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Introduction
As part of the LIFE EREMITA project (LIFE14 NAT / IT / 

000209), monitoring was carried out on the two-striped dytiscid 
beetle Graphoderus bilineatus (De Geer, 1774), an extremely 
localised entity that is at risk of extinction in Italy and Emilia-
Romagna. The monitoring was aimed at updating the presence 
of the species in the project area, in order to plan the envisaged 
conservation actions (ex ante monitoring). In particular, for 
this target species the LIFE EREMITA project plans habitat 
improvement interventions and reintroduction to the wild of ex 
situ bred individuals, with the ultimate goal of strengthening 
existing populations and / or widening the distribution area of ​​
the taxon. Starting in 2010, the Emilia-Romagna Region had 
expanded its knowledge on regional biodiversity, implementing 
a database of species reporting through the funding of Measure 
323 of the 2007-2013 PSR (Rural Development Plan). From 
the database, it emerged that Graphoderus bilineatus was 
reported in Emilia-Romagna only in three Natura 2000 sites, 
in the provinces of Bologna, Ravenna and Modena (Agnelli 
et al., 2010). With the project LIFE EREMITA it was possible 
to perform a coordinated monitoring of the species on a 
large territory on a regional scale for the first time in Emilia-

Romagna. This permitted verification and an update of the 
previous data, updating also the distribution of the species in 
Emilia-Romagna.  Acquiring this information made it possible 
to assess the feasibility of setting out an ex situ breeding starting 
from existing populations.

Study area
The study area covered 38 basins inside 16 sites of the Natura 

2000 network, 14 of which in Emilia-Romagna. Considering 
that in the LIFE EREMITA project area are also included the 
territories of the two national parks that fall between Emilia-
Romagna and Tuscany, the survey area also included two 
Natura 2000 sites in Tuscany. The choice of the water bodies 
to be monitored was carried out by analysing the previous data 
for the presence of the species and by searching for further 
possible suitable sites. These have been preliminarily identified 
on a cartographic basis and subsequently verified in the field, 
taking into account the following ecological factors: basin 
size, constant presence of deep water, water characteristics 
(mesotrophic or oligotrophic) with low conductivity and 
pH, presence of aquatic plants, absence of shrimp and exotic 
predatory fish and other limiting factors. All monitored wetlands 

Figure 1. Study area for the ex-ante monitoring of G. bilineatus within the LIFE EREMITA project in 2016-2017. The monitoring was carried out 
on 13 Natura 2000 sites in Emilia-Romagna and 1 site in Tuscany.
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are distributed in the Apennine belt, since the only G. bilineatus 
populations historically known in the plain territory have not 
been confirmed, and the sites resulted to be not suitable to host 
the species.

Data source
The previous data have been extracted from the database of 

the species reports, available at the Protected Areas, Forests 
and Mountain Development Service of the Emilia-Romagna 
Region. The database, updated in 2014, is the result of a work 
started in 2010 with funds from the 2007-2013 PSR (Rural 
Development Plan) which has set up systematic reporting of 
species of conservation interest in the region. This was carried 
out through a thorough analysis of the existing bibliography, 
contacts with the managing bodies of Natura 2000 sites, 
research institutions, naturalistic groups, specialist scholars, 
and the study of findings held in museums and other public 
institutions or in private collections. Following the extraction 
of the data, as part of the LIFE project all the locations of 
the reports were geo-referenced, thus making it possible to 
represent them graphically on the geographical map of the 
Emilia-Romagna Region. Overall, the previous data on the 
presence of the species cover a period from the early decades of 
1800 to 2012. Added to these were the new data coming from 
the ex ante monitoring of the LIFE EREMITA project.

Monitoring methods
The monitoring was carried out according to a protocol 

prepared in the initial phase of the LIFE EREMITA project 
(Fabbri, 2017). The research of G. bilineatus, in the 2016 and 
2017 biennium, took place using standard capture techniques, 
already used for the species (Koese & Cuppen, 2006; Koese et 

al., 2008; Hendrich et al., 2012; Volkova et al., 2013). 
Different techniques have been used in relation to the depth 

and vegetation cover of the investigated basin. In basins with 
shallow water (less than 40 cm), monitoring was carried out 
using a D-Frame net for aquatic macroinvertebrates, with 
a side of 25 cm and a net with meshes of 1 mm on the side 
and a net depth of 30 cm. In basins with deeper waters and 
with aquatic vegetation the technique of the triggered, floating 
Bottle Traps (BT) was used for live capture. The traps were 
installed at points at least 5 m away from the points where 
sampling was performed using nets. The traps were checked 
on the day of placement and withdrawn the next day. The 
Bottle Trap technique was used only in 2016 in the Lake of 
Pratignano and then abandoned because it was too risky due to 
the possible death of the individuals captured. A third method 
of capture used non-floating traps equipped with bait and air 
bubbles for live capture. From the spring of 2017, fishing nets 
were also used, with larger meshes (5 mm side mesh) for free 
and deep waters. For Lake Pratignano, from October 2017 a 
further and specific monitoring protocol has been developed 
and adopted, and sampling was carried out both with nets 
for macroinvertebrates and with fish nets (5 mm side mesh), 
employing a minimum of 2 operators (Malavasi & Stefanelli, 
2017). All specimens sampled were released after identification 
and the data were collected on special field sheets, subsequently 
uploaded to the project information system.

Rete Natura 2000 site Area (ha) Managing bodies Province Investigated municipalities

IT4010003 Monte Nero, Monte 
Maggiorasca, La Ciapa Liscia 852 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia occidentale PC-PR Ferriere, Bedonia

IT4020008 Monte Ragola,  
Lago Moò, Lago Bino 1396 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia occidentale PC-PR Ferriere, Bedonia

IT4020020 Crinale 
dell’Appennino Parmense 5280 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia occidentale; 

Parco Nazionale Appennino Tosco-Emiliano PR Monchio delle Corti

IT4030001 Monte Acuto,  
Alpe Succiso 3524 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia centrale; 

Parco Nazionale Appennino Tosco-Emiliano RE Ventasso

IT4030002 Monte Ventasso 2909 ha Parco Nazionale Appennino Tosco-Emiliano RE Ventasso

IT4030003 Monte La Nuda,  
Cima Belfiore, Passo del Cerreto 3462 ha Parco Nazionale Appennino Tosco-Emiliano RE Ventasso

IT4030006 Monte Prado 618 ha Parco Nazionale Appennino Tosco-Emiliano RE Ventasso, Villa Minozzo

IT4040001 Monte Cimone,  
Libro Aperto, Lago di Pratignano 5173 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia centrale MO Fanano, Fiumalbo, Montecreto, Riolunato, 

Sestola

IT4040002 Monte Rondinaio, 
Monte Giovo 4849 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia centrale MO Fiumalbo, Frassinoro, Pievepelago

IT4040005 Alpesigola, Sasso 
Tignoso e Monte Cantiere 3761 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia centrale MO Frassinoro, Lama Mocogno, Palagano, 

Pievepelago, Riolunato

IT4050015 La Martina,  
Monte Gurlano 1107 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia orientale BO Monghidoro, Monterenzio

IT4050029 Boschi di San Luca  
e Destra Reno 1951 ha Ente di Gestione per i Parchi e la Biodiversità – Emilia orientale BO Bologna, Casalecchio di Reno, Pianoro, Sasso 

Marconi

IT4070011 Vena del Gesso 
Romagnola 5540 ha Ente di Gestione per i Parchi e la Biodiversità - Romagna RA-BO

Brisighella, Casola Valsenio, Riolo Terme, Borgo 
Tossignano, Casalfiumanese, Fontanelice, 
Imola

IT4080002 Acquacheta 1656 ha Parco Nazionale Foreste Casentinesi, Monte Falterona, Campigna FC Portico, San Benedetto, Tredozio

IT5180018 Foreste di Camaldoli 
e Badia Prataglia 2937 ha Parco Nazionale Foreste Casentinesi, Monte Falterona, Campigna AR Camaldoli

Table 1. Natura 2000 sites investigated for G. bilineatus monitoring.
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Results and discussion
The Table 2 shows the previous reports chronologically (from 

the first decades of 1800 to 2012) of G. bilineatus in Emilia-
Romagna, extracted from the database of species reporting 
available at the Emilia-Romagna Region, verified and updated 
with new bibliographic references. It is specified that the data of 
Ansaloni et al., 2007 and 2016 cited as Graphoderus sp., have 
been reported by the author as G. bilineatus as it was possible 
to verify the specimens.

G. bilineatus is reported in stations of the Bolognese plains 
known until the ‘70s of last century (loc. Mezzolara in the 
municipality of Molinella and loc. Buda in the municipality of 
Medicina), within the SCI-SPA IT4050022 “Biotopi e Ripristini 
ambientali di Medicina e Molinella”. It is also reported in 
stations of the coastal area of ​​Ravenna, known until the 80s 
(Punte Alberete, Valle Mandriole and some ditches on the edge 
of the San Vitale Pine forest, in the municipality of Ravenna), 
respectively in the IT4070001 SCI-SPA “Punte Alberete, Valle 
Mandriole” and SCI-SPA IT4070003 “Pineta di San Vitale, 
Bassa del Pirottolo”. In these stations, as well as others in Italy, 
the species has not been found again in the last thirty years 
(Mazzoldi et al., 2009; Nardi et al., 2015) and has not been 
reconfirmed even during the monitoring carried out to update 
the knowledge framework of the Natura 2000 sites, as part of 
the 2007/2013 PSR (Rural Development Plan) Measure 323. 
The conservation measures and the management plans of the 
Natura 2000 sites found and described several limiting factors: 

Table 2. List of previous reports of G. bilineatus extracted from the Emilia-Romagna Region database.

Report source Date Location Municipality and Province
Nardi et al., 2015 Primi decenni XIX sec. Bologna surroundings Bologna (BO)

Angelini, 1984 10/05/1957 e 1958 Mezzolara Molinella (BO)

Banca Dati Regione Emilia-Romagna 1978 Buda Medicina (BO)

Pederzani, 1976 e 1989; Banca Dati Regione Emilia-Romagna 1970, 1980 Punte Alberete Ravenna (RA)

Banca Dati Regione Emilia-Romagna 1981 Valle Mandriole Ravenna (RA)

Pederzani, 1976; Angelini, 1984 25/04/1963 Fossi lungo strada Romea, Pineta San Vitale Ravenna (RA)

Ansaloni et al., 2007 2000 Lago di Pratignano Fanano (MO)

Ansaloni et et al., 2016 1999 e 2006 Lago di Pratignano Fanano (MO)

Pacchioni, 2010 2001-2009 Lago di Pratignano Fanano (MO)

Mazzoldi et al., 2009 3/09/2009 Lago di Pratignano Fanano (MO)

Banca Dati Regione Emilia-Romagna 17/10/2012 Lago di Pratignano Fanano (MO)

diffusion of highly invasive alien species such as Procambarus 
clarkii, excessive eutrophication and water pollution, salt-
wedge ingression in coastal areas. These limiting factors were 
further verified in the field inspections preliminary to this work, 
therefore the presence stations were deemed not currently 
suitable to host the species.

With reference to the monitoring campaigns carried out in 
the two-year period 2016 and 2017, the species was found only 
in Lake Pratignano (Fanano, MO) on the IT4040001 “Monte 
Cimone, Libro Aperto, Lago di Pratignano” site. The number of 
individuals found is 4 adults and 1 larva in 2016, and 1 adult in 
2017.

Captures dates in Lake 
Pratignano

Type of  
Monitoring

Captured individuals 
(N)º

28/06/2016 Net 1 larva

28/09/2016 Net 1 adult

29/09/2016 Bottle Trap 1 adult

07/10/2016 Net 2 adults

05/09/2017 Net 1 adult

During the monitoring of the lake numerous other species 
of insects have been found (larvae of Anisoptera, Zygoptera, 
Trichoptera and Ephemeroptera; Hydrophilidae, Notonectidae, 
Gerridae) and over 10 species of Dytiscidae, which confirm the 

Table 3. Number of sampled individuals in Lake Patrignano in site 
IT4040001.

Figure 3. Use of the fishing net to capture Graphoderus bilineatus.Figure 2. Sampling  of Graphoderus bilineatus with net for aquatic 
insects.

54 55
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good suitability of the 
site to host different 
taxa of aquatic inverte-
brates.

In the remaining 37 
Apennine basins mon-
itored, the species was 
not found, although in 
many cases other large 
and medium-sized Di-
tiscidae species (Dyt-
iscus marginalis, Cy-
bister lateromarginalis, 
Acilius sulcatus) were 
discovered.

Considering the 
great effort applied and 
the various sampling 
techniques adopted, 
and also considering 
the ecology and 

the elusive habits of the species, this species was difficult to 
find. Despite the considerable effort and the development of 
protocols expressly studied for this purpose, the low number 
of individuals captured (6) in Pratignano does not allow a 
numerical estimate and an analysis of the population structure. 
Considering that already in the recent past the species had 
been evaluated as not abundant (although with an approximate 
evaluation of the abundance estimated “at sight”), even in the 
absence of quantitative researches (Mazzoldi et al., 2009) the 
results of the monitoring conducted suggest a possible negative 
trend for the only population confirmed in the region.
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Conclusions
The presence of G. bilineatus in Emilia-Romagna is reduced 

to a single mountain basin, an evolving peat bog within the SCI-
SPA IT4040001 in the Modena Apennines, with a population 
that is likely in a negative trend. In the other sites of the Natura 
2000 Network in Emilia-Romagna where the species was 
known (IT4050022 in the province of Bologna, IT4070001 and 
IT4070003 in the province of Ravenna), it has not been reported 
for more than twenty years and it is believed that historical 
stations do not have the proper environmental characteristics 
currently, due to the pressure factors in the Emilia-Romagna 
plain. The search for new stations of presence has not provided 
positive results and it is therefore possible to confirm the 
contraction of the historical distribution area of ​​the species. 
Based on the results obtained so far on the only population 
present on the territory today, and not having sufficient 
guarantees that it might support the removal of possible founders 
for an ex situ breeding, it is deemed as prudent to exclude this 
work hypothesis, thus avoiding any risk of further worsening of 
the species state of conservation.

Figura 5. Some of the LIFE EREMITA project’s entomologists at Lake 
Pratignano. 
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Figure 4. Checking the Bottle Traps.
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Introduction
Among the objectives of the LIFE EREMITA project is the 

conservation in the best conditions of the residual and severely 
threatened populations of the aquatic beetle Graphoderus 
bilineatus (Insecta, Coleoptera, Dytiscidae) in the territory of 
the Emilia-Romagna region. The species is strictly protected 
throughout Europe being included in Annexes II and IV of 
the Habitats Directive 92/43 / EEC. The project envisaged 
captive breeding actions and subsequent releases to the wild 
starting from founders coming from the populations, based on 
the results of ex ante monitoring. The monitoring campaigns 
carried out in 2016 and 2017, however, confirmed the presence 
in Emilia-Romagna of a single population of G. bilineatus, 
whose distribution is limited to a single station in the Modena 
area high Apennines (Lake Pratignano). This is, to date, also 
the only station of presence for the species confirmed in Italy. 
Moreover, the extremely low numbers of individuals discovered 
during the monitoring did not make it possible to determine the 
size of the population, hence the possibility of withdrawing 
the founders for ex situ breeding from the population of Lake 
Pratignano was excluded. It is therefore necessary to promptly 
adopt an alternative emergency strategy, which takes into 
consideration the possibility of obtaining the founders from 
other European populations of G. bilineatus that are in a good 
state of conservation. To this end, a genetic characterisation 
was carried out aimed at comparing the relict population of 
Graphoderus bilineatus, originally present in the Italian sites 
of Lake Pratignano, and other potential European source 
populations. The ultimate goal was to acquire useful indications 
for the choice of the source population from which to take 
individuals for restocking or reintroduction, and criteria to be 
taken into account for the recovery of the Italian population 
of G. bilineatus, in consideration of the Ispra (Higher Institute 
for Environmental Protection and Research) “guidelines for 
the introduction of fauna species” (ISPRA, 2007) and the 
IUCN “Guidelines for Reintroduction and Other Conservation 
Translocations” (IUCN/SSC, 2013).

Materials and methods
To compare populations of the same species it is necessary 

to use genetic markers with a high degree of variability. 
Preliminarily, molecular investigations have been carried out 
on markers already available in the literature, which have led 
to the identification of potentially informative regions for the 
purpose: the mitochondrial gene that encodes the first subunit 
of Cytochrome Oxidase (COI).

The characterisation of COI, generally used to compare 
different species in studies of phylogeny and barcoding, is 
undoubtedly a valid starting point also for analysis intended 
for repopulation and reintroduction. This is because it has the 
dual utility of verifying the given species and, in the case of 
definite and prolonged reproductive isolation, of highlighting 
phylogeographic discontinuities between populations. This 
could be the case of G. bilineatus for which a low rate of 
colonisation, due to poor flight behaviour, has recently been 

Genetic analysis aimed at comparing the relict population of Graphoderus 
bilineatus of Lake Pratignano and other potential European source populations
Leonardo Congiu, Elisa Boscari, Alessandro Grapputo, Bram Koese, Martina Temunović, Nataša Turić , Zoltán Csabai, Dalia Bastytè

observed (Iversen et al., 2017). Furthermore, mitochondrial 
DNA has the advantage of being much more represented than 
nuclear DNA, making it a potential tool for analysis even on 
ancient or highly degraded samples. However, mitochondrial 
DNA has some features - such as matrilineal transmission and the 
absence of recombination -, which, while being advantageous 
in phylogenetic studies, may constitute a limitation when 
comparing populations within species, where gene flow is best 
described by biparental inheritance markers.

The samples of G. bilineatus came from different locations 
distributed in 4 Countries: Hungary (UNG), Lithuania (LIT), 
Croatia (CRO) and Italy (ITA). In most cases, the samples 
provided were whole specimens stored in 70% or 95% ethanol, 
while for some individuals a single leg, or part thereof, was 
provided, either dry or stored in 95% ethanol. Table 1 details 
the sampling.

Country of origin 
(acronym) Locality Nº Biological 

sample Conservazione

Hungary (UNG)

Drava 5 Whole specimens Eth70

Bodrog 5 Whole specimens Eth70

Danube 1 2 legs Eth95

Lithuania (LIT)

Klimbalés  
durpynas 1 Whole specimens Eth75

Nevéžio 
senvages 1 Whole specimens Eth75

Croatia (CRO)

National park 
Kopacki rit 5 Whole specimens Eth75

River Drava, 
Osijek 5 Whole specimens Eth75

Lonjsko polje 
Nature Park 6 Whole specimens Eth75

Italy (ITA) Lago Pratignano

2 Whole specimens Eth75

3 1 leg Eth95

4 1 leg Dry

Analysis of the mitochondrial COI gene
Considering the poor quality of most of the extracts obtained, 

the analysis of a mitochondrial gene remained the only viable 
strategy. This choice is dictated by the fact that since the mito-
chondrial genome is over-represented and more stable compa-
red to the nuclear one, the chances of having integral copies of a 
mitochondrial gene are much higher even in strongly degraded 
samples. We therefore proceeded with the characterisation of 
the mitochondrial gene COI.

In insects, the rate of nucleotide variability of COI is different 
in different regions of the gene (Lunt et al., 1996). In order to 
exploit all the polymorphisms, we tried sequencing the gene in its 
entirety using initially the COI_LCO1490_For and TL2-N-3014-
Rev primers already described in the literature (Table 2). Howe-
ver, the amplification of the expected PCR product of about 1500 
base pairs in a single reaction was possible only for the 4 samples 

Table 1. G. bilineatus samples used in the project.
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for which the extract was of good quality: the Lithuanians Gb10 
and Gb11 and the Italians Gb28 and Gb29 (Fig. 1, left).

It was therefore necessary to reduce the size of PCR ampli-
fied both by using other primers available in the literature and 
by conceiving new ones suitably designed to cover the enti-
re region to be sequenced (Table 2). We started by bringing to 
two the number of amplifications necessary for each individual, 
using primer pairs COI_LCO1490_For- COI_HCO2198_Rev 
and COI_C1-J-2183_For- TL2-N-3014-Rev. However, the 
expected bands of about 800 base pairs were obtained and suc-
cessfully sequenced only from 6 individuals. For all the others 
it was necessary to further reduce the size of PCR products 
up to about 200 base pairs, increasing the number of PCR re-
actions per individual up to 6 (Fig. 1, right) and the number of 
sequences up to 8 (for some low-quality amplified individuals 
sequencing in both directions was necessary). Moreover, con-
sidering the low concentration of many of the extracts it was 
necessary to use Taq polymerase with high sensitivity, able to 
amplify starting from very few template molecules. Figure 2 
shows a schematic representation of the number of portions that 
have been analysed for each individual to obtain the complete 
sequence of COI.

The amplifications with the different pairs of primers were 
attempted from a total of 33 samples of G. bilineatus. For six 
of these it was not possible to obtain amplified samples in suf-
ficient quantity to be sequenced, while by subdividing the total 
sequence of 1500 bases into much shorter fragments we were 
able to obtain the complete sequence of COI for a total of 26 
individuals.

Namre of the primer Primer sequence Source
COI_LCO1490_For GGTCAACAAATCATAAAGATATTGG Folmer et al., 1994

COI_C1-J-1718_For GGAGGATTTGGTAATTGATTAGTTCC Simon et al., 1994

COI_Gb_C1-J-1859_For GGGACAGGATGAACAGTTTATCCTCC *

COI_C1-J-2183_For CAACATTTATTTTGATTTTTTGG Simon et al., 1994

COI_Gb_2269_For TGCCATATTAGCTATTGGAC *

COI_Gb_2634_For CAATAGGGGCTGTATTCGCA *

COI_Gb_1918_Rev TACAGAAGCTCCTCCATGGG *

COI_C1-N-2191_Rev CCTGGTAAAATTAAAATATAAACTTC Simon et al., 1994

COI_C1-N-2329_Rev ACTGTAAATATATGATGTGCTCA Simon et al., 1994

COI_HCO2198_Rev TAAACTTCAGGGTGACCAAAAAATCA Folmer et al., 1994

COI_Gb_2700_Rev GTGATTCCTGTAAATAAAGGAAATC *

TL2-N-3014-Rev TCCAATGCACTAATCTGCCATATTA Simon et al., 1994

Results
All five individuals of the Italian population of Pratignano 

presented the same mitochondrial haplotype, never observed in 
populations sampled in other areas (Figures 3 and 4). In contrast, 
all other populations showed a greater haplotypic difference 
compared to the Italian population with: 5 haplotypes in 
Hungary, 8 in Croatia and 2 in Lithuania obtained respectively 
from 7, 12 and 2 individuals analysed for a total of 13 different 
mitochondrial haplotypes.

Considering the small number of samples that could be 
analysed, the results obtained were integrated by the joint 
analysis of our dataset with other COI sequences of G. 

Table 2. Sequences of primers used to amplify and sequence the COI 
gene. *Primers designed within this work.

Figure 1. On the left, examples of electrophoretic runs of PCR products obtained with the primers COI_LCO1490_For and TL2-N-3014-Rev. The 
expected band of about 1500 base pairs is only visible for the 4 samples with good quality DNA extracts. On the right, results of the amplification 
of the COI for the Italian leg samples Gb30, Gb31 and Gb32 for which it was necessary to carry out the amplification of 6 shorter fragments to 
obtain the entire sequence. For the Gb32 sample in particular it was not possible to obtain a complete sequence due to the small amount of material 
received for DNA extraction, as shown in the image.
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bilineatus. The latter are 28 partial COI sequences (only the 
second half of the gene sequence was available) obtained from 
Koese and colleagues (unpublished data) starting from DNA 
extracts from other 5 populations sampled at different sites 
(Germany, Holland, Austria, Russia and Sweden). Although 
the analyses were conducted considering only the portion of 
COI common to the two datasets, and therefore with a reduced 
number of variable sites, the uniqueness of the haplotype of 
Pratignano was confirmed as represented by the haplotype 
networks in Figure 4. 

The following box summarises the results of the analysis of 
the mitochondrial COI gene.

Conclusions
The national and international guidelines (ISPRA, 2007, 

IUCN / SSC, 2013) agree in recommending, in the case of a 
restocking, that the source population should not be significantly 
differentiated from the native population. On the contrary, in 
the case of a reintroduction, the scruples for safeguarding the 
integrity of the original genetic patrimony are less stringent, 
since there is no longer an autochthonous gene pool to be 
safeguarded, and the criteria for choosing the source population 
must be based both on the results of the genetic investigations 
and on ecological considerations. Taking into account the 
different guidelines on the subject, and considering the difficulty 
encountered in obtaining data that can only be analysed on a 

Outcomes characterisation of the mitochondrial COI gene
•	 A total of 26 sequences of COI were obtained with a maximum of 6 amplifications and 8 sequences per individual.

•	 The COI sequences had 19 variable sites out of 1386 pairs of sequenced bases.

•	 A total of 13 mitochondrial haplotypes have been characterised, some of which are shared between different geographical regions (Figure 4).

•	 All individuals in the Italian population present the same haplotype that has never been observed in populations of other areas. The data 
were confirmed by analysing also other sequences of COI of the same species for a total of 54 sequences.

single mitochondrial gene, we would like to clarify that each 
type of consideration proposed here is closely linked to what 
emerged from this work and will have to be debated to define 
an action plan based not only on the genetic data.

The most interesting result is certainly the uniqueness of the 
population of G. bilineatus in the site of Pratignano found by the 
analysis of the mitochondrial gene COI. In Pratignano only one 
mitochondrial haplotype was found, different from any other 
haplotype found in other European populations. This suggests 
that the population of Patrignano suffered a strong bottleneck 
and reproductive isolation that led to the reduction of its genetic 
variability. This makes it difficult to choose a source population 
due to the lack of another European population genetically 
similar to the one in Patrignano. Based on this result, the 
selection of the source population from which to transfer the 
animals destined to a possible reintroduction on the Italian 
site should be based mainly on ecological considerations, 
sustainability in the chosen habitats, and on a study of the 
existing communities. Moreover, from the genetic point of view 
it might be appropriate to withdraw the founding individuals 
taking care to ensure a good genetic diversity, avoiding at the 
same time to introduce animals from genetically too different 
populations, so as not to generate outbreeding problems. The 
best source population in this case could be the one where the 
degree of variability is higher and the population size is such 
as to allow a withdrawal of all the necessary animals from the 
same site.

Figure 2. Schematic representation of the number of amplification 
reactions performed for each individual in order to obtain the 
sequencing of the COI gene along its entire length. The lines represent 
the entire region analysed in the different individuals; the segments of 
different colours that compose them correspond to the sub-fragments 
amplified independently.

Figure 3. Dendogram built with the MEGAX software (Kumar et al, 
2018) on the basis of the number of nucleotide differences between 
the 26 sequences of 1386 pairs of bases of COI characterised in the 
present work.
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Considering the difficulty in highlighting the presence of 
this species, the possibility that the target population is not 
completely extinct cannot be excluded. In this regard, in order 
to further minimise the risk of outbreeding, we suggest a 
preliminary reintroduction campaign in confined and controlled 
sites. This would avoid the hybridisation of possible survivors 

of the Italian relic population of Pratignano with individuals 
genetically too different and/or poorly adapted to the new 
introduction habitat. Only following the completion of the 
entire life cycle of the animals transferred will it be possible to 
proceed with new translocations of individuals.
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Figure 4. Haplotype network obtained with Haplotype Viewer (http://www.cibiv.at/~greg/haploviewer) where each circle represents a different 
haplotype separated from the others by a number of nodes corresponding to the number of nucleotide differences between sequences. The dimensions 
of the circles are directly proportional to the total number of individuals that have that certain haplotype (shown in the centre of the circle). The 
colouring is proportionally corresponding to the number of individuals of a certain population presenting that particular haplotype. Above, haplotype 
network obtained starting from the 26 sequences of COI of 1386 base pairs characterised in the present work. Below, haplotype network obtained 
with the dataset integrated with the Koese and colleagues data for a total of 54 sequences. In this second graph the second half of the COI gene was 
analysed for a length equal to 741 base pairs. In the legends are reported the acronyms identifying the Country of origin of the samples: Italy (ITA), 
Croatia (CRO), Lithuania (LIT), Hungary (UNG), Germany (GE), Austria (AU), Sweden (SE), Russia (RU), Netherlands (NL).


