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|. The lotic ecosystem

The lotic, or running water, ecosystem is a wideropystem and therefore
closely connected to the relevant catchment basiere is, in fact, a tight system
of cause and effect relationships, often with nempl consequences, among
factors that are even apparently very distant scepand time. Every course of
water has, therefore, a series of continuous ladmal gradients in its
geomorphologic structures, chemico-physical charastics and trophic
conditions, accompanied, obviously, by local oppgdrends due to a myriad of
extremely varying and mutable microenvironments.

Along the journey that water takes, reduced intioma flow speed and
solid transport and increased turbidity, organicbstance content, and
temperature, are therefore recorded on sufficidatlye scales, which characterize
the whole watercourse as a single continuum.

A description of this however needs a categoriapgroach; therefore we
are accustomed to overlapping the concept of flusamtinuum with that of

zoning.

l.1. Fluvial zoning

Subdivision into zones can be performed accordmgadrious criteria,
politico-economic or ecological; several attempasénbeen made in this respect
but often with limited applicability. The best @iton generally seems to be to
distinguish the ecotypes due to the fish faunagmtes

Concerning the waters of the Adriatic side of tloetimern Apennine, and
more precisely those of the basins east of therBattee last right tributary of the
Po, the following subdivision is made: zone of sest zone of salmonids, zone
of reophilous cyprinids, zone of limnophilus cypds, and zone of the mouth or
estuary® ( Zerunian, 1982).

¢ Zerunian, S. 1982. Una proposta della classifasidella zonazione longitudinale dei corsi
d’acqua dell’ltalia centro meridionale. Boll.Zood9:200
Turin, P., 1995. Carta ittica della provincia ddBsa. Provincia di Padova, Asessorato alla Pesca.



.1.1. Sources zone

This is the zone where underground waters comeetgurface.

It is characterized by a slight seasonal variationtemperature, low
content of dissolved oxygen, limited erosion andresrely poor nutritional
content. Consequently, biological colonization carse, with a prevalence of
algae sessiles and mosses.

Oxygen progressively increases, accompanied by itleeease and

diversification of both vegetal and animal commigsit

[.1.2. Salmonid zone

This zone is characterized by trout and an energetyime, typically
heterotrophic, that sustains a short food chain.

This part of the basin has a steep slope that asee the speed and
turbulence of the water, and, therefore, theredasked sedimentation erosion. The
river bed is therefore very inhomogeneous and theeemore coarse materials,
such as rocks and pebbles, than small ones, sushras and silt, which are
confined to the few areas of relative quiet, buteha short duration.

Riparian vegetation is composed of tree speciessehmots oppose
erosion and that, with their ample coverage, litfié development of the
autotrophic component. The water temperature is, lthe dissolved oxygen
content is very high, and nourishment is scarceis Tis mostly due to
decomposing exogenous vegetal material. The figtiep in the area include
trout and bullhead, whereas invertebrates inclullectors and filterers.

Going down to the lower part of the salmonid laglex area of the river
basin increases and with it, in relationship to hilag away, the amount of
nourishment. The vegetal coverage, still ample, fore variable, maintains,
however, the preponderant heterotrophism. As thdignt decreases the presence
of pools' and riffles becomes relevant, and the longitudiaatl transversal
morphological variability increases. All of thistise basis for the formation of a

large number of ecological niches that resulthalengthening of the food chain.

" A detailed description of conventional definitiohrunning water surface morphology is
reported in chapter 2.1.3.



In fact, there are various species of bugs, sonstraggods and shellfish, and,
sporadically, fish species of the lower layer, sashdace and barbel.

1.1.3. Zone of rheophilous cyprinids

This zone is characterized by the prevalence bbfiihilous cyprinidae
species, such as Dace, Barbel, Chub, Roach, Galmgesn, and Loach, a good
endogenous production, and, accordingly, well aldied food chains.

In this section with a gentle slope there is alyaiide river basin, which
results in a waterway with low speed, good flowdevriverbed and meandering
course. Therefore, there is a balance between satition and erosion, which
are however arranged differentially in a transvemssner. Around the bends, in
fact, water travels at an inhomogeneous speedghigh the external bend and
lower on the internal one, so that respectivelysiem and sedimentation occur.
The lithic materials are also arranged on a tranisgvgradient according to their
granulometry; this ranges in size from pebblesiltplsut most of this material is
stones and gravel, the so-called rheos. Thusptite of the river varies over time
and, especially after flooding, islands and brasabiesmaller water streams can
form.

The vegetal coverage is limited, considering thdtkviof the riverbed and
the effect the water has on the banks, which cawase# retreats from them, an
association of vegetal communities less and lesstamt to such disturbance.
Because of this there is a marked increase in ligat, together with the slow
speed, is the cause of a rise in temperature amdftite, thanks to the availability
of nourishment, mainly percolating from the widesipa a good primary
production both of micro and macrophytes. Thanks &b the extreme variety of
environments both biodiversity and biomass grovablyt and with them the food
chain lengthens.

Among the bentonic invertebrates, besides the atipuk already seen,
forms that will become dominant in the following/éat appear, such as bivalves
and hirudinea.

The fish fauna, apart from the species already imeed, includes a large

amount of trout, that descend for nutrition, aihe, ¢el as a super predator.



1.1.4. Zone of limnophilus cyprinids

This is the layer of choice for phytophilous cymioh species, such as
Rudd, Bleak, Carp, Italian nase, Tench and Perch, heterotrophic regime, but
able to sustain long food chains.

The slight inclination of this section together wihe great width of the
river basin provides large amounts of water witbhsa slow speed that, at normal
flow, it allows the sedimentation of finer lithicaterials, silt to be precise, to far
exceed the erosion. The quantity of silt in susjmeng such that, although the
width of the riverbed ensures an almost constapbsxre to the sun, its primary
production is limited. Therefore temperatures dgh land food chains are based
on consumption and, accordingly, the oxygen coritelaiw.

The hydraulic dynamics is partly similar to thattbé upper layer, so that
the river meanders. This meandering changes awvey, gspecially after flooding,
and leads to the formation of large dead brandiremyn as ox-bows that, despite
remaining in contact with the main course, contaagnant waters.

A peculiarity of this layer is the relationship miutual exchange of waters
between the river and the surrounding plain, knpwetisely as the alluvial plain.
The river, by depositing material continuously, mskts own territory to flow
through, which is precisely a plain of sediment enat. The amount of water
present and the slight inclination of the banksualty favour flooding onto the
surrounding land, at intervals that depend not amythe distance from the river
bed, but mainly on its own profile.

The destiny of these areas, known as “sweet daggsArvaries over time
according to the competition between subsidengacdl of sediment materials,
and the contribution of further deposits. The vagen is composed therefore of a
succession of vegetal communities less and lesstapsto the floods, typically
reeds on the banks, then softwood trees or shauu$, as willows and poplars,
and finally hardwood trees, such as ashes, elmks,arad hornbeams.

Therefore, there is a wide variety of environmehisited however by the
shortages of oxygen and light, that allow long fadins based on the debris,
composed of a fauna more or less resistant to nlogi@ As bentonic species
there are therefore collectors and filterers on ritkierbeds, and near the banks

gastropods, bivalves, shellfish, coleopters anddmrea. The fish fauna, besides



the typifying species already mentioned, includeme from the upper layer
superior, such as Chub and Roach, and Eel andaBikaper predators.

1.1.5. Mouth or estuary zone

This area represents the border between the riwktlee sea and as such
has intermediate characteristics of salinity, oxygmncentration, and fauna
levels, being characterized, in fact, by Flounded aMullet. However, the
characteristics of these zones cannot be consideradhnsitional between those
of the adjoining zones.

The effects of the two systems, basically antadg@nisn fact, produce a
great amount of energy that makes this a partigulaxuriant layer. Here are the
largest and most complete food chains seen savitr the proliferation of all the
nutrition levels.

The environment is characterized by a continuoutemand interface,
being the sum of the delta movement, due to flopdamd the effects of the sea,
very low beds and daily variations dependent ontidhess. In addition to this the
territories are flooded to varying degrees throwgttbe year, 'salty wet areas,’
that differ from the analogous territories upstreamty in salt content.

The land vegetation also here has a successiomaniges not only due to
its resistance to flooding, but also to the enuvinental conditions determined by
the sea and therefore, above all, to the salidityoth the land and the winds. The
aquatic vegetation is richly represented by hydilope macrophytes and by
algae both macro and microscopic.

Several forms of invertebrates are present suchivadves, gastropods,
shellfish, insects and cephalopods, such as QstilefThe fish fauna is well
represented, not only by Flounder and Mullet, Hsb &Needlefish, some species
of Gobiidae, Tooth Carp, Eel, and Gilthead, somealisesidents, and some

migratory with catadromous or anadromous biology.
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[.2. River continuum

Therefore, when passing from the source zones tifdse of estuary, the
lotic ecosystem sees a growth in productivity ogeaeral level, and particularly
for the fish communities, and an increase in thenlmer of species, biodiversity,
and the general biomass. The temperature and iontriévels of the water
increase, whereas the oxygen concentration decease

On a hydraulic level there is an increase in tlwvfl because of the
widening of the river basin and the confluence afjér and larger waterways,
which is accompanied, due to the reduction of taglignt, by a decrease in the
speed and turbulence, and therefore, also consgldhnie trend of the flow, an
increase in the width of the riverbed.

Concerning the transported lithic material, and-dfaee the type of bed,
the source-estuary journey sees a progressive tredum the size of the

particulate that ranges from rocks to silt.

II. Anthropic changes

Humans interfere or have interfered with the rikasin catchment system
causing physical modifications of the environmeagmical-physical changes to
the waters and qualitative alterations to the mafish populations, that, by
inserting themselves in the complicated system @tunal cause-effect
relationships, have moved the ecosystem towardspaévts of stable or unstable
balance and therefore, respectively and energhsti¢adv or kept high by external

flows, and have turned the fluvial continuum intdiscontinuurh

II.1. Hydraulic optimizing

These are all changes made to contain the wateesyg and thus gain

land for building or agriculture.

' Odum, E.P., 2001, Basi di ecologia. CBS ColleghliBhing. Piccin.
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[1.1.1. Rectification

This is done with the purpose of reducing the tiagetime of the waters
flooding the land and decreasing the erosion thaturs in a meandering
waterway.

Reducing the length of the river, gradient beingatghowever, causes an
increase in the speed of the water and therefagesater erosive force that is
exerted both by retreating upstream, with the ogmeet deposit of materials
downstream, and on the banks, thus causing lamdsbél varying degrees. Then
there is the separation of the river and the pesidll flood areas that, by storing
the water in excess, to release it gradually, dsa¢he magnitude of the floods.

In addition, the shorter time the water stays @ ¢htchment basin, on one
hand reduces its capability to purify itself andraases its general eutrophication,
and on the other it does not allow replenishmenthefaquifers, that in turn, so
impoverished, do not feed the water bodies in tiygpédriods, thus exasperating a
natural environmental stress and concentratingilplegsollutants.

The consequent reduction in the environmental ditxers reflected by a

smaller general productivity and a decrease irogiokl diversity.

11.1.2. Reshaping

This involves moving clastic material onto the bané strengthen them
and increase the capacity of the riverbed.

Hydraulically, the speed of the water is acceletatehich leads to the
consequences already seen for rectification, duthéoabsence of the braking
effect of the irregular bed. This, from a biolodigaoint of view, means
minimizing shelter areas and ideal areas for hylifops macrophytes.

Widening the bed section, causing, flow being egaoalumns of lower
water, increases stress conditions in times of gitbuln the long term there is

vertical erosion, which destabilizes once morestiagus of the riverbed.
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11.1.3. Riparian devegetation

This is done to limit the amount of trunks trangpdrby the flood water,
to avoid accumulation around bridge pillars, whare liable to yield under the
water's push behind the obstacle thus formed.

Again the long-term effect is deleterious becaisevegetation is able to
hold back the percolating water, limit the erostdrthe banks and slow down the
outflow of water.

Obviously, also this change, by monotonizing theiremment, and decreasing
shade and importing exogenous vegetal materiatrm@tes a reduction in biotic

complexity.

[1.1.4. Cementification

This is typically performed in combination with tiication in order to
safeguard the banks.

It is a further cause of increasing the speed ef whater. It physically
separates the riverbed from the surrounding batsaimost entirely cancels the

environmental, and therefore biological, diversityd decreases shade.

[1.1.5. Embankments

This is an extreme measure against river overflgiypical of the whole
limicolous area of the rivers.

It also increases the speed of the water duringditg with all the
implications mentioned, especially producing ernsithere it would not naturally
occur, as often unfortunately happens with cemieatibn and rectification.
Embankments are mostly responsible for separaliagMaterway from its basin
in an area where it is particularly extensive. Thauseries of modifications take
place. The general productivity of the waters ia ttiver bed decreases, because of
the lack of nutrient input due to washing away. Hearby wet areas disappeatr,
and with them, the associated buffer effect onwla¢er hydrographic regimes,



while the interfluvial basins, becoming the newlectiors of rain waters, change
from a regime of occasional flooding to perenniaasiping. Finally, the result is

to monotonize the environment and diminish the énatic complexity.

[1.1.6. Reclamations

Reclamation work was carried out between the endl8F0 and the
beginning of 1900 to dry up land that was marskatural or that had emerged
after making embankments, by the construction éfjlat network of drainage
channels.

As a result the water remains less time in thenhashich increases the
nutrition status and the danger for the receiviogrse in a water emergency. As

usual the environment and the living communitiesrapnotonized.

II.1.7. Dykes

Dykes were built to protect against longitudinadson due to the normal
roughness of the land or following previous rectifions, embankments or
excavations, or the presence of bridge pillars.

In the long term they produce marked erosion dowast and an
entrapment of the sedimentation materials, eveer fames, upstream. The latter
aspect has two important implications, it creategirenments typical of lower
altitudes at sea level and, by decreasing the duanit sedimentable material,
causes erosion in the estuaries.

Being generally built without appropriate implafs returning upstream,
despite a national law that was passed in 1931d@an1991), they represent a
barrier for the free circulation of animals, pretreg a lot of species from

reaching breeding grounds.



[I.2. Exploitation of hydrogeological resources

This has been done indiscriminately for centurRegulations, that can
still be circumvented easily, have been in placty @mce the 1970’s (Emilia
Romagna Region, 1980).

Exploitation by collecting rocks is combined witking water for energy.

[1.2.1. Dams

These are built for hydroelectric purposes or forisg water.

Besides producing the same effects as the dikeéxyrba large scale, they
are the cause of an unnatural and irregular flogimme, and, on a more than
annual basis, the devastating block transfer oftteeimulated muddy sediments.
They alter all the chemical-physical parameters tbé waters and the
microclimate, both of the basin in question, anakthadjacent, by the diversion of
their water resources.

Obviously, with by flooding the land, a drasticrtséormation of the native

habitat occurs.

11.2.2. Collecting the water resource

There is widespread collection of superficial araulf waters, for
irrigation, industrial use, or for the aqueductsl @ewerage systems essential for
human life.

Water is therefore returned to the water systemndtngam, sometimes a
few meters away, sometimes directly in the sea, clvhcontributes to
environmental drought. The chemical, physical amdolgical parameters of the

water is therefore modified, according to its use.

11.2.3. Excavating

Excavating can favor the navigation or flow of thaterways, but is are

more often performed to collect construction materi
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It produces a local solid deficit that is progressy redistributed along the
whole river section to achieve a new balance. Bezad the broken inclination,
the excavated section determines a regressiveoarasd a trap for inert material.
Downstream there is also erosion since the lackuspended material does not
allow sedimentation and increases the kinetic gnefghe water. The lowering
of the river bed also causes morphological changea transverse way that
canalize the section in question. Thus, theress ah increase in the speed of the
water, and erosion of the banks or the canalizatsafhf. As all changes that lower
the level of the bed, excavating makes the rivaming the seam, thus causing a
general drying out of the land, the loss of thefdririg capabilities against the dry
river regime and, in the coastal areas, the intrusif salty waters. Again the

environment is monotonized and the biodiversitgiminished.

11.3. Fish management

Human interest in fish changed, during the 190@&‘sm professional
fishing to fishing for sport, and from extensive fatensive breeding.
Repopulation is also important in the managemetttisfresource.

11.3.1. Fishing

Nowadays, professional fishing is confined to lakaed to some estuarial
areas, being mainly practiced in lotic environmdotsamusement purposes. This
has caused an increase in the number of anglers a®&trease in their quality,
and has extended their interest to ecosystemsqudyineglected.

The pressure of fishing, as well as its harmfulpbas therefore increased
to the point that, considering the current envirental conditions, few species
have the capability to maintain numerical homeastd$he problem is addressed,
without previously calculating the ‘ichthyogenet@pability' and the 'theoretical
fish productivity' (Gandolfi, 1991), by a series lafvs and regional regulations
governing the methods, methodologies, periods, tstleedules and areas of

fishing, maximum quantities, smallest sizes, anecgs that can be fished. The
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inadequacy of such provisions is reflected by thezessary and similarly
controlled repopulation.

11.3.2. Fish breeding

Fish breeding, in fresh or salt waters, open orrded) has been being
practiced for centuries to provide food. Sinceeghd of the 1800’s, there has been
a need to counterbalance fishing and, since thensebalf of the 1900’s, there
has been a need for fish for sport. These new deésnaave led to the change in
the production regime from extensive to intensind,awith it, the increase in the
environmental impact of such activities.

Intensive breeding leads to a food excess and vesgolarge amounts of
organic waste that influence the state of eutraglon of the receiving waterway,
the breeding plant itself is often realized by nfiyidg radically the natural
environment. Although the introduction and the dieg of allochthonous species
are restricted, they have often entered our bdmnause they escape by accident,
such as during flooding. Instead, sometimes une@sipecies have been bred and
introduced because they have been mistaken foydteg of other species. The
breeding conditions and exogenous origin of fisiyehsometimes favored the
introduction of several diseases. Finally, the dgnef fish can lead to a
concentration of substances harmful to humans, thekfore probably also to
natural predators.

11.3.3. Repopulation and introduction

Putting non-endogenous fish into free flowing wates defined by
Gandolfi (1991) as repopulation when it involvegoahthonous species and
introduction when it involves allochthonous species

The first documented case of this activity is ptapeahe introduction of
the Carp by the ancient Romans due to their registand growing capability in
comparison with the similar, and autochthonous eR¢ith the availability on a
worldwide scale of fish breeding, starting from #wd of the 1800’s, numerous
species have been added to internal waterwaysntaoily or not. Some of these,
having become acclimated, also with regards toetheronmental changes, have
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proven to be successful competitors, causing iredpp@a damage to the local
fauna. Since the 1970’s, due to the increase inadmuanvareness of the ecological
problems, introduction has been controlled andt&chito more or less rational
species. For instance, the herbivorous Carp, ifdapaf reproducing, has been
introduced into areas with high vegetal productaure to its diet.

Therefore, repopulation has become establishedchyhiowever, too
often, does not achieve its goal. The case of tteevB Trout is known, whose
repopulation, undertaken for a long time with mialeof Atlantic origin, has
caused the loss of high intraspecific biodiversdye to replacement and
hybridization. Repopulation is therefore inadeglyat®ntrolled and occurs in
vast areas of the native distributional area, oagain resulting in excessive
introduction, and without criterions aimed at eB#liing, according to the
characteristics of the receiving waterways, typésspecies, total quantity,
articulation of sizes, health conditions and seasond ways of introduction. The
general effect is an increase in the distributioagda and the consistency of
species wanted by fishermen at the expense of sotaed a diminution for

everybody of the state of health.

[1.4. Pollution

Pollution is defined as the change of chemical-p&ydbiological
parameters over the threshold levels for the seigiof living species.

As the collector of the waters present in the caht basin, the lotic
environment, concentrating in itself the sum of tleanges the waters have
undergone, is a system highly sensitive to orgaimotganic, radioactive and
thermal microbiological pollution. These factorsusa the consumption of
dissolved oxygen, toxicity, and the variation o gphysical characteristics of the
waterway. In a hypothetical natural environmensthperturbations are limited in
guantity, quality and diffusion and are easily maligable, as opposed to stress
produced by humans that is distributed over thelevteritory, and is continuous

and extremely various.
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[1.4.1. Urban pollution

This is mainly due to compounds of organic matsyialvhose
decomposition by bacteria into mineral salts ocourh the consumption of
oxygen. The mineral salts include nitrates, nigrigéd phosphates, the latter also
introduced directly being a component of detergentshich, as vegetal
macronutrients, are at the base of water eutropbizalhe algae that grow in this
condition further consume the oxygen and impedeptreetration of light, which
Is the primary cause of the death of the vegetatiamn sustains the food chains.
Due to the continuous depositing of decomposin@migmaterial onto the bed,
this also becomes anoxic. Sometimes the algae pedduic substances.

Further polluting factors are the by-products dfasid various inorganic
substances channeled by the rains into the sewgsjens that can produce
toxicity or modify the environmental physical chetexistics. The presence of
sewage is obviously accompanied by the developmentaintenance of various
kinds of pathogenic agents.

The environmental impact of urban liquid waste is&chngreater bearing in
mind that, for obvious reasons of public healthwage cannot be open, and

therefore self-purification cannot occur.

11.4.2. Agricultural-livestock pollution

Modern agricultural practice is based on the sultistiause of fertilizers,
pesticides and herbicides that, washed away byadine are quickly transported
by the system of channels, thus limiting environtaknself-purification
capabilities. Whereas for fertilizers the aforenmmmd point applies, pesticides
and herbicides, being poisons can have a direettedin the living species or after
biological magnification.

Instead, breeding produces pollution due to sewadepathogenic agents.
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11.4.3. Industrial pollution

This can be due to the discharge of some wasteuptsdtypically
inorganic, from manufacturing.

Besides substances that can vary the parameteratefs, such as Ph and
salinity, others have a cumulative toxic effecthgmlly cations of heavy metals,
and sometimes radioactive substances.

This is added to the discharge of waters used twlirg that, by
increasing the temperature of the receiving watgrwan favor the growth of
algae or upset the biological cycles of the animals

11.4.4. Overall effects on the aquatic fauna

The sum of the pollution stresses reflects on iitknosis at a biological,
genetic and ecological level.

The biological effects may be the change of theratign routes or
feeding and breeding patterns, a decrease in phggial functionality and an
increase in sensitivity to disease and death.

At a genetic level there are various mutagenic tamgogs, such as oil by-
products, various organic pollutants, or radioacBubstances.

Finally, a different ecological selection is madett rewards the most

tolerant species.

[1.4.5. General effects on the environment

The ineffectiveness of the regulations on pollutiorostly represented by
the Merli law, can be observed directly in the uora colors and smells, the
abundance of anoxic beds, foams and oil spillsfusifd turbidity, and

proliferation of algae.
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lll. Indexes of environmental quality

Evaluating the status of environmental quality isracess of comparison
between natural and anthropic factors in the aleseh@eal reference conditions,
since, especially in the Italian lotic environmertyvironments unaffected by

humans do not exist.

Therefore, empirical judgments formulated by theesis in this field
based on their accumulated experience are veryriango This occurs by an
automatic process that compares the degree oftyamied abundance of the
sample acquired from impressions of the river laade combined with past
experience. This process of elaboration of expeésnexpectations from the
environmental characteristics, and comparison \hih fished material, cannot
easily be standardized and applied generally, abtiigecause of the substantial
zoogeographic differences on a reference scaleceedio sub-regional, provincial
and sub-provincial level, which add to changeshi@ écological characteristics
along the course of the river, from upstream to mkiveam. The limitation of
these judgments, which are as reliable as the mexmer of the operator is

specialized, is therefore comparability.

There is, therefore, the need to rationalize thpréssion obtained after
sampling, by the use of quality indexes, which,doynmarizing the numerous
elements of a biological-ecological analysis, pdeviobjective and operatively

usable comparative terms.

Since a living organism reacts to the overall situaof the environment,
these indexes have to be representative of theteffalso synergic, of the various
environmental conditions. The chemical and/or ptaisapproach, therefore is
precise but informatively limited. Without continu® monitoring, it is also
ineffective against acute and sporadic alteratioihnthe environmental balance,

whose effects are shown instead by the living naslonger times.

The environmental quality is an extremely subjextmoncept since it
depends on the sensitivity of the considered osyasithemselves, so that not
even evaluations based on biological markers, asgenparticularly sensitive to

environmental changes, are exhaustive.
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The correct approach seems to be to assess themmental status by
biotic indexes, or based on internal relationshyiin the communities present,
since they are constituted by organisms that rdifferently to the sum of all the

influences that can occur.

The most immediate method is the calculation okediity indexes, that
summarize in a single number the distribution @&f itldividuals of every species
inside the community. These indexes, owing to thg they are structured, fail to
consider the single species in relationship tovétkie as a biological indicator.
Furthermore, biological diversity does not vary @ linear way with the
environmental stresses, so as to be able, fornostao increase to intermediate

levels of eutrophication.

Better informative significance is provided by thmmparison of
numerical relationships with the qualitative onelsatt exist within the

communities.

The first example in this sense is the so-callegrad@otic system
according to Kolkwitz and Marsson 190®&ased on the quantification of the
relationships among the different forms of existingcterial saprophytes. The
index, based on competition among the oxidizatioth f@rmentation processes of
degradation, i.e. the availability of oxygen, digtiishes four classes of
environmental quality: Polisaprobia where there antdy reductive processes,
Alpha-mesosaprobia where such processes are damiBata-mesosaprobia
where oxidation processes are dominant, and Olmob& where these are the
only processes detectable. The index has beersuenessful, also in relationship
to the numerous improvements, made in half a cgntdirwork by various
authors, aimed at increasing the accuracy of thglteethanks to the calculation of
the different weights for the indicative taxa. Thesmprobiotic indexes above all,
in the later formulations, are not only able to mfifg pollution, but also give
indications on its quality, due to the ecotypicalrigty of the numerous taxa
considered. Their drawbacks, however, include éfriousness of determining
the organisms in question and sensitivity, notdated, towards morphological
differences, both anthropic and natural, of therhasd thus the evaluation of the

environmental quality is limited to the pollutingactors and distorted by

JWashington H.G., 1982. Diversity, biotic and simily indices. A review with special relevance
to aquatic ecosystems.
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hydrogeological ones. The biggest drawback, howeiethat of considering
pollution and oxygen consumption as directly propoal, thus neglecting the

ecological differences in the various areas of eemeay.

These issues are addressed by the extended bidag (EBI). By using
different systematic categories of macrobentonigeitebrates, but always
rigorously higher than the genus, it is extremetgctical and comparable in
different geographical conditions. The taxa in gwesare grouped according to
their sensitivity to the drop in oxygen concentrati and the environmental
quality is determined by the most sensitive taxmsent. The existing ecological
differences, precisely of the river continuum, atite anthropic changes
overlapping them are assessed by parametering eéterndning taxa to the
number of systematic units that represent it, anithé¢ number of total systematic

units. The final judgment is deduced thanks toatwessible tables.

Elsewhere as a source of information for the evaloaof the lotico
environment quality the fish community is used,tas a repository, among the
different biological conditions of fresh water, @fwider range of information, in
the time-space dimension, and is more integratiut) regards to the synergic
sum of the existing ecological factors.

In the scarce literature on the subject the ‘Gshlity index’ that has been
the most successful is surely the ‘index of biatiegrity’ (1.B.1) by Karr et al.
(1989). It is based on the analysis of deviationtwelve parameters, of the
sample observed from an ideal condition. For evepogeographic and
hydrological condition the reference model is dedliby the analysis of similar
environments that have not undergone anthropogaranges or where these are
marginal. The parameters, mostly with a qualitatiVeracter, include species
array and the abundance of taxa sensitive to emwiemtal variations, the
articulation of nutrition levels and the abundanaed the state of health of the
sample. The final judgment, made by adding the ¢oetbscores to the deviation
from the reference values, puts the sampling staitiwo one of six possible

gualitative categories that go from excellent t® d@bsence of fish.

This method also has a fair predictive capabilynce depending on the
parameters under analysis, we know what to expeunt €ertain hydrogeographic

conditions.
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In fact the good rationale of this method led te ¢haboration of many son
indexes in many countries. Often the best metiickd used were established
according to judgement of expert operators, leaveligbility under subjectivity
dominion even though these methods could work finethat sense the best
modified Indexes of Biotic Integrity are those eledited in thd~AME (Fish-based
Assessment Method for the Ecological Status of gema Rivers) PROJEET
which are valid for many European ecoregions.

The results of FAME research are by the way inapplie in the Italic
ecoregion, first of all because biotic metrics ugkab. 1.5, seem not to be useful
in order to describe variability of italic freshweaffish fauna; in fact it has limited
trophic specialization, is mostly composed by paidromous species and is not

well statistically distinguished in terms of tolace to anthropic disturbance.

European Fish Index — metrics list

Trend of reaction
Trophic structure towards pressure
1. Density of insectivorous species l
2_Density of omnivorous species T
Reproduction guilds
3. Density of phytophilic species
4_Relative Abundance of lithophilic species
Physical habitat
5_Number of benthic species
6. Number of rheophilic species
Tolerance to disturbance in general
7. Relative number of infolerant species
8_Relative number of folerant species
Migratory species richness
9_Number of species migrating over long distances
10. Number of potamodromous species

Table 1: Biotic metric list of the European Fisldénx

Moreover, to define reference condition, FAME indexrequired sites
with low anthropic disturbance; with the exceptmfmrmountain catchment basins
area, this condition is not met in Italy were thesrs are relatively short and the

density of human population is high.

X The FAME GROUP, 2005. Development, Evaluation emplementation of a standardised
Fish-based Assessment Method for the Ecologicali$te#f European Rivers (FAME).
http://fame.boku.ac.at/

- The FAME GROUP, 2005. A standardized presentation.
(http://fame.boku.ac.at/downloads/Final_presentati®b2005.pdf)
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11.1. Water Framework Directive

The Directive 2000/60/EC of the European Parlianzart of the Council
of 23 October 2000, also known &J Water Framework Directivd WFD),
establish a framework for the Community action etev policy.

This directive is an answer to “the increasing dednay citizens and
environmental organisations for cleaner rivers dakes....... recently been
reconfirmed by a representative opinion poll (Eammeter) in all 25 EU
countries. When asked to list the five main envinental issues that Europeans
are worried about, averaged results for the EU2%vsthat nearly half of the
respondents are worried about “water pollution” 97 with figures for
individual countries going up as far as 71%".

“The Water Framework Directive (WFD) aims to prdted] European
waters (inland surface waters, estuaries, coastlens and groundwater). Under
the Directive, Member States are obliged to preverther deterioration and to
enhance and restore the status of aquatic ecosgs@snwell as terrestrial
ecosystems and wetlands that directly depend oatagecosystems. The purpose
is to achieve “good ecological and chemical statby’2015.

For the first time an EU Directive has addressed anly the chemical
aspects of water protection but also its ecolog@spects, such as flow regime,
composition and abundance of aquatic organisms Bits means, for example,
that the WFD will help rivers to function like rige instead of being mere
transport canals, as they have become in many pHriSurope. The Directive
thus promotes integrated river basin managemeransidering the balanced use
of all waters draining into a single point from thdls to the sea - as the most
efficient way to achieve sustainable water uses,Tihiturn, requires coordinated
planning for using land and water resources witthie entire river basin covering
all surface, coastal and ground waters as wellasluse activities™

The implementation of this directive requires irtigegion methods for
assessing ecological status of surface water by bmlogical quality elements:
phytoplankton, macrophytes and phytobenthos, benthiertebrate fauna and
fish fauna.

M http://ec.europa.eu/environment/water/water-fraprdoverview. html
N http://www.eeb.org/press/2005/Big-Jump-PR-140766.p
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Chapter 1. Aim of the thesis



The objective of this thesis is to construct theassary background an
assessment method for the assessment of the eamdlogfiatus of surface
freshwater, based on hichthyocenosis and in abseheexdamaged reference
condition.

In order to do that, the following points have béeneloped:

determination of a protocol for data imputationecking and reporting,

designing of a relational database containingi®ianhd abiotic sampling
data and geomorphological and human pressuresotbaration of survey sites,

building of a model without a priori assumptiomgiich could represent
direct association between registered metrics fesessment of the abiotic
variables which are determinative and sufficienéxplain variation in biological
factors,

creating a previsional model to quantify the intpat anthropic and
geomorphological factors on biological variables.

The choice of river fish fauna increases sensyb#igainst acute stress
because of long‘environmental memory” due to pluriannual life cycles;
moreover, fish fauna occupies highest trophic kevel lotic food chain
summarizing and integrating effects of factors, asfdinteractions between
factors, inciding on streams.

Lastly, fishes are, for sure, emotively closer éople than phytoplankton,
macrophytes and phytobenthos or benthic invertelfieatna and therefore seem
to be the most useful cenosis to make public opiaiware to river problematics.
It's also true that, between all possible lotic @&s, fish fauna is maybe the
hardest to be sampled because of complexity inucagt sorting and measuring
every single individual without precluding its hialthis can be translated in 2-3
sites surveyed per day by 6-9 expert operators imprkogether. Moreover
duration of data processing can grow until 1surdesige per day.



Chapter 2. Materials and methods and study area



2.1. General remarks

The data on which this study is based consists6afurveys of the fish
fauna of the Adriatic basins of the northern Apeaesibetween that of the Reno to
the east and that of the Uso to the west performeah 18-year period in the
provincial territories of Bologna, Ravenna, Forkgena, Pistoia and Florence;
altogether 279 sampling stations have been explaret 79,399 animals have

been analyzed.

2.1.1. Sampling

The sampling stations have been explored for aleegual to at least ten
times the width of the wet riverbed. The only limg factor in the choice of the

section to sample is its accessibility.

2.1.1.1. Electric stunner

To capture of the fish an electric sturfhevas used. This tool was
composed of a landing-net (positive pole), a "taigative pole), a control panel,
and a battery that is worn on the back of the eams a simple backpack in
fordable waters and on a boat in the others.

The function of this instrument is to create arceile field that attracts the
fish and stuns them; the fish are in fact sensitivthe difference in potential and
within a couple of meters they are attracted byahede that they swim towards
with involuntary movements. Sensitivity to the etexcfield is proportional to size
and the largest fish are easier to catch than medimed or smaller ones.

Depending on the river conditions different typéslicect current are used
with a potential difference of 150 -200 V power 2B0and intensity of 15-25 A
and/or 35-100 impulses/s with a potential diffeeeraf 300-600 V and 5-10
KW/impluse. For example, in case of great massegatér or cement banks there
is a great dispersion and therefore a greater muremd higher impulse

frequencies are used.

° Electric stunner 1G200/6 by SCUBLA AQUACULTURE



The electric stunner, which enables fish to be bauga short time and
does not harm the animals if correctly used, igprasent thought to be most

efficient means for surveying the fish fauna.

2.1.1.2. Survey of the fish data

Once captured the fish are maintained in tanks evkiee introduction of
oxygenated, fresh water from the river is providgda current generatband a
pump systeth The animals are anesthetized, to limit damageingur
manipulation; currently 2-phenoxyethanol (0.25 k™lused, which is less toxic
than the MS222, previously used. Anesthetizingdaptured animals facilitates
recognizing species, measuring (with an approxmnatio the millimeter),
weighing (with an approximation to the @), evalogtihealth, and taking
photographs, while respecting their individual grity.

At the end of the data acquisition phase, thedighreleased back into the
river, but not before stabling them again in tamkith a water circulation to

enable the resumption of voluntary activities.

2.1.2. Photographic survey

Besides counting and measuring, the fish are phapbgd. The samples
are fully stretched out, without overlaps, groupeid species, with millimetric
reference scales and the abbreviations used forspleeies and the sampling
nearby (identified by the code name of the rivemplace-name, the date and
progressive number of the sampling itself).

The photographs can be used to check the correctfethe data in the
data allocation phase, thus determining by comag@rimage analysis, standard
length (from the tip of the face to the insertidrttee caudal fin), total length and
height. For this type of analysis Leica equipmentsed, model Q500IW, with a

semiautomatic program.

P Generator SX2200 by MASE GENERATORS S.p.a.
9 Single-Phase pump DOC3 by LOWARA



2.1.3. Survey of the physical and environmentahpeters

Detailed information, both morphological and phgsi@about the sampling

station and the surrounding environment are catedb have a profile of the

environmental complexity.

An appropriate standardized form shows:
date
duration of the sampling in hours
length and width of the waterway section examinedsared (+ 0.01 rh)
altitude above sealevel (+ 1)
geographical coordinates expressed in the refereygtem WGS 1984 UTM
Zone 32N (+ 1 nd)
temperature of the air (+ 0.1 °C)
temperature of the water (+ 0.1 ¢C)
ph (x0.01)
conducibility (+ 0.01 mS /cnf)
overall solids dissolved (+ 0.01 PET)
soft or thin status
flow of the current, assessed by timing a vessatrtss a fixed section of
waterway (usually 5 meters) through a measuredosect
percentage of waterfalls (drops greater than okfemn height)
percentage of small falls (between 0.5m and 1 meteeight)
percentage of cascades (less than 0.5m meterghthei
percentage of riffles (sections of waterways wittrorsg ripples and
turbulence)
percentage of pools (waterways with holes, deefgasavith slow current)
percentage of runs (sections in which the surfdate water does not have
ripples and the depth it is constant)
percentage of rocks (lithic material with a diameteove 350 mm)
percentage of boulders (lithic material with a deden between 100 and 350

mm)

r
S
t
u

measured with laser equipment DISTO CLASSIC byQAl
measured with GPS ETREX by GARMIN

measured with HI98128 by HANNA INSTRUMENTS
measured with HI98312 by HANNA INSTRUMENTS



- percentage of pebbles (lithic material with a disandetween 35 and 100
mm)

- percentage of gravel (lithic material with a diaerdietween 2 and 35 mm)

- percentage of sand (lithic material with a diameteder 2 mm that sediments
in a short time)

- percentage of mud (lithic material with a diameteder 1 mm with long
sedimentation)

- composition percentage of the vegetal coverage

- composition percentage of the aquatic vegetation
percentage of shade, where the sections of rivénarshade for most of the
day

- abundance of shelter areas, expressed as the tageeof the banks with
areas of shelter.

- elements of human influence, such as transverseufactaored articles,
reshaping of the river bed cementification of thver bed, discharges, works

of water abduction, fords, yards, quarries, roads.

2.1.4. Laboratory technique

Around 4 scales, a little above the lateral linarrthe dorsal fin, of some
samples are collected and stored in water.

The scales were analyzed to determine the indiVialyes of the fish.

A portion of medial pelvic fin was sometimes remyvand preserved in
70% alcohol, for subsequent molecular analyses.



2.2. Study area

The study was performed in Adriatic catchments loé hortheastern
Apennine, specifically in the Padano-Venetian distof the Italic ecoregion.
Exactly 279 survey sites, all distributed in waleds of rivers Reno, Lamone,
Fiumi Uniti, Savio Rubicone and Uso, were invesiga

2.2.1. Geomorphological and land use data

Geomorphological and land use data were extractety ESRI software
ARCGIS 8.2, CRWR software Arc Hydro Tool 1.1 beta5000 and 1-10000
topographic magsand CORINE Land Use thematic méps

The following is a list of the performed steps:

Georeferentiation of the survey sites,

Building of a TIN, for the study areanere TIN is ari‘acronym for triangulated

irregular network. A vector data structure that fiions geographic space into contiguous,

nonoverlapping triangles. The vertices of eachnglie are sample data points with x-, y-, and z-
values. These sample points are connected bytlinesm Delaunay trianglé’é(,
Building Aspect and Slope GRID with a cell size50im;where GRID isan

ESRI data format for storing raster data that deingeographic space as an array of equally
sized square cells arranged in rows and columnshEzll stores a numeric value that represents
a geographic attribute (such as elevation, slopaspect) for that unit of space. When the grid is

drawn as a map, cells are assigned colors accordmgheir numeric values. Each grid cell is
referenced by its x,y coordinate locatidh”

Digitalization of an hydrographic network,

Calculation of aspect and slope for sampling sitsiag aspect and slope
GRID and the hydrographic network,

Watershed delineation of survey sites with Arc Hydiool and manually
correction of the outputted SHAPEFILE in the plaione to fit embankments;

where SHAPEFILE is “a vector data storage formatstoring the location, shape, and attributes

of geographic features”,

Y CTR: Carta Tecnica Regionale, courtesy of AutatitBacino del Reno, Provincia di Ravenna
and Provincia di Forli-Cesena

" CORINE Coordination of Information on the Enviroant;, courtesy of APAT Agenzia per la
protezione delllambiente e per | servizi tecnici

* From GIS Dictionary,
http://support.esri.com/index.cfm?fa=knowledgebgis®ictionary.gateway



Extraction of land use data for delineated wateatstand for upstream half
areas with 2 km radius and centres on survey sites.

2.3. Data inputting, checking and reporting

Data from every sampling event were digitalizedhwMicrosoft software
Excel 2003.

To prevent inputting errors, for each species, ispet natural logarithm
of the length was plotted against natural logaritsfrthe weight using SPSS 15.0.
Data outlying 95% Individual Prediction Interval reethen checked. One
example plot is shown in Fig. 1.

5,75= In(Lt(mm)) = 3,89 + 0,32 * InWg Linear Regrfe;sion with -
R-Square = 0,97 95,00% Individual Prediction Interval

550=

525=

In(Lt(mm))

5,00=

4,75=

I I I
3,00 4,00 5,00

In(W(9))

Fig. 1: log-log plot of specimen length (Lt) in fiileters vs weight (W) in grams. Red dots are
measured data, black lines are linear fit regredéi@ and lower and upper bounds for the
prediction interve.

For each sampling event, automatic data reportiag wbtained using
Microsoft Excel database functions and a macratevriin Visual Basic language.
This procedure reduced elaboration time and erfong. example report is shown
in Fig. 2.



Catture:

Stime:

Stime di densita:

Catture percentuali:

10

Codex numeriche (N) numeriche (Ns) numeriche (Ns/mq) numeriche (%N)
Date ponderali (W) ponderali (Ws) ponderali (Ws/mq) ponderali (%W)
Survey site

Toponim

R 203 0613 Pletraparza 450
Zona operativa |3/62003
. Firf=rtr o Firtrapamra 457
Coordinate L Ooteys-Fonte def Fagio
. . wallz el pontz
Regime gestlonale—‘ 327 0732501
. Uk 45E1 612
Bacino

ZPS1 M2 Kil 'Sirshatenza s Pisraazs"
Fiuni Uniti
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H w] [ns Wo| [ Hamg  waimg | [C=m ww |
barbo EP R ¥ 4 aray Gy
vairone 8 728 RIS [ 1 1888 2217
E] 473 14 728 20z 0s EXER

Somme tiota ; ; .
\ 100 272 a0z 529 [ o ‘

Densita ponderale

Tempo dall'inizio del’anno /

Altitudine

B4 uo 0445 ari

sLperce
Vircherrs
larghezza n eda
=H

Dimensioni stazione

Ltem) berko “rota wairore.

Numero di classi da 1cm

Indice di biodiversita

roccia scaperta (%)

- - (%) 5
aig o non vuote
Indice di dominanza - T . clotli (%) 40
ghiaia (%)
E 2 ‘5 7 sabbia (%)
N . fango (%) 13 . .
Indice di strato 3 el | 0| |m oo () Quadro riassuntivo
5 5 : a ] parametri ambientali
H - 4 <3 saltelli (%)
7 2 1 ‘0 rifle (%) 27
3 1 7 pool (%) 62
T z - ] un (%) 11
1 - ? . . .
2 2 vegetazione dominante salici pioppi Distribuzione
N vegetazione presente erbacee -1
g : : = ety 10 - lunghezza- frgquenza
2 - B vegetazione acquatica alghe verdifilamentase complessiva
L 2 2 20ne di rtugio. moto abboncant per classi di 10 cm
: rami X
canne .
- mass| Distribuzione
- antropizzazione praserts _ lunghezza-frequenza
- briglie invalicabili COmpleSS|Va
- a captazioni A
- scarichi per classi di 1cm
- livellamento dellalvec
- riva dx artificiale
rtificials . . . .
- T o Distribuzioni
- lunghezza-frequenza
- specifiche

L per classi di 1cm

Fig. 2: example report of sampling event data.



2.4. Database designing

Large amount and lack of omogeneity data (sampl&itkand abiotic and
geomorphological and land use) needed a relatidai@base to be designed. To
accomplish this aim, Microsoft software Access 20@3 used.

This database was structured with 278 fields and tiables (Fig. 3):

Environmental data of survey sites,

Environmental data of the sampling events,

Ichthyological data,

Species autoecology.

=181

Jj File  Modfica  Visualizza  Relazioni  Shumenti Finesta 7 i - Digitare una domanda, .8 X

DEER 7 19 P 8 X B a- e

Note codice stazione ddipess  |Z]| ALITOE
Controllo i sl
Note Controllo ‘cu;:, ztazmn id
Corpo Idvico - - Hrel
Note Corpa Idrico o ca;”DO sigla
Mome Locals Corso d'acqua & oacenuom vorazions
Mote Mome Locale Corso d' fakie acazara numen
Lipo ok bEncs auto-allactono
Tipa calcolo strumento livello_trofica
TIPG_CALCOLO_MUM thB strument livello_trofico_nui
apo
Moke tipo T gregario
id MENTI
Tronconi oo R = R fondo
. codice stazione Fota d
B Traeon, Mote codice stazione te fok ol
latitudine CTR 1 e fow famiglia
Codice nuovo C1jCz
Mote |atiudine CTR, "
Noke Codice nuovo note C1/C2
longitudine CTR. Hyperlink
Note longitudine CTR. spece
Mote Hyperlink. Classe
quotak TR campionamento k
Mote quota CTR. o z il
it TR lhate campionamento (]
e CAMPIONAENTO_SIONG! nate Lt(mm)
Mote distanza CTR .
denza CTR. =l FERCHS w(g)
Lol Codice cartaceo note Wig)
Note Cadice cartaceo marcatura
Data noke marcatun
Hote Data o4
Zona note @ &
hote Zona patologie
regime di pesca niote patalogie
regime calcolo NOTE
REGIME_CALCOLO_MUM note NOTE __v_l
Mote regime di pesca —
Posizione
Mote Posizione _'_I

N o

Fig. 3: relationship between tables of the database

Metric values calculation was obtained with 10 gr®of nested queries.
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2.5. Statistical analysis

An exploration of conditional association of 50 imltes was carried out
with Log-linear model analysis as implemented irSSAQ software.

The observed direct associations were then repesersing Netica 1.12
software in a causal Bayesian network; that isected acyclic graph with causal
relationships.

Netica was also used for training the network witie observed
distribution of data probabilities for each depertdeariable given values of its

associated parent variables.

2.5.1. Log-linear model analysis

Log-linear analysis investigates conditional rielaship between discrete
variables, all treated as response variables.Harawords, that kind of approach
can explain the association of two variables by meaf an eventually stronger
association with a third variable.

This analysis models the natural logarithm of cellnts in contingency
tables as linear function of the effects of varsbhnd their interactions.

In a three variable system the full saturated fegr model is:

log(mi) = A + A+ )\jY F A+ )\inY W )\jkvz + )\iijYZ

where:
“m” is cell count,
“)\” are the parameters to be estimate,
“"=1...1, “j"=1...J, “k"=1...K are the levels of the dagorical variable.
Parameters are estimate by the maximum likelihddd) (method, the
more they differ from zero, the more the assoamttbey refers is strong;

furthermore positive values indicates positive elation and vice versa.

Y SAS Institute.
? Norsys Software Corporation.
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In the present work the Poisson distributions ef ¢kll counts were used,
and a Delta correction factor of 0.01 was addedbserved counts for algorithm
convergence; a significance level of 0.05 was ano®bserved zeros were treated

as sampling zeros.

2.5.1.1. Variable categorization

Continuous variables were categorized in orderdcabalyzed with the
Log-linear model limiting sampling zeros in contmgy tables. The ranking
methods were selcted on the basis of a rationadatar distribution

In the last case:

data with symmetric distributions (skeweness<|Hyengrouped in three
subsets with that including 68%o0f the observatisribat including median value,

data with asymmetric distribution (skeweness>|l¢yengrouped in two
subsets with that including 68%o0f the observatisribat including median value,

data with positive parabolic distribution were goed in two subsets either
having 50% of the observations,

data with evident polimodal distribution were gredp observing

histogram plots shape.

2.5.1.2. SAS language macro

The exploration of a large amount of variables ngpassible to be
performed simultaneously principally because ofiked of big amount of data
(x"" possible combinations for n variables having x estatand software
limitations (actually a maximum of ten factors). Dwercome this problem a
macro written in SAS language was utiliZéd his macro explores association for
every possible couple of variables, then significassociations are tested
introducing all possible thirds variables and wlasociation is still maintained,

by the addition of all possible combinations ofesthouple of variables.

# Courtesy of Davide Luciani, Unit of Clinical Knogdge Engineering, Laboratory of Clinical
Epidemiology, Mario Negri Institute for Pharmacalsy Research, Bergamo, Italy.
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2.5.2. Bayesian network

Probabilistic graphical models are graphs in wimobes represent random
variables, and the lack of arcs represent conditiomdependence or, that is the
same, in this kind of graphs a node is indepenaénts ancestors given its
parents. Introducing directionality in arcs followi causality and time priority
criteria, produces a Bayesian network which candesl to fit data and provide a
compact representation of joint probability distitions. The process of learning
from data produces a table (CPT or Conditional Ribdly Table), which lists the
probability that the child node takes on each ef different values for each
combination of values of its parents.

In the present work the EM (Expectation Maximizajialgorithm, as
implemented in NETICA, was used to find locally iopdl Maximum Likelihood
Estimate of the parameters.

In case of node with a great number of parentspbserved data could be
not enough to represent all possible state combimathaving not all probability
values calculated.

When this situation was found, probability valuesrev calculated using
NETICA functions “Normal Distribution” for nodes i more then two states
and “Noisy-Or Distribution” for dichotomic nodesafmeters for this functions
were calculated, disregarding interaction betwesment variables, using multiple
linear regression, carried out with the PROC GLMItof SAS, for Normal
Distribution and using observed probabilities cites combinations, calculated
with the PROC FREQ tool of SAS, in 2X2 contingertebles for Noisy-Or
Distribution.
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Chapter 3. Results



3.1. Survey sites

Distribution of survey sites across the study atsalrographic network

and delineated watersheds are shown in Fig. 4.

Fig. 4: study area: black dots: survey sites, bhes: hydrographic network, red lines
delineated watersheds.

The study area results of 5983 square km, the QA% sites altogether having

an altidudinal distribution ranging from 2 to 10@0above the sea level.

3.2 Extracted metrics

Metrics calculated are 50 and they are reporteld alibreviations in square
brackets in the following list:
Environmental Variables of the Survey Sites:
Geomorphological:

Elevation [ELEV],
Watershed Area [AREA],
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Local Slope [SLOPE],
Local Aspect [ASPECT],

Land Use:

Agricultural Zone Percentage Richness [AGRI],
Urbane Zone Percentage Richness [URB],

High Anthropic Impact Zone Percentage Richij#éb],
Agricultural Zone Local Percentage RichngsSR_BUF],
Urbane Zone Local Percentage Richness [URB_BUF],
High Anthropic Impact Zone Local Percentage

RichnesgIND_URB],

Local Environmental Variables of the Sampling Bven

Hydrogeomorphological:

Fall Percentage Richness [FALLS],

Small Fall plus Cascade Percentage Richness
[CASC],

Riffle Percentage Richness [RIFF],

Pool Plus Run Percentage Richness [PO_RU],

Exposed Rock Percentage Richness [ROCK],

Boulder Percentage Richness [GREAT],

Pebble plus Gravel plus Sand Percentage

Richnesg§MEDIUM],

Mud Percentage Richness [MUD],

Fish Fauna Refugia Percentage Richness [SHELTER]
Instant Discharge [DISC],

Shading [SHADOW],

Anthropical:

Fishing Management [ZRF_N],
Dike Presence And Position [DYKES],
Channel Alteration [ALTER],

Chemical-Physical:

Time:

pH,

Conductivity [COND],

Overall Solid Dissolved Abundance [SOLID],
Temperature of the Water [TH20],

Season,
Duration,

17



Biological variables:
Populating Variables:

Shannon & Weaver Evenness Index [$H]
Autoecological Tendency [ID9%]

Total Weight Density [dW],

Number of 1cm Sizes [SIZES],

Allochthonous Specimen Percentage Abund§ateOC],

Trophic Level Variables:

Percentage of Predators 8f Revel [PER_P2],
Percentage of Predators fllevel [PER_P1],
Percentage of Omnivorous_Predators [PER_ONP],
Percentage of Omnivorous [PER_ON],

Percentage of Omnivorous_Erbivorous [PER_ONVE],

Specific Level Variables: Number of 1cm Sizes of

Alburnus alburnus(De Filippi, 1844), common name:

bleak[AL],

Barbus plebejugBonaparte, 1839), common name: Italian
barbel [BA],

Carassius auratus (L ., 1758), common name:
goldfish[CS],

Cyprinus carpio (L., 1758), common name: carp [CP],

Leuciscus cephalu4 ., 1758), common name: chub [CV],

Chondrostoma genéBonaparte 1839), common name:
south European nase [LA],

Pseudorasbora parvéSchlegel, 1842), common name:
stone morocco [PRB],

Rutilus rubilio (Bonaparte, 1837), common name: lItalian
roach [RV],

Salmo truttdl., 1758) subspecie trutta morpha fario,
common name: brown trout [TF],

Leuciscus souffia (Risso, 1826), common name:
telestegVA].

®® SH = 3 (n/N*In (n/N)); where i = an index for the i-esim species;mumber of individuals
within a species, N = number of individuals presarthe entire sample.

cc IDS = ((n(S)*1+n(CR)*2+n(CL)*3+n(MOU)*4)/(n(S)HER)+n(CL)+n(MOU)); where n(S) =
number of specimens with salmonid autoecology, n(€ERumber of specimens with reophilous
cyprinids autoecology, n(CL) = number of specimetth limnophilus cyprinids autoecology,
n(MOU) = number of specimens with mouth zone auttmyy
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3.3. Loglinear analysis

The loglinear analysis of variable association pagormed separately on
three subsets differing for the kind of biologicaletrics that were used:
Populating Variables, Trophic Level Variables ame&fic Level Variables.
Tables 3.1., 3.2, and 3.3. show analysis resultstte three subsets, only
associated variables being reported.

Subset 1: Populating Variables
Estimate ProbChiSq Significance Estimate ProbChiSq Significance

ELEV EXTEN -0.63 0.000 A URB IND_BUF 1.93 0.000 A
ELEV SLOPE 0.38 0.000 pel URB SHELTER 2.10 0.003 e
ELEV AGR -0.59 0.020 P URB SOLID 2.22 0.008 A
ELEV IND -1.16 0.000 A URB ROCK -1.41 0.002 A
ELEV URB -1.20 0.000 pel URB MUD 1.65 0.001 be]
ELEV URB_BUF -0.49 0.002 A URB CASC -1.98 0.000 A
ELEV IND_BUF -1.67 0.000 A URB sh 0.98 0.000 A
ELEV SOLID -1.89 0.000 pel URB IDS 1.11 0.000 e
ELEV MUD -0.83 0.003 a URB dw 1.51 0.000 A
ELEV FALLS 1.63 0.002 A URB ALLOC 1.69 0.000 A
ELEV CASC 1.42 0.000 pel URB_BUF IND 1.64 0.001 e
ELEV sh -0.52 0.000 A URB_BUF IND_BUF 1.61 0.000 A
ELEV IDS -0.68 0.000 pel URB_BUF sh 0.46 0.000 e
ELEV dw -0.33 0.027 I URB_BUF IDS 0.39 0.000 e
ELEV SIZES -0.29 0.022 P URB_BUF dwW 1.45 0.000 A
ELEV ALLOC -1.23 0.007 pel IND_BUF ZRF_N 1.22 0.008 e
EXTEN  SLOPE -0.32 0.000 pel IND_BUF sh 0.46 0.001 e
EXTEN IND 2.00 0.000 A IND_BUF IDS 1.52 0.000 A
EXTEN URB 1.42 0.000 pel IND_BUF ALLOC 1.96 0.000 e
EXTEN  URB_BUF 0.95 0.000 A ZRF_N sh 0.12 0.000 A
EXTEN  IND_BUF 1.28 0.000 A SHELTER ROCK -2.08 0.010 By
EXTEN ZRF_N 0.22 0.000 pel SHELTER CASC -2.19 0.007 e
EXTEN  sh 0.58 0.000 A SHELTER ALLOC 2.62 0.002 A
EXTEN IDS 0.62 0.000 A SOLID IDS 211 0.003 A
EXTEN  dwW 0.54 0.000 pel SOLID ALLOC 1.79 0.011 J
EXTEN  SIZES 0.40 0.003 A ROCK FALLS 1.43 0.020 By
EXTEN  ALLOC 0.88 0.000 A ROCK CASC 0.97 0.031 By
SLOPE AGR -0.36 0.032 iy ROCK dw -2.33 0.027 J‘
SLOPE IND -0.51 0.000 A ROCK ALLOC -2.16 0.005 A
SLOPE URB -0.76 0.000 pel MUD CASC -1.27 0.020 B
SLOPE URB_BUF -0.60 0.000 pel MUD ALLOC 1.88 0.000 be|
SLOPE  IND_BUF -0.52 0.003 A FALLS CASC 3.68 0.001 A
SLOPE  SHELTER -1.05 0.000 pel CASC ALLOC -2.94 0.005 be]
SLOPE ROCK 1.16 0.000 pel sh IDS 0.57 0.000 be|
SLOPE  MUD -0.73 0.021 P sh dw 0.45 0.000 A
SLOPE  FALLS 0.84 0.017 iy sh SIZES 0.41 0.002 Be|
SLOPE  sh -0.27 0.000 3 sh ALLOC 0.81 0.000 A
SLOPE IDS -0.38 0.000 A IDS dw 0.32 0.035 By
SLOPE dw -0.49 0.000 pel IDS SIZES 0.33 0.007 e
SLOPE  ALLOC -0.90 0.000 iz IDS ALLOC 1.45 0.028 By
AGR IDS 0.57 0.026 & dw ALLOC 0.56 0.017 J
IND URB 3.68 0.000 pel

IND URB_BUF 1.80 0.000 3

IND ZRF_N 0.74 0.002 A

IND SHELTER 3.06 0.006 pel

IND SOLID 2.15 0.019 &

IND sh 0.85 0.000 pel

IND IDS 1.02 0.000 pel

IND dw 0.95 0.000 A

IND ALLOC 1.52 0.000 J

Tab. 3.1: loglinear analysis for subset with popotavariables: estimate is the value for the
LAMBDA parameters, ProbChiSq is the value of the €juare testl represents 0.05
significance leveld represents 0.01 significance level.
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Subset 2: Trophic Level Variables
Estimate ProbChiSq Significance Estimate ProbChiSq Significance

ELEV EXTEN -0.63 0.000 A URB IND_BUF 1.93 0.000 A
ELEV SLOPE 0.38 0.000 pel URB SHELTER 2.10 0.003 ie]
ELEV AGR -0.59 0.020 I URB SOLID 2.22 0.008 A
ELEV IND -1.16 0.000 A URB ROCK -1.41 0.002 A
ELEV URB -1.20 0.000 pel URB MUD 1.65 0.001 e
ELEV URB_BUF -0.49 0.002 A URB CASC -1.98 0.000 A
ELEV IND_BUF -1.67 0.000 A URB PER_ONV 2.60 0.000 A
ELEV SOLID -1.89 0.000 pel URB PER_P1 1.65 0.000 e
ELEV MUD -0.83 0.003 A URB PER_P2 -1.96 0.000 A
ELEV FALLS 1.63 0.002 pel URB_BUF IND 1.64 0.001 e
ELEV CASC 1.42 0.000 pel URB_BUF IND_BUF 1.61 0.000 e
ELEV PER_ON -0.75 0.010 I URB_BUF PER_ONV 1.18 0.000 A
ELEV PER_ONV -1.30 0.001 pel URB_BUF PER_P1 0.71 0.002 e
ELEV PER_P1 -0.77 0.000 A URB_BUF PER_P2 -0.52 0.038 By
ELEV PER_P2 1.55 0.000 A IND_BUF ZRF_N 1.22 0.008 A
EXTEN  SLOPE -0.32 0.000 pel IND_BUF PER_ONV 1.73 0.000 e
EXTEN IND 2.00 0.000 A IND_BUF PER_P1 1.14 0.002 A
EXTEN URB 1.42 0.000 A ZRF_N PER_P2 -0.44 0.028 J
EXTEN  URB_BUF 0.95 0.000 pel SHELTER ROCK -2.08 0.010 B
EXTEN  IND_BUF 1.28 0.000 A SHELTER CASC -2.19 0.007 A
EXTEN ZRF_N 0.22 0.000 pel SHELTER PER_ONP -1.23 0.044 ;
EXTEN PER_ON 0.68 0.020 & SHELTER PER_ONV 2.00 0.002 e
EXTEN  PER_ONV 1.28 0.000 A SHELTER PER_P1 2.05 0.002 A
EXTEN PER_P1 0.84 0.000 pel SOLID PER_ONV 1.99 0.008 e
EXTEN PER_P2 -1.42 0.000 pel ROCK FALLS 1.43 0.020 B
SLOPE AGR -0.36 0.032 J ROCK CASC 0.97 0.031 By
SLOPE IND -0.51 0.000 pel ROCK PER_ONV -0.94 0.042 ;
SLOPE URB -0.76 0.000 A MUD CASC -1.27 0.020 By
SLOPE  URB_BUF -0.60 0.000 A MUD PER_P1 1.01 0.028 I
SLOPE IND_BUF -0.52 0.003 pel FALLS CASC 3.68 0.001 e
SLOPE  SHELTER -1.05 0.000 3 FALLS PER_P2 251 0.000 A
SLOPE ROCK 1.16 0.000 pel CASC PER_ONV -2.62 0.000 e
SLOPE  MUD -0.73 0.021 I CASC PER_P1 -3.07 0.003 e
SLOPE  FALLS 0.84 0.017 I CASC PER_P2 2.52 0.000 A
SLOPE PER_ON -0.34 0.035 iy PER_ONP PER_P2 -2.24 0.000 e
SLOPE  PER_ONV -0.53 0.000 pel PER_ONV PER_P1 1.08 0.000 e
SLOPE PER_P1 -0.52 0.001 A PER_P1 PER_P2 -1.69 0.000 A
SLOPE PER_P2 0.68 0.000 pel

IND URB 3.68 0.000 A

IND URB_BUF 1.80 0.000 A

IND ZRF_N 0.74 0.002 pel

IND SHELTER 3.06 0.006 A

IND SOLID 2.15 0.019 &

IND PER_ONV 1.41 0.000 pel

IND PER_P1 1.33 0.000 A

IND PER_P2 -2.48 0.000 J

Tab. 3. 2: loglinear analysis for subset with tiodavel variables: estimate is the value for the
LAMBDA parameters, ProbChiSq is the value of the &fuare testl represents 0.05
significance leveld represents 0.01 significance level.
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Subset 3: Specie Level Variables
Estimate ProbChiSq Significance Estimate ProbChiSq Significance

ELEV EXTEN -0.63 0.000 iz URB_BUF IND 1.64 0.001 e
ELEV SLOPE 0.38 0.000 A URB_BUF IND_BUF 1.61 0.000 A
ELEV AGR -0.59 0.020 J URB_BUF AL 0.90 0.002 A
ELEV IND -1.16 0.000 iz URB_BUF CP 0.58 0.040 J
ELEV URB -1.20 0.000 A URB_BUF LA 1.33 0.000 A
ELEV URB_BUF -0.49 0.002 iz URB_BUF RV 1.12 0.000 e
ELEV IND_BUF -1.67 0.000 A IND_BUF ZRF_N 1.22 0.008 A
ELEV SOLID -1.89 0.000 A IND_BUF AL 1.88 0.000 A
ELEV MUD -0.83 0.003 iz IND_BUF CP 1.48 0.000 e
ELEV FALLS 1.63 0.002 A IND_BUF Cs 1.84 0.000 A
ELEV CASC 1.42 0.000 iz IND_BUF LA 1.83 0.000 e
ELEV AL -2.66 0.000 iz IND_BUF PRB 1.94 0.000 e
ELEV CP -2.55 0.000 A SHELTER ROCK -2.08 0.010 By
ELEV CS -3.41 0.003 pel SHELTER CASC -2.19 0.007 e
ELEV Ccv -0.74 0.017 & SHELTER AL 2.62 0.002 A
ELEV LA -1.51 0.001 A SHELTER CP 1.84 0.006 A
ELEV PRB -3.10 0.006 iz SHELTER CS 2.88 0.010 J
ELEV RV -1.05 0.015 J SHELTER LA 1.74 0.004 A
ELEV TF 0.85 0.003 iz SHELTER PRB 3.34 0.003 e
EXTEN SLOPE -0.32 0.000 iz SHELTER VA -1.52 0.036 J
EXTEN IND 2.00 0.000 A SOLID AL 1.71 0.037 By
EXTEN URB 1.42 0.000 iz SOLID CP 2.64 0.001 e
EXTEN  URB_BUF 0.95 0.000 3 SOLID Cs 1.71 0.037 By
EXTEN  IND_BUF 1.28 0.000 A SOLID LA 2.62 0.002 A
EXTEN ZRF_N 0.22 0.000 iz SOLID PRB 1.69 0.026 J
EXTEN AL 1.90 0.000 A ROCK FALLS 1.43 0.020 J
EXTEN BA 0.49 0.041 5 ROCK CASC 0.97 0.031 J
EXTEN CP 1.44 0.000 iz ROCK CP -1.53 0.010 ie|
EXTEN CS 1.24 0.000 A ROCK Cs -2.40 0.022 J
EXTEN CV 0.76 0.009 pel ROCK LA -1.39 0.005 e
EXTEN LA 1.41 0.000 A ROCK PRB -1.76 0.024 J
EXTEN PRB 1.46 0.000 A ROCK RV -1.23 0.017 B
EXTEN RV 1.06 0.000 iz MUD CASC -1.27 0.020 J
EXTEN TF -0.65 0.000 A MUD CP 2.15 0.000 A
SLOPE AGR -0.36 0.032 J MUD Cs 2.65 0.000 e
SLOPE IND -0.51 0.000 iz MUD PRB 1.63 0.002 e
SLOPE URB -0.76 0.000 A FALLS CASC 3.68 0.001 A
SLOPE  URB_BUF -0.60 0.000 pel CASC CP -3.19 0.002 be|
SLOPE  IND_BUF -0.52 0.003 pel CASC LA -2.62 0.000 e
SLOPE  SHELTER -1.05 0.000 pz] CASC RV -3.48 0.001 A
SLOPE ROCK 1.16 0.000 pel AL CP 2.60 0.000 e
SLOPE  MUD -0.73 0.021 & AL Cs 2.65 0.000 A
SLOPE  FALLS 0.84 0.017 & AL LA 1.74 0.000 A
SLOPE AL -1.16 0.000 pel AL PRB 3.20 0.000 be]
SLOPE CP -1.02 0.000 A AL RV 0.57 0.048 By
SLOPE CS -1.64 0.000 pel CP Cs 3.69 0.000 Be]
SLOPE CV -0.37 0.041 J CP LA 247 0.000 Be]
SLOPE LA -0.57 0.000 A CP PRB 3.60 0.000 A
SLOPE PRB -1.13 0.000 iz CP RV 1.70 0.000 Be|
SLOPE RV -0.47 0.020 & Cs LA 1.55 0.000 A
SLOPE TF 0.40 0.022 g Cs PRB 3.32 0.000 A
IND URB 3.68 0.000 pel Cs RV 0.66 0.027 By
IND URB_BUF 1.80 0.000 A LA PRB 1.95 0.000 A
IND ZRF_N 0.74 0.002 iz LA RV 2.44 0.000 be]
IND SHELTER 3.06 0.006 iz PRB RV 1.23 0.000 be]
IND SOLID 2.15 0.019 J RV TF -1.52 0.040 i)
IND AL 2.38 0.000 pel

IND CP 1.43 0.000 A

IND CSs 1.83 0.000 A

IND LA 1.35 0.000 pel

IND PRB 1.77 0.000 A

IND RV 0.85 0.000 pel

URB IND_BUF 1.93 0.000 pel

URB SHELTER 2.10 0.003 A

URB SOLID 2.22 0.008 pel

URB ROCK -1.41 0.002 A

URB MUD 1.65 0.001 A

URB CASC -1.98 0.000 pel

URB AL 3.39 0.000 A

URB CP 3.65 0.000 pel

URB CS 2.29 0.000 pel

URB LA 3.31 0.000 A

URB PRB 3.37 0.000 pel

URB RV 211 0.000 Pz

Tab. 3. 3: loglinear analysis for subset with spedevel variables: estimate is the value for the
LAMBDA parameters, ProbChiSq is the value of the €juare testl represents 0.05
significance leveld represents 0.01 significance level.
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Comparison of the three subset show that fifteeralbkes have no association:
Local Aspect [ASPECT],
Agricultural Zone Local Percentage Richness [AGRHRU
Channel Alteration [ALTER],
Dikes Presence And Position [DYKES],
Discharge [DISC],
Season,
Duration,
pH
Shading [SHADOW],
Conductivity [COND],
Temperature of the Water [TH20],
Boulders Percentage Richness [GREAT],
Pebbles plus Gravel plus Sand Percentage RichkESSIUM],
Riffle Percentage Richness [RIFF],
Pool plus Run Percentage Richness [PO_RU].
Moreover, others environmental variables, in spitéifferent biological metrics

used, share the same associations.
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3.4. Bayesian networks

The three subsets have been used to build threesiaynetworks (Figs.
5-7).

In these networks every state of every variablag(heamed node) is
associated with a bar representing the probabititypbserve that value given
parent node states, which are determined by theredd frequencies or the

imposed values. Values at the bottom of every ravdestate average and standard
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Fig. 5: Bayesian network of the Populating Levetb&at.

The populating level network has four variables,

Shannon & Weaver Evenness Index [SH],

Autoecological Tendency [IDS],

Total Weight Density [dW],

Allochthonous Specimen Percentage Abundance [ALLOC]
with too much parents respect to casuistic. Thenieg process for these
variables was then substituted by “Noisy-Or Disitibn” for dichotomic nodes
and “Normal Distribution” for nodes with more thdwo states. The latter,
practically a multiple linear regression, didn’ttuen the same significance
correlations as loglinear analysis, confirming tto-linearity of the interactions.
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Hence Shannon & Weaver Evenness Index and AutogicaloTendency nodes

have not to be considered in furthers discussion.
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Fig. 6: Bayesian network of the Trophic Level Subse

The Trophic Level Subset has three variables,
Percentage of Omnivorous_Erbivorous [PER_ONVE],
Percentage of Predators df 2evel [PER_P2],
Percentage of Predators fllevel [PER_P1],
with an elevate number of parents, the learninghimacthus for these dichotomic

nodes was assisted by the “Noisy-Or Distribution”.
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Fig. 7:Bayesian network of the Specific Level Subset.

For 6 dichotomic variables of the Specific Level bSet, the “Noisy-Or
Distribution” was needed to obtain a running leagnprocess:

the bleak [AL],

the goldfish [CS],

the carp [CP],

the south European nase [LA],

the stone morocco [PRB],

the Italian roach [RV].
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Chapter 4. Discussion



4.1 Loglinear analysis

The sign of the lambda parameters of the loglimegression indicates
positive or negative associations. As expectedatitbropic variables show direct
correlation with Watershed Area and negative cati@hs with Elevation and
Local Slope; furthermore the Overall Solid Dissalvdbundance decreases
naturally with high elevations and increases witisrément in Urbane Zone
Percentage Richness and High Anthropic Impact ZBeecentage Richness;
similarly, Mud Percentage Richness is negativepasted with Elevation, Local
Slope and Small Falls plus Cascade Percentage é&stand positively associated
with Urbane Zone Percentage Richness. Intereskiistping Management values
(fishing authorized) become higher when High Anglicdmpact Zone Percentage
Richness and High Anthropic Impact Zone Local Paiage Richness increase;
this reflect the intuitive capacity of expert admtrators to choose sites for
management fishing in low anthropized zones amdiimor basins.

Finally Fish Fauna Refugia Percentage Richness shamv unexpected
positive correlation with High Anthropic Impact ZenPercentage Richness,
Urbane Zone Percentage Richness; this positiveledion could be explained the
existence of many kind of refugia: dens, roots mnbhes and reeds, the last
being advantaged by eutrophization, which probab#ates the observed positive
correlation.

Concerning ichthyologic metrics, in populating Ieveubset, natural
complication of ichthyocenosis in plane zone is vamoby the positive
associations of Shannon & Weaver Evenness Indexgegological Tendency
and Total Weight Density with Watershed Area, ahe hegative associations
with Elevation and Local Slope; it's interesting mote that this tendency is
increased by anthropization because in the casa dfer, it often lead to
eutrophization and consequently in nutrient inceeas

Allochthonous Specimen Percentage Abundance inesaasplane zone, in
high anthropic zones and in abundance of mud alndi dissolved.

Number of sizes depends only by geomorphologicztbfa and it's low in
mountain and high in plane, probably due to diffiees in average temperatures;
moreover number of size is high in corresponderfid@gobasins, often reflecting

more water availability and hence less hydrologisi€.
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Finally, managed zones (fishing prohibited) show loiodiversity values,
that reflect an intuitive impression of many operatand can be explained by the
Intermediate Disturbance Hypothé&jghis hypothesis proposes that biodiversity
is highest when disturbance is neither too rare toor frequent because in
condition of low disturbance, competitive exclusibg the dominant species
arises, while in the presence of high disturbaonody stress tolerant species can
persist.

The Trophic Level Subset shows, just as the preveubset , the natural
complication of ichthyocenosis, which increasesrfreource to mouth zones; in
fact Percentage of Predators of’ Zevel is higher in mountains, where
productivity is low and nutrients are typically epemic, while plane zones are
characterized by a more complex trophic web. Arglroactivities, again,
maximize this tendency for Predators of2and f' Level and for
Omnivorous_Erbivorous, while do not affect Omnivwesp Percentage of
Omnivorous_Predators is directly and negativelyeassed with high levels of
refugia.

Looking only at trophic variables, the Trophic Lev@ubsets show a
positive association between Predators of Hevel and Percentage of
Omnivorous_Erbivorous, maybe due to firsts feedinghe seconds, and negative
interaction between Predators of?2Level and Predators of*'1Level or
Omnivorous_Predators, probably because of predahdrcompetition.

The Specific Level Subset displays opposite tenésnor the brown trout
on one side and bleak, carp, goldfish, chub, s@&uitopean nase, stone moroco
and Italian roach on the other side, with the abmod of the brown trout
increasing in mountain. The Italian barbel is oagsociated with basin area and
hence probably with water. Bleak, carp, goldfishute European nase, stone
moroco and lItalian roach are also in different degrpositively associated, and
their abundance becomes higher as anthropic lardinegeases. The Overall
Solid Dissolved Abundance correlates positivelyhwiteak, carp, goldfish, south
European nase and stone morocco abundance; thesétkg®ock Percentage
Richness is negatively associated with carp, gsidfsouth European nase, stone
morocco and lItalian roach abundance; the Mud P&genRichness has a

4 Connell, J. H. 1978. Diversity in tropical rairrésts and coral reefs. Science 199:1302—1310.
Horn, H. S. 1975. Markovian properties of forestcassion. Pp. 196-211 in M. L. Cody and J. M.
Diamond (editors) Ecology and evolution of commigsit Belknap Press,Cambridge,
Massachusetts. ISBN 0-674-22444-2.

Johst K., Huth A. 2005. Testing the intermediastudbance hypothesis: when will there be two
peaks of diversity? Diversity and Distributions (1}, 111-120. doi:10.1111/j.1366-
9516.2005.00133.x
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positive correlation with carp, goldfish and Iltaliaoach abundance; Small Fall
plus Cascade Percentage Richness negatively iofisenarp, south European
nase and Italian roach abundance. Fish Fauna Refgicentage Richness is
positively associated with typically plane zone gee and negatively with

telestes, corroborating the “reeds effect”.

4.2 Bayesian networks

Bayesian networks can be used to produce diffeseenarios even if
theoretical. Some possible scenarios are discusseglinder and presented in
Figures (8-26), where grey nodes have the obsensaimposed, while the pink
nodes produce the associated effects.

4.2.1Populating Level Subset
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Fig. 8:Populating Level Subset; Scenario 1: mounsarvey site with low anthropic land use.

The scenario in Figure 8 represents a mountainegusite with low anthropic
land use: as expected, more probable states df éogronmental variables are:
high values in Falls, Cascade and Exposed Rockaawndgalues of Mud and Solid
Dissolved; this situations reflect in low values Bébtal Weight Density and
Allochthonous Specimen Percentage Abundance.
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Fig. 9: Populating Level Subset; Scenario 2: mauargarvey site with high anthropic land use.
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Fig. 11: Populating Level Subset; Scenario 4: mamrgurvey site with high anthropic land use
and high degraded local environment.
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Fig. 12:Populating Level Subset; Scenario 5: mountain susite with high anthropic land use
and not degraded local environment.

Figures 9-12 represents possible alterations ofuntaen natural
environmental conditions. Increasing of anthrogind use (Fig. 9) produces,
within local environmental metrics, Mud Percent&jehness inrease.

As shown in Figures 10 and 11, Total Weight Densitgnainly increased

by high anthropic land use (fertilizing of watewshile Allochthonous Specimen
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Percentage Abundance is equally augmented by mtyinapic land use and high
degraded local environment. The latter observaitolicates that Allochthonous
species are an effect and not a cause of ecologathition. Sizes are increased
by high anthropic land use but not degraded looalrenmental variables (Fig.
12); this combination assures enough nutrient®éch higher sizes and channel
adequate spatial availability.
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Fig. 13: Populating Level Subset; Scenario 6: pkEurgey site with low anthropic land use

Scenario 6 (Fig. 13) represents a plane surveyitelow anthropic land
use: environmental local variables are charactérngelack of Falls, Cascade and
Exposed Rock and abundance of Solid Dissolved; tthe states of Mud
Percentage Richness node are equally probable.

High values of Total Weight Density and Allochthoiso Specimen
Percentage Abundance have high probability.
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Fig. 14:Populating Level Subset; Scenario 7: plane suriteysth high anthropic land use.

High anthropic land use (Fig. 14) causes mud irs&eand hence sizes
decrease and only a little increase of naturalighhvalues of Total Weight
Density and Allochthonous Specimen Percentage Adncel

4.2.2Trophic Level Subset

Natural situation of mountain zone is representeflig. 15: low anthropic
land use and fishing management (no fishing). Tioplological variable values
indicate high Percentage of Predators 8fl2vel and similar probability of the
two states of Percentage of Omnivorous_Predatdnge whe probability of the
other trophic roles is low

No effects result by imposing no fishing managen{Erg. 16).

The increaseof anthropic land use (fertilizing diters), scenario 3 (Fig.
17), presents Omnivorous_Erbivorous and Predatbré®olLevel in place of
Predators of % Level.

No effects result by imposing no fishing managen{Erg. 18).
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Fig. 17: Trophic Level Subset; Scenario 3: mounsairvey site with high anthropic land use and
with fishing management.
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Fig. 18: Trophic Level Subset; Scenario 4: moungairvey site with high anthropic land use and
no fishing management.
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Plane zone natural situation is show in Fig. 18:uwalues of mud and solid
dissolved are not too high and trophic web is wgéluctured, with no changes

resulting by imposing no fishing management.(F@). 2
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Fig. 19: Trophic Level Subset; Scenario 5: plamey site with low anthropic land use and with
fishing management.
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Fig. 20: Trophic Level Subset; Scenario 6: plamey site with low anthropic land use and no
fishing management.
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Effects of increased anthropic land use (Fig. 2 principally suffered by
Predators of %' Level whose situation is worsen by fishing perioisgFig. 22).
This observation can be explained because of fsbkeactly are interested in the
same kind of species includingsox lucius(Linnaeus, 1758) or pikeRerca
fluviatilis Linnaeus, 1758 or river percBander luciopercgLinnaeus, 1758) or
pike-perch,Micropterus salmoidegLacepede, 1802) or black bass aiturus

glanisLinnaeus, 1758 or Danube catfish.

Fig. 21: Trophic Level Subset;

fishing management.

Fig. 22: Trophic Level Subset; Scenario 8: plameey site with high anthropic land use and no

fishing management.
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4.2.3 Specific Level Subset

Scenarios presented hereunder show species assbrtimenges in mountains

(Figs. 23-24) and high hills zone (Figs. 25-26)am hypothetical low anthropic

impact situation by imposing either undamaged gralded local environment.
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Fig. 23: Specific Level Subset; Scenario 1: mounrgaurvey site, low anthropic land use and
undamaged local environment.
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Fig. 24: Specific Level Subset; Scenario 2: moumsairvey site, low anthropic land use and
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Fig. 25: Specific Level Subset; Scenario 3: highshirvey site low, anthropic land use and
undamaged local environment.
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Fig. 26: Specific Level Subset; Scenario 4: highshirvey site, low anthropic land use and
degraded local environment.

Scenario 2 states that the invasion of plane zpeeias disadvantages brown

sufferance, while advantage the south Europeanaraséne Italian.

trout; it also shows that the same degradationiawasion of high hills zone

(scenario 4) do not influence the Italian barbélyle and brown trout have no
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Chapter 5. Conclusions



Loglinear analysis and the macro tool in SAS lagguananifest the
capability to explore large groups of variablesrew¢ different kind, without a
priori assumptions. A check that the process igectly carried out is that
associations found within environmental variables always the same even
changing biological factors. One variable, Fish rgauRefugia Percentage
Richness, has to be split in Den Percentage RishiReot or Branche Percentage
Richness and Reed Percentage Richness.

Variables that showed no association could haveatiogls with
unregistered metrics, consequently new variables lma introduced, icluding
water average availability; in study area, onlyeav fdischarge-surveyors exist,
hence the necessity to build an hydrogeologicalehbdsed on pluviometry, land
use, geology and podology.

Bayesian networks constructed in this work haveliptive abilities with
the sole exceptions of Shannon & Weaver Evennedsxlmand Autoecological
Tendency. These two variables, in fact, have margnis but used dataset does
not represent all possible combinations of pardates; since linear multiple
regressions didn’t return satisfactory results,smig data have to be filled.

Moreover, linear multiple regression failure indes thate difficulty of
linear models to explain ecological relationshifiggrefore appropriate models
have to be constructed for couple of variablesflgezing” others.

That having been said, models here produced canrdisate the weight
of natural or anthropic environmental variabledish fauna diversity.

Natural predictors of biological variables can beidid in two groups:
large scale geomorphological variables, that aresistent with “river continuum
concept”, and local environmental variables, thairess local morphology.

Anthropic pressures act principally in two ways: @me side fertilizing
waters and hence moving ecological zones towagisehielevations, on the other
altering channels morphology and therefore deangasinative fauna
environmental fitness in favour of alien species.

This effects can increase biodiversity and tromhiain complexity so that,
for streamwater ichthyocenosis, can be affirmed‘tieh is not always good”.
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