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The Galápagos sea lion is common across the
whole Galápagos archipelago. Together with
sharks, whales and dolphins it plays a central
role as a key predator in the Galápagos marine
ecosystem. The taxonomic status of the Galápa-
gos sea lion is still controversial, since some au-
thors considered it a conspecific of the
Californian sea lion (Zalophus c. californianus),
(Scheffer 1958, Trillmich 1979, Eibl-Eibesfeldt
1984, Perrin et al. 2002, Brunner 2004), while
others (Eibl-Eibesfeldt 1955, Rice 1998, Salazar
and Bustamante 2003) view it as a different
species and follow the taxonomic classification by
Sivertsen (1953), a decision bolstered by distinct
behavioural traits (Eibl-Eibesfeldt 1984).

Regardless of its taxonomic rank, however, the
Galápagos sea lion deserves special attention from
a conservation viewpoint, since, as other marine
organisms in the Galápagos, they are subject to
extreme changes in food abundance due to cli-
matic fluctuations caused by El Niño Southern
Oscillation (ENSO) events. During such an event
all age classes experience extreme mortality rates
(Trillmich and Dellinger 1991). Population recov-
ery from these recurring natural events is ham-
pered by human activities, especially by the
increasing exploitation of marine resources, often

in disrespect of existing regulations (see Danulat
and Edgar 2002).

Knowledge of the patterns and levels of genetic
differentiation between populations is highly nee-
ded to develop conservation plans for this species.
Moreover, an understanding of the patterns of
relatedness between individuals in a given popu-
lation will contribute enormously to further our
understanding of the behavioural ecology of this
highly gregarious marine organism (Wolf et al.
2005).

We pursued these two general aims by screen-
ing for variation at multiple microsatellite loci,
since this type of genetic marker is a powerful tool
to determine both patterns of spatial differentia-
tion and relative relatedness amongst individuals
within a population. Here, we describe the cloning
and characterization of 8 new microsatellite loci
for the Galápagos sea lion. In addition, we tested
amplification success of 23 published microsatellite
loci developed for 7 closely related species in the
order pinnipedia.

All sea lion samples which have been used for
this study were collected on the Galápagos island
Caamaño (0�45¢ S, 90�16¢ W) as part of an ongo-
ing behavioural study. DNA was extracted from
freshly preserved tissue samples (100% ethanol)
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using the DNeasy� tissue kit from QiagenTM.
Genomic DNA was stored in Tris–EDTA buffer
(10 mM Tris–HCl, 0.1 mM EDTA, pH 8.0) and
used for all subsequent reactions. The microsatel-
lite library was based on the genomic DNA from 5
different individuals and enriched for (AC)12
nucleotide stretches, since the (AC) dinucleotide
repeat motif is most abundant in mammalian
genomes (Toth et al. 2003). The enrichment pro-
tocol followed the FIASCO method (Zane et al.
2002) with the following modifications: (i) a 450–
1000 bp fraction of the AFLP digestion-ligation
reaction were cut from an agarose gel. This frac-
tion was rerun and isolated again; (ii) PCR cycles
to amplify MseI adaptor flanking fragments were
reduced to 20 cycles; (iii) 500 ng DNA from this
enrichment step was mixed with 100 pmol of a 5¢-
biotinylated (AC)12 oligo-nucleotide probe in a
total volume of 100 ll (4.2� SSC, 0.07% SDS) at
67 �C for 2 h; (iv) 200ll of Dynabeads M-280
Streptavidin beads solution (DYNAL) were wa-
shed with 1�PBS, 0.1% BSA and subsequently
resuspended at 67 �C in 400 ll (4.2 SSC, 0.07%
SDS solution). 200 ll of bead solution were added
to the fragment-probe mix and incubated for
30 min at 67 �C; (v) low stringency washes (5 min
each) were performed four times with 1�SSC,
0.01% SDS at 38 �C. Four high stringency washes
close to the dissociation equilibrium of the DNA
fragment/(AC)12 complex were carried out in a
0.06� SSC and 0.01% SDS solution at 38 �C
(10 min each). Further steps followed the standard
FIASCO protocol (Zane et al. 2002). Fragments
enriched for (AC) repetitive stretches were cloned
using the TOPO TA Cloning� Kit from Invitro-
genTM. Ninety-six clones were randomly picked
from an agar plate and sequenced with the T3
primer (5¢-ATTAACCCTCACTAAAGGGA-3¢)
using and ABI3100 automated DNA sequencer
following the manufacturer protocols. Sixty-five
out of these clones carried the (AC) repetitive
motif, and for 27 clones primers could be designed
in the flanking region of the microsatellite using
the program Primer3 (Rozen and Skaletsky 2000).

First, polymorphism and utility was tested for
the 27 new and 23 cross species amplified micro-
satellite loci on an A.L.F.TM DNA sequencer
(Pharmacia Biotech). All but one of the 27 new
microsatellite loci amplified. Of the remaining 26
loci, 24 were polymorphic. So far we have analysed
8 of the most promising new and 7 of the success-

fully cross species amplified microsatellite loci on a
MegabaceTM 1000 sequencer (Amersham), as this
fragment analysis system was considerably more
accurate than the A.L.F.TM sequencer. As being
part of an ongoing behavioural study number of
individuals analysed for the different loci ranged
between 7 and 287. All PCR reactions were per-
formed in a 25 ll scale: template concentra-
tion ranged from 50–100 ng of genomic DNA,
1� Promega� PCR buffer, 1.5 mM MgCl2,
0.2 mM dNTPs, 0.2 lM of each primer (fluores-
cently labelled with Flu, FAM, HEX or TET from
MWG Biotech) and 1 U of Promega� TaqDNA
polymerase. Except for the annealing temperature
the PCR profile was the same for all loci: (i) initial
denaturation at 94 �C for 3 min; (ii) 1 min respec-
tive annealing temperature for the extension step;
(iii) 72 �C for 1 min; (iv) 94 �C for 30 s; (v) 30 re-
peats of step ii–iv; (vi) 72 �C for 5 min.

Table 1 summarizes the characterization of 8
new and 7 successfully cross species amplified
microsatellite loci in Zalophus californianus wol-
lebaeki. For reasons of accuracy (see above) ex-
pected (HE) and observed (HO) heterozygosity
were only calculated for the loci which were run on
the MegabaceTM 1000. Departure from Hardy–
Weinberg equilibrium (HWE) was calculated using
Arlequin 2.00 software (Schneider et al. 2000).
Table 2 provides an overview on the cross species
amplification success of microsatellite loci for
Zalophus californianus wollebaeki analysed on the
A.L.F. sequencer. For all loci that have been
analysed for the same set of at least 20 individuals
we calculated also deviation from linkage equilib-
rium using the Arlequin 2.00 software (Schneider
et al. 2000). Here, a highly significant (a<0.01;
deviation from HW not involved) deviation from
linkage equilibrium was found for Hg6.1/
OrrFCB1 (P=0.0007) and for ZcwD02/ZcwC11
(P=0.0004).

From the eight new species-specific microsat-
ellites, six loci are good candidates for use in
evolutionary studies having both high variability
levels and not showing evidence of deviations from
HWE proportions. Of the 23 loci developed on
seven distinct pinniped species we found only three
did not amplify (OrrFCB21, Lw4, Lc6) in the
Galápagos sea lion samples, three loci produced
strong stutter bands (OrrFCB7, OrrFCB10,
Lw10), three were monomorphic (Hgdii, Aa4,
OrrFCB16), and one locus (Hg6.3) showed a
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significant deviation from HWE. Accordingly, we
did not find evidence that loci which have been
cloned from other pinniped species yielded worse
results than specifically cloned microsatellite loci
in Zalophus californianus wollebaeki. The combi-
nation of newly developed and previously pub-
lished microsatellite markers add new useful
markers that, together with the recently published
microsatellite loci for the Californian sea lion
(Zalophus californianuscalifornianus) (Hernandez-
Velazquez et al. 2005), will enable to address any
kind of genetically based questions for sea lions of
the Galápagos archipelago.

Acknowledgements

The authors thank Elke Hippauf for performing
an excellent job in the laboratory, Arne Nolte and
Till Bayer for helpful discussions, Fritz Trillmich
for supporting the project, the Servicio Parque
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sea lion (Zalophus californianus wollebaeki). Behav. Ecol.

Sociobiol., DOI 10.1007/s00265-005-0042-7.

Zane L, Bargelloni L, Patarnello T (2002) Strategies for

microsatellite isolation: A review. Mol. Ecol., 11, 1–16.


