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Preface

This thesis is based on two papers, submitted to peer-reviewed journals, derived from
data gathered during my PhD research project. It also report new results that will be
part of a third peer-reviewed paper to be submitted shortly.

The thesis is structured as follow:

CHAPTER 1. A BRIEF INTRODUCTION to the species with an overview of method-
ologies used in otter studies. The last part of this chapter presents the Aims of the PhD
project.

CHAPTER 2. CAMERA TRAPPING. The chapter is structured around the first man-
uscript submitted: “Improving camera traps to increase detection probability of semi-
aquatic mammals”. Further attempts not included into the paper are reported in the
last part of the chapter.

CHAPTER 3. NON-INVASIVE GENETICS. The chapter is structured around the second
manuscript submitted: “An optimized procedure to improve genotyping of problematic
non-invasive otter (Lutra lutra) samples”. Final results about spatial structure and re-
latedness among individuals that were not included into the paper are presented in the
last part of the chapter.

CHAPTER 4. DISCUSSION AND CONCLUSIONS. The discussion highlights the impor-
tance of the present study for increasing the knowledge on the Eurasian otter in Italy.
Conclusions present questions raised from the results of the study, and outline a plan
of future perspectives.

CHAPTER 5. REFERENCES.

PAPERS AND CONGRESSES. This session summarizes the two papers submitted, as
well as posters and oral communications presented at national or international con-
gresses.

APPENDICES. Report the official Pdf files received by editors of two peer-reviewed

journals after papers submission and poster presented to national and international
congresses.
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Chiapter 1. < Intfoducti

The Eurasian otter (Lutra lutra)

Generalities

The Eurasian otter Lutra lutra (Linnaeus 1758) is a semi-aquatic mustelid belong-
ing to the subfamily Lutrinae. The Eurasian otter has one of the widest distributions
among Palaearctic mammals, occurring in Europe, Asia and Africa (Corbet 1966) and
includes seven subspecies (Pocock 1941) [FIG. 1]: L. L. lutra in Europe and northern Af-
rica; L. I. nair in southern India and Sri Lanka; L. I. monticola in northern India, Ne-
pal, Bhutan and Myanmar; L. I kutab in northern India-Kashmir; L. I. aurobrunnea
in Garhwal Himalayas in northern India and higher altitudes in Nepal; L. I. barang
in southeast Asia (Thailand, Indonesia and Malaysia); and L. I. chinensis in southern
China and Taiwan (Ruiz Olmo et al. 2008).

The overall colour is dark brown, slightly lighter underneath and with light patches
on the throat. The species is characterized by sexual dimorphism (Moors 1980) with a
mean total length (from nose to tail tip) of about 1.0 m for females and 1.2 m for males
with an average weight of 7 kg and 10 kg respectively (Kruuk 2006).

HABITAT. The Eurasian otter lives in a wide variety of aquatic habitats, including
lakes, rivers, streams, marshes, swamp forests and coastal areas (Mason and Macdon-
ald 1986; Kruuk 2006). In Europe it is found from the sea level up to 1,000 m in the Alps
(Ruiz-Olmo and Gosalbez 1997), but in Asia occurs up to 4,120 m in Tibet (Mason and
Macdonald 1986).

DIET. Eurasian otters feed mainly on fish (Webb 1975; Ruiz-Olmo and Palazon 1997),
but other prey items have been recorded in their diet in variable proportions, i.e. in-
sects, reptiles, amphibians, birds, small mammals, and crustaceans (Jenkins and Harp-
er 1980; Adrian and Delibes 1987; Skaren 1993).

BEHAVIOUR. The Eurasian otter is considered mostly solitary although some forms
of social groups can be observed (Kruuk and Moorhouse 1991) allowing to grasp the
existence of a more complex social system. Cubs remain with the mother for about 10-
13 months while males do not care offspring. Male otters have extremely large ranges
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overlapping with several female territories. Related females may share “group territo-
ries” with individual exclusive “core areas” (Kruuk and Moorhouse 1991; Kruuk 2006).
A characteristic behaviour commonly used by mammals for intra-specific communica-
tion is the scent-marking (Macdonald 1985; Gorman 1990). Data on marking patterns
of mustelids are scanty (Hutchings and White 1990) but fundamental for sociobiol-
ogy understanding. The role of marking has been largely discussed and, according to
some authors, scents identify a territory maintained and defended by an individual or
a group (Gosling 1982; Gosling and McKay 1990). Most carnivores often mark the ter-
ritory boundaries but the large and linear-shaped home-ranges of otters (Green et al.
1984; Kruuk 1995; O Néill et al. 2009) make this strategy less advantageous (Hutchings
and White 2000). It has been argued that scent-marking in river otters could be associ-
ated more with resource presence than with territoriality (Kruuk and Moorhouse 1991;
Kruuk 1992). Scents are long-lasting and permit to recognize individuals and their
breeding status (Gorman and Trowbridge 1989; Rostain et al. 2004), playing a role in
intra-specific communication and social interactions.

The two main otter marking signs are scats, also called spraints, and jellies, produced
by anal glands common to all European mustelids (Pocock 1921). Selected marking
sites are frequently prominent objects such as stones along river banks or emerging in
the middle of the river flow. Marking at the same sites is recurrent and permit to use
scent-signs surveys for studying otters.
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Fig. 1 —Range of the Eurasian otter



Conservation status

During the last century, particularly on ‘60s and ‘7os, the species declined through-
out Europe, mostly in Central and Western Europe, and experienced a hard habitat
reduction and fragmentation all over its distribution range (Foster-Turley et al. 1990;
Conroy and Chanin 2000). The species became extinct in Luxemburg, Holland, Liech-
tenstein, Switzerland and in the most of Italy, Spain, France, Germany, Belgium and
Great Britain (Ruiz-Olmo et al. 2008). In the last decades the species recovered in
most European countries and in 2007 was downgraded from Vulnerable (VU) to Near
Threatened (NT) category in the IUCN Red List.

In Italy the status of L. lutra is still critical. The species disappeared from northern
Italy during the ‘8os (Macdonald and Mason 1983a; Cassola 1986) and the decline con-
tinued all over the ‘9os [FIG. 24,B,c], while other European populations were recovering
(Conroy and Chanin 2000; Kranz and Toman 2000; Roos et al. 2001; Mason and Mac-
donald 2004). Finally the species went extinct in Central Italy (Reggiani et al. 2001a,b;
Prigioni et al. 2007) and its distribution restricted to the South.

At the beginning of the XXI century an isolated remnant otter population was found
in Molise a region of south-central Italy (Loy et al. 2004), and signs of recovering were
appearing in southern Italy (Prigioni et al. 2007). In 2007 signs of a new northward ex-
pansion phase in central Italy became evident with the colonization of the river Sangro
(De Castro and Loy 2007) [FIG. 2D].

The Italian population is geographically and genetically isolated from other Euro-
pean populations (Randi et al. 2003) and it consists at present of two metapopulations:
the largest one is located in southern Italy and the smallest one in southern-central
Italy (Loy et al. 2004; Fusillo et al. 2004; Prigioni et al. 2007) with an estimated number
of individuals of 196-220 and 33-37 respectively (Prigioni et al. 2006). The otter was
listed as critically endangered (CR) in the national red list (Bulgarini 1998), and a na-
tional action plan was recently adopted by the Italian Ministry of Environment (Pan-
zacchi et al. 2011).

In the last two years first records of otters were reported in north-east Italy (Righet-
ti 2011; Lapini and Bonesi 2011), following the dispersal of individuals from Austria
(Bolzano province) and Slovenia (Friuli). Genetic analyses confirmed that these indi-
viduals do not belong to the southern Italian population (Lapini pers. comm.). A small
nucleus of otters escaped from captive breeding enclosures is actually present in the
Ticino river (north-western Italy). These otters belong to the so-called B-line, i.e. indi-
viduals derived from a captive population that was crossbred with the Asian subspecies
L. . barang. These B-line specimens were declared not suitable for reintroduction in the
wild by the ITUCN and the reintroduction projects planned by the Regional Parks of Ti-
cino Lombardia and Ticino Piedmont were discouraged by ISPRA (National Institute
for the Environmental Protection and Research) (Panzacchi et al. 2011).

The species has a high priority for conservation (CITES 1979; Council of Europe
1979; Habitats Directive 92/43/CEE). The Eurasian otter is considered a flagship species
(Bifolchi and Lodé 2005; Cianfrani et al. 2011), a charismatic species that can become
a symbol to encourage conservation consciousness (Caro et al. 2004; Heywood 1995).
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The semi-aquatic habits and the link to freshwater and riparian habitat could also make
the otter an umbrella species which offers protection for “background species” (Caro
et al. 2004; Roberge and Angelstam 2004). Thus, the whole freshwater ecosystems will
benefit from otter conservation issues. But successful conservation and management of
threatened wildlife require accurate and robust information. The lack of data prevent
proper conservation measures so, gaps of knowledge have to be filled up.

1975 1985 2000 TODAY 1975 1985 2000 TODAY

1975 1985 2000 TODAY 1975 1985 2000 TO
Fig. 2— Otter distribution in Italy during the last four decades (darker colors correspond to higher abundance)
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Major threats

The major causes of the decline of otter populations in the last century included over-
harvesting, pollution, habitat destruction and fragmentation (Foster-Turley et al. 1990).
Whereas harvesting was reduced due to protection acts, many threats still subsist for
the species survival in Europe. Chemical pollution concerns several substances such
as dieldrin, organochlorines, polychlorinated biphenyls (PCBs) and heavy metals. To
date, the most deleterious effects derive from PCBs and heavy metals (Lemarchand et
al. 2010). PCBs, endocrine disruptive compounds, can alter immunological and nerv-
ous systems, beyond causing dermal and ocular alterations. Heavy metals — especially
cadmium (Cd), lead (Pb) and mercury (Hg) — can affect several organs and cause re-
productive, haematological and immunological deficiencies (Boscher et al. 2010). Pol-
lutants affect both individual and population levels.

To date, the most frequent recorded cause of mortality is represented by road kills
(Simpson 1997; Hauer et al. 2002; Jancke and Giere 2011). Other common causes are
entanglements in fish-nets and weakening injuries resulting from intra or inter-specific
encounters (Simpson 2006). Some causes of death are probably overestimated due to
a bias in the recovered dead individuals. Road killed individuals are more frequently
found in respect of otters poached or dead in holts for starvation and other casualties,
so giving biased results. Intra-specific fighting are probably more frequent than expect-
ed but scars and wounds are discovered only during necropsies (Simpson and Coxon
2000; Simpson 2006).

In Italy, two major threats for otter survival are the habitat destruction and the high
instability of freshwater availability over the year, characteristic of Mediterranean ar-
eas (Panzacchi et al. 2011). Habitat destruction and fragmentation are particularly dan-
gerous for species, such as otters, limited to one or few habitat types (Bright 2000). Both
habitat destruction (e.g. banks overbuilding, roots and stones removal) and water fluc-
tuations can lead to a hard reduction of food resources. Destruction and alteration of
riparian structure also reduce cover and shelter as well as alternative food resources (e.g.
amphibians and crustaceans). Moreover, the Italian population suffers a serious reduc-
tion of genetic variability. This fact, in addition to the reduced abundance, fragmenta-
tion of metapopulations and geographical isolation from other European nuclei, could
trigger an extinction vortex (Frankman et al. 2010; Gilpin and Soulé 1986).

Standard approaches used in wildlife research and in otter studies

Many techniques, often involving handling of animals, can be applied to gather in-
formation on species ecology, behaviour and requirements. However, capture pro-
grams are risky and often controversial, especially when dealing with rare and en-
dangered species. Radio-tracking is probably the most useful strategy to gather a huge
amount of data but involves capture and anaesthesia. In the case of Eurasian otter, it is
still more hazardous due to the need of a surgery for implanting intra-peritoneal radio-
transmitters (Fernandez-Moran et al. 2002). In fact, affix a radio-collar is not possible
as the neck is wider than the head and use a radio-backpack may be risky if snagging
in underwater branches (Kruuk 2006). To date, in Italy only two wild otters have been
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radio-tracked (Fusillo 2006) while previously, 6 “line B” otters were experimentally
released from the captivity centre of Caramanico Terme and radio-tracked (Mattei et
al. 2005) along the Aterno-Pescara basin. Due to recent advances in molecular ecology;,
complementary information to radio-tracking can be gathered by non-invasive genetic
sampling.

Distance sampling techniques such as sign surveys, direct observations and counts
are common in wildlife research but are mostly unfeasible with elusive and nocturnal
species. The historically most used method to study otters is the spraint survey. This
procedure was standardized in Europe in order to compare data among different pe-
riods and sites and it was adopted by the IUCN/SSC Otter Specialist Group (Reuther
et al. 2000). The area of interest is subdivided in 10x10 km cells and then four sites of
freshwater per cell are randomly selected and surveyed. Surveyors cover 600 m of river
stretches searching for otter presence signs. Despite the Europe-wide use of spraint sur-
veys, an heated discussion arose among researches. The method is used for assessing
otter presence and distribution but the evaluation of otter abundance and habitat selec-
tion is controversial (Conroy and French 1987; 1991; Jefteries 1986; Kruuk et al. 1986;
Kruuk and Conroy 1987; Macdonald and Mason 1987; 1991; Ruiz-Olmo et al. 2001).
Direct observations can be efficiently used only where otters have diurnal habits. At
the same time, remote photography and videotaping are widely used in wildlife stud-
ies also for nocturnal species.

Due to the high potential of non-invasive genetics to gather information about both
individuals, and populations and in order to reduce potentially detrimental impact
and disturbance, I decided to use non-invasive methods. On one hand I applied cam-
era trapping to gather information on behaviour at marking sites; on the other hand I
coupled the spraint survey methodology with non-invasive genetic sampling to assess
the status of the otter population living along the river Sangro basin [FIG. 3].

Sangro Basin
Study Area

Abruzzo Region boundary
[ Sangro basin
F— Sangro main hydrography

0 10 20 30 40 50Km

Fig. 3 — Extension of river Sangro basin in Abruzzo region



13
Aims

For long-term conservation planning we need basic information about ecology, pop-
ulation structure and genetic variability. This kind of data are particularly hard to ob-
tain when dealing with rare and elusive species. The Eurasian otter is still critically en-
dangered in Italy where metapopulations present are highly isolated and fragmented.
Moreover, Italian population is genetically isolated and distinguished from other Eu-
ropean populations, so representing an Evolutionary Significant Unit (ESU - Moritz
1994; Mucci et al. 2010). In the last decade the Eurasian otter is recovering in Italy but
no data are available in the new areas of expansion.

Despite its relevant conservation interest, many aspects of the ecology and sociobiol-
ogy of the Eurasian otter remain unknown (Kruuk, 2006), and this is especially true
for the Italian subpopulation.

Studies on Italian otters have been mainly focused on surveys, diet and species distri-
bution modelling (Cianfrani et al. 2010; Ottaviani et al. 2009; Prigioni et al. 2006; Re-
monti et al. 2008; Remonti et al. 2010), while very little is known on population struc-
ture, and on resource utilization in space and time.

The current study represents the first attempt to obtain detailed data about an otter
population living in the river Sangro basin, the northernmost nucleus in Italy. One of
the most important challenge in conservation biology are the small and low variable
populations where the role of chance prevails and the effects of natural selection are
typically reduced (Frankham et al. 2005). Moreover the Sangro basin population plays
a crucial role for the future expansion of the species northward and so for conservation
issues in our Country.

The elusive nature of the species, together with its nocturnal habit and rarity, make
difficult to study wild otters and obtain basic data for conservation plans. The overall
scope of this thesis was to increase knowledge on otters, and improving non-invasive
methods to be most effective in future researches. Major efforts were spent in upgrad-
ing camera-trapping devices and genetic analyses protocols in order to overcome the
set of problems usually encountered in otter researches.







Chapter 2. Camera trapping

Since the end of XIX™ century photography has been used to record wildlife (Gug-
gisberg 1977). In 1890s Georges Shiras developed, for the first time, a system by which
wild animals photographed themselves (Kucera and Barrett 2006) and in 1926 Nesbit
published the first detailed guide to outdoor photography. Through the 1990s remote
photography has been increasingly used in wildlife studies and in 1999 Cutler and
Swan reviewed the major previous literature, reporting the main topics investigated:
feeding ecology, nesting behaviour and nest predation. Camera trapping now repre-
sents a widely used non-invasive method to study wildlife and to answer a variety of
questions such as the presence and distribution of rare and endangered species (Sur-
ridge et al. 1999; Jeganathan et al. 2002), behavioural patterns (Bridges et al. 2004),
comparisons of results with classical sign surveys (Glen and Dickman 2003; Silveira
et al. 2003; Srbek-Araujo and Chiarello 2005), habitat and activity patterns (Jacamo et
al. 2004) beyond the capture-recapture models using individual photo identification
(Karanth 1995; Marnewick et al. 2008).

The Eurasian otter (Lutra lutra) can be a suitable target for employing camera traps
to answer questions about its biology and behaviour. Nocturnal habit and elusiveness
do not permit direct observations, but the characteristic scent marking behaviour at
known sites (Kruuk 2006) allows to set remote cameras and record the animals during
their nocturnal activities out of the water. However, data on river otters obtained by re-
mote camera trapping are still scanty and many missing data characterize all previous
studies (Stevens et al. 2004; Garcia de Leaniz et al. 2006; Guter et al. 2008; Honigsfeld
Adamic¢ and Smole 2011).

During my research project I did test and modified camera traps for otters to in-
crease the record success rate, as described in the following paper (Lerone et al., sub-
mitted).
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PAPER 1 - Submitted to Wildlife Biology (APPENDIX 1)

Improving camera traps to
increase detection probability
of semi-aquatic mammals

Lerone L., G.M. Carpaneto, A. Loy

ABSTRACT

Camera trapping represents a power-
ful tool in wildlife research, particularly
when dealing with elusive and rare species
like the Eurasian otter (Lutra lutra). Nev-
ertheless, detection problems arise when
trying to detect otters with camera traps
at frequent marking sites along rivers. We
hypothesized that the temperature differ-
ence between the otter emerging from the
water and the environment was too low to
be detected by the standard infrared sen-
sors (PIR). We designed and tested a new
pressure trigger and compared its effec-
tiveness with that of the standard PIR. Re-
sults are encouraging, as the new sensor
detected after few trapping nights.

KEYWORDS camera trapping, infrared
sensor, Lutra lutra, otter, semi-aquatic
mammals, thermoregulation.

INTRODUCTION

Remote photography in wildlife re-
search increased in the 1990s when com-
mercial digital and low cost cameras
became available (Swann ef al. 2011). De-
tecting elusive and rare species, recording
activity patterns and estimating popula-
tion parameters are among the challenges
of this technology (Karanth and Nichols
1998, Maffei et al. 2005, O’Connell et al.
2006, Nichols et al. 2008). The Eurasian
otter (Lutra lutra) represents a suitable
potential target for camera traps due to its
elusiveness, marking behaviour and noc-
turnal habits. Nevertheless, data on river

otters obtained by remote cameras are
still very scanty and high levels of missing
data characterized most studies (Stevens
et al. 2004, Garcia de Leaniz et al. 2006,
Guter et al. 2008, Honigsfeld Adamic¢ and
Smole 2011). We hypothesized that de-
tection problem could be due to the ther-
moregulation system and hair structure
(Tarasoff 1974, Khun and Meyer 2010).
Using a FLIR ThermaCam B2o, Kuhn and
Meyer (2009) observed two layers of hairs
providing a high thermal insulation and
demonstrated that, after swimming bouts,
the temperatures of otters surface and wa-
ter were similar. This high thermal insula-
tion could prevent the standard infrared
sensors (PIR) to detect animals tempo-
rarily emerging from water whereas few
minutes of activity on land are necessary
to increase the body temperature (Kuhn
and Meyer 2009). Based on these consid-
erations we tested a camera trap provid-
ed with a modified trigger specifically de-
signed to overcome this problem and to
increase the detection probability of river
otters.

METHODS AND RESULTS

Frequent marking sites of river otters
were detected during a pilot study for
noninvasive genetic sampling of an ot-
ter population recently found in the river
Sangro (South-Central Italy, Lerone et al.
2011). Two passive triggered camera traps
(ScoutGuard SGs550°) equipped with a PIR
sensor were initially set on the riverbanks
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in correspondence of rocks emerging
in the middle of the water course where
fresh marking signs (spraints and/or anal
jellies) were frequently found. The PIR
detects the simultaneous occurrence of
movement and temperature changes due
to the animal’s transit. Highest sensibil-
ity was set to record one minute video or
three consecutive photos. Cameras were
opportunistically checked from June to
September 2010 and from June to Septem-
ber 2011. Their correct functioning and
setting were tested at each control and
confirmed by several other species record-
ed. After 171 day traps neither videos nor
photos of otters were recorded despite the
transit of the species was attested by fresh
marking signs in at least 16 occasions. To
test the hypothesis that body temperature
was a critical factor for proper activation
of the camera trap, a standard ScoutGuard
SGss0 was set along a small beach nearby
the water course. In this case we expect-
ed the otter getting warmer while walk-
ing along the bank and becoming visible
to the PIR sensor. During 27 day traps one
video of an otter walking was recorded,
giving us an evidence of the critical role
played by body temperature (http://youtu.
be/pfj_jA2Gg4Y). One of the two Scout-
Guard SGss50 was then modified to be ac-
tivated by a pressure trigger and set to-
gether with the non-modified camera as

control. This first trial device was made up
of two medical tongue depressors [FIG. 4].

We fixed the pressure trigger on mark-
ing rocks using a commercial glue and we
connected it to the camera by an electric
wire passing underwater and constrained
with stones. We blinded the PIR of the
modified camera to guarantee the sole-
ly activation by the pressure trigger. De-
spite the potential disturbance caused to
animals by the device or the smelling glue
we did not notice any difference in mark-
ing behaviour of otters after camera place-
ment. The coupled cameras were settled
during 104 day traps in which we attested
otter presence in at least 15 occasions. Af-
ter only two day traps, the modified cam-
era recorded one video of an otter while
the standard one was not activated (http://
youtu.be/eJKEL4jkoEs). During the last
trapping session some problems arose
with rain closing the circuit and thus
continuously activating the remote cam-
era. Consequently the memory card was
soon filled up and the batteries depleted.
To overcome this problem we further im-
proved the device by embedding the pres-
sure trigger on a plastic disk that prevent-
ed water to reach the circuits [F1G. 5].

DISCUSSION

Remote passive camera trapping rep-
resents a helpful noninvasive alternative
method to monitor and investigate wild-

Fig. 4 — Proof-of-concept pressure trigger

Fig. 5—Improved pressure trigger provided by E. Centofanti
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life presence, abundance, and behaviour
(Cutler and Swann 1999, O’Connell et al.
2006). This kind of data is particularly dif-
ficult to obtain when dealing with shy, rare
and endangered species like semi-aquatic
mammals. In fact the only accurate data
on otters were obtained through continu-
ous videotaping (Guter et al. 2008), or by
setting infrared beam underwater (Garcia
de Leaniz et al. 2006). Continuous tape-
recording is extremely useful but expen-
sive, as the cameras need to work 24/7,
and video post production is very time
consuming. By contrast submerged pho-
tocells allow to detect otters underwater,
but are not suitable to record any terres-
trial behaviour and activity. Our pressure
trigger modified camera was able to detect
otters emerging from water at marking
sites with a higher detection probability
of a camera trap provided with a standard
PIR sensor. According to our preliminary
observations the modified camera has a
high potential of detecting semi-aquatic
mammals that remain undetected to PIR
sensors. Further experiments with other
semi-aquatic species will likely confirm
these previsions and we hope our pressure
trigger tested on Eurasian otters could be
a first step in such direction.
MANAGEMENT IMPLICATIONS
Semi-aquatic mammals either repre-
sent appealing flagship, key and umbrel-
la species for freshwater habitats (Bifolchi
and Lodé 2005, Stevens et al. 2011), or im-
portant issues for the control of alien in-
vasive species (i.e. American mink and
coypu, Bonesi et al 2004). Gathering data
on these elusive species is therefore essen-
tial to define population status and design
successful management and conserva-
tion programs. Moreover, the possibility

to observe animal behaviour into the wild
could be a fascinating way to approach
people to conservation issues and values
(Carroll and Meffe 1997). Our pressure
trigger modified camera will likely im-
prove the remote data recording of semi-
aquatic mammals and gain valuable in-
formation for the management programs
of these species.
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Further results

During the third year field work, I experimented again the improved pressure trig-
ger of the camera trap (Multipir 12°). During low-moderate raining days the trigger
overcame the main problems of circuit closure. A further important implementation
consisted to set the trigger with the opening downward with respect to the rock slope.
This trick permits a faster slipping of water, that possibly gone into the trigger during
plentiful rain.

Moreover, when an upstream dam is opened, the water flow can temporarily sub-
merge the marking stone and activate the camera trap [F1G. 6].

If the dipping time is short, and it occurs during hot days, the trigger dries itself
off and the device correctly operates, despite a quicker consumption of batteries and
memory card.

In order to overcome problems derived from occasional trigger submersion, to mini-
mize potential disturb at marking sites derived from the smelling glue, and to further

Fig. 7— Photocell setting (the red beam is simulated)
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test the role of body temperature in photo trapping, I added a pair of photocells on the
river banks [F1G. 7]. I used a commercial model of photocells for outdoor use, powered
with an external 12 V battery. In this case, when the invisible IR beam between pho-
tocells was interrupted from an animal transit, the camera started to record or shot.

I started the experiment by setting simultaneously three cameras: a standard one, a
camera modified with pressure trigger, and a camera modified by adding activation by
photocells. Unfortunately, one of the photocells was stolen shortly after setting and I
had to remove all the device in order to prevent the theft of the whole equipment.

Camera traps setting, control and tests are very time-consuming but could give us
important information about otters. Despite the small sample size cannot permit any
conclusive inference, I could observe that all photos and videos (3 videos and 16 pho-
tos) were recorded during nighttime. This datum confirms the mainly nocturnal habits
of the recorded otters in our study area.

Moreover, I always spotted single individuals thus suggesting a solitary behaviour.
This evidence has to be discussed in the light of the results from the non-invasive ge-
netic sampling that showed evidences of large spatial overlap among individuals (see
chapter 4). Therefore, solitary behaviour could be not related to the exclusive use of riv-
er stretches, but to exclusive use of some key resources defended by marking behaviour.

A further important datum obtained from camera traps was the detection in the
study area of the coypu (Myocastor coypus), a South-American rodent introduced in
Italy during the last century as furbearing animal.

Even if coypu is known not to directly compete with otters (Pavlov and Kiris 1960)
it can represent a serious problem if people do not distinguish between them. Coypu
is a problematic invasive alien species and unlike otter, dig underground dens in the
river banks and damage cultivated lands for feeding. In both cases it causes economi-
cal losses. Mistaken identification could lead to an increase of poaching events against
otters. As far as I know the occurrence of coypu and American vison detected during
this research project represent the first data of occurrence of these alien species in the
river Sangro basin, and will deserve further studies to detect the distribution and prob-
lems related to their presence.

Fig. 8 — Lutra lutraand Myocastor coypus at the same site in different occasions
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The modern approach based on ecological genetics focuses on conservation biology
topics such as population size and structure, migration and dispersal among popula-
tions (gene flow), trade-offs between local selection and genetic drift (Lowe et al. 2008).
A deep impact in improving abundance and accuracy of this kind of data was provided
by the development of PCR-based genetic markers (DeYoung and Honeycutt 2005; Pig-
gott and Taylor 2003). PCR technology permits to amplify DNA starting from a tiny
amount of genetic material. This allows to analyse and compare the scanty DNA col-
lected from wildlife in a non-invasive way, i.e. from samples like scats, hairs, feathers
etc. When dealing with endangered and rare species, the collection of non-invasive
samples can be, not only the most valuable, but the solely way to obtain information for
conservation and monitoring programs (Kohn and Wayne 1997).

The non-invasive sampling (NGS) was used for the first time in the ‘9os to collect
DNA without disturbing the animals (Hoss ef al. 1992; Morin and Woodruff; Taber-
let and Bouvet 1991). To date, many genetic markers exist and can answer to a large
amount of biological questions (Kohn and Wayne 1997; Sunnucks 2000; Wan et al.
2004). Genetic markers are “simply heritable characters with multiple states,, (Sun-
nucks 2000) permitting to study and infer processes underlying genetic diversity
throughout various hierarchical levels (individuals, demes, populations etc). Nuclear
microsatellites are, to date, the most used molecular markers applied in population ge-
netics analyses (Beebee and Rowe 2008). Microsatellites — also called Short Tandem
Repeats, STRs — are highly variable tandem repeats of mono to tetra-nucleotides, scat-
tered into the genome (Ellegren 2004). Microsatellite are codominant (both alleles at a
locus are visible in heterozygote condition) and display a higher variability when com-
pared with other markers, being highly informative also for intra-population studies.
The analysis of several variable microsatellite loci permit to obtain a genetic individual
fingerprint that can be used to estimate population abundance and to perform parent-
age analysis (Blouin 2003; Jones et al. 2010; Marucco et al. 2011). Microsatellites also
allow to assess the genetic status of a population, derived from the analysis of alleles
frequencies, heterozygosity and Hardy-Weinberg equilibrium (Goossens et al. 2005; Lu
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et al. 2001; Swenson et al. 2011) and to make comparisons among populations. Despite
the wide range of potential applications of NGS and microsatellites, limitations and
risks have to be considered (Piggott and Taylor 2003; Waits and Paetkau 2005). Non-
invasive samples, particularly scats, typically present low quality and quantity of target
DNA and high amount of degradation agents, PCR inhibitors and non-target genetic
material. Moreover, DNA quality can influence the genotyping success and the reliabil-
ity of results. Two main types of genotyping errors are linked to NGS: allelic dropouts
(ADO) when one allele of an heterozygote fails to amplify and false alleles (FA) when
the true allele is misgenotyped because of PCR artifacts [F1G. 9].

Errors have to be quantified and incorporated in subsequent analyses in order to re-
fine data accuracy (Buchan et al. 2005; Waits and Paetkau 2005; Hajkova et al. 2009).

The Eurasian otter is a suitable target for application of NGS, being a rare, often noc-
turnal and secretive species characterized by a recurrent marking behaviour (Hajkova
et al. 2009; Kruuk 2006).

Nevertheless, genetic analyses from otter scats are always problematic, and river ot-
ters studies (both Lutra lutra and Lontra canadensis) displayed lower success rates than
other mammal species, only comparable to results obtained for the red wolf (Hajkova
et al. 2009).

Low success rate in otters is likely influenced by the high level of environmental
humidity that favours the proliferation of DNA degradation agents as soon as spraint
deposition occurs (Lampa et al. 2008).

My research project specifically devoted many efforts to optimize each step of the
NGS protocol, from DNA sampling to sequencing, and to reduce contaminations and
potential errors in genotyping results. These efforts are summarized in the protocol de-
scribed below (Lerone et al. submitted — PAPER 2). All the analyses were performed at
the genetic laboratory of ISPRA (Ozzano dell’Emilia, BO, Italy), where a high standard
of quality is maintained, including the physical separation of extraction, amplification
and sequencing rooms. A prior screening step, at three microsatellite loci (OToz, OT14,
OT1y), was carried out to cut off low quality samples and reduce unreliable genotypes.
Low amount of DNA into PCR reaction lead to low accurate results; empirical evidenc-
es highlighted that samples which failed at >50% of markers during a screening analy-
sis had ADO rates about 70 times higher than other samples (Paetkau 2003; Waits and
Paetkau 2005). So, only samples successfully amplified at 50% or more screening PCRs
(3 nuclear microsatellite loci) were analysed at all loci (13 loci). As suggested by previ-

DROPOUT FALSE ALLELE
REAL ALLELES REAL ALLELES
. I
ALLELE PEAK
AMPLIFIED ALLELES AMPLIFIED ALLELES

Fig. 9 — Graphic representation of allelic dropout (ADO) and false allele (FA) PCR error types
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ous studies (Hdjkova et al. 2009; Taberlet et al. 1996), we used a multiple tubes approach
(several independent amplification repeats per locus, per sample) all over the analyses,
both for screening and for further PCR repeats.

For the first time, we simultaneously used and compared two sets of microsatellite
loci (Lut and OT) in order to better characterize and distinguish otter individuals in

small, low variable populations.
Results are reported in the paper below.

PAPER 2 - Submitted to Acta Theriologica (APPENDIX 1I)

An optimized procedure to improve
genotyping of problematic non-
invasive otter (Lutra lutra) samples

Lerone L., C. Mengoni, A. Loy, G.M. Carpaneto, E. Randi

ABSTRACT

Non-invasive genetics is a powerful tool
in wildlife research and monitoring, espe-
cially when dealing with elusive and rare
species like the Eurasian otter (Lutra lu-
tra) in Italy. Nevertheless the DNA of ot-
ter obtained from scats (spraints) and anal
secretions (jellies) appears exposed to very
quick degradation processes, and success
rate in DNA amplification is much low-
er than in other carnivores. We collected
191 samples along the river Sangro ba-
sin (Ttaly), recently re-colonized by Eur-
asian otter. Using two sets of microsatel-
lite loci (Set 1: six Lut loci and Set 2: seven
OT loci) we investigated the influence of
sample freshness and type on genotyping
success. We also tested eflicacy of differ-
ent DNA extraction kits and storage buff-
er solutions. Finally we compared amplifi-
cation success rate, allelic dropout (ADO)
and false alleles (FA) rates in the two STR
loci sets. We obtained a mean amplifi-
cation success rate of 78.0% and a geno-
typing success rate of 34.55%. Fresh pure
jellies yield the highest amplification suc-
cess and genotyping rate. The theoretical

probability of identity among unrelated
individuals and siblings were respectively
PID = 0.005 and PID = 0.069 for Set 1,
and PID = o.001 and PID = 0.030 for
Set 2. No significant differences in geno-
typing rates were observed between the
two STR sets, but Set 2 loci were more in-
formative for individual identification in
our small and low variable population.

KEYWORDS faecal DNA, mammal con-
servation, microsatellites, molecular sca-
tology, Mustelidae, non-invasive genetic
sampling

INTRODUCTION

Successful conservation and manage-
ment of threatened wildlife requires ac-
curate information on population abun-
dance, structure and genetic variability.
This kind of data can be difficult to ob-
tain, especially when dealing with rare
and elusive species. Recent technical ad-
vances in molecular ecology offer a new
accurate tool to monitor wild populations
in a non-invasive way (Morin and Wood-
ruff 1996; Kohn and Wayne 1997; Taberlet
et al. 1999; Piggott and Taylor 2003; DeY-
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oung and Honeycutt 2005).

After a strong decline, in the ’80 the
Eurasian otter is recovering in many Eu-
ropean countries and it has been recent-
ly downgraded to the “Near Threatened”
category in the ITUCN Red List (Ruiz-Ol-
mo et al. 2008). In Italy the species is still
considered rare and it is listed as “Criti-
cally Endangered” in the national red list
(Bulgarini et al 1998; Loy et al. 2010). The
Eurasian otter disappeared from northern
Italy during the ‘8os (Macdonald and Ma-
son 1983a; Cassola 1986, MacDonald and
Mason 1994), and its decline continued in
central and southern regions all over the
‘9os, while other European populations
were recovering (Conroy and Chanin
2000, Roos et al 2001, Mason and Mac-
donald 2004, Romanovski 2006). Final-
ly, the otter went extinct in central Italy
(Reggiani et al. 2001; Prigioni ef al. 2007),
and its distribution was confined to the
south with a small geographically and ge-
netically isolated population (Randi et al.
2003). The current otter presence in Italy
consists of two subpopulations: a larg-
er one in Basilicata (the southernmost)
and a smaller one in Abruzzo and Molise
(south-central) (Loy et al. 2004, 2004, Pri-
gioni et al. 2007). Based on the non-inva-
sive genetic sampling (NGS) data available
for Italy (Prigioni et al. 2006), their abun-
dance was estimated in 196-220 and 33-37
individuals respectively.

According to recent unpublished data,
the south-central remnant population is
now expanding northward, but the lack of
detailed information about its structure
and biology represents a serious impedi-
ment to the adoption of appropriate man-
agement actions and conservation plans.
As direct observation are almost unfea-

sible, non-invasive genetic sampling rep-
resents an important opportunity to get
precious data on the status and structure
of local populations. This is particularly
important considering that in Italy the
Eurasian otter shows the highest differen-
tiation among the European populations,
suggesting a divergence that might reflect-
ed local adaptation and ESU (Evolution-
ary Significant Units) in need of special
protection (Randi et al. 2003; Mucci et al.
2010).

The Eurasian otter (Lutra lutra) is a
suitable species for applying NGS, due
to the typical marking behaviour used
for intra-specific communication (Cha-
nin 1985; Gorman and Trowbridge 1989;
Kruuk 1992, Kruuk 1995, Ben-David et
al. 2005). The main challenge concerns
the reliability of results due to high lev-
els of genotyping errors (Buchan et al.
2005; Waits and Paetkau 2005; Héjkova
et al. 2009). Non-invasive samples usu-
ally contain low quality and quantity of
target DNA and high amounts of PCR in-
hibitors and non-target DNA. Genotyping
errors have to be quantified and incorpo-
rated into subsequent analysis for popula-
tion studies (Bonin et al. 2004; McKelvey
and Schwartz 2004, Hajkova et al. 2006).
In this context L. [utra is one of the most
problematic species, as the DNA in scats is
exposed to a very quick degradation pro-
cess and DNA amplification success rate
is usually very low (Jansman et al. 2001;
Dallas et al. 2003; Hung et al. 2004; Pri-
gioni et al. 2006; Ferrando 2008; Lampa et
al. 2008; Hajkova et al. 2009).

Every step from sample collection to
DNA amplification presents some critical
aspects that can influence genotyping suc-
cess. Eurasian river otters use two main
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types of scent marking signs for commu-
nication: spraints and anal jellies (Ben-Da-
vid et al. 2005; Kruuk 2006). Spraints con-
sist most of food remains while jellies are
slimy secretion produced by characteristic
anal glands. Both spraints and jellies can
be used for genetic analysis with differ-
ent amplification success (Fike et al. 2004;
Hajkovd et al. 2006; Lampa et al. 2008;
Hajkova et al. 2009). Our aim is to test and
compare different types of non-invasive
samples, extraction Kkits, storage buffer
solutions and two sets of nuclear micros-
atellite loci in order to establish the most
successful storage method and the best
working loci for genotyping wild otters.

MATERIALS AND METHODS

Sample collection and storage

Sampling season extended from May to
September 2011. Spraints and anal jellies
were collected along the river Sangro and
its main tributaries in southern-central It-
aly, at the northern boundary of the small
subpopulation range. Marking sites were
detected during a pilot study (from May to
October 2010, Lerone et al. 2011) through
linear sampling transects conducted ac-
cording to the European standard meth-
od (Reuther et al. 2000). Daily checks at
marking sites were carried out to guaran-
tee the collection of very fresh samples,
within 24 hours from deposition. We also
collected samples of medium freshness
at less responsive marking sites. Samples
were identified as spraint, jelly or mixed
spraint, containing jelly in addition to
prey remains (Hajkova et al. 2009), im-
mediately stored in ethanol 96% in 1.5 ml
tubes and preserved at -20°C until DNA
extraction. A subset of 30 samples were
stored both in ethanol 96% and in WCLB
(White Cell Lysis Buffer) in order to test

for the effect of conservation buffer solu-
tion on PCR amplification success.

DNA extraction

The time spent between sample collec-
tion and DNA extraction represents one
of the main factors that influences PCR
amplification success (Frantzen ef al.
1998; Murphy et al. 2007; Lampa et al.
2008). Storage time ranged from 3 to 24
days and we compared genotyping suc-
cess of two categories of samples: extract-
ed within and after six days from collec-
tion. As Lampa et al. (2008) reported a
significantly difference in amplification
success rate between two different extrac-
tion methods (Chelex® 100 and QIAmp”
DNA Stool Mini Kit), DNA from 13 non-
invasive samples was extracted according
to the manufacturer protocols of two dif-
ferent kits, DNeasy Blood and Tissue Kit
(Qiagen) and ZR Genomic DNA II Kit
(Zymo Research). The successive samples
were only extracted with the Qiagen Kit.
Negative controls were included in each
extraction to monitor contamination.

DNA amplification and sequencing

We analysed otter samples with two sets
of nuclear microsatellite loci. In particu-
lar, we characterized six loci “Lut” (Set 1:
Lut4s3, Lut6o4, Lutyo1, Lut832, Lut833,
Lutgoz; Dallas et al., 1998) already used in
other studies (Dallas et al. 2002; Kalz et al.
2006; Héjkova et al. 2009) and seven loci,
“OT” (Set 2: OTog4, OTos, OToy, OT14,
OT1y, OT19, OT22; Huang et al. 2005) so
far used only once for L. lutra in Europe
by Koelewijn et al. 2010). All samples were
initially screened for three microsatel-
lite loci (OToz, OT14, OT1y) with four in-
dependent repeats per locus. Due to the
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high cost of analysis and the low quality
of non-invasive samples, only samples
with 50% or more positive screening PCR
(Peatkau 2003) were analysed at all micro-
satellite loci and with ZFX/ZFY sequences
for molecular sexing (Mucci et al. 2007).
To overcome the main sources of geno-
typing errors (false allele, allelic dropout
and sporadic contamination), a multiple
tubes approach (Taberlet et al. 1996) was
used both for initial screening and the fol-
lowing analyses. Negative controls were
always included in the analysis to monitor
contamination. PCRs were performed in
8 pl volumes containing 2 pl of DNA. In
order to optimize costs and time spent for
analyses, we run five multiplex PCR (M1
included Lut4s3, OTos, OT22; M2 includ-
ed Lut833, OT19; M3 included Lut6o4, Lut
701; M4 included Lut832, Lutgo2; M5 in-
cluded OT17, OToy) and one simplex PCR
for OTo4. When further amplifications
were needed to verify data, only simplex
PCR were used. Amplifications were per-
formed using the following thermal pro-
file: a first denaturating step at 94°C for 2
min; 45 cycles at 94°C for 40 s, 55°C for
60 s and 72°C for 90 s; and a final exten-
sion step at 72°C for 10 min. PCR products
were electrophoresed with GeneScantm -
350 ROX (Applied Biosystem) as marker
ladder in an ABI 3130XL sequencer and
allele sizes were scored using the software
GENEMAPPER v.4.0° (Applied Biosys-
tems). False alleles and allelic dropouts
were estimated using GIMLET software®
(Valiére 2002) and allele frequencies and
unique genotypes identified by GenAlEx
6° (Peakall and Smouse 2006).

RESULTS

Sample collection and storage

A total of 191 samples were collect-
ed, including spraints, jellies and mixed
spraints. As stated above, 30 samples were
stored in two different storage buffer so-
lutions, i.e. ethanol 96% and WCLB. A
percentage of 46.7 (n=14) of the samples
stored in ethanol 96% were successfully
extracted and amplified, while only 20.0%
(n=6) samples stored in WCLB gave reli-
able genotypes. Results of Pearson with
Yates’ correction test (X*>=3.675, P=0.055)
indicated that ethanol 96% represents a
better buffer solution for non-invasive
samples. Since the difference is poorly sig-
nificant, likely due to the low sample size
(n=20), this result will need further con-
firmation. No significant differences in
PCR success rate emerged among samples
stored in different buffers (Wilcoxon test
V=0.074, p=0.074).

We were able to record data about fresh-
ness for 182 of the 191 samples. We catego-
rized as “very fresh” the samples collected
within 24 hours from deposition (n=108),
“fresh” samples that appeared moist de-
spite the uncertainty of deposition time
(n=44) and “medium/old” samples which
appeared dry (n=30). We obtained signifi-
cant differences among samples (Pearson
X*=8.66; p=o0.01) with very fresh samples
providing the highest genotyping success
rate (38.0%) followed by fresh (27.3%) and
medium/old (13.3%) samples. Despite a
difference was observed in the total gen-
otyping success, no significant differ-
ences arose in positive PCR rate among
very fresh, fresh and medium/old sam-
ples (Kruskal-Wallis test: H=1.22, df=2,
P=0.54).
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DNA extraction

To test the effects of storage time on
genotyping success we divided our sam-
ples in two groups, i.e. extracted with-
in six days (n=61) and extracted after six
days (n=72) from collection. The rates of
success were 37.7% and 33.3% respective-
ly, with no significant difference (Pear-
son X*=0.118, p=0.73). Extraction meth-
ods can also influence genotyping success
(Lampa et al. 2008). Despite genotyping
success for the samples extracted with
Qiagen Kit and Zymo Research kit were
53.84% and 15.38% respectively, statistical
test did not show a significant difference
between the two Kkits (Pearson X*=2.719,
p=0.10), likely due to the limited sample
size (n=13).

DNA amplification and sequencing

Sample type

We completely genotyped 34.55% of the
total samples but when considering sepa-
rately the different types of samples, sig-

nificant differences arose. The highest gen-
otyping success was obtained from pure
jellies (68.8%), followed by mixed spraints
(28.0%), and spraints (25.0%) (Kruskal-
Wallis test: H=11.089, p=0.003). Analys-
ing the two main PCR error types, allelic
dropout (ADO) and false alleles (FA), we
obtained a significant difference in the
ADO rate but not in FA rate (Kruskal-
Wallis test: ADO H=14.22, p<0.001;
FA H=0.162, p=0.92). A post-hoc pair-
wise comparisons indicated high signifi-
cant differences in positive PCR (W=255,
p<o.oo1) and ADO (W=201, p<0.001)
rates between jellies and spraints and sig-
nificant differences in ADO rate between
jellies and mixed spraints (W=34, p<0.05)
and between mixed spraints and spraints
(W=253, p<o.001).

Different microsatellite loci sets

The mean values of PCR success rate,
ADO and FA rates are shown in [TAB. 1].
All loci but one (Lut453) were polymor-
phic [TaB. 1] and allele number ranged

PCR+ ADO FA Na Ne Ho He
LUT701 0.64 0.276 0.006 3 2.649 0.429 0.622
LUT453 0.84 0.163 0.007 1 1.000 0.000 0.000
LUT604 0.92 0.267 0.000 2 1.849 0.714 0.459
LUT832 0.76 0.226 0.003 2 1.960 0.429 0.490
LUT833 0.84 0.219 0.020 3 2.074 0.857 0.518
LUT902 0.84 0.230 0.007 2 1.690 0.571 0.408
0T04 0.73 0.262 0.000 2 1.912 0.643 0.477
0To05 0.77 0.217 0.005 2 1.600 0.357 0.375
0T07 0.72 0.202 0.005 2 1.690 0.429 0.408
0T14 0.89 0.148 0.003 2 1.600 0.357 0.375
0oT17 0.74 0.266 0.009 3 2.178 0.714 0.541
0T19 0.62 0.238 0.000 4 2.126 0.538 0.530
0T22 0.87 0.247 0.008 3 2.240 0.786 0.554
Tab. 1 — Positive PCR rates (PCR+); allelicdrop out rates (ADO) and false allele rates (FA); number of alleles (Na); n effective

allele (Ne); observed (Ho) and expected (He) heterozigosity
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from one to four. We found no significant
differences between results from the two
sets of loci. The main percentage values of
positive PCR were respectively 81% and

Allele Allele frequencies
202 0.286
LUT701 206 0.500
210 0.214
LUT453 125 1.000
129 0.643
LUT604
131 0.357
188 0.571
LUT832
196 0.429
147 0.571
LUT833 155 0.393
163 0.036
147 0.714
LUT902
151 0.286
176 0.607
0T04
204 0.393
175 0.750
0T05
179 0.250
200 0.714
0T07
204 0.286
120 0.750
0T14
124 0.250
145 0.071
0T17 153 0.571
157 0.357
211 0.077
215 0.154
0T19
223 0.115
227 0.654
148 0.536
07122 152 0.393
164 0.071

Tab. 2 — Microsatellite loci, alleles and allele frequencies

76% (t=0.8331, p=0.42) while the ADO
rates were 0.23 and 0.22 (t=0.1964, p=0.85)
and the FA rates 0.05 and 0.04 (t=0.9287,
p=0.38). Nevertheless the OT loci resulted
more variable than Lut loci. We identified
18 alleles in OT loci vs 13 alleles in Lut loci
[TaB. 2]. This variability allowed to bet-
ter characterize individuals in our small
population. As the allele size may influ-
ence the amplification success and ADO
rates (Buchan ef al. 2005; Broquet et al.
2007) we analysed the effect of the mean
molecular weight of DNA fragments on
PCR success rate and ADO. No relation-
ship was found between fragment weight
and allelic dropout rate (p=0.16) while
median allele size influenced PCR success
rate (r2=0.78, p=3.3E-05). The best fit line
is showed in [F1G. 10].

We also analysed the theoretical prob-
ability of identity among unrelated (PID)
or sibling individuals (PID, ) [F1G. 11].

The critical value of PI was 0.001 (six
loci) while PI, was 0.002 (13 loci). The
characterization of six loci (Lutyo1, OT1g,
OT22, OT 17, Lut 833 and Lut 832) result-
ed adequate in absence of siblings while
the entire panel of 13 microsatellite loci
was necessary to distinguish individuals
if siblings were present.

All loci resulted in Hardy-Weinberg
equilibrium (p<o.001) and only six on a
total of 78 comparisons between loci re-
sulted in linkage disequilibrium.

Results confirmed the presence of at
least 14 otters in the sampling area. Mo-
lecular sexing was carried out according
to the protocol of Mucci and Randi (2007).
False allele errors for ZFX/ZFY sequenc-
es did not occur while we experimented a
mean ADO rate of 0.337 and 77% of posi-
tive PCRs.
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DISCUSSION

The genotyping success rate on non-in-
vasive samples in our study was 34.55%,
a value falling within the range of prior
studies on river otters (Dallas et al. 2003;
Hung et al. 2004; Kalz et al. 2006; Prigioni
et al. 2006; Arrendal et al. 2007; Ferran-
do et al. 2008; Lanszki et al. 2008; Hajk-
ova et al. 2009; Mowry et al. 2011). Jellies

collected within the 24 h from deposition
had the highest genotyping success rate
(68.8%), consistently with previous report-
ed results (Coxon et al. 1999; Lampa et al.
2008; Hajkova et al. 2009; Mowry et al.
2011). We estimated the rates of the main
genotyping errors, allelic drop out and
false alleles in order to avoid unreliable re-
sults (Kalz et al. 2006; Hajkova et al. 2009;
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Fig. 10 — The best fit line between PCR success rates and DNA fragment sizes
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Spiering et al; 2009, Bjorklund 2010;
Guertin et al. 2012). The mean frequencies
of ADO and FA in our study were 22.8%
and 0.6% respectively, with allelic dropout
rate higher than that found in other stud-
ies (Ferrando et al; 2008; Hajkovd et al.
2009) but lower than the value obtained
by Lampa et al. (2008). Despite the extrac-
tion methods could influence the geno-
typing success (Lampa ef al. 2008), we
did not found significant differences be-
tween extractions performed with Zymo
Research Kit and Qiagen Kit, even if our
results could have been influenced by the
small sample size. Slightly differences in
genotyping success were found between
the two storage buffer solutions, ethanol
96% and WCLB but also in this case the
sample size should be increased. We com-
pared two sets of microsatellite loci and
neither the percentage of amplification
success nor the rates in allelic drop outs
and false alleles differed between the two
sets in a significant way. Nevertheless the
characterization of the OT loci (Huang et
al. 2005) allowed a better identification
of individual genotypes in our small and
isolated otter population, owning a very
low genetic variability. The OT microsat-
ellite loci could even better work in more
variable populations. According with Bu-
chan et al. (2005) we detected an influence
of DNA fragment size on genotyping suc-
cess. On the contrary we did not observe
any increase in the ADO rate.

Direct observation or radio-tracking
of rare and elusive species is difficult and
expensive, but the need for demographic
and genetic data is more urgent than ever,
especially for small populations. The tra-
ditional spraint survey method used to
estimate the abundance in Eurasian otter
populations is being quickly improved by

the addition of non-invasive genetic data.
Non-invasive genetics provides more reli-
able data, but there is the need to increase
the success rate and the reliability of in-
formation that can be obtained from this
approach. Our results confirmed that it is
important to collect, where possible, fresh
pure jellies that guarantee higher rates of
positive PCR and lower genotyping er-
ror rates. Also, the usage of the OT mi-
crosatellite loci developed by Huang et al.
(2005), combined with the standard Lut
loci could represent a promising option to
increase the reliability of individual rec-
ognition and the characterization of small
and low variable populations, the most ur-
gent target of conservation biology.
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Non-invasive Genetic Sampling of otters in the Sangro river Basin (Abru-
zz0, Italy). Preliminary results

Further improvement attempts

DNA extraction and amplification protocols are described in the above submitted
paper (PAPER 2) but here we list the various attempts to increase the amount of tar-
get DNA and analysis success. We initially attempted to amplify the whole genome
found in each sample by WGA (Whole Genome Amplification). We used the REPLI-g
Mini Qiagen®, according to manufacturer protocol. DNA fragments in the reaction mix
compete for nucleotides and Taq DNA polymerase that is randomly fastened to the ge-
netic material present in the sample. No results were obtained, likely due to the solely
amplification of prey DNA, as the most of spraints contained more prey’s than otter’s
DNA. Following these negative outputs we dismissed this costly and time-consuming
procedure and devoted more efforts to field work to increase the number of fresh scat
(spraint) samples.

Genotypes were initially obtained by GeneMapper v. 4.0° (Applied Biosystems).
Matches were checked using GIMLET software® (Valiere 2002). Where genotypes
matched at all but one or two alleles, we review pherograms and, in case, performed
additional four PCR repeats at uncertain loci.

In order to increase the non-invasive samples of target DNA quality and quantity,
I also built and set of four hair-traps [F1G. 12]. Traps were wooden boxes with several
springs stretched, disposed in a manner that permit their snap at the animal tran-
sit, so collecting hair. After five weeks of
hair traps setting, I found 4 hair samples.

Hair samples were observed by an opti-

cal microscope, allowing to distinguish r B
hairs from three mustelids (Lutra lutra, S (L ‘k‘% ) \ 20cm
Martes foina, and Neovison vison) from

other species. To distinguish among these
species, DNA was extracted from hair
bulbs with the DNeasy Blood and Tis-
sue Kit® (Qiagen) according to manufac-
turer protocol. Two mitochondrial DNA
regions were sequenced: d-loop (non-
coding region involved in the replica-
tion and expression of mitochondrial ge-
nome) and cytochrome b (coding region).
MtDNA is commonly used to rec-
ognize species due to its characteris-
tic high quantity in a single cell (copies
range 10-2500). MtDNA, in particular
cytochrome-b gene (cytb), is character-
ized by just a moderate intraspecific var- ig 12— wooden hair trap

Lo,
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iation so resulting very useful for species identification (Kohn and Wayne 1997).
MtDNA sequencing confirmed that the hair trapped belong to the American vison,
Neovison vison (p<10E-17). The presence of a fur farming nearby could explain this re-
covery. The American vison is an allochthonous species that share with Eurasian otter
semi-aquatic habits and habitat, however being more generalist and opportunistic. The
abundance of American visons in the area needs further investigations such as the po-
tentially detrimental overlap with otters. Fur traps could be a powerful tool for improv-
ing DNA quality but is a very time consuming method. Animals need to naturalize
with traps and controls have to be performed frequently to prevent contamination and
degradation. So, and due to the uncertainty of results, I decided to abandon the attempt
that in any case could be worthwhile to try again with the Eurasian otter.

Results

SPRAINTS AND JELLIES

From April 2011 to October 2012 (two sampling seasons: April-September 2011 and
June-September 2012) a total of 235 samples were collected from 62 marking sites found
along 116 km of the main course and tributaries of the river Sangro [FIG. 13].

The mean genotyping success was 31.5% (samples 2011-2012) and the most success-
ful samples were very fresh jellies, i.e. anal gland secretions used as marking signs. Un-
fortunately, as reported in other studies (Hajkovd et al. 2009), jellies were rarer than
spraints (47 jellies; 160 spraint; 28 mixed spraints i.e. jelly mixed to prey remains), and
no differences arose between males and females in marking type deposited (Pearson
X*=2.92).

INDIVIDUAL GENOTYPES

Genotypes were initially obtained by GeneMapper v. 4.0° (Applied Biosystems).
Matches were checked using GIMLET software® (Valiére 2002). Where genotypes
matched at all but one or two alleles, we review pherograms and, in case, performed
additional four PCR repeats at uncertain loci.

Genotyping of all scats and jellies at 13 microsatellite loci allowed to assess the pres-

0 10 20 30Km

62 sampled
marking sites

F— Sangro main hydrography
Sangro basin ["e ] Sampling station
Fig. 13— 62 Sampling stations along rivers Sangro and Aventino
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ence in the river of at least 14 otters, 4 females, 8 males and 2 individuals of uncertain
molecular sexing. The last two individuals (F5 and F6) were considered females due to
the solely amplification of the female allele. Nevertheless, a small uncertainty remained
and we decided to test these individual both as females and males in parentage analy-
ses. All but three genotypes (F5, F6, M6) were confirmed by at least 2 recapture events
(i.e. successful genotyping of samples collected at different marking sites or dates).

Among the 14 genotypes we identified two individuals, one male (M2) and one fe-
male (F2) with identical genotypes at the 13 analysed microsatellite loci. To verify the
result we reanalysed samples for both the 13 microsatellite loci and for ZFX/ZFY se-
quences. Although molecular sexing confirmed the presence of two different indi-
viduals, we attempted to distinguish them by analysing four additional microsatellite
loci: Lut71s, Lut733, Lut782 and Lut818. Unfortunately, all of them resulted monomor-
phic. Due to molecular sexing results, recaptures (12 for F2 and 8 for M2) and coher-
ence with spatial data we are confident, despite the low Probability of Identity value
(P, ,=0.002) reported in the PAPER 2 that these otters share the same genotype (at 17
microsatellite loci) but are distinct individuals.

SPATIAL ANALYSIS AND MEAN DENSITY

The geographical coordinates were recorded (Garmin® GPSmap 60CSx) at each sam-
pling site, permitting to map the ascertain location of individuals. The nature of the
data, cannot permit to define the real individual home-ranges but allow to assess the
minimum distances covered in a given time period and the overlapping among indi-
viduals. Recaptures permit to discover sites repeatedly used by one or more otters and
to follow individuals in the course of time. The assessed genotypes give us the oppor-
tunity to check for relatedness among individuals and make hypotheses about social

Individual Recapture Time span Max distance covered
F1 2 02/05/2011 - 08/05/2011 25m
F2 12 03/06/2011 - 07/08/2012 11,850 m
F3 4 28/07/2011 - 15/05/2011 4,500 m
F4 2 28/04/2011 - 21/08/2011 5,550 m
F5 1 22/07/2011
Fé6 1 24/09/2011 -

M1 2 03/06/2011 - 05/08/2011 650 m
M2 8 03/05/2011 - 16/09/2011 29,300 m
M3 23 05/04/2011 - 27/08/2012 40,500 m
M4 4 15/09/2011 - 23/09/2011 29,250 m
M5 2 07/08/2012 - 08/08/2011 -

M6 1 14/07/2012

M7 3 08/08/2012 14,650 m
M8 2 18/09/2012 - 21/09/2012 25,950 m

Tab. 3 —Individual otter information
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Fig. 14 — Different colour bars and circles represent distinct individuals spatially distributed along the river Sangro.
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structure and spatial distribution. In [TAB. 3] are reported for each individual: the total
number of recaptures, the time period from the first to the last recapture and the mini-
mum distance covered during this time lapse.

Of the 14 otters, 9 were captured only during 2011 (F1, F3, F4, Fs, F6, M1, M2, M4,
MS8), 2 were captured both during 2011 and 2012 (F2 and M3) and 3 were captured only
during 2012 (M5, M6, My). To estimate the population density, we considered the 11
otters sampled during the first field season, assuming their presence during the peri-
od April-October 2011, supported by no evidence of changes in marking sites (on the
contrary, several new marking sites were recorded where new genotypes were sampled
during 2012). We calculated density using the total river stretch distance among sam-
ples (64.700 km) and we obtained a mean density of 0.17 otters per km.

We analysed the spatial overlapping among individuals in order to infer the spatial
structure of the otter population. [FIG. 14] is a graphic representation of distances cov-
ered by each individuals along river Sangro and the subsequent overlappings among
otters during the two sampling seasons.

The maximum distance was 40.500 km, covered by the male M3 which overlapped
with 4 males and 6 females during 2011. In [FIG. 15] is reported the spatial location of
M3. The DNA of M3 was repeatedly re-collected along its marking area without pre-
senting a directionality of movements. M3 did not act as a dispersing otter but marked
continuously in both directions. Even if M3 covered at least 8.860 km in a single night
(02/08/2011), the largest distance recorded, covered during a single night, was 14.650
km by M7 (08/08/12) as reported in [FIG. 16].

[F1G. 14] shows several, both inter and intra-sexual spatial overlapping. For individu-
als with a longer capture history, we could infer not only a broad temporal overlapping
with other otters but in some cases we recorded the presence of more individuals dur-
ing the same night in the same sampling site or at few meters apart. This is the case of
F2-M1 (03/05/11 and 05/08/11); F2-M3 (03/06/11 and 02/08/11); M1-M3 (05/08/11); F3-F4
(28/04/11); M3-M4 (23/09/11). In order to make more informative hypotheses about the
spatial structure of the population we analysed genotypes to infer potential relatedness
among individuals.

Parentage analysis

Kinship relationships among individuals are fundamental to understand many as-
pects of spatial distribution, mating behavioural and ecological features valuable in
conservation biology. Nevertheless, pedigrees are rarely known when studying wild
populations (Wang 2004). Several methods can be used to infer relatedness (Blouin
2003) and nuclear microsatellites are suitable genetic markers for parentage analysis
(Jones et al. 2010). To infer relatedness among individuals, we used the overall sample
(13 individuals) and not only 2011 samples, since it did not matter if individuals were
dead or alive for assessing parentage.

After checking for Hardy-Weinberg equilibrium and linkage disequilibrium, as-
sumptions for using the software, we used PARENTE software package (Cercueil et
al. 2002) to assess maternal and paternal probabilities. We had no information about
parental or offspring identities, so we input all individuals as potential parents and
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offspring. In [TAB. 4] and [TAB. 5] were reported respectively, maternal and paternal
probabilities.

I is the number of incompatibilities between potential offspring and parents (i.e.
number of loci for which the candidate oftspring and parents have no common alleles)
while P is the probability of the candidate parents being the true parents. Indepen-
dently of P values, we only accepted 1 as maximum incompatibility and then we only
considered parental probability >50%.

PARENTE, using a pairwise approach, compares pairs of individual genotypes
(dyad) and calculate a parentage probability. PARENTE also returns the best candi-
date mother/father pair for each individual, results (P>50% and maximum 1 incompat-
ibility selected) are presented in [TAB. 6].

To obtain further information we then used COLONY software (Jones and Wang
2009), to identify potential full-sib families. The software permits to input allele fre-
quencies and error rates to be included into the analyses. COLONY, using a group ap-
proach (the simultaneous analysis and comparison of the entire sample) highlighted the
presence of five full-sib families [TAB. 7]. Each row represents a potential full-sib family.
The inclusive probability, Prob(Inc.), is the probability that all individuals listed on the
family row are FullSibs (i.e. share both parents). Prob(Exc.), the exclusive probability,
is the probability that all individuals of the full-sib family and no other individuals are

Offspring Mother I P Offspring Father I P
F2 F4 0 0.998 F1 F6? 0 0.544
F4 F1 0 0.545 F2 M2 0 0.664
M1 F2 0 0.607 M2 M1 0 0.538
M2 F2 0 0.967 M3 M4 0 0.662
M5 F2 0 0.992 M4 M3 0 0.663
M7 F2 0 0.994 M5 M7 0 0.999
M8 F6 1 0.518 Mé M7 1 0.532
F5 F4 0 0.778 M7 M5 0 0.999
Fé6 F1 0 0.884 F5 F6? 0 0.857
Tab.4 — Maternal probabilities Fé6 F5? 0 0.936
Tab.5 — Paternal probabilities (F5? and F6? due to sex un-
certainty)
Offspring Mother Father I P

F1 F4 M2 0 0.66

M2 F1 M1 0 0.50

M5 F1 M7 0 0.99

M7 F1 M5 1 0.99

F5 F4 F6 1 0.76

Fé6 F1 F5 1 0.83

Tab. 6 — Paternal pair probabilities
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FullSibs with this family. [TaB. 7] shows that F3 constitutes a group by itself so being
not related to any other otters sampled. The other inferred four groups incorporates
two or more individuals. A clearer representation of FullSibs is presented in [F1G. 17]
where there are also reported inferred HalfSibs. As highlighted by coloured lines, F3 is
the solely otter unrelated with others. An important aspect to underline is that, when
no data are available about certain parent-offspring relationships, it is difficult for soft-
wares to distinguish between parent-offspring (PO) and FullSibship (FS) relationships.
PO and FS dyads share the same relatedness coefficient (r) measuring the dyad overall
identity by descendant (IBD). This is likely the reason for which we can infer, for the
same dyad, a PO relationship using PARENTE and a FS relationship using COLONY.
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FullSibs Family Prob(Inc.) Prob(Exc.) Member1 | Member2 | Member3 | Member 4
1 0.1573 0.1572 F1 F4 F5 F6
2 0.9994 0.9665 M1 F2 M2
3 1.0000 1.0000 F3
4 0.9734 0.9734 M3 M4 M6 M8
5 0.9396 0.9396 M5 M7

Tab. 7 — Five potential Fullsibs families inferred by COLONY






Discussion

Non-invasive genetic sampling combined with standard survey, camera and hair
trapping allowed to gather important information on the biology and ecology of the
small and isolated population of Eurasian otters (L. [utra) living in the Sangro river
basin.

Specifically, our results gave the first insights into the spatial and temporal interac-
tions of Italian otters. In fact, the only non-invasive genetic study conducted in Italy,
was able to estimate population abundance in the core area of the species but did not
investigate social interactions (Prigioni et al. 2006), while the two wild otters radio-
tracked in 2004-2005 were living in two separate river courses, thus no data were avail-
able about their spatial or temporal interactions. (Fusillo 2006).

Otter distribution and range dynamic in the Sangro basin

Spraint surveys remain one of the most valuable method to monitor otter distribu-
tion in a quick and replicable way (Reuther et al. 2000). During the third field season
(May-October 2012), the whole Sangro basin was checked by two surveyors, following
the standard otter survey protocol recommended by IUCN/SSC Otter Specialist Group,
in order to give the actual picture of otter occurrence [FI1G. 18]. On a total number of 82
linear transects we obtained 24 positive (29%) and 58 (71%) negatives sites. Due to the
recognisability of otter marking signs, no doubts arose about presences. On the other
hand, at least some of the recorded absences could be false negatives due to imperfect
detectability (MacKenzie et al. 2006; Reuther et al. 2000). Especially when searching for
elusive species, is very common for animals to be undetected during presence/absence
surveys. Presence/absence data, together with variables recorded during repeated sur-
veys, will permit to monitor otter distribution and to estimate occupancy in order to
address some fundamental topics such as specie-habitat relationship and metapopula-
tion dynamics. The 2012 otter survey was the first step, after the re-colonization of the
Sangro basin, to systematically assess the species distribution to be compared with past
and future data. The Sangro river was previously surveyed by Mason and Macdonald
on 1982 and Febbo and Pellegrini during the period 1982-1985 reporting zero positive



sites. During 2000-2002 and 2006-2007 inspections were recorded respectively one and
nine positive sites (De Castro and Loy 2007; Loy et al. 2004). Data comparison permit-
ted to highlight the Sangro basin re-colonization by otters during the last decade while
previous connectivity models (Loy et al. 2009) allowed to infer that the dispersion of
the species likely occurred from the neighbour Volturno basin (Molise). Future NGS
analyses extended to the river basins of Molise will likely confirm this hypothesis.

Otter density, spatial and temporal overlap

By combining genetic and spatial data of 2011 we obtained a mean otter density of
0.17 otters/km of watercourse. This value considers only the river stretches that gave
positive genotyping results. Due to otter movements, it could be included a bufter zone
of 5 km up and downstream from the outer successfully genotyped marking sites. Con-
sidering the enlarged area, we obtained a density of 0.15 otters/km. In both cases, our
results are consistent with previous reported densities. Prigioni et al. (2006) estimated,
by non-invasive genetics, a mean density of 0.18-0.20 otters/km in Southern Italy (Pol-
lino National Park — Calabria and Basilicata regions) where it is likely present the larg-
est Italian metapopulation. Estimated Eurasian otter densities range from 0.012 otters/
km in England (Kruuk et al. 1993) to 1.14 otters/km in Germany (Ansorge 1994; Hauer
et al. 2002). Most previous studies estimating otter densities were based on spraint sur-
veys, but advances in molecular ecology are providing a more accurate tool to infer
population abundance.

Spatial and NGS data recorded at each marking site gave us a snap-shot of the popu-
lation structure along river Sangro. Results gave us evidences of large spatial and tem-
poral overlap among individuals, suggesting a more flexible social system than report-
ed in the literature. Previous studies agree in that male otters have extremely large
ranges overlapping with smaller ranges of several females, while related females share
“group territories” with individual exclusive “core areas” (Kruuk and Moorhouse 1991;
Hung et al. 2004; Kruuk 2006; Quaglietta et al. 2011).

When accounting for individual relatedness derived from our data, a more defined
social structure emerged. All related individual otters detected in the study area over-
lapped and shared at least part of their ranges. Related females (F1, F4, Fs5, F6) shared
the downstream sampled area [F1G. 19]. This observed female overlap matches with the
hypothesis of related female groups (Kruuk and Moorhouse 1991, Kruuk 2006). An un-
expected result was the wide overlap observed among related males, particularly M1-
M2 and M3-M4-M8 during 2011, and the couples M5-M7 and M3-M6 during 2012
[FullSibs in Tab. 7]. As non-invasive genetic analyses do not give information about
individual age we could not assess if all overlapping males were adults or sub-adults.
Looking at capture histories, we cannot exclude that M1, M4 and M8 were dispersing
juvenile males with one-way movements from their natal area, while the large range of
M3 suggests that it was likely an adult resident. Previous findings did not record any
extensive overlap among adult males, thus our results could represent the first evidence
of “males related groups” not previously recorded.

The lack of females in the upstream sampled area could be due to the failure in geno-
typing their spraints.
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It is important to remind the low genotyping success rate characteristic of non-in-
vasive otter spraints (Hajkova 2009, Lerone et al, submitted). Although in a completely
different scenario (Shetlands), Kruuk (2002) observed that males apparently sprainted
more than females during summer. If a seasonality was present, a bias in the sampling
could have been caused by the female low marking rate.

The classical mustelid socio-biology predicts resource-based female home-ranges
(Johnson et al. 2000), then, another potential explanation for female absence in the
upper watercourse could be the shortage of food resources. Unfortunately we did not
investigate this aspect which should deserve further attention.

The number of recaptures can hardly influence estimates of individual ranges so we
cannot compare all individual in our population. Nevertheless, for three individuals
(F2, M2, M3) we have comparable capture events distributed over several months to
infer about their ranges of activity. F2 continuously marked at least 11.850 km while
M2 and M3 scent-marked at least along 29.300 and 40.500 km respectively. Data fall
into the home-range estimates recorded in previous studies: 12—30 km for females and
21-67 km for males (Durbin 1996; Green et al. 1984; Ruiz-Olmo et al. 1995; Saavedra
2002).

In Italy, radio-tracking data are available for only two wild otters (female home-
range 30 km; male home-range 36 km; Fusillo 20006) and for six Line-B otters (females
mean home-range 29 km; males mean home-range 44 km; Mattei et al. 2005). Our data
do not largely differ from previous reported estimates but a larger sample size is needed
to confirm home-range size in the Sangro basin.

Hunting and scent marking behaviour

Despite remote camera trapping is helpful to monitor and investigate wildlife pres-
ence, abundance, and behaviour (Cutler & Swann 1999, O’Connell et al. 2006), this
kind of data are difficult to obtain when dealing with shy and rare species such as ot-
ters and other semi-aquatic mammals. Camera trapping sensors improved during this
research project allowed to increase success rate of video trapping (Lerone et al. sub-
mitted).

During the present research, videos and photos recorded the nocturnal habits of ot-
ters in the study area, in accordance with most previous studies (Garcia de Leaniz et
al. 2006; Kruuk 2006; Mason and Macdonald 1986). In contrast with the high spatial
overlap among individuals recorded through NGS, camera traps also recorded a soli-
tary behaviour of otters in the Sangro basin, apparently confirming the solitary nature.
of the Eurasian otters (Erlidge 1967, 1968; Kruuk 1995, 2006; Macdonald and Mason
1983b).

We obtained DNA from spraints and jellies, used by otters to scent-mark. Although
scent-marking is fundamental for social communication, little is known about mark-
ing patterns of most mustelid species (Hutchings et al. 2000). As many other carni-
vores, mustelids often concentrate marks close to territory boundaries. Nevertheless,
where resources are more scantly distributed, such as in riverine habitats, and when
individuals have large linear ranges, such as otters, it could be more effective to defend
key resources instead of the whole territory (Hutchings et al. 2000, Kruuk 1992). An-
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other hypothesis is that, if familiar groups or some grade of social organization exist,
scent-marking may have a main role in communication within individuals sharing the
same areas (Kruuk 2006).

Since extensive variations in social organization, habits and spatial distribution have
been recorded for several mustelids among different study areas, seasons and years
(Carter and Rosas 1997; Hornocker et al. 1983; Johnson et al. 2000; Reid et al. 1994;
Sandell 1986), we are aware that other data are needed from different parts of the range
to ultimately describe the biology of the Italian otters. Nevertheless our combined ap-
proach gave a first important contribution to the comprehension of range dynamics,
population density, social structure and use of resources by otters in Italy.
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Conclusions

The Eurasian otter (Lutra lutra) has a high priority for conservation in Europe
(CITES 1979; Council of Europe 1979; Habitats Directive 92/43/CEE) and especially in
Italy, where it is still listed as Critically Endangered in the national red list (Bulgarini
1998). Despite the high risk of extinction, data on the biology and ecology of the Italian
otter population are scanty and fragmented.

Combining otter standard survey, camera trapping and non-invasive genetic sam-
pling provided new insights on the range dynamic, density, scent-marking behaviour,
spatial interactions, and social structure of otters in a new colonized area, i.e. the San-
gro river basin, located at the boundary of the otter Italian range.

Comparison with previous surveys revealed a very active dynamic of the otter range
in the last ten years. This was witnessed by the rapid colonization of most of the main
water stretches of the river basin.

The survey also accounted for the first otter record in the Majella National Park, but
raised some concerns on the potentialities of further expansion in specific parts of the
river basin, especially the National Park of Abruzzo, Lazio and Molise, where the Bar-
rea dam likely acts as a barrier preventing animals from expanding upstream. This is
in contrast with most data on otters in Europe, where dams are not considered to limit
otter dispersal. The barrier effect is probably related to the specific design of the Barrea
dam, being embedded within a steep rock canyon. Further studies are needed to as-
sess permeability to otters of this area to allow the occupation of suitable vacant river
stretches in the National Parks of Abruzzo Lazio and Molise and Majella, where the
otter can receive special protection and act as a flagship species for freshwater bodies
conservation.

Non-invasive genetics, particularly microsatellite analysis, permitted to obtain a ge-
netic fingerprint of 14 individuals and to account for major population genetic features
that will be essential for future conservation planning of this population.

Specifically, we ascertained the low genetic variability of the population living in
the river Sangro. For this reason, it is of primary importance to favour dispersal and
genetic flow by preserving and improving the connectivity among neighbouring river
basins.

To distinguish among individuals we had to sequence up to 17 microsatellite loci.
This stresses the need of new specific and more polymorphic microsatellite loci in or-
der to better characterize small and low variable populations, the most urgent target of
conservation biology.

The results from NGS allowed to identify at least 14 otters, 8 males and 6 females,
living in the main course and tributaries of the river basin. A large spatial overlap was
observed among both males and females belonging to the same full-sibs family cluster.
This aspect has to be further investigated because may suggest a more complex social
system than reported by other studies in Europe.

Despite NGS highlighted a broad spatial and temporal overlap, camera trapping at-
tested the solitary and nocturnal habits of otters in the study area. These results could
support the hypothesis of marking behaviour as tool to communicate resource patch
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exploitation in a small temporal scale, rather than a way to defence rich resources
patches or exclusive territories, as previously stated.

The camera and hair trapping also detected the presence of two alien species, Myo-
castor coypus and Neovison vison in the study area. Despite these species are known to
have little impact on otters, their potential detrimental effects on the freshwater ecosys-
tem and biodiversity of the Sangro river basin deserves future attention.

Otters, as flagship species, could provide protection for the whole riverine ecosys-
tems and the Sangro basin could play a strategic role for the species conservation in our
country. It is the northernmost basin occupied by otters within the smallest nucleus in
south-central Italy. The Sangro is the largest river basin of the northern nucleus, and it
could likely be able to support a viable population of otters, thus it represents a key area
for the future expansion of the otter northward. It also includes a well structured net-
work of Natura 2000 sites and two National Parks which could guarantee a high degree
of protection. As a consequence, strong efforts should be devote in the future to favour
the further occupation of river stretches still vacant within the basin, specifically the
upper and lower portions. This objective could be achieved through the preservation
of pristine riparian vegetation belts, restoration of riparian vegetation in unsuitable ar-
eas (i.e. the Zittola tributary), and to mitigate the barrier effect of the Barrea dam. The
camera and hair trapping allowed to detect the presence of two alien species, Myocastor
coypus and Neovison vison. The potential detrimental effects of these species on Eura-
sian otter needs be further investigated and eventually mitigated.

Rarely we have the opportunity to directly observe natural re-colonisations and non-
invasive genetics give us the chance to follow individuals in time and space and to dis-
close basic but little known aspects such as social and spatial structure and dispersal
patterns.

The Eurasian otter is an appealing species, suitable to become a symbol for the con-
servation of freshwater habitats and biodiversity. Otters, as flagship species, can pro-
vide protection for the whole riverine ecosystems, we need data to provide protection
for otters.
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Camera trapping represents a powerful tool in wildlife research, particularly when
dealing with elusive and rare species like the Eurasian otter (Lutra lutra). Nevertheless,
detection problems arise when trying to detect otters with camera traps at frequent
marking sites along rivers. We hypothesized that the temperature difference between
the otter emerging from the water and the environment was too low to be detected by
the standard infrared sensors (PIR). We designed and tested a new pressure trigger
and compared its effectiveness with that of the standard PIR. Results are encouraging,
as the new sensor detected after few trapping nights.
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Non-invasive genetics is a powerful tool in wildlife research and monitoring, especially
when dealing with elusive and rare species like the Eurasian otter (Lutra lutra) in Italy.
Nevertheless the DNA of otter obtained from scats (spraints) and anal secretions
(jellies) appears exposed to very quick degradation processes, and success rate in
DNA amplification is much lower than in other carnivores. We collected 191 samples
along the river Sangro basin (ltaly), recently re-colonized by Eurasian otter. Using two
sets of microsatellite loci (Set 1: six Lut loci and Set 2: seven OT loci) we investigated
the influence of sample freshness and type on genotyping success. We also tested
efficacy of different DNA extraction kits and storage buffer solutions. Finally we
compared amplification success rate, allelic dropout (ADO) and false alleles (FA) rates
in the two STR loci sets. We obtained a mean amplification success rate of 78.0% and
a genotyping success rate of 34.55%. Fresh pure jellies yield the highest amplification
success and genotyping rate. The theoretical probability of identity among unrelated
individuals and siblings were respectively PID = 0.005 and PIDsibs = 0.069 for Set1,
and PID = 0.001 and PIDsibs = 0.030 for Set2. No significant differences in genotyping
rates were observed between the two STR sets, but Set 2 loci were more informative
for individual identification in our small and low variable population.

Cino Pertoldi
cino@ebd.csic.es
Experienced researcher on conservation genetics applied to European otter.

Powered by Editorial Manager® and Preprint Manager® from Aries Systems Corporation



APPENDIX III

NN - O Intemativaal (her Colloguiom - iars i & wamin

anming v - P, Hay, 2001

PANVACHAIILAL W 00 = UM RAITH P o, 0 A, ALY
TRCE LURTAUA S < A ST 1 MR 1, 19099, P08, ALY

Introduction
Camers Uapping. dso caled remote photography, tumed into 3 useful
2l camess

CAMERA TRAPS

OTTER

anievegmElon

FAlL 2o
PRESENCE

ARPANETO!, AN

I the first st of our stody we used teg Scoutguand SGHG ggered cam-
d - h "

method in wildife reseaech in the ealy 15605, when
g becames walbible Gaann o al, ML Detecson of 1o al ehrive
o, ik will i s ation of natural bahibis o Mrang s 3.
tiorn, Compared with clsic sampling methods, such as irappirg, s
tracking and direct observation. photo and video Sapping have the ad-
warnage of bekng lesses invastve despite they peoide accurate data Low

ey citeers and acooureed fon the halits of swiseming and makieg, we de.
ke 1 40t vt Bt et Itk Sites, L socks placedd i e madale
of e slioen,

: d -

s of three

s Camen aps wese cpperiunisticaly checked duly o weekle Thes

Z is Hiig e
and when we would not interdere with natural behavion of wikl animals
To dste, there e few dats an Comenn I13ppag wwed in e obler's stxd-
e (Stovens of al, 006 Mubo & Meyed 20000 This & Moy due 1o the ahrave
ratuee of the Eurasian oter (L kv that makes ot the cirser.
o of wikd indiitias. This is Woe espedaly whete populalion dersities.
aee borw, 26 for the small populamon that recently colonized the River San-
P budy. De Castra & Loy, 207
of Aol Samplirg o
ofters in this ares we beyted the efficiency of regula and senso modied
carmens hape.

Rims
The principal sim of our study & 1o 1est the effsieny of camena Ipping

the of the speckes

TRAP

OTTER
RECORDED

Resalis

DM ﬂhlll:

T

canact y vitkeos e atbs s
cies ot the same stes. The sensitivity was inialy seton “nowmal” but sfter
e pecasions i whadh we fourd fresh spesets bul re viklea reoorded,
e o Tigh” sevetnny,

Cameras wara 56 bessh with and without eor bits foetan fih soeetl

Kdter 19 dupwaps we had no image of ctters and consequently we by
potheszed a detecnon problem due o e kw temperature dffesennal
Esiwsn 1l . ebpililly 1o b

g Troen the vester 8o mak sncks i the maddie of the siver course, We
sumpecied that foe srvmal o

back to the rher. tme could not be sfickent to warm thelr bedy and acti
a9 CAMEras.

Whe then midified orve of th two Scoutaed SG53) by adding s peessare
winger insbead of PR In this modfied tap the PR sensor wos covered to
raarantee the solely pretsure sctivanen,

DA
TRAPS

OTTER
RECORDED

sherseec] that when otiers e water the Bemperaties souals the wate
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ot sble 10 1ecord any wdeo of ceter, he vertisd d at bexst
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W we coupled the umodified camena wish B other provided with
presre Niggers camera b recoiched & vicke of mn oller alter anly e
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Discussion
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s o ver atsens [Randl 10: Kb, 2000 Sveve coukd be difieute: for
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Limits and future improvements
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Introduction

farad cbsesvations of luske species. This technke
teprescrts 3 common methed in widlfe rescarch
e 1905 when oumm:lual camera traps haum:

20 ueoi 3

iy sl s e katsehis hndd

2 WILD

chtaioed by remate camenas see ree. Al studies
P toveks of mks-
i data clespite otier presence st monitoring sies
[Hanigefeld Adami & Smole, 5217 Guter o at. 208
Sspers o8 ol 20041 Ater 150 trapelays. 1 which ro
clips ar phetos wens revcedecl, wi lypotasiza 2
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Ll Fiver Sargpe
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i the middlke of the iiver.

ineing Eurasian aites in e wild,

Cur principal aims wese: toverfy if body tempera-
tise could he respansisle for b detectability of
the species and b test f o pressure trigger could
rease the dutection rete.

Materials and methods

Twa Sooutquard G0 equipped with the stan-
ahaned PR, s, s initially usaeed tor cletect olles
it ruarking sites, Camuera Trapes v et st the high-
et senliling 1 eced ona minuce videa o s

ment were confimned by videos of other spedes.
Neithes videos nor photos of otters were recorded.
despite fresh signs spraiis] were reqularly found.
Crve o Kby Do owmve s e Theen moeifiend by -
Placing the FIR sersce with a pessirs Bigger Fi 1
This missed creneen wis 68 again, But showad

cuit. For this reason it was necessary b implement
the trigger to avaid shortcuts, The new trigger was

T elatraps g Il

Tee 1t the ppeathasis that th bocly wenperanas
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Results

Stardard camera traps exhibited detoction prob-

middle of the water course. fdver 152 daytiaps nei-
ther vidkeos o prhitos v recoeded with camenas
activated by the Ffimed s, The modified can-

e a viden of a wid oiter a1 maeking sie alter
mlr!dimpﬂ
)
malbee:h meaiby the wateroourse recorded anid-
o wealkive, g
riical vk ke by temmpcimig 5 1.

Discussion
Camera trapping represents 3 uselul nonvimasie
resthiond o meriton ewd investiosts wildlife beb-
i, Qlbtain this kind of data is panticularty Gt

spedios. Sami aquatic mammak shaw a futher -
sue. They con beundstected by standard MR serscr

niﬂg:rd:mmamd mlenmummhelnﬁ.l alter-

datawil b
cellecteed T campan the efcRncy of s vr-
a5 TR, semsars in diferent erviionamental conedi-
e, to Improwe remese camera technkques aval
able o manitoring ard coresration peograms of
semiscquatic mammals.
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Hethods
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GENETIC STRUCTURE
AND [ROIVIDUAL
IDENTIFIGATION OF

Introduction

Tex Fnoniter and manage endangened species
we firsthy peed basic infarmation on popu-
lation starus and distribution. When dealing
with elushieand protected spades, ooe of the
maost useful and feaslhle approach s the nen-
Iresashve: genetic sampling NGSL Due o fis

behawdor, the otter represents a good taget

specks toapply G5, A I it
her scats (spralnts) appears exposed toa vary
k ion process. C the

rJNa ampificatizn sucoess rate & musdh kow
er than in other cambvoies Dalls e at, 200
F 0000, W trice i

availabile: peotocals for A anabyss fiom at
ter spraints in a stucly on the otter papulaticn

lving i the river Sangre (Abeuezo, Il . For
thee first tirme in Burepie we used 7 micoosstel-
lites I (0T), designed for L luter in Asia, for a
tetal 13 microsatelite loci as genetic markers.

Cur main goal is the genetic characterization
of the Sangre's hasin subpapulation in ceder
ta infir the minmum number of ndividu-
als, genetic variskdity, ard genetic similarity
with otters Ting i the neighbowing Vokure
e and Biferno basins,

Rebemeates

Results

A tokal of i fresh samples were callected,
inclding spraints, jellies and jellies mived o

in ordur 1o eompare u.rmem exlraction kits

EURASIAN OTTER POPULATION

UTRA LUTRI ALONG RIVER

SANGRO BASIN

]
o nal - L0 (7} o
chudee), Of the 331 total urigue samples 181 .: _ m m
belonged Lo the Sangrs and 47 Lo Lhe Difemo U2 s [ [

3 are Volturne basins. The tatal genctyping i ; g x:
“mha“ Ileﬂllds sugeess fate was M0 Pure jelies showed 0 o s
Orter scats wiere collected from Apiil to Sep- %:5% of success while spraints mived to jel- W90 X L8 LA
rernber 001 along river Sangro bazin, Volue lies 0% and spraints 2560, The mean fe- _::'_ _m__:;:_
o and Bifarne. Marking sites, detected dur- quency of alefic dropout (ADS) among the e e s
ing a pilon study, were checked for fresh  Sangio's samples was 288% SO=006 among o I :: :”:
spraints and anal jellies, Dally checks guar-  led, and Wit (50=015] amang samples, Ex- LW uM o
anteed the collection of samples within 2 pected probabllity of Identity values (Pland o - e e
hours from deposition, Samples were col- P, are presented in Fi 1, DR T -
lected and stored inethanol %% at-2°C, The T reports syrihedic data ofADG, falsealele 077 L ::: :":

lysl panelof 13 microsat-  (FAl and Poslthve PCR. We assessed the pres- i (] 1,188
ellie loc {Lutds, Lutdis, Lutsss Lutsod, Luthl,  ence of at least sh individuals along the river | B : :’x: :,’:
LUt CiM, OH6, G, DFR, 032, O, mw ‘;angmand its tribastaries. The number af ge- a T
and ZFXZFY sequences for sex k bty Tand 1. We 5 471
(Mucei & Randdi, 207 Huang et al; 3005 Gallas  also identified thene distingt indiduals om0 - ¥ —
et al, 20, Ta minimize erars and costs, all  samples bekenging 1o B and Veltumo PR
samples wara initially scroenec for there mi-— basing with recaptures range between 1and | 5 g:

liite boci fOTEF, OTH, OTRhwith fourin. 4 Analyss &in progress. W L1
dependent repeats pef kcus, Only :.alnpl-s Allesdes, e and private alleles forthe e

h 50% PCR: ol in Teb 2. 3 :

Discussion

at all microsatellite loci. To allow the detec-
tion of dropauts and false alkbes we used o
enultiphe-tube approsch (Taberkl o al 826,
wihite Lhe same DNA sample was amplified
independently sevaral time per koous, Nega-
tvecontiol were ncluded in each extraction
and PCH te moniter contarmination. Genedl-
ex® and GIMLET® [Validre, 2000 were used te
deseriptive anatysis of genatic data.
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nirez Individuals of otters Iving In the north-
em partion of the otter range In Italy. Mora
accurate daty were gathered on the rdver
Sangro, were an least sic otters ara actually
prasent, These resulis suggest a stable pres-
ence of the spacies, that was first recorded
in the river in 247, after being extipated o
the 95 (e Castro & Loy, 2007). This is also the
mast narthem known area of ccoumence of
the otter in Haly (Panzacchi o al, J11}, and
therefare this river basin is a strategic and
crucial area far the future expansian of the
spescies in Ialy. Analyses i prograss will e
Iy allow 1o idertily the souce populaticn
fresen the neighbawring iver basins Volurne
annd Bifirre, & vl Lo define the population
structure, W emphasize Lo eritical stegs:
careful sarmpling inthe field and a close anak-
ysis ef potertial genotyping erors in labora-
tory. Comsbtent data on wilkd etters ae vital
for consendation puipese and nonifmashse
qenetics represents a powerful 1ol for ob-
taining reliabbe data.
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