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Abstract  
During the past century the Swedish otter (Lutra lutra) population showed a rapid decline in abundance 
and genetic diversity. Among the most affected areas was the southern province of Skåne. After 
prohibiting hunting of otters and banning harmful pollutants like PCB, Swedish populations slowly 
recovered. To some areas the otter returned late, like Kristianstad in north-eastern Skåne. Here, the River 
Helge å enters Kristianstad’s Vattenrike, Biosphere Reserve and forms a biodiverse wetland. By 2011, 
otters had established once more along the river. In recent years, a female otter with cubs have appeared 
outside Vattenriket visitor’s centre “naturum”, to the joy of inhabitants and visitors. In Kristianstad, otters 
have become a recurring winter attraction. However, not much is known about this new population. For 
assessment of abundance and genetic diversity, microsatellite variation was investigated among now-
living individuals from eleven sites in the Biosphere reserve, and stored museum samples from ten otters 
with origins in North-eastern Skåne. Using a non-invasive methodology, investigated DNA was extracted 
from faeces and muscle tissue from dead individuals. Multiple replicate screening was performed to detect 
errors in genotyping procedures. Results show the presence of three now-living individuals (two males 
and one female). Now-living otters and museum specimens from north-eastern Skåne were not closely 
related. Sampled individuals show Hardy-Weinberg Equilibrium, but their heterozygosity is very low. 
Results suggest that, even though some individuals may remain undetected, low admixture of new genes 
may be a cause for concern. For long-term protection and management in Kristianstad’s Vattenrike, 
Biosphere Reserve, further knowledge is needed about our new and precious otter population.    
 
Keywords  
Conservation biology, DNA, Ecology, Microsatellites, Non-invasive capture-mark-recapture, Population 
bottleneck, Population monitoring, Threatened species 
 
 
 
Sammanfattning 
Den svenska utterstammen (Lutra lutra) genomgick drastiska populationsminskningar under mitten av 
1900-talet. Minskningen ledde till en förlust av genetisk diversitet i många områden, och bland de värst 
drabbade var Skåne. Uttern blev fredad från jakt och ett förbud mot det skadliga miljögiftet PCB 
infördes, vilket skapade förutsättningar för utterpopulationen i Sverige att långsamt återhämta sig i antal. 
Men uttern återvände sent till vissa områden, som Kristianstad i Nordöstra Skåne. Genom staden 
Kristianstad rinner Helge å, som formar vidsträckta, artrika våtmarker i Biosfärområde Kristianstads 
Vattenrike. Uttern visade inga tecken på återkomst till området förrän 2011. De senaste åren har en 
utterhona med ungar regelbundet visat sig vid besökscentret ”naturum”, till glädje för stadens invånare 
och besökare. Uttrarna har blivit en återkommande vinterattraktion i Kristianstad. Men kunskapen om 
den nya populationen är begränsad. För uppskattning av antal och genetisk diversitet, undersöktes 
mikrosatellitvariationer hos nu levande individer från elva lokaler i Vattenriket. För jämförelse 
inkluderades arkiverade prover från Naturhistoriska Riksmuseets ”Miljöprovbank”, från tio döda uttrar 
med ursprung i Nordöstra Skåne. Med icke-invasiva metoder undersöktes DNA som extraherats från 
avföring- och muskelvävnad. Multipel replikatanalys gjordes för detektering av eventuella fel i 
genotypningsproceduren. Resultaten visar förekomsten av tre nu levande individer i Vattenriket (två 
hanar och en hona). Det är dock troligt att en- eller flera nu levande individer kan ha undkommit 
identifiering. Individerna var inte nära släkt med museiexemplaren från Nordöstra Skåne. Studerade 
individer är i Hardy-Weinberg jämvikt, men heterozygositeten är låg. Låg heterozygositet kan bero på en 
låg genomblandning i populationen, vilket kan vara en anledning till oro och bör undersökas närmre. Det 
behövs ytterligare kunskap och studier för att långsiktigt skydda och förvalta den nya, värdefulla 
utterpopulationen i Kristianstads Vattenrike. 
 
Ämnesord 
Bevarandebiologi, DNA, Ekologi, Genetisk flaskhals, Hotade arter, Mikrosatelliter, Icke-invasiv fångst- 
och återfångst, Populationsövervakning 
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1. Introduction 
World ecosystems continue to show signs of recovery from the effects of industrial 

emissions in the 1900’s. New kinds of chemicals were mass produced and leaked into the 

environment, but little was known about their ecotoxicology. Among them were the 

“Persistent Organic Pollutants” (POP), including PCB (polychlorinated biphenyl) and 

DDT (dichlorodiphenyltrichloroethane). The first warning came from the Swedish 

chemist Søren Jensen in 1966, who discovered that PCB had become ubiquitous in Baltic 

fauna (Jensen, 1972). When it was known that pollutants had spread to remote ecosystems 

around the globe, thorough research about their distribution and properties were initiated 

(Koppe and Keys, 2001). Also, aquatic predators, which populations were seen to 

decrease over time, contained increasing levels of PCB or DDT (Kihlström et al., 1992; 

Roos et al. 2001; Helander et al., 2002; Bredhult et al., 2008). All new products containing 

PCB and DDT was forbidden in Sweden 1978, but high concentrations still remain in 

many marine- and aquatic environments (Hellström, 2016; Naturvårdsverket, 2017). 

Persistent organic pollutants accumulate in food chains due to a long half-life in nature 

and tendencies to bind easily to fatty tissues in organisms (Jones and de Voogt, 1999). 

Prey items ingest the compounds from their environment (water, food), bioaccumulating 

in their tissues over time. If affected prey are continuously consumed, biomagnification 

may occur, and concentrations may rise to dangerously high levels in predatory species 

on the top positions of food chains. It is often through sudden declines in top predator 

populations that toxic effects of emissions are discovered (Jones and de Voogt, 1999; 

Kelly et al., 2007). 

High tissue concentrations of “POP” are correlated to harmful effects in top predators. 

Some examples are thinning of egg shells in the white-tailed eagle (Haliaeetus albicilla) 

(Helander et al., 2002), and decreased fertility in grey seal, (Halichoerus grypus) 

(Bredhult et al., 2008; Nyberg et al., 2015), mink (Neovison vison) (Kihlström et al., 

1992) and its close relative, the Eurasian otter (Lutra lutra) (Roos et al., 2001).  
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1.1. Population history in Sweden 
The Eurasian otter is one of thirteen known otter species in the world, but remains the 

only wild species in Europe. Because of its top position in aquatic food-chains, it has been 

valued as a bioindicator for assessing the health of pollution-affected ecosystems (Ruiz-

Olmo et al., 1998). Before the 1950’s otters were a common sight in Sweden, with a 

population estimate of at least 2000 individuals (Erlinge, 1971). However, with a 

significant hunting pressure and rising concentrations of pollutants in the environment, 

otter populations declined rapidly between 1950-1980 in Sweden. The Swedish 

association for hunting- and wildlife management performed a national survey in the 

1960’s, confirming common suspicions of decreased numbers (Erlinge, 1971). During 

the decline in the late 1970’s, studies found that PCB concentrations in otters from south 

Sweden were higher than levels known to cause severe reproductive failures in 

experiments on the mink (Aulerich and Ringer, 1977; Roos et al., 2001). Within the years 

that followed, hunting of otters was forbidden and usage of PCB was banned in Sweden. 

Despite these measures it was not until the 1990’s that the population showed clear signs 

of increase, for the first time in fifty years (Roos et al., 2001; Bisther, 2006). The recent 

population number in Sweden is estimated to between 1600-2000 otters (Bisther and 

Roos, 2006), and the Swedish action plan for endangered species has formulated a goal 

to reach a viable population of 5000 individuals (Naturvårdsverket, 2006). 

1.2. Genetic health 
Today, the situation is positive for Swedish otters (Gadolin, 2015). However, when 

sudden decreases occur (referred to as “bottlenecks”), substantial numbers of gene 

variants known as “alleles” are expected to be lost from the population gene pool (Nei et 

al., 1975; Larson et al. 2002; Nyström et al., 2006). If the bottleneck is tight and the 

surviving population is small, genetic drift may lead to loss of genetic diversity. Genetic 

drift is a change of allele frequencies due to random sampling from parental genotypes, 

and can be detected by allelic loss and increased genetic homozygosity in a population 

(Nei et al., 1975; Larson et al., 2002; Nyström et al., 2006). After a bottleneck, genetic 

drift could further drive the loss of variation within a population. Large populations with 

high allelic richness are more persistent to environmental changes and have good chances 

of maintaining their genetic diversity over time (England et al., 2003; Lande, 1988). By 

contrast, small and isolated populations are vulnerable, especially where inbreeding is 
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common (Lande, 1988; Larson et al., 2002). As a result, an inbreeding depression could 

develop, defined by significantly reduced fitness and decreased adaptability to changing 

environments (Hedrick and Kalinowski, 2000). On the other hand, immigration of new 

individuals can reverse the effects of a genetic bottleneck and increase the number of 

heterozygotes in future offspring (Vilá et al., 2003). Today it is known that the mid-

century decline caused a major loss of genetic diversity in the Swedish otter population. 

The most severe effects were found in the provinces Småland (78% allelic diversity loss) 

and along the coasts of Västra Götaland and Skåne (57% allelic diversity loss) (Blennow 

and Tison, 2015). How these losses affect the south Sweden otter population today is still 

unclear.  

1.3. About the species 
Otters are semi-aquatic mustelids that inhabit lakes, rivers and coastal areas. With agility 

and swiftness, they steer in the water using a muscular tail and webbed paws. Measuring 

about a meter in length and weighing between 6-12 kg, the otter is almost twice as large 

as the mink. Despite this, these two cousin-species are easily mistakable for one another 

in the wild. The diet of the opportunistic otter can consist of fish, mussels, crayfish, birds, 

small mammals and even reptiles (Erlinge, 1971). They live solitarily, keeping their 

territories, or “home ranges”, patrolled and marked regularly with faeces covered in anal 

scent-gland secrete (Sjöåsen, 1997). The marking pattern is predictable (Ruiz-Olmo, 

2001), as scented droppings are often placed on elevated, dry surfaces under river-

crossing bridges or along shorelines (Erlinge, 1971; Reuther et al., 2000). Among 

individuals, the scent can reveal information such as presence, sex and reproductive 

status. The marking behaviour is seasonal and will intensify when food resources are low 

(Kruuk, 1992). The home range of females can stretch between 7 to 10 km, but depends 

mainly on the availability of food recourses. By contrast, male territories are based on the 

availability of nearby mates and can cover areas twice as large (Erlinge, 1971). Adults of 

the same sex will seldom confront each other while territories of males and females often 

cross.  Females and males socialize in the mating season in early spring, and after mating, 

females are pregnant for 60-70 days before giving birth to their young. The cubs stay with 

the female for one year until the next mating period starts (Chanin, 2013). Otters live 

relatively short lives in the wild, reaching only about four years of age (Kruuk and 

Conroy, 1991). Modern threats to the species are related to human activities, such as death 



 

10 

 

by traffic or fishing gear, loss of habitat and new pollutants in the environment, like the 

perflourinated compound PFOS (Roos and Benskin, 2016). Today, the status of the 

species is classified as “Vulnerable” (VU) in Sweden (Artdatabanken, 2015) and “Near 

Threatened” (NT) globally (Roos et al., 2015). In Sweden, the otter is safeguarded from 

harm through the Species Protection Ordinance and is also strictly protected by 

international legislation and conventions like CITES, EU Habitats- and Species 

Directives and the Bern Convention (Roos et al., 2015).  

1.4. Study-area 
The Skåne province lies in the southernmost parts of Sweden. Before the 1950’s, the 

population of otters was considered “dense” in this area by national authorities (Erlinge, 

1971). Since no official counts were made between 1967 and 2006, there is a great gap 

of knowledge from this period. However, until 2005, only one dead specimen from Skåne 

was sent to the museum of National History in Stockholm, causing suspicion that the 

species might have been entirely extinct from the province. As hunting of otters and 

release of PCB was prohibited, environmental water conditions gradually improved in 

Sweden (Roos et al., 2001). In 2005, two road killed otters from Skåne were sent to the 

Swedish Museum of Natural History, leading to an extensive inventory work by Mia 

Bisther, on the behalf of the Administrative County Board of Skåne (Länsstyrelsen) the 

following year. In the survey, occurrence of otters was confirmed on several new 

locations. The otter had returned to the province and the number was estimated to 20-40 

animals (Bisther, 2006). 

The River Helge å is a 200-kilometre-long river system that originates in the province of 

Småland. It flows south-eastward and enters Skåne, where it crosses the Kristianstad 

municipality before finally reaching the Baltic Sea. With natural floods each year, the last 

35 kilometres of the river shapes a diverse wetland area in the Kristianstad municipality, 

holding up to 20 percent of Sweden’s endangered species. In 1989, the municipal 

management introduced a new collective name for the wetland area; “Kristianstad’s 

Vattenrike”, and 2005 it was elected to become Sweden’s first Biosphere Reserve by the 

UN organization UNESCO. Kristianstad’s Vattenrike Biosphere Reserve has become a 

model-area for sustainable management and aims to protect species within their natural 

ecosystem (Kristianstad’s Vattenrike Biosphere Office, 2016), like the vulnerable 

Eurasian otter. 
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Otters inhabited the Kristianstad municipality and The River Helge å before the mid-

century decline, but may have been affected by both hunting, and local- or foreign 

emissions. In the 1960’s, industrial activities in Broby is believed to have caused declines 

of many species of fish in the river, such as the catfish (Silurus glanis) and sea trout 

(Salmo trutta trutta) (Länsstyrelsen Skåne, 2005) but the effects on otters is still 

unknown. Since then, local authorities cooperate with the Biosphere Reserve network, 

and actively work towards protecting these wetlands through species- and habitat 

preservation projects. The aim is to restore lost ecological values and enhance the 

potential for increased biodiversity (Pearce, 2016). The River Helge å was included in an 

otter survey by Mia Bisther (on the behalf of Länsstyrelsen Skåne) in 2006, but no signs 

of otters were found (Bisther, 2006). The first modern documented evidence of the 

species in The River Helge å was a picture taken by Hans Cronert in Torsebro northwest 

of Kristianstad, 2011 (Borglin, 2011). Since then, public observations are increasingly 

common, suggesting that the population has established further along the river. Each 

winter, fresh otter faeces is regularly found between Torsebro and the outflow of the River 

Helge å in Yngsjö (see Figure 1). During the winters in 2015 and 2016, one adult male 

and a female with two young were observed playing, hunting and even mating by the 

Naturum Vattenriket visitor centre “naturum” in central Kristianstad (Pearce, 2016; 

Selåker Hangasmaa, 2016) (Figure S1a-d). It is encouraging that otter individuals are 

regularly observed and have successfully reproduced in recent years. However, large 

amounts of basic knowledge are still lacking about this new otter population.  

1.5. Surveying methods 
In order to manage the conservation of endangered species it is necessary to regularly 

estimate abundance and changes in population numbers (Andersson, 2005). The most 

common methods for monitoring otters in Sweden are winter tracking and bare ground 

tracking. They are useful for assessing occurrence and density but cannot give specific 

information about individuals or population data, such as demography or relatedness 

(Bisther and Norrgrann, 2002). Today, non-invasive genetic fingerprinting tools (such as 

microsatellite genotyping by PCR amplification), are available, enabling to fill these 

knowledge gaps (Bruford and Wayne, 1993; Coxon et al., 1999; Lampa et al., 2015). The 

method includes DNA-extraction from e.g. muscle tissue (from dead individuals), or 

faeces from sampled individuals. From extracted DNA, genetic fingerprints can be 
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compared between individuals or populations. The otter marks its territory regularly and 

faeces is easy to collect and analyse. In faeces, cells from the intestinal lining can be used 

as a source of DNA. However, this method is known to often be biased due to differences 

in marking behaviour among individuals. Therefore, marking patterns may not reflect the 

true demography of the population (Pompanon et al., 2005). DNA found in faeces is often 

partially degraded, if previously exposed to an open environment before collection. This 

could give rise to errors, such as contaminating alleles (i.e. alleles that do not belong to 

the tested individual’s DNA, but have mistakenly been amplified in PCR due to 

contamination) and allelic dropout (alleles present in the individuals DNA that failed to 

be amplified due to degradation). By using high sample sizes and comparing a larger 

number of loci in genotyping, the impact of such errors can be lowered (Pompanon et al., 

2005).  

Microsatellite genotyping is widely used in population studies and conservation work 

when surveying elusive species, enabling determination of species, sex, and number of 

individuals within a sampled area (Lukacs and Burnham, 2005). In addition, it is possible 

to map kinship and monitor population trends over time (Sunnucks, 2000; Reuther et al., 

2000). Such information that is lacking about the otters in Kristianstad’s Vattenrike, 

Biosphere Reserve, and would be valuable to the study of this population.  

1.6. Aims 
The purpose of this study is to gather information about the population of otters in the 

lower parts of The River Helge å, within Kristianstad’s Vattenrike Biosphere Reserve in 

Sweden. How many individuals can be identified, and what is the sex distribution among 

them? Are sampled, now-living otters related to deceased individuals originating from 

the close proximities of the reserve (stored in the Environmental Specimen Bank), and 

what can be said about the genetic diversity of the sampled population? 

Answering these questions is needed for further studies, and future management of otters 

in Kristianstad’s Vattenrike, Biosphere Reserve. 

 



 

13 

 

2. Methods 

2.1. Ethical evaluation 
This study did not involve any handling or capture of live animals. Therefore, an ethical 

approval from the Swedish Board of Agriculture was not needed. 

2.2. Faecal sampling 
Non-invasive sampling through collection of DNA from faeces has become a 

standardized method in conservation biology for monitoring elusive species like the otter. 

Faecal samples were collected during nine cold (between -5 °C and 0 °C) and dry days in 

January 2017, on eleven different sites along The River Helge å, between the 

communities Torsebro and Yngsjö (Figure 1). The distance between the two farthest 

sampling sites was approximately 30 kilometres and the sampled individuals are believed 

to derive from the same population. Since DNA in faecal samples degrade faster in warm 

surroundings (Hájková et al., 2006), the striving was to collect as fresh “spraints” (a 

commonly used term for faeces deriving from otters) as possible (0-7 days old). 

Approximately 1 gram of faeces was collected with clean toothpicks in 2 ml sterile plastic 

tubes, along with 1 ml sterilized silica gel pellets for moisture absorption. A new set of 

gloves and toothpicks were used for each sample, to decrease the risk of cross 

contamination between samples. Samples were stored in -20 C° until analysis. 

Coordinates of each sampling location was recorded with a GPS, using the Universal 

Transverse Mercator coordinate system (UTM).  
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1. Torsebro 

2. Isternäset 

3. Härlövsängaleden 

4. Naturum Vattenriket visitor 

centre 

5. City canals 

6. City canal outflow 

7. Kristianstad Boat Club 

8. Kavrö 

9. Mjöån river 

10. Pulken 

11. Yngsjö 

 

 

 

 

 

 

 

 

 

 

Figure 1: Faecal sample collection sites along The River Helge å, in Kristianstad’s Vattenrike, Biosphere 

Reserve. Between Torsebro in the north and Yngsjö in the south (distance, approximately 30 km), 28 

samples were collected for subsequent DNA-analysis.  
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2.3. Laboratory 
All laboratory procedures in this study were performed in the “Centre for Genetic 

Identification”, at the Swedish Museum of Natural History, by the author (under 

supervision by the project co-supervisor and laboratory curator Niclas Gyllenstrand). 

2.4. Tissue sampling 
One gram of frozen muscle tissue was collected from ten otter individuals in the 

Environmental Specimen Bank, at the Swedish Museum of Natural History. The reason 

for this collection was to sample individuals that are possible contributors to the current 

population in Vattenriket and compare their allele frequencies. Ten otters (four females 

and six males), out of the 42 individuals in the Specimen Bank originating from Skåne 

(Figure 2) were chosen for sampling; Selected specimens had to originate from an area 

close to the Biosphere Reserve to ensure a possible dispersal within the lifespan of the 

individual- or its offspring. In addition, the registration date to the Specimen Bank were 

chosen between years 2008 and 2015, for good possibilities of detecting kinship with the 

sampled now-living individuals of this study. Finally, the individuals should, if possible, 

be assessed as sexually mature in the autopsy performed by the Specimen Bank. Thus, all 

sampled otters should have had equal chances of contribution of their alleles to the current 

population.  
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Figure 2: Origin, sex and individual number of successfully genotyped tissue- and faecal samples. 

Tissue-sample numbers represent the last two digits of their separate Environmental Specimen Bank ID-

numbers (individuals used in this study were registered to the Environmental Specimen Bank between years 

2008 and 2015). Faecal samples are numbered according to identity (“Ind1”, Ind2” and “Ind3”) and 

location. 
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2.5. DNA extraction of faeces 
To decrease the risk of DNA-degradation, extraction and further analyses were performed 

as soon as possible after collection of the first sample (within four weeks). Extraction and 

all subsequent analyses were performed in a specialized genetic identification-laboratory 

at the Swedish Museum of Natural History. Out of 28 collected spraints, 26 were 

successfully extracted using “QIAmp Fast DNA Stool MiniKit”, according to the 

manufacturers’ protocol; “Isolation of DNA from Stool for Human DNA Analysis” (the 

protocol does not exclude nonhuman DNA).  

In the first steps of the protocol, otter epithelial cells containing sample DNA is lysed in 

an “InhibitEX Buffer”. Lysis is performed through centrifugation in room temperature. 

The relatively low temperature prevents breaking the cell walls of certain bacteria or 

parasites in the sample, thus reducing the risk of impurities by foreign DNA. The 

“InhibitEX Buffer” separates DNA from degrading substances during lysis. After 

centrifugation with “QIAamp Mini spin columns”, the sample matrix is separated from 

the supernatant containing sample DNA. In the late steps, DNA is adsorbed onto a 

membrane and subsequently washed in repeated centrifugations. Purified DNA can be 

acquired from the spin columns and the yield may range between 5-100 μg. DNA-samples 

were stored at -20 °C, until used in analyses.  

Two samples were excluded from the study due to extraction issues; One sample only 

consisted of spraint jelly and had dried into an invisible film, making extraction by this 

method impossible. The other sample failed due to a handling error, where silica-gel 

beads dissolved into the sample, and had to be discarded. 

2.6. DNA extraction of tissue samples 
Tissue samples from the ten otter specimens were extracted with “Qiagen DNeasy DNA 

Tissue Extraction Kit”, following standard instructions of the manual; “Purification of 

Total DNA from Animal Tissues” (with the “QIAGEN 96-Well-Plate Centrifugation 

System”).  

Extraction by this method included similar procedures as the earlier mentioned DNA-

extraction of faeces. However, centrifugation and washing procedures were all performed 

automatically by the “QIAGEN 96-Well-Plate Centrifugation System”, thus requiring 

less time and human handling.  
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2.7. Genotyping  
A multilocus genotype from the 26 faecal- and 10 tissue samples could be determined 

after PCR-amplification, using eight nuclear microsatellite loci; Lut701, Lut832, Lut833, 

Lut435, Lut604, Lut715, Lut818 (Dallas and Piertny, 1998) and Lut902 (Dallas et al., 

1999) (Table S1). Each primer was diluted to 10 µM, and forward primers had one of the 

following colour dyes for recognition; PET, 6-FAM, NED or VIC. Triplicate PCR’s were 

done for each faecal sample, giving a total of 78 samples for genotyping. Muscle tissue 

contains high-quality DNA and therefore, triplicates were therefore not needed. The 

following recipe was used (per one sample); Master Mix: 5 µL, Primer Mix: 1 µL of all 

eight primer pairs (F: 0,5 µL + R: 0,5 µL), RNAse-free water: 3 µL, template DNA: 1 

µL. The total number of samples was 88, each with a volume of 10 µL. 

PCR was performed in two multiplexes; Group “B” and “C”, each group containing four 

primer pairs with separate colouring dyes for recognition. PCR protocol for DNA 

amplification; Initial denaturation: (95°C x 15 min), 40 cycles of denaturation: (94°C x 

30s), annealing: (58° C x 1,5 min) and elongation: (72°C x 1 min), and a final single 

denaturation cycle: (60°C for 30 min).  

Before capillary electrophoresis, faecal samples were diluted and denatured according to; 

1 µL faecal DNA in 50 µL of RNAse-free water, and 1 µL tissue DNA in 200 µL of 

RNAse-free water. A Master Mix was prepared, containing a size marking ladder for 

capillary electrophoresis, Liz 500; 0,25 µL, and formamide; 9,25 µL. A total of 10 µL 

Master Mix was added to 1,5 µL of each separate DNA sample. All samples were 

denatured by heating to 95°C before loading on the Genetic Analyzer system ABI 3130 

XL (Applied Biosystems). The genetic identification was done using the software 

Geneious R10 v10.0.9 (Biomatters Limited).  

Two possible errors must be accounted for in the analyses. Results may incorrectly 

indicate that (1) different genotype-samples come from different individuals, and (2) 

identical genotype-samples come from the same individual (Waits and Paetkau, 2005). 

Error type (1) can be caused by incorrect collection of samples in the field or during 

genotyping. Error type (2) could result from using too few loci in genotyping, meaning 

that different individuals would show the same multi-locus genotypes by chance 

(Paetkau, 2004). To avoid this, “Probability of Identity” can be used, calculating the 

observed allele frequencies of each loci used in the study. The resulting number signifies 
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the probability of two separate individuals having an identical genotype (Paetkau et al., 

1995). 

2.8. Sex identification 
Analysis of faecal samples for sex identification was done using the marker Lut-SRY, 

developed for the Eurasian otter (Dallas et al., 2000). The marker sequence was developed 

to match with the SRY gene on the Y-chromosome, only present in male mammals. To 

avoid mismatch with other species, the marker matches regions with otter-specific 

mutations. The primers Lut-SRY F: (5’-GAA TCC CCA AAT GCA AAA CTC-3’) and 

Lut-SRY R: (5’-GGC TTC TGT AAG CAT TTT CCA C-3’) amplifies a short fragment 

of 70 base pairs and products are subsequently compared to a positive control. Positive 

control-DNA originated from tissue samples of two known males (sexed previously in an 

autopsy by the Swedish Museum of Natural History) that were genotyped in 

microsatellite analysis. If a band with the size of 70 base pairs is present in a sample after 

electrophoresis, the individual is assessed to be positive for male. If band traces are 

completely missing, reasons may be procedure error, low levels of DNA in the sample or 

that the SRY-gene is not present. If other possible reasons for negative results are deemed 

unlikely and several repeats indicates the same results, samples can be sexed as females 

with high certainty.  

Triplicates of the 26 faecal DNA-samples and 2 positive controls were prepared for PCR 

using Illustra PuReTaq Ready-To-Go beads (GE Healthcare), according to the following 

recipe; Lut-Sry primers (10 µM), F: 1 µL and R: 1 µL. RNAse-free water: 18 µL, DNA 

template: 2 µL. The total volume was hence 22 µL per sample. Amplification was done 

using the following PCR program; 1 cycle of: (95°C x 5 min), 10 cycles of: (95°C x 30s, 

60°C-1°C/cycle x 30s and 72°C x 15s), 25 cycles of: (95°C x 30s, 50°C x 30s, 72°C x 

15s), 1 cycle of: (72°C x 5s).  

After PCR, 2% agarose w/v gels were prepared, containing 0,05% GelGreen. The DNA-

triplicates originating from the same samples were mixed together, and 4 µL of each 

faecal DNA sample was mixed with 2,5 µL “6x Dye Blue”, resulting in 6,5 µL solutions 

to load on gels. One well per gel was dedicated to 4 µL of a GeneRuler ladder, and two 

wells were loaded with two different positive SRY-controls (4 µL PCR product + 2,5 µL 

6x Dye Blue). Separation of DNA was done by electrophoresis on 80V for 35 minutes. 
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Interpretation of the results require caution. Success rates may vary between 60% for 

faecal samples collected soon after defaecation, and 25% for 18 hours old samples (Dallas 

et al., 2000). Sex bias in the use of habitats have been observed in otters, which might 

also be the case with defaecation behaviour (Kruuk, 1992).  

2.9. Data analysis 
For genetic individual- and population estimates, GenAlEx 6.5 (Peakall and Smouse, 

2005, 2012) was used. It is an open-access software that runs within Microsoft Excel 

2016. Two samples were considered to belong to separate individuals when having two- 

or more differing alleles among all tested loci. Rates of allelic dropout and false alleles 

were calculated after analysis. 

Genotypes from identified individuals deriving from faecal samples- and tissue samples 

were noted, and a rough estimate of relatedness among the individuals could be obtained 

with the QGM model (Queller-Goodnight Model) (Queller and Goodnight, 1989). Hardy-

Weinberg Equilibrium (HWE) and levels of heterozygosity (expected and observed) were 

also computed through GenAlEx 6.5.  

2.9.1. Queller-Goodnight Model 

The method used in this survey is Queller-Goodnight Model (QGM) which estimates 

relatedness, “r”, over loci. The model has a continuous scale with a few set points for 

reference. The points for reference are; unrelated: (r = 0,0), half siblings: (r = 0,25), and 

full siblings: (r = 0,5). (Queller and Goodnight, 1989). 

2.9.2. Hardy-Weinberg Equilibrium 

The Hardy–Weinberg equilibrium model states that population allele- and genotype 

frequencies will remain constant from generation to generation in the absence of other 

evolutionary influences. Influences include mate choice, selection, mutation, genetic drift 

and gene flow. A significant result suggests various forms of non-random mating, such 

as stratification. 

Under H-W equilibrium (HWE) for one locus with two alleles, the frequencies of 

genotypes can be calculated as: “p2 + 2pq + q2= 1”, where “p” and “q” 

represent frequencies of dominant- and recessive alleles respectively (the equation can be 

extended for loci with multiple alleles).  
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2.9.3. Heterozygosity 

The value of measuring heterozygosity ranges from zero (no heterozygosity) to 1.0 (the 

investigated population consists only of heterozygotes). 

High heterozygosity may suggest higher levels of genetic variability, while low 

heterozygosity may indicate effects of genetic diversity loss, such as from a bottleneck 

effect. The observed level of heterozygosity is compared with an expected heterozygosity 

value (in a population that is under Hardy-Weinberg equilibrium).   

If observed heterozygosity levels are lower than expected, forces such as inbreeding may 

have affected the population. Higher heterozygosity levels than expected may result from 

an isolate-breaking effect (the mixing of two previously isolated populations).   

2.10. Probability of Identity and Probability of Identity Siblings  
Probability of Identity (P(ID)) was calculated to describe the probability that two randomly 

drawn individuals from a population in Hardy-Weinberg equilibrium had the same 

genotype at multiple loci (Waits et al., 2001). In addition, the “Probability of Identity 

Siblings” (P(ID)sib) was calculated, according to the scenario that the population only 

consisted of siblings, giving a conservative upper boundary of P(ID).  

The Probability of Identity for increasing locus combinations (for comparison of P(ID) and 

P(ID)sib between individuals when studying one- up to all eight used locus combinations) 

was obtained from all successfully genotyped faecal- and tissue samples, and was used to 

indicate the probability that two separate, but genetically identical samples, would falsely 

be assumed to be one individual.  

In small populations where inbreeding is frequent, a higher observed P(ID) can be expected 

(Evett and Weir, 1998; Waits et al., 2001).  
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3. Results 

3.1. Genotyping and individual identification 
In this analysis, 9 out of 26 faecal samples (35%), and 9 out of 10 tissue samples (90%) 

were successfully genotyped. However, three loci failed to give results in more than 50% 

of the samples. Therefore, only the five successful loci were used for genetic 

identification analyses in this study. All loci were polymorphic, with two to five alleles 

per locus (Figure 3a-e). The total rate of success over all eight loci was 21% for faecal 

samples (with a 7 % dropout rate) and 46% for sampled tissue (no dropouts detected). 

One minor genotyping error was discovered on one allele of a successful faecal sample, 

but could be corrected.  

From genotyped faecal samples, three separate individuals were identified (a match 

between two or more consensus genotypes, not showing more than two allelic differences 

over five loci (P(ID) 3 loci= 0,011)); “Ind 1” (samples 3, 9, 10 and 13: from Naturum, 

Härlövsängaleden and Kristianstad båtklubb, respectively). “Ind 2”, (samples 15 and 17: 

collected at Torsebro and Yngsjö) “Ind 3” (samples 5, 25 and 29: all originating from 

Isternäset) (Figure 1 and 2).  
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Figure 3a-e. Population allele frequencies per locus of successfully genotyped faecal- and tissue samples 

(N=13). Numbers and colours represent different variants of alleles present in the studied loci of the 

sampled population.   

 

3.2. Sex identification 
In the analysis of faecal samples from all the three known individuals, none of the results 

were contradictory. All samples for “Ind1” were assessed to be male, all from “Ind2” 

female and all “Ind3” were male (Figure 2 and Figure 4a-d), giving the sex ratio 2:1. The 

sex distribution between all 26 faecal samples was 23 males and three females. Two of 

the samples could not be determined as male- or female due to unclarity in the DNA-

traces of the gel. 
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Figure 4a-d: Sex identification of all faecal samples with two male-positive controls (♂).  

Probable males; 1-10, 13-14, 16, 18-25 and 27-31. Probable females; 15, 17 and 26.  

Successfully genotyped faecal samples for individual identification: 3, 5, 9, 10, 13, 15, 17, 25 and 29. 

Samples 11 and 12 are unclear, and may be either male- or female. They are, however, not successfully 

genotyped, and hence do not contribute to the individual identification results.   

3.3. Hardy-Weinberg equilibrium and heterozygosity 
No deviations from the Hardy-Weinberg equilibrium were found at any locus, and the 

following chi-square values were calculated: Lut832 (χ2 = 6.0, DF = 3, p-value = 0,112); 

Lut833 (χ2 = 4.435, DF = 6, p-value = 0,618); Lut902 (χ2 = 17.728, DF = 10, p-value = 

0,060); Lut818 (χ2 = 1,111, DF = 1, p-value = 0,292); Lut715 (χ2 = 1.750, DF = 3, p-value 

= 0,626).  

The tested population contained an adequate number of samples (>5) for the analysis of 

heterozygosity. Expected heterozygosity (HE) and observed (HO) for the analysed loci 

were: Lut832 (HE = 0,61 HO = 0,67); Lut833 (HE = 0,57 HO = 0,38); Lut902 (HE = 0,66 

HO = 0,38); Lut818 (HE = 0,38 HO = 0,50) and Lut715 (HE = 0,55 HO = 0,44) (Table 1). 

Population mean for all loci: HE = 0,55 (SE = 0,047); HO = 0,48 (SE = 0,052). 
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Table 1: Heterozygosity and Polymorphism by Locus. From successfully genotyped faecal- and tissue 

samples. N: Sample Size, Na: Number of alleles, HO: Observed Heterozygosity, HE: Expected 

Heterozygosity. 

Locus: 832 833 902 818 715 
N 12 13 13 10 9 
Na 3 4 5 2 3 
HO 0,67 0,38 0,38 0,50 0,44 
HE 0,61 0,57 0,66 0,38 0,55 

 

3.4. Probability of Identity, and Probability of Identity Siblings 
The calculated P(ID) and P(ID)sib for the five used microsatellite loci were 0,002 and 0,047 

respectively (Table 2). 

 

Table 2: Probability of Identity (P(ID)) and Probability of Identity Siblings (P(ID)sib) for increasing locus 

combinations. Estimates of the probability that two (randomly chosen) individuals within the population 

has the same genotype on the given number of locus combination sets. P(ID)sib also takes possible linkage 

disequilibrium and population substructure into account. Estimates are calculated from successful genetic 

identifications of three separate otter individuals from faecal samples, and nine individuals from the 

Environmental Specimen Bank’s tissue samples. (N = 13). 

 

 

 

 

3.5. Pairwise relatedness  
Due to the small sample size it was only possible to estimate the average value of 

relatedness over the whole population, and relatedness between individuals had to be 

excluded.  

The mean value of all compared individual tissue- and faecal samples were r = -0,069 

(SE = 0,065) and indicates that the individuals in the population are unrelated. The 

“QGM” estimator only includes loci with three or more alleles, thus excluding the locus 

“818” (Figure 3a-e). 

Number of Loci: 1 2 3 4 5 

P(ID) 0,227 0,063 0,011 0,005 0,002 

P(ID)sib 0,501 0,268 0,125 0,085 0,047 
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4. Discussion 
The main goal of this study was to identify as many otter individuals from Kristianstad’s 

Vattenrike Biosphere Reserve as possible, to assess population size. Equally important 

was detecting the sex, possible inbreeding and the genetic diversity of the individuals in 

the population.  

Three individuals were identified, likely two males and one female. Samples of these 

otters originated from sites along the The River Helge å close to the communities 

Torsebro, Kristianstad and Yngsjö, within the Biosphere Reserve. In the sex 

identification, 23 samples were positive for males and three were negative. Negative 

results may originate either from females, or amplification failures of the target Y-

sequence. Two samples had unclear results and may be either male- or female. Those 

samples were, however, not successfully genotyped and hence do not contribute to 

individual identifications. Since most of the samples that were successful in the sex 

identification were not successfully genotyped, some individuals in the area may still be 

undetected.  

No apparent signs of relatedness or inbreeding were found when comparing now-living 

individuals with deceased members of the population. However, heterozygosity was low 

which may result from a small sample size, or low genetic diversity. Results must be 

interpreted with caution and further tests are needed to confirm these findings. If 

population heterozygosity in north-eastern Skåne is further confirmed to be low, it may 

be a reason for concern of insufficient population admixture and decreased adaptability.   

4.1. Hardy-Weinberg and heterozygosity   
Even though the sample size was smaller than optimal for the Hardy-Weinberg analysis 

(samples sizes were smaller than 50 and some expected numbers were less than five 

(Hedrick and Kalinowski, 2000)) and should be treated with caution, the population did 

not show signs of significant departure from Hardy-Weinberg equilibrium. Results 

suggest that random mating has occurred in south-eastern Skåne and that the risk of 

inbreeding has been low. However, the genetic diversity estimates by heterozygosity (HE: 

0,55, HO: 0,48) suggests that the population in north-eastern Skåne possesses low 

heterozygosity levels, compared to other studies that summarized the mean of different 

populations across Sweden (HE: 0,71 HO: 0,65 (Mucci et al., 2010) and HE: 0.45-0.74; 
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(Arrendal et al., 2004)). Another study compared samples from otters in Sweden from 

before- and after the great decline in the 1950’s-1970’s. Results showed that populations 

in Småland and western parts of Skåne have lost 78% and 58% respectively of their 

previous allelic richness. Thus, populations in Skåne are still affected by the bottleneck 

(Blennow and Tison, 2015).  

The results from this survey may support such earlier findings from Skåne, but certain 

conclusions cannot be made due to the small sample size.  

4.2. Identified individuals in Kristianstad’s Vattenrike, Biosphere 

Reserve 
Males were overrepresented in the results over all faecal samples. This could be due to 

an actual overrepresentation of males in the area, or due to bias because of a more intense 

marking behaviour and larger territories compared to females. Females are known to 

occupy smaller home ranges that are simultaneously patrolled and marked by males. 

Therefore, sampling a female by random may be expected to be rarer than sampling a 

male. Sightings of a female with two separate litters of young have been made around 

naturum (Figure S1a-d). One- or both of the genetically identified males in this study 

might be the father of these cubs, since one of them was found downstream from naturum 

(“Ind1”) and the other upstream (“Ind3”) (Figure 2). It is also possible that one of the 

males is a sub-adult cub of the female and the other male. In either case, it is possible that 

at least two males will rival to father new litters. Inbreeding might be a risk if the otters 

are, in fact, mother and son. 

The finding-locations of the identified female (Ind2) raises questions since they lie more 

than 25 kilometres apart (Figure 2). Female otters are known to keep territories of 

between 7 to 10 km in diameter, with strict individual movement patterns (Erlinge, 1971). 

Therefore, it seems unlikely that the movement of this female is recurring. One reason 

for the results could be due to genotyping error, falsely assuming the two samples to 

derive from the same individual. In one of the two successfully genotyped samples, one 

allelic dropout occurred. Using P(ID) and the more conservative PI(Sib) we can see that the 

likelihood for two individuals having the same genotype (because of one false allele at 

one locus, P(ID) and PI(Sib) for four loci will be used instead of five) is very low, but cannot 

significantly be excluded (P(ID): 0,005 and P(IDSib) 0,085) (Table 2). However, the female 
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could be one of the two subadult cubs (born in 2016) that left its mother in search for an 

unoccupied territory. Otters are known to show typical adult marking behaviours around 

8-9 months of age, long before reaching sexual maturity (Erlinge, 1971). The time for 

sampling coincided with the mating period, meaning that mother could recently have 

abandoned her year-old cubs.  

The three cubs from 2015 and 2016 were born into an area that was already occupied by 

at least two adult individuals (Figure S1a-d). In studies of released otters, individuals 

introduced to occupied areas tended to move further before settling down in a 

neighbouring-, or suboptimal territory of their own (Sjöåsen, 1997).  

4.3. Assessment of population size 
A population size estimate based on this survey is not possible due to the low sample size. 

Three individuals were detected from faecal DNA within Kristianstad’s Vattenrike 

Biosphere Reserve. However, the area is known by direct observations to have held at 

least five otters between 2015 and 2016; one female, one male and three cubs (two cubs 

in 2015 and one in 2016) (Figure S1a-d) that have now left their mother. Moreover, the 

area within, and surrounding the Biosphere Reserve hold many kilometres of river basins 

that have not been part of this study (e.g. Råbellövssjön, Mjöån, Tolebäcken and the 

Baltic Sea coast in the east). During the past two years, otter observations and findings of 

fresh faecal markings have occurred in these areas (Artportalen, 2017). Taking results 

from this study into consideration, along with known otter sightings and the known size-

range of otter territories, a conservative guess of the actual population size in 

Kristianstad’s Vattenrike Biosphere Reserve would be 6-10 individuals. However, for an 

accurate estimation, more studies are needed. 

4.4. Effects of PCB and population dispersal in southern Sweden 
The dispersal of the recovering otter population in southern Sweden was uneven in the 

1980’s, and some groups were spatially isolated (Roos et al., 2001).  

In addition, PCB levels in otters from southern Sweden were higher than observed in 

otters from the northern parts of the country. The sources are mainly believed to derive 

from local industries and deposited, airborne pollution fallout from lower latitudes of the 
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globe. Within studied areas in southern Sweden, otters were only found in highly 

eutrophic waters downstream from agricultural districts (Roos et al., 2001). 

An increase of biomass in habitats will lower the concentrations of bioaccumulating 

contaminants in organisms (Olsson and Jensen, 1975; Taylor et al., 1991; Larsson et al., 

1992). Olsson and Sandegren (1991a, b) proposed that otter populations in Sweden were 

only able to survive in locally eutrophic waters during a period of heavy PCB 

contamination, due to a dilution of the pollutants in a large biomass. 

Roos et al. (2001) suggested that the slow recovery rate of some otter populations in 

southern Sweden-, and the slower change of bodily concentrations of PCB in these areas, 

could result from a locally higher occurrence of water contaminated by PCB (Roos et al., 

2001). This may explain the slow spatial spread in southern Sweden within the period of 

recovery (Roos et al., 2001). It is not yet known if such spatial isolation has affected (or 

still affects) the admixture of populations- and subpopulations in the vicinities of 

Kristianstad’s Vattenrike Biosphere Reserve. However, such possibilities should be 

considered.  

4.5. Non-invasive methods and possible error 
In most non-invasive and genetic methods, low quality and quantity of sample-DNA are 

major issues, resulting in low success rates. Many factors are known to contribute to these 

rates, such as age and moisture of collected faeces (Hájková et al., 2006). The time passed 

between defecation and collection may have caused the DNA to partially degrade, making 

it non-amplifiable in PCR, and thus, explaining why some loci did not produce any 

product. The success rate of genotyped spraints over all loci was 21%, thus within the 

range of other otter surveys (Coxon et al., 1999; Dallas et al., 2003). The sample size was 

well adjusted to the available time and budget of this study. However, to obtain a more 

accurate and precise representation of the otter population in Kristianstad’s Vattenrike 

Biosphere Reserve in future studies, a sample size two- or three times as large is advised.  

A study from 2007 compared two census methods for estimations of population size; 

snow tracking and the non-invasive genetic census based on the genotyping of faecal 

samples. Results indicate that snow tracking tends to underestimate the number of 

individuals (detecting the presence of around half as many individuals as the genetic 
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census), compared to the genotyping of faecal samples. In addition, the snow tracking 

census tends to be more susceptible to subjective assessment (Arrendal et al., 2007).  

Photography identification of facial features (comparing e.g. individual facial markings 

or tooth variations) might be a cheap, easy and effective way of identifying otter 

individuals in areas like Kristianstad’s Vattenrike Biosphere Reserve, since some otter 

individuals in the area have been less elusive. Otters have been visible daily, catching fish 

in the winter season around Naturum Vattenriket visitor centre despite an audience of 

visitors and photographers. The nature photographer Patrik Olofsson has started 

collecting identification pictures of otters observed around the visitor’s centre between 

years 2015 and 2017 (Figure S1a-d). 

It is hypothesized that the founders of the The River Helge å population originate from 

the county of Småland. An interesting approach for further studies would then be to 

compare the two areas to investigate if they are spatially isolated without any signs of 

admixture, or, if they in fact belong to the same population. Isolation is a cause for 

concern, and further conservation actions might be needed to ensure the long-term health 

of the population. 

When surveying rare and endangered mammals like the otter, DNA-analysis of faeces is 

often the only cost-effective approach. Unfortunately, species identification of faeces 

based on morphology alone holds a risk of misjudgement (Davison et al., 2002). This risk 

was taken into consideration in this survey, since mink and European polecat (Mustela 

putorius) also inhabit the area. Due to insufficient time and funding to perform a genetic 

species identification of faeces, collection did only occur on known otter marking sites, 

confirmed by experienced expertise at Länsstyrelsen in Skåne. For further studies, 

inclusion of a molecular species identification is advised.  

The reduction of used microsatellite loci from eight to five may not have been a major 

drawback to the study. Using less loci while maintaining an acceptable P(ID) decreases the 

probability of genotyping errors like misprinting, which can cause an overestimation of 

the real population number (Creel et al., 2003; Rew et al., 2011).  

4.5.1. Sex identification 

This method produces PCR-products that are specific for males, but not females. 

Therefore, negative results may originate either from females or amplification failures 
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(Ortega et al., 2004). Male and female samples should be co-amplified (Palsbøll et al., 

1992), but few authors report how many replicates are needed to confirm samples as 

either male or female (Ortega et al., 2004). Moreover, non-invasive sample DNA is 

characterized by varying degrees of degradation, which may cause additional uncertainty 

in genotyping with SRY markers (Fernando and Melnick, 2001; Ortega et al., 2004). 

Results should be confirmed by multiple PCR replicates, which will also raise laboratory 

costs (Lynch and Brown, 2006). In this study, three separate replicate-sets of sex 

identification gels were made, but only one complete set came out successful in 

electrophoresis. Due to insufficient time, no further re-runs could be made.  

The handler of faecal samples in this study was female, hence the risk of contamination 

of foreign male DNA could be minimized. 

4.6. Recommendations 
The otter is of national, common interest under protection by Swedish Natura 2000-

legislation in the Habitat Directive (Naturvårdsverket, 2006), but the species is not yet 

reported in the Natura-2000 Preservation Plan for The River Helge å (Länsstyrelsen 

Skåne, 2005). At the time when the plan was taken, it was not certain that The River 

Helge å inhabited otters, as it is known to be today. Therefore, the species should, as soon 

as possible, be included in the Preservation Plan for The River Helge å. It should also be 

included in connected Natura-2000 areas where presence can be confirmed, along with 

adjacent areas where colonization is possible (Naturvårdsverket, 2006). 

Future surveys could study whether there is enough uninhabited space and sufficient 

resources within “Kristianstad’s Vattenrike, Biosphere Reserve” for a growing 

population, or if emigration to other areas are occurring. And, most importantly, 

knowledge is needed about the inflow of new individuals to Vattenriket from Småland 

and other parts of Skåne. All wild populations require regular and sufficient gene 

admixture over time. This information could be acquired by DNA-typing of spraints- or 

tissue from deceased individuals, from the Environmental Specimen Bank at the Swedish 

Museum of Natural History. With more knowledge we can prevent possible isolation, 

inbreeding and other risks that this small, but promising population might face.  

If natural immigration is not possible due to physical barriers in the environment (like 

hydroelectric power stations) or remaining high PCB concentrations in the close 
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proximities of the Biosphere Reserve, facilitating measures should be made (like otter 

walkways, surpassing possible obstacles, and surveys investigating PCB levels in areas 

surrounding the Biosphere Reserve). At the scenario of an obstinate low genetic diversity 

despite such measures, an animal translocation programme should be considered as a 

possible solution.  

Such programmes include a successful translocation project in the Iberian Peninsula, 

Spain, where the genetic diversity of the population was low. In the study, 42 reintroduced 

individuals of otters originating from an area west of the Iberian Peninsula, with high 

levels of microsatellite allelic diversity, greatly contributed to the genetic composition of 

the current population (Ferrando et al., 2008). 

For replication of this study, a different, more cost-effective and precise method can be 

recommended for sex-identification; The real-time TaqMan(®) quantitative PCR assay 

(qPCR) of nuclear DNA. Results are obtained instantly, as specific and precise standard 

curves. Not only is it possible to determine sex and species, but results can also be used 

indirectly to evaluate DNA quality of samples (O’Neill, 2013). This method was not 

possible in this survey, due to unavailable lab equipment (qPCR). 

4.7. Conclusions 
The otter has returned to south-eastern Skåne and the lower parts of The River Helge å in 

Kristianstad’s Vattenrike, Biosphere Reserve. Three now-living individuals were 

identified, but it is possible that the actual population number could be more than twice 

as large. The genetic diversity may be among the lowest of the investigated populations 

in Sweden, and the results show no immediate signs of inbreeding. However, the sample 

size of this study small, and results should be interpreted with caution. Another, larger 

study would be necessary for more statistically reliable results. Results also suggest that 

deceased- and now living individuals from Yngsjö, Kristianstad, Torsebro, Osby, 

Bromölla and other parts north of Kristianstad municipality, are not closely related to one 

another. It is known that two now-living individuals of the population have successfully 

produced at least three young during the past two years. This suggests that the population 

might still be growing. Though, it is still unknown if admixture occurs between 

populations through regular intermixing. If it does, it could be a natural solution to the 

low genetic diversity. It is necessary to cover basic knowledge, like population viability 
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and abundance. The last time the area was surveyed was 2006. Therefore, a long-term 

monitoring program with genetic analyses and field work is advised, to ensure the 

successful return of this charming creature in Kristianstad’s Vattenrike, Biosphere 

Reserve.  
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6. Supplementary material 
Table S1: Listed microsatellite primer pairs used in genotype sequencing. Mixes B and C each contain 

four primer pairs (F = Forward primer. R = Reverse primer). Primer mixes were added to all samples and 

subsequently amplified by PCR. 

Locus: Primer sequence (5’- 3’): Repeat 
length: 

Source: 

Mix B:  
Lut 701 

F: GGA AAC TGT TAA AGG AGC TCA CC 
R: CAG TGT TCA TAA GGA TGC TCC TAC 

4 Dallas and Piertny, 
1998 

Lut 832 F: TGA TAC TTT CTA CCC AGG TGT C 
R: TCC TTA GCA TTA TCT TAT TTA CCA C 

4 Dallas and Piertny, 
1998 

Lut 833 F: CAA ATA TCC TTT GGA CAG TCA G 
R: GAA GTT ATC TA ATT TGG CAG TGG 

4 Dallas and Piertny, 
1998 

Lut 902 F: CAG GAG TGA ATG TAA AGA GTT GG 
R: CTT CAC ACC ATT TGC AGA CC 

4 Dallas et al., 1999 

Mix C:  
Lut 435 

F: TGA AGC CCA GCT TGG TAC TTC 
R: ACA GAC AGT ATC CAA GGG ACC TG 

2 Dallas and Piertny, 
1998 

Lut 604 F: TAT GAT CCT GGT AGA TTA ACT TTG 
TG 
R: TTT CAA CAA TTC ATG CTG GAA C 

2 Dallas and Piertny, 
1998 

Lut 715 F: TTC ACA ATA GCC AAG ATA TGG AC 
R: TGG CAT AAT ATC CTT TCT CAT GG 

4 Dallas and Piertny, 
1998 

Lut 818 F: AAG GAT GTG AAA CAG CAT TG 
R: CCA TTT TAT ACA CAT AAA TCG GAT 

4 Dallas and Piertny, 
1998 
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Figure S1a-d. Identification pictures of three otters observed next to “naturum visitor’s centre” in 

Kristianstad, between 2015-2016 (All features described from the animal’s perspective). 

a: Probable male. A white spot divides the left- and right parts of the lower jaw. The upper right lip has a 

larger white area, and a small white spot on the left. The lower jaw teeth are all intact, but a small gap can 

be seen next to the left canine. An otter with these characteristics has been observed in the act of mating 

with a female near naturum, hence the suspicion that is individual is a male. May be the father of previously 

observed cubs (winters 2015 and 2016).  

b-c: Likely the adult female with cubs. A softer light-coloured spot on the right lower jaw. Triangular, small 

white spot on the left upper lip with a larger patch of white to the right. A small tooth-gap in the middle of 

the lower jaw. An individual with these characteristic marks have been observed in the act of mating with 

a male, close to naturum (the probable male shown in picture a).  

d: Probable subadult cub (observed both 2016-2017). Large, white patch on the upper left jaw. Smaller in 

size when seen together with the probable mother (individual b-c). Photos and caption: ©Patrik Olofsson. 
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