilthead bream or European seabass, 

around 70 g in weight (the fish remain in the same culture, delimited by nets); a second 

phase, or fattening, until the fish reach commercial size, which takes place in the 

fattening ponds. Before the fattening phase, it is important to carry out a fish trial by 

size (large, medium, and small). Larger fish go to the fattening ponds and the smaller 

ones are placed in other reservoirs and water supply channels (Santaella, et al., 2003). 

The development of the crop can be carried out both in monoculture or in polyculture 

with the species indicated in this guide. They can be placed either in the same culture 

unit together with the oysters or separately in two culture units, if the direction of water 

flow from the fish to the oysters is guaranteed. 

Table 2. Overview of fish farming at IMTA in earthen ponds 

Parameter/Species 
Gilthead 
bream 

European 
seabass 

Meagre 
White 

seabream 
Flathead 

grey mullet 
      

Polyculture 
(P)/Monoculture 
(M) 

M/P 
(Main 
crop 

species) 

M/P 
(Main 
crop 

species) 

M/P 
(Main 
crop 

species) 

P (Secondary 
crop species) 

P (Secondary 
crop species) 

      

Crop Density 
2-4 

kg/m3 
(M) 

2-4 
kg/m3 

(M) 

2-4 
kg/m3 

(M) 
0.5 kg/m3 (P) 0.5 kg/m3 (P) 

      

Acquisition of 
hatchery fry 

Yes Yes Yes 

Yes, albeit 
difficult. They 
usually come 
from natural 

sources 

They usually 
come from 

natural entry 

      

Stocking size 10-30 g 10-30 g 10-30 g 

10-30 g 
(variable 
when it 

comes from 

4-5 g 
(variable 
when it 

comes from 
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the natural 
uptake of the 
environment) 

the natural 
uptake of the 
environment) 

      

Type of feeding 
Artificial 

+ 
natural 

Artificial 
+ natural 

Artificial 
+ 

natural 

Artificial + 
natural 

Artificial + 
natural 

      

Growing time to 
commercial size 

18-24 
months 
(400 g) 

20-24 
months 
(400 g) 

12-24 
months 
(1 kg) 

18 months  
(250 g) 

24 months  
(500 g) 

      

Commercial size 
250 g-2 

kg 
250 g-
1.5 kg 

1 kg-4 
kg 

250 g 500 g 

      
 

3.2.2. Oyster culture 

The method of oyster culture that we recommend here, pioneered by the Portuguese 

Institute for the Sea and the Atmosphere (IPMA), basically consists of bags that are 

usually used in oyster culture, attached to a flotation device. 

Table 3. General information about IMTA oyster culture in bags in earthen ponds 

Stocking size 0.2 g-1 g 

Crop Density 200 g- 1000 g (depending on seed 
size) 

Type of feeding Filter 

Average cultivation time 12 months 

Commercial size 30 g (and above) 
 

The system consists of a main line in which floaters, slightly smaller than the oyster bag, 

are placed in a row attached by small ropes. The main line, or rope, is tied at each end 

to wooden poles (ca. 2 m tall) that are pinned to the bottom (Fig. 3). 
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Fig. 3. Oyster culture system in suspended bags 

In each bag, ropes are also placed as handles that allow them to be easily attached and 

detached from the float for daily cleaning and maintenance work, as well as for sampling 

and dividing for reseeding. 

Finally, another advantage of this system is that, when floating, the cultivation units will 

always be separated from the bottom, thus adapting to possible variations in water 

height due to changes in the tide or water management in the installation. 

To facilitate the maintenance of the system, it is recommended that the lines of bags be 

placed on both sides of the cultivation, instead of in the centre, as long as an adequate 

water column is ensured for the cultivation of the organisms. In this way, the operations 

can be carried out from the shore without having to go far into the cultivation pond, 

thus minimising possible stress to the fish if both crops are sharing the same space. 

3.2.3. Macroalgae farming 

Cultivation of Ulva and Gracilaria can be carried out similarly using the water flow from 

the fish and/or oyster culture unit. It is a relatively easy procedure and can even be 

carried out as free floating seaweed. The cultivation consists of maintaining a more or 

less stable density of the biomass – in this case perhaps the term management is more 

appropriate than cultivation. The system is simple but should be well managed to avoid 

mixture with other algal species occurring in the pond. Other cultivation techniques 

include seeding of spores on long lines or other surfaces (e.g. Praeger et al., 2019). 

However, in the case of the dominant Ulva and Gracilaria species in southern Spain and 

Portugal, sporulation is less well studied. With regard to U. ohnoi, the dominant alga in 

the southern European region, no spore production was observed. Regarding Ulva, long 

line seeding of algal fragments was deployed, with good results and high production 

rates. Fragments from the thalli were attached directly to a long line (Fig. 4 a). Although 

this is more reliable, the process is time consuming. Much faster and effective is a 

technique in which the algae are wrapped around the long line and attached with a 

second, thinner cord (Fig. 4 b). The long lines are posteriorly suspended by floaters in 

the earthen ponds (Fig. 5)  
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Fig. 4. Direct seeding of Ulva on long lines (left) and seeding by wrapping thalli around 
the line and fastening with a second line. 

 

Fig. 5. 10 m seeded long lines with floaters in the earthen ponds 

 

Although long lines did periodically render high production, they can be hindered by 

mass growth of invasive bryozoans.1 To overcome this issue square cages of 1 m x 1 m x 

1 m dimension were deployed, made of 1 cm mesh. Each cage is connected by its four 

corners through ropes to four stakes approximately 2 m tall that are pinned to the 

bottom to keep the cages in place (Fig. 6). 

 

                                                           
1 These organisms have been causing problems in these areas over the last few years. Therefore, in the framework of 
the INTEGRATE and BIOSEA projects, a new cultivation method was developed. This consisted of seeding of the 
biomass in cages that are equipped with floaters so that the cages can move with the tidal driven variation of water 
levels, guaranteeing continuous submersion of the algae. 
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Fig 6. Seeding of Ulva in floating cages in the earthen ponds. 

Among the advantages that this type of system presents, are higher level of control of 

the biomass and the easier harvesting process. 

Table 4. General information about IMTA macroalgae cultivation in earthen ponds 

Parameters/Species Ulva spp. Gracilaria spp. 

Crop Density 

Cages (1 m3)* 1-1.5 kg 1.5-2 kg 

Strings 0.5-1 kg / 10 m line** 0.5-1 kg / 10 m line** 

Direct in pond 1-1.5 kg / m2 1.5-2 kg / m2 

Growing time 
5-7 months (spring-
summer) 

5-7 months (spring-
summer) 

Harvest Biweekly - monthly Biweekly - monthly 

* Effective volume = submerged part of cage between 0.5 – 0.7 m3 ** Assuming 

vegetative growth. 

3.3. Stocking densities 

Once the cultivation systems for both oysters and macroalgae have been implemented, 

the organisms will be sown. 

The density of the different organisms in IMTA earthen ponds depends on several 

factors, among which the most important seemed to be: 

- Density of the main crop 

- Pond size 

- Water flow, flow rate 

- Use of water pumping systems 

- Use of oxygenation systems 

As far as possible, it is advisable that during the development of the crop, the necessary 

adjustments are made to resize the crop, based on the information obtained about fish 

growth, water flow, temperature or concentration of dissolved nutrients in the water, if 

it is not possible to obtain or estimate it beforehand. 
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3.3.1. Fish 

The fish culture is carried out by stocking fry, of approximately 10-30 g individual weight, 

directly in the designated pond. 

The intensity of production or density of cultivation in this type of ponds, so closely 

related to the natural environment, is somewhat restricted. In this regard, there are 3 

possibilities. Firstly, the extensive cultivation and semi-extensive cultivation, which 

present lower densities, with no external food supply in the first case or sporadic feeding 

in the second case, so that the crop depends completely or largely on the natural 

processes of the environment. In the semi-intensive regime, the crop densities are 

somewhat higher so that a greater supply of external food can be used to increase 

production.  

Table 5. Classification of crop types according to crop density in earthen ponds. 
Source: Department of Agriculture, Livestock, Fisheries and Sustainable Development 

Type of crop 
Densities (kg/m³ 

or kg/m²) 
Artificial feed 
contribution 

Contribute fry, 
larvae, post-
larvae, seeds 

Use of support 
equipment (e.g. 
water pumping) 

Extensive <1 No No No 

Enhanced 
Extensive 

1-2 Sporadically Sporadically Yes 

Semi-intensive 2-4 Yes Yes Yes 
 

In this type of environment, due to its location in or near places of special environmental 

protection, the maximum density of cultivation allowed is 4 kg/m2 or kg/m3. Depending 

on the density at which the crop is to be grown, it will be necessary to control the quality 

of the water by means of correct water management and/or the use of some technology 

(pumps, oxygenators, etc.). However, to ensure the survival of the crop, it is very 

important to maintain the level of dissolved oxygen in water above 5-6 ppm. 

3.3.2. Oysters 

Throughout the cultivation of the oyster, it will be necessary to use different sizes of 

mesh for the bags, depending on the size of the oysters. The number of seeds per bag 

will vary accordingly but as a rule of thumb the total weight of the bag should not be 

above 8 kg. 

Generally, oyster seeding is carried out starting with a seed size of T6 or T8, for which it 

will be necessary to use a 4 mm mesh size bag, with a load of ca. 500 g of seed. 

Below is a table showing the relationship between seed size, mesh size and crop density 

per bag. 
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Table 6. Mesh size ranges for different oyster seed sizes. Source: IPMA 

Size Weight (g) No. of 
oysters/kg 

Mesh size 
(mm) 

No. of 
seeds/bag 

Approx. 
weight of 
bag (kg) 

T6 0.225-0.2 5000-
8000 

4 1000-2000 0.2-0.4 

T8 0.25-0.5 2000-
4000 

4 o 6 1000 0.5 

T10 0.8-1 1000-
1250 

6 500-1000 0.5-1 

T12 1.6-2.5 400-600 9 500 1 

T15 2.8-5 200-350 9 500 2 

T20 5.5-6.6 150-180 9 200-500 2-3 

T30 8-15 70-120 9 250 3 

50 pc/kg 20-25 40-50 9 <200 4 

NO. 5 30-45 22-33 9 o 14 <180 <8 

Nº4 46-65 15-22 14 <140 <8 

Nº3 66-85 12-15 14 <100 <10 

Nº2 85-120 9-12 14 <85 <10 

Nº1 121-150 6-9 14 <80 <12 
 

3.3.3. Macroalgae 

The highly productive algae mentioned above can be maintained in relatively high 

densities, provided regular (bimonthly to weekly) harvesting is carried out to prevent 

self-shading that may collapse the production. Fragment seeding of long lines is carried 

out at a density of 500 – 1,000 g FW per 10 m of line. For the cages, biomass densities 

of 1,500 – 2,000 g FW can be applied for Gracilaria and 1,000 – 1,500 g FW for Ulva for 

1 m2 cages. 

Since macroalgae as biofilters in an IMTA system are positioned at the “end of the pipe”, 

i.e. the downstream part of the system, the maximum density in the system can be 

adapted to the amount of nutrients they are going to receive. This, in turn, depends on 

the total masses and densities of the upstream cultures and the frequency and volume 

of water exchange. If these parameters are known, using relatively simple mass budget 

calculations, the amount of nutrients that will reach the algae can be calculated. 

Basically, the main inputs required for such a calculation is the total amount of feed 

administered to the fish, the feed conversion factor (well known for most of the 

mentioned species) and the water exchange. However, as a rule of thumb, high density 

fish cultures and support up to 3 – 5 times their surface in Ulva cultivation (seeded at 

densities of 2 kg m-2) (Neori et al. 2000, Hernández et al. 2002). For lower densities of 

fish, densities should be downscaled linearly. For improved extensive, the ideal ratio of 
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fish cultivation surface to seaweed cultivation surface is probably close to 1:1 at 

seaweed densities of less than 1 kg m-2. 

4. HANDLING AND MAINTENANCE  

4.1. Growth control 

Regular sampling of all the organisms that make up the integrated multi-trophic culture 

is essential to monitor and guarantee proper functioning of the cultivation and to 

identify possible deficiencies that could hinder production. 

Monitoring will vary according to the trophic link of the cultivation: fish, molluscs, and 

macroalgae. 

4.2. Fish 

In fish, monthly biometric sampling is recommended to keep track of the average 

weights in each unit. Dead fish are counted to determine mortality. This number will 

allow calculation and adjustment of the feed requirement.  

In the case of fish, when they are small, catching by means of a hand net is sufficient to 

estimate the average weight. But when the fish are larger it becomes necessary to carry 

out a fishing procedure. 

4.3. Oysters 

As described above for the fish, monthly sampling is recommended to evaluate oyster 

growth in weight and mortality and to determine the splitting time. 

Oyster splitting is the process by which the number of oysters within the culture units, 

in this case bags, is reduced as they grow. To do this, the seeds are separated by size 

either manually or using different sieves. This splitting procedure is essential to prevent 

sizes dispersion in production allowing a balanced filtration rate for all the oysters in the 

bag.  Sorting and grouping oysters by size is key to achieving uniform growth. 

In addition, especially at the beginning, it is necessary to change bags to a larger mesh 

size as the oysters grow. 

4.4. Macroalgae 

Periodic harvesting every 15 days during the period of faster growth, which in the case 

of the algae species recommended in this guide, takes place between spring and 

summer, is crucial to maintaining the growth and to prevent shelf shading. 
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4.5. Water control quality 

The control of the physical-chemical parameters is fundamental to monitor the 

development of these parameters throughout the day due to the fluctuations that 

usually occur in this type of environment with relatively low water renewal. The 

periodicity will vary depending on the type of parameter. While dissolved oxygen and 

temperature should be measured daily, pH, CO2 or ammonia can be taken less 

frequently. 

In addition, other parameters, such as suspended solids, chlorophyll and dissolved 

nutrients (nitrates, nitrites, phosphates, total N, total P) can be included to help us 

understand how nutrient utilization and water quality improvement is working in the 

integrated multi-trophic system. 

As mentioned above, regarding algae cultivation, to optimise the design of the system it 

is essential to know the water exchange between the different cultivation 

compartments. When exchange is controlled by pumps, these values can of course be 

controlled and easily measured. For tidally driven systems, this is slightly more complex. 

Approaches to managing the exchange can be obtained knowing the surface and depth 

of the cultivation ponds, the cut-off limit of tidal amplitude (i.e. at which tidal amplitude 

water is exchanged). 

If pumps are not used for culture maintenance, periodic renewals will be necessary, 

during the highest rate tides (> 0,80), by opening the inlet gate, using a mesh codend to 

prevent possible fish escapes. Before letting water in, during draining through the outlet 

gate or slide, it is recommended to discard water of low quality. This emptying and filling 

cycle will be carried out as many times as possible during the high coefficient tidal cycle. 

In this way, throughout the cultivation and depending on the tides, there are periods of 

partial stagnation and periods of renewal (tidal intakes), until the fish are caught. During 

a normal flooding phase, there are approximately 14 periods of partial stagnation lasting 

between 8 and 25 days each, and approximately 13 periods of renewal lasting between 

1 and 6 days. For each renewal period, an average of 25% (between 4 and 40%) of the 

stored water is renewed, depending on the tidal, wind and atmospheric pressure 

coefficients (Santaella et al., 2003). 

4.6. Other maintenance activities 

In addition to sampling to monitor growth of the different organisms and water quality 

control, there are other important tasks within the production process, including the 

following: 

- Maintenance operations of structures and cultivation equipment (vehicle oil changes, 

motor-pumps and generator, repair of nets, tide gates, maintenance of electrical lines, 

cleaning of oxygenation equipment. 
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- Fish feeding: can be manual or using on-demand or automatic feeders. It is particularly 

important to take into account several aspects in order to optimize this process which 

usually involves the highest production cost (the species, size, water temperature and 

available oxygen or the type of feed used). 

- Flipping oyster bags: To simulate the effect of the tide and to prevent excessive 

biofouling (mainly shell-boring polychaetes2), it is important that the oyster bags are 

exposed to air and direct sunlight. For this reason, the system used allows the turning of 

the bags once a day for a few hours (southern Spain) or once a week, for 24 hours 

(Portugal), depending on the local conditions and environmental factors. This achieves 

a double objective: on the one hand, to avoid the massive proliferation of fouling in the 

net so that it can affect the oxygen and food intake of the oysters, and, on the other 

hand, it contributes to the hardening of the oyster shell. 

- Disease control and treatment: prophylaxis is the best remedy for this type of crop. 

Maintaining water quality is crucial to ensure the proper health of our cultivated 

organisms. This will prevent the appearance of parasitic diseases, such as Amylodinium 

or bacterial infections, such as Pseudomona anguilliseptica, in fish or the formation of 

gel chambers by Polydora in oysters. In the case of algae, special attention must be paid 

to the possible colonization of culturing devices by organisms, such as the bryozoa 

ctenostomata Amathia verticillata (Reverter et al., 2016). 

- Control of ichthyophagous birds through the installation of anti-bird nets in fish farming 

units. These must also be subjected to maintenance work. 

5. CONCLUSIONS 

The aquaculture activity of existing land-based aquaculture facilities in Portugal and 

south-western Spain is often integrated with the environment in which they are located. 

However, although the difference in quality of the type of products obtained in these 

areas is well known, especially at local level, as a general rule, the current production 

model seems to be stagnating as, contrary to its condition, it is forced to compete with 

other more intensive types of aquaculture, such as offshore cages. 

However, the search for new cultivation techniques that are more environmentally 

friendly, as is the case of IMTA, appears to be an excellent opportunity for this 

productive activity that will see production improved by increasing economic 

profitability through increased biodiversity and environmental improvement, while at 

the same time offering a more positive image of the aquaculture sector in general. 

Through this guide, we hope to provide some of the most important steps and 

considerations for the design, implementation, and development of IMTA in earthen 

                                                           
2 Spionid species of the genus Polydora may cause unsightly mud blisters in the shell and yellowish abscesses in the 
adductor muscle if the burrow comes in contact with the muscle tissue. 



DELIVERABLE NUMBER: 4.5b 
DELIVERABLE TITLE: Earthen ponds standard model guidelines 

 

 

PAGE:32 

ponds. Traditional and scientific knowledge have been combined to offer the reader a 

global vision of what this type of cultivation entails for the selected species. 

It should be noted that, although the possibilities of cultivation, in terms of species and 

production systems varied, this guide is a starting point for the promotion of IMTA in 

these enclaves of great natural wealth, as are the marshes and transformed salt pans in 

southern Spain and Portugal. 
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