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Museum specimens provide a record of past species distribution and are an increasingly

important resource for conservation genetic research. The scientific value of these

specimens depends upon the veracity of their associated data and can be compromised

by inaccurate details; including taxonomic identity, collection locality, and collector.

New Zealand contains many endemic species that have been driven to extinction

or reduced to relict distributions following the arrival of humans and mammalian

predators, including the Acanthisittid wrens (of which only two of the eight described

species presently persist). One of these is the New Zealand rock wren (Xenicus

gilviventris), currently classified as an endangered species and experiencing ongoing

population declines. Here we analyze ancient DNA retrieved from New Zealand rock

wren museum skins to establish the veracity of their recorded collection localities—

New Zealand rock wrens exhibit strong north-south genetic structuring along the

Southern Alps of New Zealand’s South Island. We include the only specimen reportedly

collected from New Zealand’s North Island, outside the known range of New Zealand

rock wrens, specimens collected by Henry Hamersley Travers, a collector known for

poor record keeping and potentially fraudulent specimen data, and type specimens

of proposed Xenicus taxa. Multiple instances of inaccurate collection locality were

detected, including that of the New Zealand rock wren reportedly collected from the

North Island, which matches individuals from the southern South Island. Syntypes

of X. haasti, and a syntype of X. gilviventris clustered with individuals belonging

to the northern New Zealand rock wren lineage. Our results suggest that New

Zealand rock wrens have not been historically extirpated from New Zealand’s North

Island, and that caution must be taken when utilizing museum specimens to inform

conservation management decisions. Additionally, we describe the type locality of

both X. gilviventris and X. haasti, with genetic and historical evidence suggesting
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that the specimens used to describe these taxa were collected from the headwaters of

the Rakaia River. This study demonstrates that ancient DNA analysis can add value to

museum specimens by revealing incorrect specimen data and inform the conservation

management and taxonomy of endangered species.

Keywords: conservation, translocation, re-introduction, taxonomy, museum skin

INTRODUCTION

Museum specimens constitute a valuable resource for
conservation focused research, providing a record of past
species’ distributions (Shaffer et al., 1998). This record can
be used to inform present-day conservation management
of biodiversity. However, the reliability of this record can
be compromised by inaccurate (or non-existent) data (e.g.,
collection locality or taxonomic status) due to poor record
keeping, or deliberate falsification (Boessenkool et al., 2009).
Detection of unreliable data can often be difficult if the only
information readily available are the collector’s notes (Barbanera
et al., 2016), with specimen labels prone to error (Winker,
2000). The majority of errors concern taxonomic identity
or collection locality, and can lead to misconceptions about
a species’ distribution (Graham et al., 2004). Advances in
DNA extraction techniques and sequencing technologies
have facilitated the use of historical museum specimens in
conservation genetic studies (Wandeler et al., 2007). Retrieval
of ancient DNA (aDNA) from such specimens can be used to
examine temporal changes in genetic diversity (Thomas et al.,
1990), test for congruence between collection locality and genetic
data (Boessenkool et al., 2009), determine the provenance of
specimens for which locality data are lacking (Shepherd et al.,
2013), and assign mislabeled specimens to the correct taxonomic
unit (Rawlence et al., 2014a).

Ancient DNA analysis is also an important tool for the
conservation of biodiversity, as knowledge of past biodiversity,
geographic range expansions/contractions, and the factors that
lead to population declines or extinctions is crucial for making
informed management decisions (Leonard, 2008; Grealy et al.,
2017). One potential tool available to conservation managers are
species re-introductions, a form of species translocation whereby
individuals of a particular species are intentionally translocated
to an area of their former distribution in order to establish a new
population and re-introduce the species to their former range
(IUCN, 2013). To determine whether a species translocation
constitutes a re-introduction, or a novel introduction (the
introduction of a species to an area outside their known range) an
accurate record of the past and present distribution of the species
is key. Cooper et al. (1996) used aDNA to demonstrate that the
Laysan duck (Anas laysanensis), historically known only from
Laysan Island, Hawaii, was formerly widespread throughout
the Hawaiian Islands and argued for the re-introduction of
the anatid to its former range. Species re-introductions often
form an integral part of conservation management plans for
isolated island ecosystems like Hawaii and New Zealand, as
many species have been driven to extinction or reduced to relict

populations following anthropogenic impact (Olson and James,
1982; Holdaway, 1989).

The New Zealand rock wren (hereafter NZ rock wren;
Xenicus gilviventris) is a small alpine passerine, and one of
only two extant members of the endemic New Zealand wrens
(Acanthisittidae), the sister taxa to all other passerines (Barker
et al., 2004; Hackett et al., 2008; Jarvis et al., 2014). NZ rock
wrens have decreased in both range and abundance over the
past 100 years (Michelsen-Heath and Gaze, 2007), and are
currently threatened with extinction, primarily due to predation
by introduced stoats (Mustela erminea) (Little et al., 2017;
O’Donnell et al., 2017; Weston et al., 2018). Presently, NZ
rock wrens are only found within alpine habitat throughout
mountainous regions of New Zealand’s South Island (Gill et al.,
2010). Subfossil Xenicus remains [attributable to either rock
wren or the congeneric bush wrens (X. longipes subspp.)] are
known from throughout the North and South Islands of New
Zealand, but have not been identified to species level (Worthy
and Holdaway, 2002). It is currently unknown whether NZ rock
wrens once inhabited the North Island. A study of present-day
NZ rock wren phylogeography (covering the known geographical
range of the species) revealed strong phylogeographic structure
in both mitochondrial and nuclear (microsatellite) DNA, with
two highly divergent northern and southern lineages which
diverged two million years ago with minimal gene flow; the
contact zone occurring in the central region of the South
Island’s Southern Alps near Aoraki/Mount Cook (Weston and
Robertson, 2015). Individuals from southern Fiordland (Lake
Roe and Lake MacArthur) also formed a monophyletic clade
within the southern lineage (Weston and Robertson, 2015).
Intriguingly, NZ rock wrens from southern Fiordland have been
described previously as a separate subspecies (X. gilviventris
rineyi) on the basis of morphological (Falla, 1953) and behavioral
(Riney, 1953) characteristics, although this subspecies status
has never been widely accepted (Gill et al., 2010; Weston and
Robertson, 2015). No genetic analysis of the type series specimens
has been undertaken, and it is unknown whether the specimens
used to describe this subspecies belong to the same genetic clade
as contemporary individuals from the same locality.

The NZ rock wren was originally described as X. gilviventris
in 1867 by August Pelzeln, and later described as X. haasti
by Sir Walter Buller in 1869. Both taxa were described using
specimens collected by Julius Haast in the 1860s (Buller,
1869; Naturhistorisches Museum Wien, unpublished archive),
however, the collection localities of these specimens are either
unknown (for X. gilviventris) or vague (listed as “alpine heights
of the South Island” for X. haasti; Buller, 1869; see also Tennyson
and Bartle, 2008; Gill et al., 2010). Historical evidence suggests

Frontiers in Ecology and Evolution | www.frontiersin.org 2 December 2019 | Volume 7 | Article 496

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Verry et al. aDNA: Testing of Museum Data

these specimens may have been collected from the headwaters of
the Rakaia River (Naturhistorisches MuseumWien, unpublished
archive). Genetic analysis of these specimens could be used to
lend supporting evidence to this theory as this area is suitably
north of the hybrid zone that specimens collected from this area
are likely to belong to the northern NZ rock wren lineage.

The Natural History Museum at Tring (NHMUK) holds a
purported NZ rock wren skin labeled as collected from the
“Rimutaka” [= Remutaka] Ranges in the lower North Island
prior to the 1930s (NHMUK 1939.12.9.75), outside the current
distribution of NZ rock wren. The precise collection date, and
collector, are unknown. This specimen was once part of Lord
Walter Rothschild’s collections, a portion of which were donated
to NHMUK upon his death in 1937. Much of Rothschild’s
collection, including other NZ rock wren specimens, was sold
to the American Museum of Natural History (AMNH) in 1932.
If the taxonomic identity and collection data for this specimen
is correct, then NZ rock wrens once occurred in the North
Island and have since been extirpated from the region. As
such, a translocation of NZ rock wren to the Remutaka Ranges
would constitute a species re-introduction to their former range.
Alternatively, NHMUK 1939.12.9.75 may not be a genuine NZ
rock wren specimen and could potentially be themorphologically
similar NZ bush wren, perhaps the North Island subspecies
(X. l. stokesii) which possibly persisted within the Wellington
region until 1918 (Stidolph, 1926). These two species are thought
to have diverged approximately 15 Myrs ago (Mitchell et al.,
2016). We would expect to see significant genetic divergence
between NHMUK 1939.12.9.75 and the South Island lineages of
NZ rock wrens if the taxonomic identity and collection locality of
NHMUK 1939.12.9.75 are correct, given the presence of multiple
avian taxa endemic to either the North or South Island (e.g.,
Trewick, 1996; Miller and Lambert, 2006; Murphy et al., 2006;
Grosser et al., 2017).

However, even if the taxonomic identity of NHMUK
1939.12.9.75 is correct, its collection locality data may not be
accurate. Erroneously-labeled yellow-eyed penguin (Megadyptes
antipodes) specimens have been identified within the LordWalter
Rothschild collection held by the AMNH (Boessenkool et al.,
2009). These specimens were reportedly collected from the sub-
Antarctic Auckland and Campbell Islands by Henry Hammersley
Travers (H. H. Travers) before being sold to Rothschild. Analysis
of genetic microsatellites strongly suggest that these specimens
originate from the South Island of New Zealand (Boessenkool
et al., 2009). Additionally, H. H. Travers was involved with the
mislabeling of South Island snipe (Coenocorypha iredalei) skins,
including specimens within the AMNH Rothschild collection
(Miskelly, 2012). As a result, Travers was probably falsely credited
with the discovery of South Island snipe, as it is likely that
he never visited the type locality of C. iredalei and that the
type specimens were sourced from an unknown collector by
H. H. Travers, before being sold to Lord Rothschild (Miskelly,
2012). Finally, it has also been suggested that Sir Walter Buller,
who sold avian specimens to Rothschild (Bartle and Tennyson,
2009), mislabeled parts of his personal collection upon sale, with
the misidentification of two Auckland Island shags (Leucocarbo
colensoi) attributed to poor record keeping (Rawlence et al.,

2014a). NHMUK 1939.12.9.75 could potentially have been
supplied to Rothschild by a dealer such as Travers or Buller.

Here we use aDNA extracted from NZ rock wren specimens,
and the strong phylogeographic structure present within NZ
rock wrens, to infer their taxonomic identity and the accuracy
of their recorded collection localities. We include the purported
NZ rock wren recorded as collected from the Remutaka Ranges,
to determine whether NZ rock wren historically inhabited the
North Island of New Zealand. Type specimens of the putative NZ
rock wren subspecies X. gilviventris rineyi were also examined
to establish whether they belong to the same genetic clade as
contemporary individuals from the same locality. Syntypes of
both X. gilviventris and X. haasti were analyzed to ascertain
the plausibility that they were collected from the headwaters
of the Rakaia River. Finally, individuals collected throughout
the late 1800s–early 1900s, many of which were associated with
incomplete collection data, or obtained by potentially unreliable
collectors, were examined to establish the veracity of their
associated collection localities.

METHODS

Ancient DNA Extraction, Amplification, and
Sequencing
A total of 31 NZ rock wren museum skins were sampled from
multiple institutions (Table 1, Figure 1). A clean scalpel blade
was used to remove a single toepad from each specimen, with
gloves and face-mask worn throughout sampling. A new scalpel
blade and gloves were used for each specimen to minimize
inter-sample contamination and contamination via exogenous
DNA. All DNA extractions and PCR setup were performed
in a dedicated, physically isolated, aDNA laboratory (Otago
Palaeogenetics Laboratory) following strict aDNA guidelines (see
Cooper and Poinar, 2000; Fulton and Shapiro, 2019). No Xenicus
specimens had been analyzed within this laboratory prior to
this study. Ancient DNA extractions followed the methodology
of Thomas et al. (2017) whereby toepad samples were minced
using a scalpel blade and incubated at 55◦C overnight within
1mL of the extraction buffer of Gilbert et al. (2007); followed
by purification and elution of DNA according to Dabney et al.
(2013). Negative DNA extraction controls (i.e., reagents only,
no sample) were processed alongside museum specimens (∼1
control per 7 specimens), and subjected to the same PCR
conditions detailed below (as were negative PCR controls).

The mitochondrial cytochrome b (Cyt B) dataset of Weston
and Robertson (2015), and the Cyt B sequences of partial NZ
rock and bush wren mitochondrial genomes from Mitchell
et al. (2016) (KX369035.1 and KX369033.1), were aligned
and used to design PCR primer pairs that would amplify 172
bp of Cyt B, in two small overlapping fragments (overlap
= 45 bp including primers, 5 bp sans primers), of NZ bush
and rock wrens: Xenicus_cytb_Frag1F (5′-ATCCTAGTCC
TCTTCCTCAG-3′) and Xenicus_cytb_Frag1R (5′-CTCCC
GATTCATGTGAGGAT-3′) (128 bp including primers), and
Xenicus_cytb_Frag2F (5′-TTGAATCCTAATCTCCAACC-
3′) and Xenicus_cytb_Frag2R (5′-ATGGGGAATAGGATT
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TABLE 1 | Registration and collection information of the New Zealand rock wren (Xenicus gilviventris) museum specimens examined by this study.

Museum number Recorded collection locality Collection date Collector Additional Notes

AMNH 554486-88 Otago Province April 1897 H. H. Travers Collection data for specimens obtained by H. H. Travers

may be erroneous

AMNH 554489-92 Nelson Province March 1897 H. H. Travers Collection data for specimens obtained by H. H. Travers

may be erroneous

AMNH 554493-94 Nelson Province October 1896 H. H. Travers Collection data for specimens obtained by H. H. Travers

may be erroneous

AMNH 554495-96 Nelson Province September 1896 H. H. Travers Collection data for specimens obtained by H. H. Travers

may be erroneous

AMNH 554498 Nelson Province 20th September 1896 H. H. Travers Collection data for specimens obtained by H. H. Travers

may be erroneous

AMNH

554499-500

Nelson Province September 1896 H. H. Travers Collection data for specimens obtained by H. H. Travers

may be erroneous

CM Av240-1 Arthur’s Pass – E. F. Stead

CM Av888-9 – – –

CM Av890 Nelson Mountains – –

NMNZ OR.2396 Tops, south-west of Lake

MacArthur, Fiordland

18th April 1953 T. Riney X. gilviventris rineyi paratype

NMNZ OR.2397 Tops, north of Lake MacArthur,

Fiordland

14th April 1953 T. Riney X. gilviventris rineyi holotype

NMNZ OR.5094 – March–April 1866 J. Haast X. haasti syntype

NMNZ OR.5095 Nelson Province May 1896 –

NMNZ OR.5096 Nelson Province March 1899 –

NMNZ OR.5097 Nelson Province May 1898 –

NMNZ OR.12586 – March–April 1866 J. Haast X. haasti syntype

NHMUK

1939.12.9.75

Rimutaka Ranges – – Supposedly collected outside the known range of the NZ

rock wren. Part of the Lord Walter Rothschild collection

NHMUK

1903.5.13.3

Lake Te Anau March 1903 Donald Ross? Possibly collected by Donald Ross, presented to NHMUK

by the earl of Ranfurly

NHMUK

1904.8.2.10

Long Sound, Fiordland March 1897 – Presented to NHMUK by the earl of Ranfurly, suggested to

be X. gilviventris rineyi

NMW 51045 – March-April 1866 J. Haast X. gilviventris syntype

WML 18.10.98.9 – – –

Unknown details are denoted via a “–” AMNH, American Museum of Natural History; CM, Canterbury Museum; NHMUK, Natural History Museum at Tring; NMNZ, National Museum of

New Zealand Te Papa Tongarewa; NMW, Naturhistorisches Museum Wein; WML, World Museum Liverpool.

AGGAG-3′) (129 bp including primers). The NZ rock wren
control region (CR) dataset of Weston and Robertson (2015) was
used to design primer pairs that would amplify a 280 bp portion
of the NZ rock wren mitochondrial control region, in two small
overlapping fragments (overlap = 62 bp including primers,
15 bp sans primers): RW_CR_Frag1F (5′-AAATTATGTC
CACGCTTGC-3′) and RW_CR_Frag1R (5′-GGTGTATTTT
GGTRGATCATTGG-3′) (205 bp including primers), and
RW_CR_Frag2F (5′-CTGATTAYTATAACARTCCTACC-3′)
with RW_CR_Frag2R (5′-GATGACAATATTTGTCCTGC-3′)
(175 bp including primers). Within the 15 bp overlap between
the two CR amplicons there are three fixed single nucleotide
polymorphisms (SNPs) that distinguish the northern, southern,
and Fiordland clades of NZ rock wren.

Each PCR (20µL) contained 2µL of undiluted or 1:10 diluted
DNA, 0.25µM of each primer, 0.63mM dNTPs, 4.0mM MgCl2,
1M Betaine, 1 X PCR Buffer II (100mM Tris-HCl, pH 8.3,
500mMKCl), and 2UAmpliTaq Gold (Life Technologies), made
up to a total volume of 20 µL with UltraPure double-distilled

water (ThermoFisher Scientific). PCR thermocycling conditions
were 94◦C for 5min, 60 cycles of 94◦C 30 s, 56◦C 45 s, 72◦C 60 s,
and a final extension step of 72◦C for 10min. Unsuccessful PCRs
were repeated using lower annealing temperatures (52–54◦C).
PCR amplification and downstream processes were carried
out within a modern genetics laboratory. No modern Xencius
specimens had been analyzed in this laboratory. Successful PCRs
were identified via gel electrophoresis on a 2% agarose gel stained
with SYBR safe (Thermo Fisher Scientific), visualized under blue
light. Positive PCR products were purified using ExoSAP (1.5U
Exo1, 1U SAP; GE Healthcare) following the manufacturer’s
instructions, then sequenced bidirectionally at the University of
Otago using Big Dye terminator technology on an ABI 3730xl.
When an inconsistency between sequences from an individual
was observed (likely due to post-mortem DNA damage, i.e., G–
A and C–T transitions; Hofreiter et al., 2001) additional PCRs
and bidirectional sequencing were conducted, and a majority-
rule consensus applied to the independent replicates (Brotherton
et al., 2007;Winters et al., 2011). PCRs andDNA sequencing were
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FIGURE 1 | Map of New Zealand denoting relevant regions and localities. The historic Otago and Nelson province boundaries are illustrated, collection localities for

museum specimens are indicated via numbered circles, while sampling localities for contemporary individuals (see Weston and Robertson, 2015) are indicated via

lettered circles.
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also replicated for type specimens and specimens that exhibited
discrepancies between collection locality and genetic sequence.

Phylogenetic Analysis
DNA sequences were checked by eye, and aligned against
the Cyt B and CR datasets of Weston and Robertson (2015)
and Mitchell et al. (2016), within Geneious v11.0.5 (Kearse
et al., 2012) using the Geneious alignment algorithm with
default parameters. The CR and Cyt B datasets were trimmed
to 284 and 163 bp, respectively. The 163 bp alignment of
Cyt B contains 14 variable sites, 7 of which are parsimony
informative. The Cyt B dataset was primarily used to distinguish
between NZ rock and bush wrens to determine the taxonomic
identity of the museum specimens analyzed (particularly
NHMUK 1939.12.9.75). While the 285 bp CR alignment
contains 60 variable sites, with 33 of these being parsimony
informative, to provide increased discriminatory power and
assign museum specimens to one of the three major NZ rock
wren clades previously identified by Weston and Robertson
(2015). The Akaike Information Criterion implemented within
jModelTest v2.1.10 (Darriba et al., 2012) was used to determine
the most appropriate nucleotide substitution model for each
dataset. These were HKY + G for the CR dataset, and HKY
for the Cyt B dataset. The nested sampling package within
BEAST v2.5 (Russel et al., 2018) was used to determine the
most appropriate tree prior for Bayesian phylogenetics by
converting marginal likelihood values into Bayes factors. The
constant population size coalescent tree prior was determined
to be the most appropriate prior for both datasets. Bayesian
phylogenies were constructed using BEAST2 v2.5 (Bouckaert
et al., 2014). The corresponding bush wren cytochrome b
sequence (KX369035.1; Mitchell et al., 2016) was used as
the outgroup for the Cyt B phylogeny, while the rifleman
(Acanthisitta chloris) (AY325307.1; Harrison et al., 2004) was
used for the CR phylogeny, as the partial bush wren mitogenome
of Mitchell et al. (2016) does not contain the control region.
The BEAST analysis used 10 million Markov Chain Mote Carlo
(MCMC) generations, sampled every 1,000 iterations with
the first 10% discarded as the burn-in, a constant population
size coalescent tree prior, and the HKY (Cyt B) or HKY +

G (CR) nucleotide substitution model. Tracer v1.7 (Rambaut
et al., 2018) was used to check effective sample sizes (>200)
and MCMC convergence. Bayesian phylogenetic trees were
summarized using TreeAnnotator and visualized using FigTree
v1.4.3 (https://github.com/rambaut/figtree/releases). Median-
joining haplotype networks were constructed using PopART
(Leigh and Bryant, 2015).

RESULTS

Amplifiable DNA was successfully extracted from 30 of the
31 NZ rock wren museum skins analyzed. The two Cyt B
and CR fragments were successfully amplified from 30 and
28 specimens, respectively. No amplicons were produced by
our negative DNA extraction or PCR controls. The singular
specimen (CMAv889) that did not produce amplifiable DNA did
not have locality data, and no discrepancies between collection

locality and Cyt B sequence were detected for the further two
specimens (CM Av888 and NMNZ OR.5097) that failed to
produce CR amplicons. Both the CR and Cyt B phylogenies
(Figures 2, 3) showed strong support (posterior probability:
0.88–1) for the northern and southern NZ rock wren lineages
(and the southern Fiordland clade) previously identified by
Weston and Robertson (2015). The NZ rock wren specimen
allegedly collected from the southern North Island (NHMUK
1939.12.9.75; Remutaka Ranges) does not cluster with the bush
wren Cyt B sequence but sits within the southern lineage
of NZ rock wren, specifically, the southern Fiordland clade
(Figure 2; an uncollapsed version of this tree can be found within
the Supplementary Material as Figure S1). This phylogenetic
position is further supported by the CR data (Figure 3). Further
discrepancies between collection data and genetic sequence were
detected in additional specimens. Three specimens (AMNH
554486, AMNH 554487, and AMNH 554488) collected by
Henry H. Travers labeled “Otago Province” in the southern
South Island, clustered within the northern NZ rock wren
lineage (Figures 2, 3) as opposed to the southern lineage,
indicating their associated collection locality data is incorrect.
Conversely, a single specimen from “Nelson Province” in the
northern South Island (NMNZ OR.5096) consistently grouped
with individuals from southern Fiordland (Figures 2, 3). The
holotype and a paratype of X. g. rineyi (NMNZ OR.2396 and
NMNZ OR.2397) also clustered within this southern Fiordland
clade, alongside contemporary individuals collected from the
same region.

Using the phylogenetic framework of Weston and Robertson
(2015), we were able to assign individual specimens with no
formal collection locality data (CM Av888, NMNZ OR.12586,
NMNZ 5094, NMW 51045, and WML 18.10.98.9) to a broad
geographical region based upon their genetic lineage. All
specimens with unknown locality data, including a syntype of X.
gilviventris (NMW 51045), and the syntypes of X. haasti (NMNZ
OR.12586, NMNZ OR.5094), cluster with the northern lineage
(Figures 2, 3), suggesting they were collected from the northern
South Island, potentially as far south as Aoraki/Mount Cook. In
addition, historical evidence (discussed below) strongly suggests
that the type specimens of X. gilviventris and X. haasti were
collected from the headwaters of the Rakaia River, allowing us
to formally identify the type locality of both X. gilviventris and
X. haasti.

Median joining haplotype networks (Figures 2, 3) also
revealed strong north-south phylogeographic structuring in the
CR and Cyt b datasets as previously reported by Weston and
Robertson (2015), and the phylogenetic analyses presented here.
There were fewer segregating sites within the Cyt B dataset.
The northern lineage is dominated by one haplotype, with a
singular museum specimen (CM Av890), exhibiting a single
base pair difference from this common haplotype (Figure 2).
All specimens representing the southern Fiordland clade have
the same haplotype, while another four haplotypes form a
haplogroup representing the remainder of the southern lineage.
The CR dataset contained higher levels of genetic diversity with
distinct northern and southern haplogroups separated by 12
mutational steps (Figure 3).
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FIGURE 2 | Collapsed Bayesian phylogeny and median-joining haplotype network of NZ rock wren (Xenicus gilviventris) mitochondrial cytochrome b sequences (163

bp). Major clades mentioned within the text are identified and posterior probabilities are displayed next to main nodes. Bold labels denote museum specimens for

which the recorded collection locality and genetic sequence do not match. *X. gilviventris rineyi type series specimen, †X. haasti syntype, §X. gilviventris syntype. The

scale bar depicts the distance corresponding to 0.003 nucleotide substitutions per site. Within the haplotype network, mutational steps are illustrated via small black

circles, and haplotypes are colored according to genetic lineage and specimen type (contemporary individual or museum skin).

DISCUSSION

The scientific value of museum specimens is dependent on their
associated data, including collection locality and taxonomic
identity (Shepherd et al., 2013). Inaccurate data can distort
inferences of historical population connectivity, identification
of conservation management units, and formulation of
conservation management plans (Boessenkool et al., 2009). Here
we detect five discrepancies between recorded collection locality
and genetic sequence by analyzing NZ rock wren specimens held
within museum collections worldwide, and combine historical
records with our genetic data to describe the type locality of both
X. gilviventris and X. haasti.

A discrepancy with important conservation implications is
the mislabeling of a specimen likely collected from southern
Fiordland (based on DNA), as “Rimutaka [= Remutaka] Ranges”
in the southern North Island. This label data suggested that
the past distribution of NZ rock wrens was previously much
more extensive than the present-day, and that NZ rock wrens

have been historically extirpated from the North Island of New
Zealand; however, this position is not supported by genetic
evidence and hence the data for this specimen is erroneous.
Our results strongly suggest that (1) the taxonomic identity of
NHMUK 1939.12.9.75 is indeed a NZ rock wren, not a bush
wren, and (2) that the specimen has been mislabeled and was not
collected in the southern North Island but was instead collected
in the southern South Island. Therefore, there is currently no
definitive record of NZ rock wrens inhabiting the North Island
of New Zealand.

Additional erroneously-labeled specimens were also
discovered, including three specimens from the AMNH
Rothschild collection reportedly collected from the Otago
Province in April 1897 by H. H. Travers. Mitochondrial DNA
sequence analysis suggests that these specimens were collected
north of Aoraki/Mount Cook in the central South Island, well
outside the historical boundary of the Otago Province. Each
specimen has a Rothschild Museum label, as well as a label from
H. H. Travers. These labels state “Otago” (i.e., Otago Province)
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FIGURE 3 | Bayesian phylogeny and median-joining haplotype network of NZ rock wren (Xenicus gilviventris) mitochondrial control region sequences (284 bp). Major

clades mentioned within the text are identified and posterior probabilities are displayed next to main nodes. Bold labels denote museum specimens for which the

recorded collection locality and genetic sequence do not match. *X. gilviventris rineyi type series specimen, †X. haasti syntype, §X. gilviventris syntype. The scale bar

depicts the distance corresponding to 0.02 nucleotide substitutions per site. Within the haplotype network, mutational steps are illustrated via small black circles, and

haplotypes are colored according to genetic lineage and specimen type (contemporary individual or museum skin).

and “H. H. Travers,” alongside an approximate collection date
(“4/97” i.e., April 1897) and the sex of each specimen (Thomas
Trombone, personal communication). Whether this mislabeling
constitutes deliberate fraud or poor record keeping is unknown.
Furthermore, little is known about the discrepant specimen held
within the National Museum of New Zealand (NMNZOR.5096).
Collected in 1899, it is likely that H. H. Travers also obtained this
individual, as he was one of the primary collectors and sellers
of birds to the National Museum of New Zealand during the
late 1800s and early 1900s, and is associated with 52 other bird
specimens labeled “Nelson” or “Nelson Province” in the National
Museum of New Zealand collections (AJDT, unpublished data).
If this hypothesis is correct, then a total of four NZ rock wren
specimens collected by H. H. Travers have erroneous collection
data, in addition to other Travers’ bird specimens previously
identified (see Boessenkool et al., 2009; Miskelly, 2012). Our
results cast further doubt on the label accuracy of specimens
obtained from H. H. Travers.

While we acknowledge the considerable debate over the
reliability of single gene trees with reference to incomplete lineage
sorting (Ballard andWhitlock, 2004; Rubinoff andHolland, 2005;
Galla and Johnson, 2015), and changing tree topology due to
historically high levels of genetic diversity (Rawlence et al., 2014b,
2015), the strong north-south phylogeographic structure within
NZ rock wrens (3.68 ± 0.5% inter-lineage genetic divergence
within Cyt B, and 13.3 ± 4.9% inter-lineage genetic divergence
within the CR) is well-supported by both mitochondrial and
nuclear microsatellite DNA (Weston and Robertson, 2015).
While the mitochondrial DNA split between southern Fiordland
individuals and the remainder of the southern lineage is
shallower, with 1.2% genetic divergence within Cyt B (Weston
and Robertson, 2015). Multiple substitutions, consistent between
contemporary and historical NZ rock wrens, govern the
placement of individuals into one of the three major clades.
We believe that this strong phylogeographic structure and
consistency across time periods is sufficient to rule out the

Frontiers in Ecology and Evolution | www.frontiersin.org 8 December 2019 | Volume 7 | Article 496

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Verry et al. aDNA: Testing of Museum Data

impacts of incomplete lineage sorting and historical genetic
diversity on tree topology.

Were New Zealand Rock Wrens Ever
Present Within the North Island?
Our genetic results demonstrate that there is currently no
definitive record of NZ rock wren having inhabited the North
Island and suggests that the NZ rock wren was not extirpated
from the North Island following the arrival of Europeans.
However, it is possible that NZ rock wrens were present
within the North Island post-European arrival and were never
sighted or collected. Only two specimens of laughing owl
(Ninox albifaces) were ever collected from the North Island,
and have since been lost (Worthy, 1997), while no museum
skins of kakapo (Strigops habroptilus) are known from the
North Island, although there are sightings of the species
from there into the early twentieth century (Williams, 1956).
Additionally, it is still unknown whether NZ rock wrens were
present within the North Island prior to European arrival.
Polynesian colonization of NewZealand (∼280A.D.;Wilmshurst
et al., 2008) also marked the arrival of kiore, the pacific rat
(Rattus exulans), which devastated the invertebrate and small
vertebrate faunas of New Zealand (Holdaway, 1989; Towns
and Daugherty, 1994; Gibbs, 2009). The current distribution
of NZ rock wrens may reflect where populations survived
human-mediated extinction pressures. Within the New Zealand
archipelago, the North Island is known to have suffered the
greatest loss of avifauna (Holdaway et al., 2001; Rawlence
et al., 2019). The kea (Nestor notabilis), another endemic
avian species for which alpine areas constitute an important
habitat, was extirpated from the North Island subsequent
to the arrival of Polynesians, likely due to predation by
humans and kiore (Tennyson et al., 2014). Ancient DNA
analysis, or a reappraisal of the morphology and osteology
of subfossil Xenicus remains is necessary to confirm whether
NZ rock wrens occurred within the North Island prior to
human arrival.

Species Translocations
Most conservation translocations of New Zealand species involve
themovement of individuals between areas within their historical
or prehistoric range, to ensure the persistence of a species
Miskelly and Powlesland, 2013. However, some species have been
introduced to areas outside their range for a variety of reasons,
including the establishment of insurance populations during pest
eradication schemes [e.g., Codfish Island fernbird (Bowdleria
punctata wilsoni) (McClelland, 2002)] or the replacement of
extinct relatives (e.g., replacement of the South Island snipe
(C. iredalei) by the Snares Island snipe (C. huegeli) (Miskelly et al.,
2012) (reviewed by Miskelly and Powlesland, 2013). According
to our genetic results, any translocation of NZ rock wrens to the
North Island may constitute a novel introduction of the species
to a new area, rather than a species re-introduction or a species
restoration. Ongoing management of NZ rock wrens includes
translocation to predator-free sites (Willans and Weston, 2005;
Weston, 2006), including a successful translocation to Secretary
Island in southern Fiordland (Reid and Edge Hill, 2017).

Presently, translocation of NZ rock wrens to the North Island
does not satisfy the objective of securing a population in a
predator-free site to ensure species persistence.

New Zealand Rock Wren Taxonomy
The northern and southern NZ rock wren (X. gilviventris
Pelzeln, 1867) lineages are currently considered separate
evolutionarily significant units (Robertson et al., 2016). A
subspecies, X. gilviventris rineyi Falla, 1953, was described
from southern Fiordland (see also Riney, 1953), but never
widely accepted (e.g., Kinsky, 1970). It is currently treated as
a junior synonym (Gill et al., 2010). Falla (1953) compared
southern Fiordland NZ rock wren individuals to museum
specimens from the northern South Island and considered
those from southern Fiordland to be slightly smaller- and to
have brighter plumage than their northern counterparts. Riney
(1953) suggested that southern Fiordland individuals lacked the
bobbing behavior prevalent in other NZ rock wren populations.
However, Weston (2014) observed no significant behavioral
or morphological differences between contemporary southern
Fiordland individuals and other NZ rock wren populations but
this was before the exact demarcation of the southern sub-
populations was defined using genetics. Further morphological
analysis may expose physical differences between genetically
distinct populations. Genetic sequences from the holotype
and a paratype of X. gilviventris rineyi (NMNZ OR.2396
and NMNZ OR.2397), collected in 1953, closely matched
(Figures 2, 3) recently sampled individuals from the type
locality (Weston and Robertson, 2015).

Genetic analyses of X. haasti (NMNZ OR.5094 and NMNZ
OR.12586), and X. gilviventris (NMW 51045) syntypes
determined that all three specimens belong to the northern
NZ rock wren lineage (Figures 2, 3), adding support to the
hypothesis that these specimens were collected from the
headwaters of the Rakaia River. The exact type locality of X.
gilviventris Pelzeln, 1867 and Xenicus haasti Buller, 1869 has until
now never been determined. The name X. gilviventris Pelzeln,
1867 was based on a single specimen included with 72 birds sent
by Julius Haast to Georg Frauenfeld in Vienna (Naturhistorisches
Museum Wien, unpublished archive). Frauenfeld was chief
zoologist aboard the Frigate Novara and Haast had probably met
him when he first arrived in New Zealand. August Pelzeln was
also aboard the Novara and was tasked by Frauenfeld to describe
Haast’s specimens. In March and early April of 1866, Julius Haast
and Frederick Fuller, his taxidermist, visited the headwaters of
the Rakaia River. Over a period of 40 days they collected “160
skins of birds . . . several of them either new to science or at
least very rare, and desirable objects for the completion of our
own collection” (Haast, 1866). Haast describes the habits of a
wren that are presumably the NZ rock wren from the vicinity of
Mein’s Knob:

“Another very interesting inhabitant of this district is a large

greenish-brown Wren with a drab-colored breast (Certhiparus?),

which lives exclusively amongst the large talusses of debris high

on the mountain sides. This bird, instead of flying away when

frightened or when thrown at with stones, or even when shot at,
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hides itself among the angular debris of which these huge talusses

are composed. We tried several times, in vain, by removing some

of the blocks and surrounding it to catch one of them alive. It

reminded me strongly of the habits and movements of the lizards

which live in the same region in similar localities.”

Pelzeln’s collection of specimens received from Haast contained
39 species all of which were either mentioned in Haast’s account
of his trip to the Rakaia (Haast, 1866) or are typical of the area.
Pelzeln described two new species, X. gilviventris Pelzeln, 1867
and a putative taxon of alpine bellbirdAnthornis ruficeps (Pelzeln,
1867) [= Anthornis melanura melanura (Pelzeln, 1867)], from
Haast’s collections. It appears that Walter Buller also received NZ
rock wren specimens from this same collection at approximately
the same time, i.e., “collected in the Southern Alps in the 1860s
by J.F. Haast” (Bartle and Tennyson, 2009). Buller’s collection that
contains the types of hisXenicus haasti Buller, 1869, also included
a syntype of his ‘new’ parrot Platycercus alpinus Buller, 1869 [=
Cyanoramphus malherbi Souancé, 1857] (Bartle and Tennyson,
2009). Buller “received several specimens” of this parrot from
Haast “from the forests of the Southern Alps” (Buller, 1869), so
these were probably also part of the same collection.

The type localities and dates of collection for all four taxa can
thus be restricted to “Headwaters of the Rakaia River, March or
April 1866. Collected by J. Haast and F. Fuller.”

CONCLUDING REMARKS

The genetic data presented within our study illustrates the
applied use of aDNA to enhance the utility of museum collections
and inform both taxonomy and conservation management; yet
highlights the need to determine the veracity of specimen data.
Museum specimens should be treated with caution when they are
used to formulate conservation management plans that depend
upon the accuracy of their associated data. Steps should be taken
to discern the accuracy of such details, especially for specimens
reportedly obtained by collectors known for poor record keeping
or potential data falsification. Preferably, these steps should
incorporate a multidisciplinary approach that includes the use
of museum records and collectors’ notes, alongside biological
information (e.g., DNA sequence data). This approach helps to
ensure that museum specimens remain a valuable resource for
future scientific research. Additionally, future genetic research
on museum specimens should also utilize the power of high
throughput DNA sequencing, depending upon the nature of
the research question(s) addressed. This technology allows for
greater detection of post-mortem DNA damage and exogenous
contamination, aiding in the authentication of aDNA sequence

data. Authentication of aDNA sequencing data continues to form

an essential aspect of the aDNA field, and helps ensure that the
results of aDNA studies are robust and reliable.
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