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Foreword

PhD thesis i s structured as a col
ing theme the evaluation of enviroa
e streams. Mo st of t he resul ts

i nvertebewteasedbutevindence about

ms , chemical, and microbiological
ted. The introduction provides a &
ontext of clilmat ef chbasngen ali phna I

the various alterations types, t
ori es: wa tnmeorr pchwd loigtiyc adndalhtyedrract i on

al terations ar e osf ttehne siinst eirsc osntnreuw
s of case studies, each addressi ng
n each case study, | analyse the s

n current knowl edgebamnd et keimmuinmp ¢

il on | : Wastewater, TieathmeérytseHd!| & imte
water treat ment plants (WWTPs) at
, I examined how the assessment of
as STAR_I CMi, can be integnategdi wi
i nvertebrate commumiuttireento |l @eaallsu
guentl vy, I conducted a more detail
ombi ned efhfyesdtcadf sdhhemiscalassoci at
ents from wastewater treatment pl a

eduction in water availability due

dition to modifying community str.

i sm morphol ogy. I n this case stud

c



presermeagrat elwlida hi gmatld er |l egs and an

pressur e, coinciding wi t h t he absence
Conversely, at the i mpacted station, tfF
to a reduction i n the gpeaségceliomftipr

phenomenon.

| ection 2: | nTeernepaesrea t tufr @eWatl gised t he in
temperatures due to climate change on t
particular focus on the most sensitive
I anal yzed tSkerlaitfét!| aympfgariibrhg t hr ee s
with different water temperatures, prir

of 2022, a particularly dry year. Subse

t he | i fEep hcoyrcolne wafrgg data from municipa
me to reconstruct a historical series.

| Section 3: Connectli vanal yAsletdertat @ o h mp «
macroinvertebrate communities, consi c
hydrol ogi cal and morphol ogi cal alterat
functional approach t o assess how dari
commity biological traits. I n the othe
Fl elw cal i brated on the functional trai

attention to microhabytat preference ar

| Section 4: Extreme, HydamaloywZzed!| evemt
primarily reldchhetdthéeof wasercabewstudy,

extreme floods on macroinvertebrate co
reducing community diversity, I n these
rol e, attenuati ng ftlhoeo desf.f elchtasn kesf t ooa tt ahset

time series of sampling dat a, I took a
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to these extreme conditions.

usi on section summari ses the

environmental 1 mpacts in al pin
I have includaudt lsomed adwriitngn
n the annex. Although these st
ogram, they all contributed t

ol ogy.



| nt roducti on

Rivers and streams represent one of th

on the planet, characterized by a wuni
terrestrial, at mospheric, and marine |
Castillo, 2Y0&)fuddame mptl al role in the

serving as the primary means of water

transport approxi mately 36, 000 Kkmj of

oceans, significantiwateontbrail mumtciend Dtao
2002) . I n addition to water, rivers cé
bet ween 15 and 20 billion tons per ye
floodpl ains, and cor al reeifsen Syan e s&li s

main vectors of nutrients and organic
which are fundament al i n sustaining pr
: 2005, B

transport organisms and serve as ecol og

food webs (Seitzinger et al

aguatic ecosystems (Ward et al ., 2002;
essential for species migration, energy
at neaefiand gl obal scal es.

The dynamic nature of rivers i's deter
chemical, and biological factors inter
scales (Ward, 1989; Pal mer & Ruhi, 201
exhibit S ppaotriaall vaanrdi atbermhi ty in dischar
patterns, substrate size, and channel r
climati c, geol ogi cal , and topographic

rapi ds, r i §(fMoenstegropn & BUTFf BHengt on, 1997,

physical structure of rivers, in turn,

¢



creating ecological gradients that supp
2006). Chemically, rivers are open syst
of di ssol ved and particul at e subst an
phosphoamnisg ,amd gi nor gani c ec drebaovry, nmendlc
pesticides). The chemical composition
processes (e. g., er osi on, organic ma t

activities (e.rgy),, awhriicchulctaunr eal tienrd uwsat e

availability for aquatic organisms ( Me
riverarihcohstbi odi versity, i n particul ar
covering |l ess than 2% of the Earthos su
riverine conditions and playing key r ol
matter decotmpioesnitt i @oyng | innug , and energy
net works (Cummins, 1974; Wal vacei t&y We ¢
sustained by Il ongitudinal, |l ateral, an.
movement and materi al and energy excha
(Ward et al ., 2002; Datry et al ., 2018)
The physical, chemical, and biological
ecological dynamics and provide a wide

human-bewehlh and ecosystem functioning (
among theopreceemargf freshwater for human
of the gl obal popul ation relying on tfF
2010) . They mai nt ai n ecol ogi cal bal a
environmental disturb@h)lesFdmrPoisn et amc &€
and associated wetl ands absorb and sl ow
downstream fl ood risks (Tockner & St ani

ecosystem functioning thrdugqhg t(hSesiirt zad rnt



al

2005) and soil formation via &ero

(Bridge, 2003).

Despite covering a tiny fraction of Ear

portion of gl obal freshwater resources
worl dwi de are currently wunder severe t
combi fedctsef of climate change and e Xt e
(Domisch et al., 2013). The decline in
ecosystem (Dudgeon et al ., 2019) . For
species (41%) outheofl UEN4 Re dl iLdtsedd 2000
environments (Tickner et al., 2020).

Among the wvarious Oiceatralypew, otadrliesi rPen
among the most |impacted. Often referrec
Tiel et al., 2023) due to their crucial
providitngpleswsagmrr resources, al pine riwv
conditions that profoundly shape thei-t
making them particularly vulnerable.

average water txeorpeediangirleGAC reaverd yi e s u
glacial or nival origins (Griffiths et
with marked seasonal variations, peakin
reaching minima in wpnedomwhamtIpy esnpw
Roc k, 2018) . Moreover, their morphol og)
gradients, rocky substrates, and high s
2017) . Hydr ol ogi cal dynami cegyg,r efad d tyerii
the formation of heterogeneous habitat s
et al , 2017; Burgazzi et al ., 2021) .
shaped by intense erosive actiuvict ywfand
mi crohabitats suitable for diverse aqus:

MM



Due to their strong dependence on cl ir
alpine rivers are highly sensitive to
from a complex interplay of natur al an
their pchhyesmicad I, , and bi ol ogi cal char

di sturbances can be categor i-cleamiicrmtl o

alterat imomsp,h ol yodgri ac a | alterations, and
thesis will f ocusn o na wamtoreypdhrepal algii tcya |l alat d
l1Water quality alterations

This term refers to introducing matter
natur al event s, either directly or 1ind
ecosystem and human heal t h. Human act
substanceschkat cabuand physical alter at
kinds depending on their orsogunceThey
di scharged into the river at a specif
di scharges, or spreald ovefudiaom,e iare.as
through surface runoff and groundwater
t heswisl Il mainly discuss point I mpact s,
effldiempserature i s ohysiamaétnpl ¢ e @it ¢ aln
i nput of ther mal energy that | eads to
caused by man, but in an era of <c¢cl i mat.
are risitng,t hlee acdoinnsge qulelny omplaentshi espre

1.1 Wastewater treatment plant ef
Wast ewater treatment plants (WWTPs) ar e

i mprove wastewater quality before it 1 s
renters water supplies. Over the past
increasefltuemntt edby efcl osel y monitoring

muni ci pal and industri al sewage treat me
M H



estimated that 52.8% of globally produc
47.2% i s di scharged untreated (Jones
alternative to unregul ated discharges,
same qual ihteg rasc daihwitngfwat er body and i
the receiving system. Effl uent dischar:
many different aspects of aquatic syst
(Haggard et al .20024001;orNMarntiic ectar @&lo.n, c

1980) , bacteri al |l evel s (Petersen et
(Dennehy et al ., 1998) . One characteri
receiving waters is i@asdsufoire WNTESNnUDe:

Sshould guarantee that they do not <cont
this is not necessarily true for nutri e
2004; Gi bson & Meyer, 2007)er Aghavecvs

|l ow ambi ent nutrient concentrations anic

result in dramatic changes in community
& Welch 2000; Rabal ais 2002). Thus, ma
sywywems are directly related to nutrient
poll ution from nonpoint sources have

influenced nutrient |l oads more strongl
2005; PopolvG;, eMi gali.aaccd® et al ., 2007)
enri chment assumed t hat rivers and str
inputs (e.g., Hynes 1969). This ar gume
physical, chemicarli,ctantdh ebieoftfiecc tfsa cotfo rnsu
al gal and aquRtver ol antd gtowams were t
nut rsiaetnutr at ed, as increased shading and

l'imit potenti al respointske set ofallt.htorulgéh® 9t) he

response of pri mary and secondary con:¢

M O
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Henc
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Ther
char

nat u

rect and unpredictable (Miltner &
rous studies suggests that fl owing
ients (Hecky & Kilham 1988; Mat |l ock
2007)npuwtusst@afi npdosphorus and/ or n
eased rates of eutrophication, a w
rorresources. The increase of nutri

rstanding of ttrhye obfi oa osgtyr eaannd scyhsetmnei n

concentrations of nutrients in the
g a very important | oad of nitroge
e concentrations alresvelryg astehept

point of sampling, a |l arger spati al

only a few studies.

over, WWTPs not only represent entr
alter stream flow and temperature
l., 2009; Ki nouchi et al ., 2007), i
eonft angaest ewat er ( Mat amoros & Rodr 2 gu
equentl vy, reduced stream fl ow can

ome cases, MAKIe wd fduemucsh casn 100 %
am fl ow (H20Md.hakbspeadi alll.y, i2n al pi ne

phenMmdnberobdaoBaonweatetoal ., 2019),
ge, severe decreases of the fl ow r
e, there is a need to study the im

dry river periods.

|l ncrease in water temperature
ma | pollution is one type of physi

acterized by a periodic or prolong

r al water bodi es t hat cause the de
M N



water temper atur ewia s ohcuineatne da cetsipve ctii aelsl
2003; Schuelting et al., 2016). Whil e ¢
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their degree of presence in a natul
mpl ex as rising tempeyatuieatar ehain:t
crease in the temperature of stream
obal war mi ng. Average increases of

served (Daufresn@rmerald, ,20004; ODReah
u et al ., 2020; Niedrist & F¢greder,

mperature projections indicate incresé
the world, up to 4A.RC shyng2Oonad e(rwWatnedne
rivers can be accelerated by anthro
ich slow the flow and promote war min
al ., 2013; EREaydrd @ertaddal, war2mi)ng,

gi mes can also be subject to sudden
pecially in systems regidhaseghlkeynomeaorl
own as thermopeaking, refers to sud
mperature associated with hydropeaki
ermopeaking has been shown to affect
e drmniviitor bel bent hic macr oinvertebra
t ween thermal and di scharge waves, tF
mmunities (Zol ezzi et al ., 2011; Carc
, WabDeB)temper atbmeedstdi naggleyw conc
e critical for biota in these syste
asonal variation in water temperat ut
mmer can cause severe stdr eOsrsmetro dr,i Vet
n VIiiet et al., 2013) , with cold ste

rticularly in alpine rivers (Fullert

M p



organi sms, such as macroinvertebrates o

may be that they <cannot reach potent.i

mobility, which may | eatver mhwat enor tee
extremesl.y HEsnpehcoita,] dry summers, when ex
can potentially exceed the wupper t ol el
speci es (Leigh et al ., 2015) , pronou.l
macroinvertebrate communt oi eest caln. , be2
Macroinvertebrates play a key role 1in
streams and are an essenti al food sour
Webster, 1996; Hur yn, 1998; Ruet z et
macr oibmwawdret communi ti es can have consedq
and the resilience of river -ecdsygesd en
seasonal changes in river community <co
can be seen -stphecoiefgima Istphecli @esanc e, espec
have part of t heir l'ife <cycle i n aqu

EphemeropteraSepeateblEphopomBai rsegansiti
from their eggs to water heating and,
in temperature causes early hatching,
nymp@adul t cycl e, I nducing wearlier fl
fisgseand, consequently, the sizef(Banac

becomes a key to detecting the effects

2Hy dmor phol ogi cal alterations
Hy dmor phol ogi cal i mpact s ar e t he con s
mor phol ogical alterations on a river an

that affect both the water fl ow regi me
structure ofnctlhuedi migverhe shape of the

transport (morphol ognoaglholkogipoal nta)l.t e

M C
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rrently onesobf twet emai qu@E@kaeamswamret al i
24)For centuries, rivers have been tr

tivities associated with urban devel

21) . I ndustri al expansi on has furth
nturi es, eisret emmosdiiffyiicnagt i tom s . Thi s phe
ident in highly wurbanized araawi,des uc
nge of fluvi al envir on(meéinarsetl ianlc.l,u d2ioOr
det ai |, hgds otepgreaéntal tkhanges in t|
terms of guantityr,hegel awdhiatnyg,esorc aml c
tural phenomena, such as climate char
used by human i nter venmtnioan sonlsyucdhu ea st

teration of natural flow réeDMMes buat c

o through the i mplementation of vV a

o O
—

opeakfi mrg ,verrummyst ems, andadmalglsihdyed
ter abstraction for agricultu®Onank and
t he most significant aspects concern
riations, which refer to the volume o
riod. The construction of dams and r

tgating flood peaks and reducing disc

me, excessive water abstraction for a
significant decrease in fl ow, | eadi n¢
sesomptlheet ec i nterruption of flow in ce
enomenon is the alteration of the ri\
|l l ow hydrol ogi cal cycl es characteri z

creasedsgrsogadge to snowmelt or duri

rivers oHoweelvpeirne aartiidgiinc.i al water roe

natural flow patterns, r estdlltoiwn goeirn oidns

MT



unexpected r edufcltoiw nsse adsuornisn.g Shuicghh hy dr

have been documented at multiple tempor

ltaly (Zol ezAknotehteralc.r,i t2@@9) .i mpact i s
unseasonal drought s, where certain riyv
natur al conditions, they shoul d mai nt
phenomenon is exacerbated chavnwat emadti
hydrol ogi cal regi mes more unpredictabl
the reduction in snowfall and rising t
glaciers or snowfields, altering annual
of droug@®Br owneert sHolt.al i 2@07e;t Falt herm@dr
hydr ol ogi cal al terations al so I mpact

affecting erosion and sediment depositd.i
promotes water stagnation and the accu
ausden increase in discharge can destr

for aquatic organisms to survive.

Hydrol ogi cal alterations profoundly ir
natur al functioning of watercourses an
mo s t significant consequences is habit

reduce theofavauil tadbblle tareas for many
i mportant effect iIis the increased vul ne
altered river is more exposed to sudder
consequences for ecosystems and biot a,
rivers, macroinvertebrate communities
events,hemakpianrgt itcul arly susceptible to
water quality iIis also affected by these
to higher concentrations of pollutants

can di sruipdalt hey dli®ed ogf aquatic organis

My
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fication capacity. Hydr ol ogi cal al

ability to sustain healthy and resi
rding morphol ogi cal alterations, t|
cture of the river, such as the ri
rventions or natur al processes. Or

hotbggnebki zati on and riverbed strai
ral Sinuosity to iIimprove navigatiao
nkments and bank protection struct
floodpl ai me, Ahethemematmeng of riv
rs-purisf iscealtfi on capacity and i mpact
nce of barriers, dams, and weirs
structures hionfdegedtihmee nintat varnadl, tir

e
e
ease fine sedi menda degrotsiiculoar, | y aa
0

menon to benthic communities, esp
me n t accumul ation can | aad,t @anadommt
an abrasive effect on external st

physiology of macroinvertebrates.

over, these changes ade®gottuénailbee
represent a major threat to the s
romising their ability to support b

i ces.

Dams
| ast t wo decades have seen the eme

growing energy demand (Best et al
equences, including changes in phys

sti IHoowe v2erQ 7 )t.he ecol ogical effects

M ¢



bet ween upstream and downstream sect.i

transformation of a riverine (lotic) e

altered t her mal stratification, redu
sedi mentati on, owi ¢ h oc aqwadiiregnt efcfyee | i n
communities (Brooks et al., 2018). Down
a minimum environmental flow regi me (DI
variability in timing andrmagmnint Udea gef
rel eases are often hypoli mneptoiocr, bhiotet.on
|l ayers of the reservoir, resulting in

vol ume but also altered in tempteypmdluagy
and affectiSaghmentuA0l)l.8 Thése (di srupti on:
habitat connectivity and significantly
2010; Zhang et al ., 2018) and the str
communities (Schndindeardd& t Penri damhDhg)
bi ol ogi cal i nvasion by increasing <colo

taxa and enhancing their subsequent est

Wit hout an appropriate | iiviimogshabnathygt a
bi otas would decrease in richness and e
2000). Therefore, dams are recognized
degradati on. Environment al changes fr
macrmeirn ebr at es across al | l evel s of
community). At the individual l evel, S
mayfly fauna), di spersal, and col oni z

conditions (Brodhe etopal ati2d2h8 of macr
change due to extreme fluctuations 1 n
Berl vy, 1987) . Especially in the alpine

noticeabl e as the valoledyesstariec npdwa natfsf eoc



The presence of hydropower plants can |

alterations: seasonal changes in dische
variability and typically reflect oper
Bondd,102, atnedr ms hfolruct uati ons associ at e
t hermopeaking. These rapi d and abrupt
downstream of storage hydr opower pl al

mor phol ogy, ther mal r egi,measn d( Qlhdee nc o&mpNb:
behavior of macroi Regatredbngt eoocmmommunit i

bi odi wvaercgiotiynvertebrate richnssadda elra s ahbme

constrdwet itoon al terations in substrate t
2018) , and elevation/ decrease of downs
2016). The sum of all these i mpacts cal

2.2 Catastrophic flood events

FIl oods are natur al phenomena essenti al
influencing nutrient cycles, habitat fc
bi ol ogical communities (Milner et al ,
sesanal floods occur at specific times:
pluvial floods in autumn driven by hea\
to gl aci al mel t . However, climate chani
these sevevnt h significant consequences

extreme flood events affects the stabi

simplification (substrate homogenizati
2021) .crTeheesedei n environment al compl exit
support a diverse range of speci es, t |
sl owi ng recovery foll owing di sturbanc

macroinvertebtamés eduemobol thej rbenthic

di sturbances (Al dous et al ., 2011). Ext

HM



popul ations and alterations in communi

d

i s

One

wh e

(
b

c
S
f
r

S

ma

t u
(0]

re

Leve

i o

ompo

en
u
e

n
S
pe
n

<
®
o

-

c —~ ™+ O o O T

- o9 © ® ® d® =T O

Q
(@]

An

ndi

< o > 0 W o

ayv

p e

be

to

gr

cl

rbances and rapid changes in watert
f the effects of such disturbance:

organisms are massively displ ace:
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i oni ng, such as nutrient cycling
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i nvertebrate communities exhibit \

ood disturbances. Resistant taxa ¢
habitat, not only throug-bhtrdeamc:
I n contrast, resilient taxa rapi
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r iemte ®ediamtach to substrates to
rapid |ife cycles that enable qui ¢
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have-tleomg effects, as slow recovery pro
altering prey availabilityWoeandwadidsarlu.p,t
2015)Repeated extreme floods exacerbat
recovery and | eading to permanent comm
di sruptions may result i n reduced biod

affectilnigende ofesfireshwater ecosystems.

This scenario is further complicated b
characterised by the massive presence ¢
et al., 2018), which disrupt natural f|
tnaport, and modi fy t heframatlo rasn dt hcahte nti oc
exacerbate the exfololgimatUedaenpsatcg &sd ionfg

macr oinvertebrate communities respond

required for ecosystem recovery i S esSsSEe
and conservation strategies. Il n the cc¢
knodwdge is cruci al for mai ntaining th

ecosystems (Mathers et al , 2022) .

2.3 Anthropogenic drought events
A hydrologic drougbtmia$ &l pewritbdtoif sbel

extent, or intensity (Humphries & Bal dv
systems, but Asupraseasonal 06 events <ca
extend sheeaysoonnda | periods, someti mes | a
(Amegadrought so) (Lake, 200 3; | PCC, 20
humani nduced when, for example, work i s
di sturbances, espeeamdll,y and tihrecyr eaarsee si
spati al extent over time (Lake, 2003) .
habitats disconnect from channel s, and
Lateral and |l ongitudinal dcyadmr ol ogti c als
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declines, forming isolated pool s. Once

l entic phase, characterized -bhemigmnhnyi
(Shel don & Fell ows, 2010) . Pool s rece
compl et el y.seBi otoi cdrroeusgphotn vary dependin
gener al , organi-pmsenmiaal | anatbems nlomav e

_{
(¢
(7]

stance or resilience to dry period
seasonal drought t hayrst eBnozs-€ktif adbm, pei0eé
e
f

Sarremdj arle., I12n02t2hi s regard, these ever
t he ield because of their unpredictab
mesocCcoO0Sms, artificial riverine systems
conditions whillewal noai mealgi amgood

Mesocosms (or fnlaudnee sch aanrnee | lsu nhaanvi ng a

water arvehe @€ htsop esqpiufgiya cal , chemical, or
of natur al streams. Artificial streams
shapes and sizes and wused in a range o
|l ocated indoors (eitrtlhem iom @ameanhiolusel

(removed from or near a natur alsidter ean

channels that draw water and organi sms
of artificial river s -$aa drgahdl gyh tr esct oundm eer
has many advantages: you havikeshatt edaygc
of the dry weather event, and you can s
have the possibility of having equal

complicated if not i mpossi ble as two r
diféet in many aspect s; you have the p
noi se typical of natur al systems where

i mpacttshef rdormrawdown poi nt .



Ref erences

Ahearn, D. S., Shei bl ey, R. W. , Dahl gren
K. W. (2005) Land use and | and cover i n:
fl owi ng river draining t he Jwagstnearln 0Si
Hy d r o3l lo2g:y2 8 4 .

Al dous, A.; Fitzsi mons, J. ; Richter, B
freshwater ecosystems: Evaluating cl i

adaptati oMarsitmeat & gk reess l6Wat2€r3. Resear ch

Al |l an, J. D. , & Castill o, M. M. (2007)
running wa3&®&r9p.r i(npgpe.r 378

Ander sen, cC. B. , Lewi s, G. P., Sargent ,
wast etwae 2r ment effluent on concentratiao
River, Sout h Carolina, durEinnvg r et ne e ma
Ge o0 s c ilelniekeBs ,

Argerich, A (2004). Effect of floods of
communities of Matarranya bi megiB {EBIBr o
294

Aspin, T.W H., Matthews, T.J., Khami s,
M. J. , Ledger, M. E. , (2018) . Drought in
and function in streBaemogméaleh(yleZrQadtded 20 n

Auer, S., Hayes, D. S., Féeéhrer, S. , Zei
cold and warm thermopeaking on drift
grayling (Thymallus thymallus). 1iRiver
411.



B a

roi

ker, N. J. , Greenfield, R. , (2019) . S

verine agquatic macroinvertebrate com

runBeE€dl ogica,l 10BE2d&AXDr s

Bauer, J. E., Cai, W J., Raymond, P. A
P. A. (2013).

The changing car bon NaytculréeOaf( 7H407.8 ) ¢ 0o HAt ¢
Bell etti, B. , Rinal di, M. , Busse&tini,
Vezza, P. (2017) . Characterising physic
A new system for the survey and <cl ass:s
Geomor p,h o283,y 7143

Best, J. (2019). AnthropogBatuoretgGesses
12(121,. 7

Boer sma, K. S. (2013) . Aquatic commun
experi ment al mani pul ations of top predeze
Bonacina, L., Fasano, F., MEzzZaotos t ef
temperature on freshwater ma cBioad Inovgeir ct a
Revi,ews8(-221.191

Boulton, A.J. (2003) Parall els and con
macroinvertebFatetshwatembBHrlgLEBHG §
Boz-ki, T., V8rb2r., G., CsaRasi stZanc &
resilience traits structure macroinver
sectHydrsabj o858 ({ #85590.3577

Br auman, K. A., Dai |l vy, G. Cc. , Duarte, 1
and value of ecosystem services:. an oV
Annual Review of Envi32®8&neemt and Resour

H C



Bridge, J. S. (2003) . Rivers and Flood
Recdrpdp.. 2J4oh3n1l6Wi,l ey & Sons.

Brooks, A, J. ., Wol f enden, B. , Downes,
di spersal: The effect of RiaveweiResemar
ApplicaBiadonsg

Brown, L. E., Milner, A. M., & Hannah,
(Vol . 436). John Wi ley and Sons: Hoboke
Bruno, M. c. ., Siviglia, A. , MClatrioplle , d
responses of benthic invertebrates to

wavesohydrod(odphyp 2.511

Burgazzi, G., Vezza, P. ., Negro, &., Asi
Laini, Affez®2Db)f. microhabitats, me s o h a
macroinvertebrate codhomuninlesfqEGS6H RYKa i
98 04 .

Canobbi o, S. ., Mezzanott e, V., Sanfilip
mul tiple stressors on water gual ity a
effluent domMiabhaeredi 6§t SehW3) P®331518t i o n

Carey, R. O., Vellidis, G. , Lowr ance, R.
al gal periphyton in small JbuaolWwatoer t
American Water Rels3aq uUrld8@B8s3.Association,

Carol | i, M. , Bruno, M. C. , Siviglia, A
benthic invertebrates to abruptRicvhearnge s
Res. .App283x1678



Carrivick, J. L., & Tweed, F. S. (2016)
of gl aci er ®luahbbaulr san d | Pldadm=lelt Galr6y9 5Change,

Chester, E. T. ; Robson, B. J. (2013) .
biodiversity: Their ecol ogi c &8li o ocghiacraal
Conser, V@6 iddn

Cummi ns, K. W. (1974). StructBireSa@inan de
24(11p41631

Dai , A. & Trenbert h, K. E. (2002) . |

continents: LatitudiJoalr nahndodedydB & 6py:
6 608 7.

Datry, T., Bonada, N. , & Boulton, A. J
Streams: Ecology and Management. Acader
Daufresne, M., Roger, M. c. , C at perram H.
Changes within the I nvertebrate and Fi s

Effects of @lliormatl i oC hRaqgie® rB4d14)0,0 gly2 4

Dennehy, K. F., Litke, D. W , Tat e, C. M. ,
Ki mbr ough, R. A., Hei ny, J. S. (1998) . V
basin, Colorado, Nebh9@BmskASGaRIndi Wywimamgl

Dodds, W K., Welch EB (2000) Elsotuarbnlails hoi
the North Americanl 9Bé&iGh.ol ogi cal Soci et

Dudgeon, D. (2019) . Mul tiple threats
Ant hrofoacereaet, B29(l1lo®)y6 7TR960



Dudgeon, D., Arthington, A. H., Gessner
L®v-°que, c. , & Sullivan, C. A. (20
t hreats, status anBd ocloongsiecravl® tR(e@B 2cwWis® I3 ¢

Durance, ., and Or merod, S. J. (2009)
Conf ound@derLnonWar mi ng Effects an FRiesédhrwaW
BiolLo&y 1420)5. 388

Fullerton, A. H., Torgersen, C. E. , L a\
Lee, S. Y. (2018) . Longitudinal t her mal
col dwater Species: EffedAtgeagabfcS&8al ¢n3agc
1i15.

Gaschignard, O., & Berly, A. (1987). 1In
macroinvertebrate populations downstre

Kemper (Eds. ), Regul ated st ileGlmns.: Maw a

YorKl:enum Press

Gholizadeh, M. (2021) Effects of fl oods

Zarin Gol River of northern | ran: Il mpl
bi ol ogicalEcadsdvgsscmaentPraécesses, 10
Gi bson, C. A. , Meyer, J. L. (20Q@OurMMatl r 101

the American Waterd4d ResbBar.r.ces Associ ati o

Gol dber g, V. M. ; Gazda, S. Hydrogeol ogi
Groundwater NedmaPqgMoRsutsssswra., 1984; p. 2

Griffiths, H. M., Eggleton, P., Hemming
Al l'i son, S. D. , ... & Parr, C. L. (2021
deadwood decomposition in tropioahbl rai

changeg®did),- 166061
H ¢



G¢ndyg oz, o. , & ki mkek, C. (2021) . Asse
hydromorphoEogicahmentdak. Moni,t dli3rfdg )anc

Hager, S. W. , Schemel , L. E. (199 2t)h eSronu r «
San FranEssuogdibBay,

Haggard, B. E. , Stanl ey, E. H. St o-r m, L
souepgei chedosirma&dm.of t he North Ameri c
24 :0420D.

Hamdhani , H. , Eppehi mer, D. E. , Bogan, \
into streams: a gl obal review of ecol o
potenti al us e f oFr eesnhw art oern eBhi 90 |® G196, 5 W s .

Hecky, R. E. & Kil ham, P. (1988) Nutri
freshwater and marine environments: a r

enri chmemnodtl ogy and3 30ciBB@ROgr aphy,

Hot al i ng, S. , Fi nn, D. S. , Joseph Gier
(2017) . Cli mate change and alpine str
opportuniti ed9 ofl mrgitclad 9 tR(e#2i0rdasXS0 2 4

Hus s, M. , & Hocks,caR.e (hydIr&)l.ogGlcambalr esp
mass Nadsug.e Cl i,B(a2)e-1 €lh3ab5n g e

Hur yn, A. D. (-1 1e9v9e8l) . E vE cdoesoywset edmo d-U @B o pt o
Control of Producti on Oer od o@rd28s (U8B St

Hynes, H. (1969) The enrichment of stre
correctives.

Nati onal Ac adWansyhionfg tSocni,e nE@9s6, US A, pp 18
Humphries, P. & Bal dwi n, D. S. (2003)
introduction. Freshwadér |l 8¢ 0l Ggy,(2084)

on



i nnovative best management practice dev

gual ity | i miJtoaud nadt erfb cEdhive s D3 MWE@®BA.! En ¢
| PCC. (2012) . Managing the risks of e X
climate change adaptation. A speci al r
Il ntergovernment al Panel on Climate Ch

Cambri dge, U. KNY, alh.dS.Ne.w Yor k,

Jacobs, A. F. G.; Heusinkvel d, B. G. ; Kr &
Temperatur e Fl uctuati ons i n an Artifi
Bi omet eqr blizZo&g02 7 1

Jardine, T. D. , Bond, N. , Burford, M. A.
Davi es, P. M. , Dougl as, M. M. , Hamil ton,
rhythm drive ecosystem rEcsopl,d@msydbB8942 n t r

Johnson, P. T. , Ol den, J . D. , & Vande
| mpoundments facilitate biFoloogii@als i mv:
and the Enwij3 638bnment

Jones, E. R., Bi erkens, M. F., Wander s,
van VIiet, M. T. (2022) . Current waste
protect surf@ocemwateatigomas i Egr33(hl)&k EIQXI

Kel ner, D. E. , & Si et man, B. E. (2000)
Fusconaia ebena (Bivalvi a: Unioni dae) ,
Journal of Fr,eslh5W3artderl Ecol ogy

Ki nouchi, T. , Yagi , H. , Mi yamot o, M. , (
to anthropogenic heat Joonputl foOAmHgdbah
335i2) 118938



L e, T. DeiHher ,ScW.rC. , Kattwinkel, M. , Sc
turnover along gradients of anthropoge
regiSocniseence of Tortha3l, BMUi9r8dbn ment ,

Leigh, C., Bush, A., HaRalilsoo,n,R.E.J.T, , etk
Ecol ogi cal Effects of Extreme Climatic
from Augtersahlwiagd .er 6 8i 0i226)68y8 .26 2 0

Lento, J., Culp, J. M. , Levenstein, B.
al . (2021) . Temperature and Spati al Co
Macroinvertebrate DFEnvegilswdtyerd ¢ Id&Eo g yh,e

Levenstein, B. , Lent o, J. & Cul p, J.
from permafrost degradati on on macr oi
Li mnology and ®66earrsddr7iESAlB\8 .

Liautaud, K., van Nes, E. H. , Bar bi er,
Superorgani sms or | oose collections of
patterns along ekEcofogment aRe{lRHpi2i.aaus.

Liu, S., Xie, Z., Liwu, B., Wang, Y., Ga
War ming Due to Climate Chang6l abdl ARt AT
Changéa93, 103289.

Lugg, A., Copel and, C. (2014) . Réview
Darling Basin and the.i Bgaoadtogioal f Mah:
Rest or atb7,0n7 1

Lynch, J. A. , Corbett, E. S. (1990) Eval
controlling nonpoi nt pol | uwatoenr fResm ug
Bul | 26 :13n2,.



Mar ti, E. , Aumat el | | J ., Gode, L. (200C
recei ving i nput s from JwawrtreaMat ef Enen
Qual i 8g22385

Mat her s, K. L.; Robinson, C.T.,; Weber, C(
macroinvertebrates fol  Rowiemg Rasearchf A
38 679067 .

Mat amoros, V., Rodr 2guez, Y., 2017. [ nf
the attenuation of emerging-domhnhnameda
streams. A pcCcakmms,p ale8ybd 3 72u6dy .

Mat | ock, M. D. , Mat |l ock, M. E., Storm, D
Limiting nutrient determination in | ot
enri chment pPernnirmlayt @emett dhre. Ameri can Wat ¢
34: 111448 .

McConnell, J.B. (1980) I mpact of wurban
Georgia. WIDEM94EPAWashi ngton, DC, USA.

Meybeck, M. (2003). Global analysis of
to AnthropocPhel syophiomals. Transactions
London. Series B: 3Bi8dI1ldAp90sR.| 193i5ences

Mi gl iacci o, K. W. , Haggar d, B. E. , Chaub
watershed subbasin characteristics to v
wat erTsrhaends.acti on500d3D@Ihee. ASAE,

Mi Il ner, A. M. , Khami s, K., Battin, T. J
& Brown, L.
E. (2017) . Gl aci er shrinkage driving

Proceedings of the Natibsa@377ABademyg of

(ON0)



Mi | ner, A. M. ; Pi cken, J. L. ; Kl aar , M. ;
L.J. B. ; Br own, L. E.

(2018). River ecosystem Eesl bgeneaB EwvOE
8 3 b843 6 3

Mi |l tner, R.J. , Ranki n, E. T. (1998) Prin

and sttreahwater 4815869y

Mont gomer vy, D. R. , & Buf friemgthomor p.ho M
mountain dr@e nlagei dalsi Icsci e,t yl 0T (6RA)he r5

M¢nze, R. , Hannemann, c. , Orlinskiy, f
Becker, J ., Kaske, o. , Paul sson, E. ,
Sch¢ér mann, G. , Li ess, M. , 2017. Pest.i

effluents radtfectonmmvirdrttdeebsof , To8HRD, Env
38399.

Niedrist, G. H., a#tdme;,Wadeifr nhgLof ( ADRO)
defining I nvertebratRisWeTeRpee at uld 2A (PR e
28393.

Ni |l sson, c., Rei dy, c. A., Dynesi us, M.
fl ow regul ation of tiseiwoBled4,CG684105r ge r i

Oht e, N. , Dahl gren, R. A. , Sil va, S. R. ,
(2007) Sources and transport of al gae &
arid dlriembotwa.t er2 : RHiAdIBBg Y ,

Ooki, T., & Kanae, S. (2006). Gl obal hy c
Scieng8é&3(5719007)2,. 10638



Oorti z, J. D. , Pui g, M. " A., (2007) . Poi
di versity of benthic macroi RV eretre [Rreastea:
Appl i,cazd o{iz7)0,. 155

Pal mer , M. A., & Ruhi , A. (2019) . Lin
ecosystem processes: | mp ISice g#thicehS( 6f4Dd9
eaaw2087.

Par k, S. W. , Most aghi mi, S. , Cooke, R. A.
watershed runof f, s aMiit mentResand Sk t1Middll
1023.

Petersen, T. M., Ri fai, H. S., Suar ez, M
poi nt and nonpoint souJeersnaln oafn Einrvbia
EnginegeelBipd2aq 4

Piatka, D. R., Wild, R., Hartmann, J.,
Transfer and Transformations of Oxygen
continental Landscapes: A Revi ew.
EarSci e2n2cle,, 103729.

Pool e, G. C. (2002) . Fl uvi al | andscape
river di $ceshiwnuemdB(-6pb0gg4ll

Postel, S. , & Carpenter, S. ( NaQUuye'F
Services: Societal Depépgehit®)5.0nl Nlad nud

Popova, Y. A., Keyworth, V. G., Haggar d,
M. E. (2006) Stream nutrient | imitation
SpavinawoBaeah.of Soil ®#idinN@Ht.er Conser

Rabal ais NN (2002) Ni tArmb@eébn ilil0X22 .aquati c

op



Raj khowa, S. & ShrmateldJchgr®@land fl ood
chandgsd.oblan CIl i;maEles eCGhiaenrg;e Amst er dam, Th
339.

Rei ¢ h, P. ; Lake, P.S. (2014) Extr eme h
restoration &ftefhwwterg ®WaBOBESD2g Y , 6 0

Robinson, C. T.; Uehlinger, u. ; Mermagha
experi ment al fl ood regi me on macr oi nv
Agquati c,65S ®I120N.c e

Ruet z, C. R. , Newman, R. MD.o,w na nCdo nMornodl r
Det rBatsuesd Food Web: Fi sh, S hQreecdod,eordgsi3&® ar
(2) 73 1839D.7

Sarremej ane, R. , Cid, N. , St vAr lgi¢gred tl ers,,
M. , ... & Bonada, N. (2020) . DI SPERSE,
potential of Europearscacudtfiifé¢ cing@n @B 6 v e

Schneider, S. C., & Petrin, Z. (2017).
macroi nveAtebmmparisson between regul ate
Science of the DBotdlo IRMBWI r onment

Schmedtje, U., & Kohmann, F. (1992-). Be
Arten Makroorgani smen). Il nformati onsbe

Wasserwirtschaft 2, 8 8.

Schmutz, S., & Sendzimir, J. (2018) . R

governing towards a sustainable future.

Schuelting, L. ; Fel d, C.-.an@r @afherwopEeak
bent hic macroboventebobt @otd@malTIEHLAFDT D n me



Seitzinger, S. P., Harri son, J. A., Dui
(2005) . Sources and delivery of carbon
zone: An overview of Gl obal Nutrient E
and theirGlaplpdli cBito geqgc hleOnfidc)a | GCBy4cSIOels.

Servanzi, L., QuadrHyrdimor $.h,0l & gkxcmd, aP.t ¢
related effects on fish habitat i nduce
Al pind nrtieverra.t i onal Jour,na3d9 (c8f 3 0S ebdlidme n t

Shel don F. , Bunn S. E. , Hughes J. M., Art
C. S. (2010) Ecol ogi cal roles and threa
dryland ri Warmr iwat eamldo|IFe .6 h wadBd856. Resear

Smith, V. H. , Ti | man, G. D. , Nekol a, J. C
nutrient i nputs on freshwat &€nyi manmeet
Pol l,utl®G9B79

Sarremejane, R., Messager, M. L., & Dat
and ephemeral Estohgamoh®@miwyo,r kes2390.

Syvitski, J. P., V°ro°smarty, C. J., Ket
on the flux of terrestrialScsedi@@a8n(th 72®
37-580.

Tchobanogl ous, G. , Burton, F. L., Stens
treat ment and r eHislel,, 4N é&w eMonr.k ,McUWE Aa.w

Thor p, J. H. , Thoms, M. Cc. , & Del ong,
synthesis: Dbiocomplexity i nRirvievwre rR enseetaw
and Applizat2onsl23147.



Tickner, D. , Opper man, J . J ., Abel | | R.
& Young, L. (2020) . Bending the cur

emergency recovery plan.

Bi oSc i e/mc(e8 % 2. 330

Tockner, K., & Stanford, J. A. (2002).

treBdgironment al 2C(nR3sPed.vadk8 on

Tsuboi , J. ., Endou, S., & Morita, K.

threatens coexistence of stream dwell ir

Hydrobj o65093 a2 2 3

Vannot e, R. L., Minshall, ,G.&WCusICumagj |

(1980). The r i veQancaodnitainn uJuomu rcnoanl c eopft . Fi ¢

Scienc3ers(-137.130

van Tiel, M., Weiler, M., Freudiger, D.

K. (2023).
Mel ting Al pine Water Towers Aggravate
Storyling€&€aApphresadhitare e2022EF003408.

van VIiet, M. T. H. , Franssen, W. H. P
Lettenmaier, D.

P. ., et al . (2013) . G| oToeanhp eRiav eurr e Diusnahes
Chan@leobal . Envi r,on234n6a430 Change

Vi aroBart Pl i, M. , Castaldell i, G. , N a |

(20 RE).ent evolution and expected chan;¢
exploited watershelWndetrised aRdi Rg v Er gs hw.
Probl ems i n a Chraoncgeiendg nmdd®r2l.odf H, 4, 175

oy



Vero%smarty, C. J ., Mcl ntyr e, P. B., Ge !
Gr een, P., ... & Davi es, P. M. (2010) .
river biNediuvwve6si(7B&2), 555

Wal | ace, J. B. , & Webster, J. R. (1996
ecosystem f uRectiieon .o fANEMULaOIN® D oG ¥ 5

Wan g, F.; Maberl vy, S.C.; Wang, B. ; Li al
bi ogeochemical ¢twnthnd@Watidd0ecol ogy.

Wander s, N. , VIiet, M. T. H. , Wad a, Y. ,
Hi ghResol ution GI obal Wat er Rempad.ah2TE
2778.

Ward, J. V. dil®oé8R®3i.odhle matuurde@uomal otoif ¢
North American Bendt(Blol,og2i cal Society

War d, J . V. , Tockner, K. |, Arscott , D.
di veFseshgwat er 4B{(-8B0g§l7

Wet zel |, R. G. (2001) . Li mnol ogyl.29)ake
Academi.c Press

Wright, I . A. Chessman, B. C. , Fairweat
the i mpact of sewage effluent on the m
stream: the effect of different | evels

Australi,an2E&cid4®gylis?2

Woodl ing, J.D., Lopez, E. M., Mal donado,
|l ntersex and other reproductive disrupi
Col or adoCosntipraera ms .

Bi ochem. Physiol. Parlt44015T)oxit® I . Phar

o



Woodwar d, G. , Bonada, N. , Feel ey, H. B

str

cat

Zai
et
120

Zha
spe
hyd

eam community to extreme <climatic
astr oprhaxchvwdtoprde B{ 0-Rp @ 92497

del , P. A., Roy, A. H. , Houl e, K. M.
al . (2021). I mpacts ofEcGammaddi Oalms!| md
, 106878

ng, c. , Di ng, L., Di ng, cC. , Chen, L.

cies and phylogenetic diversity of

ropower devel opmebkctolangd ceaX o t9i0icd i i2r&\ a0

279.

Zha
geo

net

Zol
hyd

Res

Zol
al p
576

ng, Z., Gao, J., Cai, Y., (2019). Th
graphic distance on species turnover
wemki.ronment al Mo.n i1t 91r i(n4g) ,A s2s0els.s me nt

ezzi, G. , A. Bel |l in, M. C. Bruno, B.
rol ogi cal alterations at nMaltteirpl e t ¢
Rwr.., 45, W12421

ezzi, G., Siviglia, A.Th&@ombpkahki nhl.

ine streams: Event &bahgdt ed (odg,t i D4



SECTI ON |

Wast ewat er Tr
Pl ant Ef f |l u



SECTI ON | : Wast ewat er Tr eat

Paper | . 1: AEffects of wastewater
macroinvertebrates: i nsights fro

This work was submitted as:

Marino, A., FRurogglzizdo, &*.ScNiloom&br RBi.c i ,
Bona( FEXS5)e.ct s of wastewater treatment pl art

insights from the catchment scale. Water R

Abstract
The excessive introduction of nitrogen

ant hropogeni c activities presents a

management . Wast ewater treat ment pl ant
nutrient | dadsdenessdecipaolplul ated areas.
focus on discharge concentrations, the
bodies remains a <critical but -todrmmn o
ecol ogi cal i mpactes Thies ed fdeed ¥i syiem¥ endWMT
| oads on macroinvertebrate communiti e:
functional traits and community metric
indicate that | arge WWTPs andemmaht
phosphorus |l oadi ng, influencing macr Ol
functional di versity. Hi gh nutrient | oec
di versity of sensitive taxa, |l eadi ng
bi ollogtcaits revealed distinct adaptiv
assembl ages, hi ghlighting the influenc
structure. The findings under s-basedt he

nH



regul ati ddrmasetdto abseadsments that consi de
nutrients on aquati c esccoaslyes tneamsa g el nmepnlte I
and integrating biological monitoring t

i mproveodihealecottatus of rivers affected

l ntroducti on
The ant hropogenic i ntroduction of nut

phosphorus (P), i n surface waters rep
management on a gl obal Yisoyat ei ¢ divasdehc
agricultural practices, i ndustri al act

from wastewater treatment ol ants ( WWTP:

Urban discharges (from this point onwar
refer to the discharges under investig

mean the discharge of wastewater origi

settl emeht sas shousehol ds, school s, h c
infrastructur es, treated in a wastewat ¢
source of phosphorus and nitrogen, par

and industrial Idiesncsditgy, (GO X)y. &T hvEyg cor

to eutrophication phenomena, with seve
aquatic ecosystem biodiversity (Mallin
from inefficiencies i n uttrreiaetnne nito apdrso,c €
scarcity in receiving water bodi es ( Ma

Beyond the concentration of nutrients

the total annual |l oad releabedi by. t Bes
when nutrient concentrations in treate:
significant, especially on an annual S

provides a mor e accur-aé¢emiinchpaat i om

ecosnsst eHowever, the | oad also depends
no



treat ment pl ant, which can be <cl assi f]|

equivalent (PE), a parameter used to d
wastewater in relation to the served pc
Environment al | egi sl ation has been int
receiving waterbodies. However, many r
concentration Il i mi ts (see for exampl e

n
2024/3019 EU), velsi logd tnlug rdemdse dwemnda ng

functioning remain poorly wunderstood.

nutrient lodadbri slegebopang sustainabl e
strategies (Page et al., 2012).
Al gal bl ooms, reduction in dissolved o

among the most commonly observed effect

et al ., 2009) . However, the analysis o
compl i cadtealr dysdch as tempor al and spat
dynamic interactions that influence ecc¢

Ri ver ecoclyseemt o espcess nutrients derg
including soil typol ogy, geomor phol ogi
ot her anthropogenic pressures (Ekka et
depth knowledge ofs eafol WWT R and u tcroinesretq ulea
to develop efficient conservation and
moving the focuschtem(Baocghzezo basah.,
hel p capturing the complexdtlyabift at vepat
(Loreau et al ., 2003).

Among the most effective approaches for
i s the use of macr oinvertebrates as bic

organi sms, due t o t hei Ar thir ool dl@auxsocnao m



Anne/JlNednat dand®| at yhel mihahes di fferenti al

environment al changes, providing detali
of water bodies (Lim et al., 2023) . Sp
respond di stinctly t o nutornisentn gspdc:
compositi on (Rrnat erb uentd aanlc.e, 2020) . For t
valuable tools for identifying i mpacts

di scharges and asseosygyisngeg mcHhHeaenwgds (&Etnnts|

Bent hic macr oinvertebrates have a l on
bi omonitoring tool s, dating back to th
2017) . Traditionally, the s a&prhoabsi cb eienmn
used to measure water quality based or
changes in dissolved oxygen and ammoni
' imited to assessing the indirect influ
t deegree of organic pollution due to bi
as algae, whose growth is influenced L
specific approaches to analysing the i

-

ecent yeaxras, iwmhiegrate biomonitoring i

Il n Europe, maasednbe omemi atoe i ng i s a Kk
compliance with the WatWrD, Fr2a0medwo r ka cii
"good ecol ogi cal status" for water bod

met hodol ogiess deciafsisee sismpect s of nutrie

et al ., 2024). Al though algae and macr
of nutrient |l oad (Bona et al., 2024),
the trophic chlaemenmtnar yfpers@mectoimpe, f o

and temm effects on the structure of bi
2017) .



Monitoring the Dbiological qguality of \
all ows for assessing iIinteractions betw
However, urban discharges from wast ew:

di srupt ecolbwmgbygall aequrl ngritolerant sp

di versity o f sensitive ones, ul ti mate
(Cantonat. et al ., 2020) . These alter
bi odiversity conservagjoafbhedtengsksyep
as organic matter decomposition and nu
al ., 2011) . Despite these recognized i

n understanding the synergiastioberetfHie

communities. To date, most studies have
of tot al nutrient | oads and their i nt
explored how analyzing biological trai
grmsa could provide a more detail ed asse
Bi ol ogical traits, whi ch describe spe
ecol ogi cal characteristics, of fer i nsi
respond to environmental stressors. On
(Cummins edrealpr,i MmaOr7i9)y | inked to feedi
roles within the ecosystem, such as pr

These groups reflect the energy fl ow al
t hem power f ul otw onlust rtioe netv alouvaadtse ahl t er e
focusing on traits and functional rol e:
structur al changes in communities but
a mor e comprehensi venuwtnrdieernstt ahdadg D fi

biodiversity and ecosystem processes.

Po River District, with its peculiarit]

natural | aboratory for developing and t
nc



capture the impacts of nutrient | oads.

presents an ideal case study for inves:
652 km] and significant anthropogenic |
urbaniaities, the basin is heavily inf
which in some densely popul ated areas

phosphorus and nitrogen (Faroogqg et al .,

Based on this premise, the objectives
evaluate whether wastewater treatment g
to nitrogen and phosphorus | oads; A2) t
areuemc¢éd by the different pl ant cat eg

bi ol ogical traits to the categorizati or

Materi al and met hods
Study area

Po River District, the | argest in |tal.y
and extends over seven regions: Pi emor
Emi-Ropmagna, Liguria and a smal/l part o
waters oft rnwnearaocuses, from the Al ps an

medi um order rivers such as the Ticino,

This complex water system crosses terri

and intense agmrindulutrwraaal ,acitnd/u gtireisal wh
pressure on water quality. Il n 2020, t hi
ltaly, 44 % of which were | ocated in t

wastewater treatment opnisantwi tvhara egr aatr
along the main stem of the Po River in

ar eas



Dat aset

Data on the |l ocation, di mension (in t
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Macroinvertebrate metrics
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However, metrics rel ated t o abundas

phophorus _esti mat e: 0.001) and t axa
phophorus_estimate: 0.001), the percer
0.001, phoph@r @Bdredst itnhaet ecabundances

(nitroge.Dtli, matpdhop-Bo0OF) est Emaplee me n
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equivalent. The new three components s
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significant effect of category 1 (Com
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Tabl:e Results of the models applied for
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highlighted in grey.
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first component , Comp.1 (Figure 2), re
category 1 WWTPs, showed positive &effe
exhibiting a prevalence of satbbapratieo®
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Abstract
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I n particul ar, the biodiversity and ir
natur al fl ow regi mes [ 4] . Changes I n
consequences for stream ecosystems, su
| ocal exti ncasiomn a@afndexditei d nspeci es, pa
environments [5]. l ndeed, al pine aquat
systems to multiple stressors [6]. Ri v
typical hydr ol ogifclaolw rreagtiemev airni ewsh iscihg ntil
the year. During the war mer months, me |
fl ow, while in the winter months, the
and possible freezing. |[TRrednétyurddalImi ma
snowfalls or alteration of snowmel t |
change.

Il n the context of this rapid climate ch
an i mportant rol e. I n particul ar, t he

(WWTPs) may be exacerbated by <climate

water f | oaw, ar elsouslst iorfgudiilfutciadn oann ¢ aspealcfi

As an example, in 2022 different Europe
droughts, which were particularly evid:
drought was exacerbated by a persisten
nortengstne andeasdwetrn Europe from November

which blocked the transit of Atlantic |

resulted in a negative rainfall anomal
Il n gener al |, in I'iterature it is known t
river segments and its dilutionlOapacit

y M



but the Al pine region was poorly invest
coll apse or | oss -fdfowwetg swvarnt feac ee navnd o
consequent depletion or di sappearance
popul at e Multcdhm moXlk] .negl ected is the asftg

water shortgagqes tgn wat er

I n this work, which is to be intended ¢
water shortages may worsen the chemica
| eading to significant biodiversity | os
stretftdcted by an anthropic discharge f
gual ity and aquatic benthic communitie
WWTP. Our wultimate aim was to investi g:
the modific@ationanoaduywrn mien river dur i ng
drought gi ving i nsights i nto t he re
mi crobiological, and ecol ogical par ame
knowl edge, this is the ftheti mphtitdb$cl

effluent discharge is evaluated in rel
change in an alpine river. 't must be
river and in the time span of atshea yea

circumscribed description of the respo
conditions, and is meant to be a firs

phenomenon requiring more time and mor e
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FigLot¢ation of the Stura River (NW Ita
sites. Umotor ebd i SN@ 3 . 0NNjAN2 . Z7/nj E) , WWTP ¢
-coor di Ma3tNgls8 . B8 NjN3 . 77/nj E) andc odoorwdnisntart ee
48 3 Nj0O1.0NNANG . 27nj E) .

2. Materials and met hods

2.1. Study area and hydrological descri
2022 has beedriomet odnd hhottest years e
Al pine area, resulting in severe runoff
study was conducted in ftthred ert ulrat idd dyag
a tributary of the Po river in Piedmont
pl uwni all hydr ol ogi cal regi me and, acco
Environment Protection (ARPA) e2®21 tdet
mouth i%¥s.23Li3kee nin emabgsonhberi Al phae | as:
experienced | ong periods of reduced fl c
floods [12]. According to the data <col
January the Stura di LamBd ss)hovaend & hree c

y o



worsened in February and March where f
average, reaching a deficit of 1T 60 %

year and characterised not onlaphihc s |

net wor k. I n December 3tshe waawe rfaage aibmfvieo \
average conditions and the overal/l def
was 67 % | ower than the historical aver

characterised by the preesegumicwealoefntk 3, 0N
which employs biological processes an

mai nly urban wastewater.

2.2. Sampling

From January to December 2022, t wel ve
mont hly. On the studied section of the
were defined (Fig. 1). The first one | ¢

the secaecrad edna@ilkrectly on the WWTP di s

|l ocated 500 m downstream of the di schar

2. 3. Determination of chemical par amet e
The details of the reagents wused for t
regarding the treat ment of the sampl es

Supperet ary Materi al (hereafter

SM). Temperature (T, UC}ES cemieciy,cdlsg
oxygen concentration (DO, mg LT 1), 0 X
measured at each sampling point wi t h e
Mul t i 3430) . T haen i coonnsc e(nGlrTat,i oM@3 4o1f S
( Na +, K+, Mg 2 +, Ca2+) were determined
Carbon (TC), l norganic Carbon (I C) and

using a TOC anal psdrt hEhevoir ks ngu me®mtds t

y n



paragraph S2. The sol ubl e reactive

spectrophotometrically, using the meth
Nitrites, ammoni a, tot al phosphorus,

determined spectro@amoy om@®Or iSccalnl ys pweictthr
(qgquartz cell s, pathlength 1 c¢cm) accord
S3, and previously reported [14]. The
effluent to the stream flow @Yt it %as

estimated according to the calcul ati ons:s

2. 4. Determination of microbiological [

For the microbiological anal ysi s, 2 L
transported refrigerated and processed
evaluated for faecal i ndi cator par amet e
col i anhdi €1 om perfringens spore counts
and ver opcryadou coixn-gv TE.C) ¢ oTQivaayntM 2000 (I D
Laboratories, Mi | an, I'taly) was used
enterococci and E. expries saendd atsh eL orge sMd
Number (MPN)/ 100 mL. The enumeration of
using a membrane filtration method acc
Standards Organisation, 2013pg[ LCB] pn&nc
Forming Unit (CFU)/ 100 mL. The presen
VTE DNA in water samples was =evaluate

previously reported protocol [16, 17].

2. 5. Determination of benthic macroi nve
To assess bi ol ogi cal di versity and r
communities, i . e. macroinvertebrates ar
ecol ogi cal functi onal processes and d

yp



Regarding macroinvertebrates, five samg
net gméemm@sh size; O0m0y%y mBA ar é€d)er &nde.

away from each other approxi mately 5 n

preserved into plastic jars with 75 %
S5) . For phytobent hos, sianngp | ti mey s mawcerr ;b
sampling schedul e. Briefly, di atom sam
foll owing the standard procedures [ 18,
Il ntercalibration Common Metric index (
adpot ed at national scale in the framewo

OMNI DIA 6.1.5 software. Ecological gquil

and planktonic) were assigned to each t

in a predyou2l}s. Details concerning sat
di atom samples are reported in the Supyg
2.6. Statistical anal ysis

For chemical par a-menhems, fiteBearerandanc

Origin(Pro) 8.5 software package (Orig
USA) . The dataset was centred, aut osce
insights inabi pnssambegcbheemeasured ch
U and in the Dpbystesal tpharamemecsal ( pH,
DO) and the daily flow regimes (Qday)
(PCA) was carried out wugi hg-CiAlel[ 2@f]t war

the significance of the correlations we

For mi crobi ol ogical par ameters, t he |
concentration of bacterial i ndicators

with I BM SPSS Statistics version 28.0 f
Wi ndows. The data distributiWwnhnk®¥astest

According to nongaussian distribution,
y C



indicators between U, W and D sampl es,

correlati on bet ween mi crobi al i ndi cat c
Spearmandés correlation. The relationshi
and river At ed was hevwalhary | ogistic r e
evaluated with 95 % confidence interval

Regarding macroinvertebrates and diato
conducted in the R Environment (R Dev
Concerning benthic macroinvertebrates,
replicate, andr egrieosrsitoon pneadeolrsmi nogut | i e
the method for data exploration report:
the community composition between sites:c
metric mul tidi mensionaadatescahahygsi(sNM®S)
(PERMANOVA) and PCoA (see details in th

di fferences in community <composition
di fferent months (Q), site (U, Wemaed al
tested via permutational mul tivariate ¢

Br&€wrtis distance, using the OADONI Sb

Anal ysi s on speci fic t axa i mportance
percentage procedure (SI MPER) [ 26] . Mo
(GAMs) was uspfll uenessetsfltbow variati or
par ameters. Further information on the
S5.



020 N-NO.

.123456789IOHI2 .123456789101112 ‘12345678‘)I0|||2
Month Month Month

IC

0
1 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 1011 12 P12 34 5.6 T &8 9 10N 12
Month Month Month

Fig. Qoncentrations (C) of some of the
Stura river through the vyear 202 2. Uj
downstream values in grey. The waste Ve
mar ked or | esesmbrekecedi ftther edncand D ¢
i norganic carbon. (For i nterpretation
|l egend, the reader iIis referred to the \
3. Results and discussion

3.1. Chemical parameters

The water temper'l'aftuirleswir'l'rﬂné@reidrn 6sr@drimedr  (
S M, Fig. S1). Stream flow (Q) vari ed

registered values were up to three ti me
than i n summer. EC foll owgdt 6 heowawveyval
spring and early summer.

As shown in Fig. S2, the concentration
downstream sampl es were generally hig
upstream ones, pointing out the role o
exthrua ri ent sto@dm.i €Conkentrations in th

higher for almost all the measurréd par

yy



Mgt Sand #Noi nNthe period from January t
differences in the nutrieiNQIlioNRd3INU vs
N H, Fibgc.) .2aThough seasonal trends coul d
bet ween U and D tended to become mor e
wi t h | ower f 1l owFerberguameysiS&pdaenmad1ry) , a
consequence of demeofl etstse dwdtudrn omo pyy.w E X
represenitetab83nig | Cig)F,i gwh®sde di fferenc
andgbD)( remained negligible th%6Egbh.t he
2f )YYan#d, CwhppBPekept constant month by mo
may differ I n nutrient composition, fo
nitrogen content wadQmai hhge sBépMldmenndo:d
in the effluent. This data is coherent
the region of Cataloni a, Spaimrp@eéadan w
climat e, are typically subjected to su
intermittency. Furt herimdiceo,nciemt rat womt
stream tends to falilJuinre)t nentggr irreca crho mt

(JUAugust); med@mevihail s Wel | present in

The contribution of the WWTP effluent

vari ab6e ,%fBtboo (Fig. S3), with no stric
the year, contrarily to what was previoc
may be due to the fact that this strean
of 2022 and ntgh oau ghi gdhilsyplvwaarii abl e hydr o
intermittent water course. Yet, it 1s t

dri est mo natnh sag v ewiatge of 25. 3 %: t his i

nutrient concentration observed in the
is |Ilikely to be biased by an extra add
side canal , obsmepd ved dudi mptt lpireseat [

y @



foll owing ones. For this reason, the
excluded from Fig. S3. Thus, t he WWTP
|l ow fl ows as the dilution capacity of
fl ows a mapongrohe Ffnnahachemistry of

played by the upstream conditions.

Il n order to investigate possible corre
data and Qday, we performed a PCA on t
excluded from the analysis, since the

i nf or mattihve tryel(at.ieve di fferences) of th

Fig. 3a shows the scores and the | oadi:H
39.07 % and the 19.6 % of the total va
|l oadings for the daily flow and negati
Si0O this suggests a negative correlat
chemical variables for the stream, | mp
af fect the concentration of the nutri
particul arhloyseenvwnhde mats siomitated with | owe
March andi DNoeovemberr. On the other hand,

mont hs in the same position as the
Qday Il oading is evident. Thus, t he PC!:
regi mes (and, as a consequence, of t h

contrasting the effect of WWTP effl uel
chemical di s ddretri newiitdye.n cfes, frmuors t of t h
appear to be negatively correlated with
TCTOC, I, " CI3NaMgnd?iCme | i near negative

statisticdlPlearsiogoisf teant at 95 % conf i

dn



result i s consistent with a previous s
over nutiriinentntweptmikd ent watercourses.
Mor eover, as reported in Fig. 3b, t he
di fferentiation between the upstream a
di stinctly clustered for positive and
sampl e scor est hoen hPyQolo tshuepspiosr tof t he cont
effluents to the water quality downstr e
positive correlation between Qday and t
fl ow seasons, when ndheDdiedhfeés encebdel ave
a) b)
PC2 PC2
aD2 |»y.I o N-\.m‘ AD4 - ‘VA” \& - == :‘F —— 7-1\“\
- Na -Iyéx,\'()_ Au2 AL D :E: m\\ AU2 AU3 ‘I:g:;‘ //
- \Clo\ﬁ‘,.\'ﬂ;\i)‘:;r i st .} \ e
o T -An;)” AU Am\\ Al ‘i”_ Al
.Nliol Ail‘ll \\é” e /
/ ADS B e lﬁ Aus /
A ca $DC \"\\‘\/
I)‘\/ H
Fi gPri3nci pal Component Analysis (PC1 vs
scores of the samples U (in blue) and
parameters. b. Scores plot of U sampl es
groups. (tFRaatri oinn toefr ptrhee r ef erences to c
reader is referred to the Web version c
3. 2. Mi crobi ol ogi cal parameters
The results of faecal indicator bacter
reported in Fig. 4 . The cBnhncéBBltgat don,
enterococciC.( pieg Epban)gsagsdig. 4d) i s st
the discharge of the WWTP (W) since t

d ™M



indicators increases significantly bet

Mor eover, there is also a statistical

sampl es for al | the microbial i ndi catoc
WWTP to ietdtectalal ed faecal contaminatio
sewage (SM, Table S1). Moreover, the co

was higher with respect to other stud

effluent. Furthemgmordfe camat sdiatistecae! y
col i fEar mwd ienterococci between W and D
if with | ower intensity with respect t
results highlight the possibility that

mi crobi al 1 ndincsatporeseannc dretfroatei t he di s
same trend was observed in other studi
i ncrease «&f. ocaomldifenrtmsr,ococci c duntthse j u
WWTP di scharge. The presence of faecal
interest to public health authorities

presence of human pathogens [ 34] I mpl i

Sal mosep | ,a pB.t hmtgleaniSbsi gaepldl.a [ 35] . The p

faecal i ndicator bacteria is an indicat
since their presence in high quantitie
oper at i odne carneda/soer oaf water flow in the r

The results of the correlation analys
concentration and the stream fl ow dat a
reported in Table 1 (graphical represe
and downsamglae points were analysed serg

of WWTP in association with the water C
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I n particul ar, i n the U sample no stat.i
but , interestingly, in the D sangple th
colienter €copeirfawehge nisnversely correl a
variation, emphasising the negative i

decreases.

Il n literature, it is well reported the
guantity in surface waters can be infl
relation to climate change [36,37]. As

t hatsidemed rivers of di fferent ori gin

contamination in alpine rivers were r1 ej
studies [3&,.3%p,l rMRNTrof( mon tEaanset aArsei aas ao
Brazil, redmantdi vhalgyh)erwasur i ng the wet
season. This could be explained not onl
e. g. ani mal and human dejections at t
| atri ne=sandb utdbiynlttspdef er ent | ocati on and
Mor eover, in a river situated in Spain

found the highest stream recovery capac

the highest temperature).

Il n al pine rivers, it is possible to ob
the highest stream flow should be the
spring/early summer, since it is due 't
andownmnmel ting. To the best of our knowl
i mpact of a WWTP on an Al pine river has
change and especially during a prol ong
possiblg tomgiarecthe results with previ
reported here could be explained by thi

dilution factor of the stream flow pl a
dgn



indicator bacteria with respect to ot
highlights the i mportance to preserve

shortage, direct consequence of the cli

The results &Rl mattpphgaeandi VEEC) det ect
with conventional PCR are sh8a&ahmomelSIMa
spp. was detected in 50 % (6/12) of the
(9/12) of D, hi ghlighting the i mpact o
obtained in another study (Svolrnoommeed)l d 33
detected only in the downstream sampl e
to the fl ow reducdtsitanc tohfatt hies hcohtareasctt
frequency of posbai memeyhdratre & aimp | eerso tf loe

in di fferent river s, was | ower t han t he

As reporteld. ib3Ta:bH®e &Rk eShiogan (I and
found in the samples analysed. The only
the flagellar antigen H7 (U: 50 % (6/ 1
and the one encodi g %f ¢ O/ 12) i mMWn Br 8t &6
8.3 % (1/12)), necessary for the infe:q
adhesion to the host intestinal epithel
t hat t he oedngldT | as aonti directly assoc
pathogenic strains [41] and that its d:¢
with the presence of the pathogenic s

somatic antigen Offéf7 @&way eWet hdesamped

presence of pathogens in rivers poses
when the water is used for recreati on:
despite tBe @bB5End?e iof @l poFahitersogmgeydplla n
was found upstream and increased along
the need to carefully monitor the WWTE

Gbp



strategies to reduce the effect of wat ¢
the pathogen presence, even if i ncr ea

associated with stream flow variati on.

3. 3. Benthic macroinvertebrates

We collected 120 macroinvertebrate samg
U and D). A total of 62.465 individual s
45. 424 upstream and 17.041 downstream.
taxa dowhstdeameade of invertebrate den
suggests an evident i mpact of WWTP di s
di dndét change between U and D and the f
same on both sampglaen siotmensni Thesuwere p
by Simulii daBaegd456s T 0%)25amd , whil e dowr
were predominantly dominBaedpby( Na.i dl dg

Taxa richness was higher upstream ( mear

16.66 N 3.19 SD) than downstream (mear
Pl ecoptera, and Trichoptera (EPT) togef
18388 speci mens coll ected upstream an
taxonomic richnesssurdferERyvas( EhR Tg_hS)r pueprs t
SD) compared to downstream (6.74 N 1.16
number ofr emalsltwatnantgr oups (e.g., Ol i g
became dominant, whil e sensicrieased ax a
abundance and richness or di sappeared
Groups, upstream samples were predomi n:
%) , i n downstream ones, collectors domi
pr esenceer eorfs g(a8tilh. 99 %) . Il n downstream s
to decrease, whil e collector abundanc

increased organic matter | oads [42].
dc



To depict di fferences in the taxonomi
bet ween sites, an NMDS ordination and
performed, yielding significant differe
with beta dispertdiadnt hwe dobwnesrnrvwveam sit
heterogeneous al ong t he sampling per.i
community, indicative of a response to
treatment plant and wathbBe m®moat bst whello:

i ncreased, di fferences between the two

a) : = b) G ] o ©

Qmean

Fi gBemthic macroinvertebrates. a) NMDS
in the taxonomic composition of bent hi
(blue triangles) and D (grey points) s
around t het hcee nttwoo igdrsouopfs. b) time seri e
Mont h) of flow (Q_mean) and Average Sc!
with baoaX5th2pehcentiles; | ine = median;
range), for U and D sites. c) Represe
(Q_mean) inheASBTingheilines (blue for
represent the smoothed functi on, whil e
sampl es. (For interpretation of the re
reader is referomedft d htilse aWah cM eer.s)

The SI MPER analysis highlighted those
di fferences between sampling sites. I n
hi gher relative abundance (specimens/ s
mean = 7)i,ddempbbDi medn = 27 vs. U mean

mean = 12 vs. U mean = 4) and | ower r e



mean = 45
Habropép e

ADONI S sh

to fl ow ¢

We regi st

VS. U mean = 135), Caenis sp

bi@a mean = 0 vs. U mean = 7).

owed a significant difference

1, SS ==30,286, RRO=001) 2&8ndPa significan
onditions (df = 1s0.SGB0ZFX) .1, 023,
ered significant nonl i near re
rtebrate community in relatior

macr oi nve
(Average
wi t h wh ea
macr oi nve
val ues of
t hroughou
we detect

when t he

Score Per Taxonj)s,hatplea patltadrn ro

sflao good predictor of t he c

rtebrate community, especial/l\
ASPT were recorded in the ups
t the stOdiedeyeantr @Fyg.i Bb9h
ed an evident variation in ASF

fl ow achieved the kKOwe®OtL,r &mn g:

5¢c) and an increase of ASPT values as t
di fference in metrics, such as EPT_S, «k
revealed a significant relation OF = 5.
(Spearmandb6. @P¥w)al wet h the deikccealbke, iint

observed that at higher flow rates, t he
and D sites was highly evident whereas
rates, where the difference increased ¢
With this study it has been possible t
metrics f or-quwaantteirt yq uaaslsietsys ment . For I n

Chir onomi
of Ol'i goc

However b

dae are very tolerant to wate
lsadaagtogppoamd aGa& often indicator :

ent hi c macroinvertebrates ar e

hy



regi mes [ 45]. I n particular, invertebr:

response to |l ow or reduced discharge.
increased habitat suitability for some
[ 46] . dmeeg ecfp certain invertebrate ta

invertebrates might be wusef-ul owndmpathbd:
It should be possible to identify taxa
t hose thatowsricfhtanwgheen afnld are affected
specific velocity requirements. This i s
such as ASPT, which exhibited a negati
col ogi cal qgual itgsenee eoimi hedh bgi vaesi

w o

ensitive taxa such as EPT, as river di

—

o highlight that the differences betw

for sensitive taxa such as EPT, i ncr ea s

801

b4
L

Delta_EPT_S %

4 8 12 16
Q_mean

FigVvVabiation of EPT_S wupstream and dow
di fferent flow conditions (Q_mean): D
richness of Ephemeroptera, Pl ecoptera e
the U site for each sampling date.

¢



3. 4.

I n
i n
was
(2
obs
Ev
t h
di

t o

N

< O O

o O

t o
rec

of

Con
%)
str
en
pr
mo t

o <

Ssuc

t hei

[ 50
one
stu
t he
enh

Vis

t ot
t he

Di at oms

al, we collected 36 diatom sampl ¢
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1O/N333%F5Y N 4.51 and 16.16 W N 3
ed in terms of Shannon diversity
ss (0.66 D, 0.50 U and 0.61 W . C
highlightedwharenatthlkeor sstudynd 4
ity (Shannon index) in a site |o
upstream section, while | ower d
upstream site. Likeliyn tihne oDurs esct
ed a contribution of taxa from bo

her and more diversified assembl

ning ecological gui lpdso,f iwee otbasxear v
the upstream site, accordi-ng to
ed blutedi 88} pawbhech i s gpmecrr al |
rsme[ 49 ]-f laoomd vheilgohci ty conditi ons

us studi es, downstream and waste
taxa (respectively 61.60 % and
sful competidmtichfemvnutomimemt s |
ability of synthesising extracel
Mor eover, motile diatoms have a ¢
since they can activdliyonmoVJe 1tja w.
this guild was more abundant du
rm water temperatures which can b
e the ability of motile taxa to

ity in the raphe slit [47,52]. T
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taxonomical composition among diatom
sampling sites, we performed a PCoA. Tt
in terms of diatom species composition
that sampléeés afetmesUly placed on the r
those collected in the W site are main
separation of the two spider graphs. T
hal f way bet weenndt hbls@eseupisthredm aastew
confirming previous results published
apparent taxonomic homogenization of t
whose &ellipse appears stronglynigateber
bel onging to the W site appeared, i nde
those characterising U and D sections.
cheri caand hydrol ogi cal pressures affect

sults of previous studies [53,54]. TI

—

e

axa significantly contributing to dif
articular,) deasvnemblageyg Dwer e Umaismo|l vy ¢
0

| i saprobi c Riasxtau |l iffoer( B nesa pannocpeh,b Bav s .

O T ©

and W mNMiatnz ssc H(i43) ,ceoasn=ei48 v s. U mean
8)Niatnsilschi aDf meancele@ah ws.28U amd W me

i splayed higher abundance means i n D

o o

ontrary, a | owem-meebabpvebabsntdarae o
upstream #&acheansbcdi(eDn nbkeealnmo=nt2i8 v s. U
nd W AchmMgnt hidi uimmD pmagema*scdbh vVvs. U n

Achnant hidi ufMDmmeani ss 6mMu 8. U mean = 232

a

wastewater (W) diatom communities were
Achnant hi di umMWsmgampHhilln vs. D mean =

Mayamaea (pW rmmiathni = 86 Vv s. D meNan zss chl aa



sorat(eMmsgnesan = 73 vs. D m&ehnhlapbhbbwWanadid
0

mean = 43 vs. D mean = 3 and U mean =
observed in our communities are consi s
[ 47], highlighting a shift in diatom a

groupsi el toom-gatnlde - agyiri | e gui l ds wupstrea
pol ysaprobic motile groups in the i mpac
furtherly confiermenrdcea Isatgmadn caintte di (fdf
0.30, F = 15.03, P = 0.005) and with ct
= 0.41, F = 2.82, P = 0.005).
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Fi gBemthic diatoms. a) PceCAIrotridsi ndatsiso nmi
matrices depicting di fferences I n t he
communities between U (blue points), W
|l i pses repegsant ossandaudd the centr
me series (x axis, Month) of flo
dex (1 CMi , y axi s) points, for

oot her for flog WwQtmeadadMiinTheat
gr ey or D site) represent t he smoo
di stribution of all/l sampl es. (For int
figure |l egend, the vemasieonisesfrehesreadt:i

- C =

Despite the importance of diatoms as b
i mportance of their inclusion in the
composition and structur al dynamics 1in
[ 47, 56] . lant oomu rq usatlu dyy, idnidex | GIdi. 0bi)s pl

hi gher values in U in comparison to D



0.42 W, . e., corresponding respecti v
ecol ogical status), thus responding to

observed in another stwudy [47] for BDI

We registered significant nonl i near i n
diatom community -ilnow.ellann i par ttioc ulhar rti h
good predictor o f the community attril
el evat eodf VvRa2l uiensdi cated that the benthioc
with the flow. Higher values of | CMi we
in sampling periods where tJyheela8i¥wer f I
(Fig. 7b). dhef |loWMdistwerae urceegi stered in
the flow achi evidl thise (IFe sss 5r. ®60e RR1mw 8
Fig. 7¢c¢). I n both U and D sections, th
(Fig. 7¢c).

4. Conclusions

The study highlights the commidaex eidntwart g
shortages, wastewat er treat ment pl ant
ecosystems and water quality. The hydr

-

unoff dewéestetni Al phee area during the

]

eduction in flow rates. Normally, wher

(@]

hange on rivers, they al ways consider

This study takes the case of one river

(7))

hortage on water quality, attempting t

how reduced fl ows may exacerbate the 1.1

t he ocfasSea ur a di Lanzo, these alteration:
parameters, including nutrient concentrtr
analysis of the chemical parameters shi

MO0



l ow contributiostreamefmeawpfthegwpaktannh
final nutrient | oad in the downstream w
val ues supported the hypothesis that

nat ur addtyeds uthg seasonal flow regi me sh
WWTP effluents when drought conditions
was threatened. To determine whether t

facing droughpgetsiittiuan i ofnst,hashe areal yses

on comparable basins is essenti al

Foll owing the same trend of nutrients,
faecal indicator bacteri a, reveal ed a
downstream water quality. SBEhenomreddiane e
concerns about potenti al health risks

conditions.

Macroinvertebrates and diatom communi ti

conditions, underscoring the vulnerabil
The decrease in invertebrate densiti es
changesaviani |faoboidl i ty. The shift in diato
i ncrease i n motile taxa downstream, r

treatment plant effluents and reduced f

The study also explored the potential o
as i ndicators of water guality and q

macroinvertebrates and diatoms suggest

associ atedtwvehesehogi cal conditions,
reducleodv | mpact s.

Besi de relliamatde ef fect s, waters ar e hea
pressure, which affects their features

Man



buil ding or modification of drainage b

poll ution and | and use may overturn th
consider | ocal factor s, such as wast
conjuncti maitndiutchedclchanges. At the sam
regimes in shaping the response of che
river ecosystems emphasises the need f

strategies that axr@anand olro dalt hstcrd e Iad

Il n conclusi on, this research provides

interactions bediwdenonedl| wamaee cshangage,

river ecosystem health in alpine regiol
of hol i stsi ci napwartoearc hreesour ce management
and quality aspect s, especially in the
Studies | i ke the presented one may of f e
manager s, and resaeamndshesrusst won&bheg t D
conservation and management in the face
this reason, the next steps may involyv

rivers with wastewater t rteoatansesnets sp |wahnett

consistent response pattern of the exar
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SECTI ON | : Wast ewater Tr eat

Paped A.little story about river
regener dteirommat e (IPoodiag nilt7a 1) (Ephe
Ephemerel |l i dae)

This work was published as:

A. Marino, F. Mina, D. Ricaldone, F. Bona,
about river pollution, $feedatéebBRadagadilield)
(Ephemeropter a: Ephemerell i dae)2,8, Agudt:i c
10. 1080/ 01650424.2023.2211972

Abstract
We found significantly different per c

contiguous Pepulaadti(dPaosdiagh ilt7ed 1) i n a s
northwestern Italy. We suggest that thi
environmental conditions and especially
structure of the insect community.

Keywar Esmvironmental pollution; autot o

interactions

1. I ntroducti on

Among Insecta, the regeneration of a | ¢
that, contrary to what happens in son
concerns | imbs and not parts of the tr

BortolinemROilf3) mo&ktv of the studies foct
capacity to regenerate a | imb | ost du

documented in a few aquatic insects,

M M p



(Saxton, Powel | and Bybee 2020) . I n s

Obreakage pointdé (Al mudi et al . 2019) ,
l eg when subjecdetengagemecahani sam sedlIfl e
facilitates kescagdewkcampaatittagct o break c
them | ikely allows these insects to sl
2010) . I n this study, we r epoSer raantde Idlias
i gni(tPao d a, 1761) ( BEhpehmeenneerl d p tdearea): nE/pmp
mal f or med/ regenerated | egs in two reac
contrasting environmental conditions.
2. Material and met hods

I n the frame of an extensive study abo
and a wastewater( WWTelatame ntt hel i srcyhiar greme
|l otic systems, we monthly collected qu
Mal one stream (northwestern Italy). We
m upstream of the WWT |2C.a0NNE aand5AHLS

|l ocated 150 mahnhdwrhmotwmesdmealthp secti ons h

and channel characteristi csmi drsamgmeas hS)
we coll ected five samples/ month dn eac
abundance of the natur al popul ation of
on the samples collected in April and M
the nymMphsigefhda their | argest size bej
environment al qguality, we empl oyed t h

assessment methods i§8uaszaet2@21) 2015; |

3. Resul ts
Analyzing the samBl esgmaveianieonusn dwistehv emr cat

devel oped, i . e. mal f or med | egs (Figur



regenerating |l egs were al most excl usi ve
a total number of 494 specimens, 99 rep
nymphs showed a mal formation in the fi/
t he sleecfotnd eg, 28 in the second right |
third right | eg. | n theS.doiwgymiprhaesg m asnont
which only one showed a mal formed | eg (
nNo missing or torn structures are not
compl etely detached, and the one found
beliomgg to another species reported si-t
mar ked difference in the environment al
I n the upstream section, BMWP values 1

ecol ogi cal clag,s Wiexltedanh ehASPHQuwdliue equ

in the downstream secti on, the BMWP r e
i mpacted environment (ASPT = 1.76). We
functi onal structur e oefs .t hWwehi t o t hen tul

community was characterised by a more [

Groups (Collectors Cg = 56. 1%, Filter e
Predators p = 1. 92%, Shredders Sh = 0
domi nbayt etdaxa feeding on fine particul at
19.8%, Sep = 0.40%, Sh = 0.50). I n part:.i
in this stream maiRhyya coogpll wmnmeart aip eer, Isad ady e
Onychogomphudsi fmaeugp,at 4¥58) , we hi ghl
reduction in tthestpodmangedquamtciht gtti ve
samples = 1 2.31, p < 0.05).



Figurettiree Sigrmpatse P diagnilt7éd 1) from N
(northwestern italy) showing regenerat:.
4 Di scussi on

This study suggestedathats tbhbeulpd eisehlceer!
of prey with | imb regekeoani eagf edht g hodf
on the features of aquatic insect popu

hypothesised that the hegkaestapraegeheg:

l' inked to higher predation pressure in
station, the deteriorated environment a
presence and then | imited thisctphersome
bet ween species is a fundamental compon
found in nearly all/l maj or aq-Ratréguese

MMy



Tierno de Figueroa and Mal acarne 20009;
2023). They are known to play an i mpor
example conditioning prey abundance an:t
(Bo et aluenz0h@) coimmfulni ty composition
and Gil bert 2017) and, as i n t his c

mal f or mati ons i n preys.
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Paper 1. 1: Ther mal r ari rmeetse la nad |
(Poda, 1761)
(Ephemeroptera: Ephemerellidae) i

Thi s woirnk pearaess s

D. Ri caldone, A. Mar i no, F. Mi n a, S. Gr oss
and |ife&asecyaltef Padagnil7Va81l) (Ephemeroptera:
Italy, Agquatic Insects.

Abstract
This study examined the influence of

Serratel(lPadagnii7al) (Ephemeropter a: Ep

three Alpine rivers in northwestern |t
Mont hly samplings were conducted to ev
t hermal <characteugisng ctsemwmpagrratmome tdateall

di fferences were observed among the ri\
and devel opment stpieedsyxctrooms. ther itmhg eae
of nymph abundance in al/l rivers, the
was notably greater than in the Pellic:
variations highlight tkekeistuc$H%alidggmihtagp o

Il i fe cycl e.

The findings confirm the species' hi gh
di verse environment al condiSti o gs ivtad huies
as a model organism for studying aquat.
Il n the context of <c¢climate change, wi t h
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in freshwater ecosystems, it i s essent.i
to gl obal climate changes. Such knowl e«

conserve biodiversity and maintain the

Keywaradawmayflies, |ife cycle, temperatur
1.l ntroduction

I n recent decades, river systems have f
t han many other ecosystems, driven by f
scal es. Gl obal ly, cli mate change signi
alteretdatpirerci patterns, i ncreased temper
weat her events (Capon et al ., 2013) . T
regi mes, t her mal stress on agquatic org
Locally, human daacmt i ¥on $ tersu cstuicohn, aswat er
poll ution from agriculture and urban a

ecosystems (Bhat & Qayoom, 2021). These

effects of climate chamde stocreasastoirsg td ac
the resilience of riverine biodiversit)
These combined gl obal and | ocal pressur
i n biodiversity, particul arl yBagmo n&g f
Wyckhuys highlighted the alarming decl
freshwaterpansectbablkyngul nerabl e. Al t e
observed, with changes in the timing of
patterns (Hering et al ., 2009) . Ercol e
aquatic insectolciangycg eshedumal regi me

alterations can have cascading effects
webs and nutrient cycling. Among the e

i nsect s, temperat ur eparlitaiycsul ar lcy ucinalt

MHIN



devel opmemtago inapr sRoadgre?sg u eLz- peetz al . and
demonstrated the I mpact of temperature
highlighting t he potenti al for t her m
Ephemer opt erfao rp oepxual naptlieo,nse,x hi bit varyin
rivers and even within distinct stretc
prevailing temperature regimes (Bhowmi
documented these variwthomsates, Epmpmas
i mportance of considering | ocal ther mal

l'i fe Segrcd etsel(PadagikEphfiédher opt er a: Ephem

wi del vy di stributed species i nhabiting
environment s, serves as an excell ent
environmental factors loint ybiaonldo gpilcaaslt itcrie
thrive in a range of conditions, making
th e I mpact s of environment al change.
semivoltine |ife cycles, depending on

typically characterized by a | ong egg

the | ife cyalechadacScerdidgtiicda& f foefr ent t
regi mes, researchers can gain valuabl e
climate change and other environment al
This knowledge is ccuicval cdos erdweateil ormpi

protect the biodiversity and ecol ogi cal
we report and discuss the d. fifngmnegds o0 C ¢

in three Al pine streams of NW Italy cha

in particular ther mal, conditions.

2. Material and met hods

From January to December 2022, we month
samples from the Pellic&NesMaronétahg) S

MHP



comparable to each other in terms of w

physical characteristics (Table 1) .

Tabl Agvelrage measur ement and standard devi
oxygen measured in January to December 202

River p H T ( C) |[ECeJS/ cm% DO
Mal one |8. 13N0.20.57KN49215. 44887. 11N1
Stur a 8. 09N0O.18.26KN4218.34887. 27N1

Pellicg8.05N0./17.21N4216.00f88. 12/

For more details about the study area
period, water temperatures in each riwv
Datalogg%Wat(eHOBTCbmp Pro,iF0.g002)UC Usd egr .
net (22 T-mR8rem; m&dodn) , we coll ected fi

station to assess the taxa presence an
benthic insects.dI8n timgysmptdasu d yf,hewd ofl d ou
measures were takeil :tobml ebhehgoj hdewdt h
apsul € wihditrhd femur | ength. The measur

c
LEICA EZ4 W stereomicroscope, equi pped

software, with which it was possible tc¢
and the I maged prbgr mmaswhéeéméntnabl etde
organisms (0.1 mm acdcur awmwjid aphaceddin
glass Petri, so that the body wdsn wel |
order to favor greater distensi on, t he
and photographed while holding the ste

(8x), so as to eliminate any measur emer



Fi g. IPi emonte (NW Italy) with sampling st
Stura river).

3. Resul ts
The construction of cumulative temper a

(January 2022) was achieved by analysi
|l nterestingly, the three rivers showed

(see Fig. 2).
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FigCuful ative temperature curves f.rom t

We detected i mportant differences in tl}
exampl e, considering April, the differe
( ANOVA F value = 20.1, df = 25. piwenri@t.a 01
coll ected and measur ed: 1085 from Pelli
from Stura river. Analyzing the relat
parameters measur ed, we detected a sig
and head wiaptshn!|( Perar el atp<on0 .t0e0slt, =Fi0g..9 5:

ength and femur | engthopkgkP®&al0d®dn, cande
ength and head capsule wipdth. Q®PERrsbar

reason, in the following analyses, we

mor phol ogic parameter.
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Fi g Re3ationships between the three measure

A comparative analysis of the growth p
reveals that mayflies of the Malone ri

comparison to the other two popul ati ons:s
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Utilising the period in which the nympt

in the three rivers, i.e. spring, it c:
Mal one riverl.i58 4SDI)6, nmm (tkhe Pellice ri
and in the Stura river is 2.77 mm (N 0.
A statistically significant difference
popul ations in thi s -wmoyntahn,alayss idse toefr nvianre

12.9, df= 2, p < 0.001).

4. Di scussion and Concl usi on
Analyzing the specimens from the three

withdeegkl oped wing cases was noted, 1inc
and, consequently, the emergence perio
period istisrhgprtwaos , médmt hs, compared to t
May to July) and the Pellice River (f
emergence period in the Pellice River
Mal one River. These tdinfifnegr eanlciegsn iwi tehme
t her mal regi mes of the rivers. The Ma
temperatur e, exhibits faster nymphal g
Pellice River, with the | owesttbuamodat |
| ater emergence. The Stura River falls

intermedi ate emergence period and gr owt
The temperature disparities among the t
of nat ur al and anthropogenic factors.
vegetation, and groundwater inputs, all/|l
Howewaat hropogenic factors play a signi
River, whi ch has t he mo st extensivel

ant hropizati on, characterized by morph
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water diversions for agriculture and i

di
an
t o

an

pro

eme

Th

fu

asp

Gg a

t h
wa
po
ma
gr
re

Re

( Ma

S
t

d

n

e
r

p
n
0

S

c

charges, i s strongly correlated wi
hropogenic influences disrupt the n.
t he acchcsedreread ed gr owt h Sand et Bt er ae
Pellice River s, wi t h |l esser degr e
nounced temperature i ncreases and

rgence periods.

s study <corroborates the establish
dament al variable in | otic ecosyste
ects of$ecatqulati e hinstory (Everall e
zaczowTemPpe9pture affects metabolic
timing of |l ife cycle events such

mi ng, these findings raise important
ul ati ons. Cd d tmad res cihmdigeatper orji si ng

y river systems, which could I ead to
wt h patterns, and potentnsécmssandct

our ces.

ent research has highlighted the seil

cadam et al., 2022) (Bestion et al .,

i mpact the structure and composition o

Il i f e anydclgeowt h rates of poi kil other mic

Th

S study demonstrates that even small

rates and emergence ti ming I n mayf |y

i mportance ohfe ienfvfeescttisgadfi ntgemper at ur e o

temperatures continue to rise, under st
capacities of aquatic insects is cruci e
climate change emsfr éshwakeer reseaysh s
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|l ohgegrm effects of war mi ng temperatur e
including potenti al range shifts, char
i mplications for ecosystem functioni ng
interactive Bféteand of heempawvatonment al
alteration and pollution, are essenti al
strategies for protecting freshwater bi

interest was reported by the authors.
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PaperEphoR2on{ Odiirvger, 1791) antici
a war ming worl d: s esnpee ceivaildiesntc eo bfsre
and a case s tWedy efrrnonh tNadryt h

This woubhkdwad @s:

Ercol e, G. , Mar i no, A., EFeoogh(iOdjiver, &1F
anticipates emergence i n a vsgreniing ivwor lod:s e
and a case study from Northwest | taly.

Aquatic I nsd®”2s, 45(4), 486

Abstract
Climate change, with the disruption ol

threatening freshwater entomol ogi cal |
xtinction or distribution range chang
asily, t hfee ecfyfcelcet susounallliy require con:

e
e
communicatiormphwe onhawumibadl ti ne mayf |l
d

ate of emergence in the Tanaro River (
this is closelyy rel dtoecdalt a etmperianaumress
known for its impressive and synchroni z
from the municipality of Al ba, whi ch a
demonstrating how unconnevde nwiitohn adi rdeocctu no
or press articles can also be useful T
Keywardesl i mate change; uni voltine mayf|
temperature increase
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l ntroducti on

Il mate change is producing massive al
cause of the intensification of extr.
ter temperatures (Piano et al. 2019;
riatiomnwsanhave feektse on freshwater I n
ampl e, influencing physiological pr
directly (for exampl e, i nfl uencing
rticular, t hermali fine@inmesf acamst iitnutce
cles of stream insects, probably beca
tivity, digestion rate (Allan al. 20
d the timing of egg hatchki g andd a&di
vestigate the i mpact of rising temp:¢
ganisms |ife <cycles, excell ent stud)y
ose different phases of devel opment
ar (Fenoglio et al. 2005).

horon( OMiirvgoer , 17%li)zeds bar mewi ngn Pol
habiting |l ar ge l owl and rivers i n t
rrespondiEphhoNera( &hipaml824), is typi
hemeroptera and numerous aspects of
scribed and analyzed (Fenoglio et al
ntRl.r yydirsggooppeared from most | arge Eur
man alteration of envirointmemdwvaed megruta |
ter chemical guality, this mayfly 1is
ea (Kureck and Fontes 1996 monAhftsern ns
g stage, | ar wda emohnatt hcsh -d diravgi ensbp ¢innd 8 b u
fine sedi ments. Prei maginal stages f
ow rapidly. During summer nights, the
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and die the following morning. This no
and spectacul ar, presenting thousands

someti mes can affect traffic on bridge

1996) . Thesy isntaeresting poi nt becaus
characteristic is so strikine ptelcataliitst:
and therefore provide useful i ndicati or

This study aimed to analyze Ehevivmmgbat
the Tanaro River, I n recent year s, ch
increaseéNeish eNarthaly and in gener al i n

direct observat i-oaniserminidf iod fdaedc mme btus . n

2. Materials and met hods

I n this study, we f®B.cusiemhgaahn tti mg pheulT
near the city of

Alba (44A42' 19.90080 N, B8A iFi g8 .e3196

The Tanaro River is the main right tri!@l
Al ba has a meandering | owland pattern
for three main reasons, that are i) tfF

speci as,seirii s o f data related to thei

temperature series.
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Figure 1: TanaTlhhe Rbivack INW ht alydi cates

The emergence dates were obtained by di
Al ba municipality reports. The muni ci
administrative documents related to ma
vehicle ciadwlagticbereaandgr on recent deceé
compared these data to direct observat

reliability of the dataset and we founc

We analyzed data from 2005 to 2022. Bef
unreported in the official documeBt s ar

vVirmpppul ation.



|t I's well known t hat river temperatur
topography, discharge, and streambed cft
most i mportant (Caissie 2006). For thi
are rardd,c,spmrd di scontinuous, we consi
temperatures. The daily air temperatur
Environment al Agency ARPA Piemonte weat
the sum of theematanreaiof dahéyfitresmp 180

study year. Moreover, the date of the e
i.e. the number of days since the first
The statistical analysis was perfor med
temperature and emergence dat a, Pear so
|l inear model was perfor med.

3. Resul ts

Cli mate data evidence an increase in
Considering the sum of the mean daily t
each year, we observed a rising trend ¢

correl atiSpnat@es-FlgUre 2).
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|l nterestingl E, wanassgso tehnee rdgaetnec eofvari ed,
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TablRedul ts of |l i near model s for the d

cumul ate daily temperature.
Im( Emergence damper atu
daily te SE
Esti ma tval ue Pvalue

intercept372.4 60. 914 6. 111 <0.001
coefficiedt0670.0209 -2.300 0. 044

260

250

N
H
o
L]
L]

Emergence date (Julian day)
N
8

220 L]
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1900 2000 2100 2200 2300
Cumulate daily temperature

Fi gur eLi3near mo d e | showing the relatio
cumul ate temperature (AC) in the stud
emergence observations of each year, tF
confidence i nmtkergualy, lamdke trleggrcessent s th

4. Di scussi on

Temperature 1is a ©pivot al factor affec
bi ogeography of aquatic insects (Sween
data shows that each of the | ast t hr ee
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sequentially warmer than any previous

1850. Moreover, in td2Ralwaasr triod,a btl lye t
forty years of the |l ast 1400 years (I PC
directlyondepémodspheric conditions, fr
communities could experience important
increasingly war mer wor |l d, some aquat.i

| atitudes and al titudetsheiort hceirsst rairbeu triea
thers are facing increasing competiti
vidences an anti cEpateéenddgandeullta s merege rsc

ur findings corroborate and amplify t

1987 and 2005) , showed a sitmialraer otfrfdarc
nd reliable, although not <col ladcytzeed f ¢

0
e
0
2008, where Cid et al. comparing tempe
(
a
a 17lyermag series of data and to evidenc
c

|l i mate change and the timing of mass ¢

ife cycle alterations can be difficul

L

sampling and data analysis required fo
communi cation is aimed to underline th
f

rom ubhconeaénsources, such as the deci
which activate the i mmediate cleaning

guantity of dead adult mayflies.
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Paper O T T Functional traits d
composition of bent hic Il nvertebr
hydrol ogi cal regul ati on

This work was published as:

Marino, A., Bona, F., Feecoglina) Srai &sBO®r i
Diversity and

Composition of Benthic Invertebrate Commun
Wat er , 16(7), 989.

Abstract

of all the environment al el ements that
rivers, water flow characteristics a
Unfortunately, natur al hydrol ogi cal c he

human actiivaltliyesi,n easlppicne or hi gh moun
numer ous hydropower pl ant s. I n t his
hydrol ogical alterations on the macroir
NW Italy. Specificallytelweataemat g simdn itth
unaffected site by comparing them with
alteration. We adopted an approach that
all owing us to study a compersesntk nofwnhi d
results show that the flow altered sit
species and functional diversity than
detected a number of significant diffe

samplesparticul ar, examination of comm
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alues reveals significant wvariation ir

—

eeding habits and other traits bet wec¢

—

axonomic and functionprehppsoareheasdepr

of how-i hdeédnhydrol ogical variations <can
ecol ogical functions

Keywobesthos, dams, hydrological stress
groups

1.1 ntroduction

Rivers are complex ecosystems in which
and shaping al/l bi otopic and biocenot
characteristics of water fl ows. The va

mount , watderpt It olalnmdn ot her hydraulic

a
environments umnmoquuse efcoorl otgh eciarl enovrer si t
0

f numerous microhabitats that all ow t
characterised by high ecol ogi cal di ver s
Unfortunately, streams and rivers have
envonments in recent decades [ 3]. Lot i
human civilisation around the world sin
ago [ 4] ,a bruetsud t most of these systems
coll apse of freshwater biodiversity ha
At the gl obal scal e, climate change pl
regi mes andatienrcr eampagatwr es. At t he
ant hhropogenic impacts arsyscshamgi id]t he
ways, i . e. from a morphol ogical -[ 6], F
chemical [9] and thermal [10] perspecti

Mn g



Particularly in recent years, there ha
effects of hydrological wvariability on
associated with the presence of water
t rirbiuvasa can be i mportant concerns for |
addressed wunevenly, neglecting sever al
studies have focused on the effects of
consequencaems offawvenadflt ein been overl ooke

the effects of fl ow reduction are abun

fluctuations is scarce [13,14].
Recentl vy, many studies have focused on
gen-er an I n mountai nous regions [ 15],

hydropeakideg, chaegesudn fl ow regi me as:¢
fluctuati onsl ewshseend wfartcem hysdrreepower pl an
[ 16, 17] . I n particul ar, several studi
effects of hydr oyperatke mrga toens b[eIn& ,hi £9 ,i n2

Macroinvertebrated nai@eraespbemalusecohegi

easy to collect [25], they have differe
sensitivity to pollution [27] and mor ph
relatively Il ong | ifye dey ¢ldeosgni{caec aaord ks
Ecol ogical functions can be -adeaels ctrriaietds b

reflect species adaptation to environme
typical traits that cocedlleectorsmdpgeerls at
measure across communities of differeni
tional feeding classification of aguat
trophic dynamics in streams byr cphmpd i f
guidfdush ¢ onal feeding groups (FFGs) [ 33]

thus be wuseful i n studies focusing on

Mpn



di fferently to changes in flow [ 34, 35
ot her environmensabuchamnacwaties qualit:
retention, det errand antei otnh eo fr act oea rosfe dpeagr t i
(CPOMheiniwver [37taB8¢nemgétundameput fc
[ 39] . -hWwodrmpdloogi c al alterations shape t
consequently affect t he fmuma ttii @esal [ 4
Unfortunately, as ahlmyydrmaliongiyc allo caall ti esreadt
where the highest densities of hydropo\
structural and functional response of n

mai nly foctus eldi gmelmendaf 4dn K@i c systen

The aim of this study was to evaluate
c ompioti on of macroinvertebrate communit
artificial fl ow. I n particul ar, we hyp
| ower taxonomic and functional di ver si

addition, we Bkpewchédethti on would act

selecting funtchionmactoianteser nébbamnes, w
to differences in biological traits, n
the natur al one, but al so by assessin

seasons.

2 . Materials and met hods

2.1 Area of study

Two sampling sites (Figure 1) were sel
Al e sdsraina, N W
ltaly): S1 Marciazza (44A35@nh3. BROCeN;r

(44A35656.600606 N; 8A360610.81606 E; 216 n

MpPp M



o Ortiglieto dam ;: e, T f

w
Fi gureLadcation of sampling site, S1 in
dam position Both stations are | ocated
di fferent hydrological conditions. Sit
most | yciomi tpartei on, while site 2 (Cerret
water | evel variations, because it rece
it i s subject to unpredictable fl ow che
More information is available in [43],
varied rapidly and wunpredictably, with

2 3%ms) and velocity (from 0.2 to 0.9 m/s

and disturbed sites are |l ocated 3 km a
and chemical characteristics of t he wat
Tabl e Physical and chemical par ameters
for the sampl ithgxisd.t es. N. T. = non

Par ameter ControDisturhb

Conductivity (06185 N3170 N21

p H 7.41 N7.50 NG
BOD5 (mg/|) 2.50 N3.00 oO.
COD (mg/l) 6.30 N7.60 O.
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Tot al phosphoro<0.05 <0.05

Ammonia nitroge<0.05 <0.05

Daphni a( axagtnea t N. T. N. T.
Vi brio(facsthket oN. T. N. T.
% Natural areas62% 71%
% Agricultural 26% 23 %
% Urbanized arel2% 6 %

Land use was calcul ated using QGI' S 3. 1.
1.5 llomgdinal bBotif drajt eamatd considering
closures. As reported above, the contr
solely dependent on rainfall, while thi
and sudden variatieh$t BB whver depthaanag
due to hydropower producti on from t he
environment al features of the two site
variations may be the key feanccteosr oafnftl h

benthic communities between these two ¢

.2 Macroinvertebrates sampling and proc
Data <collection was performed in 2018
hydrol ogi cal alterations in two differe
aut umn) : in fact, totr dieg , wenlolu nk mo wrm utsh &1

seasens haracterised by different fl ows
CPOM[ 44] ) . Each sampling site was suryv

coll ected i n a fixed ar ea of 100 me t

MPp O



macroinvertebrates were collected usi ng

size), individually preserved in 90% et
To avoid spatial related issues, Sur be
repneaeive of alll mi crohabitats at the
were collected from both the control al

summer data using taxa accumul ation <cu
S1) i ntdh actatthe sampling effort (i . e. 5
obtain a representative characterisatic
both sites. Therefore, the total numbe
autumn campwaarg,n.t Howt axa accumul ati on ¢

effort was sufficient to obtain a rep

Materi al, Figure S1). I n t he | abor a
macroinvertebrates werpgecioausnted @emus,C
Oligochaeta and early instars of some T
to family or subfamily | evel according
Il talian benthic macroinveategbratewétaont
Taxa richness (i.e., the number of taxa
(i .e.., the number of specimens <coll ect

response of macroinvertebr atnes,c ocamniunnictti
approach was adopted by selecting 37 i

categories expecdavedv aroi atei cafd e[c4a®]d. by f

Mpn



According to the database provided by
assign each taxon a score ranging from
each selected trait. For those t axa i de

by calculating the mean value for al |

standardise such affinity scores, -they
1) by dividing each taxon individual S
seres for the whole trait category. Thi

t hat was used to calculate the functior

and functional di spersion (FDis). FRi c
Sspge occupied by the community, whi |l e
abundance distribution of traits in a
the dispersion of taxa i n a -weriaihtt snpeaac

(CWM) trwags oallauael ated,i wonmemRt stfadon seé a

trait with the following formula [50]:

CWM Epx tiwhetig,s ghe relative abundanc
macroinvertebratei scommaunvayuandi teaitr
study) associaatedowi ttlaxtomat .t I n ot her

l evel i ndicator describing the distril

measured assemblage [50].

2.3 Statistical anal yses

Compositional changes in macroinvertebr
the interaction siteXseason were Vi sua
No-metric Multidi mensional Scaling ( NMI

Variance (RERMANDYecti vely. To this end
Mpp



analysis &mdttbedBsaymilarity index wa

abundances.

KrusWadll i s t-metmdlordinotnri buti on and Ana
in normal distribution were respectivel
taxon richness and tot al abundance) e

communitgs metgnificantly differehdocbet v
pairwise compari sons weT uek-Bcyooncdeudcutreed (uSsTi
the KWakkia$ results, considering the

Additionall yengiegni hi t-et gbmemdeme yn v al
selected functional traWal wese teasdes am

comparisons were performed with the STEF

All analyses were performed in the R st
functions and the foll owing packages:
in the functional traits (see Table 2)

andRMANOVA, and aded4 [54] for CA. The ¢
0. 05.

Mor eover, to provide a comprehensive
macroinvertebrate communities across Si
(CA) was run based only on the functi ol
signifili¢ant Thesmean CWM trait value f o

per each site.

3. Results

A total of 35,312 macroinvertebrates b
t hese, five taxa accounted for 68% of
Baesps (Leswestpr.a (15 %), Hydropsychi dae (
(10%) . Taxonomic community compositior

MPp C



(F mQ. 047; p<0.0Q1/%Q .a0n5d6 ;s epas00.n0 0(1F , whi
bet ween these two fac#@r@lWaspnat0os0 @)

Site
@® Control
Disturbed

NMDS2

Season
B Autumn

A summer

-0.50 .05 0.00 0.25

Figure NBIDS ordinati on pl ot of bent hi c
Symbol s indicate the sampling season (I
the sampling site (i.e., control, dist.!

Taxon richness was always significant!/
di sturbed site i n both seasons, whil e

number of taxa from one season to the

Desphe et oot al abundance of macroinverteb
than in the disturbed site, significant
site in autumn and the disturbed site
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varied seasonally with significant dif
and both control and disturbed sites i
variations i n t he functi onal evenness

bet weeesn asnidt seasons (Figure 3d and Figu

a b e
30 4 800 4 aa) wb 80’ a ab b b
a b b . @
4 Q
» 201 . L ° b %60-
3 3 . 4 ° 9
£ £ 400 L S 40-
8 Z B
o TH Lo
200 4 gzo.
IA | [T
01 ° 01 ! 01
Autt'Jmn Sun';mer Aut:.umn Sun';mer AutLIJmn Surr;mer
Season Season Season
d e
1.25 gl
a a a a - a a a a
? 1.001 S
90_75- % L ° Site
liéoso # %4' é é E Control
U { o
% L ® EDisturbed
50.25_ L] §2‘ L]
TN [T
0.00 1 01
Autumn Summer Autumn Summer
Season Season
FiguBexplots illustrate the variation i
of macroinvertebrates, c) functional
functional dispersion between sites (cc
summer k.| Bhacindicates the median wvalu
indicate the first and third quartil es
interquartile distances, whil e dots re
Let theorvse aboxes i ndicate significant dif

When | ooking at the -wairglat i meaamnn( €CWM) c

bet ween sites and seasons, statistical
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traits. Among the body size traits, C
potentidl cmi xar0ed seasonally and were

in autumn than contr ol and disturbed si

—+

raie ofal benthic macroinvertedr amesvawi
generally higher in the disturbed site
only for summer season (Figure 4b). Al
number sofpecrycyleear) showed significant v
On average, CWM trait value for taxa wi
in the disturbed site than control St
bet weenr ohesico@atin autumn and disturbe
similar results were found for univol't
per year =1; Figure 4d), while the op

macr oinver tuenbreat e§ (Ciycé esnper year >1;
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a b

0.8 1
ab a b b
0.6 1
5 £
u‘_') 0.4 1 . ¥
d (o}
L]
0.2 1
0.0 1
Autumn Summer
Season
d e
1.00 1
a ab b
0.75 1
~ 0.50 EE%EHII+I EE%Ei n
0.25 1
0.00
Autumn Summer
Season

FiguBex$4gl ot s

0.0

0.4 1

0.2 1

0.0 1

0.6
0.4
0.2

ab a

i,

T
Autumn

4

Season

T
Summer

Autumn

|l ustrate

trait value for:

potenti al

| ower and wupper

l i nes
falult a@ hi s

Season

T
Summer

pairwise comparisons.

Among t he

generally higher

statistical di

foundattemr swwi

site compared

<1

0.251

0.20 1

0.15 1

a ab bc c
0.10 1
0.05 1 5 IILI
0.00 1 $

Autumn
Season

Site
E Control
E Disturbed

T
Summer

t-vheei gvhatr i naeta no n( (

-A) cma x b jna ima b pdthgd ns,b add)y

number of cycles per year <1,
potenti alycnluensbeperofyecar >1. Bl ack i ne
box edges indicate he
represent N 1.5 interquartile di
range. Letters above boxes |
substrate and | ocomoti re
CWM trait values for

fferences observed y i

mmers that were al ways an:i

to the di sweriigdd mewba (Fi

th burrower taxa showed si

associated wi
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was higher in the disturbed site t|
mporary attached macroinvertebrates,
e control site in summer and was sig

tastumn (Figure 5d).

gni ficant variations in the CWM trai
oups. On average, the CWM values of
asonally and were significantly | ower

summen ntlctontrol site in autumn-(Fi g

i ght mean trait val ues associated wi
gher in the control site than distur
aticalwanéde fevieshhemrts only between seasdc
t hough predator piercers macroinvert
e benthic communities, their CWM val
ntrol siteitdagFidgstaer bej. By contra
und for predators insofar as the CWM

re always higher in the disturbed sit
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ngZ —_ _— tgzj ac b c ab _gi a ab a b Eoe a b ab
E ° Eos ° £ 03 . g 041 o HE
2 0.10 502 E;:I. . N g .-
£ 005 v B, é. 3, .* + S é '*
mOOO -—'— -'-'ﬁ ;00 '* . 0.0 % % 200 5 é'
Autumn Summer Autumn Summer Autumn Summer Autumn Summer
Season Season Season Season
e f g h
,‘08 0.6 a ab ab b 038 ac b ¢ a 0.8 ab b c ac
(7] o8
Qo6 5 o4 L 06 i Sos .
§04 . ° g aé‘o:x é % %04 o ° o
fool T e 5 S %02 * 2ol _LIL
0.0 . . 0.0 . . 0.0 . . 0.0 ; -
Autumn Summer Autumn Summer Autumn Summer Autumn Summer
Season Season Season Season
a b a b
¢ Site
EControl
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Autumn Summer Autumn Summer
Season Season
FiguBexpPl ots il lustrate tweel gvhatr inaeta no n( (
trait value for substrate and |l ocomot i
swi mmer, c¢) burrower, d) temporary att:
f) shredder h)g)f islctrearpef eeder, i) pierce
medi an value, while | ower and upper bo>
respectivel y. Vertical l'ines represert
reprtesemser vations t hat fall out t his
significant differences based on pair wi
Among the transversal di stribution cat

for 4 out of 7 single tweaiight. nhenanp atrrtai
macroinvertebrate taxa preferring rive
sitthean di sturbed site, but only in summ
trend was found for taxa associated wi:~

CWM value was generally higher in the
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statistical differences were evident or
site had higher CWM values of macr oi n
compared to the disturbed site, with s
6c), twhe | epposite trend was observed

groundwaters (Figure 64d)

With respect to the water velocity, S
macroinvertebrates associated with med
trait value in the disturbed site than

di f ferkringerse 6f), respectively.

a b c d
0.8 0.4 0.25 0.151
ab ab a b »
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FiguBexfl ots il lustrate wkeghar mataino (
trait val ue for transversal di strib
ponds/ pool s/ di sconnected arms, <c¢) tem
vel ocity prefereednduumim cfat gosrty.: Bd)acnk |
val ue, whil e | ower and upper box edg:
respectivel y. Vertical |l ines represe

represent obserfvatthiiosn sr atnhgaet. fTahlel loeuttt e
significant differences based on pair:
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Results of the Correspondence Anal ysi s

sampling sites based on the functional
Control site was occupied top half of
commiuine s orient eldef bn arhidbgecht b pspi des, r e

Macroinvertebrate communities of contr
water SWi mmer s, scraper s, plurivoltine
waters. On t hed cointte ascycupiiesd utrthbe bot t
the autumn and summer c olnenfutni-gan ¢ghst opii &
respectivel y. Compared to the control
di sturbed sites wer eswvwormmmdrys ,c oo aetdozod

i nvertebrates and taxa associated with

piercer
CON_Aut
CON_Sum water_swimmer
scraper
>1 tempordry_waters
d t 0.5-1cm
banks,e onectediside-arms medium
1 shredder
filters_feeder
temporary_attached 'ponds/poofs/disconnected arms
ground_water
2-4¢cm predator <1
DIS_Aut DIS_Sum
surf_swimmer

tion of the macroinvertebrate

FiguOedvVna
the Correspondence Analysis per

axes of
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trahfAt
compr
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di stu
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mong
di f

n S u
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t axa,

Il n te
compa
bet we
Reduc
hi ghl

di stu

rait.

s) . Left panel Il lustrate the po
nations siteXseason: CON_Aut = cor
i n summer, DI'S_Aut = disturbed si
r nRilghtl lpastrate the position in
scussion

i ndings of this studiyndheed]| hydt ol
tions on a river ecosystem, i n an
croinvertebrate community structur
st.ot al of 35,312 macr oinvertebr at
ehensively assessed. In particul at
cBaare tnidse uscpt.r,a Hsypdr opsychi dae and Ct
itutingpar tsiudbrs.t aWd | adaét eopatoed si gni
sampling site and season, in the
ess and invertebrate abundance r ¢
rbed site acrogessi¢asomnd, Takaor ckit

ted the reduction of diversity wit
cul ar spec[ib5ebs] .beReogwa rtda inlgwactoempsa r i ¢
season, differences within the s;
ference between sites only compar |
mmer . Aut umn walse stth emasceracsiomv ewittehb r

as it has beeder epor ¢ pealjh.ori oé her

rms of functional richness, we oD
ring season samplings, with note
en the control site Iin autumn and
tumont iodn 4l ri chness may be due to
y specialized traits (e. g., aqgua

rbedl9]s, tiesmdi[&G8Bt i ng a decreased r e:
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ecosystem alteration [ 60] . However, n
evenness and dispersion were discerned
certain degree of stability in the fu

communi ty.

The assessmenaeiogfhtceodmmuenaint y( CWM) tr ait

traits exposed statistically significa
traits. Regarding body size traits, ma
of -0..® cm revealed seasonal variations
values in both control and disturbed si
autumn. |t i-sikedespethas mmwul tharacter

instabiakittyhe result of anthropogenic d
[ 61] .

Analysis of traits associated with vol
significant variations between sites a
pl ecotterofauna decreases at the distul
ogani sms offetptekayewnst o be among the m
increase in number as they probably uti

sensitive species [47].

Within the substrate and | ocomotion r el

hi gher CWM trait values for surface swi

summer . Conversely, water SWi mmers con
val ues icront hol site, i rrespective of
Li moniidae exhibited significant differ
values in the disturbed site compared

adaptive <capnagci ttegmpoRReagrayr datt ached macr



CWM trait val ue was observed in the con

both control and di sturbed sites in aut

The study further elucidated variation
groups. Deposit feeders and shredder s,
exhibited seasonal variations, with si
respecrnitveé ydi sturbed site during summ
autumn.-asSsoapatred trait values were col

this group was mainly represented by He

to be sérmaditiavequal ity [ 63]. Filter fe
si-geeci fic di fferences. Despite their
communities, predator piercers' CWM val
site.

Il n the transversal (i . e.., river bank,

significant differences were observed f

—

axa preferring river channel s had sic

conltreite, whil e taxa associated with
di spl ayed higher CWM values in the di
evident i n summer [ 64]. I nterestingly,
di splayed higbseri €GWMheadi sturbed site.
preferences, significant di fferences w
associated with medium and fast veloci:t

The Correspondence Analysis provided a
sampling sites based on functional tra
di splayed a community composition dom

scraper d,nepltwuxiayolwhi Il e the disturbed s



wi t h macr oi nvertebrate communities ma |

predators, and taxa associated with por

5. Concl usi on

The observed taxonomic composition and
cruci al insights into thedecebodgil oal at
The observed differences in taxon richit
and ddstsunlkes highlight the i1influence
macroinvertebrate communities [65] Func
foll owing the dynamic nature of ecosSys
conditions [r66Jthel grepattisculiampacts (as
bet ween control and disturbed sites) we
S

stems are more fragile because natur

—+

ri ati on bet ween sites and seasons, s

e
y
emper atur es. Hwevenvess dmudcdii opar s el di
a
espite taxonomic shifweai gltxadni maamn of C!
a

< o <

l ues provided fursharffiecsiegdhbyi hydr ®p
[ 67] . Traits associated with body si ze
habits and transversal distribution shc
[ 68]. For example, theadadmpnadae¢ oofs amur
site, coupled with the prevalence of k
hi ghlights t he nuanced i mpact of t h
Correspondence Analysis visuallysinepre
based on functional traits, with distir
are consistent with the notion that fu

perspective on ecosystem responsthse t ha

MCy



observed patterns in functional trait s

compl exity of hydrol ogi cal changes in

recognise that some responses, parti cu

mani f elsan@ererti me scales. Therefore, ob

as
pu
So
ri
t h

as

part of an ongoing dynamic process,

rsuit of a new equelubaiteoch adapi édohce

far, data on the effects of hydr ol c
vers, or in any case to rivers fl owir
e best of our knowledge, this id4d,0ne

It was carried out in an Apennine ar

severe, the water supply is exclusivel

ar
mu

ri

e generally very rich and diversifie
lpl e effects of hydrol ogi cal regul at

ver ecosystems. By integrating taxon

more comprehensive understanding of h o

ecC

ol ogi calhefsiendtiin@dnsn.gsT hel p to i mpl eme

management strategies, -taeemrdn haisghelsisgretn ttst

t h

e full range of edangdwsteadm hryals pd roge < at
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responses of macroinvertebrate-wadmmabniet ird s
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Abstract

Damming and i mpoundmentr edragt eadmoan gt etr had i
wor |l dwi de. However, compared to the hi
associated with dams have been | argely
sciendgrndtiwrédiftfor | arge, | owland rivers.

hydropower dam in the Po River (ltaly)
of benthic macroinvertebrates were exat
t he dam dvowrmstoneam st gteiaon peveérnda Wex
significant differences were observed f
composition. By -cewé¢l agtr,opcommomi toy |
associated with wartiemg vied bicumyandadchieqls €
decreased during | ow flow condition 1in
al so mirrored rbdex het Fdtowi s a bi omonito
to assess hydraulicoc¢onmndiiitsi esnsdiynsmuippenr

strepsxcri fic metrics in river biomonito
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(CWM), functional traits

1 I ntroduction

Natur al flow regime (i.e. the natur al
magni tude, frequency, durati on, timing
master variabl e that directly and 1ind

ecosystemesprotel otic ecosystems (Poff
alterations are one of the most widely
as a consequence of | argRodnédgluerakt sa
Pi no et al .e, ch@x@)e. iGl ianatter i ng t he

ev

a
precipitations in many areas of the wo
ent s, such as extended drying condit
e

Th

massi ve water withdrawal , channeli zati

se altered hydr clnogeixcaacle r dar ceidt iaotn st |

satisfying sever al human needsnephteionreda
alterations, dammi ng represeretss odnef |l m®

alterations in rivers, especially when

I n the | ast decades, a proliferation o
in Europe, and especially in mountain :
renewabl e sources (Zar fl et al ., 2015)
integoft Al pine rivers, Comi ti (2012) h
140 hydropower dams with height >15m i
expected scenario of i ncreased water S
reservoirs sereen @smmo nulsyef ul solution to

drying periods (Tonkin et al ., 2019) .
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hough the i mpacts of dams, I ncl udi nc
sedi ment flushing operations, on
umented (Espa et al ., 2019) , t his

ntain kdazewamset Nal ., 2020, Doretto e

dams in | arge, |l owland rivers are stild]@l

Hor

sak et al ., 2009). Beyond the great ¢

| owl and scecdulidhghe tdliso explained by so

| owl and rivers (Leitner et al., 2021).

chall enges with biomonitoring, especi al
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r representativeness of the whol e h

—

hat théecaed byuaul yi at e stressors
l'l'y |l ocated in the geographical ar
ropogenic activities occur. Besi de
rally suffefredtromoft hiemmadt & i ¥et ierfg
rr- basin. Thus, It is difficult to

ot her synergic and confounding f
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ni abl e neesexesiitfgincf tdoirdsm g etseolir s .

e we anal yse t he taxonomic and

roinvertebrates to a hydropower dam
ferences i n t he di versity, abundan
monitoring bywdocacrmepamweng ttlestmalcr oi nv
m one station upstream of a recentl
h one downstr egaemrstpatriioord overe.a bsif x
ation). Becausecompasableet ed sé&anmso

mor phol ogi cal conditions, we expect
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richness, abundance anadandodpwssti eambet
consequence of the dam creation. By <co
station as compared t o upstream one
macroinvertebrasebebmman stations, espe
associated with water velocity conditic
the two stations 4ispethti vwaindsced tsha
functional tor @ietnercemmparmoendbnt toring i nd

taxonomy and/ or are not specifically de

A B

Fig. Plictures represent: ( A) upstream ¢
construction and (D) artificial substr e

2. Materials and met hods

2.1 Area of study and data coll ec
The Po River originates from Monvi so Mc

l'taly) wherein the AParco del Monviso
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03000E, elevation: 115m a.s. |l .) whe
020, haydnreowe | leacrtgrei ¢ power pl ant was
harge >110, 000 1|/ s. This infrastru
a stable basement made of reinforoc
sel ect etdr eatlcohn go fa 1r.iSvker Isengt h: one
downstream (hereafter D) of the dar
r di scharge was approximately of

acterized by a wautletrisc o(ux5ne) canad nled \

ium < 1m/sec), while the downstree
rve today, with fast flow (medium
ursal trend. Currentlwynwttilehapstae an
rs (>6m) and very | ow water veloci:t
ficial substrates (Fig. 1) were use
t |l ayers of wood (every | ayer was
ers (diameter =4cm; height =1cm). [ n
oiyredt; hi s way the tot al sampled are
trates were tied to a rope anchor ec
60N3 days to allow macroinvertebrat
achlremode, artificial substrates w
being taken to minimize | osses o
ved from substrate and transferr

oinvertebrat alsenwedarfd esdy g toe mahtei d almi
nati onal bi omonitoring program for
ted. A total of seven monitoring
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of the dam), 2021 and 2022 (3 dates po

substrates (7 dates?2 stations2 substrat

On each removal date pH, water conductd.
with a multiprobe (Hydrol ab, mo d . Quan
coll ected in each sampling station and
chemical spaweametmerasured by foll owing
concentration, total phosphorous concer
2.2 Statistical anal yses
Redundancy analysis (RDA) and PERMANO\
variations in macroinvertebrate communi
and chemical vari abl es and bet ween S

communities weoéiobht aoged heéey pbe dat a
substrates. Macroinvertebtaaes faolburdank

performing RDA. A set of 8 physical anc

including pH, oxygenroaurscertl erxzttiromr,alt @t
concentration, BODS5, COD and the amoun
was applied to retain aemnllyitmkarmsatr i @aibg
Statistical differences in the taxon ri

bi omonitoring indices: STAR -TCMLa(Buf &t
2022) were testedewsdisngreiWrHacmokx ptae ssta sy
bew)o. STAR_ I CMi i s the index adopted i1
status of running waters according to
2000/ 60 (WFD)nmetlt ci $ ndemubkticul ated as

foll owingemagei §sor &v Per Taxon (ASPT);
Pl ecoptera and Trichoptera families (
fami -GésD @i . e. the relative abundance
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Di ptera); Shannon index; |l ogarithm of
Pl ecoptera, Trichoptera and DiptTerias pl
cal cul ated as t he -gplrunpdoancieond atbaas eadf on

cl asses amswers dlolr dlhe trait Afcurrent \Y

Tachet et al. (2010). Artificial Ssubst
nowadeable rivers as documented in pre
and Fl ot emergsedh ,anal0 M5 ;mi Weki, 2011). Thus
taxonomic and functional metrics der i
met hodol ogically reliable and suitable

of the study. Mor eovelk,subhet ndoesi bar of
STAR_I CMi index is recommendwadéalyl ¢ hrei v
(Buffagni et al ., 2007) . Di fferences i
bet ween the upstream aned dboywnme a ndserotfs t e
and Wil cokxkankstgeeddepending on the as

sel ected cdtaetsat. wWPaasi rwiesde dt f or bi omonitor

signedk test, that is the nothgatrameds i
for taxon richness and tot al abundance.
Finally, the functional response of t

construction of dam was evaleatebdwbygh
means (CWM) of trait valwues (Lalibert®

(Tab. n) npelt @ four functional traits (i
relati on, current velocity preferendum,
al ., 2010). We choose these over other
be dewei to flow | evel alterations (Bo

Wil coxonasnkghedt was used for testing W

varied between the upstream and downstr
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All analyses were run in the R statist:i

the basic function and the foll owing pa
(Oksanen et al ., 2015) , FD (Lalibert®
2016)

3. Resul ts

A total o f 10,782 macroinvertebrates
families. Gammari dae, Bithyniidae, Chi
abundant taxa and accounted for 74.90%
The aver aogfe tnauxnmab e(rNSD) per sampling occ
mean abundance (NSD) was 770 (N349.02)

Based on the stepwise forward selection

total phosphorous and E. coli were sele
vari ables significantly influenced the
(F310 =3.55; p < 0.001), accounting fo

explained 24.61% of the variance and wz:
the amount of E. col i and oxygen conce
expl ai nedar6i.a’n9c% oifn vi he macroinvertebra
was negatively correlated with the incr
(Fig. 2). However, PERMANOVA showed no

composition beplwemrgn stheet itomos s(aAl, 10=0. 5
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construction compared to the previous
FI eflw i ndex was significantly higher in

dam construction) c¢omp3ar0e2d6 ,t op =tOh e0 2u3p;s tF

Commusfievel weighted means (CWM) of trai

results for seven out of the 24 trait n

the modalities related to respiration
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trait modalities significantly varied
modal i ties medi um and f ast wer e, on av
whi |l e an oppositer  radqiel tcowmanunif oypinev efl

macroinvertebrates associated with sl o\
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4 . Di scussi on

Damming and i mpoundment am el awiedde | &yl treerc
rivers (Ogbeibu and Oribhabor, 2002; WIl

i mpairments on the aquatic biota depen

I n faous peseiarch dealing with these al
areas, while their effects in | arge, | c
I n a-skcatge study Leitner et al . (2021)

candi dat e macroinvertebrate community
including i mpounding and damming, in | a
al so forypeve Aut hors found that for tF
was the pressure that played the heavi e
in some selected candidate metrics for

depending tonpd.heFari vtelme | mpoundment , a

speci fincor ppdltogi cal conditions can af

abundance of macroinvertebrates accord

varying responses initermsgoifndioesc B
pressure caused by dams, aut hors state
wi t h macroinvertebrate sampling i n | a
bi oassessment of certaimwepraddsurnds s( leani
i mportance of-spdoptiogappreashbes.

To our knowl edge, our study represents

aimed at mon-rebated thmpattewassociated
| ar ge, | owl and river by using benthic
showeedakw and negligible variations i n
macroinvertebrate communities througho

ti me (i . e. year or season) rat her t h
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wnstream of the dam). Further more, n
chness and tot al abundance were foun
ations. Similarly, STAR_ | CMi i ndex W
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gitabnsc)ondn the downstream stat.i

nded station. However, these di ff e

c

is finding was expected insofar as S
at poorly peéeofepmsifncrerassones, as

udies (Doretto et al., 20109; Larsen ¢

en | ooking at t he -Tpeirdfdexmanae retenth
l timeric index designed for assessin.
|l ues were significantly higher (i .e.
wnstaeéamnsthan in the wupstream i mpo
creased over time, especially after

udy represents one of -Thendexsanadphp
dicate that, iamongetrhes cameohunbi omoni
nsidered, this index was the only on
nditions between the two stations as
ndings are al so corrroonb atrhaet esdp ebcyi etsh ot sre
oice of incorporating the abundances
rm of <4ewmmlniweyghted means (CWM) of

tecting differencesondbstbandsdaowhnshr et

e dam, especially in relation to the

e of the main advantages of wusing fu
ey allow to better relate the effect
sed on the assumption that environmen
d biological traits (1. e. species so

nctional traits or groups in river e
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a solution to make river biomonitoring

al., 2006; Merritt et al., 2017). -Thi s
T index could be a candi dat e Dbrielnmotnad
alatirons, including i mpoundment and dan
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Paper | V.1: The impact of <cat
macroinvertebrateocoemustiteam
study from the Apennines (NW

This work was published as:

Mar i no, A, FenoglidheSI mp&ctBoof TCa t(a2s0t2r4
Macroinvertebrate-OCdmmu rSittrieeaamsi n AL&Swudy f
(Northwest ITtaly). Water, 16(18), 2646.

Abstract

FIl oods are nor mal components of many r
i mportant i mpact at the ecosystem | evel
has increased their freqguency and inten

partfartyl benthic macroinvertebrates due
to disturbance. The i mpact of fl oods
depending on the <characteristics of t
composition, bmdrapholuogyand | ife history
nomi ol ogi cal parameters such as fl ood

the presence of dams and many other f

dynamics i s evinaan agfeomme netf faencd icvonser vat.i
in the context of current climate chang
aim of this short communication is to

macroi nvertebr aitege nctoinfmyu nin ¢ s iest, anto and

investigate the recovery time of this i

Keywar dsydr ol ogi cal di sturbance, resi |l i

stream ecosystems, Functional Feeding

My



1.l ntroducti on

FIl oods are phenomena that intrinsical/l
river ecosystems [ 1]. Depending on th
naturally occur in different seasons (€
summbu}), in recent decades gl obal cl i ma:
hydrol ogi cal regi mes of rivers in diff
increase in the frequency and intensit
crucialtrientncycling, new habitat cre
dynamics [ 3] and overal/l ecosystem hea
can have severe consequences for the r¢
| ead t o t hieorhoonfo gtehnei zaaftf ect ed ri ver str.
recovery [5]. Among the most affected
due to their l i mited mobility, i1 fe ¢

sensitivity]to disturbance [ 7

Macroinvertebrate communities are comp
resistance and resilience to flood dis
physical force of the flood and remain
rapiedloyl orni ze the area after disturbanc
of the macroinvertebrate community depe
and-hliisfteoery trait composition [6]. For

i nt oedihme st or attach to substrates to

have rapid |l i fe cycles that all ow qui
resilience of benthic macroinvertebrate
a variety ofnclfaditmg st he I ntensity and

Macroinvertebrate community recovery a

M b b



influenced by the magnitude and durat.

community to recolonize, and the avail g

The scenario is further complicated by
characterised by the massive presence ¢
ot hermameaen barriers can have significant
noanly by altering the natur al hydr ol oc
i mpacts of global <climate change. This

function of macrobenthic communities t

regi mesexéample, disrupting river connec
prevent migration and dispersal of mac
reducing genetic diversity. This can ma

of exevemes such as catastrophic fl oo
catastrophic floods, dams can have a po
of the flood: dams can reduce the inte
water upissream. rEduce the destructive

benthic habitats and the organisms th:
Downstream of the dam, the water fl ow i
These areasgesanfacttlae mefe fragile ma
them to survive during the flood event

[ 14] .

Overall, understanding t he resi stance
communities to catastrophic floods, a s
recovery, i s cruci al for t he effectiv
ecosystems nomr dehsei fpclel 0]f. iHence the ob
to understand the i mpact on the macrob
flood event, which organisms are resist

and the recoiveely ¢cmeyofemhender study.
HNn



2. Materials and met hods
2. 1Area of study

The Piota stream, a right tribubtadgr of
Apennine |l otic system, about 30 km | ong

m3/ s and drains a catchment area of ab

doonMmNaw I taly), a hydroelectric plant e
mor phol ogy. Three distinct el ements ar e
intake, a 1.8 km section underneath, ar
desigredsampling stations, one for eac
"S1

UP" (N 4-4FA383/045150.409%.66 66), wupstream of t
use, "S2 TAIL"iE( SMA44HANIADB)1066 n the s

pl ant and "S3 DOWNE @GANOANAALDDA)I,. 8dO6wW
restituy.on (Fig.1

FigStudy sites, with focus on the thr



From 2018 to 2022 we performed 12 sampl

tot al of 360 Surber sampl es. During t
2019 (with &s peskurode :800MRPA Piemonte) s
i nterest to analyse the I mpact of an

mani pul ated stream reach.

2.2 Macroinvertebrates sampling and prc
I n the study area, the substrate com
considering the degree of coverage of n
of various size classes) and biotic co

and de&ad. wbowcording to substrate <cat et

guantitative samples in each sampling
mu kthtaibi t at sampling. Quantitative sampl
coll ected wusierg (a2 0Sxu2rOb eam,samgpdh = 255
determined and counted, according to

analysis of taxa accumulation curves s
adequat e t o obtain a repr etsteent ati iveea s

macroinvertebrate communities at t he s

systematically identified at t he f ami/|l
available for the I talian bent miuammbreacr
of taxa and the total number of i ndivVvi
2.3 Statistical analyses

Compositional changes in macroinverteb
and between stretches (up, tail and doc

metric Multidi mensional Scaling (NMDS)
(PERMANOVAY, i veeygpedo this end, al | sam

and t h-€urBriasy di ssimilarity i ndex wa s



abundances. To better under st and t he

communi ti es, nestedness and taxa tur no\

Anal ysis of Vari ance (ANOVA) was used
ri chness, tot al abundance, abundance a
Pl ecoptera aneEPTTr itcohtoaplt em@amber of t axe
percentage oft opom3 ndrmaoe e39ft axa n CDIOMO n «
Oligochaeta richness (NCO). We also f ot
(i . e. feeding functional groups) commu

and turnover) amomgcrsphdees @anmdp arait®ecens Pw

with Tuskeyodos test. Moreover, to analy
flood, we conducted on the most abunda
Kendal | anal ysi s, respecti vieileys, wiot hhigg
resilience and resistance.

All analyses were performed in the R st
functions and the following packages:

betapar [21] for nestedness-Kandat braoak

The sitgntihHnesamol d was set at p < 0.05.

3. Resul ts

A tot al of 21,028 macroinvertebrates b
Among t hese, Si X t axa accounted for
Chironomidae (19.73%), Leuctridae (10.
(7. 77%), Ephemerellidae (4.84%) and Nai

The occurrence of 2019 flood hamQ.a047 gn
p<0.0B1iLlg. 2a).: t his i mpact was gener a
di fferences among si a&4Qi. dD/;r i wer= Dt r08
communities before and after the fl ood

HOo



noticed that total beta diversity retur

nestedness and-fit oodoypyer ibd.the phe yea

after the fl ood, nestedness increased,
date the | argest portion of beta diver s
* A E ° R 7.7 (-)
e ~ © .. 251

fear

Figure 2. (a) NMDS ordination plot (stress = 0.143) considering samples collected before and after the
flood event. (b) Barplot with the percentage contribution of nestedness (in white) and turnover (in
black), representing the total beta diversity in the sampling period.
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The taxonomic metrics did not varied si
for this reason, the samples were anal:
macroinvertebrate total abundance (Fig
20ahhd 2021, followed by a -fledodni mo2®2l
trend is rather similar i n -@Hil r oontohneird &
Oligochaeta richness (NCO) (Fig. 3d), |
(Fi g. 3hfe) , e xwietpht +30 n( Fa fg . D GM ) for which
variati on.
TablANOVA taxonomic metric results not
sites x year

Abundancé¢F value p-val ue

Sites 1.937 0.169

Site: Yearn0. 493 0.847

Richness|F value p-val ue

Sites 0.152 0.859

Site: Yearn0. 282 0. 9614

EPT_Abun¢F value p-val ue

Sites 1.567 0.232

Site: Yearn0. 482 0. 8514

EPT_RichiF value p-val ue

Sites 0.1009 0. 896

Site: Yearn0. 340 0.940

D O M3 F value p-val ue

Sites 0.006 0.994

Site: Yearn0. 327 0.724

NCO_RichintF value p-val ue

Sites 0.077 0.926

Site: Yearn0. 340 0. 714




The percentage composition of the Funct

di fference in the different years. I n
(Fig. 4a) compared to a more balanced F
event . After the flood, the ratio of

considerably (Fig. 4b). This ratio decrt
2021 and 2022.

b) .
g ¢ :
Bie B [
[]sc go.os ]
[JsH :

2018 2019 \Z(gZ:r 2021 2022 Seat Lu
FigurSet a4 ked bar s (a) il lustrate the
Functional Growpath€@g ers ,coF | ectfarl terer
scrapers, Sh = shr edd20r2s2) oinn stahnep | Finogt a
panel b) reppessnt ot i Behr®dders + tot al
dashed | ine represents the fl ood.

Analysing the most abundant macroinver:t

pvalue = 0.02729 (Fig. 5a) increase sic¢
site, while Baeti dael(uFei g=. 05 a)0 2(3Tea)u a=n0d.
5b) Tau = &.a3u%4,= p0. 009) i ncreased S i

Hydropsychidae and Leuctrid@z22, Falgt h duac
significantly:0.GCa2déma,ldugge H TGu02261) - and
0.59¢8)up = 0.0148) decreased signific:
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Il n general, macroinvertebrate communi t
with a gradual recovery of taxonomic d
year s. Certain taxa, such as Chironom

recolomnmivxertBlBgstem after the disturban

These taxa show a combination of resis
propensity to drift, their mor phol ogi
refugia durj?2@, h2gh. flowsontrast, ot he
El minthi dae were more sensitievean tdect h e

their populations (as already reported

The functional composition of the macr
shifts after the flood, with agqat mererad
reflecting the predominance of fine pa
matrtend periphyton grazing [29, 30] .
gradually returned to a more balanced s

abundance [31].

The recovery of the macroinvertebrate

2019 flood event was relatively rapid,
returning to | eWVebsdcompadiBailytemgtseiTihh sn c
thatrmanvertebrate communities in | ow
to flood disturbances [32, 28].

't is interesting to note that the reco
sensitive or rare species may require
Additionaidtleym tmpalceésg of such fl ood ev
povided by the macroinvertebrate <c¢ommu
matter processing, and food web suppor

investigation [ 33].
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Finally, this study highlights the im

macroinvertebrate communities to catast

protect these critical c o mpbwemttsh coud g ha
is a single event in a single stream,
and more diffuse and recurrent, becaus
change [36], and our dat a prtohvei dceosn tienxft

br oaddeiressttuhat consider multiple cases
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SECTI ON | V: Extreme Hydr ol

Paper | V. 2: |l nvestigating th
macroinvertebrates in the fac
from artificial fl umes

This work wéasndebmisetvedw)

Mar i no, A. FenoglilonveS.t,i g&t Bog The (280265
macroinvertebrates in the face of drought:
& Oceanography.

Abstract

This study examines the survival of I
drought <conditions using controlled ex
river conditions. Prolonged droughts, ¢
on wat egs,resrmoaricncreasing in frequency

al pine rivers t hat ar e dependent on
macroinvertebrates ar e one of t he mo !

components of alspi betl|l ati precesnysti ett! e

the ability of the different groups to
peri ods. To address this gap, we condu
resilience of v arxiao uesx pmascerdo itnov enratneabgreadt e
We observed a gener al decline in macroi

i mpact of t his phenomenon was observe
organisms. For instanceneg®fTi vaxmaesphnb
Chironomidae demonstrated greater resi
|l onger periods in the moist Subkdagad e.
groups, rangi ng -sfernemthivghlty dirdaiusg hatd a o
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contributes t o our understanding of
macr oinvertebrate communities and hi gt
prol onged drying on biodiversity. The
management s tnrsaitdeegri etsh et hpart e sceor vati on o

mai ntenance of permanent -sfelnewtn eg@i me@sNmM

particularly in vulnerable alpine ecos)
KeywoRdsilience, biodiversity | oss, dro
1. l ntroducti on

Drought s are increasingly affecting h
compl ex interactions between <climate ¢
water resources. At the gl obal scal e,
activitieseaatrheeralptaetrtienrgnsw gl obally (Abb
2021), which translates into an increas:t
evaporation and changes in precipitatic
I n addition to climate change, at the |

by humans contributes to worsening th

Agricul tur e, particul arly intensi ve [
mor phologti cad t @eMatt haei et al ., 2004)
(Prati wi et al ., 2024) , urban and i ndi
2024) , represent i mportant stress fact
these factord, abobhhopbgematcec BB | eadi n¢
the frequency, durati on, and intensity
I n aquatic ecosystems, this transl ates

flow, and ael tehepthiyosail c af tharacteristi

negative consequences for biodiversity

HMT



2020) . I n this context alpine rivers
mel t water, l i mited water storage capac
increasing human demands make al pine r|
of dcdrtougval | efuoco et al ., 2024).

Prolonged droegbhbhsndhaeeolfagi cal conseq
i mpact aquatic ecotseyrsm eenfsf,e cotfst.e nOme tohf |
i mpacts 1is habitat | oss (Upadhyay et a
wetnldsa decrease and these areas begin t
species shrink dramatically. This habi
that rely on stable water bodies to sur
i setadl teration of biogeochemical cycl es
the natur al cycling of nutrients such ¢
mai ntaining the productivity and healt
2023)thowt adequate water f1l ow, nutrier

to areas of deficiency or excess that

Droughts also I ed to biodiversity reduc¢
speci dapaed &40 environments with consi
becomes scarce, these species face inc
whi c h, combined with changes in food w
|l osses (St dalropo202%) e Furthermore, dr
alien species (Guamntesokei enhvalsi ve2@d2).
more stressful conditions brought on b
resources hanecalstysrtienmng fturt her. These i

adaptable to fluctuating environment al
establish dominance dufSiamkaancdctafatler, @
changes pose aosisgmef igagamnutpst lorf e aatqutat i
benthic macroinvertebrates that, for t|
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pivot al ecol ogical rol e i n aquatic e
bi oindicators, their presence, abundanc
on water quality and ecosystem health
essembicalssgs such as the decomposition
represent a vital food source for hi gt
mammal s (Fenoglio et al ., 2005) . Macr o
t hese idrdouwcgegldt changes (Ferreira et al .,

and the changes tphhytshe awatcdar ateei ic st

influence their survival, |ife cycle, a
prol onghtds d(routghan 1 day), with the re:
water flows, have a significant i mpact
ecosystems (Viza et al ., 2024).

The decrease in water | evels |l eads to
competition for | imited resources such
Some speci es, adapted to conditions of
redudtni omumbers or even disappear | oca
remaining aquatic habitats can | imit t
some species, |l eading to a | oss of bio
hydr ol ogiadaslo riengilme nces the structure

(Manfrin et al ., 2023) . Species more
domi nant at the expense of more sensit]
in community @eompospeteronsscsawmnis on the e
ecol ogi cal processes such as all ochth
cycling. With the increasing frequency
to i dentify macrtohantveat eb matsd g Eeasdisd ||
conditions (Aspin et al., 2023). Under s
us t o predict the future i mpact s of

HMO



conservation strategies ai med at prot
mitigating the negative effects of drou
conditions can change from year to yea
For talsion, r enesocosms <can be an excelle
replicable and realistic environment f
al ., 2022). I n particular, mesocosms of
such asonhhefdtuhetidrought, providing an
stress conditions, including extreme d
unpredictable natur al phenomena (Font e
This study aims to identify the diffei
survival capacities, of stream macr oi |
managed drought within a mesocosm si mul
key adgpmhact sexperi ment wi || provide val
consequences of drought on macroinver:
potenti al indicator species for monitor
2. Material and met hods

2.1 Artificial flumes description

The ALPSTREAM mesocosm system, |l ocated
coor d. 44A41' 33.8"N 7A10'38.2"E, Fig.
Po River. During the period of experi me
water Bnakacitwece measured and in additd.i
from the Ostana weather station.

The mesocosm system is fed by the wate
structure and a buried feeder pipeline
m in diameter, I's positioned near the
to @emtevbl ockage from coarse debris. A s
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co
ea
S i
p a
wa

ma

water from the river, all owing for

takemetdeah§5 pi pel ine transports the v

adi

ng tank, which functions as a st o

cdreme t o three-tam«lsl en al cddiii cge gwah es

ring experiments, closed for mainten,;

the flumask &appl isead water to two f

peralmecnhtannel s. The flumes are 25 met
ters deep (Fig.1c). The flume beds ar
bbl es, and gravel to mimic the river
ch pamel sfdcaiams into a terminal tank
ngle concrete shaft, returning water
ssive colonisation with also | eaves ¢
terfrfdeolwy for 4 months, with the same

ni pul ating any variabl es.



Figumn¢ plan of artificial flumes from t
b) I ocation of the facility (circled ar
of Ostana; c¢) drone photo of the artif]i
six canals and the outlet reservoirs of
seen on the right

2.2 Experiment al design

|l nitial samplings were carried out in 2
to have a picture of the initial macr oi
40 long x 30 wide ¢cm was selected (Fig.
fom a tot al of 12 samples, avoiding sect
so as not to be affected by disturbanc
these areas, we -sitnrseeam eal fdroavme ameat u(pme
i sotheesampling area. Then, pebbl es ar
removed and placed in a plastic tray t
macroinvertebrates. After this sampl i ng
closureaelofest mnmdv t he cessation of water

process
H

most | y-maidru ldatoeudy hd , humanmnwhi ch t
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| evel s occurred instantaneousl!l y, -sriaxt her
hours (T1) after the water disappeared
by using the same sampling method util
choseaemrs aorfe the flumes-d¢(Bugh2bpsampsi ngst
detritus were taken and rinsed to all ow
We repeated the same sampling scheme at
420 hdygyrsapd 588 hours (T5) (Fig. 2a).

Macroinvertebrate identification was ¢cC:¢
Ephemeropter a, Pl ecoptera, Tricladi da

Trichoptera, Coleoptera, Di ptera and Ol

a
¥o ¥ % % %

u\Tz T4

i ! Water
reservoir

Omnibus >

Coarse
mesh filter

—=
[ -
Stream water E — |

RX J RN 101¢ o
Pebble/cobble i i ' OUTLET

grain saize

Water flow

Figurae) 2 l:lustration of artificial fl um
from the river to the river i s delineat
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detritus. c) Pebble and sediment <coll e

macr oinvertebrate sampling.

During the study period, we recorded r 38
the meteorol ogical station in the muni .
amount : in Tl two 40x30 areas webr)e se
was takesnoamd in jars with 75% ethanol

60AC for 72 hours and weighed with a 0.

2.3 Statistical anal ysi s

Compositional changes in macroinverteb]
were statisticameyrtesMebdtit dr meaghi doal
Permutational Analysis of Variance (PEI
samples ward husednal yCauird i andli sbe mBlIrawy

applied to macroinvertebrate abundances

Analysis of Varianaval ( ANOVAlukaerydsKmpuwushka
post hoc test were used to assess taxor
abundance and taxonomic richness of Epl
EPT,alt ontumber of taxa found in all gr
Functional Feedi ngSdGr oulprSehd-d-eSroily b ebapesb:s
iTCg, filFtamer irPe)d aatcocrosr di ng t o Merri tt
Moreover, B of asaxé&aicatooseven biologioc
was conducted acchaldatngr @ o( 2h®0 )Ussspeagd ii &
analyse the relationship between macr o
calcul ated diryzagionhchaedspétiaity val ue
mean iindex (OMI) (Dol edec et al ., 2000C
bet ween the average drying conditions w
drying conditiomaseacr tlsghemhe OIt udrnl ue

specialized drying niche, meaning the
HHI
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Ma

me
de
Th
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s e
re
t h

W i

ying conditions. To determine drought
ying space, which showed a strong po
rther our understanding of drying ni
mitiasi in their drying specializatio
hi eved using a kmeans <clustering proc
ying niche characteristics together.
to five-hdsgdngroups as this shows a (¢
sqguares = 91.5%) and a coherent wecol
nfirmed by t he statistically signi f
tterthavlaueée €01 Be)nisidriwe, -tmarytilnyg, t dlodr

neral i steaingdt amty i ngyx a. Al'l analyses
vironment (RCore Team, 2021) by wusin
ckages: vegan ((fOks anves, etP ERIMAINOYBA19 gn
e4 (Dray et al ., 2004) for OMI I ndex
xedeffects model, | mertest (Kuznetsov
gni ficant threshold was set at p < 0.

Resul ts

in physical and chemical par ameters v
asur ed parameters were stable: cond
viation (SD), dissolved oxygen 11. 24
i s dat a bMaes wiotnftpaphysi cal chemi cal p
onductivity 174.03 mean N 0.82 SD, di
62 mean N 0.05 SD). During the stuo

ver al days with ahti gthh er abiengfianinli,n g no fp aJr
aching 62.4 mm of rain. The average
e number of rainy days was 18/ 30 day s

th a minimum temperatmrttempe wattmr & A
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bet ween 30AC. CPOM average mass was 51
di fferenceacross canal-sal UANOVA59)1. 0 R
macroinvertebrates, a total of 2561 mac
were coll ecntgeedd dirthye Mpad |l &®@ signi ficant

mainly after 420 houval 0é-Fi@yO BPERMANG)

e T0
T2
: o P ° T4
/
v
N ‘ TIME
T3 o
g o
T /
Fi guN®DS ordination plot (stress=0.128)
each sampling date collected in differe
84 hours (T=2), 252 hours (T=3), 420 hc
At TO, the taxonomic metrics did not s
and across canals (Table 1); for this
the time for statistical anal ysi s.



Considering macroinvertebrate total ab
KrusWadll i s test, we noticed an increas
significant decrease -vian ue¥8. 02) (KFugk:¢
Sshowed & ®det¢tweasn TO and T1, an increa:
coll apse-v@AN@KA .p05) in T3 and T4 (Fig.
nosi gni ficant difference between TO, T]
the number of TBndhnui TaVal Kvéadlkepk-d.gdHAc) ;
the same trend was observed for EPT ri

( ANOVA pvatRieg.<4d0)..05

TablReslul t ssigimhi horwant ANOVA taxonomic |
across different canal s.

Abundance F-val ue p-val ue
Canal s 0.006 0.926
Cand&ulrber 0.327 0.714
Ri chness F-val ue p-val ue
Canal s 0.077 0.994
Cand&ulrber 0.340 0.724
EPT_AbundancFvalue p-val ue
Canal s 1.567 0.232
Candulrber 0. 482 0.854
EPT_RichnessFvalue p-val ue
Canal s 0.1009 0. 896




e g 5 § % ¥ & & &5 & & 8 5 .3 e & & = = ¥ F ¥ g & § ¥ § ¥ 8§ g 5 5

nnnnnnnn
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Fi guBex 4pl ots of total abundance (a), r
richness (d) datedheofiMdp mp &Mag: J2I'0) , 2
May (TM™May 3T3u)ne 7 T4) .
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Fi guBar 5pl ot of the different -Foalodtoegria a
al ., 2000) and (c) feeding functional (
corresponding polynomial models (group

r e stpievce | vy, (d) for bi ol ogical, a for e

model s on the ordinate axes abscitébeadceo
sampling dry hours.

At TO, t he most abundant FFG {gRitdh.er®c x

(79.1%), followed by shredders (16.4 %
scrapers (1.58 %) and filterers (1.18
groupsedshmowli fferent ability to resist
which was found alive at the end of th
t he most resistant groups were Collect

these groupstsud20Dvedad 252 hours after
respectively. The most sensitive group

gui ckl vy, after only 84 hours. The mos-
HHO



drought was the 6ée groupd (78.1%), fol]

%) , 0h groupdo (1.189%), 6g groupd (0.79
di fferent decrease rate among the diffe
resutlot ede the more resistant, with ali
water disappearance, foll owed by oO6f groc
was found in the 6c¢c, d, g and h groups:¢
84 hodiry odnditions. The most sensitive
after 36 hours. Less abundant were gr ol
% respectively), while group E was rep

Except fochCa fsomgWwhi speci men was fou

experi ment, t he most resistant groups

after drying, while the most sensitive

and A (after 252s mm)l .l @Giuvebrer t lod weargyani

considerations on E seem to make | ess s
2 [b]

Figubeattt er pl ot of the OMI indexxi(sa, avff
28 taxa out of 29 sigaxifscahherresed!| dastk
the boundary of the first quartile, th
|l easti sensipeci es. Scatterplot (b) show
sensitive speciedgol erange vyverl opvart onl
generalist and blue for resistant), con
taamad subdivided on the basis of the ON
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Figubeat’/terpl ots showing the abundance

useful for comparing the <clustered su
AmphinegampyaChir cErcadmiodag uskh)i mnephi |l i dae
5 clusters are shown, summari sing the

the community and on which the confirr
groups of tolerance t o tbhaes epdr.o | Tohneg ebdl ude
line showsstbé thmedséfieeent salfMalyes o
(TO)YMag2(TMpy 224Mpy 3Tu)ne A T4) .

The OMI resh) tshdqwedy.t ata drying eff ect
associated with dry duration ( OMI AXi
temperature (OMI Axis 2, 3.07% expl aine
five dhspiamgednigr oups showing contrastin
gradient according to the t-bBasetdrgndupfht
composed of taxa highly sensi-Li vVvé mead:
OMI _Specia8) zabipyinngOhbBbghly sensitive
taRdit hrspgkecnday ospiCu  Enepi a Beraei dae, Hy
eBaedppms. ). The selcaosnadd dgryd unpy wa sc hceo mp o s €

to drying stress-1(mé6an mOKMh BAOMIs Sdeci a
HOM



Sensitive macroinvertebrates included
Sialidae, Tubi ficidae, Li moniidae, Psy
| sopspp a, El mi dae, Lumbr i c ublasdeade ) g r olthpe
composed of taxa partly tol erlan4al;t omedal
OMI Specializati on: 3.50). Partly tole
Amphi nesmuSear i c ossptHyma a¢cBhyaaopmhm.yl Blusci d:
Empi di dae). ThebteedtfOrdupi wgsncompose
drying stress -I.m&2an mO&dn AMIs_Speci al i za
macr oinvertebrates incl uded Haoburrolteapxtao i(
Spp.e;ucstppa. ) . The f-baskddgyong waeheaom
resistant to drylilng8stOBEsSSPOMI aRkEzat ic

macroinvertebrates included only one
Table 11). Howe vaenrd, ptahlre | sye nsoilteir ant gr o
mar ginal OMly_ Mare@innal ity _sensitive taxa:
tol erant: 1.60). A high marginality va
environment al stress or in a habitat t

suggest that sthebutaxch iameadsubopti mal

ecol ogi cal ni che.

Tabl d&heéel five clusters from the mo st S

respective tolerance and marginality ve
Taxa Group Tol erance Marginal ity

Hi ghly sensi-1. 92 2.57

Sensitive -0.18 1.69

Partly toler0.05 1.58




Tol erant 0.03 1. 44
Resistant 0. 06 1. 37

4. Di scussi on

This study aimed to investigate the r
extended drought periods by simulating
setup. Our results show that not all or
some meregtolerant and resistant to th
Karaouzas et al ., 2018; Sabater et al
diversity of bentchoilcl am@aemdoionfvetrhebeape
conditions prevailed for an extended pc¢
Karaouzas et al., 2018; Datry et al ., 2
to drying (fezn?2| kovsg§ et al., 2007; D®
with previous studies findings that h a
vul nerable to drying, especially those
(Vadher et al ., 2018) haoOveralbnpgedr dr et
l ead to the di sappearance of benthic in
perenni al running water ecosystems (Fe
However, some taxa as Chatrtrobeaom3aalkowabun
because these organisms are I|ikely to
they can survive for some time thanks
flow habitat and detrit®hatrgsear aés , (R«
et al , 2018) .

Considering t hebafsuendc tc hoanrad c taenrdi ztartaiion o
community, some interesting findings ¢
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shredders were the most resistant group

to survive in the wet sediment for | or
organic detritus, while for the filte
pr evdenttheem from feeding, as it did for
rapidly | ost the ability to forage. As
a few specimens in the | ast samplings a

| ked more t o 4{chheariancttreirnissitci ctsr aoift t he t

rather than its functional rol e.

Regarding -RPdleatUsfs2e0g@@G )oati r ait cl assi fica
bi ol ogical group was represented by s me
crawlers, mostly wunivoltine with | ong
resulted to be -pli wegvamlitsintse, nmorsd | yh acrrte
ecol ogi cal traits, the most sensitive
and oligosaprobic habits, whil e among

adaptedot odéemint icc hatho trmd sqQs apri @gwi ¢ t ol e

The OMI i ndex and cluster analysis sho
grouped into -baseddgybnongsnwché contr a
drysegsitive taxa, partially tolerant
resist.anThe amast sensitive group incl
Ecdyonurus and Crenobi a, which are al/l
changes. |l ndeed, previous studies have

sensitive macr dionwe st eib bathe egr  Bmsnacin

The most resistant grAduperiixoMbypdcend samolwe

|l evel of tolerance to drying condition:¢
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assmphi nemura spp., Sericost arha cdhp.a,r eark
have adaptations to withstand drying, ¢
or enter a dormant stage (Wal keBaetlb$88)
spp Normally is not a sensible taxon, b

was been cBaewisedaibghnus known to be

environment al chanBaesesst geompeas.edThe Ioitdte
val ues of tper tsleynwstidliewrearmtndgr oups i ndic
of environmental stress or in a habitat
that they are distributed in a subopti:

Overal lul tosurhirgehsl i-dyehpg e ntdheen t ¢ onnatteuxrte o f |

resistance to drying, with communities
|l i kely having a highesi sptreomptor $ peai eosf.
i mplications afethkae, resubtpine streal
ant hropogenic case, sensitive and | ess
generalist and resistant taxa prevail

et al ., h2GuLg)g,eswhitchat the effects- of w
naturall yaamrddsypystemmitendi ng to homoge
Il n conclusion, our study provides valu

macr oinvertebrates to extended drough

responses of vari ous functional and t
significadanti mepclolcoagtiicoan s, particularly f
drying events are increasingly common
channel modi fications and dam operati on
afAt her.yx imm@souwrosms was | ikely facilita
and rainfaldl event s, which created cr

conditions copurasearrviesde riinpawédlaln zones

Hop



conditions, where natur al refugia |ike

under ripari an vegetation can provi de

invertebrates. The observed sensitivit)
i nducewdghdt s, often exacerbated by the d
of natur al refugia, could |l ead to a de
t he ecological functioning of these fr
i mpood amf considering the potenti al I mg

dr owsgents i t i ve macroinvertebrate commun |
mitigation strategies that mai nt ai n mc

ecol ogi cal i ahegreay bh al pane rivers.

Ref erence

Abbass, K., Qasi m, M. zZ. , Song, H. , M
(2022). A review of the gl obal cli mate
mitigation measures. Environment al S

42588559 . olit.top g/ /1/0d0R2RO®7-AS811356

Al l an, J. D., Castill o, M. M., & Capps,
function of running waters. Springer N
Aspin, T. W H. , Khami s, K., Matt hews,
Woodwar d, G. , & Ledger, M. E. (2023) .

space for rar e ismcvadret edberdamledsn @ Ind ae xl paerrgi
Soci etlyl) .19
https://doi.org/10.1098/ rsbl . 2023.0381



Bat es, D. , Maechl er, M. , Bol kerefBect&
model s usi nlgpurinmeé 4. of St ati st t4cBal 5
https://doi:10.18637/jss.v067.i01

Bonacina, L., Fasano, F., MEZzZzaonbs t ef
temperature on fbesahwaterA mgcstemaverct e
19221.

https://doi.org/10.112121/brv. 12903

Cantonati, M., PoikUne, S., Pringle, C
Ri chardson, J. S.,

Bol pagni , R. , Borrini, A. Cid, N. , Lt
Hawes, I ., Levkov, zZ. , Nasel | Fl ores,
Znachor, P. (2020) . Characteristics, m
arci éai freshwater environmendasns eCGovnaste q

Water, 12, 260. https://doi.org/ 10. 339C¢C

Carter, J. L., Resh, V. H. , & Hannaf or
indicators of environmental quality. 1In
i n stream ecol ogy 3318d . edcademipc

https://doi .-®rB13 G4 DBOE/E6bI9 78

Chiang, F., Mazdi yasni , O., & AghaKouch
i mpact s on gl obal drought frequency,
Communications, 12(1), 2754.

https://doi . o0X3A21364.41038/ s41467



Cooke, S. J . , Gal assi , D. M. |, Gill ander
Gall agher, A. J .,

& Lennox, R. J. (2022) . Consequenc
habitats.

Environment al Rle4/( .e wist, t @Bsl:(/1/2d0cR2%20 g / 1 0 .

Datry, T., Vorste, R. V., Gopti a, E. , \
J., &
Garc?2aBerthou, E. (2017) . Context depe

communities to drying.
Ecology and Eve&Rdtli omttpc9)y )/ dd20Dbr g/ 10.

D®zerald, O., C®r ®ghino, R., 5QFournbcatriao,n aE
trait responses of aquatic macroinvert
bromeliad ecosystem.

Freshwater Bi dl9®®y, ha&(pSs):,/ /1d1l7 or g/ 10.

Dol edec, S. , CheCasrepleentD.er , & CGi m20&t0) .
community anal ysi s:

A newmet hodEcol oggl, 29124927 .
https://doi.org/10.1890/00129658(2000) (

Dol edec, S. ., Si mon, L., Bl emuBIl, onddi,n ,Ril
(2021) . Mul ti ple stressors shape inver
niche: A case study in a regulated str
145061.

https://doi.org/10.21016/j).scitotenv. 202

Hoy



Ferreira, V., Gra-a, AMmathAa ) y&i El os§edir o
on l'itter decompoHsyidtriocbn oliangi & $1r7 365105 (. 8
https://doi.org/ X».1007/s1075002305181

Fenogl i o, S. , Bo, T. , CucReceos,poMse &f Md
invertebrate assemblages to varying dr
I talian Journal of Zoo-R2O gy,
https://doi.org/10.1080/11250000701286F¢
Fenogl i o, S. , Bo, T. , Agost a, P. , & M:
patterns of coarse particulate organic
| oowr der Apennine stream.

Journal of Freshw&t4&gr Ecology, 20(3), &

Gatti, R. C. (2016) . Freshwater biodiyv
|l nternati onal

Jour nal of Environment al TOG4H udi e
https://doi.org/10.1080/00207233.2016.

Guareschi, S., & Wood, P. J. (2022). Bi
of I mplications, chall enges, and res
Encycl opedia of

Conservati om, ( \popl.-4 9 8418 5 | SBN:28 222789
https://doi .-0t382D1Q@N4HS7 B9738

Haghi ghi , A T. , Zaki, N . A. Rossi, P.
H. , & Kl BveyUnsBist @20200Frboym smgheéoomé og

HoOoo



agricultural drought I n arid and s e
https://doi.org/10.3390/w12030838

Huang, C., Sui, M., -&niVangd Zhafgeéega2)n
structure of aquatic insect communitie:
funct iHydirmg.i ol ogi a1l 075849htb5t)ps:2Y¥06ali . or
0225290

Jiang, D., Li, Z. ,Rilveea, dvammi& giaand Ydr d
cycle dynamics in an ephemer al river b
North China. Science of the Tot al

Environment, 758, 143682. https:// doi .

Karaouzas, |l ., Theodoropoul os, C., Var
(2018). A review of the effects of poll

an intermittent Mediterranean bastin. R
298t tps://doi . or g/ 1Xa nlkoaOr2,/ rR.a,. 3R&H}4, JKi
Kumar , K. S. , & Kumar , S. (2023). Asse
on stream water quality: A case study f
Ecol ogi cal I ndicators, 139, 109070. htt
Li, H. , Zhang, c. , & Chen, G. (2020) .

moi sture and drought <characteristics ir
2244,

https://doi.org/10. 3390/ w12082244



Li, M. , Sun, H. , Zhao, R. , & Wang, Y. (
drive the change of hydrological and ec

of the Tarim River

BasChj BavironmeBtakncandPol l uti on
Researdhbh(93®:28374. https:// doi20or g/

21723

Liu, H. , Han, H. , & Ding, Y. (2020) . Th

the ther mal regi me of a regulated rive

12(4), 1007.
https://doi.org/10.3390/w12041007

Matt haei, C. D., Townsend, C. R., Arbuc
K¢ster, C. E. , & Huber, H. (2004) . Di
communities in running waters: A revi e

projectmhl|l i nRIAlsse and Restoration Ecol o

Bridging the Gap betweeh88)heory and Pr s

McCabe, G. J., & Wol ock, D. M. (2010) .
and | and use change on streamflow in ¢t
46(2).

https://doi.org/10.212029/2009wr 008676

Prati wi, D. , Sumi ar s a, D., Oktavi a, D. ,
type on macrobenthos assembl ages, di st
Citarum River.

Ecol ogi cal Il ndi cator s, 160, 111849. htt



Qi ang, Y., Yang, Q., Zhang, H., & Sun,
change:

Ecol ogi cal responses and their i mpl i cé
Hydrol ogy, 600,

126526. https://doi.org/10.212016/j . ) hydr
Ramo s, S. , & Pinho, A. (2023) Aquat
Biodiversity | oss and potenti al restc

Environment, 84 3, 157012.
https://doi.org/10.1016/j.scitotenv. 202z

Reil ly, C. E. , Gocke, K. R. , & Borchar ¢
bet ween climate and agqguatic i nsect CC
Ecosphere, 11(12), e03261.
https://doi.org/10.1002/ecs2.3261

Scherer, A., Li ao, c. , & Bl ume, T. (20
i mpacts on ecological water quality of
Wat er , 12(1), 113.
https://doi.org/10.3390/w12010113

Taffs, K. H. , & Frizell, K. A. (2022) .
invertebrates using functional -Dar hi hg a
Basi n, Australia. Freshwate#726Bi o
https://doi.org/10.11211/fwb. 13934

Trafton, A. J., Leavitt, P. R., & Carso
on invertebrate communities in temperat
66(6)-108077



https://doi.org/10.11211/fwb. 13799

Van Looy, K., Ronsse, M. , & De Bie, T.
aguatic ecosystems: Effects on biodive
|l ndi cators, 132, 108346.

https://doi.org/10.1016/j.ecolind. 2021.

Wan g, S. , Sun, Y., He, Y. ,-iddacgd ¥.h,an&
aqguatic macroinvert emradtye i cso mriru reisthiwead :e
l2ae18.
https://doi.org/10.1111/fwb. 13466

Wu , Q. , Di ng, Y. , Han, X., & Wang, J.
responses to climate change: | mpl icati
Science of t he Tot al Environm

https://doi.org/10.1016/j.scitotenv. 20:

Yang, Y., Gu o, Y., Hu, Y., & Yan, Y. (
ecosystems: A gl obal revi ew. Wat e
https://doi.org/10.1016/j.watres. 2022.

Zhao, R., Sun, H., Xing, L., Li, R., &
change on the drought characteristics i
and affected area. Journal of

Hydrol ogy, 601, 126676. https://doi.orcg



Zuo, H. , Liu, L., & Wu, H. (2021) . Re s |
t o drought: A gl obal synt hesi ss535GI ob
https://doi.org/10. 1111/ gcb. 15478

Hu, Y. , He, Y. , & Zhao, Q. (2021) . Ec
ecosystems: A systematic review. Envir
28(6)-7070B6614
https://doi . o0xy011084.91007/ s11356

Thoms, M. c., & Parsons, M. (2003). Th
introduction to the Speci al | ssue on t
Hydr obi ol ogi.a, 490(1), 1

https://doi.org/10.1023/B: HYDR. 000000 8¢

Pof f, N . L., & ZibBuelrongingall.r eKks p o 20el )t
streams and rivers:

A mu Htaic eatpepdr caEheshwBt e og$5( 1-1 6.
https://doi.org/10.11211/j.13652427.2006¢

Robinson, L. c., Lake, P. S. , & Bond,
biodiversity | oss in rivers: A review
Bi ologys1362(1), 1
https://doi.org/10. 1111/ fwb. 12829

Vannot e, R. L., Mi nshall, G. W. Cummi |
(1980) . The river continuum concept. C
Sciences -13377.( 1) , 130

https://doi-0&i7wg/ 10. 1139/ f80

HMNnN



Zarnetske, J. P., Wondzell, S. M. , &
interactions shape riverine ecosystems:
on riverine invertebrates.

Freshwater Bi-»23gyht6@¢$3)/,dbédio7o0rg/ 10. 11

Zeller, A. A., & Wi egand, T. ( 20 201f)f.s Wa
in agricultural l-eamallsycsaipse.s : E A0 gy vtharmh Ine
https://doi.org/ 105 1016/j.ecoser. 2021. 1



https://doi.org/10.1016/j.ecoser.2021.101295
https://doi.org/10.1016/j.ecoser.2021.101295
https://doi.org/10.1016/j.ecoser.2021.101295

Concl usi on
Maj or results and final remar ks

This thesis focused on the responses
particularly macroinvertebrates, to va
guality. The pressures analyzed incl ude
( WWTP)ueeftfsl, rising temperatures, dam p]
events. These pressures are interconnec

the thesis.

The i mpact of wastewater treatment pl a
at different spatiBaperaber&l yAedjrat ¢tCE
the effect of nitrogen (N) and phosphor

focus on the Po River basin. This basi
of N and P | oads. I ndaeeea withshaglieN:
production, and only 30% of the rivers

t aertg. The study highlighted that t he ¢

gual ity through macroinvertebrates (STA
N and P | oads, suggesting that t hese
ecol ogi cfalaswaters body. Further mor e, [
structure significantly responds to | o
t he stmeddaerer rati o, appear to be mas
variabil ity ovfert,hec edrattaa snete.c oHoowgei cal tr
tolerance to organic pollution, and | o
pollutant [ oads. I n the most i mpacted e
reduction ini@cradamigsm siezectiimd f or s me
more adaptable to environment al Sstres:s
organic pollution, with a prevalence o

HNC



| ocomotion mode, favouring crawling ov
adaptation to unstable or impoverished
selection of |l ess sensitive communitie
aguatystemss

The predominatoéepédntpot bxai opducds cahe
capacity, thereby compromising fundame.]

matter decomposition and nutrient cycl

effeotss adire trophic networ k, Il mpacting
overall water quality and surrounding ¢
WWTP effluents i mpact benthic communit.

case studyPppemelwmthz2d ghned that the eff

exacerbated by climate change. Macr oi
responded sensitively, |l eading to a r
composition, and a signiftganitndregepo
macroinvertebrates, indices such as ASF

and mor e stabl e valdewnsupetame amal uwlse
significantly, reachi ngf Itohwve i p erlioondess.t Il
i ncrease-tion eproalnltutoirogpani sms, such as Ol |
recorded downstream, along mtiitculaardec |
bel onging to the Ephemeropter a, Pl ecop
were substantially more abundant upst |
examined mi crobi ol ogical component s, i
pat hongemnSkal me.neTHair presence was det e
decreasing flow rates, posing a potent

of river water s.

Vari ations i n water quality can al s

macr oinvertebr at ePsa.peAs |dnedmoviiedturaal tse ldd fa ni
HNOT



wi t h

pl ant .
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press
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commu
wit hi
(St ar

chang

The i
macr o
study
(Poda
Nort h
obser
speed
abund

signi

Ri ver.

i nfl u
ti min
cont e
i nsec
gr owt
Recen

( Maca

small er, regenerating | egs were f
Foll owing Ni |l ssonds hypot hesi s

nce of nymphs with regenerating |

ure eam tdhteatuposnt.r I n contrast, i n
i oration of environment al qgual ity
guently | imiting this phenomenon.
ni ties. F olru einncset amrceey, d bheryd anncfe a
n microhabitats (Bo et al. 2010),
t and Gil bert 2017) , and, as obse
es in prey species.

ncrease in temperature can also in
i nvertebrates, especiaPbhpethieils 11 i
examined the influenc&eofr attredd mali
: 1761) (Ephemeroptera: Ephemer e
western I taly (Pellice, Mal one,

ved among the rivers, with variati
acressotihe ¢$¥hwste ms. During a <co
anlcle riinvea s, the average nymph | ¢
ficantly greater than in the Pell

This study confirms the <crucial
encing thth meamdoldes el ogmenvt o f a
g of their Iife cycle (Everall et
xt of <c¢climate change, these findi:
t popul atimpersgt wlarsed ncawelad i fngr tt keanr
h rates, and the ecological bal an
t research has highlighted the sen
dam et al . 20222, dRestnisam adti nal .t,h
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variations can modify growth rates ando

ongoing gl obal war mi ng, understanding
capacities of aquatic insects 1is cruci
cl i mat e fcrheasnhgwea toenr ecosyst ems.

The increase in temperatures can be obs

within the same river over different ye
l'ife cycles of macrbpmoreon ebs age mpnptar
Paper. ITIhil wunivoltine mayfly has antic
River (Northwestern I|Italy) over the pa
related to the increase in | ocal t emp e
i mpgiese and synchronized mass emergence
municipality of Al ba. The use of of fi
originally collected for sci erxtethfpinog pu
dat aseti ghnd gthd hm strong relationship b

timing of mass emergences of this mayf

aqguatic insects are shifting towards hi
or altersnhgi bheiondrange, and some are
invasive alien species.

The case stu®Ppper Bsmmrntyegdcdi n he | mpact

variations caused by the presence of a
functional feeding groups, and biologi

indicate that taxonomi c ghieec hnes st haen dc oz

compared to the disturbed site, confir
macroinvertebrate communities. Furtherrt
with a great oer gaedugsaotsi @wbsierved i n summ
more vulnerable due to naturally | ow f
presence of t he dam al so l ed to a de

HnN o



di sappearance of specialized taxa such
reduction in resoubasedvainladlyiswielstgyhd @ mdm
mean, CWM) revealed significant wvariat:.
habiptraetf er encessi zwidt hspemalels and t hose
environment al stress being predominant
taxonomic and functional approaches, t|
the eff eanos podfoIchayldraol t er ati ons on aquat
the i mportance of considering multiple
of dawuced hydrol ogical <changes.

The presence of dams i mpacts not onl vy
water quality. Currently, i ndices wused
indices tailored to this type of i mpact
Papetl . 2n fact, only weak and negligi
taxonomic composition of macroinverteb]
over time (year or season) rat mpactt dch
stations. Fugnihkeirmamnt, dinof ar ences wer e
ri chness and tot al abundance between s
showed slightly higmepractvad uesgs atiinont. het
di fferences wer e notcowftianr misnmn g c dlhley hgig
STAR_ 1 CMi i's a generic biomonitoring i
environment al pressudTess.nd€anvear sred g/e n tt
mul timeric index designed to assesasl|l dd
significant differences. The index val
rheophilic condimpiacns) ishn athen nand, o]
decrease over time, particularly oafet er
of the first aplpliincdaetxi,o nasn do ft hteh er eFsluow s
the community metrics and biTo nwansi ttohrei no
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dynami cs, particularly in rivers that

availability conditions. Additionally,
of other insect orders, such as RPleecopt
responses align with those observed in
avenue involves experimental fl ume sim

riverbed modifications on aquatic commi

thek@pmrecund noise typical of natur al ec
reproduci bl e data. From a methodol ogi c
adopted a taxonomic approach, focusing
species wfiitdhi ni e@recsections. This meth
| ocal macroinvertebrate diversity and

case studies, the assessment of biolog
gain a deepeocf uadelrsgianali ngr ocesses, f
beyond a taxonomic perspective, i nt eg
communities across different river sect
additional research digy e cftliuoxn ecxocuhl adn g i
connected ecosystems, such as riverine
met aecosystem framework. At | east, st uc

systems presents significameé¢ scopéetxit

gl obadl e drivers, such-sasalel amaheopbageg
Among the | atter, a critical emerging
resources, not only from tradmndi maail cisg

water supply) but al so from emerging
intelligence (Al). The widespread adopt
and energy consumpti on, pri mar i |Inyt edruse
used for training advanced model s bas:

considerabl e heat. Il n addition to direc¢
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consumption, as many power plants supp

wathear sed cooling systems. With the col
infrastructur e, water and energy deman
further ignytlae scominn2022, Mi crosoft re

water consumption compared to the previ
to-rkell ated activities. Regarding energy
energy consiusnep thiyonl 6Wi% Ibyr 2030, with Al
of tot al data center energy demand by
to develop strategies that enhance wat
infrastructureenvoromnmegaté fbetprint.
However,oft hebetwden water exploitation
ecosystems creates conflict among stake
ustainabl e management strategies that

S
h man water demands whipluee i preatruenng a
e

cosystem resilience. Achieving this b:
informed by applied scientific researct
I n conclusion, this thesis not only cort
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