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Abstract 22 

Feather cloaks (kakahu), particularly those adorned with kiwi feathers, are treasured items or 23 

taonga to the Māori people of Aotearoa / New Zealand. They are considered iconic 24 

expression of Māori culture. Despite their status, much of our knowledge of the materials 25 

used to construct cloaks, the provenance of cloaks and the origins of cloak making itself, has 26 

been lost. We used ancient DNA methods to recover mitochondrial DNA sequences from 849 27 

feather samples taken from 109 cloaks. We show that almost all (>99%) of the cloaks were 28 

constructed using feathers from North Island brown kiwi. Molecular sexing of nuclear DNA 29 

recovered from 92 feather cloak samples also revealed that the sex ratio of birds deviated 30 

from a ratio of 1:1 observed in reference populations. Additionally, we constructed a 31 

database of 185 mitochondrial control region DNA sequences of kiwi feathers comprising 32 

samples collected from 26 North Island locations together with data available from the 33 

literature. GST, NST and SAMOVA analyses revealed high levels of genetic structuring in 34 

North Island brown kiwi. Together with sequence data from previously studied ancient and 35 

modern kiwi samples, we were able to determine the geographic provenance of 847 cloak 36 

feathers from 108 cloaks. A surprising proportion (15%) of cloaks were found to contain 37 

feathers from different geographic locations, providing evidence of kiwi trading among Māori 38 

tribes or organised hunting trips into other tribal areas. Our data also suggest that the east of 39 

the North Island of New Zealand was the most prolific of all kiwi cloak making areas, with 40 

over 50% of all cloaks analysed originating from this region. Similar molecular approaches 41 

have the potential to discover a wealth of lost information from artefacts of endemic cultures 42 

worldwide. 43 

 44 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  46 

Introduction 47 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Museum specimens of plants and animals have recently proven to be of great use to 48 

taxonomy, population ecology, conservation biology, and evolutionary genetics, since well-49 

preserved specimens can provide a source of ancient DNA (Wanderler et al. 2007). Such 50 

genetic information has been used to estimate past population sizes (Brown et al. 2007), 51 

changes in genetic diversity over time (Ciborowski et al. 2007), rates of DNA sequence 52 

evolution (Lambert et al. 2002; Lambert et al., 2010), and to correctly identify specimens. For 53 

example, the latter approach has been employed to identify species of moths and parasitic 54 

wasps (Hajibabaei et al. 2006), an Indian lion (Panthera leo persica) skeleton previously 55 

thought to have been a Cape Lion (Panthera leo melanchita) on display at the Zoological 56 

museum in Amsterdam (Barnett et al. 2007), and to identify species of kiwi skeletons 57 

(Apteryx spp.) with indistinguishable bone morphologies (Shepherd & Lambert 2008). In 58 

addition, recent work has allowed species level identification of moa and other birds from 59 

eggshell surfaces only (Huynen et al. 2010; Chilton and Sorenson 2007; Oskam et al., 2010). 60 

The large number of artefacts of cultural and anthropological significance held in 61 

museums worldwide is staggering. For example, many of the 6 million objects comprising the 62 

British Museum collections alone are ethnographic artefacts. These artefacts are typically 63 

constructed from a combination of animal and / or plant materials such as skin, bone, 64 

feathers, and wood.  Material comprising these artefacts derives from a wide variety of 65 

species used by many endemic cultures. Examples include an 18th century ceremonial bird 66 

mask from Vancouver Island, British Colombia made from Alderwood, feathers and limpet 67 

shells, an 18th century Inuit sealskin woman’s parka, a 19th century Alaskan Kamleika or 68 

waterproof outer-garment made from marine mammal gut and 19th century feather cloaks 69 

from Hawaii and New Zealand. Each of these artefacts is typically unique to particular 70 

cultures or geographic regions and can provide insights into the cultural practices of the 71 

people who constructed them. Molecular analyses and ancient DNA methods have the 72 

potential to contribute significantly to the study of such artefacts, since DNA recovered from 73 

their composite materials can identify the species of plants and animals used to make them, 74 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and even their provenance. Such information may have been erroneously recorded, may 75 

have been lost or not recorded at all.  We have employed this approach to investigate the 76 

composition and the traditions used to construct the large number of culturally significant 77 

cloaks adorned with kiwi feathers made by the Māori of Aotearoa / New Zealand 78 

(Pendergrast 1987).  79 

Māori have a Pacific origin being derived from the people of Polynesia (Matisoo-Smith et 80 

al. 1998). From this tropical homeland, Māori are thought to have arrived in temperate New 81 

Zealand in approximately AD1350 (Howe 2003). In this new environment, Māori culture 82 

diverged considerably from other branches of Polynesian people (Te Rangi Hiroa 1924). 83 

When Māori arrived in New Zealand they were faced with many unfamiliar plants and 84 

animals. The new flora and fauna provided different materials for the construction of clothing. 85 

For example originally their preferred material for the construction of garments was the bark 86 

of the paper mulberry tree (Broussonetia papyrifera). This tree was brought to New Zealand 87 

with Māori but failed to flourish in the temperate climate (Pendergrast 1984). The native flax 88 

(Phormium spp.) provided a viable alternative. The hand knotting of this flax by Māori into 89 

cloaks is thought to be a very early form of weaving (Pendergrast 1984) (fig. 1).  90 

The earliest written records of Māori cloaks are from Captain Cook’s first visit to New 91 

Zealand in 1769-1770 (Pendergrast 1997). At this time a crudely woven flax rain cape was 92 

the most common cloak worn. Finely woven muka cloaks, often covered with strips of skin 93 

from Polynesian dog or kuri, were worn only by chiefs and were known as kahu kuri. Kuri 94 

were brought to New Zealand by early Polynesians in their canoes and were highly prized 95 

amongst Māori as they were used for hunting and as a food source. The arrival of Europeans 96 

in the late 18th Century sparked a trade in dog-skinned cloaks, resulting in greatly reduced 97 

numbers of kuri. 98 

Feathered garments are commonly mentioned in the oral histories of Māori and other 99 

Polynesian people, but were not a common feature of Māori culture. (Pendergrast 1997). 100 

After the 1790s, when early whaling and trading ships visited New Zealand, European 101 



  5 

settlement increased.  By the nineteenth century numerous trading stations had become 102 

established especially in the North. From that time it was clear that although flax cloaks 103 

sometimes had feathers or skin with feathers attached, these were scattered across the 104 

cloak surface or woven into the cloak borders (Pendergrast 1987; Ling Roth 1924). The 105 

production of Māori cloaks completely covered in feathers (kahu huruhuru) began from about 106 

1810 and became common in the second half of that century. Feathers from a variety of bird 107 

species were used in cloak construction, both native and non native. Native species included 108 

the kaka (Nestor meridionalis), the crowned parakeet or kakariki (Cyanoramphus spp.), the 109 

tui (Prosthemadera novaeseelandiae), the New Zealand wood pigeon or kereru (Hemiphaga 110 

novaeseelandiae), the pukeko (Porphyrio porphyrio), the weka (Gallirallus australis), the 111 

ground dwelling parrot, the kakapo (Strigops habroptila) and the kiwi (Apteryx spp.). Non-112 

native species included pheasant (Phasianus spp.), peacock (Pavo spp.), emu (Dromaius 113 

novaehollandiae, Hartnup et al 2008) and chicken (Gallus spp.). Cloaks were held in high 114 

regard in Māori society and remain so today (Ling Roth 1924).  They took a considerable 115 

amount of time to construct (up to eight months) (Te Kanawa 1992) and were associated 116 

with high status.  117 

The most prestigious of Māori cloaks were adorned with kiwi (Apteryx spp.) feathers and 118 

were known as kahu kiwi. Kahu kiwi were empowered by a chief’s mana - a Māori term 119 

signifying a combination of authority, integrity, power, and prestige. Some cloaks were so 120 

famous that they were renowned throughout New Zealand and even had personal names 121 

(Pendergrast 1997). They were, on occasions, gifted or traded.  For example, one celebrated 122 

cloak, named Karamaene, was once exchanged for a war canoe (waka). 123 

Kiwi (Apteryx spp.) are currently recognised as five distinct species (Burbidge et al 124 

2003); the great spotted (Apteryx haastii), the little spotted (Apteryx owenii), North Island 125 

brown kiwi (Apteryx mantelli), Okarito brown kiwi or rowi (Apteryx rowi), and tokoeka 126 

(Apyteryx australis). Tokoeka and great spotted kiwi currently have distributions restricted to 127 

the South Island of New Zealand and are most likely similar to historic distributions. Tokoeka 128 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were once more widespread in both the East and West of the South Island and are currently 129 

only found in the West (Shepherd & Lambert 2008). North Island brown kiwi currently and 130 

historically have a distribution limited to the North Island of New Zealand. Okarito brown, or 131 

rowi, have a very limited distribution in the West of the South Island of New Zealand but 132 

historically their distribution reached as far North as the lower North Island, where sub-fossil 133 

remains have been genetically identified (Shepherd and Lambert 2008). Lastly, the little 134 

spotted kiwi is limited to offshore islands and possibly a small population in Dusky Sound, 135 

Fiordland. However, this small kiwi species previously inhabited both islands of New Zealand 136 

(Coulbourne 2005). Although feather morphology may be distinguishable between spotted 137 

and brown kiwi, it is indistinguishable within these two groups. As Māori occupied both the 138 

North and South Islands, all kiwi species therefore were a potential source of feathers for 139 

cloak making.  140 

We report here the use of an ancient DNA approach (Shepherd & Lambert 2008; Bunce 141 

et al. 2003; Huynen et al. 2003) to recover both nuclear and mitochondrial DNA sequences 142 

from the feathers comprising kahu kiwi.  Specifically this work is aimed at recovering 143 

sequences to determine the provenance, species, and the sex ratios of birds used in cloak 144 

construction, and finally to use these data to shed light on cloak construction as practised in 145 

Aotearoa / New Zealand. Since the history of cloak making and its related traditions has 146 

been lost, the null hypotheses are that cloaks were simply constructed from avian species 147 

randomly selected from those commonly found in local areas and that cloak samples will be 148 

equally represented by both sexes. An alternative hypothesis is that there was an exchange 149 

of feathers between different iwi (Māori tribes) primarily for the purpose of cloak making.  150 

This hypothesis would predict that individual cloaks would comprise feathers from diverse 151 

geographical regions.  In addition we aimed to clarify the nature of kiwi capture methods by 152 

determining the sex ratio of kiwi feathers used.  Hence, direct testing of the predictions of 153 

these hypotheses could result in a new understanding of the methods used by Māori to 154 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collect materials for cloak construction, as well as an understanding of the traditions of cloak 155 

making itself. 156 

 157 

Material and methods 158 

Cloak samples 159 

Kiwi feathers are woven into cloaks in groups of three or four. Each group of feathers is 160 

secured twice to the muka backing of the cloak. The construction of feather cloaks enabled 161 

the removal of a ~2mm section from the feather’s calamus (fig. 1) without damage to the 162 

integrity and appearance of cloaks. We sampled feathers from 113 cloaks from museums in 163 

New Zealand and the United Kingdom (British Museum n = 9, Horniman Museum n = 3, 164 

Hawkes Bay Museum and Cultural Trust n = 16, Canterbury Museum n = 17, Auckland 165 

Museum n = 13, Whanganui Regional Museum n = 24, Waikato Museum n = 4, Te Papa 166 

Tongarewa n = 27), taking typically 10 randomly selected samples per cloak to give a total of 167 

1212 samples. The location on the cloak from which each sample was taken was recorded to 168 

help to determine methods of cloak construction. 169 

 170 

Reference Samples 171 

In addition to the cloak samples, a reference database of 185 sequences from North Island 172 

brown kiwi of known provenance was constructed. The sequences for the database were 173 

obtained using a combination of 21 existing sequences from the literature (Accession 174 

numbers AY150609–AY150623, Burbidge et al. 2003; AY713315, AY713332, AY713335, 175 

AY713336, DQ295829, and DQ2952830, Shepherd & Lambert 2008; Shepherd 2006) and 176 

sequences generated from 164 feather samples obtained from 26 North Island locations 177 

currently inhabited by kiwi (Supplementary Information).  178 

 179 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Molecular Methods 180 

Procedures outlined for the extraction and analysis of ancient DNA (Gilbert et al. 2005; 181 

Willerslev & Cooper 2005; Huynen et al, 2003) were followed. DNA extraction and the 182 

preparation of PCR mixes were carried out in a dedicated ancient DNA facility at Massey 183 

University, Auckland. This facility undergoes regular cleaning with bleach, is subjected to UV 184 

radiation, and is physically separated from modern laboratories that handle amplified PCR 185 

products and modern sources of DNA. Extraction and PCR negatives were employed at all 186 

stages of analyses. Sequencing was conducted in both directions from independent PCR 187 

reactions from each sample to account for miscoding lesions.  188 

 189 

Independent Verification 190 

Ancient DNA sequences were verified by independent replication of 15 randomly selected 191 

samples. Each of the fifteen feather bases was cut in half vertically under sterile conditions. 192 

Extraction of the 15 pairs of samples (n=30) took place in two separate ancient DNA 193 

facilities. One set being extracted at a facility at Massey University, Albany, Auckland and the 194 

second extraction taking place at an ancient DNA facility at Griffith University, Brisbane. Both 195 

sets of extractions were amplified using mtDNA primers kcF and kcR (Shepherd & Lambert 196 

2008). Negative extraction controls were employed for every set of 5 samples (set n=3). Of 197 

the 15 pairs of samples, 11 of the pairs amplified successfully at both research facilities. All 198 

negative extractions and PCR controls were negative. Each sample was then sequenced in 199 

both directions from independent amplifications at a sequencing facility at the University of 200 

Auckland. Sequence alignments were performed for each sample using Sequencher V4.6. 201 

(Gene Codes Corporation, Ann Arbor, MI, USA). In all cases the sequences obtained from 202 

forward and reverse amplifications from the same extraction and from those independently 203 

extracted sample pairs originating from the same feather base were identical.   204 

 205 

 206 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Extraction 207 

Prior to extraction, single feather shafts were separated from the others to ensure DNA from 208 

two or more individuals were not present in any one extract. Tissue from each shaft was 209 

extracted using a Qiagen’s DNeasy Blood and Tissue Extraction kit with an additional 210 

phenol:chloroform:isoamyl alcohol purification step added after proteinase K digestion. 211 

Modern samples for the reference database were extracted using proteinase K / Chelex 100 212 

in a separate laboratory. 213 

 214 

Sequencing and Phylogenetics 215 

For all 1212 cloak samples and 164 North Island brown kiwi samples for the reference 216 

database, a 200bp fragment of the mitochondrial hypervariable region I (HVRI) was amplified 217 

using kiwi-specific primers kcF and kcR (Shepherd & Lambert 2008). Successfully amplified 218 

samples were then purified using the Agencourt AMPure magnetic bead based PCR 219 

purification system. Each sample was sequenced in both directions from independent 220 

amplification reactions to account for miscoding lesions.  Sequences were aligned and edited 221 

using Sequencher V4.6. (Gene Codes Corporation, Ann Arbor, MI, USA).  A Neighbour-222 

Joining tree based on distance parameters was constructed in MEGA4 (Tamura et al, 2007).  223 

Evolutionary distances were computed using the Tajima-Nei method (Tajima and Nei, 1984).  224 

Rate variation between sites was modelled with a gamma distribution (shape parameter = 225 

0.07). Phylogenetic networks were constructed using statistical parsimony in TCS version 226 

1.21 (Clement et al. 2000). For the reference dataset, two measures of genetic differentiation 227 

were calculated using PERMUTCPSSR (version 2.0; Pons & Petit 1996): NST, which takes 228 

into account the relationships between haplotypes, and GST, which uses haplotype 229 

frequencies alone. A permutation test was performed to examine whether NST was 230 

significantly larger than GST. The geographic structuring within the reference dataset was 231 

analysed using SAMOVA (version 1; Dupanloup et al 2002). SAMOVA determines the 232 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optimal number of differentiated groups (K) that best fit the data and the composition of each 233 

group by maximising FCT. K was varied from 2 to 12 and 1000 permutations were run from 234 

each of 100 random initial conditions. 235 

 236 

 237 

Molecular sexing 238 

Cloak Samples 239 

A subset of 200 cloak samples was randomly chosen for molecular sexing. Molecular sexing 240 

was conducted using ratite primers moa1 and moa2 (Huynen et al. 2003) to amplify a 67 bp 241 

product from the female-specific W chromosome. The presence of nuclear DNA was 242 

determined by the amplification of 65 bp of the Chromo-Helicase-DNA binding gene (CHD) 243 

using primers pM0 and pM1 (Huynen et al. 2003).  Positive and negative controls were 244 

employed for every set of 20 reactions.  Consistency was achieved using a multiple tube 245 

approach, comprising at least three independent PCR reactions per primer pair (Taberlet et 246 

al. 1996). 247 

Modern Samples 248 

183 North Island brown kiwi feather samples from a range of locations were obtained from 249 

Rainbow and Fairy Springs, Rotorua, New Zealand. DNA was extracted from two to three 250 

feather bases using chelex 100 / proteinase K and amplified for a ~170 bp sex-specific W 251 

chromosome fragment using primers k9 and w13, and a fragment of the CHD gene using the 252 

primers p2 and p3 (Huynen et al, 2003; Griffiths and Tiwari, 1995).   253 

Rules of sex assignment. 254 

A definitive set of rules was followed to assign sexes to samples in a consistent, conservative 255 

manner. These rules are detailed as follows. 1) If a PCR product was present for the control 256 

(p0/p1), but not for the female specific marker for at least 2 of the 3 amplifications, the sex 257 

was assigned as male. 2) If a PCR product was present for the control (p0/p1) and for the 258 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female specific marker for at least 2/3 amplifications, the sex was assigned as female. 3) If 259 

no PCR products were present for any of the 3 amplification attempts then samples were 260 

considered to have failed to amplify and were not included in further analysis. 4) If only 1 of 261 

the 3 amplifications resulted in a PCR product either for the control or for the female specific 262 

marker a 4th amplification was conducted. If the 4th amplification matched the previous 263 

amplification, sex was assigned accordingly. In the event of a failed amplification, that 264 

sample was excluded from further analysis. 5) If a PCR product was present at least 2 of 3 265 

times for the female specific marker (moa1/ moa2) but absent in either 1, 2 or 3 of the control 266 

reactions (p0/p1), the sex was still assigned as female. 267 

 268 

 269 

Results  270 

Species Determination of Cloak Feathers  271 

A 200 base pair fragment of the mitochondrial DNA control region was successfully amplified 272 

and sequenced for 849 of the 1212 feather samples from cloaks, giving an overall success 273 

rate of 70%. Specifically, sequence data was recovered from 109/113 cloaks, with 4 cloaks 274 

failing to amplify for any of the feather samples taken. Phylogenetic analyses (Swofford 275 

2000) identified 847 of the sequences as North Island brown kiwi (Apteryx mantelli). The 276 

remaining two sequences, sampled from the same cloak, were identified as little spotted kiwi 277 

(Apteryx owenii). A phylogenetic tree was constructed using these sequences to show the 278 

relationships between the kiwi feather samples and the various kiwi species (fig. 2). 279 

Haplotype Structure and Frequencies 280 

For both modern and cloak feather DNA samples, eight variable sites comprising 13 281 

haplotypes were observed for the 200 bp HVRI sequence. Haplotype frequencies observed 282 

for each of the 13 haplotypes are represented in the modern and cloak samples as, 283 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respectively; 1, 4.69%/0.94%; 2, 4.17%/1.42%; 3, 6.77%/7.56%; 4; 9.38%/1.65%; 5, 284 

20.31%/18.46%; 6, 4.17%/0.23%; 7, 2.08%/4.73%; 8, 2.1%/36.3% 9, 18.75%/11%: 10, 285 

13.54%/13.23%; 11, 5.73%/2.95%; 12, 5.21%/0.23%; 13, 3.12%/1.3% (fig. 3).  Overall there 286 

was a significant change in the frequencies of the haplotypes (χ2=585.89, df=12, 287 

p=<0.0000001). However, the degree of change is dependent on the haplotype. For 288 

example, a single haplotype, haplotype 8, is massively overrepresented in cloaks, being 289 

present in over 36% of all cloak feather samples, but only in 2.1% of the modern reference 290 

samples. This has resulted in a 17.3 fold decrease in this haplotype over time. Notable also, 291 

is haplotype 12, being present in just 0.23% of feather samples from cloaks, but representing 292 

5.21% of the modern samples indicating a 22.7 fold increase in frequency over time. There 293 

was also a 5.7 fold difference in the observed frequency of haplotype 4, being more common 294 

in modern populations.  This haplotype has a distribution limited almost exclusively to the 295 

Coromandel. Also, the frequency of haplotype 6 varies ~18 fold, being more common in 296 

modern samples than in samples taken from cloaks.  The frequencies of the remaining 10 297 

haplotypes seem to have remained very similar for over 150 years.   298 

The genetic structure among modern kiwi populations from Northland, the Coromandel, the 299 

West and Central North Island, and the East North Island regions (fig. 4) was shown using a 300 

statistical parsimony network constructed in TCS v1.21 with a 95% parsimony connection 301 

limit (fig. 3) (Clement et al. 2000). Measures of genetic differentiation, GST and NST, indicate 302 

that subdivision exists amongst the kiwi populations (GST = 0.45, standard error = 0.07; NST 303 

= 0.63, standard error = 0.05). NST was significantly higher than GST (P<0.01) indicating that 304 

there was a phylogeographic component to this structuring. The SAMOVA performed 305 

identified the following groups with K = 3: Central and West North Island, (Northland, the 306 

Coromandel, Ruahine Ranges and the Kaweka Forest Park, and the East of the North Island 307 

(fig. 4). At higher values of K single populations were partitioned as individual groups 308 

although FCT only increased marginally to its maximum at K = 10 (from FCT = 0.67 at K = 3 to 309 

FCT = 0.73 at K = 10).  310 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Determining the provenance of kiwi feather cloaks 311 

The geographic structuring of modern North Island brown kiwi sequences in our database 312 

allowed inferences to be made with regard to the provenance of samples from cloaks (fig. 5). 313 

Of the cloaks sampled, 50.5% contained feathers that came exclusively from the East of the 314 

North Island (n = 57/113), 26.6% came from the West and Central North Island (n = 30/113), 315 

3.5% came from Northland and the Coromandel (n = 4/113), 15.0% were of mixed origin (n = 316 

17/113), 3.5% failed to amplify any samples (n = 4/113) and, 0.9% was adorned with little 317 

spotted kiwi feathers (n = 1/113). The number of haplotypes present on any one cloak was 318 

variable. Of the 108 cloaks determined to be adorned with North Island brown kiwi feathers, 319 

29.6% had just one haplotype (n=32/108), 40.7% had 2 haplotypes (44/108), 25% had 3 320 

haplotypes (n=27/108) and 4.7% had the maximum observed 4 haplotypes (5/108). Figure 5. 321 

shows examples of cloaks showing either 1, 2, 3 or 4 haplotypes. Cloak A, from Canterbury, 322 

museum, Christchurch (accession number E173.149) had 9 samples of one haplotype only, 323 

haplotype 5. In the modern samples, this haplotype was observed geographically in the West 324 

and Central of the North Island of New Zealand suggesting that this cloak was produced in 325 

this area. Additionally, this was one of the few cloaks that contained provenance information 326 

in the museum records. The records suggested that the cloak was made in Hawera, which is 327 

located South of New Plymouth in Taranaki (fig.5), where haplotype 5 has been observed. 328 

Therefore, in this instance, the genetic and historical data are complimentary to one another. 329 

Cloak B, from Te Papa Tongawera Museum, Wellington (accession number ME15753) 330 

contained feather sequences of haplotype 9 and haplotype 10. Both of these haplotypes are 331 

found exclusively in the East of the North Island of New Zealand in the modern samples 332 

suggesting that the origin of this cloak was from this region. Unfortunately, for this cloak there 333 

are no complimentary museum records to confirm the DNA data. Cloak C, from Canterbury 334 

Museum, Christchurch (accession number 2001.196.6) harboured feather sequences 335 

representing haplotype 5, haplotype 10 and haplotype 9. In comparison to the geographic 336 

distribution of modern haplotypes, this cloak contains a mixture of West and Central 337 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(haplotype 5) and Eastern Haplotypes (haplotypes 9 and 10). Cloak D, from Te Papa 338 

Tongawera museum (accession number ME14499) contained the maximum number of 339 

haplotypes observed for any cloak, four, (haplotypes 5, 7, 8 and 13). Haplotypes 5 and 7 was 340 

observed exclusively in the West and Central North Island in the modern samples; haplotype 341 

13 was only found in the Central North Island, and haplotype 8 was detected in the East of 342 

the North Island only. Therefore this cloak is somewhat unusual in that it contains a mixture 343 

of West and Central (haplotypes 5 and 7), Central (haplotype 13) and Eastern Haplotypes 344 

(haplotype 8). 345 

Cloak Samples Exhibit a Skewed Sex Ratio  346 

Of the 200 feather samples selected at random for sex determination, 39.5% (n=79) failed to 347 

amplify and one sample (0.5%) produced an ambiguous result and was therefore removed 348 

from the study. Of the remaining 120 samples (overall amplification success rate of 60%), 349 

40.8% (n = 49) were assigned as female and 59.2% (n = 71) were assigned as male.  For a 350 

small number of samples sexing was successful in the absence of mitochondrial DNA 351 

amplification. Previous work with ancient moa DNA showed that short nuclear genome 352 

fragments (~70 bp) were retained at approximately the same frequency as the larger 353 

mitochondrial DNA fragments (~220 bp) (Huynen et al, 2003), and hence in ancient DNAs of 354 

low concentration there is the chance of amplifying one locus at the expense of the other. 355 

Although feasible, we considered it prudent to remove samples that amplified for nuclear 356 

DNA, yet failed for mitochondrial DNA from further analysis. This observation occurred in 28 357 

of the 120 samples, reducing the sample size to 92 of which 40.2% were female (n=37) and 358 

59.8% were male (n=55).    359 

In parallel we used molecular methods to sex a total of 183 kiwi feathers from modern 360 

populations.  These individuals came from locations across the North Island of New Zealand. 361 

A total of 90 males and 93 females were identified using these methods. To test the 362 

significance of this result a likelihood-ratio G-test was performed (Hardy 2002) using the 363 

freely available, statistical analysis software, R, and a script based on one available at 364 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http://www.psych.ualberta.ca/~phurd/cruft/. The modern sex assignment data show no 365 

statistical excess of either sex (G-test, p=0.486). Assuming the sex ratio of 1:1 directly 366 

observed in the modern populations, the values obtained for cloak feather samples deviated 367 

significantly from expected values (G-test, p=0.0488), with an observed excess of males.  368 

 369 

Discussion 370 

Species determination of Cloak Feathers 371 

Given the potential for extensive trade between Māori tribes, it is surprising that almost all of 372 

the feathers sequenced were from North Island brown kiwi. It is known that North Island 373 

Māori made hunting trips to the South Island of New Zealand to hunt for moa (Anderson 374 

1989), yet no South Island kiwi species appear in the cloaks sampled. The present-day 375 

distribution of little spotted kiwi is restricted to a scattering of offshore islands in the north of 376 

the North Island, Kapiti Island off the Coast of Wellington, Cook Strait in the South Island and 377 

possibly very small populations around Dusky Sound in Fiordland (Colbourne 2005). The 378 

single cloak containing the two little spotted kiwi feathers suggests that the little spotted kiwi 379 

were rare in those times, but present on New Zealand’s North Island during the early period 380 

of feather cloak-making.  381 

Haplotype frequency and structure 382 

The 17.3 fold decrease in haplotype 8 coupled with the 22.7 fold increase in haplotype 12 383 

could be linked. Geographically, both of these haplotypes have a distribution in the East of 384 

the North Island of New Zealand. As the prevalence of haplotype 8 decreased, this could 385 

have allowed the expansion of individuals with haplotype 12.  The relatively high frequency of 386 

haplotype 4 recorded from the Coromandel is possibly due to a sampling effect, based on the 387 

intensive conservation efforts by Project Kiwi in that area. However, although this frequency 388 

may be overrepresented, we do not believe it has influenced the inferences made based on 389 

geographic structure.  390 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The modern reference database of mitochondrial control region sequences assembled for 391 

this study shows a generally high level of geographic structure with many of the 13 392 

haplotypes recorded having limited geographic ranges (fig. 4). In addition, there is a striking 393 

East / West divide of haplotypes that is clearly evident in the database (fig. 4). This could be 394 

due to the volcanic Central North Island creating a barrier to gene flow. This phenomenon 395 

has also been recorded in other New Zealand flora and fauna (Wallis & Trewick 2009; Lloyd 396 

2003; Holzapfel et al. 2002). We are confident that there were no substantial populations 397 

shifts as kiwi are flightless with low dispersal power. In fragmented populations, North Island 398 

brown kiwi were found to migrate a maximum of 1.2km (Potter 1990). Although little data are 399 

available of kiwi dispersal in non-fragmented populations, it is unlikely to be great enough to 400 

effect large shifts in population structure.  401 

The GST and NST values, coupled with the SAMOVA analysis, support the observed 402 

population structure in modern North Island brown kiwi populations. Both GST and NST 403 

values were high, with GST being significantly higher than NST, suggesting a phylogeographic 404 

component to the structuring. The SAMOVA analysis grouped populations into three groups; 405 

the West and Central North Island, the East of the North Island, and Northland and the 406 

Coromandel. Two eastern populations (Kaweka Forest Park and the Ruahine Ranges) 407 

grouped with North Island and the Coromandel (fig.4). The Kaweka Forest Park population 408 

contains individuals with haplotype 4 which is only found in the Coromandel, and haplotype 9 409 

which is only found in the East of the North Island. The Ruahine Ranges population contains 410 

individuals with haplotype 3, which is found in greatest frequencies in Northland and 411 

haplotype 8 that is found exclusively in the East. However, the sample sizes of both these 412 

populations are very small (Ruahine Ranges n=5 , Kaweka Forest Park n=4 ), hence, despite 413 

also containing exclusively eastern haplotypes, they also group with the Northland and 414 

Coromandel populations.   415 

Determining the provenance of kiwi feather cloaks 416 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In 15% of cases, feathers used in the construction of a single cloak were found to have 417 

derived from different geographic areas, potentially hundreds of kilometres apart (fig. 5). In 418 

the absence of substantial kiwi population shifts, the results suggest that either trade of skins 419 

or whole birds may have occurred between Māori tribes. Alternatively birds may have been 420 

collected from hunting trips to different areas of New Zealand.  The early period in which kiwi 421 

feather cloaks were made was a very volatile one. Over this time (1810-1830), tens of 422 

thousands of Māori died in the intertribal ‘Musket Wars’. Muskets (ngutu parera) changed the 423 

face of intertribal warfare, decimating some tribes and drastically shifting tribal boundaries. 424 

By the 1830s thousands of Māori had fled their traditional lands. These wars may have 425 

forced tribes to travel further afield to trade or hunt for goods, and, hence, may explain the 426 

haplotypes of mixed origins present on 15% of cloaks (Crosby 2001).  427 

Insights into Cloak Making Practises 428 

As the locations from which samples were taken from cloaks were recorded, this allowed the 429 

position of haplotypes to be plotted onto the corresponding locations on the surface of each 430 

cloak. The patterns of haplotypes can then provide insight into the methods of cloak 431 

construction employed. Historical information suggests that cloaks were woven on a frame 432 

consisting of two wooden sticks stuck directly into the soil and that cloaks were woven from 433 

left to right, top to bottom, starting from what would eventually become the bottom right hand 434 

corner (Best 1908). The pattern of haplotypes on the cloak in fig. 5 (C) provides evidence 435 

that this was indeed the case. Similar patterns have also been seen on many of the other 436 

cloaks analysed in this study.  437 

One mitochondrial haplotype is dramatically overrepresented in kiwi feather cloaks, 438 

despite the fact that in present day populations it has a very limited distribution in a small 439 

region of the East of the North Island. Haplotype 8 is present in over 36% of cloak samples 440 

compared to only 2.1% of reference samples (fig. 3). We are confident that this haplotype 441 

was not more widespread in the early 19th Century (when kiwi feather cloak making likely 442 

originated), or even in the early 20th century. This is because, in our previous ancient DNA 443 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studies of North Island brown kiwi skins and sub-fossil remains, we were unable to record 444 

haplotype 8 at any other locations (Shepherd & Lambert 2008). The distribution of haplotype 445 

8 corresponds with the tribal homelands, in the 19th Century, of the Tuhoe iwi from the 446 

Ureweras, the Ngati Kahungunu Ki Wairoa, the Ngati Kahungunu Ki Heretaunga, and the 447 

Ngati Ruapani tribes. It is known that feather cloaks were made by the Tuhoe people in the 448 

19th Century since Best (1908) observed this practice during his stay with the tribe. The 449 

approximate ages of these cloaks, combined with their detailed construction, suggests that 450 

cloak making was well advanced in the East of the North Island of New Zealand by the mid 451 

1800s and possibly even earlier. In combination with the genetic data presented which 452 

shows that over 50% of the 113 cloaks sampled harboured only feathers from the North 453 

Islands East coast, suggests that this area was likely to have been the centre of kiwi feather 454 

cloak making in early New Zealand. 455 

Cloak Samples Exhibit a Skewed Sex Ratio  456 

The molecular sexing data revealed a significant male skew in the sexes of kiwi feathers 457 

used to adorn cloaks. In contrast, molecular sexing results from the modern reference 458 

material show a slight excess of females but this is not statistically different from a 1:1 ratio. 459 

This male skew in the observed sex ratio of feathers in cloaks may be the result of paternal 460 

egg incubation in North Island brown kiwi (Colbourne 2002), thus making the males more 461 

vulnerable to Māori hunting methods. Certainly in early European times, dogs were used to 462 

catch nesting kiwi in burrows (Trotter & MuCulloch 1997; Best 1908). Elsdon Best, New 463 

Zealand’s first ethnographer, spent time with the Tuhoe tribe of the Ureweras in 1893 and 464 

observed their hunting methods firsthand.. During hunting, which occurred at night, the Māori 465 

would make a lure-call (whistling), which kiwi would reply to. Dogs would then follow this 466 

sound to locate kiwi.  467 

 468 

Conclusion 469 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We have utilised genetic information from modern and ancient populations of kiwi to infer 470 

cloak-making practices of a once widespread cultural tradition of the indigenous people of 471 

New Zealand. Rediscovering aspects of the lost histories of these artefacts will no doubt 472 

enhance their cultural value. This approach has the potential to recover a wealth of lost 473 

information from a wider range of ethnographic artefacts held in museums worldwide. 474 

Genetic analyses such as those conducted here may also play a significant role in the 475 

repatriation of such much-valued items to their original countries, regions or tribal 476 

homelands. This study illustrates the benefits of a molecular approach to biological 477 

anthropology and highlights the potential for enriching our knowledge of culturally valuable 478 

items. 479 

 480 

Supplementary Material 481 

Supplementary tables S1-S3 are available at Molecular Biology and Evolution online 482 

(http://www.mbe.oxfordjournals.org/). 483 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 591 

Figure Legends 592 

FIG. 1. Cloak construction and sampling. Kiwi feathers are woven into cloaks. Feathers are 593 

secured twice to the muka backing of the cloak. This allows removal of ~2 mm from the shaft 594 

of the feathers (dotted circle), using sterilized surgical scissors and forceps, whilst leaving the 595 

structure and appearance of the cloak unaffected.  596 

 597 

FIG. 2. Phylogenetic analysis of kiwi HVR1 sequences.  A radial distance Neighbour-Joining 598 

tree was constructed for 200 bp of the mitochondrial HVR1 region.  Sequences from known 599 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kiwi species were obtained from Burbidge et al, 2003. The 13 North Island brown kiwi 600 

haplotypes are shown in colour and the single little spotted kiwi haplotype (L) is shown in 601 

grey.  Little spotted and Great spotted kiwi are shown as Ls and Gs respectively. Rowi kiwi 602 

are from Okarito (Ok) in the South Island.  Tokoeka kiwi are located in Haast (Hs), Fiordland 603 

(Fi), and Stewart Island (SI) in Southern New Zealand. The locations of the North Island 604 

brown kiwi are shown in the grey boxes as Little Barrier Island (LBI), Taranaki (Tk), 605 

Northland (Nl), and the Bay of Plenty / Hawkes Bay (BP / HB, see Figure 4 for location 606 

details). North Island brown kiwi on Little Barrier Island were originally translocated from 607 

Taranaki.   608 

 609 

FIG. 3. Statistical parsimony networks for kiwi HVRI DNA sequences from reference and 610 

cloak samples. Ninety-five percent parsimony connection limit networks were constructed for 611 

(a) the reference database of North Island brown kiwi samples (n = 185 from 26 locations 612 

throughout the North Island) and (b) North Island brown kiwi feather samples from cloaks (n 613 

= 847) for haplotypes 1-13 from 200 bp of the mtDNA HVRI using TCS v1.21 (Clement et al. 614 

2000). Each connecter denotes a 1 bp change. The sizes of the haplotype frequencies observed 615 

(calculated as a percentage), and the frequencies observed for reference (a) and cloak (b) 616 

samples are directly comparable. 617 

 618 

FIG. 4. Geographic distribution of mitochondrial HVRI sequences obtained from the reference 619 

database. The haplotype distributions and frequencies for 185 mitochondrial HVR1 sequences 620 

for modern North Island brown kiwi populations. Eight variable sites among 13 haplotypes 621 

were observed. Pie charts depict sample sizes together with haplotype frequencies at each 622 

location.  623 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 624 

FIG. 5. Provenance of kiwi feathers from four representative cloaks. Mitochondrial HVRI 625 

haplotypes recovered from cloaks are shown, together with the geographic distribution of 626 

these types. (A) A comparison of the present distribution of haplotypes to those recovered 627 

from cloak E173.149 (Canterbury Museum). Museum records suggest this cloak originated 628 

from Hawera. All samples were identified as haplotype 5 (purple), which is found in the West 629 

and Central North Island, where Hawera is located. (B) Cloak ME15753 (Te Papa 630 

Tongawera) was found to contain haplotypes 9 (brown) and 10 (flesh), that have a geographic 631 

distribution restricted to the East of the North Island. (C) Cloak 2001.196.6 (Canterbury 632 

Museum) was found to contain haplotypes 9 (brown) and 10 (flesh), that have a geographic 633 

distribution restricted to the East of the North Island and haplotype 5 (purple) from the 634 

western side. (D) A comparison of the present distribution of haplotypes to those recovered 635 

from cloak ME14499 (Te Papa Tongarewa). Haplotypes 5 (purple), 7 (pale green) and 13 636 

(green) all have present distributions in the West and Central North Island. However, 637 

Haplotype 8 (yellow) is only found in the East of the North Island. Also shown are the 638 

approximate Māori tribal boundaries in the 1800’s.  639 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