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Abstract Blue penguins, Eudyptula minor, breeding on Penguin Island, Western Australia are considerably larger than other blue penguins in Australia.
If genetic isolation is the cause, it may have implications for the conservation status of some blue
penguin populations. We compared the sequences
of two mitochondrial gene regions (cytochrome-b
and the control region) from Western Australian
blue penguins with other populations of blue penguins from Australia and New Zealand. We found
few differences between sequences from Western
Australia, Phillip Island, Victoria and Otago, New
Zealand, although all three differed considerably
from other New Zealand blue penguins. Sequences
for the control region from the Western Australian
blue penguins and 30 more birds breeding at various
Australasian sites provided further support for two
major clades within Eudyptula; an Australian clade
(including Otago) and a New Zealand clade.
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INTRODUCTION
Blue penguins, Eudyptula minor (Forster, 1781),
are the smallest living penguins, found in temperate seas around the coasts of New Zealand and the
eastern and southern coasts of Australia (Marchant
& Higgins 1990). Blue penguin populations have
declined in many areas, following human disturbance and the introduction of alien predators (del
Hoyo et al. 1992; Challies & Burleigh 2004). Understanding biodiversity and setting priorities for the
management of species with declining populations
depends crucially on taxonomy (McNeely 2002),
because the conservation status of a species is determined from several factors including population
size and distribution for example, the IUCN Red List
(IUCN 2006). Population sizes and distribution can
be known accurately, and conservation management
priorities and strategies assigned correctly, only if the
taxonomy of a species is correct (for a case study
see Daugherty 1990).
The taxonomy of Eudyptula is controversial and
has been extensively revised since the species was
first described as Aptenodytes minor J. R. Forster
1781 (Marchant & Higgins 1990). Several subspecies have been distinguished on morphometric data
such as bill size, body weight and tarsus length
(Kinsky & Falla 1976). Blue penguins from Western Australia are heavier and have longer bills than
blue penguins elsewhere in Australia (mean 1390 g
compared with 1207 g in Victoria during the nonmoulting season, and the size difference between
Penguin Island, Western Australia penguins and
some of the other blue penguins is greater than
the differences between several of the subspecies
(Klomp & Wooller 1988). Comparison of random
amplified polymorphic DNA from samples collected
from birds breeding on Jarvis Bay, New South Wales
and Penguin Island, Western Australia found a slight
separation between the two populations (Wienecke
1993). Klomp & Wooller (1988) therefore proposed
that the larger size of birds from Penguin Island may
be due either to the relative isolation of these birds at
the northern limit of their distribution, or to a more
favourable climate and food supply.
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Fig. 1 Collection localities of
blue penguin samples.
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	In this study, we obtained genetic sequences for
two mitochondrial regions, the cytochrome-b gene
which evolves moderately quickly (Nunn et al. 1996)
and the faster-evolving control region (Freeland &
Boag 1999; Lambert et al. 2002) to investigate if
there are genetic differences between blue penguins
breeding on the east and west coasts of Australia.
We also compared the western Australian sequences
with 12 published sequences and 30 new sequences
for the mitochondrial control region from blue penguins breeding in various locations in Australasia,
to investigate whether or not sequences from more
specimens support the clade structure we previously
described (Banks et al. 2002).
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 Fig. 2 Phylogenetic tree generated using maximum like-

lihood analysis (see text for details) of the cytochrome-b
sequences. Numbers above the lines represent percentage
bootstrap support greater than 50% (of 1000 replicates) and
numbers below the lines are the number of substitutions in
that branch of the cytochrome-b sequences. The terminal
nodes of the tree are labelled with the collection location
and a voucher number for each bird.
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Fig. 3 Phylogenetic tree generated using maximum likelihood
analysis (see text for details) of the
control region sequences. Numbers
above the lines represent percentage bootstrap support greater than
50% (of 1000 replicates). The terminal nodes of the tree are labelled
with the collection location and a
voucher number for each bird.
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METHODS
Samples were obtained from birds at locations shown
in Fig. 1. DNA was extracted using Qiagen DNeasy
kits from 15 mg of muscle tissue or 10 µl of blood.
We amplified a portion of cytochrome-b (cyt-b) gene
and the control region (CR) from the mitochondrial
genome from total genomic extracts using the methods outlined in Banks et al. (2002).
Cytochrome-b
We obtained the sequence for a 334 nucleotide portion of cyt-b from two of the Western Australian
specimens (Genbank accession numbers AY194079–

AY194080, available via http://www.ncbi.nlm.nih)
and compared these two sequences with sequences
published previously (Banks et al. 2002), Genbank
accession numbers AF468932–AF468944). Using
Modeltest version 3.06 (Posada & Crandall 1998),
we selected the HKY substitution model (Hasegawa
et al. 1985) to conduct a maximum likelihood analysis using the following settings; TI/TV = 13.4876, A
= 0.2741, C = 0.3591, G = 0.1309, T = 0.2359, using
the heuristic search function.
Control region
Because there were few differences between the
sequences for cyt-b from blue penguins from the
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Australian east and west coasts, we chose to focus
on sequencing the faster evolving mitochondrial
CR for more individuals. We sequenced 406 nucleotides of the CR (Genbank accession numbers
AY194081, AY194082, AY194084, available via
http://www.ncbi.nlm.nih) for three Western Australian specimens and 30 blue penguins from other
locations (Genbank accession numbers, AY194083,
AY194085, AY194086, DQ017223–DQ017249).
We combined these sequences with 12 sequences
published previously (Genbank accession numbers,
AF468945–AF468956) and used Modeltest version
3.06 (Posada & Crandall 1998) to select the HKY +
gamma model (Hasegawa et al. 1985; Yang 1993) for
a maximum likelihood analysis with the following
settings; TI/TV = 13.8958, Gamma = 0.0623, A =
0.3244, C = 0.2068, G = 0.1856, T = 0.2833, using
the heuristic search function.
RESULTS
The maximum likelihood analysis of the cyt-b sequences found a single best tree of score –lnL =
517.99024, and confirmed the existence of two main
clades consisting of (1) birds from Australia and
Otago and (2) birds from the rest of New Zealand.
The analysis placed the Western Australian specimens in the Australian clade, clearly distinct from
the New Zealand specimens. Within the Australian
clade, however, there was no clear separation of Victorian and Western Australian specimens (Fig. 2).
The ML analysis of the control region sequences
found a single best tree of score –lnL = 999.9811.
The phylogenetic analysis of the control region
mitochondrial sequences also found the same two
major clades as found from cyt-b and also placed the
Western Australian blue penguins in a clade with the
other Australian blue penguins (Fig. 3).
DISCUSSION
Blue penguins from the east and west coasts of
Australia showed few genetic differences in the portions of the cyt-b gene and the control regions we
sequenced. Additionally, there was limited or shallow phylogeographic structure within the Australian
clade, indicating that the populations on the two
coasts of Australia plus the Otago population in New
Zealand have occupied ranges free of impediments
to gene flow (Avise 1994). Klomp & Wooller (1988)
suggested that Western Australian blue penguins may
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be larger because of a more favourable climate and
food supply, as an alternative to genetic isolation.
We agree that favourable food and/or climate are
more likely than genetic isolation to have produced
the morphological differences between populations
breeding on the two coasts. Analysis of highly variable microsatellite regions of penguins breeding on
both coasts of Australia and in Otago, which can
uncover the population history of individual colonies
and identify migration between colonies (Sunnucks
2000), would be a useful future project.
The taxonomy of Eudyptula in New Zealand
has been somewhat controversial over the last 30
years. Kinsky & Falla (1976) reclassified the two
Eudyptula species (E. minor and the white-flippered
penguin E. albosignata) into a single species with six
subspecies based on morphometric data such as bill
size, body weight and tarsus length. Our results did
not agree: Banks Peninsula birds were not genetically distinctive, and in any case, there are breeding
birds with a white flipper margin in Oamaru (Hocken
1997). After Meredith & Sin (1988a,b) used an
analysis of allozyme data from four populations to
demonstrate a very high degree of intra- and interpopulation variability within the New Zealand clade
of Eudyptula, all subspecies were deleted (Turbott
1990). We conclude that there are few impediments
to gene flow within the New Zealand taxon.
Cladistic classification systems recognise only
monophyletic clades (a clade that includes all the
descendants of a common ancestor) (Page & Holmes
1998) and our results confirm that there are only two
clades of blue penguins in Australasia. The addition
of sequences for cyt-b from the two Western Australian individuals and for the control region from
33 new specimens from various locations supported
the distinction between two distinct genetic clades
found in our previous study of fewer specimens
(Banks et al. 2002). At Oamaru, north Otago, the two
clades coexist and it would be interesting to examine
breeding pairs to see whether they are hybridising.
It would also be useful to examine more individuals from some of the areas we have not sampled as
extensively, to investigate whether the same two
genetic clades coexist at other colonies.
The cyt-b sequences of the two blue penguin
clades were more different from each other (4% different), than African penguins, Spheniscus demersus,
are from Magellanic penguins, S. magellanicus (1%
different); or African penguins are from Humboldt
penguins, S. humboldti (2% different) (Baker et al.
2006). Many closely related vertebrate taxa currently
recognised as full species diverge from their sister
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taxa by distances of 2% or more in cyt-b (Johns &
Avise 1998), suggesting that reclassifying Eudyptula
minor as two species may be warranted. Before
Eudyptula is reclassified, however, we advocate
sequencing of nuclear gene regions to investigate
whether nuclear gene flow reflects mitochondrial
gene flow. Also, identifying morphological characters that reliably distinguish the two clades will
be difficult, as the morphology of the two groups
overlaps extensively.
	Our results suggest that the current conservation status of blue penguin as of “Least concern”
(IUCN 2006) is justified, as both clades appear to be
reasonably numerous. However, the decline in blue
penguin population size in the last few decades, correlated with human activities (Challies & Burleigh
2004), should not be ignored, and more intensive
management of threats to these populations may be
required if it continues.
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