
with very long distance dispersal, as predicted by the
species larval duration of at least three months (Huggett
et al. 2005). This contrasts with the strong differentia-
tion among local populations in a region of high
interannual SST variability along the far southeastern
Australian mainland coast. Jackkni“ng over loci and
sampled populations revealed this pattern to be statis-
tically robust and not driven by outlying loci or samples,
thereby providing strong support for our results as a real
biological phenomenon and not an artifact of sampling
error in the data.

The “rst major question arising from our “ndings is
how “ne-scale genetic structure is generated in the
absence of larger-scale differentiation. A common
biological explanation for “ne-scale genetic structure is
restricted dispersal relative to the scale of sampling
(Peakall et al. 2003). However, restricted dispersal is
expected to result in a genetic isolation by distance
pattern, or at least gradually weakening autocorrelation
among neighboring samples (Bohonak 1999, Peakall et
al. 2003). This was not observed inC. rodgersii. Similar
patterns have previously been detected on a smaller scale
in other marine invertebrates (Johnson and Black 1984,
Johnson et al. 1993). These patterns are hypothesized to
be due to large variance in individual reproductive
success in highly fecund species, such that in any
reproductive event only a small fraction of adults in a
local population effectively contributes to the next
generation (Hedgecock 1994). This can result in
within-cohort spatial genetic patchiness, for instance
due to cohesion of groups of genetically similar
planktonic larvae (Johnson et al. 1993). Further,
temporal variation in reproductive success among
individuals may cause genetic differentiation among
generations (Hedgecock 1994, Moberg and Burton 2000,
Flowers et al. 2002, Levitan 2005, Pujolar et al. 2006),
resulting in local patchy genetic structure if recruitment
is spatially variable between locations. According to this
hypothesis, we do not necessarily expect to observe
stronger genetic structure over a larger scale (e.g.,
Johnson and Black 1984, Johnson et al. 1993) as

population connectivity may still be maintained by
long-dispersing planktonic larvae. Our data are consis-
tent with this ••patchiness•• hypothesis for two reasons.
First, the signi“cant association between positive localr
and heterozygote excess suggests a very low effective
(Ne) to census (N ) population size ratio. Large variance
in reproductive success among individuals can generate
heterozygosity excess because allele frequencies differ
between sperm and eggs when the effective number of
breeders is small (Pudovkin et al. 1996, Luikart and
Cornuet 1999, Addison and Hart 2005). The correlation
between positive localr and heterozygote excess inC.
rodgersii is consistent with this hypothesis in that where
the Ne/N ratio within a population is small we expect the
offspring generation to be characterized by increased
genetic relatedness (measured as localr) among individ-
uals and increased heterozygosity within genotypes.
Second, where “ne-scale structure was detected it was
due to genetic similarity among individuals within
sampling sites (signi“cant positive localr) but showed
no spatial pattern on a larger scale.

In C. rodgersii the pattern of “ne-scale patchy genetic
structure was unusual in being restricted to a speci“c
region within the species• distribution. This allowed us
to identify physical variables associated with this
pattern. Our model selection analysis linked the presence
of “ne-scale genetic structure (localr: indicating genetic
similarity among individuals within a sample) to coastal
topography and interannual variability in SST. Of these
physical factors, SST variability explained a greater
proportion of the data. Because genetic structure is the
end product of a range of interacting life history
attributes and environmental factors, at this stage we
cannot conclusively identify speci“c mechanisms by
which SST variability, or its underlying causative
factors, interacts with C. rodgersii larval ecology to
produce the observed pattern of genetic structure.
However, we propose the following hypothesis. First,
the oceanographic in”uence on local genotypic structure
relates to the temporal variability in SST, as opposed to
absolute SST values or some other factor with a purely

TABLE 2. Models of oceanographic, coastal topographic, and habitat-related variables to explain the spatial pattern of “ne-scale
genetic structure (localr values) amongCentrostephanus rodgersiisampling sites.

Model
rank

Variables
Log-

likelihood AIC c DAIC c R2SSTSD (log)CL20
����������
RR20

p
LA 20 SSTAV Latitude Intercept

1 0.012 0.009 0.013 41.79 � 75.59 0 0.370
2 0.011 0.013 40.09 � 75.24 0.35 0.214
3 0.007 0.013 38.98 � 73.04 2.55 0.099
4 (null) 0.013 37.65 � 73.02 2.57 0
64 (full) 0.012 0.012 � 0.001 � 0.004 0.002 � 0.001 0.013 41.97 � 55.95 19.64 0.380
HP %IC 61.20 26.53 2.12 4.94 2.22 3.00

Notes: Models are ranked by Akaike•s Information Criterion corrected for small sample size (AICc) and the coef“cients andR2

values for the “tted models are presented. SSTAV and SSTSD represent the sea surface temperature (SST) average and interannual
variability (standard deviation) for July…September from 1990 to 2004. CL20, LA 20, and RR20 are, respectively, the length of
coastline, area of land, and area of subtidal rocky reef within a 20-km radius of each sampling site. All variables were standardized
such that the mean and standard deviation equaled 0 and 1, respectively. The independent contribution of each variable to the
variance in local r values explained by the models evaluated is presented as a percentage (HP%IC; ••HP•• denotes hierarchical
partitioning).
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