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Abstract

The study presents the first data on the community of
micromammals present in the Alta Murgia National Park
(Puglia, ltaly) by analyzing pellets from several species of
raptors. A total of 300 pellets were considered: 131 of Barn
Owl, Tyto alba, 5 of Long Eared Owl, Asio otus, 94 of Kestrel,
Falco tinnunculus and 70 of Little Owl, Athene noctua. The
analysis of the pellets allowed to determine 1039 individuals of
micromammals belonging to 8 species. Savi's pine vole,
Microtus savii resulted as the most frequent species. Of
particular interest is the discovery of a specimen of ltalian
water vole, Arvicola italicus. A correlation between the
frequency of presence of M. savii and Suncus etruscus and the

landscape diversity index (Hill number) was found.

Keywords: micromammals, raptors, pellets, Alta Murgia

Riassunto

Questo studio presenta i primi dati sulla comunita di
micromammiferi presenti nel Parco Nazionale dell'Alta Murgia
(Puglia, Italia) analizzando borre di diverse specie di rapaci.
Sono state analizzate in totale 300 borre: 131 di Barbagianni,
Tyto alba, 5 di Gufo comune, Asio otus, 94 di Gheppio, Falco
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tinnunculus e 70 di Civetta, Athene noctua. L'analisi delle borre ha consentito di determinare
1039 individui di micromammiferi appartenenti a 8 specie. L'arvicola di Savi, Microtus savii &
risultata la specie piu frequente. Di particolare interesse € stato il ritrovamento di un esemplare

di arvicola d'acqua italiana, Arvicola italicus. E stata riscontrata una correlazione tra la frequenza

di presenza di M. savii e Suncus etruscus e |'indice di diversita del paesaggio (numero di Hill).
Parole chiave: micromammiferi, rapaci, borre, Alta Murgia
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Introduction

Distribution data about micromammals in
ltaly is abundant (e.g. Amori et al. 2008,
Piccari and Szpunar 2012, Amori et al. 2014,
Gaggi et al. 2014), anyway its geographic
coverage is discontinuous, and many areas
are still poorly investigated. This is the case
of Apulia, despite its remarkable position
that makes it a natural bridge between
Europe and the East Mediterranean. An
exhaustive distributional analysis of Apulian
microtheriofauna is still lacking and some
areas, such as the Alta Murgia district, are
almost unknown.

Micromammals occupy an intermediate level
of the trophic pyramid and are a key element
to support the diversity and abundance of
predators at higher levels (Amori et al. 2014).
Their burrowing activities contribute to the
bioturbation of the soil and increase water
retention (Golley et al., 1975). Besides, their
tunnels can host complex communities of
arthropods (Carpaneto et al.,, 2011).
Therefore, an optimal management of
micromammal populations is a core element
in the conservation of the target species and
of the communities that co-evolved with

them (Carpaneto et al. 2011). It is well known
that pellet analysis is a valid tool in gathering
data on micromammals (Contoli 1981, Nappi
2001) and is one of the most used methods
for the study of microteriocenosis (Cheylan
1976, Morton and Martin 1979, Contoli 1980,
1981, Campbell et al. 1987, Contoli et al.
1991).

In the present contribution we present the
first data on the community of
micromammals present in the Alta Murgia
National Park by comparing pellets from
several species of raptors.

The Park was established in 2004 (DPR
March 10 2004) and extends for about
68.077 ha in the western Province of Bari,
including the highest elevations of the
Murge Plateau. It falls within Natura 2000
SIC/ZPS 179120007 "Murgia Alta" which
covers about 128.880 ha.

Most of the Alta Murgia territory is
characterized by mosaic areas in which semi-
natural grasslands are found (Fig. 1). Semi-
natural grasslands of the Western Palaearctic
region are considered among the most
species-rich habitats in the world (Dengler et
al. 2012) and their biodiversity increased
during millennia of extensive land-use and
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management practices, including grazing
and deliberate burning regimes (Willems
1990, Turbé et al. 2010, Dengler et al. 2014).
Due to the presence of habitats of
Community interest and species of high
conservation value, the Park is included in
the Habitats Directive 92/43 CEE and the
Birds Directive 79/409 CEE.

Materials and Methods

The study was carried out in 17 sites located
in different sectors of the Alta Murgia
National Park from October 2018 to October
2019 (Fig. 2). A total of 300 pellets were
analyzed: 131 of Barn Owl, Tyto alba, 5 of
Long Eared Owl, Asio otus, 94 of Kestrel,
Falco tinnunculus and 70 of Little Owl,
Athene noctua. Species were determined by
referring to the identification keys available

microtheriofauna Alta Murgia

in literature, by an analysis of cranial parts
and postcranial bones (Toschi and Lanza
1959, Toschi 1965, Nappi 2001, Amori et al.
2008). The determination of the sex of each
single specimen was performed on the
pelvis following Nappi (2001). Sex ratio was
computed when possible. A correlation
analysis was performed by computing
Pearson coefficients between the frequency
of presence of each species for each
sampling site and the landscape diversity
index (Hill number) calculated on a circular
buffer with a radius of 2.5 km radius, i.e.
considering the mean radius of predation of
the different raptors of study (Wijnandts
1984, Gilli 1998, Salvati et al. 2002, Kross et
al. 2016). The Hill number (Hill, 1973)
expresses the effective number of land uses
that contribute to the diversity of a given
landscape. As the number of Hill increases,

Figure 1: A semi-natural grassland with an abandoned farm hosting raptor roosts sampled in

the present work (Minervino Murge).
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there is an increase in the dominance of
some landscape patches over the others,
with a consequent decrease in the
complexity of the mosaic analyzed and its
simplification, as the landscape is dominated
by a lower number of types of land uses.

Results and Discussion

The analysis of the pellets allowed to
determine 1039
micromammals belonging to 8 species:
(83,83% of total),
Apodemus sylvaticus 91 (8,76%), Apodemus
sp. 18 (1,73%), Rattus rattus 3 (0,29 %),
%) Crocidura
suaveolens 12 (1,15 %), Crocidura leucodon
25 (2,4%), Crocidura sp. 6 (0,58 %), Suncus
etruscus 7 (0,68 %) and Talpa sp. 5 (0,48%).
Out of the 1039 individuals analyzed, Savi's
pine vole, M. savii resulted as the most

individuals of

Microtus savii 871

Arvicola italicus 1 (0,1

Sampled sites
[ PNAM borders

7.5 0 7.5 15

Vol.2, no.3, 2022

frequent species with a value higher than
83%. This finding agrees with the studies
conducted in central Italy by Pennesi and
Battisti (2003), in Salento by Battisti et al.
(1997) and in several areas of Apulia by Bux
et al. (2000, 2009). M. savii is a very plastic
species, typical of areas with herbaceous
cover or cultivated, where the tree cover has
been greatly reduced.

Of particular interest is the discovery of a
specimen of Italian water vole, A. italicus in
the site of "Masserie Nuove", in the Corato
area. Costa (1871) indicates that this species
is "rare" in Apulia and is recorded only in
Brindisi (BR) and Capo di Leuca (LE). Records
from other areas Apulia date to 1916 (seven
finds from Cerignola, FG at the Museum of
Genoa "G. Doria") and to 1951 (a tooth
found at Lake Lesina by Pasa) (Amori et al.
1986). Recent investigations on the
microteriofauna of Apulia carried out

22.5 30 km

I T 00O .

Figure 2: Geographical location of the sampled sites in the Alta Murgia National Park (PNAM).
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through the analysis of a large number of
raptors pellets (Battisti et al. 1997, Bux et al.
1999, 2000, 2001, 2009) have not confirmed
the presence of this species. In a recent
survey of micromammals from barn owl
pellets in one out of five sites in the
Maremma of Latium, Ferri et al. (2021) found
some remnants of A. italicus. This site has the
highest coverage of wet habitats among
those sampled, confirming the semiaquatic
habits of this declining species in peninsular
ltaly and thus the possible reason for the
scarceness of findings in Apulia. Regarding
murids, the presence of the wood mouse,
Apodemus sylvaticus is recorded with a
frequency of 8.76%. For the Apodemus
genus, many findings were bone fragments
so it was impossible to identify them at the
species level by applying the morphological-
morphometric index of Filippucci et al.
(1984), so they were ascribed to Apodemus
sp. Anyway, they probably belong to the
widespread A. sylvaticus, since its congener
Apodemus flavicollis in Apulia is found only
in the area of the Gargano promontory
(Umbra Forest; Amori et al. 1986) in which
wooden coenoses with an elevated tree
cover are found (Lovari et al. 1976).

As far as the synanthropic species, only a few
specimens of black rat, R. rattus have been
found. The absence of Rattus norvegicus
could be due to the lack of waterways or in
any case wetland and sewerage areas near
the sites studied (Amori et al. 2008). The
absence of Mus domesticus could be
explained by the lack of urban centers near
the analyzed sites (Amori et al. 2008).
Eulipotyphla have a low percentage (5.5%)
compared to rodents, with C. leucodon as
the most widespread species. C. suaveolens
and S. etruscus individuals are rare. Their
presence confirms the high naturalistic value

microtheriofauna Alta Murgia

of these areas that host suitable sites despite
the intense agricultural exploitation.
Crocidurini, in particular the two last cited
species are considered excellent bioclimatic
indicators (Contoli 1980, Bonvicino et al.
2002), since they are typical and exclusive
species of thermo-xerophilous environments
of macro- and mesoclimate (Spagnesi and
De Marinis 2002): in fact, they select mostly
arid and dry environments, similar to those
sampled in this study.

Shrews of Genra Sorex and Neomys are
completely absent; this could depend on the
fact that they are more shade tolerant than
the Crocidurini since they prefer colder,
more humid environments with a minimum
vegetation cover (Ricci and De Ascentiis
2002).

Sex determination was possible only for
some M. savii and A. sylvaticus specimens,
since the pelvic bones were often absent or
broken. In M. savii sexes are almost equally
distributed, with a slight prevalence in favor
of males. In fact, the value of sex ratio,
calculated on a sample of 224 individuals,
was 1.33, in line with the values calculated
for the species in other geographical areas
(Caroli et al. 2000, Ettorre et al. 2013,
Zaccaroni et al. 2015). On the opposite, a
slight deviation towards females is observed
in A. sylvaticus (n = 43; sex ratio = 0.87). This
result is similar to capture-marking-recapture
data from Sicily (Sara and Casamento 1992).
A positive correlation (r = 0.044, n=11, p <
0.05) was found for S. etruscus suggesting
preference of this species for diversified and
heterogeneous areas from a structural point
of view. The negative correlation (r= - 0.041,
n=11, p < 0.05) found for M. savii confirms
the plasticity and generalist attitudes of this
species to frequent the unselected and
homogeneous habitat from the structural
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point of view. This result is in accordance
with previous data (Amori et al 2008), in fact,
this species is regarded as euryecious, being
able to adapt to diversified environmental
conditions, and is more or less ubiquitous,
versatile, and sometimes even invasive.

Author contributions

conceptualization: Luca Schepisi, Lorenzo
Gaudiano, Giovanni Scillitani

field collecting: Lorenzo Gaudiano, Lorenzo
Pucciarelli, Valentina Lastella:

formal analysis: Luca Schepisi, Lorenzo
Gaudiano, Lorenzo Pucciarelli, Valentina Lastella
investigation: Luca Schepisi, Lorenzo Gaudiano,
Lorenzo Pucciarelli, Valentina Lastella, Giovanni
Scillitani

writing of the original draft, review and editing:
Luca Schepisi, Lorenzo Gaudiano, Giovanni
Scillitani

project administration: Giovanni Scillitani

References

Amori G., Contoli L., Nappi A. (2008). Fauna
d'ltalia Vol. XLIV- Mammalia II-
Erinaceomorpha, Soricomorpha,
Lagomorpha, Rodentia. Calderini,
Bologna.

Amori G., Cristaldi, M., Contoli L. (1986). Sui
Roditori (Gliridae, Arvicolidae, Muridae)
dell’ltalia peninsulare ed insulare in
rapporto all'ambiente bioclimatico
mediterraneo. Animalia 11(1-3): 217-269.

Amori G., Luiselli L., Milana G., Casula P.
(2014). Distribuzione, diversita e
abbondanza di micromammiferi associati
ad habitat forestali in Sardegna. Technical
report, Ente Foreste della Sardegna - CNR
- ISE, Cagliari.

Battisti C., Cignini B., Contoli L. (1997).
Geographical peninsular effects on the

Vol.2, no.3, 2022

trophic system "Tyto alba-micromammals”
in Salento (ltaly). Hystrix 9(1-2): 13-22.

Bonvicino C.R., Lindbergh S.M., Maroja L.S.
(2002). Small non-flying mammals from
conserved and altered areas of Atlantic
forest and Cerrado: comments on their
potential use for monitoring environment.
Braz. J. Biol. 62:765-774.

Bux M. (2001). Dati sullalimentazione del
Gufo comune Asio otus in periodo
riproduttivo in habitat urbano dell’ltalia
meridionale. Avocetta 25 (1): 161.

Bux M., Giglio G., Scillitani G. (1999). Dieta
della Poiana Buteo buteo in provincia di
Bari. Avocetta 23: 169.

Bux M., Rizzi V., Cocumazzi B., Pavone A.
(2000). An analysis of Apulian
micromammal populations by studying
owl's pellets. Hystrix. 11(2):55-59.

Bux M., Rizzi V., Pavone A. (2009). Variazione
temporale della dieta di Tyto alba sul
Gargano (Puglia). Alula 16(1-2): 712-714.

Campbell R.,, Manuval D.A., Hakestad A.S.
(1987). Food habits of the Common Barn-
Owl in British Columbia. Can. J. Zool.:
65:578-586.

Caroli L., Capizzi D., Luiselli L. (2000).
Reproductive strategies and life-history
traits of the Savi's pine vole, Microtus savii.
Zool. Sci. 17(2): 209-216.

Carpaneto G.M., Mazziotta A., Pittino R,
Luiselli L. (2011). Exploring co-extinction
correlates: the effects of habitat,
biogeography and anthropogenic factors
on ground squirrels-dung beetles
associations. Biodiv. Conserv. 20:
3059-3076.

Cheylan G. (1976). Le régime alimentaire de
la Chouette effraie Tyto alba en Europe
méditerranéenne. Terre et Vie 30: 565-
586.

Short note 6



Schepisi et al.

Contoli L. (1980). Borre di Strigiformi e
ricerca teriologica in lItalia. Natura e
Montagna 3: 73-94.

Contoli L. (1981). Ruolo dei micromammiferi
nella nicchia trofica del Barbagianni Tyto
alba nell'ltalia centro-meridionale.
Avocetta 5: 49-64.

Contoli L., Aloise G., Amori G., Ranazzi L.
(1991). Sull'uso dei predatori nel
censimento dei micromammiferi
terragnoli. Suppl. Ric. Biol. Selvaggina 16:
449-463.

Costa G. (1871). Fauna salentina ossia
enumerazione di tutti gli animali che
trovansi nelle diverse contrade della
provincia di terra d'Otranto e nelle acque
de’ due mari che la bagnano, contenente
la descrizione de’ nuovi o poco
esattamente conosciuti. Editrice Salentina,
Lecce.

Dengler J., Becker T., Ruprecht E., Szabd A,
Becker T., Beldean M, Bita-Nicolae C,,
Dolnik C., Goia I.,Ugurlu E. (2012).
Festuco-Brometea communities of the
Transylvanian Plateau (Romania): a
preliminary overview on syntaxonomy,
ecology, and biodiversity. Tuexenia 32:
319-359.

Dengler J., Janisovd M., Torok P., Wellstein,
C. (2014). Biodiversity of Palaearctic
grasslands: a synthesis. Agric. Ecosyst.
Environ.182: 1-14.

Ettorre G. (2013). Ecologia trofica del
barbagianni Tyto alba (Scopoli, 1769) in
tre siti a Grottaglie. Degree Thesis,
Department of Biology, Aldo Moro
University of Bari, Bari.

Ferri V., Crescia P, Celletti S., Soccini C.,
Battisti C. (2021). Small mammals from
barn owl Tyto alba pellets in a
Mediterranean agroforestry landscape of
central Italy. Nat. Hist. Sci. 8: 3-10.

microtheriofauna Alta Murgia

Gaggi A, Paci AM. (2014). Atlante degli
erinaceomorfi, dei soricomorfi e dei
piccoli roditori dell'lUmbria. Dimensione
Grafica Snc, Spello (PG).

Gilli L. (1998). Popolamento microteriologico
in aree limitrofe al Torrente Enza. Allegato
3. In: Sistemi di Monitoraggio della
Qualita degli Ambienti Fluviali. ARPA
Emilia Romagna, Bologna, pp. 16-17.

Golley F.B., Ryszkowski L., Sokur JT. (1975).
The role of mammals in temperate forests,
grasslands and cultivated fields. In: Golley
F.B., Petrusewicz K., Ryszkowski L. (eds.),
Small Mammals: Their Productivity and
Population Dynamics. Cambridge
University Press, London, pp. 223-242.

Kross S., Bourbour R., Martinico B. (2016).
Agricultural land use, barn owl diet, and
vertebrate pest control implications.
Agric. Ecosyst. Environ. 223:167-174.

Lovari S., Renzoni A., Fondi R. (1976). The
predatory habits of the Barn Owl (Tyto
alba) in relation to the vegetation cover.
Boll. Zool. 43: 173-191.

Morton S.R., Martin AA. (1979). Feeding
ecology of the Barn Owl, Tyto alba, in arid
southern Australia. Aust. Wildl. Res. 6:
191-204.

Nappi A, (2001). | micromammiferi d'ltalia.
Edizioni Simone, Napoli.

Pennesi G., Battisti C. (2003). La componente
a micromammiferi nell'alimentazione del
Barbagianni Tyto alba nella Riserva
Naturale “Macchia di Gattaceca e del
Barco” (Roma, ltalia centrale). Alula 10:
50-55.

Piccari F., Szpunar G. (2012). |

micromammiferi del Parco Regionale

dell’Appia Antica. Collana Atlanti Locali,
Edizioni ARP, Roma.

Ricci F., De Ascentiis A. (2002). L'analisi del
popolamento a micromammiferi della

Short note 7



BORNH

riserva dei Calanchi di Atri da borre di
strigiformi. Technical relation. Riserva
Naturale Regionale dei Calanchi di Atri,
Atri (Teramo).

Salvati L., Manganaro A., Ranazzi L. (2002).
Aspects of the ecology of the Barn Owl
Tyto alba breeding in a Mediterranean
area. Bird Study 49:186-189.

Sara M., Casamento G. (1992). Grid-trapping
of the wood mouse (Apodemus sylvaticus)
in a mediterranean oak-wood (Sicily).
Hystrix 4(2): 17-27.

Spagnesi M., De Marinis A.M. (2002).
Mammiferi d'ltalia. Quad. Cons. Natura,
14, Min. Ambiente, Ist. Naz. Fauna
Selvatica.

Toschi A. (1965). Fauna d'ltalia, Vol. VI
Calderini, Bologna.

Toschi A., Lanza B. (1959). Fauna d'ltalia, Vol.
IV. Calderini, Bologna.

Turbé A., De Toni A., Benito P, Lavelle P, Ruiz
N., Van der Putten W.H., Labouze E,
Mudgal, S., (2010). Soil biodiversity:
functions, threats and tools for policy
makers. Bio Intelligence Service, IRD, and
NIOO. Report for European Commission
(DG Environment), Brussels, BE.

Wijnandts H. (1984). Ecological energetics of
the Long-eared Owl Asio otus. Ardea 72:
1-92.

Willems J.H. (1990). Calcareous grasslands in
continental Europe. In: Hiller S.H., Walton
D.HW., Wells D.A. (eds.) Calcareous
grasslands: ecology and management.
Bluntisham books, Cambridge, UK.

Zaccaroni M., Bertolino S., Capizzi D.,
Dell’Agnello F., Martini M., Mazza V., Riga
F. (2015). Savi's pine vole population
dynamics in agro-ecosystems. 10th
European Vertebrate Pest Management

Conference.

Short note

Vol.2, no.3, 2022

Bulletin of Regional Natural History
(BORNH) ISSN 2724-4393.



Bulletin of Regional Natural History (BORNH)

Vol.2, no.3, 2022
Original article

Bulletin of
Regional
Natural History

Formerly Bollettino della Societa dei Naturalisti in Napoli

The effect of hydrogeomorphological disturbances on the

macroinvertebrate communities

in two Mediterranean

watersheds with different land management criteria

Anna Corapi*, Luana Gallo, Lucio Lucadamo
DOI https://doi.org/10.6093/2724-4393/9709

*Correspondence:
anna.corapi@unical.it

Affiliation:

Department of Biology,
Ecology and Earth Sciences,
University of Calabria

Conflict of Interest: The
authors declare that they
have no conflict of interest.

Financial Disclosure
Statement: The authors
declare that no specific
funding was received for this
work.

Submitted: 16 Nov. 2022
Revised: 24 Dec.2022
Accepted: 27 Dec. 2022

Associate Editor: Marco
Guida

This work is licensed under a Creative Commons

Attribution 4.0 International License

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

600

500 17

WRogliano (S)
® Longobucco (T)

@ Cropalati (T)

400 17

mm 300 +

200 -

100 -

0 -
S O & X X O O X
& P S S S S
N N (4 ¥
& & & & & S R

o‘:? 049 09 ko

® & & 0 0 0 0 ®
£ &

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

Original article 16



Corapi et al.

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, S