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Course Presentation

Hydrobiology is the science dedicated to the study of life and vital processes within aquatic
environments. It encompasses several disciplines, including physico-chemistry, biochemistry,
taxonomy, biology, and physiology. Closely linked to limnology, oceanography, and water
sciences, it provides the framework to analyze and understand aquatic ecosystems in all their
aspects.

This field is not limited to the study of natural environments (inland, marine, and aquaculture
waters) but extends to various forms and uses of water: drinking water (tap, bottled), cistern
water, swimming pool water, irrigation, industrial, and medical water (hemodialysis, high-
purity laboratory water (Type I, II, etc.)). It also integrates the analysis of biological fluids,
leachates, fertilizers, and laboratory-grade waters (Types 1, 11, III).

This course, which serves as a gateway to the Master’s in Applied Hydrobiology, is primarily
intended for students in Nature and Life Sciences as well as Earth Sciences—particularly those
in the Bachelor’s program for Aquaculture and Fisheries. The course is structured into two
parts:

o Hydroecology: Review of definitions and ecological concepts, description of aquatic
ecosystems and their components, and the study of the physico-chemical and biological
parameters of water.

e Applied Hydrobiology: Functioning of aquatic ecosystems, assessment of trophic
states (eutrophication, dystrophication), the impact of human activities on water quality,
and methods for the management and treatment of aquatic environments.

This module aims to provide students with a comprehensive understanding of aquatic
ecosystems and their interactions with human activities, while integrating the challenges related
to the management and preservation of water resources.

Dr. Miliani DJEZZAR
m.djezzar@univ-dbkm.dz
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Course Objectives

This course aims to provide the student with a synthetic and applied approach, tailored to time
constraints and current water-related challenges. Within this context, the student will be

expected to:

e Understand the physico-chemical and biological factors that govern aquatic
ecosystems.

e Master the concepts related to water dynamics and aquatic food webs.

e Acquire hydrobiological knowledge to assess water quality, analyze the exploitable
biogenic capacity of aquatic environments, and propose strategies for the management
and preservation of water resources.

e Prepare for further studies in a Master’s program in "Hydrobiology" or for

specialization in water sciences.
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Prerequisites

Recommended prior knowledge includes:

e Animal Biology
o Plant Biology
e Chemistry

e Physics

Course Content

The Applied Hydrobiology course is subdivided into two main parts :
e Hydroecology and Hydrobiology.

Each part is composed of several pedagogical sequences, allowing the student to easily

assimilate the different concepts.
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Part I : Hydroecology

This part aims to provide an understanding of the fundamental principles governing the
interactions between aquatic organisms and their natural environment. It covers the essential
foundations required to approach the applied aspects of hydrobiology, particularly sustainable
management of aquatic resources and aquaculture. Students will learn to analyze the
physicochemical and biological characteristics of aquatic environments (freshwater and

marine) and understand how these factors influence the dynamics of aquatic ecosystems.

At the end of this part, the student will be able to :

e Describe the abiotic components (temperature, light, oxygen, nutrients, etc.) and biotic
components of aquatic environments.

e Understand fundamental ecological processes (biogeochemical cycles, food chains,
trophic relationships) that structure aquatic ecosystems.

e Analyze the impact of environmental variations on water quality and aquatic
biodiversity.

e Grasp the notions of ecological balance and natural or anthropogenic (human-caused)
perturbations in aquatic environments.

o Use hydroecological indicators to assess the health and quality of aquatic ecosystems.

I. - History and Definitions

At the end of this part, the student must :

o Understand the historical evolution of hydrobiology and recognize the major stages that
have marked the development of the discipline.

e Master the essential definitions related to hydrobiology and hydroecology, in order to
clearly distinguish key concepts (aquatic environment, ecosystem, biocenosis, biotope,
etc.).

o Identify the importance of applied hydrobiology in the management, protection, and
enhancement of aquatic environments.

e Acquire a common baseline of vocabulary and concepts to effectively approach the
subsequent chapters of the course.

o Establish indispensable historical and conceptual benchmarks to understand the role,

challenges, and applications of hydrobiology in today's world.
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The term "ecology" was coined in 1866 by the German biologist Ernst Haeckel, although Henry
David Thoreau may have used it as early as 1852. It appears to have been used for the first time
in French around 1874. In his work General Morphology of Organisms, Haeckel defined it in

these terms 2% -

Ecology is the scientific study of the interactions that determine the distribution and abundance

of living organisms. Thus, ecology is a biological science that studies two major components :

1. Living beings (biocenosis)

2. The physical environment (biotope)

The combination of both forms the ecosystem (a term coined by Tansley). Ecology examines
the energy flows and matter cycles (trophic networks) circulating within an ecosystem. An
ecosystem refers to a biotic community and its abiotic environment. The term "ecology" is often

erroneously used to refer to environmental sciences in general.
I1. — Concepts of Ecosystems
By the end of this chapter, the student must &7-8%10.11.12 .

e Understand the definition of an aquatic ecosystem and its two main components : the
biocenosis (all living organisms) and the biotope (the physical environment).

o Explain the interactions between the biocenosis and the biotope and how they form a
distinct biological system.

e Describe the exchange of energy and matter (flows, trophic networks) circulating within
an aquatic ecosystem.

e Recognize the importance of necromass and biogeochemical cycles in ecosystem
functioning.

e Apply these concepts to analyze the structure and functioning of the aquatic
environments studied throughout the rest of the course.

o Utilize ecosystem concepts to interpret the functioning, productivity, and resilience of
the aquatic environments studied throughout the rest of the course.

o The first principle of ecology is that every living being is in continuous relation with
everything that constitutes its environment. An ecosystem is said to exist as soon as

there is a lasting interaction between organisms and a medium.



Applied Hydrobiology Dr. DJEZZAR Miliani
Khemis Miliana University

An ecosystem is defined as a differentiated biological system formed by two elements

interacting with each other:

e The biocenosis, composed of all living organisms.

e The medium (known as the biotope).

Within the ecosystem, species have bonds of dependency among themselves, including
nutritional (trophic) links. They exchange energy and matter with each other and with the
environment, which they modify in the process. Necromass (dead organic matter) is one of

these essential elements.
I1.1. - Biocenosis
The biocenosis consists of all the living organisms inhabiting a given environment.

The biocenosis of an ecosystem comprises a set of living species that are not independent and

can be divided into three groups based on their nutritional modes 785101113 .

e Producers: Chlorophyll-based plants (autotrophs).
e Consumers: Herbivorous and carnivorous animals (heterotrophs).

o Decomposers: Fungi, bacteria, and certain animals.
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I1.2. - Biotope

The biotope consists of abiotic elements (light, wind, humidity, temperature, etc.) that are
essential for the survival of the biocenosis. It is continuously transformed by the outputs of the
biocenosis, which are integrated into biogeochemical cycles, such as soil formation, and the

carbon and nitrogen cycles 74%19,

Ecosystem = Biotope + Biocenosis

ABIOTIC FACTORS

these are the nonliving components
of the ccosystem

o

atmosphere

‘-/:\—3 r"/?ﬂ-%\

I1I. - Concepts of Species, Habitat, and Ecological Niche

By the end of this chapter, the student must "$%10:14 -

o Define what a species is and understand the criteria that characterize it (morphological
resemblance, reproduction, fertile offspring).

o Explain the concept of an organism's geographic range (distribution area) and
distinguish between the concepts of habitat and ecological niche.

o Describe vital needs related to habitat : food, reproduction, shelter, and understand how
habitat influences species distribution.

e Understand the concept of an ecological niche and be able to illustrate it through
concrete examples (role, interactions, specialization).

e Analyze how multiple species can coexist in the same habitat by occupying different
ecological niches.

o Utilize these concepts to interpret the distribution and dynamics of populations within

aquatic ecosystems.

A species is composed of a group of living beings that resemble each other morphologically

and genetically.
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e They are capable of interbreeding under natural conditions.
e Their offspring are indefinitely fertile under natural conditions.
e A species possesses three fundamental characteristics in relation to its natural
environment :
o Its geographic range (or distribution area).
o Its habitat.

o Its ecological niche.
IIL.1. - Geographic Range (Distribution Area)

The geographic range is the specific area that delimits the geographic distribution of a living
species, encompassing all of its populations. A species' range can be continuous (uninterrupted)

or, conversely, disjointed (fragmented) !>-1617,

II1.2. - Habitat

Within this range, the populations of each species are distributed throughout a natural living
environment, known as the habitat of a species, to which they are strictly bound (or

"inféodated").

Within a habitat, all the needs of the species concerned can be grouped into three «vital

needsy!>1718 -

e Food
e Reproduction

o Shelter
111.2.1. - Food

The environment must provide both plants and animals with sufficient and accessible nutritional

resources '8,

I11.2.2. - Reproduction

During the reproductive phase, the requirements of living organisms change and frequently
become more stringent. Animals require specific sites to deposit their eggs or give birth. The
young have demanding nutritional needs and are particularly vulnerable during their early

stages !>18,
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I11.2.3. - Shelter

Regardless of the season, organisms must protect themselves from external physical factors or
living agents (such as predators, parasites, and disturbances caused by human activities). In any
given ecosystem, the greater the environmental heterogeneity, the more diverse the habitats it

can host >3,

IIL.3. - Ecological Niche

In any ecosystem, it is common for numerous species to be found within the same habitat ;
however, upon close observation, one notices that each occupies a distinct ecological niche.
The ecological niche can be defined as the specific role of a species (e.g., prey, predator) within
the functioning of the ecosystem. According to the famous analogy by Odum (1959) '>17:18 .

« The ecological niche is the species' profession, while the habitat is its address. »

Consequently, two species sharing the exact same ecological niche are in "competition." The
principle of natural selection tends to favor the species that is best "adapted" to the niche—
meaning the one that reproduces and survives there most effectively. The description of an

ecological niche encompasses two sets of parameters:

o Physicochemical parameters characterizing the environment in which the organism
evolves.

o Biological parameters (interactions, trophic position, etc.).

Ecological niche

All species which live the same habitat, no matter how many aspects their
niches have in common, there will ALWAYS be some differences that allow them
to avoid competition.
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Example :

Consider two species of aquatic Heteroptera (water bugs): the backswimmer (Notonecta

glauca) and the lesser water boatman (Corixa punctata).

These two species, which are very similar in size, inhabit the same biotopes—small bodies of
calm water, ponds, and marshes—and the same habitat (aquatic vegetation). However, they

occupy different niches :

e Water boatmen (Corixa) are herbivores with saprophagous tendencies. They feed on
fragments of dead or decaying plant matter.

o Backswimmers (Nofonecta) are strictly carnivorous predators.

The separation between different ecological niches can be distinct (such as the specific nature

of the prey) or more subtle (such as the size of the prey or the timing of its maturity).

Notonecta sp. Corixa sp.
IV. - Concept of Biodiversity and Ecological Diversity Assessment
By the end of this chapter, the student must 2022242526 .

o Define biodiversity and explain its various dimensions : species diversity, genetic
diversity, ecosystem and habitat diversity, and the diversity of ecological processes and
landscapes.

e Understand the importance of biodiversity for the functioning, stability, and
resilience of aquatic ecosystems.

e Describe methods for evaluating ecological diversity, specifically species richness

(the number of species present) and criteria for rarity.
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e Analyze relationships between species (competition, predation, mutualism,
symbiosis, parasitism) and understand their impact on the structure and dynamics of
aquatic communities.

o Comprehend biodiversity conservation issues through concrete examples of habitat
management (e.g., protection of species, habitats, and the water cycle).

o Utilize biodiversity concepts to assess the ecological quality of an aquatic environment

and propose appropriate management measures.

These objectives will enable the student to grasp the importance of biological diversity in
aquatic environments and to know how to evaluate it for better management and preservation

of these ecosystems.

Definition and Scope
Originally, the term "biodiversity" was synonymous with "biological diversity." This term
entered common parlance during the Earth Summit in Rio de Janeiro in 1992, although
scientists had already been using it for several years.
Biodiversity refers to the variety of all forms of life and encompasses:
o Species diversity: The variety of different species.
e Genetic diversity: The variety of genes, strains, or breeds within a single species.
o Ecosystem, habitat, and ecological process diversity: The variety of habitats and the
functional processes that sustain them (e.g., the water cycle, erosion, or sediment
deposition).

o Landscape diversity: The variety of landscape patterns and ecological networks.

Example : Marsh Management Managing a marsh requires action at these three levels:
1. Direct species protection : Preventing over-harvesting or excessive hunting pressure.
2. Habitat protection : Preventing trampling, unauthorized digging, or physical
degradation.
3. Watershed management : Taking action across the entire drainage basin to protect the

water cycle that feeds the marsh (ensuring both water quantity and quality).

Species Richness and Rarity

Species richness refers to the total number of species present within a specific biotope. It varies
according to the total count of species and the surface area over which they are distributed.
Generally, high richness is linked to the quality of the territory (availability of food resources,

shelter, nesting sites, spawning grounds, etc.).



Applied Hydrobiology Dr. DJEZZAR Miliani
Khemis Miliana University

A species is considered rare when its population size or its geographic range is limited, though
these two criteria are not necessarily linked. Furthermore, rarity must be defined according to a

specific geographic scale: local, regional, national, or global rarity.
IV.1. - Interactions Between Species
Understanding the impact of certain invasive species on autochthonous (native) species.

Within an ecosystem, multiple species coexist, and numerous interactions occur between them.

The most significant interactions between species populations are !3:1921:23:24 .

e Competition,
e Predation,

e Mutualism.

Other interactions exist, such as commensalism, symbiosis, and parasitism.
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IV.1.1. - Competition

Competition occurs when %2124 ;

o Individuals of the same species or different species seek and exploit the same resource
present in limited quantities.
e Resources are not limited, but the competing organisms harm one another (e.g., over

shelter, a nesting site, etc.).
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Two types of competition exist:

o Intraspecific competition (between individuals belonging to the same species) can
manifest over :
o Food resources,
o Reproduction,
o Territory...
o Interspecific competition (between individuals belonging to different species) is

inseparable from the concept of the ecological niche.

Two species exploiting the same ecological niche will inevitably be in competition, which

leads, after a more or less extended period, to the exclusion of one of the two species.

IV.1.2. - Predation

Predation is the most apparent relationship between populations. Generally, the predator and
the prey belong to two different species, although cannibalism is observed in many animals.

In a broad sense, a predator is defined as any free-living organism that feeds at the expense of
another.

Similarly, parasitism can be considered a special case of predation. The parasite feeds and
develops at the expense of a host species. However, unlike predators, it is not always the

parasite's ultimate goal to kill its host. Parasites can develop:

e On the surface of their host : these are referred to as ectoparasites.

o Inside their host : these are referred to as endoparasites.

Within biocenoses, the primary factor in the transfer of energy and matter is predation. It
constitutes an essential ecological process that controls populations.

The number of prey individuals determines the growth rate of their predators, and vice versa
18,24

1V.1.3. - Mutualism

Mutualism is a biological interaction in which both partners derive a benefit, which may
include protection, nutrient supply, dispersal, etc. Numerous protozoa or bacteria assist various

animals in digesting their food in exchange for shelter 132324,

10
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IV.1.4. - Symbiosis

Symbiosis is a biological interaction in which the two partners cannot live without one another.
For example, lichens are an association between a photosynthetic alga and a fungus : the fungus
provides the alga with support, mineral salts, and moisture retention. In exchange, the alga

provides the fungus with nutrients produced through photosynthesis 82324,

IV.1.5. - Commensalism

Commensalism is a biological interaction with a non-reciprocal benefit, where one partner has

no influence on the other. It is an interaction where one species provides an advantage to one

or more others without any consequence to itself %24,

Example : The host shark provides a portion of its food to the remora.

IV.2. - Population Dynamics

Population dynamics is the study of marginal and long-term changes in the numbers, lengths,
individual weights, and age composition of individuals within one or more populations, as well

as the biological and environmental processes influencing these changes 132,

IV.2.1. - Concept of Population

A population can be defined as a group of individuals belonging to the same species. They

coexist and reproduce within a specific environment.

o Examples of populations : All the trout or barbel within a specific river basin.

Populations are the essential components of any biocenosis: they are the units that ensure, or
fail to ensure, the presence and survival of a species in an environment. The survival of a species

is conditioned by a minimum population size !>!824,

11



Applied Hydrobiology Dr. DJEZZAR Miliani
Khemis Miliana University

IV.2.2. - Functioning

It is generally observed that over long periods, natural populations remain relatively stable and
maintain themselves around an average size within an environment. This average value is
determined by the carrying capacity of the environment (available food resources, surface

area, habitats, and the frequency of shelters and breeding zones) '>!%24,

Growth Curve

Stationary phase

Death phase
Exponential phase

Population size

Lag phase

Time

Several factors play a role in regulating the size of a population, such as :

e Demographic accidents, including:
o Diseases
o Climate
e Cyclical fluctuations, such as predator-prey relationships, where a correlation has been
demonstrated between populations whose reproductive strategy leads to population

outbreaks and the populations of their predators.

Conversely, outbreak phenomena (pullulations) are observed in the absence of balance

between species and their environment 272831 ;

o The arrival of an exotic species, such as the Louisiana Crawfish (Procambarus clarkii),
which competes with the White-clawed Crayfish (Austropotamobius pallipes), a native

(indigenous) species.

12
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Key Takeaway

The number of individuals is a fundamental characteristic of a population. The smaller a
population is, the more sensitive it becomes to environmental fluctuations, making it highly

vulnerable 132432,

The concept of Minimum Viable Population (MVP) is widely used in conservation biology.
It is designed to estimate the minimum number of individuals a population must maintain to

ensure its survival over a long period *+3%3,

V. - Concept of Trophic Chains and Functioning of Aquatic Ecosystems

By the end of this chapter, the student must :

e Understand what a trophic chain is and be able to identify its different levels:
producers, consumers (herbivores, carnivores), and decomposers.

o Describe the flows of energy and matter circulating in an aquatic ecosystem through
trophic webs.

o Explain the central role of feeding relationships (predation, competition, mutualism,
symbiosis, parasitism) in the structure and dynamics of aquatic communities.

e Analyze how trophic interactions influence the balance, productivity, and stability of
aquatic ecosystems.

o Utilize the concepts of trophic chains and webs to interpret the overall functioning of
an aquatic environment and understand the impacts of a disturbance (e.g., introduction

of an invasive species, pollution, habitat modification).

These objectives will enable the student to master the basics of aquatic ecosystem functioning

and approach their management and preservation in an integrated manner 7.

An aquatic ecosystem constantly produces living matter. This is progressively transformed into
dead organic matter, which is then slowly mineralized, either partially or totally. Schematically,

an aquatic ecosystem can be divided into three biological compartments %%,

The term Trophic relates to everything concerning the nutrition of a living tissue or organ. For
example, a trophic relationship is the link uniting a predator and its prey within an ecosystem.

In an ecosystem, the bonds uniting species are most often dietary in nature '8,

13
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V.1. - Food Chain

A food chain is a sequence of living beings in which each feeds on the one preceding it. There

is a multitude of food chains. Three categories of organisms are distinguished:

- Producers
These are autotrophs capable, through photosynthesis, of manufacturing organic matter from

carbon dioxide. They consist of :

e Chlorophyllous plants,
o Photosynthetic algae,
e Phytoplankton.

Essentially, these are all plants that use sunlight as an energy source to manufacture, via
photosynthesis, the organic matter they need to grow. In doing so, aquatic plants consume
dissolved carbon dioxide, dissolved nutrients (primarily nitrogen, phosphorus, and silica), and
various other mineral constituents, while releasing oxygen. The primary producers are the

microscopic algae of the phytoplankton "%,

Consumers (Animals)

There are three types of consumers '>1824 ;

o Herbivores : They feed on producers and are also called primary consumers. They
are either strict herbivores, such as certain zooplankton species feeding on
phytoplankton, or certain species of invertebrates and fish that feed on algae and
other plants fixed to the bottom.

e Primary Carnivores : Also called secondary consumers, they feed on herbivores.

e Secondary Carnivores : Called tertiary consumers, they feed on primary carnivores.

e Omnivores : These are consumers of plants, zooplankton, and other invertebrates.
Decomposers

These are microorganisms, such as aerobic bacteria or fungi, that feast on all dead and
biodegradable organic matter present in the aquatic environment. This matter may be produced

by other organisms (such as animal secretions), result from their decomposition, or originate

14



Applied Hydrobiology Dr. DJEZZAR Miliani
Khemis Miliana University

from runoff, soil infiltration, or human wastewater. To degrade this organic matter, decomposers

utilize the oxygen produced by plants %18,

The role of decomposers (bacteria and fungi) is paramount because, by decomposing organic
matter, they participate in the purification of aquatic ecosystems. Furthermore, by transforming
complex organic matter into simple mineral substances that producers (plants) need—
essentially recycling organic matter—decomposers close the loop that leads from producers to
consumers and then to decomposers. This loop is commonly referred to as the food chain or

trophic chain %24,

A ¢ ,/'J
-
2y

2ot

Food Chain

’

‘l

-

|

phytopiankton
ym zooplankton -

/'& ‘—-—-j‘(rﬂ"\ -

“ﬁ T it
B ST

-~

15



Applied Hydrobiology Dr. DJEZZAR Miliani
Khemis Miliana University

Part 2 : Hydrobiology
Through this second part, the student must :

e Understand the definition and scope of hydrobiology, as well as its links with other
disciplines within water sciences.

e Identify and explain the main physicochemical characteristics of water
(temperature, pH, dissolved oxygen, conductivity, etc.) and their influence on aquatic
life.

e Recognize the diversity of aquatic flora and fauna, be able to distinguish the major
groups of organisms present in aquatic environments, and understand their ecological
roles.

o Describe the criteria for lake classification and understand the differences between
the main types of water bodies.

e Analyze the different forms of pollution in aquatic environments, their origins, and
their impacts on ecosystems and living organisms.

e Understand the phenomenon of eutrophication, its causes, ecological consequences,
and methods for management or prevention.

o Utilize the acquired knowledge to assess the quality of aquatic environments and

propose appropriate management and preservation strategies.

These objectives will allow the student to acquire a global and applied vision of how aquatic
environments function, their ecological challenges, and methods for the sustainable

management of water resources.
I. — Definition

The science that studies the life of aquatic organisms and their relationships with their
environment. In contrast to other sciences related to hydrology, it concerns living beings of the

animal and plant kingdoms and the abiotic factors that govern them °.

This discipline integrates biological data with environmental characteristics to understand the

productivity, health, and distribution of life in freshwater and marine systems -8
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IL. - Physicochemical Characteristics of Water
By the end of this chapter, the student must :

o Identify and describe the main physicochemical parameters of water : temperature,
pH, dissolved oxygen, conductivity, turbidity, salinity, hardness, etc.

e Understand the influence of each parameter on aquatic life and ecosystem
functioning (organism growth, species distribution, water quality).

e Know how to measure and interpret these parameters using appropriate tools or
methods.

e Analyze natural or anthropogenic variations in these characteristics and their
consequences on the health of aquatic environments.

o Utilize physicochemical data to assess the quality of an aquatic environment and

propose management or corrective measures if necessary.

Hydrology and physicochemical water data form the qualitative and quantitative structure of

the entire hydrobiome, ensuring that the faunal and floral balance is maintained %7-%%13,

I1.1. - Physical Factors

I1.1.1. - Temperatures

Not only is temperature the primary factor determining ecological succession, but its

measurement is also necessary for determining water density, water masses, and currentology
6,7

The temperature of water affects its density and viscosity, the solubility of gases (particularly
oxygen), and the rates of chemical and biochemical reactions. Its variations can kill certain
aquaculture species while favoring the development of others, leading to an ecological
imbalance. Each species can only live within a certain temperature range, outside of which it
is bound to disappear; it has its own thermal preferendum, which corresponds to the

temperature zone where the species maintains itself most easily %!11°,

Temperature acts under the influence of climatic conditions and the depth of water bodies. The

change in water density caused by different temperatures leads to water movements in a vertical

direction (see Ch. Hydroecology) *'3.

During the summer period, three temperature zones with different gradients exist:

17



Applied Hydrobiology Dr. DJEZZAR Miliani
Khemis Miliana University

e The Epilimnion : Corresponds to a surface layer in which the temperature is high;
currents are active, and the gradient is moderate.

e The Metalimnion : At a certain depth, it constitutes the "thermal jump" zone, or
thermocline, in which the gradient becomes significant.

o The Hypolimnion : Located at depth ; the gradient is practically zero, and temperatures

are low and stable.

Therefore, if temperatures are favorable throughout the year, biomass production will be high

7,8,24

i
,L_ _I,r“ Temperature

;-/f . |" Prafile
'}

\\ Epalimmice

1 Je=pih
.-'r-J

Y Thermocine L /
i
."iljmlilﬂniuﬁﬁ J.'"
, 9 f 4
L L
lemnperanane :

I1.1.2. - Transparency and Color

These two factors are very important for the biological processes occurring in the water,
particularly photosynthesis. Transparency is one of the main characteristics of a lake; it

depends on the presence of phytoplankton and suspended matter %!3.

Radiation is absorbed by certain materials (silica, clay), as well as by plankton. When

transparency is high, phytoplankton can reach deeper zones ; this results in significant

biogenesis, leading to an increase in the biomass of the water body "%,

Transparency also depends on the temperature and the color of the water %!! :

e In summer, when there is a downward thermal stratification (surface temperature

higher than at the bottom), transparency decreases due to changes in water density.
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o In winter, the surface temperature decreases; consequently, transparency increases.
Regarding the relationship between color and transparency:

e When the water approaches blue, transparency increases.

e When the water approaches yellow, transparency decreases.
Color also depends on the different concentrations of salts contained in the water %13 :

o If humic acid is present, the water becomes yellowish to brownish.

e Ifsalts, iron, or calcium hydrocarbonate are present, the water becomes greenish.
The color of the water also depends on the quantity and quality of the phytoplankton *2* :

e During planktonic bloom periods, blue-green algae can change the color of the water
to green.

o Diatoms give the water a green color.

e Water color also depends on depth, even in the case of pure colorless water. At great

depths, the water appears blue; this phenomenon is due to the wave effect of light.

The role of color is not very important for aquatic fauna; however, it serves as an indicator of

the various processes taking place in the water '>18,

II.2. - Chemical Factors

I1.2.1. - Regime of Dissolved Gases in Water

Among the gases dissolved in water, the most important for aquatic organisms are oxygen (Oz2)
and carbon dioxide (COz). Oxygen ensures the respiration of all living beings, while carbon
dioxide is involved in photosynthesis or autotrophic bio-production 7!8,

The sources of these gases are the atmosphere and the biochemical processes taking place in
the water. Gases penetrate the water through diffusion. This process is a function of temperature

and atmospheric pressure 3.

e When atmospheric pressure increases, diffusion occurs easily, resulting in a high
concentration of gases in the water.
e When the temperature is high, gas release occurs, leading to a reduction in the

concentration of gases in the water.
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The quantities of dissolved gases in the water fluctuate according to thermal variations and

biochemical and biological processes. These fluctuations are both daily and seasonal ®%* :

o By day, the water becomes enriched with oxygen and depleted of carbon dioxide due
to the phenomenon of photosynthesis.

e At night, the opposite occurs due to respiration.
I1.2.2. - Dissolved Oxygen

The concentration of oxygen at the surface is higher due to air penetration. At the bottom,
oxygen is more reduced due to the activity of aerobic microorganisms. Oxygen consumption

at the bottom is proportional to the amount of organic matter decomposing %1,

Above the thermocline, the amount of oxygen can reach 20% to 30% and can even drop to 0%
13,18

Dissolved oxygen measurements always show values lower than the theoretical values

corresponding to 100% saturation, because a portion is consumed by aquatic organisms %724,

I1.2.3. - Carbon Dioxide (CO2)

On one hand, originates from atmospheric diffusion ; on the other hand, it comes from the

biological activity of aquatic organisms (respiration and decomposition of organic matter) %13,

Carbon dioxide reacts with water to form carbonic acid. It also plays a role in water pH
fluctuations (chemical process) and is involved in the photosynthesis process (biochemical
process). These two processes generate daily variations in the pH and the concentration of

carbon dioxide in the water %%,

« A portion of the remains trapped in the form of carbonate (CO3>) and hydrocarbonate
(HCOy3) salts.

o Carbonate salts dissolve with difficulty in water.

e Hydrocarbonate salts dissolve easily when the concentration of carbon dioxide in the

water becomes zero.

When plants absorb all the carbon dioxide from the water, the hydrocarbonate salts react with
the water to produce carbonic acid and carbon dioxide. The presence of carbon dioxide,

hydrocarbonate ions (HCO3"), and carbonate ions (CO3?) in water varies as a function of pH
9,13
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e The optimal concentration of carbon dioxide in water is 1.5 to 5 mg/L.

e The maximum concentration limit is 20 mg/L.

Values exceeding 20 mg/L. become dangerous for aquatic animals. In such cases, carbon
dioxide toxicity is influenced by temperature, pH, water hardness, and dissolved oxygen. In
hard water with low oxygen, acidic pH, and low temperature, the concentration of carbon

dioxide increases, leading to significant toxicity !1:!>18,

11.2.4. - pH

pH, the cologarithm of the hydrogen ion concentration in water, expresses acidity or alkalinity
depending on whether it falls within the range of 1 to 7 or 7 to 14 ; 7 constitutes the neutrality

of the medium '3.

The pH of the water changes according to chemical reactions. When the concentration of carbon

dioxide increases, the water becomes acidic (pH < 7) because increases in the water *13°,

e During the day: Plants absorb CO; through photosynthesis; the water becomes basic
(pH>7).

e During the night : Aquatic plants and animals respire ; the water becomes acidic (pH<7).

The pH also varies under the influence of water hardness (presence of hydrocarbonate and
carbonate). pH values can differ due to varying concentrations of carbon dioxide at different

levels:

At the surface : Phytoplankton absorbs CO> via photosynthesis, making the water basic.

In depth : Due to respiration, which increases carbon dioxide, the water becomes acidic.

Water Classification by pH :

pH Range Classification

3<pH<S5 Strongly acidic

S<pH<6 Acidic

6<pH<7 Slightly acidic
pH=7 Neutral

7<pH<8 Slightly alkaline

8<pH<9 Alkaline

9<pH<I1I Strongly alkaline
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Strongly alkaline or strongly acidic water is not suitable for aquatic flora and fauna. The
optimum for the development of aquatic organisms is between 6 and 8, though each species
has a specific pH range !>1324,

Corrections can be made : liming in the case of acidic waters, or the addition of

superphosphate when the waters are basic %32

11.2.5. - Hardness

Water hardness is a measure of the concentration of dissolved calcium (Ca?") and magnesium

(Mg?") ions in the water. We distinguish between two types of hardness:

e Total hardness

e Partial hardness, caused by calcium and magnesium carbonates.
It is expressed in French degrees (°f), in milligrams per liter (mg/L) of CaCOs, or in German
degrees (°dH), depending on the units used. Hardness can also be expressed in German, French,

American, or English degrees 132 :

e 1 German degree = 0.356663 meq/L
e 1 English degree = 0.28483 meq/L
e 1 American degree = 0.01998 meq/L
e | French degree = 0.19982 meq/L

Water hardness i1s classified as follows :

Classification Hardness in French degrees (°f)
Soft water < 15 °f (low calcium and magnesium content)
Moderately hard water 15 to 30 °f
Hard water 30 to 45 °f
Very hard water > 45 °f

Hardness plays an essential role in the quality of natural and domestic waters, influencing
corrosion, the scaling of installations, and the balance of aquatic ecosystems. The French degree

(°f or °TH) is a commonly used unit for expressing water hardness *!3.

The distribution of floral and faunal species is dependent on water hardness. Water hardness
exhibits seasonal fluctuations under the influence of rainfall intensity and changes in the volume

of existing biomass in water bodies. For instance, a plankton bloom reduces water hardness
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because living organisms utilize calcium and magnesium salts in their biological activities
7,8,18,24

I1.2.6. - Organic Matter and Oxidability

Organic matter in aquatic ecosystems can be of autochthonous origin (produced within the

system) or brought in by terrestrial ecosystems (allochthonous) ¢°.

Organic matter originates from soil leaching and, most importantly, from the metabolic
products of aquatic organisms. It is composed of carbohydrates, proteins, amino acids, lipids,
and other reserve substances, some of which act as catalysts, stimulators, or inhibitors of
biological functions. The detritus, organic debris, and suspended matter that constitute it

contribute to the formation of silt (mud) 7.

This organic matter reflects the bio-productivity of each water body and constitutes an
important reserve in the matter cycle, provided its content does not cause a decrease in

dissolved oxygen that could harm aquatic animal life '3,

The quantity of organic matter can be determined by oxidability, which reflects the amount of

oxygen deemed necessary for the decomposition of existing organic matter '*2%3133,

o Favorable values : Oxidability values favorable for planktonic bioproductivity range
between 10 and 14 mg O2/1.
e Pollution indicators : Values exceeding 16 mg O>/] indicate pollution and can cause

an imbalance in the environment.
I1.2.7. - Nitrogenous Substances

There are two forms of ammoniacal nitrogen in freshwater: Ammonia (NH3) and the
ammonium ion (NH,s") %13,
Ammonia (NH3) can be present either in solution or as ammoniacal salts; it originates from the

decomposition of nitrogenous organic matter and the reduction of nitrates.

e Toxicity: Ammonia (NH3) is highly toxic to fish and other aquatic organisms, whereas
the ammonium ion (NH4") is non-toxic.
e Mechanism: The mechanisms of intoxication are not fully understood, but it likely

involves the inhibition of oxygen binding and transport by hemoglobin.
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e Thresholds: Levels above 0.02 mg/l are dangerous. Those below 0.02 mg/l are

tolerated.

The toxicity of ammonia is linked to the presence of carbon dioxide, oxygen, as well as the pH
and temperature of the water. At acidic pH and low temperatures, the risk of toxicity is low.

Artificial aeration of water bodies helps reduce the risks of intoxication '3,

Nitrites and Nitrates :

Nitrification is only possible in the presence of oxygen. Ammonium (NH4OH) is converted

into nitrite (NO,), and then into nitrate (NO3) ®°.

Denitrification occurs under anaerobic conditions ; bacteria are responsible for this reduction,
from which they derive their energy in the deep zones of water bodies *°.

The presence of nitrites and nitrates in water originates from the decomposition of organic

matter or is introduced via mineral fertilizers 73!.

e Nitrates (NO3) : They stimulate aquatic flora when other essential elements are present,
increasing the productivity of aquatic ecosystems. However, an excess of macrophytes
can become cumbersome, invasive, and harmful.

e Nitrites (NO») : Being unstable, they are toxic to aquatic fauna.

Tolerated Optimums :
e Nitrates : Between 0.2 and 0.5 mg/l (Maximum of 2 mg/l).

o Nitrites : Between 0.05 and 0.2 mg/l.

11.2.8. - Mineral Matters

The quantity of biogenic elements determines the bioproductivity of water bodies. Based on

the total amount of salts, water bodies are classified as follows 7! :

e Poor in mineral salts: Total salts do not exceed 50 mg/1.
e Medium level: Total salts between 50 and 300 mg/1.

e Rich in mineral salts: Total salts exceeding 500 mg/I.

The preferendum (optimal range) for total salts should be below 300 mg/1 &%,

Concentrations that reach or exceed 5 g/l risk causing an osmotic imbalance within the

organisms and the environment '3!3,
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I1.2.8.1. - Calcium

Calcium is involved in skeleton formation and biochemical metabolism. Additionally, it plays
a role in abiotic processes (hydrocarbonates, carbonates). It is crucial for the development of

zooplankton and zoobenthos 7313,

Water suitability based on calcium concentration 8242

e Less than 6 mg/l : Poorly suited for aquatic life.

e 6to 20 mg/l: Low productivity.
e 60 to 120 mg/l : Excellent for aquatic biogenesis.

o Beyond 160 mg/l : The water is very hard and of little interest for aquatic life.

11.2.8.2. - Phosphates

Phosphates are important for flora, but they sometimes reach very high levels which, without
being directly harmful, cause excessive algae growth. These algae, which can concentrate up to
10 times the amount of phosphorus normally used, form a thick mat on the surface of water

bodies. As they decompose, they can cause lethal pollution for fish and other aquatic animals
7,832

Excess phosphates are practically impossible to eliminate due to their stability. They originate
from unconsumed agricultural fertilizers, polyphosphates found in detergents, and, to a lesser

extent, bacterial activity 131831,

11.2.8.3. - Silica

Silica forms the skeleton of planktonic animals and that of certain planktonic algae, such as

diatoms 713,

11.2.8.4. - Sulfur

Sulfur occurs in the form of sulfates and sulfides. These originate from runoff or infiltration
through gypsum-bearing terrain. It also results from the activity of certain bacteria
(Chlorothiobacteria, Rhodothiobacteria) ; this biological activity can oxidize toxic hydrogen

sulfide into sulfate 5213,
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II.2.8.5. - Chlorine

Chlorine results from the leaching of rocks and soils by natural waters. It is important to know
the chloride content because of its influence on certain stenohaline species, which are affected

by the level of chlorinity in the water %!>1°,

11.2.8.6. - Iron

Iron, which is infrequent in water, sometimes appears in the form of red ferric hydrate or

black iron sulfides, both of which are poorly suited for aquatic life 2.

It is necessary for the respiration process ; however, a concentration higher than 1 mg/l can

reduce the dissolved oxygen level in the water. The favorable concentration for aquatic

organisms is between 0.2 and 0.7 mg/l 1%,

I1I. - Aquatic Flora and Fauna
At the end of this chapter, the student must :

e Recognize the diversity of aquatic organisms by distinguishing the main groups of
flora (algae, aquatic plants, phytoplankton) and fauna (zooplankton, invertebrates, fish,

amphibians, etc.).

o Understand the ecological role of each group in the functioning of aquatic ecosystems

(primary production, matter recycling, trophic relationships).

o Identify the specific morphological and physiological adaptations for life in an

aquatic environment among the organisms studied.

e Analyze the interactions between aquatic flora and fauna and their importance for

the stability and productivity of aquatic environments.

o Use knowledge of flora and fauna to evaluate the ecological status of an aquatic

environment and detect potential imbalances or pollution.

These objectives will allow the student to master the identification, role, and importance of

aquatic biodiversity for the sustainable management of freshwater and marine ecosystems.
I11.1. - Aquatic Microphytes and Macrophytes
At the end of this chapter, the student must 7811131824 .

o Distinguish microphytes (microscopic organisms such as phytoplankton,
cyanobacteria, etc.) from macrophytes (aquatic plants visible to the naked eye) present

in aquatic environments.
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e Describe the main morphological and ecological characteristics of these two groups

of aquatic plants.

e Understand the ecological role of microphytes and macrophytes in aquatic
ecosystems (primary production, oxygenation, food chain support, shelter for fauna,

etc.).

o Identify specific adaptations of microphytes and macrophytes to life in aquatic

environments (buoyancy, light tolerance, reproduction, etc.).

o Use knowledge of these plant groups to evaluate the ecological quality of an aquatic
environment and detect potential imbalances (e.g., eutrophication, pollution,

disappearance of sensitive species).

These objectives will allow the student to master the identification and importance of aquatic

plants, which are essential for understanding and managing freshwater and marine ecosystems.

They form the first important link in the food chain, as they mobilize solar energy by fixing

it in the form of proteins, carbohydrates, or lipids. They also serve as indicators of water quality.
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IL.1.1. - Algae

Algae are defined as eukaryotic organisms (excluding cyanobacteria, which are
photosynthetic prokaryotes) that lack roots, stems (absence of vascular tissues), and leaves.
However, they possess chlorophyll as well as other accessory pigments to perform oxygen-
producing photosynthesis 7313,

Cyanobacteria (formerly known as blue-green algae or Cyanophyceae) are generally studied

alongside true algae because, despite lacking a nucleus, they share many affinities with them
9,13,18
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Algae are classified within the group of thallophytes in the plant kingdom. However, due to
their diversity of forms, some phytoplanktonic species are classified in the Protist kingdom,

which groups together unicellular eukaryotes 132,

The size of algae can vary from a single microscopic cell to colonies of a few cells, and up to

7,18,24

75 meters (such as kelp/laminaria or sargassum) for certain multicellular forms

II1.1.1.1. - Distribution

Most algae develop in aquatic environments, whether freshwater, saline, or brackish.

however, some are terrestrial and capable of growing directly on the soil or on tree trunks "*>!3.

In water, algae, along with small plants, form the phytoplankton. Some algae grow on damp
rocks, on tree trunks (such as Pleurococcus, a Chlorophyte), or on wet soil (such as Nostoc, a

Cyanobacterium) %1318,

Others are endosymbionts of protozoa (e.g., Zooxanthellae in Paramecium bursaria), plants

(e.g., Anabaena in Azolla or Cycas), hydroids, bryozoans, mollusks, worms, or corals, where

they develop within the cytoplasm 1242,

Some algae live in symbiosis with fungi to form lichens. Algae and cyanobacteria are among

the first organisms to have appeared on Earth 713!,
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II1.1.1.2. - Structure

The vegetative body of algae is called a thallus. It can range from a single cell to a large number

of associated cells 3.

e Simple Thalli : The least elaborate forms are unicellular, colonial (coenobia), or
unbranched filaments. In these structures, there are no cytoplasmic communications
between cells &%,

o Intermediate Thalli: These consist of filaments that are more or less branched, where
cells communicate with each other through plasmodesmata. A distinction is often made
between a creeping (prostrate) part and an upright (erect) part >3,

e Complex Thalli: Fucoid thalli (e.g., Fucus) are the most complex; they are highly

branched and very structured '3,

Note : The progression from unicellular to complex multicellular structures illustrates the
evolutionary diversity of algae, allowing them to occupy various ecological niches from open

water to rocky shorelines.

II1.1.1.3. — Reproduction

Algae exhibit a vast diversity in their reproductive strategies, which are categorized into

asexual and sexual reproduction 7-%-11:13:18.29

a . Asexual Reproduction
This is the most common mode, allowing for rapid population growth without gamete fusion.

o Simple Cell Division (Mitosis): In unicellular algae, one cell divides into two identical
daughters. In diatoms, this process is semi-conservative ; with each division, one

daughter cell is slightly smaller than the parent.

o Thallus Fragmentation : In multicellular algae, a piece of the thallus detaches, attaches

to a new substrate, and grows into a complete individual.

e Spore Production : Specialized cells called sporangia produce spores. These can be

non-motile (aplanospores) or motile (zoospores).
e Budding : The formation of buds that detach to form a new individual.
b . Sexual Reproduction

This involves the fusion of haploid gametes to form a diploid zygote, promoting genetic

diversity.
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Gamete Types :
o Isogamy: Gametes are morphologically identical.
o Anisogamy: Gametes differ in size or motility.
o Oogamy: A large, immobile female gamete (egg) is fertilized by a small, motile
male gamete (sperm).

o Rhodophyte (Red Algae) Particulars: Male gametes (spermatia) lack flagella and are
non-motile. Fertilization occurs via trichogamy, where the female gamete emits a hair-
like extension (trichogyne) to capture passing spermatia.

o Life Cycles : Algae often undergo an alternation of generations:

o Gamétophyte (n) : The haploid phase producing gametes.

o Sporophyte (2n) : The diploid phase producing spores.

o These phases can be isomorphic (identical appearance) or heteromorphic
(different appearance).

o Trigenetic Cycle (Red Algae) : A complex cycle involving three generations:

1. Haploid Gametophyte
2. Diploid Carposporophyte (produces carpospores)

3. Diploid Tetrasporophyte (undergoes meiosis to produce haploid spores)

Species Type Reproductive Mechanism
Spirogyra Green Algae | Conjugation: Two filaments align, and cellular content
migrates through a tube to form a resistant diploid
Zygospore.

Ulva lactuca Green Algae | Isomorphic Cycle : The gametophyte and sporophyte look
identical to the naked eye.

Spirogyra

Muchiaginous
Pyranoid - Nucleus  Cell wall  Cyteplasm sheath
\ \, /

4 ‘ ‘

3 5
Ch:r.rc':ula st Cell Vacuele  Cytoplasmic
mambrana sirand
.
: |
B <
YR Ve S8

Spirogyra Ulva lactuca
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111.1.1.4. - Classification

There are several different classifications, but algae can be divided into seven Phyla (Divisions)

distributed across two kingdoms (Protists and Plants) "'°.

Note : Cyanophyta or Cyanobacteria have been added for the sake of comparison.
IIL.1.1.5. - Characteristics of Algae Groups
1. Chlorophyta (Green Algae)

They exhibit a great diversity of forms, from unicellular types to colonies or filaments. Some

species have a holdfast for attachment "-!1+13:2,

o Filamentous Green Algae (Zygnematales): Form hairy, slimy masses in ponds. Peak
development occurs in spring, though they are present year-round in well-lit areas. They

often associate with diatoms like Melosira.
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e Non-filamentous Chlorophytes: Can be isolated or in colonies.

o Volvocales : Chlamydomonas, Pandorina, Volvox.

e}

O e & T

Tetrasporales Ulotricales

o Invasive/Filamentous: Oedogoniales and Cladophorales.

Oedogoniales Cladophorales.
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o Specific Roles : * Vaucheria (Siphonales) : Lives in highly oxygenated water, providing
refuge for invertebrates "3,

o Spirogyra (Conjugales): Very invasive and phosphate-hungry; their decay in
eutrophic waters can cause acute pollution.

o Chlorococcales (e.g., Chlorella) : Vital in potamoplankton and limnoplankton;
their small size makes them a preferred food for entomostracans (small

crustaceans).

2. Charophyta

Chara and Nitella are often mistaken for aquatic plants because they are branched. They can

9,13,24

carpet the mud in ponds or shallow streams

3. Diatoms and Chrysophytes

These are the primary benthic and planktonic components of water bodies and have existed for

200 million years 71318,

e Structure : Diatoms possess an outer silica layer called a frustule.

o Diatomite : When they die, their cell contents decompose, leaving the silica shell to
sediment and form diatomite (diatomaceous earth).

o Uses : Abrasives, pool filters, thermal/acoustic insulation, and paint additives for night
visibility (license plates).

e Bio-indicators: Diatoms are used to monitor water pollution based on species' tolerance

to pH, salts, nutrients, and temperature.
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Diatoms Chrysophytes
4. Pyrrhophyta (Dinoflagellates)

e Gymnodinium is responsible for "red tides" (up to 46 million cells/liter). Upon cell

death, they release toxins that cause severe pollution of shellfish and aquatic fauna

11,13,15

o Other genera: Ceratium, Dinophysis, and Peridinium.

5. Rhodophyta (Red Algae)

o Chondrus crispus (Irish Moss): Produces carrageenans used as food thickeners.

e Porphyra : Used in Japanese cuisine as "Nori."
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6. Euglenophyta

These represent a common link between the animal and plant worlds 73

e Motility: Cells are often deformable and possess a forward flagellum used like a lasso.
e Metabolism: Polyvalent. They are photoautotrophic in light but become

organotrophic (metabolizing lactate) in the dark or if they lose their chloroplasts.

7. Phaeophyta (Brown Algae)

They produce high-viscosity polysaccharides like Agar-Agar or Alginates. This phylum

includes the most complex thalli.

e Fucus vesiculosus: A marine alga with air bladders (floatation vesicles) and distinct

male and female reproductive organs.

8. Cyanobacteria

Similar to green algae, they can be unicellular, colonial (Microcystis), or filamentous (Nostoc,

Anabaena, Oscillatoria) *'>'8,

e Microcystis aeruginosa: Forms a green "dust" on the water surface in August.

e Merismopedia: Another common genus.
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II1.1.1.6. - Use of Microalgae
Microalgae are considered to be the set of all photosynthetic microorganisms, both eukaryotic

and prokaryotic. Only about fifty species are extensively studied, with the most frequent being
7,13,15,24,29 .

o Diatoms : Skeletonema, Thalassiosira, Phaeodactylum, Chaetoceros.
o Flagellates : Isochrysis, Monochrysis, Dunaliella.
e Chlorophyceae : Chlorella, Scenedesmus.
e Cyanophyceae : Spirulina.
An increasing number of companies are interested in microalgae production because:

o Biomass is abundant thanks to solar energy.

o Numerous metabolites can be purified: vitamins, dyes, fatty acids, phospholipids,

enzymes, hydrocarbons, polysaccharides, toxins, antibiotics, enzyme inhibitors, etc.

These products are intended for food, cosmetology, and pharmacy. Extraction residues can

be further utilized for the production of methane or alcohol.

Furthermore, microalgae can be used for the treatment of urban wastewater, particularly in

developing countries.

II1.1.2. - Aquatic Macrophytes

Aquatic macroflora is represented by three groups of plants "8 :
o Plants of the water body edges.
o Emergent plants.
e Submerged and floating plants.

Higher aquatic plants form plant associations in and along water bodies and watercourses,

corresponding to colonization zones succeeding from the shore toward the open water '3:18:24 ;

a- The Phragmition and the Scirpion

These represent a transition zone where the aquatic ecosystem transforms into a marsh
ecosystem (palustrine). The expansive power of underground organs (rhizomes and tubers)
leads to matting, clogging, and the retention of organic matter. By layering, they reduce the
surface area and the hydraulic and fish-carrying capacity of water bodies, disrupting the

hydraulic regime of watercourses.
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Note : However, these associations provide a protective role for birds and fish, offering nesting

and spawning grounds for certain species.

Phragmition Scirpion
b- The Nasturtion

Dominated by watercress (Nasturtium officinale) or brooklime (Veronica beccabunga), this

association hosts a significant biomass of invertebrates in clear, cool, flowing water.

c- The Nupharion

Found in lentic (still water) facies. It is dominated by Nymphaea alba and the invasive Nuphar
luteum. The less exuberant Limnanthermium nymphaeoides (fringed water lily) is also present,
along with Hydrocharis morsus-ranae, Polygonum amphibium, Hottonia palustris, and

Potamogeton natans (the only pondweed in this association).
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d- The Callitrichion

Found in lotic (flowing water) facies, featuring dominant Callitriche sp. and Ranunculus.

e R divaricatus is typical of limestone regions.

e R trichophyllus occurs in both siliceous and limestone regions.

o In ballast pits, the association includes Callitriche sp. and Elodea canadensis. In both
facies, this association provides vital support for aquatic invertebrates and has a high
oxygenating power favorable to salmonids. However, excessive thickening of these

weed beds can hinder fish movement.

e e- The Eupotamion

Occurs in less cool lotic facies. It includes about fifteen species of pondweeds, including P.
lucens, P. perfoliatus (clasping-leaf pondweed, favored by calcareous waters), P. crispus, and

P. linaris. In lentic zones, one may also find Myriophyllum sp. (milfoil) and Ceratophyllum sp.
(hornwort).
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f- Free-floating Hydrophytes

Mainly represented by duckweeds, they can form surface mats that partially or totally block
solar radiation. They are harmful to water bodies : submerged vegetation dies due to lack of
light, and oxygen levels drop to values incompatible with the requirements of fish and beneficial

Insects.

e Lemna trisulca lives in pure waters.
e L. polyrrhiza, L. minor, L. gibba, and L. arrhiza often live in waters heavily loaded with

organic matter.
II1. 2. - Aquatic Fauna

At the end of this chapter, the student must 7-811:13,18.24.33

o Identify the main groups of animals present in aquatic environments: zooplankton,
macro-invertebrates, fish, amphibians, reptiles, birds, and aquatic mammals.

e Describe the morphological and physiological characteristics that allow these
animals to live in aquatic environments (adaptations for respiration, locomotion,
reproduction, etc.).

e Understand the ecological role of each faunal group in the aquatic ecosystem (food
chains, matter recycling, population regulation).

e Analyze the interactions between different groups of aquatic fauna and their
importance for the balance and productivity of aquatic ecosystems.

o Use knowledge of aquatic fauna as an indicator of the quality and health of aquatic

environments (presence of sensitive species, bioindicators, etc.).

These objectives will allow the student to master the identification, ecology, and importance of
aquatic fauna for the understanding and sustainable management of freshwater and marine

ecosystems.

General Overview

Aquatic fauna is represented by various organisms, both vertebrates and invertebrates.

Aquatic invertebrates form communities characterized by the specific environment in which
they evolve. Vertebrates are represented by ichthyofauna (fish), avifauna (birds),

amphibians, reptiles, and mammals.
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II1.2.1. - Aquatic Invertebrates

Among aquatic invertebrates, a distinction is made between benthic and zooplanktonic

biocenoses.

II1.2.1.1. - Benthic Biocenoses

Benthic biocenoses vary according to the substrate 7-3%-11:13:18.29 .

e Stony Bottom Communities: These include Planarians, Leeches (Herpobdella
atomaria), Water Mites (Hydracarina), Crustaceans (Gammarus sp., Austropotamobius
pallipes), Mollusks (Ancylus, Ancylastrum sp.), and especially larvae of Odonata,
Ephemeroptera, Plecoptera, Trichoptera, Diptera, and Coleoptera.

o Some species have a flattened shape adapted to the environment (Ecdyonurus
sp.), while others attach to the substrate using suckers or cases (various
Trichoptera). These communities are highly demanding of oxygen and sensitive
to organic loads.

e Sandy Bottom Communities: Poorer than the previous ones due to environmental
instability; they include Diatoms, Protozoa, Rotifers, and some larvae of Chironomidae,
Limoniidae, Tipulidae, and Oligochaetes.

o Silty and Clayey Bottom Communities: On the surface, these consist of certain
species from stony substrates: Bryozoans, Mollusks (Viviparus sp., Bithynia sp.),
Trichoptera (Hydropsyche sp.), and Crustaceans (Astacus astacus). Mayfly larvae dig
galleries here and, during emergence periods, form a major food source for fish.

e Muddy and Stagnant Bottom Communities: These contain a high number of bacteria.
Tubifex oligochaetes live in clusters buried in the mud of heavily polluted waters,
extending their bodies more or less depending on whether the water contains less or
more oxygen, which they tolerate poorly. Many species live on bottom debris: Sponges,
Coelenterates, Water Mites, Mollusks (Bithynia, Valvata), Crustaceans (Asellus), case-
building Trichoptera with plant-based cases (Anabolia, Halesus), and larvae of
Megaloptera (Sialis) and Odonata (Gomphus).

e Periphyton: This temporary community finds support, food, and shelter within
vegetation. The density of Odonata larvae (Coenagrion, Ischnura), Mayflies
(Leptophlebia), mollusks, and scuds (Gammarus) is very high in weed beds of water-
starwort (Callitriche), buttercups (Ranunculus), and pondweeds (Potamogeton), as well
as in milfoil (Myriophyllum). The fauna of mosses includes small species: Water Mites,
Crustaceans, Ostracods, Copepods, and Rotifers. Some Diptera larvae mine through

plant tissues.
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I11.2.1.2. - Zooplanktonic Biocenosis

We distinguish 7%1113:15.18.24 .

a- Nanoplankton These are unicellular beings or protozoa representing the animal world, with

dimensions between 5 and 10 microns. We distinguish:

o Foraminifera: Generally surrounded by a shell called a test, usually calcareous,
hyaline, or agglutinated. Many live on the bottom and are termed "Benthic."

e Acantharians: Notable for the radial or diametrical arrangement of strontium sulfate
spicules forming their skeletons. They are found in plankton year-round, from the
surface to the depths.

o Radiolarians: Possess a siliceous shell inside their protoplasm. They feed on plant cells
captured by pseudopodia (cytoplasmic expansions).

e Tintinnids: Ciliates with numerous cilia, characterized by living in small shells or
loricas. These loricas can be globular, tubular (7intinnopsis), or cup-shaped
(Dictyocysta). Membranelles at the oral pole direct prey inside. Planktonic ciliates

constitute 50% to 80% of organisms smaller than 35 microns.

b- Microplancton Includes organisms between 50 microns and 1 millimeter. This group
includes metazoans (multicellular beings), such as larvae and certain crustaceans like

copepods (with oar-shaped feet).

e Vertical Migration : Some copepods stay in deep layers during the day and rise to the

surface at night (photonegative), while others do the opposite (photopositive).

c- Mesoplancton Groups species between 1 and 5 millimeters, including large copepods.

Other mesoplanktonic crustaceans include:

e Cladocerans: Crustaceans measuring a few millimeters with a carapace surrounding
the body except for the head. In freshwater, they are represented by daphnia.
e Ostracods: Their carapace forms a shell articulated by a hinge.

e Other groups : Includes Chaetognaths, Annelids, and Mollusks.

d- Macroplancton This group includes Euphausiids (krill), Mysids, Jellyfish, Portuguese Man
o' War (Physalia), Velella, Ctenophores, and Tunicates.
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II1.3. - Planktonic Migrations

Like phytoplankton, zooplankton is unevenly distributed in the water. This distribution
inequality occurs horizontally, vertically, and on both a daily and seasonal basis. Furthermore,
there are specific vertical distribution variations that coincide with the nycthemeral rhythm

(the 24-hour day-night cycle) *!8.

The presence of local zones rich in zooplankton can be explained by multiple factors, such as
13,18,24,31 .

e Water Movements: Currents, the upwelling of deep waters, and water drift caused by
wind action can amass animal organisms in specific locations.

e Environmental Stimuli : The amplitude and patterns of these migrations vary
according to solar and even lunar illumination, temperature, reproductive functions, and

nutritional relationships.
II1.3.1. - Abiotic Factors

The vertical movement of zooplankton is primarily governed by environmental variables that
dictate the timing and limits of their migration 7-13-11:18,

o Action of Light The periodicity of this movement coincides with the alternation of day
and night, leading to the term Nycthemeral migration.

e Action of Temperature In water bodies characterized by high temperatures at the
surface and low temperatures at depth, a vertical selection of species can occur based
on thermal requirements and tolerance limits; this is the case in tropical and sub-tropical
regions. Temperature intervenes by more or less modifying phototropisms. Indeed,

animals alter their path if they encounter warm waters during their ascent.

It is as if these waters slow down the ascents, depending on their temperature. Similarly,
species living in deep water that have too far to travel will not reach the surface, as they

will be stopped by the higher temperatures of the upper layers or the thermocline.
I11.3.2. - Biotic Factors

Surface waters exhibit a higher density of young organisms compared to the underlying layers,

which is expected since surface layers are where phytoplankton production is most significant.
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This observation suggests that reproductive functions and the appearance of the first
developmental stages of certain organisms could influence the vertical distribution of
zooplankton. The approach of sexual maturity is followed either by a rapid descent into deep

water layers or by an ascent to the surface, depending on the requirements of each species '*2*,

These vertical migrations primarily serve a nutritional role; animals that feed on
phytoplankton show a clear tendency to localize in surface waters. However, vertical
distribution based on the presence of food is obviously not limited to herbivores ; it is also
observed among organisms that feed on organic detritus. It is probable that the fall of animal
and plant carcasses largely conditions the concentrations of animals observed at the level of the

layer with minimum dissolved oxygen content !>,

These vertical migrations allow zooplanktonic organisms, when they reach the surface or a
layer near the surface, to change habitats when they descend again. Thus, vertical migrations

are thought to be the origin of horizontal migrations due to surface currents "+!>3!,

I11.3.3. - Phytoplankton-Zooplankton Interaction

The richness of waters in organic matter is closely dependent on the relationships existing

between animal and plant organisms.

This link in the cycle of living matter circulation is, in fact, extremely complex. It is at this level
that primary productivity interferes with the set of factors controlling the development and

evolution of animal populations %!8:243133,

o Static Perspective : Animal and plant populations show clearly irregular distributions.
Generally, the uppermost layers are rich in plants (phytoplankton), overlying sub-
surface layers rich in zooplankton. The latter is frequently located in areas poor in

phytoplankton, while dense swarms of phytoplankton are often poor in animals.

o Dynamic Perspective : For the organic matter cycle to occur, animals and plants must
inevitably come into contact. If plant plankton development fails for any reason, animal
plankton surges will be deeply affected in turn. Similarly, unfavorable environmental
factors during reproduction periods can delay adult stages, reducing animal production

(e.g., adults may find themselves in an environment deficient in food).

The relationships between planktonic animals and plants are of two types :

o Direct Relationships: Occur when a single layer is simultaneously poor (or rich) in

both phytoplankton and zooplankton.
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e Inverse Relationships: Observed when layers or swarms are dense with animals but

plants are very sparse, or conversely, when dense swarms of plants are poor in animals.

These two types of relationships (direct or inverse) can also be observed throughout the annual

plankton cycle of a given area.
I1I.4. - Aquatic Vertebrates

L'étude des vertébrés aquatiques permet de comprendre 1'organisation sociale et trophique des
échelons supérieurs de 1'écosystéme, structurée autour des quatre groupes principaux suivants :
les Poissons, les Reptiles et Amphibiens, 1'Avifaune et les Mammiferes aquatiques 71318243133,

I11.4.1. - Fish

The social organization of fish occurs within communities comprising preponderant species

that give the ecosystem a particular character; these are dominant species.
We thus speak of :

e Salmonid hydrosystems: Where dominance is exercised by trout.
e Cyprino-esocid hydrosystems: Where dominance is exercised by predatory pike and
cyprinids.

e Umbrid hydrosystems: Based on the dominance of mudminnows.
In Algeria, the dominance is cyprinid, composed mostly of introduced species.

The transition from one community to another occurs progressively over several kilometers or,
conversely, abruptly—such as from a lake to its outlet, or from the upstream reach to the

downstream reach of a dam.

The biological balance of a fish community results from the presence of balanced populations—
not necessarily balanced among themselves, as the overall situation always corresponds to a

certain state of equilibrium, but rather in relation to the direct or indirect intervention of humans.
I11.4.2. - Reptiles and Amphibians

Among reptiles, the freshwater turtle, although primarily herbivorous, occasionally devours
young fish. The grass snake (Natrix natrix) and the viperine snake (Natrix maura) live along

the edges of streams, ponds, and lakes where they feed on amphibians and fish.
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Among amphibians, the edible frog (Rana esculenta) attacks fish spawn. Tadpoles are direct
competitors of pike fry, which are born at the same time but are smaller in size. These tadpoles
also serve as habitual prey for adult pikes. The common toad (Bufo vulgaris) does not live in
the water but lays its eggs there; its tadpoles, which are smaller than those of the frog, play the

same role in the ecosystem.

111.4.3. - Birds

Aquatic avifauna differs from one region to another. Among the most common species, we
distinguish:

e The Common Kingfisher (4/cedo ispida).

e The Heron (Ardea cinerea, A. purpurea).

e Grebes (Podiceps minor, P. auritus, P. cristatus).

e Ducks and Teals.
111.4.4. - Mammals
Among the mammals, we distinguish:

e The Otter (Lutra lutra).
o The Water Vole (Arvicola amphibius).

e The Coypu / Nutria (Myocastor coypus).
o The Muskrat (Ondatra zibethicus).

IV. - Lake Classification

Objective : At the end of this chapter, the student must 7--11:13:18.29 .

e Understand the criteria for lake classification (origin, morphology, depth, water
nature, etc.).

o Distinguish between different types of lakes according to their origin: tectonic,
volcanic, glacial, collapse, natural or artificial dam lakes, etc.

o Explain the differences between oligotrophic, mesotrophic, and eutrophic lakes
based on their nutrient levels, productivity, and water transparency.

e Recognize the importance of lake classification for studying their ecological
functioning, biodiversity, and management.

o Use lake classification to interpret variations in water quality, species distribution, and

the risks of pollution or eutrophication.
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These objectives will provide the student with the necessary foundations to analyze, compare,

and sustainably manage different types of lakes and their ecosystems.

The physicochemical characteristics of a lake determine its bioproductivity as well as its
ecological pyramid. Based on their evolution, we distinguish between Oligotrophic,
Mesotrophic, Eutrophic, and finally Dystrophic lakes. This evolutionary process can also

lead to the existence of intermediate cases between two types of lakes.

IV.1. - Oligotrophic Lakes

Oligotrophic lakes are young lakes characterized by large surface areas and significant depths.
Their inputs of mineral and organic matter are low. The soil of the littoral (shore) and sub-
littoral zones is of a sandy-gravelly or rocky type, whereas the deep zone is muddy. Their waters

are characterized by :

e Color : Blue-green.

e Transparency : Can reach up to 14 meters.

o Total Mineralization : Less than 50 mg/I.

e pH : Ranging between 5.8 and 8.

o Dissolved Oxygen: Between 5 mg/l and 9 mg/1.

The insufficiency of primary production is due to the absence of macrophyte plants and the low

biomass of phytoplankton.

o Phytoplankton : Reaches 1 to 2 g/m? and is represented by approximately 100 to 350
species.

e Zooplankton: Biomass varies from 0.5 to 1 g, represented by about 70 species, most
of which are Rotifers, Cladocerans, and Copepods.

e Zoobenthos : Biomass is between 0.3 g and 1.5 g/m?, represented by about 400 species,
primarily Oligochaetes, Mollusks, Chironomid larvae, and Crustaceans.

e Ichthyofauna (Fish) : Biomass is 20 kg to 30 kg/ha. While the total biomass is low,

the number of species that can be accommodated is very high.

IV.2 - Mesotrophic Lakes

In comparison with oligotrophic lakes, mesotrophic lakes are smaller and shallower. The
sediment of the deep and sub-littoral zones is of a sandy-clay or clay type, while the littoral

zone is muddy.
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Their waters are characterized by :

Color : Green.

Transparency : Can reach up to 6 meters.
Total Mineralization : Very high, ranging between 50 mg/l and 150 mg/1.
pH : Varying between 5.8 and 8.4.

Dissolved Oxygen: Favorable levels maintained throughout the year.

Biological Characteristics :

Macrophytes : Occupy 5% to 10% of the water surface. Common species include
Reeds (Phragmites), Cattails (Typha), and Waterweed (Elodea).

Phytoplankton : Biomass can reach 6 g/m?. It is represented by various groups,
including green algae, blue-green algae (cyanobacteria), Diatoms, Desmids, and
Pyrrophytes.

Zooplankton: Represented by approximately 140 species, primarily Rotifers,
Cladocerans, and Copepods. The biomass ranges from 1.5 g to 3 g/m?, potentially
reaching 5 g/m? during planktonic blooms.

Zoobenthos : In the absence of benthivorous (bottom-feeding) fish, biomass is 2.5
mg/m? ; otherwise, it can reach 1.5 g/m?.

Ichthyofauna (Fish) : Can reach a biomass of 150 kg/ha. The number of supported

species is less than in oligotrophic lakes.

IV.3. - Eutrophic Lakes

Eutrophic lakes vary in surface area but are typically shallow, often lacking a rocky substrate

in the littoral and sub-littoral zones. Their waters are characterized by:

Color : Green to yellow-green.

Transparency : Generally up to 2.5 m, but can drop to as low as 0.3 m during
planktonic blooms.

Total Mineralization : Can reach up to 300 mg/1.

Oxygen Dynamics : An "overturn" occurs fairly quickly in summer, equalizing
dissolved oxygen across different strata. However, during other seasons, fluctuations in

dissolved oxygen can reach 3 to 4 mg/l, posing a risk of fish mortality by asphyxiation.
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Biological Characteristics:

IV4.

Macrophytes and Phytoplankton : When macrophytes occupy 20% to 25% of the
lake's total surface, planktonic biomass can reach 10 g/m?. Conversely, if macrophyte
coverage reaches 50%, phytoplankton biomass decreases to approximately 5 g/m?.
Zooplankton: Biomass can reach 8 g/m? climbing to 15 g/m? during blooms. It is
primarily composed of Rotifers and Crustaceans.

Zoobenthos : Represented by approximately 250 species. Biomass reaches 15 g/m? in
the deep zone and 40 g/m? in the littoral zone.

Ichthyofauna (Fish) : Biomass ranges from 150 to 250 kg/ha. However, the number

of species that can be accommodated is very limited.

- Dystrophic Lakes

Dystrophic lakes are characterized by the disruption of both biotic and abiotic factors. They are

generally shallow and small; their evolution is slow, occurring on acidic terrain with a high load

of humic matter.

Their waters are characterized by :

Color : Brownish-green.

Transparency : Up to 1.5 m.

pH : Between 4.5 and 6.

Mineralization : Low, ranging between 10 and 20 mg/l.

Oxygen: Dissolved oxygen levels are sufficient for zooplankton development, resulting

in a biomass of up to 0.7 g/m>.

Biological Characteristics:

Zoobenthos : Also low, with a maximum biomass of 0.5 g/m?>.
Ichthyofauna (Fish) : Highly reduced; biomass may reach up to 20 kg/ha, depending
on the level of dystrophy.

V. - Pollution

Objective : At the end of this chapter, the student must 71315243133 .

Define the different forms of pollution in aquatic environments: organic, mineral,
chemical, bacteriological, thermal, etc.

Identify the main sources of pollution : domestic, industrial, agricultural, urban, etc.
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e Understand the mechanisms of introduction and dispersion of pollutants in aquatic
ecosystems.

e Analyze the impacts of pollution on water quality, biodiversity, and the functioning of
aquatic ecosystems (eutrophication, mortality, trophic imbalance, etc.).

e Know the methods of prevention, management, and treatment of pollution to

preserve the health of aquatic environments.

o Use pollution analysis to assess environmental risks and propose appropriate corrective

measurcs.

These objectives will enable the student to understand the major issues related to aquatic
pollution and acquire the necessary skills to participate in the management and preservation of

water resources.

Water pollution refers to discharges, flows, releases, or the direct or indirect deposit of materials
of any kind and, more generally, to any action likely to cause or increase the biological or

bacteriological degradation of any type of water body.

These pollutions are generally of industrial or agricultural origin (fertilizers and

phytosanitary products).

V.1. - Nature of Pollution
V.1.1. - Physical Pollution

We distinguish :

e Thermal Pollution : Indirectly results in exacerbating the toxicity of certain substances,

decreasing animal resistance, and favoring the development of pathogens.

e Mechanical Pollution : Caused by the total emptying of water bodies or the sudden
release of water, resulting in the sweeping away of existing biocenoses and sterilizing

the environment for more than an annual cycle.
V.1.2. - Chemical Pollution
Based on the dominant substance, we distinguish :

e Mineral-dominant pollution : Consists either of non-natural substances whose toxicity
is immediate or delayed after accumulation in the tissues of living organisms (biocides,
heavy metals, detergents...), or of elements found in nature at low concentrations

(phosphates, nitrates).
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e Organic-dominant pollution : (Note : The original text also mentions phosphates and
nitrates here, which act as organic/mineral nutrients promoting eutrophication).

e Organic-dominant pollution (Historical): The only types existing before the 20th
century, these are now associated with mineral-based pollution in urban effluents and

those from the agri-food industry.

V.2. - Manifestation of Pollution
Pollution can manifest in either acute or chronic forms.
V.2.1. - Acute Pollution

These result in a momentary disruption of the aquatic environment caused by an accident. The
effects of acute pollution are often spectacular and indisputable (e.g., massive fish kills or oil

spills).

V.2.2. - Chronic Pollution

Chronic pollution is far more dangerous because it is insidious, cumulative, and difficult to

detect or pinpoint. In these cases :

o Food chains are partially or totally affected.
o Fish populations disappear progressively and slowly over several kilometers

downstream from an industry, often without visible mass mortality events.

An effluent may contain toxic products at doses that are not immediately lethal to fish but cause
their disappearance by destroying other biological elements (prey or habitat) within the

watercourse.

A chronic pollution state can suddenly transform into a massive acute pollution event, leading

to significant fish kills. This typically occurs when:

1. Temperature increases lead to a drop in dissolved oxygen levels.
2. The quantity of putrid (decaying) matter increases in the hydrosystem.

3. Water dynamics slow down (low flow).

Under these conditions, dissolved oxygen is no longer available to support life, resulting in

mass mortality.
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V.3. - Tolerance Limits

Pollutants are characterized by toxicity thresholds, beyond which aquatic organisms cannot
survive. These limited diffusion rates and minimum lethal doses are not fixed; they vary based

on several interacting factors :

e Exposure Duration : The length of time an organism is in contact with the pollutant.

e Environmental Conditions : Temperature, dissolved oxygen levels, and dissolved

carbon dioxide concentration.

o Water Chemistry : The specific mineral composition of the water (which can

sometimes neutralize or amplify toxicity).

e Biological Factors : The species involved, their age, their general health, and their prior

acclimatization time to the environment.

Understanding these limits is crucial because a concentration that is harmless in cold, well-

oxygenated water might become lethal if the temperature rises or the oxygen level drops.
VI. - Eutrophication

Objective : At the end of this chapter, the student must 7--11:13:15.18.24.31 .

e Understand the definition of eutrophication and the mechanisms that cause it in
aquatic environments.

e Identify the main causes of eutrophication (excessive nutrient inputs, notably
nitrogen and phosphorus, from human activities: agriculture, wastewater, industry, etc.).

o Describe the ecological consequences of eutrophication : proliferation of algae and
macrophytes, decrease in dissolved oxygen, fish mortality, imbalance of aquatic
communities, and loss of biodiversity.

o Analyze indicators of the trophic state of an aquatic environment and know how to
recognize signs of eutrophication.

e Know the methods of prevention and management of eutrophication : reduction of
nutrient inputs, ecological restoration, monitoring, and water treatment.

e Use the understanding of eutrophication to propose sustainable management
strategies for aquatic environments and limit risks to water quality and biodiversity.

These objectives will allow the student to master the issues related to eutrophication, identify
high-risk situations, and participate in the preventive and corrective management of aquatic

environments.

The term "Eutrophic" has long been used in limnology; from the Greek "Eu" (well or true)

and "trophe" (nourishment), it therefore means "well-nourished." This summarizes briefly, but
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explicitly, the state of a natural environment that becomes enriched with a certain category of

dissolved salts which induce plant overproduction.

Some authors have shown that this is a natural and beneficial phenomenon in terms of
primary aquatic production, which benefits animal organisms of higher levels in the food chain,
up to and including fish. In this normal case, the dissolved nutrient salts come essentially from
the contact between the water collected by the concerned watershed and the soil and rocks ;
added to this are atmospheric inputs (sulfur and nitrogen) and organic matter (dead leaves,
animals, and their excrement). This low input of organic matter can even contribute to a

harmonious eutrophication.

It is also noted that the term "eutrophication" is often misused and has generally become a
synonym for pollution. However, it is only when the input of fertilizing dissolved salts (and in
some cases organic matter) becomes excessive that the nature and intensity of natural processes
are modified and an ecological upheaval with harmful consequences occurs: the disappearance
of certain species in favor of others. Thus, it is better to speak of hypertrophication and

hyperfertilization.

It is also noted that the term eutrophication is used to designate the changes caused in an aquatic
ecosystem by an enrichment in fertilizers. The first of these changes consists of a considerable
increase in phytoplanktonic plant production. It is from this swarming of microscopic algae

that all the evils attributable to eutrophication arise :

o Degradation of water quality (color, odor, flavor, evolution of physical and chemical

characteristics).
o Fish mortality.

o Skin diseases and viral diseases.
VI.1. - Some Mechanisms of the Eutrophication Phenomenon

The following phenomena are distinguished:

o Nutrient Excess : The presence of excessive nutrients in the water, particularly
phosphorus.

o Biomass Increase: An increase in the water body's plant biomass when conditions are
favorable (temperature, light), leading to an explosion of specific species (algal

blooms). This rapid proliferation cannot be controlled by predatory organisms.

During these phenomena, intense photosynthetic activity causes abnormal oxygen

supersaturation, reaching up to 200%. Conversely, at night, when photosynthesis stops, this
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enormous biomass consumes the medium's oxygen for respiration. The dissolved oxygen

content can then drop below the critical threshold for certain species (e.g., Salmonids: 5 mg/l).

Correlatively, as photosynthesis consumes the CO in the medium, the pH can rise to high
values (9.2 to 9.3). These variations and high values can be harmful to life ; furthermore, the

toxicity of certain elements, such as ammonium, increases significantly with high pH levels.
During the microbial degradation of this plant mass, the following occurs:

e Oxygen Depletion: Oxygen is consumed by oxidizing bacteria during degradation. This
loss cannot be compensated by natural aeration or photosynthesis. Zero concentrations

have been measured during summer in the hypolimnion, leading to fish asphyxiation.

e Toxic Production : Possible production of ammonia (NH3), nitrites (NO2), and

hydrogen sulfide (H>S), which are toxic to fish.
Lethal doses : : NH3 0.5 mg/l and NO;: 0.1 mg/l.
VI.2. - Main Global Effects
The effects caused by eutrophication are :

e Modification of the Flora : All categories of plants (reeds/phragmites, semi-
submerged, floating, or submerged) are stimulated in their growth. This increases the
rate of organic silting (sedimentation), which gradually reduces both the depth and the

surface area of the water body.

e Alteration of the Fauna : While moderate eutrophication can actually stimulate fish
life, hyperfertilization leads to dangerous changes.

o It can cause alterations in feeding behavior.

o The primary danger comes from sudden shifts in the physicochemical
conditions of the environment.

o Fish species gradually disappear, starting with the most sensitive, such as
salmonids.

o Furthermore, increased silting limits and destroys available spawning grounds
(frayeres).

o Alteration of Water Utility Value : Eutrophication degrades the organoleptic
qualities (taste, smell, color) of the water and increases the difficulty of filtration for
making water potable.

o Treating such water requires intensive processes including chloration or

ozonation, as well as floculation and decantation.
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