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AQUACULTURE ENVIRONMENT

AQUACULTURE AND ENVIRONMENT

I NEED HIGH 
WATER 

QUALITY!!



GLOBAL CHANGE 

What does the term “global 
change” mean?

We understand global change to comprise
a wide range of biophysical, ecosystem and
socio-economic changes that alter the
functioning of Earth as a system on a
planetary scale (changes in climate, land
and ocean productivity, atmospheric and
water chemistry, ecosystems). The result is
a change in Earth’s ability to support life.

Humans impact the physical environment in many ways….



• Climate change

• Water scarcity

• Emerging contaminants

• (Re)emerging diseases

THREATS TO TROUT FARMS

HELP ME!



The first mention of research on climate change and aquaculture in the scientific literature was
at the end of the 1980s (Sherwood, 1988) but it took more than 15 years after that for
researchers to invest significant effort on the topic.

CLIMATE CHANGE AND AQUACULTURE



• Direct and indirect climate change drivers can be responsible for changes
in aquaculture, whether in the short- or long-term.

• Short-term impacts include loss of production or infrastructure due to
extreme events (i.e., flood, tornadoes), diseases, toxic algae and parasites.

• Long-term examples include limited access to freshwater for farming,
limited access to feeds from marine and terrestrial sources, decreased
productivity due to suboptimal farming conditions, eutrophication and
other perturbations.

CLIMATE CHANGE AND AQUACULTURE



CLIMATE CHANGE AND AQUACULTURE: a global overview



The left column lists abiotic characteristics of freshwater ecosystems that are influenced by climate change, which, in 
turn, influence five physiological systems within an individual fish. The right column describes how scientists or 

managers could measure different responses resulting from climate change effects on fish physiology. 

Conceptual model describing the responses of fish physiological
systems to climate change

Dissolved
oxygen

Water quality

Temperature

Hydrological
regime

Behavior

Growth

Survival

Reproduction

ImmuneCardiorespiratoryNeuroendocrine
Reproductive

Osmoregulatory

Climate change Physiological systems Responses



Schematic representation of the major climate change stressors in rainbow
trout farming

Climate change affects and alters environmental factors influencing the welfare of rainbow trout (O. mykiss) 
and, therefore, problems in the growth rate and welfare of the fish may occur





Water makes life possible since life without
water is not sustainable. Water provides
many beneficial functions, both for the earth
and for humans—that help produce the
abundance of life around us every day.

Water covers about 70% of the planet, giving
it the unique ability to foster and sustain life.
Yet, <2.5% is freshwater, available for
consumption, of course after processing.

The three major sources of freshwater are
rainwater, surface water and groundwater.

Water scarcity

Water scarcity is the deficiency of adequate water 
resources that can meet the water demands for a 

particular region. 

By one definition, human populations face water
scarcity when annual water supplies in a region fall
below 1,000 m3 person-1, which currently occur
throughout most countries in Northern Africa and
the Arabian Peninsula.



Contribution of ‘The water we eat!!’ to water scarcity

• We «eat» 3496 litres of water every day!!

• ‘Eating water’ – it might sound strange, but it’s the reality. This is the water
associated with the production of food we consume daily. In fact the water we
essentially need for drinking is only about 0.01% of the water we require to
produce our food.

• Most of the world’s freshwater goes to agriculture, mainly for the production of
crops, livestock and aquatic organisms, such as fish and plants, as well as for the
processing and preparation of these foods and products.

• At present agriculture accounts for nearly 70% of all freshwater withdrawn from
rivers, lakes, and aquifers globally (FAO, 2011) which is equivalent to 3600 km3

year-1 (Including losses).



Estimated water consumption in inland aquaculture

World Bank has estimated that, aquaculture’s contribution to world’s fish consumption will rise from 
current 40% to roughly 62% by 2030; and thus consequently water demand for the sector will rise 

significantly (Hussan et al., 2019).

Aquaculture in inland freshwater contribute maximum to the world aquaculture production (contributed 63% of the
world aquaculture production in 2016) and at the outlook, inland freshwater aquaculture seems as a highly water-
intensive endeavour, requiring much more water than conventional agriculture, withdrawing on average 16.9 m3 water for
per kg production (FAO, 2017).



The potential of rainbow trout farming in aquaponics

• Nowadays, rapidly elevated levels of carbon dioxide (CO2) have threatened rainbow trout aquaculture and
global food security.

• To increase the global aquaculture production, despite climate change, an expansion of sustainable
aquaculture systems (e.g., aquaponic systems etc.) is needed in the context of a circular economy.

• Aquaponics, in combination with selective breeding and thermal acclimation, are promising management
strategies that may contribute to the development of a new form of rainbow trout farming

• Modern freshwater aquaculture relies mainly on closed aquaculture systems (RAS), which reuse the same
volume of water. In these systems, the rate of water reuse ranges between 80 and 99%, therefore
reducing water requirements and the environmental impact of aquaculture.

• The unification of closed aquaculture systems (RAS) and hydroponics—known as aquaponics—improves
sustainability and ensures food sufficiency, providing various significant economic and social benefits.

• These innovative sustainable aquaculture systems, already implemented, are characterized as integrated
multi-trophic aquaculture (IMTA) or polycultures.



However, the rainbow trout has
not been commercially reared so
far in such systems.

It should be noted that rainbow
trout may represent an optimum
candidate for an aquaponic
system

Experimental research of rainbow trout aquaculture in an 
aquaponic system in Greece (Vasdravanidis et al., 2022).

Aquaponics as a promising strategy to mitigate impacts of climate change on 
rainbow trout culture



The increase in the temperature of the water can cause thermal stress 
on the fish, burdening their immune systems and leading to greater

susceptibility to diseases

Bacterial pathogens: Aeromonas spp., F.
columnare, Lactococcus spp., Streptococcus
spp., Vibrio spp., and Yersinia spp. Red
indicates tropical and subtropical host species
(n = 329), blue indicates temperate host
species (n = 129). Dots represent the raw data
and the lines the linear mixed model
predictions with SE.

Reverter et al., 2020

Models predicted that a temperature increase of 1 °C 
in warm-water infected with bacteria could lead to 
increases of mortality of 3.87–6.00% respectively.



(Re)Emerging Diseases

Enteric red mouth disease

Columnaris Disease

Proliferative kidney disease

Fish Streptococcosis



Lactococcus garvieae/L. petauri
Streptococcus iniae

Streptococcus agalactiae
Streptococcus parauberis

Vagococcus salmoninarum
Lactococcus piscium

Carnobacterium maltaromaticum

Fish Streptococcosis

15°C

Coldwater Streptococcosis

Warmwater Streptococcosis

Fish Streptococcosis



Water contamination is a serious problem, with 22% of surface water bodies and
28% of groundwater in the European Union being significantly affected by diffuse
pollution.

Emerging contaminants

• Contaminants of emerging concern (CECs) are typically divided into chemicals, as they are properly
called, and biological CECs, such as pathogens.

• CECs comprise a vast array of contaminants that have only recently appeared in water, or that are of
recent concern because they have been detected at concentrations significantly higher than expected,
and/or their risk to human and environmental health may not be fully understood

• CECs span natural and artificial chemical substances and their by-products, comprising
pharmaceuticals, personal care products (PPCPs), flame retardants (FRs), pesticides, nanoparticles,
microplastics and their transformation products, but also antibiotic resistant bacteria (ARB), antibiotic
resistant genes (ARG)



PRIMARY 
MICROPLASTICS

Those which enter the 
aquatic environment in 

their « micro » size

SECONDARY 
MICROPLASTICS
Resulting from the 

breakdown of larger
plastics in the marine 

environment

Fibres Pellets

Microbeads

Fragments

Foam

Films

TYPES OF MICROPLASTICS | Overview



The sources, distributions, and behavior characteristics of MPs in the aquaculture

(Dong et al., 2021)

Cholewinska et al., 2022



The sources, distributions, and behavior characteristics of MPs in the aquaculture

(Chen et al., 2021)





The wide use of antibiotics in aquaculture for therapeutic purpose can potentially lead to
the prevalence of antibiotic resistance genes (ARGs).

Jang et al., 2018

Drugs contained in fish feed can persist in the aquatic environment for a long time and rapidly
spread throughout water systems, exerting selective pressure in ecosystems.



While this phenomenon can
occur naturally through microbial
adaptation to the environment, it
has been promoted by
inappropriate and excessive use
of antimicrobials.

Antimicrobial Resistance (AMR) refers to
microorganisms (bacteria, fungi, viruses, and parasites)
that have acquired resistance to antimicrobial
substances.

Antimicrobial resistance



It threat modern human 
and veterinary medicine 

and undermines the 
safety of our food and 

environment.

Increasing global Antimicrobial Resistance (AMR) is a major threat to human and animal health 



The bacterial chromosome is made up of DNA and stores all the information that a

bacterial cell needs to carry out its normal functions. In addition to the chromosome,

bacteria can have small circles of DNA called plasmids that also contains genes.





AMR in closed Aquaculture Systems

Closed flow-through systems produce
wastewater containing suspended solids and
nitrogen, phosphorous, and high microbial
loads, which will either enter the municipal
wastewater system after a number of
treatment steps, flow to wetlands, or be
treated to produce a sludge that can be added
to land as a fertilizer.

This use of aquaculture sludge has numerous
implications for the concentration and spread
of AMR genes onto food crops and into the soil
system.



Near zero-discharge recirculating aquaculture systems (RASs) are designed to produce
species at high density and minimize environmental impact by effectively managing,
collecting, and treating wastes that accumulate during fish growth for both freshwater and
marine systems.

Li et al. (2017) found that biofilms from RAS mixed
bed biofilters are a reservoir for antibiotic resistance
genes, including tetO, qnrA, and tetE.

Biofilms, however, are generally resistant to
penetration by antibiotics, which, makes the
treatment of pathogens difficult (Blancheton et al.,
2013).

ARG

ARG

ARG



THANKS FOR 
YOUR 

ATTENTION!

paolo.pastorino@izsto.it


