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Anthropogenic changes in the freshwater fish fauna of Italy,
with reference to the central region and Barbus graellsii, a

newly established alien species of Iberian origin

P. G. B*‡  V. K†
*Department of Zoology, University Federico II, Via Mezzocannone 8, 80134 Naples,

Italy and †Department of Animal and Human Biology, University ‘ La Sapienza ’,
Viale dell’Università 32, 00100 Rome, Italy

In a survey of the west-central Italian rivers Ombrone, Fiora, Albegna and Bruna, among
established exotic species, the Iberian barbel Barbus graellsii was recorded in Italian fresh
waters for the first time. Morphological identification was supported by comparison of
cytochrome b sequences with those from related barbel species. Other exotics of particular
note were Barbus barbus, Pseudorasbora parva and Leuciscus cephalus, together with the
Padano-Venetian Chondrostoma genei and Padogobius bonelli. Native species still present
included Leuciscus lucumonis, Telestes muticellus, Rutilus rubilio and Padogobius nigricans, but
were now more restricted to upper reaches and smaller watercourses. The deleterious effect of
alien species on native forms is discussed with particular reference to probable competition
between C. genei and L. lucumonis, and between the two gobies. The checklist of species
introduced to the fresh waters of Italy is now updated to 34. For the Italian freshwater fish
fauna in general, the conservation status of three native species (Acipenser naccari, Salmo
marmoratus and Knipowitschia punctatissima) has been improved but five species are believed to
be at risk (Salmo carpio, L. lucumonis, Scardinius scardafa, Gobio benacensis and P. nigricans)
and four anadromous species (Petromyzon marinus, Lampetra fluviatilis, Acipenser sturio and
Huso huso) no longer breed in Italian fresh waters. The processes of change in the com-
position of the Italian freshwater fish fauna as a whole may be summarized as successively
‘ padanization ’, ‘ danubization ’ and now ‘ globalization ’.
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INTRODUCTION

Italy has been a country long interested in the introduction of alien freshwater
fishes. The first of these probably occurred during the Roman period or earlier,
and several species traditionally considered as native could be of non-native
origin in view of their bioecological and biogeographical features (Bianco,
1998a).

At present the major centres providing species for stocking public waters are
located in northern Italy and supply ‘ white fishes ’ (a mixture of species, mostly
chubs and barbels, but with several others included accidentally) (Bianco, 1990a,
1998a; Melotti, 1994). It has been calculated that, in recent times, these farms
have imported c. 100 t every week of such fishes from outside Italy, mostly
eastern Europe (Ielardi, 1998). This fishes are bought and officially released by
the provincial authorities in every river. Following these practices, such species
190
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as the European Barbus barbus (L.), recorded in Italy in 1994 (Bianco, 1995a)
and the Asiatic Pseudorasbora parva (Temminck & Schlegel), found in Italy in
1987 (Sala & Spampanato, 1991), have reached in a few years an almost
pan-Italian distribution. The introduction and establishment is now reported of
another alien species, the Iberian barbel Barbus graellsii Steindachner (Bianco,
1998b), identified by both morphological and sequencing criteria.

In the last two decades such methodology, driven by molecular biology, has
been successfully applied to solve several systematic problems with European
freshwater fishes (Durand et al., 2000). This species has been found during
surveys of an area including the rivers Bruna, Ombrone, Albegna and Fiora from
Grosseto and Siena Provinces in western central Italy. The Iberian barbel was
found with the Danubian B. barbus and the native Barbus tyberinus Bonaparte.
The Provincial Administration of Grosseto has intensively stocked the water
bodies of its territory with white fishes for at least 20–25 years. In 1996, for
instance, 1500 kg of barbels were released at 11 sites on the Ombrone, Fiora,
Albegna and Orcia, with material from several fish farms, with extensive
stockings of ‘ non-barbel ’ species (pike Esox lucus L., trout Salmo trutta L.,
chub Leuciscus cephalus (L.), carp Cyprinus carpio L., tench Tinca tinca (L.))
(G. Giarola, pers. comm.). The Iberian barbel is thought to have been
introduced in this way.

About three other alien species have become established in the last five years.
Such introductions have resulted in a radical change in the composition of the
Italian freshwater fish fauna with the local extinction or decline of native
populations. A balance between alien and native fishes in many water bodies is
still to be reached.
MATERIALS AND METHODS

The Rivers Ombrone, Fiora, Albegna and Bruna were surveyed on several occasions
during 1994–1995 (Bianco, 1995b) and also in 2000 as part of a provincial programme for
the reintroduction of the otter Lutra lutra (L.). About 25 different localities were
surveyed at least twice, in spring-summer and autumn-winter respectively. Fishes were
collected by electrofishing. Each specimen was measured (total length, LT), weighed,
some scales collected for age determination, and then released. Only a few specimens,
especially those of the alien species, were killed for morphological, biological and genetic
analyses. Two small specimens of B. tyberinus and of the putative Iberian Barbus, and
three specimens of B. barbus, were fixed immediately in ethyl alcohol for DNA analysis.
The mitochondrial cytochrome b gene (cytb) was chosen because of its usefulness for
distinguishing morphologically similar species of cyprinids (Zardoya & Doadrio, 1998).
Further details of extraction methods and sequencing for species identification are given
in Appendix I. For the morphological comparisons preserved specimens were used of
several Iberian Barbus.

The total quantity of fish collected in the three basins permitted the description of local
communities by category ‘ native ’, ‘ translocated ’ (to the study area from northern
Italy), and ‘ exotic ’ (from outside Italy), number of species, number of individuals, and
biomass. Twelve sites were selected to show the influence of alien species on native
assemblages in different biotopes, namely, six sites from the middle and low courses (sites
1, 2, 3 and 10, 11, 12, Table I) of main rivers, and six from the upper reaches or brooks
and rivulets (sites 3, 4, 5 and 7, 8, 9, Table I). Since the species Leuciscus cephalus (L.) in
the study has originated from three different sources (native, transplanted from northern
Italy, and introduced from the Danube area), this species has been included in each
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category and the number of fish and the biomass divided by two. The chub populations
found in lower courses of rivers, together with the Iberian barbel (sites 1, 2 and 3,
Table I), have been considered to be all of Danubian origins since they have modally
eight branched rays in the anal fin which is typical for Danubian chub.
RESULTS

A list of species collected in the study area with their areas of original
distribution and populations trends is given in Table II. The following notes
concern the Iberian barbel, other exotic species, Padano-Venetian species
established in the area, and native species.
IBERIAN BARBEL
Three species of Barbus were found in the waters surveyed, the introduced

Danubian B. barbus, the native B. tyberinus, and a third species which is now
identified as the Iberian barbel Barbus graellsii Steindachner, an endemic species
of the River Ebro in Spain, and belonging to the ‘ Messinobarbus ’ group
characterized by the prominent nuptial tubercles on the snout in adult males
(Bianco, 1998b) (Fig. 1). A comparisons of morphological features of several
Barbus species (Table III) supports identification of the Iberian barbel and the
present material corresponds well with the description and illustration given by
Doadrio et al. (1991) for B. graellsii. It is believed to have been introduced to the
study area by stocking of fish from northern Italian distributors.

Comparison of cytochrome b sequences derived from the putative Iberian
barbel in the present work with GenBank sequences for several Barbus taxa
(Table III), showed a highest identity score (99%) with that of Barbus graellsii
(Accession Number AF045973) All other Iberian species examined had smaller
identity scores, ranging from 95 to 97%, and the lowest values were those found
in comparisons with B. tyberinus and B. barbus (89% each).

Among the three Barbus species found at the study sites, B. graellsii cannot be
misidentified because of its uniformly silvery colouration, larger scales and ink
black peritoneal membrane, in contrast to the greyish peritoneum in the other
species. Gill rakers of B. graellsii are also much more numerous than in
B. barbus and B. tyberinus. Another diagnostic character is the presence of large
nuptial tubercles on the snout of adult males (Fig. 1) (absent or only incipient in
immature males). Barbus barbus has a well developed and strongly denticulate
dorsal fin spine, whereas in B. graellsii and the native B. tyberinus this spine is
normally smooth and only in few cases is the proximal third of the ray ossified
and weakly serrated.

Adults and young of B. graellsii were collected in April and November 2000.
The April sample comprised adults in full spawning condition with females of
0·85–0·92 kg and 340–390 mm LT and males of 0·22–0·84 kg and 230–340 mm
LT. The females had eggs at different stages of development which may indicate
multiple spawning. Ripe eggs were c. 2·0 mm in diameter. Males had the snout,
the head and each scale of the body covered by nuptial tubercles. The
gonadosomatic indices for two females were 9·6 and 10·5%, similar values to
those found in six mature males, which ranged from 8·0 to 9·2%.
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OTHER EXOTIC SPECIES
Barbus barbus

In the study area this exotic species of Barbus, already reported for Italy
(Bianco, 1995a) was collected with B. graellsii in the low reaches of the rivers.
Most were medium sized specimens without signs of spawning, and were
introduced probably during one of the more recent stockings.
Pseudorasbora parva

This is recorded for the first time from Grosseto Province. It is now
established in the middle and lower courses of the Ombrone, Albegna and Fiora.
The species was found at a wide size range and is locally very abundant. The
species is already known in the upper parts of the Ombrone (Loro & Bortot,
1998) and Arno (Nocita & Vanni, 1999).
F. 1. Lateral view of the head of an adult male Barbus graellsii, 240 mm LT, from the River Ombrone
showing horny tubercles on snout.
Leuciscus cephalus

According to Durand et al. (2000), Mediterranean populations of chub belong
to a different genetic lineage from those of central Europe. In morphology, the
Mediterranean populations of chub (Italy, Croatia, Western Greece) show
modally nine branched rays in the anal fin compared with the modal eight rays
of the Danube populations (Bianco, 1990b). The number of branched anal rays
in the chub populations of the lower courses of the rivers studied was found to
be modally eight in comparison with the modal value of nine found in the upper
reaches and in other native Italian populations. This character seems to have
taxonomic value being independent of ecological parameters although in Italy a
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slight negative geographic variation has been found from north to south (P. G.
Bianco, pers. obs.). However, present results would confirm the introduction of
the Danubian lineage of chub into this area of central Italy.
TRANSLOCATED PADANO-VENETIAN SPECIES

Chondrostoma genei (Bonaparte)

A mostly riverine invasive species which is now present everywhere and
abundantly so in several localities on the middle courses of the rivers. It has also
entered small streams and rivulets and seems to be a direct competitor with
Leuciscus lucumonis Bianco and Rutilus rubilio (Bonaparte), two rheophiline
species which nowadays survive mostly in small riverine biotopes.
Padogobius bonelli (Bonaparte)
Another invading species, this goby at one locality (site 4, Table I) is dominant

with respect to the endemic Padogobius nigricans (Canestrini) (c. 80% of the
sample). The two species are in competition and in central Italy the introduction
of P. bonelli appears to have caused the progressive decline and local extinction
of P. nigricans (Zerunian & Taddei, 1998).
NATIVE SPECIES

Leuciscus lucumonis

This cyprinid was found only in the Ombrone basin. It has disappeared from
the main basin and has been found at only four localities (upper River Farma,
La Gonna Brook, Lanzo Brook and River Gretano) with reduced populations.
Competition with C. genei seems to be the main reason of its progressive decline.
A similar situation was found in the Tiber in central Italy (Mearelli et al., 1996).
Telestes muticellus (Bonaparte)
Populations still remain in the middle and upper parts of the main rivers but

especially in small streams. It is the most frequent native species also in the
upper reaches of the Tiber basin (Mearelli et al., 1996).
Rutilus rubilio
This species is quite scarce and did not form consistent schools as in other

rivers of the Tuscany-Latium district (Arno and Tiber). The populations from
the study area are smaller than in other localities and considered as draft
populations (Bianco & Taraborelli, 1986).
Padogobius nigricans
The introduction of P. bonelli, a direct competitor, will probably cause the

extinction of this species.
EFFECTS OF ALIEN SPECIES ON NATIVE FISH ASSEMBLAGES
Local fish assemblages were studied in detail at 12 localities representing a

variety of biotopes, out of 25 visited during the surveys. Introduced species
tended to localize in the low courses of the main rivers Fiora, Ombrone and
Albegna, while native species were more frequent in the upper reaches of
main basins and in small tributaries. In the lower courses of rivers (site 1, 2, 3,
Table I, Fig. 2) and the main Ombrone and Merse (sites 10-11-12, Table I,
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F. 2. Percentage composition of fish assemblages at six localities (sites 1–6 from Table I) of Grosseto
Province. NTX, Number of species; NFS, number of fishes; BIO, biomass of different categories:
�, native , translocated from Padano-Venetian district; exotic, introduced from outside Italy.
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F. 3. Percentage composition of fish assemblages at six localities (sites 7–12 from Table I) of Siena
Province, Ombrone drainage. Abbreviations as Fig. 2.
Fig. 3), the percentage of native fishes, either as number of species, number of
fishes, or biomass, ranged from 18% (biomass at site 3) to 42% (at site 1). The
native species were better represented at sites 7, 8 and 9 and were dominant in
sites 4, 5 and 6 which were the smaller rheophilic biotopes, with up to 63% of
total biomass and up to 90% of number of fishes at site 6. The tendency of native
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üs

sl
in

L
ak

es
of

N
or

th
er

n
It

al
y

19
40

,
So

m
m

an
i

(1
96

9)
;

G
an

do
lfi

et
al

.
(1

99
1)

C
yp

ri
ni

da
e

R
ut

ilu
s

pi
gu

s
(L

ac
ep

èd
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species to use rheophilic biotopes was observed also in the upper basin of the
Tiber in Central Italy (Mearelli et al., 1996).
UPDATED CHECKLIST OF INTRODUCED SPECIES IN ITALY

Several additional introduced species must now be added to the list given by
Bianco (1998a) and an updated checklist of 34 species now established in Italian
fresh waters is given in Table IV. Native species comprise 44 taxa, making a
total freshwater fish diversity of 78 species.

Among such introductions, Rizzoli et al. (1998) reported the reproduction of
Oncorhynchus mykiss (Walbaum) in the River Savena, northern Italy, while
Freyhof (1998) reported the establishment in Lake Trasimeno of Pomatoschistus
canestrinii (Ninni) a small, typically brackish water goby, which, while not an
exotic, is otherwise endemic to northern Adriatic lagoons. The weather loach
Misgurnus fossilis (L.) was already well established by 1998 in several canals of
the Ticino basin and is the subject of intensive fishing for food by local
fishermen. The origin of this introduction is unknown (Groppali, 1999).
Another established exotic is Gobio gobio (L.). During two surveys in 1998, in
the River Bormida (Po basin, north-western Italy) and in the Brenta (north-
eastern Italy) respectively, large populations of gudgeon were observed (P. G.
Bianco, pers. data). Their morphology revealed them to be G. gobio, by
possession of two or three scales between the anus and anal fin origin as against
five to seven scales found in Gobio benacensis (Pollini) (Bianco & Taraborelli,
1986). This invasive occurrence of G. gobio was never realized before since
G. benacensis was formerly considered a localized and quite infrequent species
(Delmastro, 1986; G. Delmastro, pers. comm.). The spreading of G. gobio may
well bring about the extinction of G. benacensis. However, since G. benacensis
has in turn been accidentally introduced into several rivers of central and
southern Italy (Bianco, 1994), these new populations will probably become an
available genetic reservoir for the species.
CONSERVATION STATUS OF NATIVE SPECIES

Drastic protective measures must be undertaken to ensure the safety of at least
three freshwater fish species in Italy. These are Salmo carpio L., endemic to Lake
Garda and nearly extinct (Confortini, 1998), L. lucumonis, an obligate riverine
species which shows a mosaic distribution in rivulets of the Arno, Serchio,
Ombrone and Tiber basins (present data; Bianco, 1995b; Mearelli et al., 1996),
and Scardinius scardafa (Bonaparte), a rehabilitated species which now lives at a
single locality, the Lake of Scanno within its original Tuscany-Latium range
(Ketmaier et al., 2001). In the case of L. lucumonis, restricted biotopes such as
streams and brooks are at great risk of destruction and very susceptible to local
human demand for water. They can become dry in a very short time with the
extinction of this species (Bianco, 1994). Indeeed, the type locality of L.
lecumonis, a brook tributary of the Ombrone, dried up about 10 years ago. In
the light of present findings, two other species might also be considered as
endangered, G. benacensis and P. nigricans (Zerunian & Taddei, 1998), as the
result of introduction of congeneric species.
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However, the conservation status of some species has changed for the better in
the last decade. The sturgeon Acipenser naccari Bonaparte, previuosly consid-
ered as endangered, has been successfully reproduced in captivity and restocked
(Arlati et al., 1988; Mortorio, 1996) and could be regarded as safe. Similarly,
Salmo marmoratus Cuvier, through stocking practices (Sicuro et al., 1996), is
now saved. The goby Knipowitschia punctatissima (Canestrini), which previously
was considered very rare, has now been found to be common in the Padano-
Venetia district (Marconato et al., 1990; Loro et al., 1994; E. Marconato,
pers. comm.). In contrast, four anadromous species, the lampreys Petromyzon
marinus L. and Lampetra fluviatilis (L.) and the sturgeons Acipenser sturio L. and
Huso huso (L.), which over the past 15–30 years have not been recorded
(Marconato et al., 1990; Bernini et al., 1996; Bonfigli & Landini, 1998; Massidda
et al., 1998; present study) must now be considered as reproductively extinct in
Italian fresh waters.

The pattern of change in the Italian freshwater fish fauna since the sixteenth
century is illustrated in Fig. 4 (data from Bianco, 1998a) where increasing
recognition of native diversity has been accompanied by an expanding input of
exotic species but offset by the extinctions noted above.
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CONCLUSIONS

In Italy a rapid evolution of freshwater fish communities is in progress. In the
past 30 years there have been processes of ‘ padanization ’, with transplantation
of native species from north to central Italy, followed by ‘ danubization ’, with
introduction of Danubian species throughout Italy. The current process could
be termed ‘ globalization ’ with the establishment of Iberian, Albanian, eastern
Asian and North American elements. There is even a report of the establishment
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of an African Clarias species in the Arno basin (T. Busatto, pers. comm.). The
present updated list of introduced species indicates 34 in 2001, and several, such
as Silurus glanis L., P. parva and Rhodeus amarus Bloch, are expanding in
distribution. Contrary to this tendency for increase in diversity, four native
migratory species (two lampreys and two sturgeons) no longer breeding in Italian
rivers.

In the present work, the Iberian barbel B. graellsii is recorded for the first time
in Italy and has been found to have become an established species in at least
three rivers of central western Italy where it predominates together with chub,
L. cephalus, of Danubian origin. Translocation of invasive species as C. genei
and P. bonelli, from northern Italy, as well as the introduction of exotic species,
appear to be principal causes in the reduction of native species especially in the
main and lower reaches of rivers. Native species have been found to occur
nowadays in more riverine habits, and in central Italy small brooks or the upper
courses of the main rivers appear to act as refugia.
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F. 5. Alignment of sequence retrieved from Gen Bank (Barbus graellsii: AF045973) and that of putative
B. graellsii (as B. sp), representing almost identical nucleotides.
APPENDIX I
MOLECULAR IDENTIFICATION OF BARBUS GRAELLSII

Total DNA was extracted from a pectoral fin from fresh material of each of
the three sympatric Barbus species, B. barbus, B. tyberinus and the putative
B. graellsii, and fixed in 95% ethyl alcohol The fin surface was washed with sterile
water and subjected to 20 min of UV irradiation; DNA was extracted using the
Easy-DNA extraction kit from Invitrogen (Carlsbad, CA). A combination of
two sets of primers (Glu-F; Cytb-R; Cytb-F; Thr-R) (Zardoya & Doadrio, 1998)
were used to amplify two contiguous and overlapping fragments (660 and 521 bp
respectively) covering the entire cytochrome b gene (1140 bp). Double stranded
amplifications were performed in a solution containing 10 m Tris-HCl (pH 8·8),
50 m KCl, 1·5 m MgCl2, each dNTP at 2·5 m, 200 ng for each primer,
10–100 ng of genomic DNA and 1 unit of AmpliTaq (Perkin-Elmer-Cetus).
After a 2 min denaturation step (94� C), each PCR cycle consisted of denatura-
tion for 1 min at 94� C, annealing for 1 min at 48� C and extension for 1 min and
30 s at 72� C. This cycle was repeated 40 times and followed by a 2 min
incubation step at 72� C. PCR fragments were purified using the GenEluteTM
PCR DNA Purification Kit (Sigma). Sequences were determined with an ABI
373A automated sequencer (Applied Biosystems) following the manufacturer’s
protocols. Strands were sequenced in both directions and analysed using the
programme Sequencher 3.1.1 (Gene Codes Corporation, Ann Arbor, MI).
Sequences were submitted to GenBank (Accession of numbers, AF397298 and
AF397300).
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GenBank was searched for sequence similarity using nucleotide-nucleotide
BLAST (Basic Local Alignment Search Tool). This is a set of similarity
search programmes, which use a heuristic algorithm, designed to explore all
available sequences (Altschul et al., 1990). The sequences, retrieved from
GenBank for several Iberian species (B. graellsii Steindachner: AF045973;
B. microcephalus Almaca: AF045971; B. steindachneri Almaca: AF045968;
B. comizo Steindachner: AF045967) were aligned and sequences were obtained
from B. tyberinus, B. barbus, and the putative B. graellsii. A percentage of
genetic identity as implemented in BLAST (Altschul et al., 1990) was calculated
between the taxa. Results showed that the sequence corresponding to Accession
Number AF045973, belonging to B. graellsii, had the highest identity score
(99%) with the sequence submitted from the putative B. graellsii. Alignment of
the two sequences is shown in Fig. 5. Eleven transitional differences (TS) were
found between the two species; as expected third codon positions are most
variable (seven TS, 63·6%), first and second codon positions equally accounting
for the other TS. The pattern of nucleotide substitution (Briolay et al., 1998;
Gilles et al., 1998) as well as the high score of identity between the two sequences
led to the conclusion that the specimen under review belonged to the species
B. graellsii, a species endemic to the River Ebro in Spain, an identification which
supported that from morphology described and illustrated by Doadrio et al.
(1991).
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