


Araya 2013), and is thought to partially reflect environ-
mental plasticity in response to depth, turbidity and
substrate (Powell 1927; Ponder 1971). In a close relative
of Penion (Hayashi 2005), Kelletia kelletii (Forbes, 1850),
females in mating pairs were found to be on average
13 mm larger than their male partners (Rosenthal
1970), but no explicit investigation of sexual dimorph-
ism has been conducted within the clade.

To gauge the potential effect of sexual dimorphism
on shell variation, we also investigated interspecific
variation by comparing shells of P. chathamensis to
P. sulcatus (Lamarck, 1816). Penion sulcatus is endemic
to New Zealand waters but occurs at shallower
depths than P. chathamensis (1–165 m), near the
North Island and northern South Island coasts. Siphon
whelk species appear to exhibit significant intra and
interspecific variation in shell morphology, and the
differentiation of species is often challenging (Powell
1979). However, although P. chathamensis and
P. sulcatus are closely related according to mitochon-
drial 16S RNA gene DNA sequences (Hayashi





from females based on jack-knifed cross-validation
scores (Figure 2). More than half of the specimens
from Chatham Rise were misassigned to the opposite



Figure 4. Principal components analysis plot produced using MorphoJ 1.06c (Klingenberg 2011), showing variation among indi-
viduals classified as P. chathamensis and P. sulcatus for principal components generated from geometric morphometric measure-
ments of shells. Principal components 1 (45.65% of variation) and 2 (19.62%) are shown. Specimens classified as P. chathamensis
and P. sulcatus are illustrated as green (light) and blue (dark) circles, respectively. 90% mean confidence ellipses are illustrated for
each group (in matching colouration) and indicate that the means of the two species are widely separated in morphospace. The
taxa were also readily distinguished using the remaining statistically significant principal component 3.

Figure 5. Bayesian assignment probability for each siphon whelk shell belonging to one of the two clusters estimated by modelling
shell shape variation of P. chathamensis and P. sulcatus



female mean = 35.13, SD = 3.86), indicating that the
sexes also do not differ significantly in shell size.

Canonical variates analysis and the ellipses esti-
mated in PCA indicate that males and females are
similar, but both analyses rely on the a priori classifi-
cation of individuals (i.e. sex). Neither analysis explicitly
attempts to identify the most suitable groupings within
the data. We therefore conducted naïve, model-based
cluster analysis using mclust. For the sample of sexed
individuals from Chatham Rise (n = 32), mclust sup-
ported only one cluster, whether using the significant
principal components alone (PC1–PC4) or with centroid
size included (Supplementary Figure 2). This led us to
accept the null hypothesis that there are no identifiable
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