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Abstract Despite considerable interest in physiology,
evolution and life history of Antarctic marine inverte-
brates, only a limited number of studies have examined
the genetic variability and diversity patterns of these
organisms. Moreover, understanding and characterizing
patterns of Antarctic biodiversity has taken on a degree of
urgency because of potential impacts of global warming.
To expand an understanding of the evolutionary history of
Antarctic marine invertebrates, the genetic diversity of
the crinoid Promachocrinus kerguelensis Carpenter, 1888
was investigated, which is documented to have a circum-
polar distribution extending to subantarctic islands. Spec-
imens of P. kerguelensis were collected from the western
side of the Antarctic Peninsula, and the subantarctic
islands South Georgia, South Sandwich and Bouvetøya
Island from 2001 to 2004. P. kerguelensis was previously

subject to morphological review that conWrmed the taxo-
nomic recognition of only one species. The wide distri-
bution and reported high dispersal capability for P.
kerguelensis predicts one large panmictic population. In
contrast, nucleotide sequence data from mitochondrial
cytochrome oxidase subunit I and cytochrome b genes,
collected herein, reveal distinct genetic structure and
cryptic speciation within P. kerguelensis. In the Antarctic
Atlantic sector alone, there were at least Wve “species-
level” clades. Some of these clades are geographically
limited, and most exist in sympatry. The largest and most
widespread of these clades was examined to help eluci-
date connectivity along the subantarctic islands of the
Scotia Arc and the Antarctic Peninsula. Within this clade,
most genetic diversity was contained within populations,
but signiWcant diVerences were present between regions
(Antarctic Peninsula, South Sandwich Is., South Georgia,
Bouvetøya Is.), suggesting a corresponding lack of gene
Xow. Given that P. “kerguelensis” is a well-studied taxon,
the Wnding of considerable genetic diversity within the
Atlantic sector alone suggests that the recognized diver-
sity of Antarctica’s benthic marine life may be underesti-
mated, and will rise dramatically with phylogeographic
analyses of putative widespread species.

Introduction

Antarctic waters are often thought of as containing an
endemic, cold-adapted fauna with many species exhibiting
a circumpolar distribution (e.g. Hedgpeth 1969; Dayton
1990; Dell 1990; Sará et al. 1992). Many taxa (e.g. decapod
crustaceans, teleost Wsh) have reduced diversity (Clark
1990), whereas others have been opportunistic and under-
gone radiations (e.g. notothenoid Wsh, Eastman and Clarke
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1998; serolid crustaceans, Held 2000). One of the main
explanations for these patterns is the cooling and thermal
isolation of Antarctica likely caused by the separation of
Antarctic and South American continents, and the concom-
itant establishment of the Antarctic circumpolar current
(ACC) approximately 28–41 Ma (e.g. Lawver and Gahagan
2003; Scher and Martin 2006). Although there has been
considerable work on the biology of Antarctic marine fauna
and estimates of Antarctic biodiversity in general (e.g.
Arntz et al. 1997; Arntz and Rios 1999; Gray 2001; Gutt
et al. 2004), few studies have focused on understanding
genetic patterns, speciation processes, and/or environmen-
tal mechanisms that have lead to recent Antarctic biodiver-
sity (but see Allcock et al. 1997; Chen et al. 1997; Page and
Linse 2002; Shaw et al. 2004; Held and Wägele 2005).
Thus, commonly accepted taxonomic hypotheses based on
morphology, hypotheses of faunal distribution (e.g. circum-
polarity, endemism) and the inXuence of processes shaping
evolutionary history (e.g. ACC formation) are largely
untested (see Thatje et al. 2005).

Testing these hypotheses is important for understanding
the degree to which information can be extrapolated from
apparently “conspeciWc” animals across diVerent Antarctic
regions, for example from the Ross Sea and Weddell Sea
which are on opposite sides of the continent. More
urgently, parts of Antarctica, including the Peninsula, are
known to be warming at several times the rate of the global
average (Vaughan et al. 2003) and consequently its biodi-
versity is under great threat. If many of the widely distrib-
uted Antarctic taxa represent cryptic species complexes,
such as those more usually recognised from lower latitudes
(Palumbi 1992; Knowlton 1993, 2000), then biodiversity
estimates for Antarctica may be vastly underestimated, and
species may disappear before they are described.

To begin to address such issues, we explored evolu-
tionary patterns of genetic structure in a widespread, cir-
cumpolar endemic invertebrate, the comatulid crinoid
Promachocrinus kerguelensis (Family Antedonidae). This
is one of the largest, most abundant and most widely dis-
tributed crinoids on the Antarctic shelf and slope, ranging
from 20 to 2,100 m in depth (Speel and Dearborn 1983);
(Fig. 1). P. kerguelensis is highly fecund with buoyant eggs
that are assumed to be capable of dispersing with surface
currents; estimates indicate larval duration could be as long
as 3 months (McClintock and Pearse 1987) although this is
incongruent with data for other comatulid crinoids. Adult
P. kerguelensis are also powerful swimmers (Marr 1963),
and are prone to rafting processes as they perch on sponges,
thus allowing additional post-larval dispersal. Although
known to be morphologically variable, thorough taxonomic
revision recognized only a single species in the genus (John
1938). A later monograph (Clark and Clark 1967)
synthesized all previous known descriptions and records,

encompassing samples from the type locality of Îles Ker-
guelen, east Antarctica, the Antarctic Peninsula and South
Shetland Islands, the Ross and Davis Seas, and the subant-
arctic islands of South Georgia, Bouvetøya and the South
Sandwich Islands. They also upheld the hypothesis of a sin-
gle species, and later work by Speel and Dearborn (1983)
concurred after inspecting 1,451 specimens from various
localities.

Here we investigate the genetic diversity in P. kerguel-
ensis using mitochondrial cytochrome oxidase I and cyto-
chrome b sequence data. If P. kerguelensis was a single
species that maintains a continuous circumpolar distribu-
tion around Antarctica, we would expect panmixia among
regions, or at least gene Xow between adjacent regions.
Because of logistical problems in accessing adequate sam-
ples from the entire coastline of the Antarctic continent, we
sampled extensively within the Atlantic sector, including
subantarctic islands. Employing standard phylogeographic
methods, we examined patterns of genetic diversity and
isolation in P. kerguelensis to explore phylogeographic
structure as it related to hypotheses such as panmixia,
circumpolarity, and morphological species boundaries.

Fig. 1 Distribution of Promachocrinus “kerguelensis”. Dots repre-
sent published records (Marr 1963; Speel and Dearborn 1983) and
stars represent regions sampled in this study. The path of the Scotia
Arc is shown as a dashed line. The dark grey area shows oceanic wa-
ters usually south of the polar front. Base map supplied by the Census
of Antarctic Marine Life, courtesy of the Australian Antarctic Division
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Materials and methods

Sampling

Specimens of P. kerguelensis Carpenter, 1888 were col-
lected from the western side of the Antarctic Peninsula
(Fig. 1) using the R/V Laurence M. Gould (December 2001
and 2004) equipped with a Blake trawl, Smith-McIntyre
grab, wire dredge or epibenthic sled. The depth of sampled
sites ranged from 116 to 1,170 m (S1). Selected vouchers
were photographed, and all samples were frozen or Wxed in
ethanol. Specimens from South Georgia, South Sandwich
Islands and Bouvetøya Island (Fig. 1) were collected during
the ICEFISH 2004 cruise on the R/V Nathaniel Palmer with
Blake or otter trawls, and Wxed in ethanol. Collection
details, sample data and Genbank accessions are listed in
S1. Voucher specimens have been deposited at the Smith-
sonian Museum of Natural History. Individuals used in
analyses were representative of the size range (approxi-
mately 2–20 cm arm length) observed in the wild. Selected
voucher photographs are available on http://gump.auburn.
edu/halanych/iic/index.html.

DNA extraction, PCR and sequencing

Tissue samples were extracted using a Qiagen Dneasy®

Tissue Kit according to the manufacturer’s instructions. A
623-bp fragment of cytochrome oxidase I (COI) was ampli-
Wed using the Folmer et al. (1994) primers and the follow-
ing cycling conditions: initial denaturation 95°C, 2 min; 35
cycles of denaturation 94°C, 30 s, annealing 44–45°C,
1 min; extension 68°C, 1 min; Wnal extension 68°C, 7 min.
A 663-bp fragment of cytochrome b (CytB) was ampliWed
using the primers StCytbF and StCytbR (G. Rouse et al.
personal communication) with conditions: initial denatur-
ation 94°C, 2 min; 35 cycles of denaturation 94°C, 30 s,
annealing 43°C, 30 s, and extension, 68°C, 1 min; Wnal
extension 68°C, 7 min. PuriWed PCR products were bi-
directionally sequenced on a Beckman CEQ 8000. As there
were no indels or deletions, the sequences were easily
aligned manually in Se–Al v2.0a11 (Rambaut 2002) and
the alignment (including tree topologies) deposited to Tree-
BASE (S1780). Using McClade v4.06 (Maddison and
Maddison 2003), inferred protein sequences aided align-
ment and were used to check for sequencing errors.

Analyses

Two additional Antedonidae species (Florometra serratiss-
ima AF049132 and Heliometra glacialis maxima SAMK
2145), served as outgroups. These two genera, together
with Promachocrinus, are placed in the subfamily Helio-
metrinae (Clark and Clark 1967). A partition homogeneity

test in PAUP* (1,000 replicates, heuristic searches limited
to 100,000 rearrangements, TBR branch swapping and ten
random sequence additions) indicated no conXicting sig-
nal (P = 0.177), so CytB and COI sequence data were
combined.

TCS 1.21 (Clement et al. 2000) was used to generate a
haplotype network representing intraspeciWc relationships
not dependent on hierarchical evolutionary processes.
However, the 95% plausible set of linkages resulted in mul-
tiple unconnected networks (Fig. 2), thus a phylogenetic
approach was also necessary. We used only unique haplo-
types for maximum parsimony (MP) in PAUP* (SwoVord
2002) and likelihood estimations in MRBAYES v3.1.2
(Huelsenbeck and Ronquist 2001) for phylogenetic analy-
ses. MP analyses employed heuristic searches with 100 ran-
dom additions and TBR branch swapping. Bootstrapping
(10,000 iterations) was carried out on unique haplotypes
diVering by more than one mutational step. For Bayesian
analyses, the data were set as two unlinked partitions, with
models selected via the AIC in MrModeltest v2.2 (Nylander
2002) (COI—HKY + I + G; CytB—GTR + I + �). We
used two sets of four simultaneous chains (1 cold) run to
106 generations. The Wrst 4,000 generations were discarded
as burn-in and remaining trees were sampled every 200
generations. Average corrected pairwise distances within
and between clades were calculated in PAUP*, implement-
ing the model GTR + I + � selected using MODEL-
TESTv3.7 (Posada and Crandall 1998). A generalised
molecular clock for echinoderms was used to crudely date
cladogenic events (3.1–3.5%/MY—Lessios et al. 1999;
McCartney et al. 2000).

Haplotypic and nucleotide diversity (Nei 1987) in the
largest clade (A; n = 75), were calculated using ARLE-
QUIN v2.0 (Schneider et al. 2000). Additionally, we con-
ducted a hierarchical AMOVA, and regional pairwise FST

comparisons based on haplotypic frequencies, assessing
signiWcance with permutation tests (1,000 iterations).
Model-based estimates of gene Xow, �ST (Tamura and Nei
1993, with gamma 0.4908 from MODELTEST) were also
calculated. We tested the frequency distribution of pairwise
diVerences between haplotypes in the sample against a
model of rapid expansion growth (mismatch analysis)
(Rogers and Harpending 1992) using parametric bootstrap-
ping with 10,000 replicates (Schneider and ExcoYer 1999).

Results

Sequence diversity, networks and phylogenetic structure

Sequences from 124 individuals of P. kerguelensis consisted
of 54 unique mitochondrial haplotypes. Of 1,286 aligned
positions (COI—623 bp, CytB—663 bp), 216 positions
123
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were variable (COI—90 bp, CytB—126 bp) and 185 were
parsimony informative (COI—78 bp, CytB—107 bp). Indi-
vidually, TCS results for COI and CytB resulted in Wve
congruent haplotype networks. However, when data were
combined, six networks were produced (herein named A–F,
see Fig. 2); a long divergence within one network was
pushed outside the 95% limits of parsimony reconnection,
forming two networks (B + C). Variation within a clade
(0–0.39%) was always less than 1/10 the amount among
clades (4.18–14.72%), the exception being the low varia-
tion between clades B and C (1.88%; Table 1).

Examining evolutionary relationships among all clades,
Bayesian and parsimony produced consistent topologies,
and nodes corresponding to haplotype networks were
highly supported (bootstrap values >90; posterior probabili-
ties >0.90) as monophyletic in both (see Fig. 3). The Bayes-
ian analyses showed an unresolved trichotomy of clades
A + B + C + D being sister to E + F. MP resolved A as the
sister to B + C, but only by a single, weakly supported
node.

Geographic and depth distribution of clades

All clades occurred in multiple localities. At the regional
scale, the southwestern Antarctic Peninsula (below Brans-
Weld Strait) contained C and F, and the north contained
clades A, B, C, D and E (see Fig. 4). Clades A and E were
found in South Georgia; clades A and C in South Sandwich
Is., but Bouvetøya Is. contained only clade A. At the local
scale, all sites with more than two individuals hosted multi-
ple clades; Bouvetøya Is. being the exception, with all Wve
sites containing only clade A (n = 37). Clade D was only
found at three sites closest to Deception Island. The single
haplotype of Clade E occurred at two sites in the BransWeld
Straight (Antarctic Peninsula), and in South Georgia.

Fig. 2 Haplotype networks of P. kerguelensis produced by TCS1.21
(Clement et al. 2000) (95% set). Empty circles represent unsampled, or
possibly extinct haplotypes. Networks are labelled with clade haplo-

type numbers. Numbers outside of shapes show frequency of haplo-
type occurrence if greater than one
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Table 1 Average corrected pairwise distances (implementing GTR +
I + � from Modeltest) within and between clades of Promachocrinus,
converted to percent divergence

Within clade divergences represented in bold

A B C D E F

A 0.26

B 5.50 0.13

C 4.79 1.88 0.21

D 4.18 5.22 4.64 0.39

E 14.72 14.51 14.49 13.97 0

F 11.99 11.74 11.10 10.49 6.04 0.13
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Most clades were found at a variety of depths. Clade A
was found from 116 to 315 m; Clade B from 203 to 277 m;
Clade C from 185 to 1,170 m; Clade D from 203 to
1,170 m; Clade E from 185 to 204 m; and Clade F from 205
to 368 m. Depth comparisons must remain preliminary as
only one site deeper than 370 m was sampled, but ranges
for clades overlapped and showed no evidence for depth-
related isolation.

Population diversity and demography in clade A

The regionally isolated population structure revealed here for
clade A (the largest network in Fig. 2), is discordant with
panmixia. Clade A haplotypic diversity calculated in ARLE-
QUIN was high within sites (mean h = 0.797) and nucleotide

diversity was low (mean � = 0.0025). AMOVA found highly
signiWcant genetic subdivision among sites and among
regions (Table 2). There was no signiWcant subdivision
within regions, so we pooled samples within these for pair-
wise regional FST and �ST analyses (Table 3). The FST com-
parisons indicated a lack of gene Xow between the Antarctic
Peninsula, South Sandwich Is., and Bouvetøya Is., but not
South Georgia (which was expected with a low sample size).
However, �ST detected signiWcant subdivision between all
regions except the Antarctic Peninsula and South Georgia.
The assumed ancestral haplotype indicated by TCS was
found at sites along the Antarctic Peninsula (n = 1), South
Sandwich Is. (n = 2), and Bouvetøya Is. (n = 5). Mismatch
analysis on pooled South Sandwich Is., Bouvetøya Is. and
Antarctic Peninsula samples could not reject the sudden

Fig. 3 Bayesian consensus tree 
for P. kerguelensis generated in 
MrBayes v3.1.2 (Huelsenbeck 
and Ronquist 2001). Number in 
parentheses show the number of 
individuals of observed for a 
given haplotype if greater than 
one. Posterior probabilities 
above, maximum parsimony 
(MP) bootstraps below. Models 
implemented from MrModeltest 
v2.2 (Nylander 2002) were 
HKY + I + G for COI and 
GTR + I + � for CytB. Note 
that MP recovered a clade 
A + B + C with bootstrap 
support of 67
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expansion model of population growth. The variance was too
small to make calculations for South Georgia.

Discussion

Promachocrinus kerguelensis consists of a complex of
related species. Mitochondrial data revealed six distinct,

reciprocally monophyletic clades, which likely represent at
least Wve species. The percent divergence between clades is
highly congruent with species-level distinctions in other
echinoderms (Lessios et al. 2001; Waters et al. 2004; Hel-
gen and Rouse 2006). We show that cryptic species are
present in geographic and bathymetric sympatry. Given that
our sampling focused on the Atlantic sector, we also expect
that the full diversity of Promachocrinus is much higher.

Taxonomic revision of P. kerguelensis recognises a sin-
gle species, but high levels of external morphological varia-
tion have been acknowledged. The previously recognized
P. vanhöVenianus Minckert diVered by details of cirri and
arm segment shape, and most distinctively, having covering
plates along most ambulacral grooves, but these features
were viewed as correlated and indicative of immaturity
(Clark and Clark 1967). Similarly, P. joubini Vaney also
showed juvenile characteristics, and was considered con-
speciWc with P. kerguelensis by Clark and Clark (1967).
Speel and Dearborn (1983) noted that there were no geo-
graphical correlations with morphological variation in food
groove patterns in P. kerguelensis, and concluded that the
range of variation present was as great within as among
locations. Given our molecular results herein, which show
clades live sympatrically, it is possible that unidentiWed
morphological apomorphies are correlated with genetic lin-
eages. However, preliminary investigations on our material
(Eléaume 2006) show that external morphological charac-
teristics vary among clades. During our study, we were also

Fig. 4 Promachocrinus clade 
frequency and distribution. Sites 
in subantarctic regions have 
been pooled. Small circle 
represents 1–5 individuals; 
medium circle 6–10, large circle 
>11. Actual sample size next to 
circles 

Table 2 Analysis of molecular variance (AMOVA) for population
structure in Clade A Promachocrinus “kerguelensis”

Source of 
variation

df Sum of 
squares

Variance 
components

Percentage 
of variation

P value

Among regions 3 5.438 0.088 18.97 0.000

Among sites, 
within regions

10 4.188 0.010 2.10 0.326

Within sites 61 22.361 0.367 78.93 0.000

Table 3 Pairwise FST values (below diagonal) and �ST (above diago-
nal) in Clade A Promachocrinus “kerguelensis”

1,023 permutations, signiWcant values (P < 0.05) are in bold

AP SG SS B

Antarctic Peninsula (AP) – 0.139 0.266 0.419

South Georgia (SG) 0.075 – 0.188 0.469

South Sandwich Is. (SS) 0.083 0.057 – 0.074

Bouvetøya (B) 0.247 0.328 0.194 –
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cognizant of diVerent colour morphs in P. kerguelensis, but
their frequencies varied among clades and were not appar-
ently diagnostic of genetic lineages. Thus, the clades most
likely represent truly cryptic species.

Using a generalised echinoderm molecular clock (Less-
ios et al. 1999; McCartney et al. 2000) on the combined
average genetic divergences between groups, the deepest
split (Clade A + B + C + D vs. E + F) occurred 3.75–
4.24 Mya, while the shallowest split (Clade B + C)
occurred approximately 537,000–606,000 years ago. This
would mean that the putative species contained in Pro-
machocrinus “kerguelensis” diverged well after the onset
of the ACC (28–41 Mya, see Lawver and Gahagan 2003;
Scher and Martin 2006), but before the last glacial maxi-
mum (»20,000 ya, Huybrechts 2002). If Promachocrinus
spp. evolved on the Antarctic continent after the formation
of the ACC, and could not subsequently disperse across this
barrier, it could explain why, despite comprehensive sam-
pling eVorts, Promachocrinus spp. have not been recorded
from the Magellanic region (Marr 1963; Speel and Dear-
born 1983; but see Mutschke and Rios 2006).

During the last glacial maximum, lowered sea levels, ice
sheet grounding and ice Xows along the continental shelf
were understood to have caused widespread devastation of
marine communities (Dell 1972), extending down to shelf
limits of 1,000 m (Canals et al. 2000). However, patterns of
diversity indicate that it is unlikely that the shelf fauna was
eradicated completely at any time during the Cenozoic
(Brandt 2005), and the continental slope may have provided
refuge during times of glacial maxima. Clarke and Crame
(1992) postulated changes in ice-shelf extension drove spe-
ciation processes, and perhaps even adaptive radiations.
Alternatively, Thatje et al. (2005) suggest that temporal
diVerences in deglaciation may have allowed organisms
good at colonizing newly available substrates to move from
refuge to refuge around Antarctica, creating the contempo-
rary circumpolar distribution patterns of many taxa. Con-
sidering that the pattern of high haplotypic diversity and
low nucleotide diversity in Promachocrinus clade A is
characteristic of post-bottleneck population expansion
(Avise et al. 1984), isolation of Promachocrinus spp. popu-
lations during periods of glacial advance is the most likely
explanation for this complex of cryptic species.

Currently the number of animal species recorded to date
from the Antarctic continental shelf is 3,000–4,000 (Arntz
et al. 1997; Clarke and Johnston 2003), but diversity func-
tions predict up to 17,000 (Gutt et al. 2004). These predic-
tive calculations are systematic underestimates due to the
spatial scales used, and because they cannot account for
morphologically cryptic species (see Gutt et al. 2004). In
Antarctic waters, previous studies examining DNA in wide-
spread species have hinted at cryptic species complexes
(e.g. Beaumont and Wei 1991; Page and Linse 2002; Held

2003; Held and Wägele 2005; Raupach and Wägele 2006)
but sampling schemes have often been limited. Given the
complicated climate history of Antarctica, cryptic specia-
tion is likely commonplace.

As with many Antarctic marine species, Promachocri-
nus “kerguelensis” is currently recognized as having a cir-
cum-Antarctic distribution. However, our results raise the
question of whether any of the Promachocrinus species-
level clades are actually circumpolar. Only one of our
clades was found in all four regions (clade A) (Fig. 4), and
analyses showed that these populations lacked genetic con-
nectivity. If clade A is distributed around Antarctica, it is
not a single, randomly mating population (i.e., panmictic).

Both FST and �ST analyses revealed signiWcant genetic
subdivision for Clade A along the Scotia Arc. This series of
islands, seamounts and submerged ridges formed as a con-
sequence of sea Xoor spreading during the tectonic separa-
tion of South America from Antarctica. Although some
authors (e.g. Dell 1972; Arntz et al. 2006) hypothesize the
Scotia Arc connects populations across the Polar Front, the
pairwise FST and �ST values for clade A indicate a lack of
gene Xow between the Antarctic Peninsula and South Sand-
wich Islands. This is surprising given their relative proxim-
ity (Fig. 1), and the presence of the ACC and Weddell Sea
gyre, which assist in directing water from one region to the
other (see also Barnes et al. 2006). Large-scale patterns of
dispersal can contrast with present ocean circulation, and
might instead reXect past connectivity. However, historical
circulation patterns cannot explain lack of gene Xow along
the Scotia Arc for clade A, as the prevailing ACC has been
present longer than the taxon itself. Our results demonstrate
restricted gene Xow along the Scotia Arc, conWrming Pic-
ken’s (1985) indirect conclusions that high speciation rates
in the Scotia Arc region indicate restricted gene Xow.

South Georgia and the South Sandwich Islands are emer-
gent parts of the Scotia Arc, but Bouvetøya Island is a
younger (1 Mya, Furnes and Løvlie 1978), exceptionally
isolated island to the east, whose marine faunal source
populations are unknown. Bouvetøya Island’s general
biogeographic aYnities appear to lie with South America,
although some groups (motile peracarids and non-nudi-
branch molluscs) show more linkages with the Antarctic
Peninsula/Scotia Arc (Arntz et al. 2006). Species-level
cheilostome bryozoan communities on Bouvetøya Island
showed greatest similarity to the Scotia Arc and Weddell
Sea (Barnes 2006). FST and �ST analyses performed on
Promachocrinus clade A showed that Bouvetøya Is. is
genetically isolated from the Antarctic Peninsula and from
the geographically closer South Georgia and South Sand-
wich Islands. The haplotypes found on Bouvetøya Is. were
all either the assumed ancestral haplotype (A11), or no
greater than two mutational steps from it (Fig. 2), which
does not assist determining where colonization originated.
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In contrast to clade A, clade E consisted of only a single
haplotype despite its occurrence over a range of nearly
1,600 km (Fig. 4). Such variation in genetic structure indi-
cates that clades of Promachocrinus have undergone dis-
tinct evolutionary trajectories. Possible explanations could
include the use of diVering refugia during the last glacial
maxima. For instance, recolonization from the deep-sea
would likely produce diVerent patterns than recolonization
from multiple shelf refugia. Alternatively, the maintenance
of a single haplotype over a large range (clade E) might
indicate high levels of gene Xow among populations and/or
a rapid colonization and expansion event, or even a selec-
tive sweep (Palumbi 1995). A similarly contrasting pattern
of gene Xow was demonstrated between two Caribbean
echinoids, where the lack of a common pattern was attrib-
uted to the highly stochastic nature of successful long-
distance dispersal by larvae (McCartney et al. 2000), a
characteristic dispersal pattern for the Antarctic (Dayton
1989).

The assumed wide range of Promachocrinus “kerguel-
ensis” was inXuential in forming the prediction that its
larvae remained in the water column for long periods
(McClintock and Pearse 1987). Although many Antarctic
comatulid crinoids are brooders, most Antedonidae are
free spawners with short dispersal times (e.g. Florometra
serratissima, 5–9 days, Mladenov and Chia 1983; Antedon
biWda, 5–8 days, Lahaye 1987; Oxycomanthus japonicus,
1.5–5 days, Holland 1991; Decametra tigrina, 2–12 days,
Kohtsuka and Nakano 2005). Given the lack of gene Xow
between regions for clade A, some Promachocrinus spp.
may have a short larval dispersal period, like other comatu-
lid crinoids. McClintock and Pearse (1987) worked in
McMurdo Sound, Ross Sea, an area not sampled in this
study. This may become important if diVerent clades of
Promachocrinus show variability in larval development
and subsequent dispersal.

In summary, the widespread Antarctic crinoid Promach-
ocrinus “kerguelensis” is shown to consist of multiple
distinct lineages, which likely represent cryptic species.
Additional sampling from other areas in Antarctica is
needed to assess the full diversity contained within Pro-
machocrinus, and whether any of the clades identiWed here
demonstrate a true circumpolar distribution. Given that
P. “kerguelensis” had received greater taxonomic attention
than most Antarctic invertebrates and yet still represents
multiple cryptic lineages, it is likely that the diversity in
Antarctica is vastly underestimated.
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