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1 ABOUT FAI

FAIl is a global organisation committed to promoting sustainable and ethicgiractices within
agriculture and aquaculture. Since 2018, FAI has been at the forefront of driving aquatic welfare
world -wide, conducting research, developing best practice, and providing consulting services to
enhance the wellbeing of farmed fish and shimp.

Together with other aquatic animals, grass carp are sentient beings with the ability feel pain, fear
and stress. As such, farmers are facing increasing demand to improve the quality of life of the fish in
their care. Research and offiarm experiences also prove time and time again improved fish welfare
not only leads to happier, healthier fish but to a better product for consumers and greater financial
returns for farmers. By promoting fish welfare FAI aims to not only reduce animal sufferg but to
help produce more food in a sustainable way.
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hands of farmers. FAI believes farmers have the greatest impact on the welfareaofmals in their

care and its fish welfare project with partners in Brazil, Central America, China, Egypt, Thailand and

Vietnam - is educating and empowering farmers to improve welfare and achieve better production
outcomes in tilapia, shrimp and carp aquaculture.
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has developed welfare assessment protocols based around nutrition, physical environment, health

and behaviour. These protocols have been translated intesar-friendly mobile apps for use on farms.

FAI also runs a free dearning platform to help equip farmers with the knowledge and skills needed

to continually improve welfare and production outcomes.

The Grass Carp Aquaculture Manual is intended as a tool to disseminate knowledge and hsictice
guidelines among farmers; ensuring car@re reared using humane and sustainable practices. Not
only does this help protect important ecosystems and improve food quality and safety, but also
reduces costs and increases profitability for carp farmers.
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Aquaculture Welfare Project team who collated and edited this publication; Sara Barrento (FAI E
learning and Agquaculture Programme Manager), Murilo Qutitiano (FAI COO) and Amy Wilson (FAl

Sustainability Programme Assistant).
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3 PREFACE

This manual provides valuable information on grass carp production. It covers everything from grass
carp's natural distribution and reproductive behaviours to its biology and anatomy. Thimmanualalso
explores diseases that can affect grass carp and emphasises the crucial connection between animal
welfare and stress in fish.

With a detailed discussion on cultivation systems, thisnanual includes pond structures and fish
farming techniques in both polyculture and monoculture. It provides practical insights into
important aspects such as water quality monitoring, feeding, nutrition, health checks and behaviour
assessments at every stage of grass carp farmigdrom broodstock management to preslaughter
and slaughter processes. The emphasis is on responsible harvesting techniques, transportation
considerations and humane slaughtemethods.

With its extensive range of topics, from the intricacies of grass carp biology to the practical aspects
of pond management and sustainable farming practices, thimanual offers a comprehensive guide
for both novice and experienced fish farmers, and enthusiasts interested in cultivating grass carp
sustainably and ensuring optimal animal welfare.

We would like to acknowledge the authors and all partners who contributed to the creation of this
guideline on fish farming and animal welfare. The valuable information presented here is a result of
their expertise and dedicated efforts.

FAI Farms Aquaculture Welfare Project Team



4 INTRODUCTION

We present our Grass Carp CultivatioNanual, a meticulously crafted and developed work intended
to serve as a reliable and comprehensive source of information.

The manual catersfor a diverse audience. It includes fish farmerdyoth seasoned and new to the
industry, and aquaculture investors. Educators and rural extension workers active in this field will
also findit a valuable resource.

Equally beneficial for certifiers of sustainable aquaculture practices, it provides clear guidelines and
well-defined criteria. Animal welfare professionals will discover recommendations ensuring that fish
are produced and farmed in conditions that respecttheir biological and emotional needs.
Aquaculture consultants can expand their advice and guidance with oup-to-date information.

Equally significant, representatives from organisations focused on the regulation, conservation and
promotion of sustainable aquaculture, as well as enthusiasts and students of biological sciences and
aguaculture, will find the manualinstructive and practicalto use

All these audiences will find practical tips, precise guidance and valuable information in this work to
enhance their knowledge and skills in cultivating and managing grass carp. With a practical focus and
accessible language, our manual aims to contribute the spread of more efficient, sustainable and
ethical aquaculture methods.



5 FISH FARMING AND ANIMAL WELFARE

Animal welfare can be defined as the general physical and mensahte of an animalin relation to the
conditions in which it lives, is raisedand dies Thisconceptreflects how well the animal canmanage
and respond to its environment.Animal welfare as a concepincludes aspects related to quality of
life, comfort, meeting basic needs, and the ability to express the natural behaviours of its species
(Figure 1).
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Figure 1. Factors affecting the degree of animal welfare , in this case fish.

The welfare of fish has become an increasing ethical, social and scientific concern, reflecting a
growing understanding that fish are capable of feeling and being awaretbieir feelings and emotions
and can perceive pain, comfort and discomfort. It is essential to understand that despite behavioural
differences from terrestrial vertebrates, fish can also differentiate between good or bad, pleasurable
or unpleasant. This ability,known as sentience, has been scientifically proven in many fish species.
The fact that an animal is sentient is a prerequisite for considering and caring about its welfargs
needs and its wants

The fundamental principles of animal welfare are calledhe Five Freedoms of Animafas defined
by the Farm Animal Welfare Committee (FAWC). They are:
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1. Freedom from hunger and thirst (where applicable)
Nutritional freedom, &cess to a quality diet

Feeding should meet the nutritional needs of the species, considering the growth stage they are in. A
balanced and nutritious diet is fundamental for grass carp'welfare and healthy growth. In addition

to the quality of the feed, it is essential to adopt proper nutritional management practices, such as
controlling the quantity and frequency of feeding, avoiding waste, and ensuring that all fish receive
enough food.

2. Freedom from discomfort
Environmental freedom

Appropriate environment. It is crucial to provide an environment that meets the physical and
psychological needs of the animal, including adequate space, shelter, temperature and lighting.
Providing sufficient space in tanks or ponds islsocrucial to avoid overcrowding, which can lead to
stress and competition for food. Adequate space allows grass carp to swim freely, promoting their
healthy development.

3. Freedom from pain, injury, and disease

The absence gpain, diseases and injuries implies maintaining good health conditions for the fish and
ensuring continuous monitoring. Detecting signs of illness or stress and adopting preventive and
treatment measures when necessary are crucial practices for the welfare of grass carp. Conducting
calm and careful management, especially during reproduction, biometrics, harvesting or trdies,
minimises stress and trauma in fish, ensuring theiwelfare throughout the production process.

4. Freedom to express normal behaviour
Behaviouralfreedom

Expression of the species' natural behaviour. We should allow animals to express typical and natural
behaviours of their species, allowing for freedom of movement, social interaction and recreational
activities.

5. Freedom from fear and distress
Psychologicalfreedom

Absence of suffering and pain. To ensure welfare in a production environment, we must avoid causing
pain, excessive stress or unnecessary suffering to animals through painful procedures, inadequate
living conditions or cruel practices.The fifth freedom states that the mental health of an animal is
just as important as its physical health. Preventing overcrowding and providing a safe space for all
animals are ways to ensure they feel protected.

Thus, it is crucial to balance the needs of animals with the demands of aquaculture, research,
commerce and other human activities, always aiming to promote a more compassionate and
responsible coexistence with animals. That is, we must apply the princigeof animal welfare and
ensure proper care for fish, as they deserve consideration and carethe same way a®ther species
used for animal production.

These principles provide a valuable and practical approach to assessing the degree of welfare directly
on farms and during the transport and slaughter of fish. Through them, it is possible to develop a



protocol for evaluating the degree of welfare, consideringhe Five Freedoms of Animals. In addition
to being speciesspecific, the indicators that make up a welfare assessment protocol should also
reflect the critical points and physiological and environmental demands of each cultivation phase.
For example Figure 2 illustrates some of the main critical points during the fattening phase of grass
carp in a semiintensive production system. Throughout the manual, we address the indicators
shown in the figureand their ideal and tolerance levels for each production phase.
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Figure 2. Main critical points of grass carp welfare during the fattening phase in semi  -intensive

aquaculture production.



6 THE GRASS CARP
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Figure 3. The grass carp, Ctenopharyngodon idella .

Known in Chinese as Tsao Yu, Hwuan Yu, or Bai Hwuan, the grass casat(is calledin the West) is
the main species of fish cultivated worldwide(Figure 3). 'Yu' in Chinese means fish. The name
variation reflects its preferred food (‘tsao’ in Chinese is grass), its medicinal function (‘hwuan' in
Chinese is soothing), or its body colour ('bai' is white or shiny grey).

The grass carp has become a star in global aquaculture, not only for its gastronomic value but also
for its remarkable biological characteristics and ease of cultivation. Known for having large, easily
removable bones(Figure 4) and its tasty and delicate fleshi(Figure 5), it is an excellent source of
unsaturated fatty acids. These fatty acids are nutritionally rich food that significantly promotes
cardiovascular and cerebrovascular healthThe flesh of the grass carp iglsorich in selenium, an
essential mineral that contributes to the prevention of ageing and the strengthening of the immune
system.



Figure 4. Skeleton of the grass carp.

Figure 5. The grass carp has delicate and highly flavourful flesh

It is also noteworthy for its rapid growth rate. Picture a fish that, at the beginning of spring, measures
about 20cmin length but by autumnreaches45 cmor more. Adults of this species can typically reach
impressive sizes, growing up to 1.2 m and weighing more than 18 kg. The largest recorded specimens
were around 1.8 m long and weighed 45 kg.

In terms of longevity the grass carp is also impressive. Typically, their life expectancy ranges from 5
to 9 years, but there are records of individuals living for over two decades, especially when the
animals are in environments conducive to their develoment.
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6.1 Natural distribution

Originating from the Far East of the Pacific, the grass car@tenopharyngodon idellabelongs to the
Cyprinidaefamily (the same as other carp) and is the sole species of the geritenopharyngodonlts
native distribution extends from northern Vietnam to the Amur River, on the border between China
and Russig Figure 6). The species ignainly found in large rivers such as the Yangtze, Pearl River and
Heilongjiang, as well as associated lakes and marshes.

Figure 6. Natural distribution zone of the grass carp, Ctenopharyngodon idella .

6.2 Reproduction in natural conditions

The grass carp is a migratory species that demonstrates a wide temperature tolerance range and
spawns in conditions varying from 20 to 30°C, although the adults can withstand temperatures
between 0 and 38°C.

Grass carp typically reach sexual maturitat around 278 years, when they weigh between 4nd 8 kg.
This broad time and weight range is due to specific environmental conditions and othé&ctors, such
as food availability, genetic factors and interaction with other species.

Sexually mature fish leave their growing areas and migrate upstream to spawn in flowing water
environments.

The reproduction of grass carp generally occurs in late spring or early summer, when the water
temperature rises and the days become longer. The photoperiod is an essential factor in the
reproduction of migratory fish, and this is no different in the case of grass carp.

During the breeding season the females' ovaries become filled with developing ova, evident by their
swollen and taut abdomens. Thisndicatesthat the fish is ready for spawning.
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Besides physical changes, the ventral area's colour may also change, becoming paler than other life
stages when it usually exhibits more intense colouration.

The belly may also show some swelling in males, though not as pronounced as in females due to the
lesser amount of reproductive material. They also develop rough tubercles on their opercula and
scales, making their pectoral fins thicker. These sexual chataristics in both males and females
disappear after the mating season.

Natural spawning is impossible in stagnant waters. Increased water flow and rising temperature
trigger reproductive migration and spawning, a collective process. Mating usually occurs near the
water's surface in groups ranging from 4 to 12 fish. Males chademales, nudging their bellies and
even jumping out of the water. This mating and spawning behaviour can lasbm less than an hour
to two days.

The entire reproductive process is hormonally controlled. The carp's nervous system responds to
environmental cues by releasing hormones that act on the gonads to initiate spawning. In
aguaculture settings hormones induce this process, especially when idemvironmental conditions
are absent.

Males appear to have a slightly different sexual maturation cycle than females, being less sensitive to
environmental conditions. Nevertheless, the process of preparing the testicles for reproduction takes
about 3 months.

A female grass carp can release about half a million eggs, which and this number tends to increase
throughout her life. At the peak of their reproductive life a single grass carp female can produce up
to about 1.5 million eggs at the peak of her reproduste life. In cultivated carp, fecundity is even
higher and can exceed 100 eggs per gram of body weight.

In nature, most of these eggs will not produce individuals reaching adulthood due firedation or
unsuitable conditions, such as facing temperatures below 18°C in the early stages of life.

Once the eggs artertilised they float downstream, suspended by turbulence. The survival of the eggs
and young fish depends on these long, turbulent rivers, as the eggs are likely to die if they sink. In an
ideal environment, such asthe Yangtze River, the eggs need to float in the water for about 2 days to
hatch, travelling a distance of 100 to 150 km. Once hatched, the lana&ernate between swimming
and sinking. In a short time they fill their swim bladderand becomepost-larvae, and begin swimming
towards calmer areas such as lakes, marshes and floodplains, which act as natural nurseries.

The specieshas a rapid growth rate. The postlarvae feed on zooplankton, andvhen they reach
approximately 5 to 7cmin length the juveniles shift to a predominantly herbivorous diet.

The breeders and juveniles migrate to the middle and lower layers of water bodies such as ponds,
streams, lakes and reservoirs, seeking areas rich in vegetation, which serves as food and ensures
ideal conditions for their growth. The fish will spend most dtheir lives in still or slow-flowing water
environments with abundant vegetation(Figure 7) and high turbidity.
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Figure 7. Representation of the grass carp in its natural habitat.

6.3 The use of grass carp in controlling
aguatic vegetation

Due to their large appetite for aquatic plants, grass carpCtenopharyngodon idellp have been
introduced in at least 100 countries across North America, South America, Africa, Asia, Europe and
Oceania. This introduction was for meat productiotbut primarily for controlling aquatic weeds.

The diet of grass carp is predominantly herbivorous, focusing mainly on aquatic plants and even
submerged terrestrial vegetation. However, this species caalso diversify its diet, consuming
detritus, insects and other small invertebrates when necessary.

Remarkably, grass carp can ingest an amount of vegetation equivalent to about 40% of their body
weight daily. In environments with abundant plants, the carp can consume more than double their
weight in a single day, leading to rapid population growth.

Such voracity makes the grass carp a potentially invasive species, especially in ecosystems where
is introduced without proper protective and control measures.

Their ability to consume large amounts of aquatic vegetation can destroy habitat and disrupt the local
flora and entire food chain, negatively impacting other species, including many native fish and
aquatic birds that rely on these plants for survival. Theefore, any initiative to introduce this species
into new environments must be undertaken with extreme caution andnly if certain criteria are
fulfilled .

An innovative technique has been employed to mitigate these risks: triploid grass carp. Triploidy is
a state where organisms have an extra set of chromosomes, rendering them sterile and therefore
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unable to reproduce. This characteristic is beneficial when trying to prevent the uncontrolled
proliferation of the species in new habitats.

The fact that these triploid carp aresterile eliminates the risk of a carp superpopulation that could
unbalance the aquatic ecosystem. Thus, by not reproducing, these carp do not become a threat to
other native species and do not contribute to the ecological imbalance of the environment whehey

are introduced.

6.4 Grass carp in aquaculture

Grass carp occupies a prominent place in the industry and even in the history of global aquaculture.
Today, it is the world's most widely cultivated fish specieandis probably the first species cultivated

in global fish farming. Archaeological discoveries in China believed to be remnants of ancient grass
carp cultivation ponds provide evidence that dates back at least 6,000 years. This finding highlights
the region'sdeep historical roots of grass carp aquaculture. Grass caape also mentioned in ancient
texts dating back over 2,000 years. The extensive longevity in the production of grass carp
demonstrates not just its cultural and historical significance but also its adaptability and economic
importance.

In fact, in China, this fish is an essential part of the local aquaculture culture, along with three other
species: the silver carfHypophthalmichthys molitrix the bighead carpH. nobilis and the black carp
Mylopharyngodon piceuswhich arecollectively referred to as Asian carps in Western literature.

Atrtificial reproduction of these carps was successfully achieved for the first time in China in the early
1940s, and largescale aquaculture began in 1958.

Grass carp can be cultivated in various farming systems, such as ponds, enclosures and cages.
However, the captive production cycle involves many more stages, such as reproduction, larviculture
and fingerling production (Figure 8). All these stagesare addressed in thismanual.
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Figure 8. Grass carp production cycle.

In 2020, the global production of cultivated grass carp reached an impressive 5.79 million tonnes.
This underscores its colossal role in the aquaculture sector, ranking just behirgdand nearly equal
to z the marine shrimp Litopenaeus vannameiwhich amounted to 5.80 million tonnes in the same

year.

These massive numbers highlight the fundamental role that grass carp plays as a pillar of food
security in many regions, especially in Asia, where its production is primarily a crucial source of
dietary protein for local communities, given that exports othis species are relatively insignificant.
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7/ GRASS CARP BIOLOGY

7.1 Life stages

7.1.1 Eggs

Oocytesz eggs befordertilisation z have a 1.21.3 mm diameter and contain a yolk surrounded by a
two-layer membrane. The outer layer is adhesive untfertilisation .

The fertilised eggsare 3.874.0 mmin diameter, and the yolk is separated from the membrane by
absorbed water(Figure 9).

The spawning containing eggs can vary in colour fromreyish blueto bright orange.

Figure 9. Fertilised grass carp eggs.

7.1.2 Larvae (1z3 days)

The larvae hatch from the eggs at a length of 8.5 mm.

They are transparent, completely depigmented at this stage, and have a visible yolk g&igure 10).
The larval development is significantly temperaturedependent:in water at a temperature of 24°C
the larvae reach 10.5 mm in 5 days. At 25°C, thegin grow to12.4 mm in the same period.

Their gills are functionalonce the fish reachesbout 7.5 mm, and their eyes become pigmented with
golden irises. During this period, the proto larvae also begéto swim. Although they still primarily
feed on the yolk sac, from the second day the larvae can also start to ingest tiny plankton organisms.
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Figure 10. A grass carp larva (a proto larva) shortly after hatching.

7.1.3 Transition to post -larva

At about 4 days old and measuring approximately 8 mm, the larvae frofigure 11A are still
relatively transparent but become larger and more pigmented each day. At this stage they already
have a caudal fin. The yolk sac is still present; the intestine is not yet fully formed; the swim bladder
is quite evident.

As the yolk sac rapidly depletes (from 9 mm onwards), the mesolarvae become dependent on
exogenous food, consuming algae and zooplankton, and by around the 5th day tliegd almost
exclusively on zooplankton(Figure 11B).

By the 20th day of life the fins are formed and the podarvae are about 1.5 cm longFigure 11C).
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Figure 11.Evolution from larva (mesolarva) to post -larva. Source: Ma et al. (2023) , modifi ed. Az four-
day-old grass carp larva measuring approximately 8 mimcaudal fin isstarting to develop, the yolk sac is still
present; the intestine is not yet fully formed; the swim bladder is quiteevident. Bz five-day-old grass carp
mesolarva, feeds exclusively on zooplankton as theyolk sac depletesCz 20-day-old post-larva, the fins are
formed, and the postlarva is about 1.5 cm long

7.1.4 Fry (20-30 days)

Between the 20th and 30th days of life the frare about 1.5 to 2.3 cm long. Their fins and scales are

developed(Figure 12). The pharyngeal teeth are formed, and the jaw is set. The swim bladder and

intestine resemble those of an adult. Fry feed on zooplankton and aquatic insect larvae. At 2 cm in
length, grass carp fry begins to feed on aquatic plants.
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Figure 12. Grass carp fry. Between the 20th and 30th days of life¢he fry is about 1.5 to 2.3 cm long.

7.1.5 Juveniles (45760 days)

Juveniles measure 3.7 to 6.7 cm in length and resemble miniature adulEgure 13). Around the 50th
day the scales are complete, and approximately on the 55th day, at about 6.7 cm in length, the
juveniles become identical to an adult, except they are still immature individuals, i.e., their ovaries
and testicles are not yet developed, ahthus they are not yet capable of reproducing. Juveniles can
feed on animals (e.g., insects and zooplankton), but from 5.5 cm in length, they primarily feed on
plants.

Figure 13. Grass carp juvenile.

7.1.6 Adult

Studies conducted in China's Heilongjiang, Yangtze and Zhujiang rivers show that grass carp
populations can exhibit significant morphological differences depending on their origin. That is,
animals of the same species but from different rivers show notabRifferences in shape and size. To
understand this, imagine having three cousins: one is tall and thin, another is shorter and more
robust, and the third is average height. They are from the same family, but each has distinct
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characteristics. The same happens with grass carp. Different lineages exhibit different characteristics
and may grow more or less than those of a different lineage.

But, as a general rule, the head of the adult grass carp is slightly flatten&dgure 14). The moderately
small eyes are centred on the side of the head. Large overlapping scales cover the body, and the colour
ranges from blackish to olivebrown, with greyish or silvery-white hues on the sides and belly. The
scales on the dorsal region and s&bs are outlined by pigment, giving a hatched effeeind aiding in
camouflage

The body is elongated and narrow with a terminal mouth, meaning its mouth is located in the middle
of the head and points forward. Grass carp have large circular scales with a black spot at the base.

Figure 14. Adult grass carp.

7.2 Morphology

Understanding the morphological structures of the fish being cultivated is essential for anyone
interested in fish farming. This is not onlybecause it can lead tincreased production efficiency but
also to ensure the welfare of the fish by providing an environment that respects their anatomical and
behavioural needs.

Grass carp have several distinct morphological characteristicigure 15) that make them well
adapted to their environment and lifestyle. They have elongated, chubby, torpedhaped and
slightly laterally compressed body forms, contributing to their agile swimming ability among aquatic
vegetation. The complete lateral line contains 40 to 42 scaléBhe anal fin is positioned closer to the
tail than in most other carp species. The body is dark olivgreen, with shades obrownish yellow on
the sides and a white belly.
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7.2.1 Head

Thehead istriangular in shape and slightly flatteneddorsally and is thusoptimised for hydrodynamic
efficiency, allowing efficient swimming and foraging.

1 Mouth: The terminal mouth is slightly oblique, with firm, nonfleshy lips and without barbels.
It is protrusible, devoid of teeth, and the upper lip is thick, specially adapted for scraping
aquatic vegetation.

1 Pharyngeal teeth: Located in the pharynx, these teeth are designed for chopping and
grinding vegetation, facilitating digestion.

1 Eyes:Positioned laterally, providing a wide field of view.

7.2.2 Fins

The grass carp's moderately large pectoral and pelvic fingnhance its ability to execute swift
manoeuvres and maintain balance in the waterlts dorsal fin is notably long and unbroken, in
contrast to the shorter anal fin.

7.2.3 Scales

Large and oval in size, they proteaffectively against parasites and physical injuries.

Dorsal fin

Nostril  Operculum Lateral line Caudal fin

Caudal peduncle

Ey

Pectoral fin . Scales
! Pelvic fin Anal fin

Figure 15. External morphology of grass carp .

21



7.3 Anatomy

The organs of grass carp are similar to those of other fish btitey have some specific adaptations for
their herbivorous lifestyle. Notable in the anatomy of a grass carfFigure 16) is the length of its
intestine, which can be two to even 10 times longer than the fish's body length, depending on age,
nutritional factors and genetics. Long intestines are characteristic of predominantly herbivorous fish.

) Kidney
Air bladder

Intestine

Anus

Figure 16. Schematic representation of grass carp anatomy.
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7.3.1 Pharyngeal teeth

A notable feature of the grass carp is the presence of two rows of coslike teeth on the pharyngeal
arches in the throat (pharynx, to be morerecise) (Figure 17). These strong teeth resemble the teeth
of a comb. Grass carp use these pharyngeal teeth to grind and consume aquatic vegetation.

GRASS CARP
PHARYNGEAL TEETH

Pharyngeal
teeth

The pharyngeal teeth
work in conjunction with
the strong pharyngeal
muscles to efficiently
break down aquatic
plants, making it easier
for digestion and nutrient

absorption.

The head has a more or The mouth of the grass
less triangular shape, carp is protrusible,
slightly flattened in the equipped with a thick

upper lip. The teeth are
located in the pharyngeal
region and serve to chop
and grind the plants it
feeds on.

dorsal region. This
structure contributes to
the fish's hydrodynamic
efficiency, allowing it to
swim and forage with
ease.

Figure 17.The scientific name of grass carp, @tenopharyngodon §is a combination of three Greek words
: @teno§ meaning ©omb§ Pharyngo § meaning &nroat dor Pharynx § and ®don§ meaning @oth &
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The jaw of the grass carp functions as an intricate system of levers and cords, composed of 11 muscles
working in harmony. Some of these muscles are attached to the fish's skull, and others to its pectoral
structure. There is no direct bony connection offte jaw to the skull, only ligamentous connections.
Two muscles stand out: thefevatord which raises the jaw to aid in chewing, and th@etractor § which
pulls the jaw back(Figure 18). These muscles move the pharyngeal arch where the pharyngeal teeth
are located, functioning as a grinder for the leaves and stems ingested by the grass carp.

Maxilla

Pharyngeal arch

Jaw

Levator

Pharyngeal arch
Muscles yng

Retrator Retractor

i

B Pharyngeal teeth

Retr: Retractor
Muscle

N

Figure 18. Anatomy of the grass carp. A) Side view. B) Muscle and bone structure. In green, the muscles
responsible for transforming the pharyngeal teeth into real grass crushers. Adapted from Gidmark et
al. (2015) .

24



7.3.2 Intestin e

The intestine is a simple coiled tube with several convolutions. It is divided into three parts: anterior
intestine, mid-intestine and rectum. Theintestine is the primary organ for food digestion and
nutrient absorption. It occupies a ventral position in the body cavity and is entirely separate from the
swim bladder. The intestine of a grass carp is also lined with a layer of mucus that helps prdtée
fish from bacteria and other harmful organisms. The mucus also helps lubricate the intestine,
facilitating the passage of food.

7.3.3 Liver

The liver is located at the top of the gastrointestinal tract and primarily functions in the metabolism
and storage of nutrients.

7.3.4 Swim bladder

The swim bladder is large and located dorsally to the intestineand is responsible for the fish's
buoyancy. It has two chambers and is of the physoclistous type, comprising a closed system without
direct connection to the digestive systemin fish with physoclistous swim bladders, gas is secreted
into the bladder via a specialised set of capillaries called thEete mirabiled This mechanism enables
the fish to regulate its buoyancy by secreting or absorbing gases in the swim bladder, a critical
function for maintaining their vertical position in the water column.

7.3.5 Gills

Grass carp breathe through their gills, located on the sides of the head, under the operculum. The gills
consist of gill flaments covered by a thin membrane. Water enters through the mouth of the grass
carp and passes over the gills, where oxygenadsorbedand carbon dioxide is released.

The circulatory system of the grass carp is closed, meaning blood flows through vessels. Its heart is a
simple but efficient muscular organ with two chambers: an atrium and a ventricle.

This typical arrangement in bony fish works as follows: The atrium is an upper chamber that receives
venous blood passing through the various body tissues via systemic veins. Blood is pushed into the
next chamber, the ventricle, when the atrium contractdVhen the ventricle contracts, blood is forced
into the arteries and proceeds to the gills, which will be oxygenated.

7.3.6 Kidney

The kidney of the grass carp is an elongated organ extending along the body cavity, located below the
spinal column. It performs a range of vital functions, similar to the kidneys of other bony fish, such
as blood filtration, regulation of water and ion bdance, and production of blood cells and hormones.
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7.3.7 Gonads

Grass carp are oviparous fish, meaning they lay eggs.

Females have ovaries, which produce oocytes and can occupy the entire extent of the fish's abdominal
cavity during breeding.

Male grass carp have testicles, which produce sperm.

26



8 DISEASES AFFECTING GRASS CARP

8.1 The relationship between welfare and
stress in fish

The relationship between animal welfare and stress is crucial to understanding how the environment
and living conditions impact their emotional, behavioural and physiological statéAn environment
that promotes welfare enables animals to develop strategies for adapting to stress.

Such an environment includes providing access to refuges, engaging in enriching activities (such as
using grass for dietary supplementation), fostering positive social interactions and practising gentle
handling. These elements not onlyhelp reduce stress but also significantly enhance the overall
welfare of the carp throughout their lifespan.

Inadequate living conditions, overcrowding, lack of environmental enrichment, social isolation,
abrupt changes, excessive noise, lack of access to essential resources (like food and overexposure to
light) and improper handling practices can triggeranimal stress.

Fish reaction to stressful situations occurs in three distinct stages: primary, secondary and tertiary.
This process begins in the hormonal system and expands to affect the organism globéfigure 19).

Tertiary response

Compromised
welfare

Brain stimulation 1 Blood glucose ¥ Growth
Neural activation T Metabolic rates § Disease resistance
Release stress hormones 1 Branchial permeability Reproductive changes

Figure 19. Primary, secondary and tertiary responses to stress triggered by external factors in grass
carp and the changes occurring in the fish's body at each stage.

The primary stage involves the activation of brain areas, resulting in the release of hormonal
substances like catecholamines and corticosteroids.

The secondary stage isharacterisedby the immediate impact of these hormones on blood tissues,
increased heart and respiratory ratesmobilisation of energy resources, and even disruption of the
fish's osmotic balance.
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Lastly, the tertiary stage manifests in population terms, reflecting inhibited development,
reproduction and immune response in darge portion of the fish in a group, increasing susceptibility
to diseases. The reduced ability of the fish to handle subsequent or additional stressors is also
considered a tertiary response to stress.

Animals with opportunities to develop resilience to stress are more adept at dealing with specific
stressful situations, such as a sudden drop in temperature. An appropriate and enriched environment
allows animals to develop skills and competencies thatingthen their resilience and, consequently,
their welfare. Conversely, if the organism does not overcome the challenge, stress becomes chronic,
indicating low animal welfare. Chronic stress due to inadequate housing conditions, improper
management or negtve social interactions can suppress the animals' immune system, making them
more susceptible to infections and diseases.

Besides diseases, fish exhibit various behavioural responses to different stressors. Stress in fish can
manifest through abnormal behaviours (stereotypies) or as aggression, inactivity or hyperactivity,
changes in food consumption, increased respiratory &éguency, alterations in body colouration or
swimming patterns, escape, seeking shelter, and submissive posture, among others. These
behaviours indicate discomfort, i.e., welfare is negatively impacted, compromising the fish's quality
of life.

Stress indicators, such as hormonal levels and heart rate, are frequently used to assess animal welfare
in laboratory studies. However, in practical farm routines, physical assessment of the fish is more
feasible, where a thorough inspection of the fish'external organs like eyes, fins, and skin should be
performed. Significant changes in these indicators may suggest an impact on the animal's welfare.

8.2 Health vs. diseases and the impact on
animal welfare

Diseasdcan be defined as a mere absence or imbalance in health. It might also be regarded as an
abnormal physical condition stemming from environmental stress and the fish's immune response
to pathogenic agents.

Therefore, 'health' and 'disease’ are subjective concepts influenced by various simultaneous factors.
The onset of disease does not always precisely coincide with its clinical signs, @mdight be detected
accidentally or only after the death of some fish in the pond.

As discussed, a high degree of animal welfare is essential to ensure that animals live healthily, free
from excessive stress and with a satisfactory quality of life.

Promoting the welfare of grass carp in aquaculture benefits the fish in terms of health and growth
and contributes to the sustainability of production and the quality of the products offered to the
market. Attention to these aspects is crucial for the success of grass carpfiang.

Proper nutrition, rational and humane management, and good environmental conditions will make
animals more resistant to diseasesGood health meansboth high levels of welfare and high
profitability rates in production. Thus, improving animal welfare involves identifying and mitigating

28



sources of stress, providing a suitable environment and adopting management practices that
promote natural and healthy animal behaviour.

8.3 Diseases affecting grass carp

Other measures should be adopted to prevent diseases, such as:

1

Source: Acquiring animals from wellsourced, diseasdree stocks from companies that
follow good production and hygiene practices.

Visual inspection: Conduct a detailed visual inspection to identifyesions characteristic of
disease on receipt of the animals and check the mortality rate during transport.

Water quality: Maintaining the animals in a system that ensures water quality during
acclimation and transfers, avoiding potential shocks from parameters like temperature and
pH.

Best management practices: Implementing appropriate hygiene and management
practices at all stages, from reception to harvest and slaughter of the animals.

Personal qualification: Training staff for early identification of signs of diseases and
abnormalities in the behaviour of the fish.

In addition to these actions, the main approaches to preventing and controlling diseases in
aguaculture involve using vaccines and medications. However, with increasing attention to the
quality of aquatic products and environmental pollution, there are gustions about using chemicals
in water for disease prevention. Sometimesnedication acces is restricted, or local legislation does
not permit its use. Therefore, itis clear here that prevention is better than cureTable 1 addresses
the primary infectious diseases caused by viruses, bacteria and parasites that affect grass carp.
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Table 1. Primary infectious diseases affecting grass carp .

Disease

Prevention and control

Haemorrhagic disease

A )
of grass carp (GCRV) quareovirus

Clinical signs

Red muscle, mouth, fins and operculum caused by
haemorrhage, exophthalmia, body darkening,
haemorrhagic or pale gills. Internal heemorrhage
may occur throughout the musculature, liver,
spleen, kidney and intestines; Fry and ongear
fingerlings are most susceptible, resulting in
mortality of 30z50% of infected animals

Vaccination through injection; disinfecting ponds
reducing density, disinfecting fish seed and culture
environment with chlorine compounds, quicklime
and potassium permanganate; Chinesehubarb
(Rheum officinalg, sweet gum leavegLiquidambar
taiwaniana); cork tree bark (Phellodendrorsp) and
skullcap root (Scutellaria baicalensik

RNA Reovirus

Spring viremia of carp .
Mononegavirales,

Exophthalmia; abdominal distension; petechial
haemorrhage or darkening of the skin, gills, eyes
and internal organs; degeneration of the gill
lamellae (discolauration); abdominal swelling

There is no treatment. Maintaining adequate diet:
and quality of water helps prevent the disease
Some disinfectants can be efficient in inactivatin
the virus on utensils and in the environment

(Svev) a ) . (abdominal dropsy); hepatic necrosis; raised . . .
Rhabdoviridae, Vesiculovirus - . . without the presence of fish suchas 3% formalin
scales, slow and difficult balance and swimming. . . . .
. . i . for 5 min, 2% sodium hydroxide for 10 min, 540 mg
Typically, infected fish are close to an oxygenation o . : 7
. of chlorine in a litre of water for 20 minutes
zone in the pond (at the water entrance)
_ Hyperaemia, congestion and ulceration at different
Aeromonas sobria; positions of the body such as jaws, mouth cavity, . . _ _ _
- . Disinfect the fish and culture environment with
o Aeromonashydrophila; operculum, fin-base and musculature; . .
Septicemia . . . quicklime and potassium permanganate; 5 mg/kg
Yersinia ruckerri: exophthalmia; swollen anus; expanded belly; . .
’ o . . ~" enrofloxacin orally for three consecutive days
Vibrio sp. erected scales; gill rotten; reduced feeding;
disordered swimming, high mortality of fish
Prevention is achieved by disinfecting the culture
environment using bleaching powder and
Expanded and red spot on the abdomen; enteritis; quicklime. Treatment with sulpha guanidine
Enteritis Aeromonas  punctata  fred and swollen anus with yellow mucus when plended with food into floatable medicated pellet:
intestinalis compressed; losing appetite; slow swimming 19/10 kg of fish on the first day and 1g/20kg for

congested and decayed fins
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the next 5 days; or garlic (%2 kg garlic/100 kg fish
daily for 6 consecutive days), alternatively use
Chinese dry or fresh herbs: Euphorbia




Disease

Prevention and control

Clinical signs

humifusa,Aclypha
hydropiperfor 3 straight days.

australisPolygonum

Gill-rot disease Myxococcus piscicola

The body of diseased fish is characterised by
darkening, head in particular.lt is characterised by
necrotic gill tissue, usually with mud attached pale
coloration of the qill filaments, then sloughing and
accumulation of excess slime. The gill covers of
seriously infected fish are inflamed and are eroded
by the bacteria forming small transparent patches.
Signs of congestion and inflammation of the inner
membrane of the operculum

For prevention purposes, fish can be vaccinate
Bleaching powder baskets should be hung aroun
the feeding platforms, or bleaching powder shoulg
be spread into the pond water to a concentration
1 ppm. Fish can be bathedn 272.5% saline water.
For treatment, disinfect the pond water and the
pond sides weekly with dissolved bleaching
powder at a rate of 0.25 kg/mu or quicklime once
(20 ppm) or spray the pond surface with
erythromycin (0.3 ppm) and mix in fish feed for 6
days. (4g/ 100 kg of fish on the 1st day; 2)/ 100 kg
for the next 5 days). Alternatively pulverised
Chinese herbscanbe used Galla chinensisSapium
sebiferumand Rheum officinablg

Erythroderma
skin disease)

red-
( Pseudomonas fluorescens

External haemorrhage and inflammation; skin
bleeding; losing scales,on the sides of the
abdomen; congested fins and rotten fin rays;
necrosis of the terminal of fins; red blotches
around the upper and lower jaws

Prevention through careful handling during
transportation and stocking; disinfection of pond
with bleaching powder; bathing fingerlings in a ¥
10 ppm bleaching powder solution for 30 min. The
fingerlings may be vaccinated. Treatment with
sulphathiazole mixed in feed (5g/100kg fish) for 5
consecutive days; Chinese gallGalla chinensis
applied to pond surface (24 ppm)

. . Tapeworm
Bothriocephalosis )
Bothriocephalussp.

Worms accumulate in the anterior intestine, which
may become obstructed or perforated; weakness;
reduced feeding; opening mouth;eggs or body
parts of the tapeworms in Beces or the gut othe
fish; very high mortalities

Disinfection of pond with quicklime; drying the
ponds annually or treating drained wet ponds with
calcium chloride (about 70 kg/ha) or calcium
hydroxide (about 2 t/acre) to kill the copepod
intermediate host. According to the manufacturer's
instructions, fish can be treated with anthelmintics
such as praziquantel
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Disease

Prevention and control

Dactylogyriasis

Helminth
Dactylogyrus sp.

Clinical signs

Weak physically; dark body colour; pale gill; open
operculum; slow swimming; araemia; reduced
feeding and difficulty breathing

Prevention bath before stocking fingerlings in
potassium permanganate (20 ppm) for 1530 min.
Control with a single dose of formalin (25Qopm for
35740 min) or two repeated applications of
potassium permanganate (5pm) in static water
with a 2-day interval

Ichthyophthiriasis

Protozoan
Ichthyophthirius multifiliis

Many white pustules attached to skin and gill
filaments; white membrane covering skin in
severe infection; excess of mucus, necrosis,
congestion of gills; rotting and splitting of fins;
slow swimming near to surface; itch; cornea
inflammation and blindness; loss of appetite;
dyspnoeal high mortality

Prevention involves pond disinfection using
quicklime and quarantining fingerlings before
stocking. For control, a formalin bath (25 ppm) may
be administered twice daily, but this should not be
applied to grow-out fish. Alternatively, infected fish
can betreated with sea water (salinity exceeding
1%)

Lernaesis

Anchor worm
Lernaea ctenopharyngodonti

The parasite can be seen with the naked eye
adhered to the skin. In these areasthe tissue is
swollen, difficulty in swimming and moving
slowly, reduced appetite and emaciation

Bath of the fishattacked by wormswith a 10z20
potassium permanganate solution for 1.32 hr
before stocking, according to water temperature
(low concentrations being better at higher
temperatures)

Sinergasiliasis

Copepod
Sinergasilus major

Difficulty in breathing; inflammation, deformation

and necrotic gill filament; focal araemia of gills;

Swimming madly in circles in the water surface,
often jumping; death of exhaustion

Due to the strict selectivity of the pathogen, rotary
farming prevents infection. Before stocking, bathé
the fingerlings with a solution of copper sulphate
and ferrous sulphate (7ppm) in a 5:2 proportion
for 30 min. Spray the pond with a solution of coppe
and ferrous sulphate (0.7ppm) in a proportion of
5:2
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Figure 20 illustrates various changes in the bodies of diseased grass carp.

Figure 20. Changes in diseased grass carp bodies. Source: Adapted from FAO, 2023.

In Figure 20 we can observe: (A) Signs diyperaemiaand congestion in the musculature and fins;
(B) Haemorrhaging on the skin and at the base of the fins; (C) Anaemia of the ghigperaemiaand
haemorrhage of internal organs; (D) Darkening of the gill filaments, covered in mud and mucus; (E)
Gill necrosis, putrid and pale filaments.
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9 CULTIVATION SYSTEMS AND REGIMENS

9 Cultivation systems: This term refers to the infrastructure and physical structures used in
aguaculture, determining the environment in which aquatic organisms ardarmed. Such
systems can range from eartldug ponds, concrete tanks, fibreglass, or various materials of
waterproof tarpaulins, to cages in natural water bodies and even advanced recirculation
systems in fully controlled settings, known as RASRecirculation Aquaculture Systems.

1 Farming regimes: The farming regime isclosely related to the amount of energy that will be
applied to the production system. However, this energy must be understood in its various
forms, such as financial resources, stocking density, aeration, types and frequency of feeding,
water quality management, and the use of medicines and fertilisers, among other factors that
directly influence the productivity and health of the farmed organisms. In other words, the
so-called @ntensity8of cultivation refers to the set of practices, methods and strategs
adopted within a specific fish farming system.

9.1 Cultivation systems

The grass carp is an incredibly versatile fish that is adaptable to different cultivation systems, such
as earth ponds, enclosures, cages, and even recirculation systems. However, the traditionally lower
price of this fish's meat may make the latter unviale.

Each system has its advantages and disadvantages, of course. However, the critical point is that this
flexibility makes grass carp a viable option for various scenarios and investment levels.

Choosing the right cultivation system will depend on the objectives of each stakeholder and the
resources available. This manual foces on pond cultivation, the primary system used worldwide.
Nevertheless, we also provide a brief introduction to some other systems.

Beyond its tasty and nutritious meat, grass cargre also used for biological control of invasive aquatic
plants, asthey primarily feed on underwater vegetation. Moreover, grass carp are an excellent choice
for sport fishing, making them a species of great interest in various sectors.

To cultivate grass carp efficiently and profitably, regardless of the chosen cultivation system, it is
essential to consider available space (i.e., proper stocking density); adopt a balanced diet meeting the
fish's nutritional needs; ensure suitable envirmmental conditions; and implement management
practices to maintain sanitary conditions. Combining these factors will ensure grass carp's healthy
and rapid growth, benefiting fish farmers and consumers.

34



9.1.1 Ponds

The fish cultivation system where animals are kept in an enclosed space (usuadiyclosedby earth
but also by plastic materials or cement) ang mandatorily z with a natural bottom is known as@®arth
ponddor simply @ondd

Ponds vary significantly in size and depth and can be constructed with different materials.

The primary difference between a pond and a tank is that the former has a natural bottom, allowing
a close relationship between the chemical, physical and biological processesamzurring in the soil
and water. In tanks, however, the bottom is constructedrom artificial impermeable material,
preventing soil-water interaction.

The natural bottom allows microorganisms to thrive, which can contributgo z or even harmgz the
overall health of the fish. Therefore, careful managemeird required to prevent the accumulation of
debris and food residues, which couldausewater quality to deteriorate.

These systems with a natural substrate also allow for more significant interaction of the fish with the
environment, which can be beneficial as a form of environmental enrichment, contributing to their
welfare. However, this characteristic also makes good management essential to avoid problems such
as diseases and parasites.

The image depicted Figure 21) exemplifies theimportance of fish cultivation in ponds for China, as
the country is the world's largest aquaculture producer.
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) ‘ Googleearth

hina shows thousands of ponds for fish cultivation.
Source: Google Earth.

In many places, fish farming is fully integrated into the urban landscapes of Chinese citi@sgure
22).

-
~ e . P
Figure 22. Fish farming is integrated into the urban landscapes of many Chinese cities.
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Therefore, one should not think that a pond isbout digginga hole, filling it with water, and adding
fish. Ponds are living systems where the water and the organisms it contains, they phytoplankton,
viruses, bacteria, protozoa, and, of course, the fish themselves, interact with the soil and the
organisms and microorganisms living in it. Thismeans that it is essential to understandrarious
parameters and conscious management practices to ensure the cultivated fish's productivity and
welfare.

9.1.1.1 Characteristics

1

Design: Generally rectangular, with a slight slope for drainage. However, the ponds can have
other regular or irregular shapes that better use the available lan{Figure 23).

Excavation: Preferably done with earthhmoving equipment.
Bottom material: Natural soil, sometimes sealed with clay.

Water supply and drainage system : Channels and gates direct water into and out of the
ponds.

Aeration system: Aerators are often needed to maintain water quality control, especially the
dissolved oxygen concentrations for the pond organisms

Microorganisms: Bacteria and other microorganisms help decompose organic matter and
create a unique ecosystem.

Feeding: Fish are fed with pellets but ofteruse natural foodin the ponds.

Diseases: Frequent risk of exposure to pathogens, necessitating the adoption of preventive
practices.

Water quality: Constant monitoring of water quality indicators, such as pH, dissolved
oxygen,and ammonia, among other parameters.

Nutrients: Nitrogen, phosphorus and other nutrients can affect water quality anthe balance
between the organisms and microorganisms inhabiting a fish farming pond.

Decomposition: A series of chemical processes constantly occur in the ponds, associated
with the decomposition of organic matter, feeding, excretion, and respiration of the fish
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Figure 23. Ponds of different sizes and shapes are used for grass carp cultivation.
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9.1.1.2 Pond advantages and disadvantages

Table 2. Advantages and disadvantages of pond fish farming .

Pond factors

Advantages

Disadvantages

Land Many suitable areas are available fg Need toinvestinland acquisition for pond
Investment setting up construction
. Initial installation is time -consuming and
Installation Permanent and durable structures .
expensive
. Generally lower than most other availablg _ .
Production . Construction and maintenance costs ca
systems. Operational costs are usual .
Cost . be high
predictable
Higher complexity and construction cost
. . . Initial investment can be increased
Construction Long lifespan if wellconstructed . . .
especially  with  earthrmoving and
operational support structures
Yield Stable yield with proper management Lower yield per area compared to cages

Zootechnical
Aspects

Ease of monitoring and controlling water
parameters. Ease of adaptation and rapi
growth of grass carp

Requires knowledge of management an
monitoring efforts

Environmental

Well-controlled and minimised risks if

Possible eutrophication and fish escap

Impacts well managed into the environment if poorly managed
Simple and effective techniques. Sanitary Requires skilled labour for optimised
Management . .
and feeding management facilitated results
L . Need for various licences and
Legislation Norms generally wellestablished

environmental compliance
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9.1.2 Cages
9.1.2.1 Characteristics

)l

Cages can be purchased from companies or constructed by fish farmers themselves.

One of the significant advantages of grass carp cultivation in cages is the immense range of
possibilities for setting up cultivation structures, involving everything from simple designs

to models involving more appropriate and advanced technologiesWhat they have in
common is that all of themare positioned in water bodies without earthmoving, as with pond
cultivation (Figure 24).

Cages can have various sizes and mesh openings according to the size of the fish.

For intensive grass carp cultivation in cages, this species is commonly the main one in
systems using cages of about 60 mz2, depths ranging from 2 to 2.5 m, and mesh openings of 25
mm.

For growing grass carp breeders using floating cages, it is ideal to use cages of 12 or 24 m?
and 30 or 60 m3 volumes. These cages should have nets with 20 or 30 mm mesh sizes.

Cages can be supported by floaters made of foam blocks or plastic drums and are anchored
to a dock or fixed to the bottom by a cable.

The installation site for the cages should offer good water circulation, with a minimum depth
of 3 mbetween the bottom of the cages and the bottom of the water body. The current speed
at this location should be about 0.2 m/s. As hydrological conditions change, periodic
reorganisation of the cages is advisable toptimise the cultivation environment.

The density to be used in the cages should be defined based on the size of the
fingerlings/juveniles at the time of stocking, the environmental conditions, and the resources
available for the management practices to be adopted.

For example, young fish (fingerlings from about 1g20 g) can be stocked at densities between
50z80 fish m2 in waters preferably above 20°C. If larger fish (80125 g) are stored, a lower
initial density (30750 fish/m3) can be used. In this case, later redistribution of fish to other
cages may be recommended to adjust the stocking density and prevent reduced growth rates
and welfare due to high densities. Stocking can also be done with juveniles weighing 250
500 g. In this case, 1g20 fish/m? density can be wsed.
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Figure 24. Different structures are used for grass carp cultivation in cages in rivers, lakes and
reservoirs .

1 Feed efficiency: In cage cultivation, feed efficiency may not always be as high as in ponds,
where fish often have access to more natural food. However, the provision of grass and the
removal of waste are facilitated in cagesThe required labour is also less than in pond
cultivation.

1 Feeding options: Fish can be fed with pellets or a combination of aquatic vegetation,
terrestrial grasses and commercial feeds.

1 Feeding monitoring: Feeding conditions are closely monitored to ensure the fish can
consume the feed within 30 minutes. Subsequent adjustments are based on leftover feed. In
practice, adjustments can be made weekly.

1 Water movement: Water movement through the cagesmay be restricted by the
accumulation of algae and other organisms. Periodic washing of the cages with hijgtessure
water jets, although laborious and timeconsuming, is recommended to reduce the problem
of biofouling. Special antifouling agents are also often applied to th surfaces of the cages
before submersion in water.
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1 Cage rotation: Rotating the cages every two weeks and suairying the dirty cages are other
practical measures.

1 Use of scraper fish: Fish with scraping habits can also be used to consume the biofilm formed
on the nets or meshes of the cages.

1 Polyculture: Grass carp are often produced with other species, as with the Wuchang
(bluntnose black bream,Megalobrama amblycephalp(Figure 25). Silver carp and bighead
carp can also be used (at a ratio of 1% of the total fish in the cage) to actGeje cleaners In
this case, the proportion would be 60% grass carp, 39% Wuchang and 1% silver and bighead

carp.

Figure 25. The Wuchang (Megalobrama amblycephala ) is commonly cultivated in cages with grass carp
in China.

1 Vietnam: Other species are used in polyculture in cages along with grass carp, such as mrigal
(Cirrhinus cirrhosug and rohu (Labeo rohitg (Figure 26).
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Mrigal Rohu
(Cirrhinus cirrhosus) (Labeo rohita)

Figure 26. Indian carp species cultivated in cages in polyculture with grass carp in Vietnam.

1 Growth in cages: In cages, grass carp can reaclyl.5 kg in one year and 4£b.5 kg after two
years of cultivation.

9 Harvesting: Harvest occurs when the fish reach commercial size, which varies from country
to country but typically happens when the fish weigh about 25 kg. The cages are then
brought to the river or lake shore, where they are partially removed from the water. A scoop
net is used to capture the fish. The harvest can be partial or complete
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9.1.2.2 Advantages and disadvantages

Table 3. Advantages and disadvantages of cultivating grass carp in cages.

Cagefactors

Advantages

Disadvantages

There is no need for land acquisition

investments, as they are installed ir

Requires public access to reservoirs o

volume of water

Installation . lakes where they are to be installed, whicl
natural areas and publicspaces. Enablef . . .
Areas . . : is not always available. Limited to area
efficient use of various environments ang . .
. protected from winds and tides
aquatic spaces
A system that can be quickly ang, . - _
. ' .y . q. y Higher initial costs (for the acquisition of
Installation efficiently installed, less laboriouslythan
cages, nets and support structures)
other systems
. This can be inflated by the greater
Production . o
Cost Generally higher than other systems possibility of thefts and losses due tg
disease
. . Greater dependence on inputs such g
. High production rates per area ang L . .
Yield feed and variations in environmental

conditions

Construction

Simpleinfrastructure and use of low-cost
materials

Material susceptible to wear and damage

Zootechnical
Aspects

Facilitates  controlled and

monitoring

feeding

No control over water quality. Higher risk
of diseases due to highiensity

Environmental

There is asignificant risk of fish escaping
into the environment. Possible
environmental impact due to the
accumulation of waste on the bottom. Fis

regulations

Impacts . .
are exposed to environmentaleffects in
the water body itself and surrounding
areas

Ease of monitoring and management.
Management | Greater control over feeding. Easie| Higher risk of diseases due to highensity
harvesting
o Many countries already have defineq Regulations and environmental and wate
Legislation

use licensing tend to be quite stringent
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9.1.3 Net pens

Fish cultivation in net pens involves the management of fish stocked in a part of a floodplain enclosed
on one or more sides with a bamboo structure, other fences, or nets. A distinctive feature of this
cultivation type is that the base of the net pen is fixed in the mud at the bottom of the water body,
and the water inside the net pen is well connected with # water outside, allowing flow between the
net pen and the floodplain(Figure 27 and Figure 28).

The practice of fish cultivation in net pens idairly recent. Its origin dates tothe 1920s in Japan and
it was later adopted in China and other Asian countries. Recently, countries like the Philippines,
Indonesia, Thailand and Malaysia have used this technology for commercial fish production.

Commercial fish cultivation in net pens also has significant potential in countries like Bangladesh.
For instance, in the Philippines, production wagound to be four times higher in net pens than in
ponds. However, this cultivation system has not gained much popularity and has been falling into
disuse over time becauseinstallation site requirements are so specific

While cages can be installed in various types of aquatic environments, provided they are protected
from adverse weather conditions like strong winds and water levels of rivers or lakes, net pehave
the same protection requirements but also neec location shallow enough for the screens to be
installed.
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Figure 27. Net pens for grass carp cultivation are set up in a lake.
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9.1.3.1 Characteristics

)l

Design: The design and construction of net pens are based on a basic concept: a fixed
structure formed by nets supported by a rigid frame. The nets are anchored to the bottom
through wooden stakes (usually bamboo)so that the lake's bottomis alsothe net pen's
bottom (Figure 28).

Size: Theoretically, net pens have no size or area limit, given the ease of construction and low
cost.

Shape: Most are rectangular or square, but some can be circular or cylindrical.

Location: To decide onthe cultivation site, several factors needo be considered such as
predominant wind direction, flood risk, typhoons, stratification, soil type, siltation, depth
variation, occurrences of toxic algal blooms, presence of predators, pests and competitors,
agricultural or industrial pollutants, navigation routes, ard property rights, to name the most
important. The difficulty of balancing all these factorsexplains why net pens have lost
importance among themain cultivation systems emgoyed in grass carp production.

Density: The density of fingerlings/juveniles in the net pens usually ranges from 20,0Q0
50,000 per ha, and the animals are cultivated to commercial size.

Management: Environmental management in net pens is limited by the intrinsic
characteristics of the system itself. For example, applying fertilisers, doing liming or using
pesticides is impossible, as it is an open system, with water being continuously exchanged

between the internal compartment and the external environment.

Feeding: Regular provision of grass and feed is necessary for feeding the fish.
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Figure 28. Net pens used in fish farming.
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9.1.3.2 Advantages and disadvantages

Table 4. Advantages and disadvantages of cultivating grass carp in net pens.

Net
factors

pens

Advantages

There is no need for land acquisition

Disadvantages

The number of areas is always limited by

Installation . . .
Areas investments, as they are installed inthe need for shallow and protected zones
natural areas and public spaces so there islow versatility of application.
Production Generally, very low, accessible to low S
. . Productivity is also usually very low
Cost income rural communities.
vield As production costs are low, profits arq Yield greatly depends on natura
proportionally high . productivity and water body conditions.
. Simpleinfrastructure and use of lowcost | Offers little protection to fish and
Construction

materials.

management conditions

Zootechnical
Aspects

Easy adaptation and rapid growth of gras
carp. Possibility of polyculture with other
species

Offers few options for controlling
variables of zootechnical interest

Environmental

Generally low environmental impact

Significant risk of fish escaping into the

Impacts environment.

Management | Simple and effective techniques Offers few options for stockmanagement
In most places where it is practised, it i§ Net pen cultivation has been banned ir

Legislation adopted by traditional communities, who| some countries and some regions ¢

face few legal restrictions

China

49



9.2 Fish farming regimes

The definition of the cultivation regime and the classification of one's enterprise usually make no
difference to fish farmers. However, applying the concept of production regime is essential for
management ando maximisethe results achieved in aquaculture ventures.

Table 5 highlights the variation between the application ofnatural foods and balanced feeds across
different fish farming regimes. The extensive regime has a total dependence (100%) on raw foods,
with no obligation to use supplementary or balanced foods. This reliance on natural foods decreases
as we move towards more controlled ad intensive regimes. In the semintensive regime, for
example, there isa balance between the use of natural and supplementary foods, representing
approximately 50% of the diet (It is essential to understand that these percentages are merely
illustrative and not fixed values that define one regime over anothér.In contrast in the intensive
regime, fish areentirely dependent (100%) on supplementary or balanced foods, with little or no
contribution from natural foods.

Table 5. A comparative scenario of feed application under four types of culture regimes. The
percentages are illustrative only.

Supplementary/

i N | f
Fish culture Oatura ood balanced food
regime system (%) (%)
Extensive system 100 0
Improved extensive system 70 30
Semtintensive system 50 50
Intensive system 0 100

Table 6 shows the implications of intensifying management practices as one progresses from
extensive to more intensive regimes.

In the extensive regime, interventions are minimal, with natural pond maintenance, little to no strict
control of stocking densities no fertiliser s or external feeding, and irregular harvesting.

In the improved extensive regimethere aresome interventions, such as removing unwanted fish and
aquatic plants and sporadic application ofertiliser s and feedput no oxygenis supplied.

The semtintensive regime increases control with regular feeding anéertiliser application and more
structured management of harvest and restocking.

In the intensive regime there is a higher degree of intervention, with total control of stocking density,
balanced feeding, rigorous maintenance of minimum concentrations of dissolved oxygen in the
water, and execution of planned and controlled harvesting.
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Table 6. Other differences between the practices adopted in different cultivation regimes.

Culture Pond Stocking Fertiliser Feed Water/oxygen | Fish
regime preparation density application  application supply Harvesting
Weed fish and No fish feed
Extensive aquatic weeds Uncontrolled !\lo fe.rtlhser from externgl No pxygen is| Irregular
are not is applied resources is | supplied harvest
removed used
Weed fish and . Fertilisers Fish feed is . | Fish harvested
Improved . Semi . No oxygen is .
. aquatic weeds are applied|used . several times 4@
extensive controlled . ) supplied
are removed irregularly irregularly year
Fish are
Semi Weed fish and Fertilisers Fish feed is| Oxygen is| partially
intensive aquatic weeds| Controlled are applied|used supplied if | harvested
are removed regularly regularly necessary with irregular
restocking
Fish are
Balanced artiall
Complete Controlled . . . P y
. . . diet/feed is | Full-time harvested
) removal of | with high | No fertiliser .
Intensive ) . ) . the only | arrangement for | with  regular
weed fish and| stocking is applied .
. . source of| oxygen supply | restocking
aguatic weeds | density .
food several times &
year

The intensification of fish farming involves more than just stocking density and feeding practices, as
commonly thought. It encompasses a broader set of integrated practices focused on optimizing
production, ensuring fish welfare, and promoting environmenal sustainability. This means farmers
must also prioritize managing water quality and animal welfare alongside stocking density and
feeding. Neglecting these aspects can lead to greater problems, so farmers need to consider all factors
to achieve optimizedand sustainable production. Simply increasing stocking density and feeding
won't suffice. In addition to the factorsalready mentioned, several additional factors could be cited:

1 Water quality monitoring: Water quality plays a central role in fish farming. Temperature,
pH, alkalinity, ammonia, nitrites, and nitrates must be monitored and maintained within ideal
ranges. In more intensive regimes, the need for treatments and adjustments is more frequent.

1 Disease control: With the intensification of production regimes, the risk of disease

outbreaks increases due to the closer proximity and interaction among fish. Therefore,
biosecurity practices, vaccination, and judicious use of medications become essential.
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Aeration and circulation: In more intensive regimes, adequate water aeration and
circulation are fundamental to maintaining optimal oxygen levels and preventing waste
accumulation at the pond's bottom

Advanced infrastructure: Intensifying production regimes also involves investing in more
technologically advanced production systems, filtration systems, UV, ozonation, and other
technological equipment that helg maintain clean water free from pathogens.

Waste management: In more intensive production regimes, effectivananagement ofwaste,
such as fish excreta and leftover food is crucial to prevent eutrophication and deterioration
of water quality.

Training and skills development:  Qualified labour is essential in more intensive regimes.
Personnel need to be regularly trained on best practices and updated technologies.

Biological control: In some systems, auxiliary organisms like shrimps or other fish are
introduced to help control pests or clean the bottom of ponds. This strategy is more common
in less intensive regimes but can also be practised in more intensive fish farming regimes.

Economic aspects: Financial management and cosbenefit analysis become more complex
as the regime intensifies, given the higher input of investments in equipment, inputs and
labour.

In this manual, our central focus is on the serintensive production regimes of grass carp in ponds,
although the principles presented here also apply to other regimes and cultivation systems.

Examples of grass carp farming regime&rass carp cultivation is a fish farming activity with great
economic potential but requires careful technical management for farmers toptimise productivity

in an economically profitable way. In aquaculture systems, different production regimes can be
adopted, from the simplest, based solely on the natural productivity of the ponds, to the most
intensive, which uses a range of techniques tmaximiseyield.

Each approach has its set of practices, costs and results, with productivity varying from 150
kg/halyear to an impressive 20,000 kg/ha/year, depending on the level of investment in inputs and
technology:

9 Natural productivity: In grass carp cultivation ponds, the production is based only on

available natural foods, which usually results in low production indices ranging from 150 to
300 kg/halyear, depending on water quality.
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1 Liming: The simple use of liming and minerafertilisation with 7.5 to 11 kg of phosphorus
(P) and 15 kg of nitrogen (N) per hectare, applied six times during the growth season, can
increase this productivity to 500-800 kg/ha/year.

1 Liming + fertilisation + mineral + a supplemental diet with cereals: These practices can
raise productivity to about 1,500 kg/halyear.

1 Managing feed and water quality : With the use of the previous practices, plus balanced feed

for grass carp, supplemental aeration so that there is no lack of oxygen in the pond and
periodic water renewal, productivity can exceed 20,000 kg/ha/year.

9.3 Biological control of vegetation

One methodz which not precisely a cultivation system and can be classified as an extensive regime
andis quite commonz is related to using grass carp to control aquatic plants (native or invasive) in
lakes and reservoirs. In this case, therefore, the main objective is not to produce the fish but to
promote the removal of vegetation from the environment (as illustrated irFigure 29). It is important

to note, however, that grass carp is more suitable for controlling floating aquatic plants than
submerged types.

Figure 29. Grass carp are used to control vegetation in aquatic environments.
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Juvenile grass carp (20 to 3@m) are commonly stocked at densities ranging between 2 and 250
fish/ha. The exact numbers vary depending on the species of vegetation present, the density of the
plants, and the time available to eliminate them.

Most plants can be controlled with approximately 50 grass carp per hectare. Softer aquatic vegetation
is quickly eradicated atabout 150 grass carp per hectare densitiedn lakes or ponds infested with
Charaspp., it may be necessary to use 247 grass carps/ha.

Grass carp are ineffective in controlling cattails, lilies and other emergent vegetation. However, as
the preferred vegetation is consumed, the diet of thherbivorous carp shifts to less palatable foods,
which include coarser woody stem plants like smartweed and very young cattails.

As the degree of infestation by aquatic plants increases, there is a need to populate the pond with
more carp to control the vegetation effectively. In these cases, it is advisable to stock juvenile fish in
the density ranges indicated inTable 7.

Table 7. Standard stocking rates of 5 to 15 cm grass carp for lake vegetation control .

Weed Infestation Small Carps

Level (5to 15 cm)

Light 2220 per hectare
Moderate 30770 per hectare
Severe 100z250 per hectare

Table 8 provides a comprehensive guide on the effectiveness of grass carp in managing different
species of aquatic plants. It segments aquatant species based on the efficacy of control through
grass carpand details stocking recommendations t@ptimise control efficiency.

Table 8. Species of plants controlled by grass carp in lakes and the stocking recommendations.  Source:
Wright and Reeves (2004) .

Grass Carp
Plant Species Stocking Recommendation

Control Type

Stock according to standard rates
Control occurs in one season, except i
severe cases.

Hydrilla, Elodea, Najiashbladderwort,

Easily controlled .
Y Egeria, Potomogeton

Watermilfoil (parrot feather, | Stock at 1 to 2 times higher than the
Difficult to control Eurasian, etc.), slender spikerush,| standard rate. Control may take more
duckweed, red ludwigia than one season
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Grass Carp

Plant Species Stocking Recommendation

Control Type

Controlled using extreme | Filamentous algae  (Lyngbya,

. . Stock from 60 to 250 animals per hectarg
densities Pitophora, etc.)

Use other control measures and stoc
Cattails, alligator weed, watermeal,| grass carp at standard rates. Grass cal
water shield, American lotus, water| will help prevent other weeds from
lilies, willow, water primrose, water | replacing them and sometimes suppres
lettuce, water hyacinth the growth of these resistant forms by
eating the young shoots

Generallynot controlled

In the case of controlling hydrilla, for instance, to ensure that consumption by fish is greater than the
plant's growth rate in severe infestation levels, it is necessary to use about 20 carp per hectare of lake
area. This density allows the preservatiorof some less preferred plant species by carp, as shown in
Figure 30. However, it is important to note that stocking densities higher than 2%30 grass carp per
hectare of vegetation generalljhave the effect otcompletely removing all aquatic vegetation, which
may not be ideal.

Although grass carp can live for many years, their effectiveness in vegetation contdécreases
significantly after 5 to 7 years. Lakes must usually be restocked with grass carp every 5 to 7 years. In
new lakes, 5 grass carp per hectare can be stocked to prevent submerged aquatic vegetation from
establishing, thereby controlling aquatic weeds for 5 to 7 years.

Once the objectives with grass carp are achieved, it is necessary to reduce the number of fish in the
lake so that the animals do not suffer fromack of food or cause environmental impacts through
indiscriminate consumption of plant species present in the environment.
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Figure 30. Grass carp efficiently control aquatic macrophytes in lakes and  reservoirs at appropriate
densitie s.

The use of grass carp aabiological control in lakes, however, can bring a significant side effect: the
increase in the amount of nutrients (a phenomenon known as eutrophication) in the lake water,
associated with increased water transparency a consequence of the removal of macrophytescan
cause a cascade effect on the local environment. Under these conditions, there can be growth in
phytoplankton populations, leading to a further reduction in water transparency and changes in the
dissolved oxygen cycle, affecting the lake's duiversity and the fish's welfare (Table 9). Often, it
becomes necessary to use aerators in these environments to avoid compromising water quality.

National and subnational legislation tends to allow only the use of sterile fish when biological control
is carried out in large lakes to prevent the fish from reproducing and spreading beyond the intended
limits. If non-sterile animals escape into naturaénvironments, they can cause largscale alterations
in local ecosystems and risk spreading diseases that can affect the native fish fauna.

Grass carp become sterile when the eggs are subjected to stress. This process makes the genes
triploid instead of diploid. Triploid means the eggs contain three sets of chromosomes instead of the
usual two. Triploid fish cannot produce viable offspring, stheir use is environmentally safe.
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Table 9. Positive and negative environmental impacts associated with using grass carp for biological
control of aquatic vegetation.

Type Positive Impact Negative Impact
T Competition for food and habitat between
Ecological herbivorous carps and other fishes
Interactions 1 Massive ingestion of some species and possil
eutrophication
. Increase in the population L .
Population 1 Deterioration of water quality
. of natural predators of L : :
Explosion 1 Reduction in populations of other species
grass carp
Incr in r turbidi nitrogen an
Water ] crease in water turbidity, nitrogen and
. phosphorus levels
Quality . .
1 Increase in phytoplankton biomass
i Competition for food and habitat between
Ecological herbivorous carps and other fishes
Interactions 1 Massive ingestion of some species and possil
eutrophication
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10 MONOCULTURE VROLYCULTURE

In aquaculture, fish can be produced in either monoculture or polyculture systems. In monoculture
ponds, only one species of fish is grown. In polyculture, two or more species are stocked together in
the same pond.

Generally, monoculture is a simpler cultivation model with fewer variables involved, and polyculture
is a more complexmodel, which tends to value natural feeding and the biological cycles that occur in
cultivation ponds.

Another possibility to consider is monoculture or polyculture of mixed ages. In this method, different
fish speciesand groups of fish of different ages within a given species can be cultivated together. The
purpose here is to optimise pond resource use and enable continuous fish production for
consumption throughout the season. However, a disadvantage is having to separate fish of various
sizes and species in the same pond simultaneously, which can become a complex and laborious
process In addition, smaller fish may have difficulties at feeding time and suffer from cannibalism.

10.1 Monoculture VS Polyculture in grass
carp

Grass carp have historically been cultivated in polyculture systems in different regions of the world.
In these polyculture systems the cultivation cycles lasted up to three years. However, it is also
possible to produce this fish in monoculture systems. e choice of model will depend on a series of
factors, but mainly on the goals of the producer/entrepreneur and the available resources.

More recent innovations propose cultivation methods that mix grass carp with other species in
models that employ highe densities and more significant resource inputs (such as feed, aeration,
and water renewal) to significantly increase production and even the quality of grass carp meat.
However, more studies are needed to understand the real impact of this type of system fish
welfare.
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10.1.1

Criteria and factors to be considered

f

Producer/entrepreneur objectives:
Clearobjectives must be predefinedegarding species to be produced, productivity to be
achieved, product quality, and financial profitability, amongther factors.

Available resources:
Polyculture requires more resources, such as space, water, and labour.

Management of biological resources:
Polyculture demands more knowledge about the integrated processes related to the
climatic and environmental conditions of the region and the cultivation ponds

Understanding the consumer:

The consumer is the one who will pay for all the work anthvestments made by the fish
farmer. Therefore, they need to be seen as protagonists of the business. The producer must
know which species are most appreciated, how they prefer the fish (fresh, frozen, in cuts,
etc.), and the price range they are willingd pay.

Suppliers:

The fish farmer will need various inputs for their venture, such as feed, fry and equipment.
Suppliers must be reliable and offer quality products. Additionally, suppliers close to the
property can facilitate logistics.

Competitors:

The price achieved by the product will be defined by the market. Therefore, it is relevant that
the producer knows their competitors and assesses how they can differentiate themselves in
this market. In some situations, forming partnerships with other prodicers for joint
purchasing of inputs or joint sales can be beneficial.

Species in demand:
Ultimately, the consumer defines the species to be cultivated. Each country/region has its
preferences, and the fish farmes must know their customers' preferences.

Sale weight and size:

The fish can be sold in sizes ranging from 1 tokg), depending on the species and market.
Knowing the preferences of local and regional markets is, once again, crucial.
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10.1.2 Advantages and disadvantages

10.1.2.1 Monocultur e

f

Advantage z Simplicity of management
Managing a single fish species is less complex than managing several species
simultaneously.

Advantage z Specialisation

Producers canspecialisein cultivating a single species, leading to more outstanding
technical and economic efficiency. They can also focus on tmest significant commercial
interest speciesor economic viability to the detriment of lesser interest/value species.

Advantage z Control
Monoculture allows more specific control of pond conditions, feeding and sanitary
management, as all interventions are geared towards a single species.

Advantage z Simplicity
With only one species in the pond, it becomes simpler to monitor the growth, health and
behaviour of the fish, ensuring better welfare conditions.

Disadvantage z Increased risks
Monoculture is more susceptible to losses due to diseases or pests.

Disadvantage z Inefficient use of resources

Grass carp are omnivorous, meaning they feed on various foods. Monoculture can lead to
food inefficiency, as there are losses and leftovers of nutrients (such as zooplankton or
benthic organisms, for example) that could be used to produce other species
simultaneously.

10.1.2.2 Polyculture

)l

1

1

Advantage z Diversification
Polyculture diversifies production, which can reduce the economic risks of the venture.

Advantage z Efficient use of resources
The different species of fish can feed on other foods, leading to greater efficiency in using
available food resources in the pond.

Advantage z Risk reduction

The diversity of species can reduce susceptibility to specific diseases and hsiabilise the
pond's ecosystem.
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1 Advantage z Improvement of water quality
Polyculture helps improve water quality, as the different fish species can perform various
functions in the pond's ecosystem.

1 Advantage z Diversification of production
Polyculture allows the simultaneous production of different species, which can diversify the
producer's income source and cater to other markets and demands.

1 Disadvantage z Complex management
Polyculture requires in-depth knowledge of the needs and characteristics of each cultivated
species, which can make management more complex.

1 Disadvantage z Reduced productivity
Polyculture can reduce the total productivity of the system, as the different species of fish
end up competing for space and food. If not properly managed, this can result in reduced
growth rates, decreased immunity, and increased susceptibility to diseas@nd predation
for some species.

10.1.3 Monocultur e

Among the different species of carp, the common carp is the one that best adapts to intensive
monoculture cultivation, while the Chinese and Indian carp are usuallgultivated in a polyculture
model. Monocultures of grass carp on a commercial scale are rare, and little information is available.

This situation does not mean that technically this fish cannot be produced in monoculture, being fed
totally or partially with protein -rich pelleted feeds, mechanical aeration, and frequent water renewal
in the same way as other species cultivated individally in a particular system.

As grass carp tend to be a cheap fisht, is not always worth investing more resources in a
monoculture, which explains the preference for using the species in polyculture, where production
costs are diluted.

Therefore, before opting for a monoculture system, it is highly recommended that the fish farmer
carry out a technicatfinancial viability analysis of the venture, considering the production costs and
the price achieved by the final product in their region

If opting to produce grass carp in a monoculture model, the fish farmer needs to be aware that the
zootechnical indices to be achieved will fundamentally depend on the system and production regime
employed. In other words, the energy and resources inputteitito the system are inputs and care in
management.

Monoculture ponds have no standard stocking rateand they vary from 1,600 to 20,000 grass
carps/ha (Table 10). Densities even higher than these can be used, provided there is strict control of
feeding and water quality. Generally, the most profitable stocking densities for monoculture tend to
be around 15,000 fish/ha, with the stocking of juveniles between 100ral 600 g.
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Table 10. Technical specifications relating to the monoculture of grass carp.

Particulars Nursery pond Rearing pond Stocking pond
Area(ha) 0.02t0 0.05 0.04t0 0.10 0.50to0 2.00
Depth(m) 1.0 1.0to1.5 1.2t02.0
Stockingstageof fish Postlarva (6 mm) Fry (20225 mm) Fingerling (802300 mm)

5t0 10 million 200.000 to 300.00d 1.600 to 20,000
Stockingdensity per sector ' ’

post-larvae fry fingerling
Stockingperiod Up to 1 month 3to 4 months 24 to 42 months

1.0 to 1.5 million 120.000 to 180.000 3.000to 30,000kg
Production N '

fry fingerlings fish per hectare
10.1.4 Polyculture

10.1.4.1 A complex relationship

A fish farming pond is a highly complex ecosystem featuring an intricate web of biological, physical
and chemical relationships among its organismand a series of naturally occurring events. This cycle
encompasseshe production, consumption and decompositionof organic and inorganic materials
(Figure 31).

Primary production occurs when photosynthetic organisms, such as bacteria, plants and microalgae,
convert inorganic materials (dissolved nutrients) into organic materials (their tissues).
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Figure 31. Representation of a polyculture involv ing six different fish species, each with their specific
feeding habits and niches.

In contrast, consumptionis carried out both by organisms that perform photosynthesis and those
that do not. Plants, for example, also break down organic compounds they produce to release energy.
Heterotrophic organisms (those that do not perform photosynthesis) arenostly animals, fungi and
bacteriathat dependon organic material for their survival and development.

There are two types of consumers in our pond: macroconsumers and microconsumers.

Macroconsumers are primarily animals, such as fish and insects, with diverse digtserbivorous,
carnivorous, detritivores or omnivorous.

Microconsumers, like bacteria and fungi, act in the decomposition of organic compounds.

In the ecosystem of a fish farming pond, bacteria and fungi play a central role in the decomposition
of organic matter, such as food leftovers and fish excrement. The action of these microorganisms
breaks down this matter into simpler components, called d#itus, while releasing nutrients like
nitrogen and phosphorus into the water. These nutrients, in turn, can besedby phytoplankton for
their growth, serving as the basis for the aquatic food chain.

The success of fish farming in ponds depends significantly on how the fish farmer manages this
biological cycle. Understanding the cycle allows for a more efficient approach to the fish's food chain,
essentially the series of organisms that consume eachhatr.

In this scenario, managing this cycle by cultivating more than one species simultaneously
(polyculture) becomes more complex than growing just one species (monoculture). At the same time,
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