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71% of the planet's surface is covered
with water 
97% of it is saltwater 
Excluding polar caps, the percentage of
drinking water drops to 0.65%. 
Only a minimal amount of such a small
percentage, i.e. 1.2%, flows visibly on
the earth surface in the form of rivers
and lakes. 

Water is the basis of life on our planet. It is
in all living beings and in the whole organic
matter. Its quantity and quality are closely
linked to the development of life forms and
human activity. 

The absence of water compromises the
development of complex forms of life. The
lack of water limits biodiversity and
reduces human activity.  It also undermines
the conservation of natural environments
and human activity. 

Water shortage occurs when consumption
is greater than availability. The origins of
such processes are climatic or
anthropogenic. They weaken natural and
social systems to the point that the latter
may even collapse. 

In almost all of Europe, water is available in
such quantity and quality that it can be
used for recreational and sports activities.
This is a proper luxury when compared to
other parts of the world. 

Freshwater is a limited resource. It is
essential for life on dry land, but it is not
equally distributed and available on the
planet. 

Freshwater is a limited resource. It is
essential for life on dry land, but it is not
equally distributed and available on the
planet. 

Popularly, access to water is considered as
a universal right. Nevertheless, only in 2010
did water officially find its place among the
goods everyone has the right to access in
order to survive. According to resolution
64/292 of 28th July 2010, access to
water is explicitly considered — albeit
not directly — part of fundamental
human rights.

The path for reaching this important goal,
which began with the declaration of human
rights in 1948, has not been consistent.
Water has often been regarded as a
"commodity" among others, albeit with its
specific characteristics. The tendency to
"privatize or give value to" an asset or to its
supply derives from this concept. This
debate is not over yet, but the UN
resolution text is now prescriptive for
acceding countries. Previously, indications,
objectives and recommendations were
given to countries and legislators in various
fora, but they were not binding.

Water legal path in a nutshell

1948-1966 - Universal Declaration of
Human Rights. Here, water is mentioned
implicitly. In the post-war era and during
decolonization, the main focus was
protecting individual rights, which were
viewed both as civil and political rights.

Access to water as a human right.

 



Art. 25 of the Declaration of Human Rights
states: 
Everyone has the right to a standard of living
adequate for the health and well-being of
himself and of his family, including food,
clothing, housing and medical care and
necessary social services. 

1966-1976 - International Covenant on
Economic, Social and Cultural Rights 
A similar reference was made almost
twenty years after the drafting of the
Declaration of Human Rights. In articles 11
and 12 of the Convention, the acceding
States declare that they recognize the right
of everyone to an adequate standard of living
for himself and his family, including adequate
food, clothing and housing, and to the
continuous improvement of living conditions
(Article 11, paragraph1). 

 The Convention, approved in 1966,
entered into force only in 1976. 

In the decade between the adoption and
the entry into force of the Convention, a
different category of rights began to
emerge: "third generation rights". These
are economic, social and cultural rights
recognized as necessary to promote social
equality. 

1977 - Mar del Plata Action Plan. It was
drafted during a United Nations
Conference in Argentina dealing precisely
with water resources. For the first time, an
explicit — and yet generic — reference to
water was made. "Basic needs" are not
better defined here. 

All peoples, whatever their stage of
development and their social and economic
conditions, have the right to have access to
drinking water in quantities and of a quality
equal to their basic needs. 
(Report of the United Nations Water
Conference, Mar del Plata, 14-25 March
1977 - United Nations publication, Sales
No. E.77.II.A.12). 

Mar del Plata Action Plan was seen as the
starting point for the debate on access to
water as part of human rights. 

1979 -1989 International Convention
on the Elimination of All Forms of
Discrimination against Women (1979)
and Convention on the Rights of the
Child (1989). 
In the following decade, two Conventions
relating to discrimination against women
and children's rights were adopted. Both
refer to the right to adequate living
conditions in terms of housing, hygiene and
access to water and electricity (CEDAW,
1979 art.14.2) — as well as to hygienic and
nutritional requirements for the fight
against infant mortality (Convention on the
Right of Child, 1989 UN GA / Res. 44/25 art.
24.2). Here, precise reference to access to
clean water is made for the first time. 

1992 - International Conference on
Water and the Environment, Dublin. Its
results concerning the right to water are
questionable. In the final text, Principle 4
refers to water as a fundamental right for
all human beings, but at the same time
attributing an economic value to this
resource is explicitly possible. 



This text reads as follows: 
Water has an economic value in all its
competing uses and should be recognized as
an economic good. (Dublin Statement on
Water and Sustainable Development -
Principle n. 4). 
A statement of this kind meets the favour of
privatization supporters. Considering water as
an economic good endangers the possible
recognition of accessing water as a human
right. On the other hand, if water is free, it can
be wasted. No reference context is given: 
It is vital to recognize first the basic right of all
human beings to have access to clean water
and sanitation at an affordable price. Past
failure to recognize the economic value of
water has led to wasteful and environmentally
damaging uses of the resource. 
(Dublin Statement on Water and
Sustainable Development - Principle n. 4). 

1992 - United Nations Conference, Rio
de Janeiro. Agenda 21 for sustainable
development defined on this occasion
supports the need to protect water
resources and underlines their functional
and cultural values. These are abstract
principles with no practical consequences.

The 2000s 
In the 2000s, the recognition of the right to
water accelerated, although at the same
time equally important water privatization
practices were implemented in many areas
of the world. The debate is resumed in
various international fora and set forth in
documents and declarations. There, it
emerges that water is an indispensable
element for minimum living standards,
agriculture and the above-mentioned
material, social and cultural aspects of
human life.

Therefore, it should be treated as a right in
all respects and this should imply that
governments assume their responsibilities.
On the other hand, the costs of extraction,
withdrawal, purification, distribution and
management of water networks are
highlighted. Because of such operations,
water can not be viewed as a free asset. 
At that time, the issues of global availability,
management over time and post-use
treatment of water were not hinted at. 

28th July 2010: water becomes a
human right! 
With 122 votes in favour, no votes against
and 41 abstentions, on 28th July 2010, the
United Nations General Assembly adopted
Resolution 64/292, which defines access to
safe and clean water and hygiene as a
human right (A/RES/64/292). 

The resolution text states that the UN: 
1. Recognizes the right to safe and clean
drinking water and sanitation as a human
right that is essential for the full enjoyment of
life and all human rights; 
2. Calls upon States and international
organizations to provide financial resources,
capacity-building and technology transfer,
through international assistance and
cooperation, in particular to developing
countries, in order to scale up efforts to
provide safe, clean, accessible and affordable
drinking water and sanitation for all; 
3. Welcomes the decision by the Human
Rights Council to request that the independent
expert on human rights obligations related to
access to safe drinking water and sanitation
submit an annual report to the General
Assembly [...] 



122 countries voted in favour;
no one voted against ;
41 abstained.

Three main steps are taken into account:
the right to water is recognized;
governments are willing to commit both on
their own territories and in cooperation
with one another with the aim of giving
effect to such right; finally, the investigative
work of independent experts is
acknowledged. 
Let us consider the first point clarifying the
connection between access to water and
human rights. The right to access clean and
safe drinking water and water for sanitation
and hygiene is recognized. 
Without access to water, there is no full
enjoyment of human rights and the right to
life is violated. The right of access to water
has therefore been judged as an
"extension" of the general right to life — a
condition without which the latter cannot
be fulfilled. 
Reference to drinking water is obvious, but
access to water for hygiene has also been
included in the right to health and the
prevention of diseases. Among these are
intestinal infections — the primary causes
of infant mortality, where water is
insufficient and/or unsafe. Here the
concept expressed in the aforementioned
declaration for the rights of the Child of
1989 is consolidated. 

Votes were not unanimous, even if
approved by a large majority.
Out of 192 countries, 163 were present: 

The resolution commits governments to
take action directly or through cooperation
and international aid. 

Among the industrialized countries, the
United Kingdom, Ireland, Australia, Austria,
Canada, Greece, Sweden, Japan, Turkey,
Israel and the United States abstained. 

The latter justified their decision with the
fact that the UN resolution could
undermine the process underway in
Geneva at the Human Rights Council. Such
a process aims to build a global and legally
binding consensus about the right to water. 

The Netherlands, on the other hand,
abstained for the opposite reason. They
believed that the resolution did not
sufficiently emphasize the responsibility of
the individual states towards their citizens. 

Finally and surprisingly, some African
countries grappling with drinking water
scarcity, such as Ethiopia, Kenya, Tanzania
and Zambia, also abstained. Here, various
elements have played a role, e.g. source
ownership, water network privatization and
the unwillingness to provide services. 

Among the countries presenting the
motion with Bolivia are Germany, Spain,
Brazil and France. 
It is eloquent that France is one of its
promoters. 25 years ago, this same nation
was a champion in privatizing integrated
water services. Nowadays, France is going
back to managing water publicly
throughout its whole territory. 

Emblematic is the case of Paris, which, from
1 January 2010 took water management
away from the French multinationals Veolia
and Suez, going back to a 100% domestic
administration.



To understand the reasons that led a few
countries to abstain from voting on 28th
July 2010 on including the right of access to
clean water for food and hygiene purposes
among the fundamental human rights, it is
necessary to shed light on a few general
data and on some international geopolitical
situations. 
We have to examine the amount of
available freshwater and its different
sources in relation to how they are used by
people. 

Most of the freshwater is made up of
reserves in the form of snowfields and
glaciers. Polar caps are not considered
here. Let us highlight that the fresh waters
taken into consideration here are 0.65% of
the planet's waters. Most of it is therefore
saltwater, the use of which is expensive
and problematic, also in terms of
environmental balance. 

Also underground aquifers count as
reserves. They are rather easily available. 
Surface fresh waters are 1.2% of 0.65%, i.e.
0.0078% of the total terrestrial water. This
figure alone emphasizes the need to
protect and respect waterways and lakes. 
At the same time, anthropogenic factors,
population growth, the need to use land for
agricultural purposes and the production
of consumer goods have been exerting a
strong stress on water reserves. 

A human being needs about 3 litres of
water per day to survive. 
Daily water consumption, used also for
cooking and washing, is about 130 litres
per day per person. 
On average, an individual consumes
625m³ of water per year. 
A human being is 60% water. 
A human being can survive about 40
days without food but only 4 days
without water.

Average consumption and water needs per
capita: 

 
According to the World Health
Organization, 5 million people die
annually from conditions caused by
contaminated water. 

As a result, in 25 years, around 6 billion
people will suffer because of the lack of
water and poor sanitation. This balance
means that, in some situations, gaining
control over water sources generates
strong tensions as well as conflicts and
wars. The scarcity or absence of these
resources force people and populations to
move, creating migratory flows and further
tensions. 
To better grasp this, let us report some
examples relating to the agricultural,
domestic and industrial use of water. 

Use of water resources. An access to be shared.
 



Agricultural use
The foretold death of the Aral Sea.  

The Aral Sea is, or rather was, the fourth
largest closed basin by extension in the
world. It was mentioned by Herodotus in
the fifth century BC. Back then, its emissary
was navigable and connected the Aral Sea
with the Caspian Sea. The Aral Sea has
experienced alternating phases up to its
recent decline due to human activity. Its
death was planned by the USSR's
agricultural policy, which ultimately aimed
at transforming it into a quagmire for rice
cultivation. However, this is not how it went. 

Employing the waters of Syr-Darya and
Amu-Darya tributaries for the intensive
cultivation of cotton and other agricultural
products in Uzbekistan and Kazakhstan has
almost caused the disappearance of one of
the largest inland basins on earth over fifty
years. In addition to irrigation, a large
quantity of water is needed to "wash" the
soil, which otherwise would become salty
and sterile after a few years. This practice
can avoid the accumulation of salts
transported by the water as well as of
residual salts deriving from agricultural
treatments. 

The little water reaching the Aral basin
through its two tributaries carried
fertilizers, salts and pesticides and was not
enough to maintain a large and shallow
basin. Once the basin used to be very rich
in fish, but its water has become gradually
salty and thus unsuitable for life.
 
Today the Aral Sea is divided into two
wrecks.

Kazakhstan has blocked the upper part of
the Aral Sea through a dam that keeps
evaporation in balance with the very low
flow rate of Syr-Darya river, which has
remarkably shrunk. The level of the "Little
Aral Sea" has risen, although Syr Darya
water is brackish and full of fertilizer
residual salts and pesticides, which are
utilized in agriculture and flow into the
river. Residues are 3 g/litre. Life and fishing
have come back. In a few years, even Aralsk
port should be accessible again.

Credit: https://www.meteoweb.eu



The fate of the “Big Aral Sea” is quite
different. Perhaps a small western part of it
will remain, while the rest is currently a
plain, where dust and salt are blown by the
wind. Uzbekistan, to which this basin
belongs, is too poor to tackle this problem.
Amu-Darya, a tributary of the Caspian Sea
mentioned by Herodotus in ancient times,
is lost in the sands and disappears before
entering the lake for a large part of the
year. 

The Soviet-era project "Northern river
reversal" was supposed to bring water
from the Ob to the Syr-Darya in order to
replenish the Aral Sea. Fortunately, this
colossal work has never been carried out.

Agricultural and civil use of water - The
tragic fate of the Colorado river. 

 Global warming, continuous water
withdrawals and dissipation have
destroyed the legendary Colorado river in
its lower part. The Grand Canyon is a
famous tourist attraction managed
upstream by some dams. It has been some
time that the river has shrunk due to
scarce rainfall. It has not been reaching the
sea for decades. 

Las Vegas, San Diego, Tucson and Los
Angeles draw water from the Colorado
River, which touches Mexico with 10% of its
flow rate. This is only possible thanks to the
1922 convention. Lake Powell is now
struggling to reach 50% of its capacity. At
the same time, its water is abundantly used
for fountains and swimming pools at luxury
resorts as well as for golf courses in Las
Vegas. 

Credit: Google Earth Credit: https://e360.yale.edu 

Credit: Google Earth 



As is the case for the Aral Sea, agriculture
requires large quantities of water — not
only for irrigation, but also for soil washing.
This takes a toll also on the Colorado River. 
Just beyond the border, the one Mexican
dam puts an end to the waters of what was
once a great river. Downstream from the
Morelos dam, the Colorado River no longer
exists. 
Above: Lake Powell; on the side: the
Montelos dam. Downstream the river is
dry. Image: https://e360.yale.edu 

In 2014, a project enabled a small quantity
of water to reach the sea. It was an
experimental and demonstrative action.
The water released by the Montelos dam
was purchased. Over the years, Colorado,
Wyoming, New Mexico and Utah on the
upper reaches and Arizona, Nevada and
California on the lower reaches have
shared more water than is available
between them. After 14 years of drought
(2019 data), the future does not seem so
bright — also because of impoverished
aquifers.

Natural climate change - the
extinction of the Yellow Nile 

Thousands of years ago, a further Nile used
to flow along the southern edge of the
Libyan desert in Sudan — the "Yellow Nile".
It stretched 1000 km through the valley,
which today is called Wadi Howar. It flowed
into the Nile far downstream from
Khartoum, at the end of the great "S"
drawn by the river in the Sudan desert. It
has disappeared fairly recently, drying up
slowly. Cave paintings depicting swimmers
are evidence of its past existence. 

Its riverbed is still there and contains few
paradox acacias exploiting its slightly
humid subsoil. Scarce wells and some
emerging aquifers are the last traces of this
river. 

The fate of the Nile is similar to that of
other rivers. They originate from distant
mountains, cross the deserts in their lower
courses, where numerous human activities
take place along their banks. The
communities controlling upstream waters
can decide the fate of downstream people.
The latter claim their rights from those who
are upstream. Tensions and wars are
obvious consequences, if the river basin is
not managed through agreements
guaranteeing everyone the right to access
water as well as water sustainability over
time. 

Credit:  https://e360.yale.edu



The wolf and the lamb — alias the
arrogance of upstream communities 

The scarcity of water resources and the
need to secure them leads inevitably to
disputes and conflicts. Among the less
obvious reasons for many historical
confrontations is water control. If those
who live upstream "turn off the taps", they
will oblige downstream communities to
leave or start a conflict. Some of these
cases are described below. 

Tigris and Euphrates Rivers: Turkey and
Iran vs Syria and Iraq. Turkey controls
almost the whole Euphrates and much of
the Tigris. Iran administers 30% of the
Tigris through its tributaries. Downstream
from Turkey and Iran, Syria and Iraq have
been engaged in long-time draining wars,
which have partly deprived them of their
control over the waterways. Turkey took
advantage of this situation and started an
imposing plan, which calls for the
construction of 22 dams and 19
hydroelectric plants. The end of the works
are expected in 2023, exactly a hundred
years after the birth of Turkey. During the
filling operations of the gigantic Ataturk
dam, the flow of the Euphrates was
reduced to a quarter so that Syria and
Turkey came close to a military conflict. At
the same time, Iran took advantage of
Iraq's weakness by diverting or reducing 42
rivers.

The result is easy to imagine. The famous
swamps of lower Mesopotamia have dried
up, the amount of salt in the water has
increased, farmers have displaced en
masse towards cities, which has led to
social tensions.  

Turkish dams and hydroelectric plants are
also an important military district in a
territory where Kurdish ethnic groups live.

Old bilateral and partially ignored
agreements regulate the management of
Tigris and Euphrates waters. Only in 2018,
the first basin conference was held with all
nations concerned to address this issue.

The Jordan River. Controlling Jordan basin
waters is one of the main causes of the
Arab-Israeli conflicts. It is not just surface
waters. Jordan is a small river. Only in a few
reaches does its width measure more than
25 m and its flow rate is very limited. Today,
the river flows into the Dead Sea with an
average speed of 30 m3/sec, i.e. 10% of the
water it contained in the past. 

Let us consider the wall path dividing Israeli
settlements from the Palestinian territory. If
one superimposes such an apparently
illogical path on underground aquifers and
wells, it becomes clear that part of the
reasons for its shape is the control of
underground water sources — aquifers
and wells. Likewise, Israel has occupied the
Golan Heights to gain not only a strong
strategic position, but also the control over
part of the sources replenishing the Jordan
River. 

Today, downstream from Lake Tiberias, the
Jordan River has disappeared. There, water
comes largely from various sewers and
contaminated tributaries. The average
availability of clean water for the
inhabitants of the Jordan basin is not
equally distributed. 242 l/day are allocated
to Israelis and 72 l/day to Palestinians.
According to the WHO, the minimum
threshold is 100 l/day per person. 



As a final effect, the Dead Sea is following
the fate of the Aral Sea as it has been
sinking about one meter per year.

The Dead Sea is now divided into two parts.
For decades, a debate went on about
realizing a channel or a pipe pumping
water into the Dead Sea from the
Mediterranean Sea in order to raise its
water levels. However, this solution is fairly
questionable.
 
There is obviously no coordination on the
Jordan basin. The only regulation about the
use of water dates back to the Oslo treaty
between Israel and Palestine.

Nile: Ethiopia vs Sudan and Egypt. 

For a long time, Ethiopia has been
dreaming about exploiting its enormous
hydroelectric resources. The need to
accumulate reserves in order to cope with
recurring droughts along with its greed for
energy, has led this rapidly expanding
country with scarce energy resources to
draft a master plan, which mainly envisages
the construction of hydroelectric plants. 

In Addis Ababa, electricity was rationed in
the various neighbourhoods until recently.
Power was missing for many hours a day,
thus affecting production remarkably. The
creation of large dams in Ethiopia has
alarmed Sudan, which was unable to react
and was already dealing with domestic
problems. Above all, it has alarmed Egypt,
depending on the Nile in all respects. Egypt
does not have any other source of
renewable freshwater to draw from for its
97 million inhabitants. 

Also in this case, there was no basin
agreement. Egypt has referred to a
historical agreement dating back to 1929,
which it had signed with Great Britain,
representing Uganda, Kenya, Tanganyika
(now Tanzania) and Sudan at the time. On
the basis of the 1929 agreement, Egypt had
veto power over any upstream projects
that could affect the flow rate of the river
downstream. The signatory party and
counterparty coincided at the time, since
Egypt was a British Protectorate. In 2010,
the other countries repudiated the
agreement — Ethiopia had not even signed
it. They replaced it with a Cooperative
Framework Agreement, which guaranteed
that each country could develop its own
projects about the river without Egypt's
prior consent. This time, Egypt did not sign
the agreement. 

Today, downstream countries Sudan and
Egypt have to deal with the Grand
Ethiopian Renaissance Dam on the Blue
Nile. A draft agreement had been drawn
up, granting downstream nations a priority
purchase of the electricity produced by the
dam as a compensation for it. Yet the crisis
goes on. 



In conclusion 

These are some of the best known
examples. Nevertheless, on a large and
small scale, there are countless situations
where an interest group (being it a nation,
a company or an association) intends to
use resources for itself, which instead
should be destined to all, according to the
convention on human rights. 

Over the decades, the debate on water has
escalated. With regard to access to water
as a resource, one takes into consideration
this right as a whole. This means allowing
water withdrawal, use and reclamation. 

Downstream communities, other users or
future generations must be guaranteed
access to the resource. It should not be
polluted or compromised in quality and
quantity by those who used it first. 

Agreements and basin plans are tools for
regulating water use and guaranteeing
rights. They should involve all users and
interested parties at international, national
and local levels. Moreover, such tools
should focus on safeguarding and recycling
water in order to keep it available for future
generations.

Credit: Tim Marshall 
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Water is one of the main constituents of
ecosystems and is the sine qua non of all
known forms of life. The first primitive living
beings, formed by small cells, were 98%
water. On the other hand, the first animals,
probably very similar to today's jellyfish,
were 95% water. In an adult person of
average height and build, water accounts
for about 60% of their body weight. Water
covers 71% of the planet's surface. 97% of
it is saltwater and 3% freshwater, 68% of
which is ice. Usually, when one imagines
water, one thinks of a liquid. However,
water exists in nature in all states of
matter: liquid, solid and gas. The transition
from one state to another depends mainly
on the variation of temperature and
pressure. Water has no colour — it reflects
the colours of the objects. It does not even
taste or smell. 

A drop of water is made up of billions of
molecules and its chemical formulation is
H20. Each water molecule has a V-
structure. The largest oxygen atom is at the
top and the two small hydrogen atoms are
at opposite ends. On the outside, the water
molecule looks like a dipole, where the "+"
charge is between the two hydrogen atoms
and the "-"charge is created by oxygen.
These two areas with opposite charge lead
to a dipolar configuration, which generates
attraction between the various water
molecules. 

There is also another force that attracts
water molecules to each other: the so-
called hydrogen bond. 

 

This happens thanks to hydrogen atoms,
which tend to bind the oxygen atoms of
other nearby molecules. Their intensity is
enhanced by high oxygen electronegativity.
The hydrogen bond causes an attraction,
whose intensity is unmatched in other
liquids. 

Water has numerous characteristics.
Thanks to its strong hydrogen bonds, its
boiling point is much higher than that of
similar molecular substances. At room
temperature water should be gaseous —
not liquid. Another property of water is
capillarity. Due to the combined effect of
adhesion and cohesion forces, water can
rise up the walls of a narrow vessel,
violating the principle of communicating
vessels. This way, nutrients dissolved in
water can reach the treetops. Through
adhesion, water molecules are able to
establish contact with the molecules on the
vessel wall. Thanks to the hydrogen bond,
these molecules are able to "climb" along
the walls, while cohesion allows the mass
to remain united as it rises. 

Water: characteristics and chemical properties 



Water has a high specific heat capacity. This
means that a lot of energy is needed in
order to raise the temperature. Besides,
water charges electrically and gives off heat
very slowly. 

This property is clearly visible near large
bodies of water and where temperatures
are very mild. In the summer, lakes and
seas absorb heat, while in the winter they
release it gradually. 

Another peculiarity of water is that it
increases in volume when it turns into a
solid mass. This phenomenon is clearly
visible at home when pipes, full of water,
break because temperatures are below
freezing. Even as ice increases in volume, it
floats on liquid water. This happens
because the hydrogen bonds make ice less
dense than water. Usually solid substances
are denser than when they are liquid.
Exceptions are very rare. This is due to the
fact that, during solidification, atoms and
molecules tend to pack much more tightly
than in liquids. The fact that ice floats on
liquid water is very important for the
maintenance of life on earth. The layers
beneath the ice remain liquid and so
aquatic life can continue. 

Water can dissolve other substances and
then form solutions. It is an excellent
solvent as it breaks the bonds holding
many substances together. For example,
when we pour salt into cooking water, polar
water molecules attract ions of opposite
charge until the ionic bond of salt is
broken. 

Water has further properties. For instance,
it is incompressible. Water does not
decrease in volume even if under pressure.
In small quantities and at very high
pressure water can cut a piece of rock in
half. Moreover, it is an excellent electricity
conductor. 

Credit: Erda Estremera



Water cycle 

The hydrological cycle is commonly known
as the water cycle. It is the process that
guarantees that water is recycled as it
would otherwise run out once consumed.
The cycle takes place in four phases:
evaporation, condensation, precipitation
and infiltration. In the first phase, the sun
heats the water in the seas and rivers, and
also in living beings, transforming it into
steam. From the liquid state, water
becomes gas. By evaporating, it rises
towards the sky.
The next phase is condensation. Once
water reaches the highest layers of the sky,
where temperatures are very low, water
vapour cools down and returns to a liquid
state. Many small drops are formed and
make up the clouds by joining together.  

Clouds become bigger and heavier, until
the drops fall to the ground in the form of
rain, hail or snow, depending on the
atmospheric temperature. Once water
reaches the earth, it replenishes rivers,
lakes, seas and oceans. The remaining
water is absorbed by the ground up to
great depths, infiltrating and flowing
underground and between the rocks, filling
up the aquifers.

Credit: Paolo Negri 
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An in-depth study on the role of rivers as an ecosystem unit

(habitat, diversity, continuity, resilience) and on the functional

processes of the river ecosystem.

4. Basics
of river
ecology

https://drive.google.com/file/d/1Jg5FedANh_ZNY5IlIDC9crGu7dm6MjKw/view?usp=sharing
https://drive.google.com/file/d/1Jg5FedANh_ZNY5IlIDC9crGu7dm6MjKw/view?usp=sharing
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Only in recent years, rivers and other
watercourses in general have been
recognized as having very important
ecological characteristics. Therefore, they
have been definitively re-evaluated. From
simple (wrongly exploited) waters flowing
on a riverbed, they have been now
considered complex habitats or precious
ecosystem mosaics made up of different
natural tiles. Therefore, watercourses are
now one with their territories, just as they
used to be. They exchange energy in order
to preserve the aquatic and terrestrial
fauna and flora, which depend on it
according to the seasonal, environmental
and zonal characteristics. In fact, natural
watercourses allow the coexistence of
multiple animal and plant organisms, be
they aquatic, amphibian or terrestrial. Such
coexistence is due to heterogeneous
habitats, which in turn depend on the
innumerable morphological "transitions"
(ecotones) of the watercourse itself. Let us
consider, for example, the variability of the
water flows between the main and the
minor stretches of a river, as well as the
type of regime — torrential or fluvial — and
finally the possible existence of gravel
banks in a riverbed or of sediments in a
delta. Certainly, one must also take into
account environmental aspects and
chemical-physical parameters, such as
hydrodynamics, temperature and exposure
to light. They influence biological
populations greatly. 

Basically, the diversity of a watercourse
throughout its path leads to biodiversity.
The latter is defined as "a high variability
among living organisms from all sources,
including terrestrial, marine and other
aquatic ecosystems and the ecological
complexes of which they are part; this
variability may include diversity within
species, between species and of
ecosystems". One should bear in mind that
rivers can be seen as a succession of
ecosystems that gradually merge into one
another. They are interconnected with the
surrounding terrestrial ecosystems. 

Fluvial Ecology

Credit: Noce River Fluvial Park archive



It can be said that the size of biological
communities living in a watercourse varies
depending on the size of the watercourse
itself. In natural ecosystems a close
dependence exists between
geomorphological and hydraulic conditions
and populations' structure and
functionality — among the main ones to be
mentioned is fish population. 

It follows that more demanding species —
in particular specialist ones — are to be
found mainly in spring stretches of rivers or
immediately after them, where waters are
turbulent (rapids area). Among these, in
addition to the high number of
macroinvertebrates, are salmoniformes,
such as trout. They need low temperature
water in order to lay eggs, as it is richer in
dissolved oxygen.

As the size of the river stretch increases,
the functions of the surrounding vegetation
change. It takes on different connotations
according to the various wildlife needs. In
the upper reaches rivers are gradually
more erosive. In the plains, however, water
flow speed decreases.

Therefore, depth increases. In such
stretches, sediments are mainly deposited,
thus contributing to the formation of the
so-called alluvial plains. These particular
environments are notably fertile and
extremely dynamic because they are as
variable as rivers. Let us think, for example,
of floods or seasonal flow rate variations. In
fact, a watercourse must be considered not
only longitudinally (from upstream to
downstream), but also transversally (from
water to land). This has a significant
influence on the watercourse functionality.
The characteristics of the banks, the height
of the embankment above normal water
level, the presence of gravel banks and the
quality of the substrate are important
factors for the different aquatic and
terrestrial species populating these
particular ecotones. Such transition areas
are characterized by high biodiversity as
the water system is interconnected with
the riparian one. This allows the
coexistence of all well-known plant and
animal species.

River Ecosystem -  
Credit: Sandro 
Zanghellini



The fact that cultivated areas have replaced
riparian formations has enhanced this
phenomenon. Here, land development and
actions aiming at embanking the riverbeds
have destroyed important environments.
The most frequent riparian formations
along (natural) watercourses are shrubland,
which witnesses the fact that such
formations are pioneering. 
Before reaching the shrubland, the river
environment shows only herbaceous
species.

Woody arboreal formations are
predominantly composed of willows (Salix
spp) and alders (Alnus spp), growing
outside the strip of shrubs. They are able to
tolerate root anoxia and periods of floods
albeit in different ways. To maintain fluvial
biodiversity, riparian belts along a
watercourse are very important. This can
be noticed from the many natural functions
they perform: protecting the banks from
erosion, effectively consolidating the banks
through their roots, reducing the speed of
the water flow and regulating soil moisture.
Riparian vegetation plays the further role of
regulating water heat as it protects water
from excessive solar radiation and prevents
temperatures from rising. 

As mentioned earlier, this phenomenon
can lead oxygen to be scarcely soluble in
water.
In addition, riparian vegetation introduces
organic matter into the river ecosystem,
feeding animal organisms, such as
shredders. They maintain a good balance
for the entire biological community. Lastly,
the riparian environment is a fundamental
source of food and refuge. Shaded areas
are indispensable habitats for many fish
species. As they do not have eyelids, they
do not tolerate extreme brightness. Among
the vegetation, birds find nesting points as
well as resting areas when migrating.
Mammals use riparian belts as ecological
corridors as they facilitate their
movements. Reptiles and many amphibians
use this wetland for their reproduction and
development. Maximum functionality in the
river areas, and therefore the presence of
different species, are found only when
several types of vegetation settle according
to complex structural patterns.

Generally, fish species vary along the entire
river course according to the principle of
"fish river zonation", i.e. the subdivision of
river environments depending on their
typical ecological and morphodynamic
characteristics.

Macroinvertebrate - Credit: Sandro Zanghellini



And mammals use the riparian belt as an
ecological corridor that facilitates
movement and for reptiles and many
amphibians it is a wetland for reproduction
and development. It can certainly be
affirmed that the maximum functionality in
the river areas, and therefore the presence
of diversity of species, is found only in the
presence of several types of vegetation
established according to complex
structural models.
Generally, the variation in the composition
of fish species along the entire river course
is defined by the principle of "fish zoning",
ie the subdivision of river environments on
the basis of their typical ecological and
morphodynamic characteristics.

Ephemeropterus - Credit: Sandro Zanghellini 



Insights
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River ecology: an overview . 

Basics of
river
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https://www.usgs.gov/centers/upper-midwest-environmental-sciences-center/science/river-ecology
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In-depth study dedicated to the creation and testing of rafting /

canoeing / kayaking descents aimed at environmental education

activities.

4. Beyond
adrenaline

https://drive.google.com/file/d/1Jg5FedANh_ZNY5IlIDC9crGu7dm6MjKw/view?usp=sharing


This is intended to be an in-depth study of
the "other possibilities" that rafting / kayak /
canoa can offer, considering it not only a
sporting or adrenaline-pumping activity,
but a way to do environmental education,
dissemination, promotion of the territory
and its products, thus becoming a
generator of local economy in small and
medium scale. Achieving this result is
possible thanks to the role of the rafting
guide who - if properly trained and
informed - can play both the role of
conducting the rafting / kayak /canoa, and
the one of "teacher" for the passengers
along the course of the descent.

To do this, we propose an in-depth study of
a simplified version of a tool of "ecological"
derivation, namely the River Function Index
(RFI). This scientific tool, in the hands of
rafting / canoa / kayak guides (who will have
to train properly for a correct use) provides
a key for reading the river environment and
can be useful for educational activities
during thematic guided descents, by going
to use it right on less relevant or apparently
uninteresting stretches of river. 

In this way, it is also possible to enhance
routes that have not been “exploited” so far
(by extending the use of the river) but
which can instead offer important
educational ideas.

This tool has the characteristic of using a
descriptive table with several entrances
that contemplates all the components of
the river ecosystem, and that, in the hands
of a prepared rafting, canoe and kayak
guide, can be used as a track to illustrate to
passengers the environmental
characteristics of the river where you are
navigating, according to a reliable scientific
criterion. Obviously there may also be
other descriptive tools, or systems
customized to the needs of the individual
rafting company; the most “impersonal”
and objective possible system was
therefore chosen, which can be adopted
and modified by each individual company.

Beyond adrenaline

Credit: Alessandro Polla 



Questions 1 - 4 concern the vegetation
conditions of the banks and the area
surrounding the watercourse and
analyze the different structural types
that affect the river environment, such
as the use of the territory or the extent
of the natural riparian area;
Questions 5 and 6 refer to the relative
width of the wet riverbed and the
physical and morphological structure of
the banks, for the information they
provide on the hydraulic
characteristics;
Questions 7-11 consider the structure
of the riverbed, with the identification
of the types that favor environmental
diversity and the self-purification
capacity of a watercourse;
Questions 12-14 detect the biological
characteristics, through the structural
analysis of the macrobenthic and
macrophytic communities and the
conformation of the detritus.

The River Function Index (RFI) is an index
that allows to study the degree of
functionality of a river (or part of it),
through the description of abiotic
parameters (morphology and structure)
and biotic (vegetation in the riverbed,
riparian vegetation and suburban
vegetation) of the ecosystem under study,
regardless of whether it is degraded or not.

The RFI consists of 14 questions
concerning the main ecological
characteristics of a watercourse; for each
question it is possible to express only one
of the four predefined answers.

Questions can be grouped into functional
groups:

The answers are assigned numerical
weights grouped into 4 classes (with a
minimum weight of 1 and a maximum of
30) which express the functional
differences between the possible answers.

The RFI score, obtained by adding the
partial scores for each question, can have a
minimum value of 14 and a maximum of
300.
Here below you can print the simplified RFI
sheet, but it will then be necessary to
investigate the questions and answer
methods (choice of score and river
specificities) with a river ecology expert
who can support the center / guide in the
learning process .

Credit: Enrico Pini  
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MORE INFORMATION ON: 

Applying the IFF methods - Index of River functionatlity
- for the evaluation of the river ecosystem.

Beyond
adrenaline

https://www.isprambiente.gov.it/en/archive/news-and-other-events/ispra-news/year-2011/corso-iff-2011
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An in-depth study on communication and involvement techniques

for environmental education processes. 6. Telling
the RIVER:
a
storytelling
approach

https://drive.google.com/file/d/1Jg5FedANh_ZNY5IlIDC9crGu7dm6MjKw/view?usp=sharing


1) Meeting my guests 

I shake hands with everyone, giving out the
same warmth and sympathy to all. I shake
hands with children, too. I crouch down so
that my face is in front of theirs. I imagine
that I have already met all of them and that
I will do an activity with friends and not with
strangers. 

When I explain something, I will make sure
that I speak slowly, pronouncing well and
loudly. At the beginning, I omit to mention
superfluous facts and focus on the basics. I
sit them down if possible and use simple,
straightforward terms. I face the sun and
be careful to look people in the eyes. I also
use my body language to convey concepts
better.
When I shake hands, it may be useful that I
use both hands and do not move away
immediately with a hasty gesture. The more
I take care of people at the start, the less
work I will have to do later to win their
trust. Each gesture and word at the
beginning will have to be used to bring my
guests closer, to the point of making them
think: "I trust you". 
Let us reassure the guests and make them
feel like awaited and loved friends. 
Let us always remember to state our
names and qualifications. 
Let us not ever take anything for granted.

2) How to use my voice

In order not to remain voiceless after a few
days, I have to remember where my voice
comes from. It originates in the perineal
area and then rises up and expands into
what we call a facial "mask". In order not to
stress my throat, I imagine it as a tube
through which my voice passes and that is
it. There are useful exercises that
strengthen lower abdominal muscles. 
Let us try to use at least 4 voice tones and
associate them with 4 matching colours.
The (green) voice is for conversation, a
more metallic voice (yellow) is for all
technical information and a peremptory
voice (red) is for danger. The fourth is the
narrative voice (hazelnut) to tell things. 

Telling the RIVER: a storytelling approach

Credit: Jason Resewell



3) The power of stories and fairy tales 

I will tell you why I do not like to explain
teach/give notions. The story of history,
nature and the landscape comes to my aid
when I bump into topics I am not familiar
with. So, let us imagine that I am not a rock
expert. Instead of venturing into wrong
explanations, I will talk about the ancient
power of tonalite, which softens water. The
same is true for all historical and
naturalistic topics. Using the narrative voice
in this context will help. People do not want
notions, but emotions. Even if I have to tell
a negative fact — for example Storm Adrian
in 2018 — I will do it honestly. I should not
omit what happened, but rather convey a
positive idea at the end of the speech. In
this case, for instance, the message may be
that nature amazes us twice: it can cause
wounds but also heal them. This way I will
always convey emotions, and never data. I
make my guests live experiences to take
home like extra baggage in terms of
friendship, trust in the others and in
themselves. Plus, I leave them with the
desire to try and change. 
Let us not forget to talk with people and
not to people. 

To teens and children adults are role
models. Let us not forget that. Mainly with
them I have the pedagogical duty to be
consistent. Through my attitude and action
I communicate that adults know how to be
there for them without being oppressive.
Adults can make children feel safe without
frightening them, can be funny and have
fun with them without being ridiculous.
Adults can work without stress, as friends,
in a healthy environment, with people they
feel good with and can do a rewarding job.
Adults may be a model for every young
person, by showing them that we can be
fulfilled, open to the world and free. 

Credit: Alessandro Polla



4) Let us make the characters work 

In order not to end the season exhausted
and nervous, I need to save energy. For
example, managing not to bring work home
is a good start. To do this, it helps me think
that, when I put on my work uniform, I start
working and when I take it off, my job ends.
If I do this exercise every day, it will become
natural over time. I also recommend that
those who do not necessarily have to wear
a uniform should do this, too. One can do
so just by changing clothes after work.

5) Making guests come back 

If we want guests to come back and repeat
their experience, we must leave them with
an excellent memory and with the following
idea: if they return, they will do something
new, which they have not possibly tried the
first time. I can also give them useful
gadgets for the places they live in. On the
gadgets, I should put my logo and contact
details. It is useful to take the e-mail
addresses of all guests and send them
information in January / February. 
For children I recommend creating
naturalistic notebooks or books with area-
specific themes. They can read and fill
them in as a summer assignment and take
them to school in September. 

6) Coherence 
Guests must notice consistency in what I
say and do from the beginning to the end
of my activity. Showing a changing attitude
— e. g. too shy at the beginning and
excessively funny at the end — does not
give guests a genuine impression of me.
Therefore, I had better do it "step by step",
without ever contradicting myself. Let us
remember that often guests do not speak
much to locals during their stay. So let us
make them discover our community
through our story. 
I am the bearer of a “community” message,
so I am responsible of my fellow citizens. “If
I am generous, open and sincere, guests
will think that the local population will also
shine with this light. The opposite is also
true”. 

Credit: Alessandro Polla 



7) Working on myself 

Every meeting must lead me to discovery. I
will test all kinds of approaches I can think
of with the different groups. I will then find
out which one works best. If I realize that I
lack information or notions, I will ask those
who know better rather than read them.
This will make me mature both personally
and professionally. I use and experience
my whole linguistic, cultural and relational
baggage and do everything I can to expand
it. I increase my empathy, without playing
the tiring role of the one who knows and
drags the others with them. I should rather
convey calm and confidence. I ought to
always remember to be generous and
imperfect.

Credit: Alessandro Polla
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Tour Guide Storytelling Tips
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How to tell great stories on tour?

https://thetripschool.com/2018/10/03/storytelling/
https://thetripschool.com/2018/10/03/storytelling/
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OUR PILOT AREAS:
NOCE RIVER (ITALY);
KRKA RIVER (SLOVENIA);
KORANA RIVER - SLUNJČICA RIVER -
MREŽNICA RIVER (CROATIA).

6. BE
WATER
PROJECT:
PILOT
AREAS

https://drive.google.com/file/d/1Jg5FedANh_ZNY5IlIDC9crGu7dm6MjKw/view?usp=sharing


The Alto Noce River Park is an
instrument to manage protected areas, the
Noce River in Val di Sole and its tributaries:
Vermigliana, Rabbies e Meledrio.

It is created in 2015 following the
Agreement made by the Valle di Sole's
Municipalities, the Valle di Sole's
Community, the Asuc of Monclassico and
Arnago, the Adige's BIM and the
autonomous Province of Trento.

The River Park is an ecological natural
connection between the Stelvio National
Park- Trentino sector and the Adamello-
Brenta Park. Thanks to its establishment,
the Valle di Sole becomes The Parks' Valley
accounting for 47% of the protected area.
The River Park includes the areas of main
naturalistic interest of River Noce in Val di
Sole: the Sites of Natura 2000 Network
(Torbiera del Tonale, Ontaneta di Croviana-
Rio Plaucesa and Mount Arnago), the local
Reserves and the flow of Avisio stream,
linked together by some surfaces acting as
"ecological passage".

The aim of the River Park is to protect and
to promote the area, the natural and
historical patrimony of Alto Noce by
developing sustainable economical
activities for local communities and by
promoting an environmental culture for all
ages.

Noce River

Water is one of Val di Sole’s most
characteristic features, with its wealth of
springs, streams, rivers, and lakes. And lord
of them all is the River Noce. A paradise of
nature, sport and fun. A place for body and
mind, ideal for the most intimate of
introspective exploration.
The Noce is one of the most important
rivers for sport in Italy, thanks to its difficult
conditions, the length of its practicable
stretches, and the beauty of its
surrounding scenery. It is the only
European river to be classed by NATIONAL
GEOGRAPHIC among the top 10 in the
world for river sports! Activity suitable for
all, requiring no particular skills. The only
indispensable premise that you know how
to swim. Then all you need do is jump in!
Your total safety is guaranteed by our
professional guides.
The River Noce rises near the Corno dei Tre
Signori (3,360 m asl), in the Ortles-Cevedale
mountain range, just few kilometres further
down forming the artificial lake Pian Palù,
after which it flows all the way down the
valley, fed by other rivers that include the
Noce Bianco, the Vermigliana and the
Rabbies, in a continuing alternation of
rapids and slower currents, crashing waves
or slower moving stretches where the
water feels almost like a caress. The Noce
has history, scenery and biodiversity: the
Parco Fluviale Alto Noce (Upper Noce River
Park) guarantees management of the
protected areas and river environment of
the Noce and its tributaries.

Noce - A river of History, Landscapes and
Biodiversity (Italy)

 

https://www.nationalgeographic.com/travel/top-10/white-water-rafting/#page=2


It offers plenty of activities to choose from:
rafting, fishing and the cycle path that
follows it almost the entire length of its
course. 

Do you know how many springs there
are in Vermiglio?
The municipality of Vermiglio has 213
springs with 81 located at an altitude of
over 2000 meters. In geological terms, a
spring is defined as anatural flow of water
from the ground orrockswhich acts as an
outlet for water that has
accumulatedunderground in the
permeable rock strata.But a spring is also a
source of life as the alpine economy is
based on it. It’s both inspiring and poetic.
The mountains in Val di Sole have plenty of
springs!

Did you know that the name of Noce
(walnut in english) has nothing to do
with the name of the fruit?
The name of the river Noce, Nós, comes
from a pre-latin idiom. It may have its origin
in the Raetian language (the Raeti used to
live in Val di Sole before becoming a roman
colony.)It might be also linked to the
Anauni,a population that lived in the nearby
Val di Non where the Noce also flows. That
name derives from “Ana/Anu,”
an ancient goddess of prosperity and
agriculture. The word Nóswas translatedto
Italian as Noce (walnut) but has nothing to
do with the actual nut.

Noce River – Credit: Riccardo Menghini



Did you know the most important
karstic spring in Trentino can be found
in Val Meledrio?
Most of the inhabitants in the area below
Dimaro drink and use the town’s water
supply called “Centonia”.
It all comes from a karstic spring exiting
from the ground water at the altitude of
1378 meters and is where the intake
structure is also located. In 1962,in order
to fix water shortages, the municipalities of
Caldes, Dimaro, Malè, Monclassico,and
Terzolas decided to build a water supply
that was put into service in 1969 and it’s
functioning since then.

 
CROVIANA'S ALDER FOREST

Special Areas of Conservation 

The ecological Natura 2000 network is the
main tool put in place by European policies
for conservation of biodiversity. Natura
2000 is a network of nature protection
areas in the territory of the European
Union. It is made up of Special Areas of
Conservation and Special Protection Areas
designated under the Habitats Directive
and the Birds Directive, respectively. The
network includes both terrestrial and
Marine Protected Areas.

The Natura 2000 areas of Noce River
Park are:

1.
A small paradise that extends across 28
hectares of land on the right bank of the
Noce River in Croviana. A few years ago,
this alder forest became part of the
«Natura 2000» project, a network of nature
protected areas in the European Union.
The plant and animal species that can be
found at the Croviana alder forest have an
extremely important role since the riparian
vegetation, the marshland area and the
streams here are fundamental for the
conservation and protection of the
biodiversity of the wetlands located in the
bottom part of the valley, that have almost
entirely disappeared in Val di Sole. In
summer a series of activities for both
children and families will take place at the
the «Ontaneta di Croviana» to discover all
of the secrets of this nature area.

Noce River – Credit: Luca Flor 

https://en.wikipedia.org/wiki/Special_Areas_of_Conservation
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https://en.wikipedia.org/wiki/European_Union
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https://en.wikipedia.org/wiki/Habitats_Directive
https://en.wikipedia.org/wiki/Birds_Directive
https://en.wikipedia.org/wiki/Marine_protected_area#Europe


2. TONALE PEAT BOG

The Tonale peat bog is a basin-wide
wetland area on the Trentino side of Passo
Tonale with a wide variety of habitats that
together create an exceptionally high level
of biodiversity. And that’s exactly why this
bog has become a protected nature area
that is part of the «Rete Natura 2000», a
network of nature protection areas that
have been chosen and approved by the
European Union. 
The Tonale peat bog is a botanical paradise
that is known worldwide: in addition to
several carnivorous plants, the area is also
home to numerous plants that can be
found in arctic regions but that are very
rare in the Alps. It is also the perfect habitat
for many species of animals that live in
wetland areas, mainly insects, amphibians
and reptiles. Many of these animals are
rare species like the dragonfly and the
alpine newt. The start of this route (no
access for babystrollers or wheelchairs),
where you will find an informative sign, is
located at the end of Via San Bartolomeo
street near the parking area of the last
apartment complex.

3. ARNAGO ARID MEADOWS 

One of the areas of greatest naturalistic
interest in the whole valley is located above
the village of   Arnago, in the Municipality of
Malé, in the woods and arid meadows that
take us up to the top of Vese mountain. It is
an area detached from the waters of the
Noce River but which acquires its
naturalistic value due to its particular
position near the entrance to the Val di
Rabbi, where the Rabbies plunges, with its
tumultuous waters, into the Noce River. 

These are semi-natural habitats because
their conservation is closely linked to the
maintenance of traditional human activities
such as mowing and grazing.The opening
due to the crossing of two valleys has
created a warm and sunny area that is
difficult to find in these mountains. Further
down we find broad-leaved woods rich in
oaks, chestnuts, beeches and alders, not so
common in a continental-alpine climate. 

Croviana
Alder Forest
Credit:
Riccardo
Menghini



This place is chosen by many birds as
habitat and breeding area, among the most
beautiful and famous we can find the
hoopoe (Upupa epos), the great spotted
woodpecker (Dendrocopos major) and the
green woodpecker (Picus viridis).

We also find omnivorous birds or larger
predators such as the goshawk (Accipiter
gentilis), the buzzard (Buteo buteo), the
golden eagle (Aquila chrysoetes) and the
imperial raven (Corvus corax).

Going up to altitude we find the real arid
grasslands of Arnago, an environment that
arises from the collaboration between man
and nature: without the mowing done by
man these areas would have been quickly
swallowed up by the forest. 

 

There, we find different types of orchids
(Dactylorhyza maculata, Dactylorhyza
sambucina, Epipactis helleborine,
Platanthera chlorantha) whose collection is
always prohibited, and other herbaceous
plants of high floristic value such as Achillea
tomentosa, Allium sphaerocephalon,
Lychnis flos-jovense, Melampyrense
arvensis, Arabis nova, Myosotis stricta,
Melica transsylvanica, Potentilla arenaria
and Veronica verna. Even in the meadows
at high altitude we can find a varied fauna
such as shrike (Lanius collurio), rock
partridge (Alectoris graeca), nightjar
(Caprimulgus europeaus), francolin
(Tetrastes bonasia), ungulates such as deer
(Cervus elaphus) and roe deer (Capreolus
capreolus) and rare invertebrates
(Maculinea arion and Parnassius apollo).

Arnago Village. 
Credit: Riccardo Menghini

Tonale Peat Bog 
Credit: Riccardo Menghini

https://en.wikipedia.org/wiki/Special_Areas_of_Conservation
https://en.wikipedia.org/wiki/Special_Areas_of_Conservation
https://en.wikipedia.org/wiki/Special_Areas_of_Conservation


Aquatic macroinvertebrates and
water quality

Fauna (some species related to the
river):

The invertebrate organisms that we can
find in our rivers are divided for practical
purposes into micro and
macroinvertebrates. Microinvertebrates
rarely exceed one millimeter in length and
mainly include animals such as: protozoa,
rotifers, nematodes, gastrotrips,
tardigrades, hydracarines and ostracods.
Macroinvertebrates are organisms whose
size is rarely less than a millimeter and to
them belong numerous groups of animals
including: insects, crustaceans, molluscs,
oligochetes, iridunei, flatworms and more
rarely porifers, coelenterates and
bryozoans.

 

We can also divide them according to the
habitat in which they occupy: in fact if they
live on the substratum they are called
benthic (from the Greek Bentos - Abyss), if
they float in the water they are called
planktonic (from the Greek Planktos -
Vagabondo, Errante). Generally, in rivers we
find mainly benthic invertebrates but we
can find planktonic ones in lateral areas of
the river with still water, lakes or basins.
However, it is important to say that the
richness and biodiversity of these animals
depends very much on the structure of the
river and on the numerous micro-
environments that can be formed (ponds,
areas of temporary flooding, dams,
waterfalls).

Each area has its own characteristic
communities, which added together make
up the biocoenosis (living, biotic
component of an ecosystem) of the river.

 

The Bullhead in Noce River  - Credit: River Noce Fluvial Park archive 

https://en.wikipedia.org/wiki/Special_Areas_of_Conservation


The first guarantee to assess whether the
water in a river is of good quality is given by
the fauna that lives inside it. In fact, these
animals can give us important information
even if they are often not easy to interpret.
By sampling the bottom of a river with a
net, we can find different animal species
that coexist in an environment with high
biodiversity, or, perhaps as a result of
pollution, we will find that the first species
to disappear are the most sensitive and the
most resistant, given the 'absence of
competitors, they will proliferate in excess.
This survey technique can give us
important information on the state of the
river and, unlike a chemical analysis of the
water, it also takes into account the
presence in the river of pollutants even
only occasionally, since these animals live in
the river "24 hours a day" !

2. "Scazzone" -  Bullhead
Clear water?......so the european bullhead
says.

The European bullhead (Cottus gobio) is a
small fish that lives in cold, clear, fast-
flowing small streams and in small alpine
lakes.
The bullhead has a broad head with large
eyes, tapering body, large fins, and
rounded tail. Bullheads like to remain out
of the light by actively hiding from under
stones and other objects. They are
considered useful as bioindicators since
they must have clear and pure water to
survive. 

The bullhead is an endangered species in
Trentino.

The bullhead is an excellent indicator of the
quality of the aquatic environment: in fact it
proliferates only in absolutely clean waters.
Unfortunately this species, not threatened
by water pollution, is threatened by the
progressive disappearance of its habitats
following the regulation of river waters, the
continuous introduction of trout for sport
fishing and the lowering of the river level. 

3. Marble Trout

The authentic trout, pampered by the river
Noce.
The salmo trutta or marble trout (Salmo
marmoratus), is typical of the Italian sub-
alpine river basins NE Italy and
Slovenia.Due to dams for hydroelectric
power plants, altered stream beds,
andrestocking with farmed trout, the salmo
trutta is disappearing. Thanks to special
protection plans by the Automous Province
of Trento and support of local fishermen,
who help care for the environment and
natural restocking, you canstill find the fish
in the river Noce!To find out more, visit the
website http://www.pescatorisolandri.com

http://www.pescatorisolandri.com/


Do you know there is a hatchery to
help the marble trout?

The noble Thun family in the 16th century
farmed trout in the high lakes. At that time,
there was a “vivario” (hatchery) in a
“pescheria del aqua” (fishery) located in a
stream that flows into the Noce. The
hatchery in Cavizzana was built in 1977 to
support the endemic (habitat is restricted
to only a particular area)marble trout. An
organization of local fishermen have a
breeding program for the marble trout in
which they catch the trout the river and
keep the eggs until hatching. When the
trout get older, they are released into the
Noce.

Flora 

The silent emergency: the Japan
Polygon, an invasive plant. 

In Val di Sole and in particular along the
river Noce there is a silent emergency: the
expansion of the Polygon of Japan
(Reynoutria Japonica). This plant is included
in the list of the 100 most invasive species
in the world.

It is a species native to East Asia, belonging
to the Polygonaceae family. It was
introduced in Europe for ornamental
purposes in the mid-1800s, spreading
rapidly also in northern Italy. In Trentino
there are other species of Polygon in the
process of spreading, which are
distinguished above all by the different
characteristics of the leaves
(R.sachalinensis, R. bohemica).
The expansion of this plant favors soil
erosion, can compromise the stability of
the banks of waterways and in urbanized
spaces it can break walls and floors with
rhizomes.
It is very difficult to eliminate an already
settled population; the fighting techniques
to be adopted depend mainly on the
objective of the intervention (eradication or
containment).

In Europe it is fortunately present only with
female plants: for this reason its
propagation occurs by vegetative
multiplication.
The works that move the earth are its main
allies: the earth that contains its fragments
(even very small ones: 1 cm long and 0.7 g
in weight) is discharged elsewhere and a
new colonization begins there; in
waterways its ally is the current, which
carries the fragments over long distances.

Marble Trout  in Noce River.
Credit: Fluvial Park archive



Warning: cutting it without knowing
can favor its expansion!

It settles preferably near watercourses and
spreads rapidly along the banks; it is also
widespread along the edges of roads and
railways and in uncultivated areas, invading
natural environments where it competes
with native vegetation. It therefore
determines the trivialization of the
vegetation of the colonized area, with a
consequent reduction of local biodiversity.

The grey alder 

The grey alder (Alnus incana) is a
commontree associated with riparian
areas, such as stream banks and damp
meadows. It is fast-growing, does well in
poor soils, and needs light. The alder
fixesnitrogen from the air and releases
back into the ground which leads to the
improvement of the soil.Their presence
indicates the quality of the environment
and aquatic vegetation.

For this reason the Ontaneta is a protected
area.

Reynoutria Japonica. 
Credit: Fluvial Park archive.

Grey Alder. 
Credit: Fluvial Park archive. 



The river Krka isn’t just the Dolenjska
watercourse, but from the viewpoint of
environmentalists also the backbone of the
nature of Dolenjska. Krka in the upper
stream doesn’t have any aboveground
affluxes and is only fueled by karstic
springs on the riverside with the outskirts
in the Grosuplje valley, Suhi krajini and on
the Ribniško-kočevsko field. Because of the
branched out surface the water in this area
moves intensively underground, and
because of that the area around the upper
stream of Krka got the name Suha Krajina
(dry land). The water network often spreads
out in the middle stream and the lower
stream, thus connecting and giving life to
the whole Dolenjska. Water is a source of
life, but the river ecosystem of Krka with its
belonging wetlands is the true biodiverse
hotspot of the southwest Slovenia. 
If we’re talking about the living world of
Krka, we first think about the fish, which
are, with the Danube salmon on their front,
the most recognizable part of the living
nature of Krka. But the richness of fish
couldn’t exist without the highly developed
dietary basis, which, in the river ecosystem
is represented by water plants, small non-
vertebrates, small bugs, amphibians and
last but not least also the overlying
predators like otters and some species of
fish-eating birds, which the nature used to
conclude the branched out food chain. 

Ecologic catastrophes.

Although monitoring systems show a good
state, we should be worried about the low
summer water levels, when the strain on
the water increases with foods, and with
that the growth of algae and other water
plants. All of that indicates a problem with
public sewer waters and nitrates from
farming sources, which can lead to local
ecologic catastrophes, like the ones we
were witness to in the year 2013 on the
section near Kostanjevica na Krki, where
massive destruction of ground organisms
happened. The high temperatures, which
overheated the river water accelerated the
decay of bacteria, which are a large
consumer of oxygen. Anoxic state was
most distinct near the ground, where the
decay was the most prevalent. Most of the
shells, snails and probably a lot of other
non-vertebrates in the ground sediment
died because of this. Because of the senile
way of life, they can’t move away like the
fish, which survived the hard times. 
The hard times came again between the
years 2006 and 2008, when they
discovered that the values of tributyltin
compounds in the river section beneath
Novo mesto exceeded the legal limit by a
factor of 60. Biocides were leaking into Krka
from an experimental factory.  

Krka – the indisputable backbone of the nature
of Dolenjska (Slovenia)

ANDREJ HUDOKLIN
 



What’s worrying is that, despite the
detected pollution the monitoring
performer didn’t warn the public
(fishermen) of the problematic substances,
which were also passing through living
organisms.
A special problem of Krka is also the so
called blooming, which happens every year
during the summer low water levels. It’s
caused by the algae which are floating in
the water environment. Depending on the
nourishment and the temperature of the
water different species can show up. The
water in the upper stream is olive or grey-
green color. In the lower stream the
concentration of the algae is increasing and
the water id subsequently turning dirty red
or yellow/brown color.

 

Krka, the only tufa-forming river in
Slovenia

A specialty of Krka is tufa, a strongly porous
and light carbonate rock. Its creation is an
extremely delicate natural process. For it to
work properly, a whole number of factors
must be perfectly aligned. The basic
condition for its creation is the melting of
carbonate rocks, which richen the
underground water with calcium carbonate
(CaCO3), “melted limestone”. The second
factor is the metabolism of water plants,
which use CO2 for photosynthesis, which
reduces its partial pressure and causes the
melted limestone to secret from the water.
Water mosses have an important role at
this. The colored limestone sets on the
moss, and when the plant dies inside, the
rock becomes porous. 

Shells after massive destruction 2013.
Credit: Andrej Hudoklin

 

A string of tufa thresholds under Zagradec.
Credit: Andrej Hudoklin



Cave animals

A specialty of karstic affluent of Krka in the
upper stream is the richness of aquatic
cave animals. Even the outskirts of Krka,
which reach to Šica on Radenjsko polje, are,
with their seven terrestrial and thirty-one
water based species of cave animals in the
top 20 richest ni the world. In the upper
stream each spring offers its own version
of the water cave animals. The most
famous among them is the human fish,
which inhabits the wide outskirts of
underground affluents, all the way to
Radensko polje, Luč, Dobrepolje and
Ribniško-kočevsko polje. It was confirmed
to be seen in multiple springs next to Krka.

 The Jelševec crabs, forgotten history

In the 19th century, Krka got famous for
Jelševec crabs (Astacus astacus), which
were exported over the entire former
Austro-Hungarian. It was a rule, that the
karstic crabs had an honorary spot at the
imperial tables. Just the biggest trader
Avsec from Krško sold over 50,000 of them
per year just from the lower stream. The
golden years ended with the arrival of the
crab plague, caused by the fungus
Aphanomyces asatci. 

 

Fish, the richness of Krka

Krka is among the richest rivers in Slovenia
at the diversity of fish species. In it live 52
fish species and one species of lamprey,
including 9 non-indigenous species. In the
94 kilometers long stream the populations
of trout fish in the upper stream and the
“cyprinid” fish in the lower stream exchange
with each other. The most important parts
of the habitat are the spawning grounds. In
the upper stream they are beneath tufa
thresholds and dams, in the middle stream
they are mouths of water-rich affluents,
and in the lower stream they are the entire
mouth of Krška village is one big spawning
ground for fish from Sava. From the
standpoint of fishing the most interesting
fish are the brown trout (Salmo trutta m.
fario), Danube salmon (Hucho Hucho), and
Roach (Rutilus virgo), in the catch, however,
dominate the rainbow trout (oncorhynchu
mykiss) and the common carp (Cyprinus
Carpio)

Jelševec crab is preserved only in
few affluxes of Krakov forest.
Credit: Matjaž Celič 



Insight into fishery breeding plans shows
another interesting fact that almost the
entire catch is dependent on fish stakes. In
other words, the core of the catch are
mostly planted fish. In this the upper
stream of Krka drastically stands out, since
to satisfy the needs of the catch, we need
enormous amounts of rainbow trout and
brook trout as bait, and in the lower stream
we need carp as bait. 

 

Population of roach is
persistently falling. 
Credit: Andrej Križ

Biggest catfish, 2,2 m long, 74
kg heavy, catched 1937 near
Kostanjevica.
Credit: Milan Pergar



Aquatic mammals

Beavers (Castor fiber) were exterminated in
the basin of Krka as well as in other parts of
today’s Slovenia around the middle of the
18th century. They were killed off by
excessive hunting. Their recolonization on
the European scale started after WWII.
They returned to Slovenia in 1998 as a
result of stocking of beavers next to Sava
and Drava on Croatia in 19996. The key
factors for their extent in this region are
diverse riparian vegetation, rich herbal
layer and the slow water current. After
2003 they expanded to the upper stream,
and after 2010 also in most of the
tributaries. The population is still on the
rise, as the inventory of Krka in 2016
showed that there are at least 65 families
with 168 to 392 specimens each.

The otter (Lutra lutra) is a type of predator
in the ecosystem, which was almost
exterminated in the second half of the 20th
century in Krka and its tributaries. The
pressure of fishermen and hunters on this
fish-eating species settled in 1973, when
the state of one European most
endangered mammals started to improve.
Field observations indicate that its
population today is once again vital.

 

Birds

Krka with its waterside is a rich habitat for
birds. Over the year it’s possible to observe
over 30 species of birds that nest or spend
the winter here. The most commonly
observed species are mallard duck (Anas
platyrhyncos), little grebe (Tachybaptus
ruficollis), moorhen (Gallinula chloropus)
and the grey heron (Ardea cinerea). The
lower stream has the highest density of the
kingfisher (Alcedo atthis) in Slovenia. 
In winter, the species diversity is reduced,
but the numbers of mute swan (Cygnus
olor), coot (Fulica atra) and great cormorant
(Phalacrocorax carbo) are increased. 

Beaver increases diversity and
stability of the ecosystem.



Little grebe. 
Credit: Andrej Hudoklin

Kingfisher. 
Credit: Andrej Hudoklin



Flora

Aquatic plants, algae and non-vertebrates
are undoubtedly an important basis for the
ecosystems to be functioning, but at the
same time the latter are often the most
sensitive to pollution. 
Aquatic plants have completely overgrown
Krka mainly during the summer low water
levels and increased organic pollution.
Hornwort (Ceratophyllum demersum) and
Broad-leaved pondweed (Potamogeton
natans) at Dobrava completely cower the
water surface. In the lower stream the
predominating species are from the
Rannuculus, Myriophyllum and
Patamogeton genus. On the sections with
intense growth of tufa the mosses
Fantinalis antypyretica and Cynclidotus are
very important. 
We must also critically look at the river
banks, especially in the lower stream,
where the spread of invasive plants is
noticeably more rapid. Species such as
Japanese knotweed (Fallopia japonica),
rudbekija (Pudbeckia sp.), giant goldenrod
(Solidago gigantean) and prickly cucumber
(Echinocystis lobate) in the late summer
completely overgrow some places. 

 

The protection status of the Krka River

With the entry into the European Union in
2004 the Krka River gained the status of
natural values, ensuring the most effective
inclusion of the Krka River with tributaries
in the European ecological network Natura
2000. Among the 26 qualifying species we
must guarantee a favorable situation, 14
species of fish on the head with a ssucker
and cover, to expose the human fish,
crayfish, swamp cancer sklednico and Otter
and Beaver. In the context of the Habitat
type watercourses of the plain to montane
levels with the Ranunculion fluitantis and
Callitricho-Batrachion vegetation is also
limestone. Natura 2000 are often as a tool
of protection has proved to be an
extremely effective mainly because it is in
the case of interventions and plans have to
be implemented and, consequently, to
carry out environmental impact
assessment and countervailing measures,
failure to comply with directives, however,
financial sanctioned.



Kayak canoe club “Rastočki mlinari” is
based in Slunj, Croatia. The main activity of
club is organizing and competing on rafting
championships. Secondary activities of our
club is participation in nature protection in
our area, organizing recreational activities
for citizens on/next to the river and on this
way we are encouraging citizens to be
active in society. Slunj is located on unique
limestone, tufa area. In this small area 4
rivers has it spring, which is exceptional for
this area.  

Korana River
One of the longest river in Croatia. It flows
directly out of National park Plitvička jezera
and it ends in Kupa in Karlovac where it
continue to the Black sea. At 80 kilometer it
confluence in Slunj with river Slunjčica in
Rastoke Canyon with beautiful scenery. It is
rich with tufa cascades, in the upper part it
forms bigger and steeper waterfalls, below
the city of Slunj mostly waterfalls are
smaller, butlarger in number. Korana is
strongly connected with local people, like
other two rivers.

Beuties of Slunj (Croatia)
ANTONIJO PUŠKARIĆ

Summer beach with old mill. Credit: Filip Flanjak



During summer it is mostly used for
swimming and taking refresh when it warm
up, which can be even from April. There is
official swimming area of city Slunj, and
more then 50 wild swimming areas, where
people enjoy in the river during hot
summers. During colder months, river is
mostly used for commercial rafting and
kayaking when there is enough water in the
river which is usually after heavy rains or
snow melt in spring. 

Except commercial rafting, Kayak canoe
club“Rastočki mlinari” organize a European
cup in Rafting in Rastoke. In 2018 there was
held first official race of new World rafting
federation at great water level.

Korana from above. 
Credit: Filip Flanjak.

Korana from above. 
Credit: Filip Flanjak



Slunjčica river

One of shortest river in Slunj. It spring is
located 7km south from Slunj. Studies have
shown that Slunjčica is underground flow
of river Lička Jasenica which disappears few
kilometers upstream of spring of river
Slunjčica. Spring is deep more then 30
meters, and it is formed in lake, from which
river starts flowing, like most of tuff rivers.
Because it if short in flow it has permanent
temperature of 12 Celsius degrees and it is
very transparent. Permanent temperature
during year makes perfect environment for
flora around shores of river Slunjčica. 14 of
them are strictly protected. Alpium repens
is one rare speices in Croatia founded on
shores of Slunjčica river. Except rich flora,
Slunjčica is home for lot of wild animals like
foxes, bears, dormouses, deers and big
population of beavers and otters.

Slunjčica river is used for consumption,
during day around 820 m3 is used for
citizens of Slunj. Because it stays cold
during summer it is not recognized for
swimming except for brave people. But you
can see a lot of hikers and fishers next to
the river while they are enjoying in their
activities. Slunjčica river is quite know for
fishing. In the river you can find several
types of trout, on of them is local trout with
special red dots, except trout it is home of
grayling which is respectable fish. Grayling
only lives in clean, fresh water which is
great indicator of clean river.

Slunjčica river is under special nature
protection under local province.

Slunjčica river. Credit: Filip Flanjak



Grayling on Slunjčica river.

Old city Slunj. Credit: Filip Flanjak.



Mrežnica river

With spring 4 kilometers upstream from
Slunj and 3 kilometers from spring of river
Slunjčica Mrežnica is born. It is starting to
flow in the military base Eugen Kvaternik,
upper part of this river is strictly protected
and isolated. In length is 94 km long, it
flows near Slunj where after 40 km meets
Korana river in Duga Resa. On 94 km there
is more than 100 waterfalls which are
created from tufa. It is gradient river with
big waterfalls and big pools between
waterfalls. 

Mrežnica just like Slunjčica is tufa river, but
it creates much more tufa during certain
time, mostly because their confluences.
Upper part is isolated, but middle part is
used for commercial rafting and kayaking
trough all year. During hot summer days it
is at perfect temperature for swimming.
After snow melt or rain it is great
whitewater river class IV-V. Because the
upper part is isolated it is home of many
birds, fishes and wild animals as military
base is big area where people are not
allowed to enter, so a lot of animals found
their home there.

 Kayaking under Big waterfall. Credit: Filip Flanjak



For more information:

BE WATER PROJECT;

 ERASMUS+ PROGRAM.

Credit: Filip Flanjak.

http://www.parcofluvialealtonoce.tn.it/pagina.php?id=30
https://ec.europa.eu/programmes/erasmus-plus/node_en
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