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Abstract: To monitor mammals by direct observation is often very difficult.
Therefore a new technique based on DNA typing of droppings has been
developed. DNA typing of otter spraints can potentially provide estimates of
population size, home ranges, dispersal, genetic diversity and which species are
present. This article gives a set of guidelines based on two feasibility studies on
how to use the spraint DNA typing method. There are three main points. First,
a sample of the study population must be typed to check that levels of genetic
polymorphism are high enough for individual identification. Second, spraints
must be collected and stored correctly because DNA extracted from spraints is
typically of poor quality and quantity. Spraint collection should take place
within 12 hours after deposition and before 10 a.m., and spraints should be
stored at -20°C in a solution to stop DNA breakdown. Third, laboratory
technique must be meticulous in carrying out repeat assays of the same sample
and in avoiding contamination among samples. The results of the feasibility
studies suggest that spraint DNA typing shows promise for monitoring of otter
populations. Further progress will depend on achieving higher success rates,
lower cost, and developing more highly variable microsatellites and species-
specific PCR assays. DNA typing of endangered and poorly known otter
species could provide important information on their distribution and status.
We therefore recommend that skin, tissue or DNA samples from all endangered
otter species be archived for future genetic analysis.
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INTRODUCTION

Habitat loss has created fragmented populations in many species of animals. Such populations can
suffer from reduced mating opportunities and inbreeding depression. Conservationists have
responsibilities to monitor such species to ensure that populations remain viable. Unfortunately, such
species are usually elusive and their numbers low, so monitoring by direct observation is often difficult
or impossible. The need for an alternative monitoring method has prompted scientists to develop
genetic typing of DNA extracted from animal droppings (molecular scatology). Droppings of many
species can be collected easily and in some cases they provide the only evidence that a species exists.
Conservationists who attended the VIII International Otter Colloquium in Valdivia, Chile, 2001,
expressed great interest in molecular scatology. The aim of this article is therefore to give guidelines
based on two feasibility studies on how to apply this method to the Eurasian otter Lutra lutra and other
otter species.

Two groups in Europe have experience of DNA typing of L. lutra spraints. A feasibility study in the
UK was done to assess this method for surveying wild L. lutra. The study was a joint effort involving
the Environment Agency, the Universities of Aberdeen and Exeter, the Somerset Otter Group and the
Devon and Hampshire Wildlife Trusts, together with many volunteers, without whom the study would
have been impossible. Over 600 spraints were collected from four river catchments during 18 months
and analysed. The study is published (COXON et al, 1999) and summarised at
www.ex.ac.uk/mammals/dna/. The Alterra group subsequently acquired the DNA typing method from
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the Aberdeen group to monitor the success of the future reintroduction of L. lutra in The Netherlands.
Hair and spraint samples were collected from captive otters at the breeding station Aqualutra and
Ouwehands Zoo, and reference samples of Scottish otters were included.

DNA TYPING

Spraints are easy to collect because otters deposit them at highly visible points near waterway margins.
Spraints contain the DNA of their previous owner in the form of cells shed from the intestinal lining. In
DNA typing, the owner is identified according to a genetic profile consisting of 6-15 highly variable
microsatellites and one male-specific gene. The profiles are detected using the polymerase chain
reaction (PCR). PCR primers for 13 L. lutra microsatellites and a male-specific L. lutra gene are
available. These primers detect only otter DNA, not DNA from gut bacteria or prey species. Some of
the microsatellite primers and the male-specific primer are equally applicable to representative species
of all four otter genera (DALLAS and PIERTNEY, 1998; DALLAS et al., 2000).

DNA typing of wild L. lutra populations and other otter species could meet with two obstacles. First,
populations with a long history of low numbers, reintroduced populations stemming from few founders
and geographically isolated populations, could contain so little microsatellite polymorphism that many
individuals will have identical genotypes. Good examples are the L. lutra population on the island of
Shetland, UK, which contains less than half the level of microsatellite polymorphism found in
populations in mainland Scotland (DALLAS et al., 1999), and the reintroduced L. lutra population in
the River Itchen catchment in southern Britain (COXON et al., 1999). Second, some of the available L.
lutra microsatellites could have low polymorphism in other species. Developing more microsatellites
for L. lutra and other otter species could overcome both obstacles.

Spraint DNA typing has three parts. First, DNA is extracted from spraints. Because the quality and
quantity of such DNA are typically low, DNA recovery must be efficient and PCR inhibitors must be
excluded. Second, the otter microsatellites and SRY gene are amplified to yield detectable PCR
product. Third, PCR products of different length are separated by electrophoresis and detected (Fig. 1).
The resulting genetic profiles are subjected to population genetic analysis using computer programs.

Extraction of DNA from spraints has been done by two methods. The Aberdeen group used a
CTAB/GITC/DIATOM/ VECTASPIN method (PARSONS et al., 1999) whereas Alterra used a
commercial kit designed for DNA extraction from animal tissue (QIAgen; www.giagen.com). A direct
comparison of the PCR success rates of these methods remains to be done. Detection of PCR products
was done using two systems. The Aberdeen group used standard sequencing gels and autoradiography
whereas Alterra used a Licor DNA sequencer/fluorescence system. The Licor/fluorescence system is
generally more sensitive than autoradiography and thus superior for spraint DNA analysis.

The Aberdeen group obtained a success rate of around 20% for typing at least seven out of nine
microsatellites and the SRY gene, whereas Alterra obtained an approximately three-fold higher rate
(50-60%; H. Jansman, unpublished) for typing 5 microsatellites and the SRY gene. Although the
differences in DNA extraction and detection methods probably contributed to the difference, another
important factor was probably the age and type of spraints. At Alterra, a few very fresh (approximately
1-6 hours old and immediately extracted) spraints from zoos were analysed whereas in the UK study
over 600 wild-collected spraints that averaged 12 hours old were analysed. The success rate of DNA
typing wild-collected spraints at Alterra could therefore be lower than 50%. We expect to find out if
this is the case during summer 2001, when spraints from the Trebon population in the Czech republic
will be analysed at Alterra.

A commercial company in the UK specialising in DNA analysis (Tepnel; www.tepnel.com) recently
carried out a small study to improve the success rate of spraint DNA typing. It was found that a 504 bp
portion of the mitochondrial DNA gene cytochrome B was detectable in approximately 80% of spraint
DNA extracts. The success rate of microsatellite typing of these samples by multiplex PCR is presently
being assessed. Commercial laboratories could therefore provide services for acquiring raw genetic
data. University or research institutes could also provide the skills necessary for genetic data analysis
and ecological interpretation. More detailed protocols and links will appear on the website:
http://www.ex.ac.uk/mammals/dna/.
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Figure 1. DNA typing of 8 otter samples

Lane |Otter Sample

A Sien (female) Hair sample

B Fleck (male) Hair sample

C Spyke (cub, male) Hair sample

D Fleck or Spyke Fresh spraint from enclosure 'Fleck and Spyke'
E Fleck or Spyke Fresh spraint from enclosure 'Fleck and Spyke'
F Fleck or Spyke Fresh spraint from enclosure 'Fleck and Spyke'
G Fleck or Spyke Fresh spraint from enclosure 'Fleck and Spyke'
H Fleck or Spyke Fresh spraint from enclosure 'Fleck and Spyke'

In the figure three different DNA typings (lane A, B and C) are shown for the three different otters. Obvious is that
the cub (lane C) has inherited one allele from the mother (lane A) and one from the father (lane B). Five spraints
(lane D-H) have been collected in the enclosure from Fleck and Spyke. Three of them (lane D, E and G) were
successfully typed and revealed that the spraints where deposited by Fleck.

INFORMATION FROM SPRAINT DNA TYPING

Low-intensity sampling and spraint DNA typing could yield data to distinguish most unrelated
individuals present and estimate levels of genetic diversity in the population. High-intensity spraint
sampling of populations containing high levels of microsatellite polymorphism could also yield
estimates of individual home ranges and dispersal patterns. In areas where more than one otter species
occurs, spraint DNA typing could also identify species. This method can distinguish among L. lutra,
American mink Mustela vison and polecat Mustela putorius (HANSEN and JACOBSEN, 1999), and
DNA sequences suitable for designing species-specific PCR primers for otters are available (KOEPFLI
and WAYNE, 1998). Spraints also contain food remains and parasites, perhaps allowing diet and
disease analysis by PCR (KOHN and WAYNE, 1997). Lastly, the reproductive status of individual
otters (separation of juveniles/sexually-inactive females, pregnant females and adult males) can be
studied by analysing hormone metabolites in otter spraints (TSCHIRCH et al., 1996).
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PRACTICAL TIPS

We emphasise that otter DNA extracted from spraints is generally of poor quality and yields low typing
success rates and high rates of potential errors in individual profiles (TABERLET et al., 1999). It is
therefore necessary to standardise the practical aspects of the method.

Two important factors under user control are the age and storage conditions of spraints. Spraints should
be collected as soon as possible after deposition. In the UK study, spraints were collected during the
early morning and only those judged by then-fresh appearance to have been deposited during the
previous night were collected. The success rate appeared higher for anal jelly samples than for normal
spraints (COXON et al., 1999), and other analyses of spraints from captive otters suggested that typing
success rate decreases from 60% at deposition to 15% after 24 hours (J. Dallas, unpublished). In
confirmation, the Alterra group found very low success rates in typing of spraints over three days old
(H. Jansman, unpublished). For monitoring studies, we strongly recommend collecting only fresh (<12
hours old) spraints, preferably before 10 a.m. in the morning. When spraints are rare and otter numbers
are suspected to be low, it could be worth collecting older spraints, despite a much lower success rate.
Spraint storage conditions are important because correct storage retards or stops DNA breakdown.
Ideally, a spraint (or a part of it) should be stored in a plastic vial containing a suitable solution, and
DNA should be extracted as soon as possible. Suitable storage solutions are 95% ethanol and ATL
buffer from the animal tissue DNA extraction kit (QIAgen). Irrespective of which storage solution is
used, any storage of samples should be done at -20°C. Under less optimal field conditions, it could be
effective to preserve DNA in spraints by drying with silica beads (WASSER et al., 1997). All samples
should be well-documented (date, location, composition) using pencil to write on the vials.

Before starting a monitoring program based on spraint DNA typing it is important to verify that levels
of microsatellite polymorphism in the population are high enough, at least for individual identification.
A representative sample of 10-20 otters from the population should therefore be analysed by DNA
typing. Suitable samples are hair (>30 for each individual, including roots), blood, or tissue from dead
otters. The UK study showed that when average expected heterozygosity per locus (H,) is below 0.40,
and the average number of alleles per locus (Ng) is below 3.0, even unrelated individuals can have
identical genotypes for up to nine microsatellites. In this case, population size can be underestimated
owing to this "shadow effect" (MILLS et al., 2000) and home range sizes overestimated.

The number of microsatellites used, and levels of polymorphism of each locus, is also important. The
more loci are typed, the more likely different individuals can be discriminated, but the more likely false
genotypes will arise through typing error. Six microsatellites (Lut 701, 715, 717, 832, 833 and 902;
DALLAS and PIERTNEY, 1998; DALLAS et al., 1999) were used for spraint DNA typing in the UK
study, and a further three (Lut 435, 457, 615) were typed subsequently (J. Dallas, unpublished). In
highly polymorphic populations (H > 0.6, Ny, > 4.0) the use of six loci is probably sufficient for
individual identification and monitoring levels of genetic diversity. Intensive individual-level analyses,
and any analyses of genetically depauperate populations will require 10-15 loci.

It is essential that all DNA samples be typed up to seven times (TABERLET et at., 1996; 1999;
BAYES et al., 2000; GOOSSENS et al., 2000). Only individual profiles that are consistent in such
replicate typing should be considered reliable. When the profiles of two spraints match, it is important
to calculate ratio of the probabilities that they represent the same individual or two individuals having a
given level of relatedness. Lastly, standardisation of methods among groups will be important for
reliable comparisons of DNA typing data.

CONCLUSION AND RECOMMENDATIONS

Spraint DNA typing shows promise as a tool for monitoring of otter populations. This method can
already identify different individuals and thereby provide estimates of sex ratio and minimum
population size. Further progress will depend on achieving higher success rates, lower cost, and
developing more highly variable microsatellites and species-specific PCR assays. One recommendation
from the IUCN otter specialist group to participants at the VIII international otter colloquium in
Valdivia, Chile was to document the distribution and status of all 13 species of otters globally. The use
of DNA typing in endangered and poorly known otter species could make an important contribution to
this goal. We therefore recommend that skin, tissue or DNA samples from all endangered otter species
be archived for future genetic analysis.
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Résumé : Etude des Populations de Loutres Grace au Test ADN sur les Epreintes

Suivre les mammiféres par observation directe est généralement trés difficile. C'est pourquoi une

technique nouvelle reposant sur un test ADN sur les féces a été mise au point. Sur épreintes de loutres,

cette technique peut potentiellement donner des informations sur la taille des populations, des

domaines exploités, la dispersion, la diversité génétique, ou évaluer le nombre d'espéces différentes.

Cet article présente un ensemble de recommandations issues de deux études de faisabilité testant la

technique d'empreinte génétique sur les épreintes. Trois étapes préalables sont nécessaires:

1) un échantillon de la population étudiée doit étre testé pour s'assurer que les niveaux de
polymorphisme génétique sont suffisamment élevés pour une identification individuelle.

2) les épreintes doivent étre collectées et stockées avec soin, car I'ADN extrait des épreintes est par
nature de mauvaise qualité et en faible quantité. La collecte d'épreintes doit avoir lieu au plus tard
12 heures aprés leur production et avant 10 heures du matin, et les épreintes stockées a -20°C pour
interrompre la fragmentation de 1'ADN.

3) au laboratoire, la technique pour répliquer un méme échantillon et pour éviter les contaminations
croisées doit étre rigoureuse.

Les resultats obtenus durant les études de faisabilité suggérent que le test ADN sur épreintes s'avére

prometteur pour I'étude des loutres in situ. Les progrés ultérieurs seront liés &grave; un meilleur taux

de réussite, des moindres co(ts, et au développement d'une plus grande variabilité microsatellitaire et

d'essais PCR propres a I'espece. Les tests ADN sur une espece menacée et peu connue pourront foumir

d'importantes informations concernant sa répartition et son statut. C'est pourquoi nous recommandons

que tout échantillon, fragment de tissu, peau...etc., de toute espéce de menacée de loutre soit archivé en

vue d'analyses génétiques ultérieures

Resumen: Monitoreo de Nutrias Mediante Identificacién de Fecas por ADN

A menudo es dificil monitorear mamiferos mediante observacion directa. For eso se ha desarrollado
una nueva técnica basada en la identificacion por ADN en fecas. La identificacion por ADN de fecas
de nutrias puede potencialmente brindar estimaciones de tamafio poblacional, areas de accidn,
dispersion, diversidad genética y determinar que especies estan presentes. Este articulo brinda un
conjunto de recomendaciones basadas en dos estudios de viabilidad sobre como usar el método de
identificacién por ADN en fecas. Hay tres puntos principales. Primero se debe identificar una muestra
de la poblacion estudiada para chequear que los niveles de polimorfismo genéticos son lo
suficientemente grandes como para permitir la identificacion de individuos. Segundo, las fecas deben
colectarse y almacenarse adecuadamente porque el ADN extraido de fecas es tipicamente escaso y de
poca calidad. La colecta de fecas debe tener lugar dentro de las 12 horas posteriores a la deposicién y
antes de las 10 a.m.. Las fecas deben ser almacenadas a -20°C en una solucion que detenga la
degradacion del ADN. Tercero, las técnicas de laboratorio tienen que ser meticulosas en repetir analisis
de las mismas muestras y evitar la contaminacién entre muestras. Los resultados de los estudios de
viabilidad sugieren que la identificacion por ADN en fecas es prometedora para el monitoreo de
nutrias. El progreso future depende de alcanzar mayores tasas de éxito, menores costos, el desarrollo de
microsatélites mas variables y andlisis de PCR especificos para cada especie. La identificacion por
ADN de especies de nutrias amenazadas 0 poco conocidas puede brindar informacién importante sobre
su distribution y estado. Por lo tanto, recomendamos que se archiven pieles, tejidos o muestras de ADN
de todas las especies amenazadas para futures analisis genéticos.
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