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Shifting Cline and Migration Load in Chilean Barnacles Kelly M. Laughlin et al.

considering asymmetric flow, we ask only whether asymme-
try is a model favored over symmetry among pairs of loca-
tions. Also, as the data do not fit a pattern of isolation by
distance under traditional analyses, we do not use a geofile to
scale migration rates by geographic distance.

We interpret the output of our two pairs of analyses using
LBF within each pair, and then whether this hypothesis test
produces an equivalent result in both sets of assays (asym-
metry vs. symmetry). Only if both migration priors are con-
sistent do we proceed with interpretation of the quantitative
results. All analyses used a DNA sequence model assuming
a 2:1 transition:transversion ratio with site rate variation, a
random start genealogy and estimates of theta and M based
on Fst, and subsampling of datasets to select 10 random
individuals from each location as advocated in Wares and
Cunningham (2005). “Slice” proposal distribution was em-
ployed, with exponential priors on theta and migration as
above. For Bayesian inference, a single long chain is recom-
mended (Migrate manual) and was used in all cases with
sample increment of 20 and 5,000,000 recorded steps in the
chain, with a burn-in of 100,000 steps. Four independent
heated chains were used as replicates, with an exponential
heating (from 1 to 10) scheme. A pairwise convergence diag-
nostic was calculated. Each of these four replicated analyses
was independently run twice on a Mac Pro with a 2.66GHz
quad-core processor and 24 GB of RAM.

Results

Sequence data (Genbank JQ950750–JQ951089) are summa-
rized in Figure 1 to show the sample size and nucleotide diver-

sity across all sequences (both haplogroups) at each location.
The A1, A2, and B clades identified in Zakas et al. (2009) were
recovered in the current sample, with each clade having a
posterior probability of 0.97 or higher (not shown). No addi-
tional subclades of more than 10 individuals were supported
with similarly high posterior probability. The frequency and
binomial-estimated sampling error of haplogroups A1, A2,
and B at each location were estimated and are shown in
Figure 2. Only Punta Talca exhibits a significant (P < 0.05)
shift in the frequency of B between samples from 2004 to
2006 (Zakas et al. 2009) and our current samples. As we
know from our previous study (Zakas et al. 2009) that the
signals of within- and among-population structure and mi-
gration are influenced by the presence of B in the dataset,
all following analyses focus only on the dynamics of the
A haplogroup.

Excluding the B clade, values of Tajima’s D range from
–1.480 (Pichilemu) to 0.003 (Valdivia), with no samples de-
viating significantly (average –0.793, standard deviation [SD]
0.518) from null expectations. Isolation by distance across
our samples was not supported (r = 0.278, P = 0.187).
Overall structure within the A lineages was minimal across
the range of N. scabrosus, with no Fct value greater than
0.02 (ns) with the exception of grouping the two northern-
most populations (Arica, Antofagasta) as separate from the
rest of the domain (Fct 0.059, P = 0.026). Given the geo-
graphic distance separating these sites from the rest and the
effect of multiple contrasts of our data, the biological conclu-
sions to be made from this pattern are slight. No significant
Fst values were identified between high and low intertidal
samples at Temblador and Guanaqueros.

Figure 2. Observed frequencies of haplogroups, as identified through Bayesian clade probabilities, across the geographic range of N. scabrosus as
sampled. Haplogroup B data are shown from 2006 (Zakas et al. 2009) for the locations shared with current (2010–2011) sample. Error bars are based
on binomial sampling frequencies and are shown only for the B clade samples for clarity. Only Punta Talca (labeled “PT” on horizontal axis) exhibits a
significant (P < 0.05) shift in frequency of B clade individuals. All other changes in haplogroup frequencies are not statistically significant.
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BeadXPress SNPs - 
individual

• 102 SNPs, information from 
5 regions, 280 individuals 

• STRUCTURE, AMOVA 
consistent: nDNA 
homogeneity in North, 
Central 

• ~5% loci in cytonuclear 
disequilibrium (p<0.05) GST G’ST
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• 102 SNPs (beadXpress) 
across coast of Chile 

• more to be genotyped 
inside and out of Gulf of 
Ancud: sharp break 
(STRUCTURE k=2) 

• pattern distinct between 
nuclear and mtDNA 
genomes:  

• 1 selective cline with 
neutral rafting of 
mtDNA (dissipation of 
signal)?  

• or 2 clines?
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What Notochthamalus tells us about biogeography
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asymmetric 
introgression

• very common in hybrid zones 

• definitely represented in other marine taxa, 
e.g. Mytilus 

• mtDNA flows in direction of major currents: 
neutral spill-over?



retention of 
larvae, 
traits,  

species





• Likelihood fitting model 
employing physical 
oceanography and 
biological model from Pringle 
& Wares 2007 

• Where is region of differential 
fitness and how strong is 
selection/performance 
differential?



Using population genetics 
to inform biogeography

• Time scales - identify contemporary 
processes that maintain disjunctions among 
regions 

• Not often one species responds to two 
biogeographic transitions... 

• Continuing: settlement and nearshore 
selection, forecast for other systems
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