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Labidiaster annulatus, Sladen (1889) is a multi-rayed
(9–50) voracious Antarctic sea star with numerous large,
conspicuous crossed pedicellariae. An active and opportunistic
predator, it commonly preys upon euphausiids, amphipods,
and small ﬁsh in the water column (Dearborn et al. 1991).
Labidiaster annulatus is distributed around the Antarctic,
Kerguelen, South Orkney, South Sandwich Islands, South
Georgia, and Shag Rocks, at recorded depths of 30–440 m
(Fisher 1940, unpublished data).
Nothing is reported on the mode of reproduction
in Labidiaster. Furthermore, the recognized family
Labidiasteridae, composed of Labidiaster, Coronaster
Rathbunaster, and Plazaster, is unlikely to be monophyletic,
and the closest extant relative to Labidiaster remains unknown
(Mah 2000, Foltz et al. 2007). In such a case larval
identiﬁcation by barcoding can be an important tool for
examining life history (Webb et al. 2006). Here we use DNA
barcoding techniques on partial mitochondrial 16S sequences,
which serendipitously matched adults of L. annulatus to an
unknown asteroid larvae collected along the western Antarctic
Peninsula and Bransﬁeld Strait region.
Larvae and adult specimens were collected during two ﬁve
week Antarctic voyages aboard the RV Laurence M. Gould
from 23 November – 22 December 2004 and 12 May– 13
June 2006 (Table I). Larval specimens were collected using
a conical 75 cm plankton net and with a 250 micron mesh
towed for 20 min in a slow oblique decent to a depth of
c. 180 m and then similarly returned to the surface. Benthic
samples were collected using a Blake trawl, wire dredge, or
epibenthic sled. Adult voucher specimens have been
deposited at The Smithsonian Institution National Museum
of Natural History (USNM 1115369 and 1115370).
Individual asteroid larvae (19 bipinnaria and eight
brachiolaria) were subjected to whole genome ampliﬁcation
using the GenomiPhi Kit following the manufacturer’s
recommendations (GE Healthcare) without prior DNA
extraction because the protocol’s ﬁrst heating step lyses cells.
DNA of adult specimens was extracted using the DNeasyw
Tissue Kit (Qiagen). An approximately 500 bp region of the
16S gene was ampliﬁed using the 16SarL and 16SbrH
primers following Palumbi (1991). Puriﬁed products were
sequenced in both directions on a CEQ 8000 Genetic

Analysis System (Beckman Coulter). Novel sequences are
deposited under Genbank accession numbers EU248958EU248964. Edited sequences were compared to Genbank
sequences using “blastn” (Altschul et al. 1990). Genetic
distances (uncorrected p-distance values) were calculated
using PAUP*4.0 (Swofford 2003). To objectively conﬁrm
that all the sequences probably represented a single species,
sequences were analysed using TCS 1.21 (gaps treated as
missing) to create a parsimony network with a 95%
connection limit between haplotypes (Clement et al. 2000).
Of the 27 larvae examined, four (three bipinnaria and one
brachiolaria) from the 2004 voyage showed . 99% sequence
similarity to the L. annulatus sequence reported by Foltz
et al. (2007; Genbank accession AY706154). All other larvae
sampled were Odontaster validus. To conﬁrm the result, we
sequenced three adult L. annulatus and found uncorrected
p-distances of . 0.378% when compared to larval samples
and the Foltz et al. sample (representing four unique
haplotypes). The parsimony network found all samples to be
within a single network with a maximum distance of three
nucleotide changes in the network (data not shown).
Thus, Labidiaster annulatus has an indirect mode of
development with planktonic bipinnaria and brachiolaria
larvae. The less than 0.4% uncorrected distance values
recovered among L. annulatus individuals are considerably
lower than the 5 – 7% interspeciﬁc mtDNA sequence
divergences generally found in echinoderms (Foltz 1997,
Hart et al. 1997, Waters & Roy 2003, Waters et al. 2004).
Furthermore, 16S sequence data are known to be
informative and variable in intraspeciﬁc studies for
Antarctic marine invertebrates (Raupach & Wagele 2006,
Wilson et al. 2007, Hunter & Halanych 2008, Mahon et al.
2008) as well as within asteroids (Waters et al. 2004).
Unfortunately, we cannot determine with certainty the
morphology of the L. annulatus larvae. Larval samples were
destroyed in data collection and no photographs could be
taken of live larvae. Larvae were examined under a dissecting
microscope and L. annulatus larvae seem to be superﬁcially
similar to those of Odontaster. Substantial morphological
differences were not immediately obvious, and as such it is
most likely that these are feeding (planktotrophic) larvae, but
future research should further explore this issue.
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Table I. Collection information for Labidiaster annulatus and Odontaster
validus.
Species/
Station
number
L. annulatus
LMG 06-13
LMG 06-14
LMG 06-45
LMG 04-68
LMG 04-47
O. validus
LMG 04-45
LMG 04-47
LMG 04-60
LMG 04-68
LMG 06-10
LMG 06-30

Stage

Depth
(m)

Latitude/Longitude
(S/W)

No. of
samples

A
A
A
L
L
A

132
132
195
0–180
0–180
-

63824.96’; 61850.48’
62856.004’; 61828.751’
67843.60’; 69818.10’
63828.02’; 62823.97’
62851.00’; 59827.07’
60858.08’; 5586.85’

1
1
1
1
3
1a

L
L
L
L
L
L

0–180
0–180
0–180
0–180
0–180
0–180

62815.80’; 58816.70’
62851.00’; 59827.07’
62858.07’; 61835.46’
63828.02’; 62823.97’
64823.54’; 62859.82’
65850.51’; 66859.83’

7
4
5
5
1
1

Stage: A ¼ adult, L ¼ larva.
from Foltz et al. 2007.

a

Linking larval and adult forms together via DNA barcoding
raises some interesting issues about L. annulatus. We now
know that this organism has planktonic development, but the
duration of larvae in the water column is unknown because
length of larval development can vary greatly and there can
be a long delay in settlement after reaching competence if
cues for metamorphosis are lacking (e.g. Strathmann &
Strathmann 2007). Moreover, studies of modes of
reproduction in Antarctic marine invertebrates indicate
that larvae often spend very long periods of time in the
plankton (Pearse et al. 1991). Larvae of L. annulatus were
present in the summer 2004 but not in May/June 2006.
Although our numbers are low, the fact that more
bipinnaria were found suggest that larvae were in the water
column well past the May/June time frame during which we
sampled. Our results suggest that the South American sister
species, Labidiaster radiosus may also have planktonic larval
development. Future efforts should expand the temporal and
spatial sampling of larvae so that a better understanding
of the life history of this conspicuous predatory sea star
can be obtained.
Acknowledgements
We gratefully acknowledge all the help we received aboard
the RV Laurence M. Gould. Helpful comments were
provided to this manuscript by Scott Santos and
Rebecca Hunter. This work was supported by a
National Science Foundation grants (OPP9910164,
OPP0338087, and OPP0338218) to R.S. Scheltema and
K.M. Halanych. This work is AU Marine Biology Program
contribution #42.

References
ALTSCHUL, S.F., GISH, W., MILLER, W., MYERS, E.W. & LIPMAN, D.J. 1990.
Basic local alignment search tool. Journal of Molecular Biology, 215,
403–410.
CLEMENT, M., POSADA, D. & CRANDALL, K.A. 2000. TCS: a computer
program to estimate gene genealogies. Molecular Ecology, 9, 1657– 1659.
DEARBORN, J.H., EDWARDS, K.C. & FRATT, D.B. 1991. Diet, feeding behavior,
and surface morphology of the multi-armed Antarctic sea star Labidiaster
annulatus (Echinodermata: Asteroidea). Marine Ecology Progress Series,
77, 65–84.
FISHER, W.K. 1940. Asteroidea. Discovery Reports, 20, 69– 306.
FOLTZ, D.W. 1997. Hybridization frequency is negatively correlated with
divergence time of mitochondrial DNA haplotypes in a sea star
(Leptasterias spp.) species complex. Evolution, 51, 283– 288.
FOLTZ, D.W., BOLTON, M.T., KELLEY, S.P., KELLEY, B.D. & NGUYEN, A.T.
2007. Combined mitochondrial and nuclear sequences support the
monophyly of forcipulatacean sea stars. Molecular Phylogenetics and
Evolution, 43, 627–634.
HART, M.W., BYRNE, M. & SMITH, M.J. 1997. Molecular phylogenetic
analysis of life-history evolution in Asterinid starﬁsh. Evolution, 51,
1848– 1861.
HUNTER, R.L. & HALANYCH, K.M. 2008. Evaluating connectivity in the
brooding brittle star Astrotoma agassizii across the Drake Passage.
Journal of Heredity, 99, 137 –148.
MAH, C.L. 2000. Preliminary phylogeny of the forcipulatacean Asteroidea.
American Zoologist, 40, 375–381.
MAHON, A.R., ARANGO, C.P. & HALANYCH, K.M. 2008. Genetic diversity of
Nymphon (Arthropoda: Pycnogonida: Nymphonidae) along the Antarctic
Peninsula with a focus on Nymphon australe. Marine Biology, 155,
315– 323.
PALUMBI, S.R., MARTIN, A.P., ROMANO, S., MCMILLAN, W.O., STICE, L. &
GRABOWSKI, G. 1991. The simple fool’s guide to PCR. Special
Publication of the Department of Zoology. Honolulu, HI: University of
Hawaii, 47 pp.
PEARSE, J.S., MCCLINTOCK, J.B. & BOSCH, I. 1991. Reproduction of Antarctic
benthic marine invertebrates: tempos, modes and timing. American
Zoologist, 31, 65–80.
RAUPACH, M.J. & WAGELE, J.W. 2006. Distinguishing crypic species in
Antarctic Asellota (Crustacea: Isopoda) - a preliminary study of
mitochondrial DNA in Acanthaspidia drygalskii. Antarctic Science, 18,
191– 198.
STRATHMANN, M.F. & STRATHMANN, R.R. 2007. An extraordinarily long
larval duration of 4.5 years from hatching to metamorphosis for
teleplanic veligers of Fusitriton oregonensis. Biological Bulletin, 213,
152– 159.
SWOFFORD, D.L. 2003. PAUP*: phylogenetic analysis using parsimony
(*and other methods). Version 4.0. Sunderland, MA: Sinauer Associates.
WATERS, J.M., O’LOUGHLIN, P.M. & ROY, M.S. 2004. Cladogenesis in
a starﬁsh species complex from southern Australia: evidence for
vicariant speciation? Molecular Phylogenetics and Evolution, 32,
236– 245.
WATERS, J.M. & ROY, M.S. 2003. Marine biogeography of southern
Australia: phylogeographical structure in a temperate sea-star. Journal
of Biogeography, 30, 1787–1796.
WILSON, N.G., HUNTER, R.L., LOCKHART, S.J. & HALANYCH, K.M. 2007.
Multiple lineages and absence of panmixia in the Antarctic
‘circumpolar’ crinoid Promachocrinus kerguelensis from the Atlantic
sector of Antarctica. Marine Biology, 152, 895–904.
WEBB, K.E., BARNES, K.A., CLARK, M.S. & BOWDEN, D.A. 2006. DNA
barcoding: a molecular tool to identify Antarctic marine larvae. DeepSea Research II, 53, 1053–1060.

