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Abstract

Nineteen microsatellite loci developed for the Eurasian otter (Lutra lutra) and 15 loci developed
for the North American river otter (Lontra canadensis) were tested for ease of amplification
and degree of polymorphism on a set of 20 giant otter (Pteronura brasiliensis) faecal samples
from the Bolivian Amazon basin. Nineteen loci amplified consistently well, with poly-
morphisms ranging from two to nine alleles and observed heterozygosity ranging from
0.15 to 0.85.
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The giant otter, Pteronura brasiliensis, suffered a population
collapse in the last century as a result of over-harvesting for
the pelt trade. This hunting pressure extirpated the species
from much of its eastern range in Brazil, and from Argentina
and Uruguay (Carter & Rosas 1997). With the implementation
of a continent-wide hunting ban in 1979, the population has
been recovering; however, survival is now increasingly
threatened by habitat degradation (Groenendijk et al. 2005).

In order to select a series of microsatellite loci for use in
population genetic studies of the giant otter, we screened
19 loci derived from the Eurasian otter, Lutra lutra (Dallas
& Piertney 1998; Dallas et al. 2000; Huang et al. 2005) and 15
loci from the North American river otter, Lontra canadensis
(Beheler et al. 2004; Beheler et al. 2005) on a sample of 20
giant otters. The samples were faecal in origin, collected in
2007 from the Rio San Martin, located in the Beni Depart-
ment of northern Bolivia. The samples constitute individuals
from 12 social groups distributed over 280 km.

Faecal samples were preserved in ethanol and DNA was
extracted using a QIAGEN QIAamp DNA Stool Mini Kit
following the manufacturer’s protocol. Amplification took
place in 7 μL polymerase chain reactions (PCR) using 1.2 μL
template DNA, 0.6 μm of primer solution (forward primers
of each primer pair were fluorescently labelled using either
FAM or HEX dye), BSA, autoclaved Milli-Q water and 4 μL

QIAGEN multiplex PCR kit (containing master mix, HotStar
Taq, MgCl2, dNTPs and PCR buffer). PCR was performed
using an ABI GeneAmp PCR System 9700 involving a
94 °C denaturing step for 15 min followed by 35 cycles of
denaturing at 94 °C, annealing at 58 °C for 1 min 30 s with
extension at 72 °C for 1 min and a final extension period at
60 °C for 30 min. Alleles were scored using GeneMapper
(version 3.7). The comparative method approach was used
as recommended by Hansen et al. (2008), with each sample
independently genotyped at least twice for a heterozygote
and three times for a homozygote. If ambiguities arose, fur-
ther repeats would occur until a consensus was reached.
Heterozygosity was calculated and Hardy–Weinberg equi-
librium tested for using GenAlEx (Smouse & Peakall 1999).
Linkage disequilibrium was tested for using GenePop
(Raymond & Rousset 1995), with an alpha of 0.001 following
Bonferroni correction. Micro-Checker (Van Oosterhoust et al.
2004) was used to estimate the probability of null allele
occurrence.

In total, 32 of the 34 loci amplified; seven were mono-
morphic and in the remaining loci polymorphism varied
from two to eight alleles per locus. Overall observed
heterozygosity was lower than expected, although three
loci had heterozygosities higher than expected by greater
than 0.04 (Table 1). No significant departures from Hardy–
Weinberg or linkage disequilibrium between loci were
observed, although evidence of null alleles was suggested
in loci Lut604, Lut615, 04OT04, Rio16, Rio20 (P < 0.05).
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The degree of amplification success varied depending on
the locus. Whereas Lut615 (62%) and Rio13 (23%) amplified
poorly, others amplified extremely well, with 87.9% in
04OT17 and 90.4% in Lut733, for example.

Following this study, 15 loci were chosen for suitability
in population studies and divided into the following mul-
tiplexes. M1: Lut453, 04OT17, Rio12; M2: Lut435, Lut733,
Rio16; M3: Lut604, Lut782, Rio15; and results indicate
a 60% amplification success rate among giant otter faecal
samples and suggest that using noninvasive methods of DNA
collection these loci are sufficient to reveal patterns of related-
ness and levels of gene flow occurring between populations.
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M, monomorphic; n, no amplification product.



P E R M A N E N T  G E N E T I C  R E S O U R C E S  N O T E 417

© 2009 The Authors
Journal compilation © 2009 Blackwell Publishing Ltd

Dallas JF, Carss DN, Marshall F, Koepfli K-P, Kruuk H, Piertney
SB, Bacon PJ (2000) Sex identification of the Eurasian otter
Lutra lutra by PCR typing of spraints. Conservation Genetics, 1,
181–183.

Groenendijk J, Hajek F, Duplaix N et al. (2005) Surveying and
monitoring distribution and population trends of the giant otter
(Pteronura brasiliensis). Guidelines for a standardisation of sur-
vey methods as recommended by the giant otter section of the
IUCN/SSC Otter Specialist Network. Habitat, 16, 1–100.

Hansen H, Ben-David M, McDonald DB (2008) Effects of geno-
typing protocols on success and errors in identifying individual
river otters (Lontra canadensis) from their faeces. Molecular Ecol-
ogy Resources, 8, 282–289.

Huang CC, Hsu YC, lee LL, Li SH (2005) Isolation and character-
ization of tetramicrosatellite DNA markers in the Eurasian
otter (Lutra lutra). Molecular Ecology Notes, 5, 314–316.

Raymond M, Rousset F (1995) GenePop (version 1.2): population
genetics software for exact tests and ecumenicism. Journal of
Heredity, 86, 248–249.

Smouse PE, Peakall R (1999) Spatial autocorrelation analysis of
individual multiallele and multilocus genetic structure. Heredity,
82, 561–573.

Van Oosterhoust C, Hutchinson WF, Wills DPM, Shipley P (2004)
Micro-Checker: software for identifying and correcting geno-
typing errors in microsatellite data. Molecular Ecology Notes, 4,
535–538.


