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ABSTRACT

Aim The New Zealand avifauna includes lineages that lack close relatives

elsewhere and have low diversity, characteristics sometimes ascribed to long
geographic isolation. However, extinction at the population and species levels

could yield the same pattern. A prominent example is the ecologically important
pigeon genus Hemiphaga. In this study, we examined the population structure

and phylogeography of Hemiphaga across islands in the region.

Location New Zealand, Chatham Islands and Norfolk Island.

Methods Mitochondrial DNA was sequenced for all species of the genus

Hemiphaga. Sixty-seven individuals from mainland New Zealand (Hemiphaga

novaeseelandiae novaeseelandiae), six of the Chatham Islands sister species
(Hemiphaga chathamensis), and three of the extinct Norfolk Island subspecies

(Hemiphaga novaeseelandiae spadicea



INTRODUCTION



been isolated there for a comparatively long time, but an

alternative explanation is that they arrived more recently and

have since been extirpated elsewhere. For example, if Cyan-

oramphus was extinguished in New Caledonia, the genus

would be rendered endemic to the New Zealand region

(Fig. 2b). Such an inference might be considered less parsi-

monious because dispersal is often considered to be an unlikely

phenomenon (for discussion see Cook & Crisp, 2005). One

way to explore the plausibility of this alternative is to examine

the population genetic structure of New Zealand taxa to see if

they have retained the capacity for recent exchange. If they do,

we cannot exclude the possibility that deeper-level endemicity

in New Zealand is a result of recent extinction elsewhere.

Therefore, in this study we examined the phylogeography

of Hemiphaga pigeons, which are ecologically important

forest birds and endemic to the New Zealand region. The



genus Hemiphaga is considered to be part of the radiation of



These originated from aviary birds collected in the 1800s.

Because Hemiphaga on the Kermadec Islands is represented by

only a single subfossil bone, we were not able to include this

extinct species in our study. The L. antarcticus (EBU45523M)

tissue sample came from the Australian Museum, Sydney.

DNA extraction

For DNA extraction of the modern Hemiphaga and Lophola-

imus samples, the GenElute Mammalian Genomic DNA kit

(Sigma, Auckland, New Zealand) was used following the

manufacturer’s protocol. The DNA extractions of the extinct

Norfolk Island pigeon samples were undertaken in a dedicated

ancient DNA laboratory, remote from modern DNA facilities,

using the Qiagen QiAMP DNA Minikit (Qiagen, Auckland,

New Zealand), following standard procedures for ancient DNA

(Willerslev & Cooper, 2005).



nucleotide differences (k) were calculated using DnaSP v.4.0

(Rozas et al., 2003). Tajima’s D statistic (Tajima, 1989) was

developed to distinguish homologous DNA sequences evolving

in a non-random manner (i.e. lack of neutrality). However, it



consistently placed the root between H. chathamensis



Chatham Islands and mainland New Zealand by 0.012, more

or less identical to the c. 0.01 difference reported by Millener &

Powlesland (2001).



likelihood tree because the tree consists almost entirely of

sequences linked by no more than a single change, and in such

cases the parsimony tree is the maximum likelihood estimator

(Steel & Penny, 2000).

DISCUSSION

The large forest pigeon H. n. novaeseelandiae is distributed

throughout mainland New Zealand where suitable habitat

exists today. We found that genetic diversity at the mtDNA

D-loop locus lacks spatial structure. The pattern of low

diversity, shallow coalesence and high connectivity among

populations of Hemiphaga within mainland New Zealand is

indicative of a recent bottleneck and rapid recent range

expansion. The geophysical phenomenon most likely to have

resulted in substantial population reductions and thus genetic

bottleneck that could yield this pattern is Pleistocene climate



could have occurred at any time after their formation and the

establishment of suitable vegetation. These islands are, and

have always been, separated from mainland New Zealand by

more than 600 km of ocean, yet both have been colonized

during their short history by a range of forest birds, including

Cyanoramphus parakeet, Nestor parrot, Petroica robin, Chryso-

coccyx cuckoo, Gerygone warbler and Zosterops silvereyes

(Clements, 2007). The Kermadec Islands, which were also

once inhabited by Hemiphaga, are even further (> 900 km)

from New Zealand, and their general lack of bird endemicity

has been ascribed to extinction through repeated, violent



of dispersal, colonization and extinction governing its

assembly.
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