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Abstract

A macroinvertebrates sampling campaign was performed
between May 2009 and June 2010 in two Calabrian (South
Italy) watersheds, Trionto river (lonian coast) and Savuto river
(Tyrrhenian coast). Results showed that the development of
exceptional rainfalls, interacting with sides degradation due to
timber harvesting and diffuse fires, promoted in Trionto
watershed a very strong hydrogeomorphological perturbation
resulting in long lasting effects on macroinvertebrate
communities. On the other hand, Savuto river was mostly
affected, upstream by permanent water regimentation while a
more sustainable land management preserved the

watercourse from severe impacts due to winter rains.

Keywords: macroinvertebrates, rainfall, fine sediment
transport, physical-chemical water column data.

Riassunto

Un campionamento di macroinvertebrati e stato effettuato tra
maggio 2009 e giugno 2010 in due bacini idrografici della
Calabria (Sud Iltalia), il fiume Trionto (costa ionica) e il fiume
Savuto (costa tirrenica). | risultati hanno dimostrato che lo
sviluppo di piogge eccezionali, insieme alla compromissione
dei versanti a causa del disboscamento e degli incendi diffusi,
hanno promosso nel bacino del Trionto una forte alterazione
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idrogeomorfologica che ha avuto effetti duraturi sulle comunita di macroinvertebrati. Il fiume

Savuto, invece, & risultato maggiormente interessato, a monte, da una regimentazione

permanente delle acque, mentre una gestione piu sostenibile del territorio ha preservato il

corso d'acqua da gravi impatti dovuti alle piogge invernali.

Parole chiave: macroinvertebrati, precipitazioni piovose, trasporto di sedimenti fini, dati fisico-

chimici della colonna d'acqua
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Introduction

In Mediterranean regions, temperature and
rainfall show clear seasonal trends, with dry
and warm late spring-summer periods and
rainy and relatively cold autumn-winter
periods. The macroinvertebrate communities
exhibit biotic control of their structure in low-
flow months (Bonada et al., 2007), mainly
due to the number and intensity of
intraspecific and interspecific interactions,
whereas its re-establishment in high-flow
months depends on the intensity of
discharge increases as well as the time
elapsing between two such events
(Dudgeon et al., 2006; Jaiswal and Pandey,
2021). However, when the levels of
anthropization are high, human pressures
can overlap with natural hydrological
disturbances, making it difficult to separate
their relative contribution and resulting in
fragile, more or less simplified communities
prone to quick degradation following a
natural perturbation. In this context
geomorphological alterations are the most
long-lasting anthropogenic impacts (Goudie,
2020; Oglecki et al., 2021) because of
permanent habitat destruction, hydrological
modification and change or loss of

autochthonous or allochthonous productivity
sources (Allan, 2004; Elosegi et al., 2010;
Kaplan and Cory, 2016; Shields et al., 2021).
As regard Calabria region (South ltaly),
although the lonian side is warmer and drier
than the Tyrrhenian side, it experiences the
effect of North African atmospheric
disturbances, resulting in tropical cyclones
with extremely intense rainfall (Greco et al.,
2020). On the other hand, tectonic activity
and the lithology (granites, gneiss, mica-
schists and phyllites that are deeply altered
and broken) of the middle and southern
parts result in the formation of sandy
dishomogeneous masses that are easily
eroded and highly crumbling (Melidoro,
1966; Cortese, 1983). Intense reforestation
efforts devoted to reducing the side
instability were thwarted by massive forest
exploitation (Bombino, 2009) and very high
fire frequency and intensity during summer
season (Regione Calabria, 2018). Agriculture
is diffuse, involving about 50% of regional
surface. However, when arboriculture
(vineyards and olive trees) prevails on
sowable soils it reduces the risks of sides
degradation. In the view of the above
mentioned scenarios, and the increased

frequency in flash floods events promoted
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by developing climatic changes, a
monitoring campaign involving
macroinvertebrate assemblages was carried
between 2009 and 2010

watersheds, one lonian (Trionto river) and

out, in two
one Tyrrhenian (Savuto river) showing
different land management criteria and fire
hazard of sides and climate characteristics.
The aims of the work were: 1) to evaluate if
macroinvertebrate communities show a
variation mainly associated to temporal
(seasonal) or spatial (from upstream to
downstream) trends, 2) to detect the factors
mainly driving general community
parameters changes, 3) to analyze the
communities structure and related most
characterizing taxa as well as the
representativeness of functional feeding

groups.

Riverbed perturbations and macrozoobenthos

Materials and Methods

Study area

Table 1 reports the main characteristics of
the two watersheds, whereas Figure 1 shows
the location of the sampling stations along
the watercourses ranging, in case of Trionto,
from 1000 m a.s.l. to 136 m a.s.l. and in case
of Savuto from 1235 m a.s.l.to 167 m a.s.l.
Sides in the Trionto watershed are affected
by severe soil erosion (DiMase and lovino,
1988) especially in the middle upper part
where very high slopes combined to timber
harvesting and an extremely high fire hazard
(Coschignano et al., 2019; PSR Calabria,
2014-2020) results in both an erosion rate of
0.92 mm/yr in the 40% of the total area
(Olivetti et al., 2012) and triggering landslide
events ranging between 21 and 100 per
year, from 1921 to 2010 (Gariano et al.
2018). In the middle-lower part of the

Table 1: Natural and anthropogenic characteristics of the Trionto and Savuto watersheds.

Length Watershed Total
of river surface  inhabitants of Geology Land use
(km) (km?) main towns
Trionto River
Conglomerates and Middle-upper part: permanent
Sandstones, meadows, mixed forests,
Granites, broadleaf and coniferous forests,
40 288 14564 GrarTodiorites, int.ensive timber harvesting.
Gneiss, Clays Middle-lower part: sowable
fields, olive groves, mixed annual
and permanent crops, mixed
forests, permanent meadows.
Savuto River
Gneiss, Phyllites, Middle-upper part: broadleaf
Clays, Quartzite- forests, vineyards, orchards,
Clays sowable fields, permanent
55 411 10221 meadows. Middle-lower part:

mixed annual and permanent
crops, mixed forests, olive groves,
sowable fields, permanent

meadows.
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Figure 1: Placement of sampling sites
along watercourses.

watershed, prevailing land components are
extended olive groves and sowable fields.

Permanent meadows and crops and olive
and vineyards cover 65% of Savuto
watershed surface, to whom should be
added more than 5000 hectares of woods
included in farms (ARSAC, 2021). Fire hazard
shows a patchy distribution ranging from
very high to very low level. The increase in

Vol.2, no.3, 2022

slope together with predominance of
phyllitc schists, in the middle-lower part of
watershed, result in virtual high erosion rates
(0.60-0.80 mm/yr) (Le Pera and Sorriso-Salvo,
2000), however compensated by less soil
exploitative agriculture. Indeed, the
landslide events frequency ranged from 11
to 50 per year, again between 1920 and
2010 (Gariano et al., 2018). In the upper
reaches, damming of the river at Poverella
location resulted in the formation of a
relatively small multipurpose reservoir (1
billion cubic metres) (Viceconte, 2004). The
rainfall trends are consistent with the
Mediterranean climate of Calabria, although
Trionto watershed shows a higher frequency
and intensity of very strong precipitation
events i.e. days with more than 100 mm of
rain per day (Protezione Civile, 2010) (Table
2).

Sampling and analytical procedures

Macroinvertebrates, water-column chemistry
and substrate percentage composition were
monitored from May 2009 to June 2010 on

Table 2: Rainfall data from the ARPACAL (Environmental Protection Agency of Calabria
Region) database. The Longobucco and Rogliano pluviometric stations are located in the
upper-middle parts of the two watersheds while the Cropalati and Savuto stations are in the
lower-middle parts (available chronology: Longobucco 89 years, Cropalati 87 years, Savuto 77
years, Rogliano 90 years, all data up to 2010 except Savuto up to 2001).

Rainfall Trionto Savuto

Longobucco Cropalati Rogliano Savuto

Total % of rainy days 24.7 19.9 26.44 31.65

Mean amount of rain(mm)y'1 1277 1016 1164 1355

Tgtal number of days with >100 mm of 59 82 5 10

rainfall

Total % of days with >100 mm of rainfall 0.734 1.29 0.057 0.112

o ) : : .

Total % of rain associated with rainfalls >100 724 13.48 0.613 112

mm

Mean Spamlng Time (years) between two 144 104 2452 45

>100 mm rainfalls

Minimum and maximum (days) Spacing 1713-

Times between two >100 mm rainfalls 1-3330 11813 16780 1-6935
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the following dates: May 25th, October 10th,
March 25t and June 8th. Daily and monthly
rainfall measurements (included three
months before May 2009) came from the
ARPACAL database (2022). The monthly
amounts of rain were used in place of
discharge variation due to the lack of stream
gauges and because there is a well-known
correlation between them (Ankan and
Ekmekci, 1985; Gregory and Walling, 1973;
Kelly et al., 2019; Pandzic and Trninic, 1999;
Rebora et al., 2016; Rhoads, 2020).
Macroinvertebrates samplings were
conducted following a time-standardized
multi-habitat proportional semi-quantitative
sampling procedure (Lucadamo et al., 2008).
The samples were separated from sediment
and stored in 70% alcohol. Once in the
laboratory, all sampled organisms were
counted and identified at the family level
under a Leica stereomicroscope (except for a
few taxa identified at the genus level for
calculation of the Extended Biotic Index)
(Campaioli et al., 1994; Sansoni, 1988;
Tachet, 2000). This allowed estimation of the
following community parameters:
Abundance, Taxonomic Richness (TR), No.
EPT (Ephemeroptera, Plecoptera and
Trichoptera) Taxa, Dominating Taxon (DT)
(i.e. the taxon with the highest percentage
within the sampled community whose value
suggests the development of a perturbation
when approaches 50%, Lucadamo et al,
2008, Extended Biotic Index (EBI) (Ghetti,
2001), Biological Monitoring Working Party
(BMWP) (Alba-Tercedor and Sanchez-Ortega,
1988), Shannon index (calculated at family
level, see Karr and Chu 1999, Zu et al. 2020),
Functional Feeding Group (FFG)
classification (Merrit and Cummins, 2007)
and PC-RO (Precocious Colonizers-
Remaining Organisms) ratio (Gallo et al.

Riverbed perturbations and macrozoobenthos

2010). The last is the ratio between the
abundance of taxa most frequently indicated
in the literature as typical of the first stages
of biological colonization (including the
families Chironomidae, Simuliidae (Diptera)
and Hydropsychidae (Trichoptera), and the
genus Baetis (Ephemeroptera)) (Hemphill
and Cooper, 1983; Downes and Lake, 1991;
Ulfstrand et al., 1974; Peckarsky, 1986;
Hershey and Lamberti, 2001), defined here
as Precocious Colonizers, and the organism
abundance of all other taxa (RO). pH,
temperature and conductivity were
determined in the field with a
multiparameter probe (Hanna Instruments,
model HI991300), whereas dissolved O, and
relative saturation percentage were
measured with an oximeter (Hanna
Instruments, model HI9143). NH4*, NOs,
PO43-, suspended solids and Chemical
Oxygen Demand (COD) were evaluated in a
2-litres water sample according to APAT-
CNR/IRSA methods (2003). Percentage
substrate composition was estimated based
on a visual criterion (EPA, 2010) and, at the
same time, the Coarse Substrates - Sand
ratio (CS/S) was calculated as a measure of
the prevalence in erosive or depositional
processes (Lucadamo et al., 2010). Spatial
and temporal changes of
macroinvertebrates communities structure
and general community parameters were
analysed using respectively Multi-Response
Permutation Procedure (MRPP) and Indicator
Species Analysis (ISA) and 1 Way Analysis of
Variance with post hoc comparison (Tukey
test), whereas association between abiotic
factors and community parameters was
tested by calculation of parametric
correlation coefficient (Person). Multivariate
Analyses were performed by PC-ORD
(version 4) software and uni e bivariate
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analyses by Minitab (version 16) software.

Results

Analysis of the monthly rainfall clearly

revealed (Fig. 2) a lower total amount of rain

Vol.2, no.3, 2022

molecules was much higher in the former
(413 pS cm-) vs the latter (274 S cm-"). The
outcome of Trionto river probably is
ascribable to the significant levels in
suspended solids and maybe in COD but
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Figure 2: Pluviometric levels detected at rain gauge stations in Trionto (Longobucco and

Cropalati) and Savuto (Rogliano) watersheds. S = Savuto, T = Trionto.

collected by each of the two rain gauge
stations in the Trionto watershed compared
to the Savuto station but a strong rainfall
peaked at both Trionto watershed stations in
September 2009. Indeed, 84.38% (499.4
mm) and 48.97% (192.6 mm) of the
September rainfalls were concentrated in
three days at Longobucco station (24th, 25th
and 26t September) and in one day (25t
September) at Cropalati station, respectively.
As regard the physical-chemical data of
water-column the mean pH values of both
watersheds were largely consistent with the
nature of the geological substrates (Table 3).
When the average values of conductivity
measured at the lowest station are
compared between Trionto and Savuto
watersheds, the load in ions/charged

Original article

Table 3: Mean values of the water-column
parameters related to each of the studied

watersheds.

Trionto Savuto
Parameters . .

river river
pH 7.94 7.74
Temperature (°C) 18.27 17.48
Conductivity (S, 15 5 235.63
cm-)
COD (mg O, L) 28.21 15.47
02 (mg L) 8.86 9.43
% O3 91.13 96.09
E_‘f;'d' sospesi(mg 5 46 21.57
NH4*(ugg L) 2.76 43.26
NOzugg L) 0.20 0.22
NOs(pgg L) 2.32 3.51
PO42(ugg L") 8.52 14.69
CS/FS 9.93 4.73
% Sand 26 18.75
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not to the nutrient concentrations that result
to be respectively 15 (NH4*), 1.5 (NO3) and
1.7 (PO4%) times higher in Savuto water-
column. Such a result is consistent with the
high potential soil erosion of Trionto
watershed sides, and the need to support
the trophic requests of permanent crops in
Savuto watershed with mineral nitrogen and
phosphorous (Lawniczak et al., 2016).

The mean values of O saturation percentage
were substantially good (Ghetti, 2001),
although some sub-optimal levels were
detected at the Trionto stations, perhaps due
to prolonged fine sediment deposition. The
worst level of O, saturation percentage was
recorded at station S1 in October 2009,
owing to a prolonged period of
regimentation coupled with the previous
high number of degree-days (Vannote and
Sweeney, 1980).

Table 4 shows the values of the general
community parameters calculated in
occasion of the 4 sampling dates. When their
variation is matched to that of abiotic drivers,

Table 5: Statistically significant Pearson
correlation coefficient between abiotic
drivers and community parameters
calculated at the level of both watersheds
(CS/S = Coarse Sediments/Sand).
Correlations r r2 P
Rainfalls-Shannon
index

Rainfalls-N. of Taxa
Rainfalls-N. of EPT

-0.836 0.698 0.01

-0.714 0.509 0.047
-0.773 0.597 0.024

Rainfalls-PC/RO 0.561 0.314 0.033
Rainfalls-EBI -0.735 0.540 0.038
Rainfalls-CS/S 0.720 0.518 0.044

Suspended solids-
Abundance
Suspended solids-
PC/RO
CS/S-Shannon index

-0.475 0.225 0.006

-0.546 0.001 0.298
-0.716 0.512 0.046

Vol.2, no.3, 2022

as cumulative effect at the levels of both
watersheds, the only significant association
were found with rainfalls, suspended solids
and ratio between Coarse Substrates and
Sand (CS/S) with values of Pearson
coefficient mostly indicating negative
correlations, ranging from -0.475 to -0.836,
except in case of covariance between
amount of precipitations and PC/RO and CS/
S (Table 5).

The comparison of mean community
parameters made between both watersheds
and stations selected within each watersheds
do not show any significant difference
suggesting the missing of relevant spatial
gradients developing along the rivers. This is
the consequence of the very high average
slopes of sides together with the short
length of the watercourses making the
rhytral morphology dominant for about % of
the length.

On the contrary, Anova performed on the
sampling dates (Table 6) clearly indicates
that most of the variation affecting
communities is associated to the seasonality.
Indeed, in case of Trionto river four
parameters (Shannon index, N. of Taxa,
Abundance and Dominating taxon) showed
significant values of F, whereas Savuto river
displayed such an outcome for N. of Taxa, N.
of EPT Taxa and Dominating Taxon.

As regard the water quality indexes applied
to the present study EBI detected as well
more cases of environmental alterations than
BMWP (Gallo et al., 2003) as the presence of
a higher amount of stenoecious taxa in the
upper tract of Trionto compared to Savuto
river with both of them clearly showing
strong value changes associated to sampling
dates. In addition, the indexes suggested
that, in absence of hydro-geomorphological
pressures, most of the stations are
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Table 6: Statistically significant results of 1-way ANOVA and post hoc multiple comparison

(Tukey test) performed on the 4 different sampling dates, separately per each watershed.

Watershed Month Taxon Indicator P
Value

March 2010  Taenyopterigidae 71.5 0.035

Baetidae 67.9 0.003

Ephemerellidae 78.4 0.037
June 2010 Chironomidae 91.1 0.009
Trionto Simuliidae 67.8 0.033
Glossosomatidae 100 0.003

Dixidae 75 0.021
May 2009 Hydropsychidae 54.5 0.026
Tabanidae 100 0.003
October 2009 Leuctridae 70.7 0.016
Savuto Ephemerellidae 73.9 0.007
June 2010  Ceratopogonidae 80 0.01

Tipulidae 75 0.03

characterized by a sub-optimal suitability to
host well-structured communities. When the
same analysis is transferred at the level of
community structure (family composition)
the result matches that obtained for the
general communities parameters.
Performing a Multiresponse Permutation
Procedure (MRPP) on the whole database
(stations-sampling dates x collected taxa), a
significant value of test statistic T resulted
only when using as factor the sampling dates
(Trionto: T=-4622, Chance-corrected within

group agreement A=0.3110, Probability of a
smaller or equal delta p=0.00092, Savuto:
T=-4.9903, Chance-corrected within group
agreement A=0.2047, Probability of a
smaller or equal delta p=0.00028).

Indicator Species Analysis devoted to the
identification of families responsible of this
temporal segregation revealed that within
the range of statistically significant Indicator
Values, 61% were associated to the Trionto
sampling dates (May, March and June) while
only 23% gave the same result for Savuto

Table 7: Statistically significant results of Indicator Species Analysis performed on the

database.
Watershed Parameters F P SSD
Shannon index 3.56 0.048 May 09> October 09
N. of Taxa 6.47 0.007 May 09 > October 09, March 10
. May 09 > October 09, March 10
T . .
rionto Abundance 24.48  <0.00005 June 10 > May 09, October 09, March 10
. May 09 > October 09, March 10
Dominating Taxon 106.03 <0.00005 June 10 > May 09, October 09, March 10
N. of Taxa 5.75 0.011 May 09, October 09, June 10 > March 10
Savuto N. of EPT Taxa 5.47 0.013 May 09, October 09, June 10 > March 10
vu
L June 10 > October 09, March 10
Dominating Taxon  9.04 0.002 May 09 > March 10

Original article
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Figure 3: Representativeness of Functionl Feeding Groups in the monitored watersheds

(means across stations and sampling dates). F = Filtering, G = Gatherina.

watershed (October, June) (Table 7)
suggesting a less frequent occurrence of
family-specific selective conditions in case of
the latter.

Analysis of representativeness of functional
feeding groups revealed that the collectors
contributed 86.8% of total sampled
organisms (Figure 3). Savuto percentage in
shredders and scrapers were respectively
3.31 and 2.58 times higher than those of
Trionto river indicating better levels of
allochthonous and autochthonous primary
productivity in the case of the former
watercourse. On the other hand, Trionto
watershed showed a comparable
percentage of gathering collectors but an
amount of filtering collectors around 50%
higher than that of Savuto. The average
value of Filtering Collectors - Gathering
Collectors ratio equals to 0.819, suggesting
a remarkable load of suspended FPOM
(Merrit and Cummins. 2007), that resulted to
be 60% higher than that detected in Savuto
river (0.514).

Original article

Discussion

The three months preceding the beginning
of the monitoring period were substantially
lacking of significant precipitation events
and this suggests that the structure of the
macroinvertebrates communities recorded in
May 2009 would be passing under the
control of biotic factors (Monk et al., 2006;
Poff and Ward, 1989) except in the presence
of human pressures that favour the
settlement of taxa tolerating environmental
alterations, a result that seem to be detected
by values registered by Shannon index
(Ravera, 2001), EBl and BMWP (Table 4).

The remarkable precipitation that took place
at the end of September 2009 in the Trionto
watershed can be really considered
exceptional. In fact, such a high amount
falling in a few successive days has never
been recorded at the Longobucco station
(minimum: 232 mm, maximum: 404 mm) and
only once (516 mm in three days) in 1930 at
the Cropalati station suggesting a recurrence
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time of 80 years. The average value of CS/S
of Trionto watershed was about the double
of that of Savuto watershed (Table 3). This
ratio equalled to 50 at station T2 in October
sampling, while reduced to 0.5-0.7 at
downstream stations in October and March,
suggesting a remarkable flushing of fine
sediments in upper tract resulting in
substrate armouring a phenomenon that
produces strong habitat simplification and
depression of biological colonization
(Svendsen et al., 2009; Addy et al. 2016). On
the other side, a comparable deleterious
effect on macroinvertebrates community
may arise from excess in fine sediment
deposition, especially when sand
approaches 40-50% in substrate
composition (Spindler, 2004; Lucadamo et
al., 2010) a process that took place in the
lower-middle part of watershed (stations T3
and T4) following upstream flushing. Our
data suggests that particularly high value in
flow (following extremely infrequent rainfalls)
and riverbed disturbance temporary
depressed taxa richness and biodiversity, i.e.
promoting disappearing of families as
indicated by 1-way ANOVA (Table 6). On the
other hand, change in abundance, included
significant niche dilatation, persisted until
June 2010 (Table 6). They were related to
both increase of suspended solids (Table 4),
probably as a consequence of removal of
organisms inhabiting exposed surfaces, and
dispersion strategies as indicated by ISA
(Table 7) showing as characterizing families,
in the last sampling date, Chironomidae,
Baetidae and Simuliidae, typical r-strategy
taxa, that were less represented in the May
2009 sampling (- 20%). EBI and BMWP
displayed a similar result as a consequence

of the weight, in their calculation, of these
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euriecious organisms that contributed to
lowering the respective final scores.
Post-flood recovery times are usually shorter
than that recorded in our study for fauna pre-
adapted to frequent floods (Collins et al.,
1981; Fisher et al., 1982; Mundahl and Hunt,
2011; Rader et al., 2007; Scrimgeour, 1988),
as should be the case for the Trionto
watershed given the historical pluviometric
data. Several factors can have contributed to
such an outcome.

First of all, the interaction between sides soil
erosion, caused by poor land management
criteria, and a very strong rainfall (and
discharge) event. Indeed, scientific literature
suggests that relevant factors promoting
increase in as well superficial and sub-
superficial runoff as load in fine sediments to
watercourses are timber harvesting and
forest fires associated to strong
precipitations (Bruijnzeel, 2004; Cook et al.,
2020; Richardson and Béraud, 2014; Soulis
etal, 2021; Schawrtz et al., 2021), the former
constantly affecting Trionto watershed and
the latter occurring just during the present
sampling campaign. Secondly, the timing of
the exceptional rainfalls; in fact, most of the
strongest daily rains in the Trionto watershed
occur, based on historical data, between
October and February and only 7-8% in
September, suggesting that the effect of the
hydrogeomorphological disturbance on
benthic communities could have been
exacerbated by the unusual timing of such
extremely intense short-term precipitation,
compromising sensitive life stages of
macroinvertebrates organisms such as egg
lying or emergence (Ghetti, 2001; Cattaneo
et al., 2006; Allan and Castillo, 2007). Thirdly,
a potential involvement of hyporheos,
suggested by the macroscopic
morphological change experienced by
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riverbed, destroying most of refuge zones
(Goudie, 2020), may have contributed to
delay the appearance, in the communities, of
stenoecious taxa, with a slower colonization
capacity.

The hydrogeomorphological temporal
changes occurred in Savuto river did not
involve the organisms abundance but rather
the short lasting variations of on local-scale
spatial heterogeneity and associated
number of taxa (Table 6). The timing of
watercourse disturbance was different from
that of Trionto, because the strongest
rainfalls occurred in winter, with
manifestation of severe communities
impairment associated to the March 2010
sampling (Table 6). On the contrary, water
quality and Shannon indexes pointed to an
improvement of environmental conditions in
half of the stations in October sampling and
in the view of crops grown in the Savuto
watershed (especially vine-yards and olive-
yards) (Eynard and Dalmasso, 1990;
Istruzione Agraria Online, 2010; Rossi, 2010)
it can be associated to a reduction of
chemicals (fertilizers and pesticides) fluxes to
hydrological network. A different trend was
detectable at station S1 due to the
regimentation promoted by river damming.
Indeed, in three out of four sampling dates
the segment showed clear effect of the
reservoir activities i.e. drop in oxygen, sand
accumulation and large woody debris
heaped on riparian zones, suggesting a
remarkable interruption of river connectivity
with related consequences on
macroinvertebrates communities (Allan and
Castillo, 2007; Pringle, 1996). In fact, same
rheophilous families, adapted to relatively
high current values (Ghetti, 2001), like
Hydropsychidae, Lepidostomatidae,
Athericidae and Blephariceridae, well
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represented in the other tracts, disappeared.
As regard the other stations, only that closest
to the mouth resulted to be still affected by a
drop in EBI and biodiversity levels in June
2010 compared to the values of May 2009
probably due to the cumulative effect of
hydrogeomorphological and chemicals
impact (maximum load in sediments,
fertilizers and pesticides). The analysis of
feeding functional structure is consistent
with the previous environmental picture
(Table 8). Indeed, FPOM results to be the
most abundant energy resource in both
watersheds, a condition typically detected in
unstable watercourses (Johnson et al., 2018;
Kelso and Baker, 2020; Jenneau et al., 2018;
Jacinthe et al., 2004). However, the filtering
collectors are much more represented in
Trionto probably also due to the higher
potential erodibility of sides. This result
shows a satisfying match with that of average
concentration of COD: it is 28.2 in Trionto
and 15.5 in Savuto with a ratio of 1.82, again
supporting the dilation of niches of
suspended FPOM feeders detected in the
former. Accordingly to the more conservative
agriculture practiced in Savuto watershed,
the condition of riparian woods seem to be
better than that of Trionto as indicated by the
higher average amount of shredders
collected and the peaks in October and
June respectively of Leuctridae and
Tipulidae, well known consumers of Coarse
Particulate Organic Matter (CPOM). On the
other side, the much lower levels of
suspended solids in Savuto, probably results
in a lower water-column turbidity promoting
a better colonization of benthic primary

productivity utilizers.

Original article 20



Corapi et al.

Conclusions

The very intense tectonic activity and
peculiar lithology of Calabria coupled with
strong rainfalls make the watercourse
network susceptible to severe fluctuations in
flow and sediment load. The results of the
present work suggested that when
anthropogenic pressures, like those causing
further changes in discharge variation and
sediment fluxes from the valley sides interact
with the aforesaid environmental
background, the natural short-to-medium-
term physiognomic evolution of river
channels is strongly impaired, resulting in
severe disturbances to the freshwater
macroinvertebrates. In such a condition the
main trophic resource was the FPOM
resulting from land run off and sediment
resuspension because of the absolute
reduction in benthic primary productivity
and riparian CPOM. In the case of the Trionto
River a very strong rainfall pulse perturbation
was coupled with diffuse timber harvesting
and fires resulting in an extreme
hydrogeomorphological alteration. This
consisted, upstream in riverbed armouring
and consequently, downstream in substantial
burial of substrate both severely delaying
the recovery of macroinvertebrate
communities. Damming in the Savuto River
caused permanent flow abatement and
hydrological connectivity interruption which
changed rhithral physiognomy to one
looking like a potamal morphology,
eliminating more rheophilous taxa. The
communities of lower reaches, because of a
better sides soil management and a less
severe rainfall perturbation, being pre-
adapted to climatic alteration, quickly
recovered. Due to the lack of any other
relevant pressure systematically affecting the

Riverbed perturbations and macrozoobenthos

watercourses, toxic fluxes of agriculture
chemicals driven by irrigation run-off may be
considered the main factor, in the low-flow
period, causing a general depression of
biodiversity in both watersheds although the
magnitude of its effect was not investigated.
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