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Abstract

Background: New Zealand’s native forests are species-rich. Little information has been documented about the properties 
and historic uses of the lesser-utilised species. Xylaria, archives of wood samples, can be used to obtain information on 
timbers which are difficult to source.

Methods: Wood density and stiffness of 115 native tree species archived in the New Zealand School of Forestry | Te Kura 
Ngahere’s xylarium were measured and put into context with available information from literature.

Results: The range of wood density and stiffness of the New Zealand native tree species was comparable with that found 
globally, indicating a wide range of potential uses. 

Conclusions: Open access to wood properties of lesser-used New Zealand native tree species is essential to successfully 
implement New Zealand’s government policy of establishing a commercial native forestry sector. Wood density information 
can aid carbon accounting of native forests under the Emissions Trading Scheme. 
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New Zealand (Dungey et al. 2022; Forbes 2022). Among 
other factors, only few wood processors exist which utilise 
native timbers. Supplying wood processors could create 
revenues to offset the significant establishment and 
management costs of native forests. The government’s 
recent Te Ara Whakahou – Ahumahi Ngahere | Forestry 
and Wood Processing Industry Transformation Plan 
includes ‘Develop a productive native forestry sector’ 
as an action item and states ‘Increase in the supply of 
sustainable and high-value timber’ as an envisaged 
outcome (Ministry for Primary Industries 2022).

Good information on the characteristics of native trees 
is necessary if they are intended to be utilised. Māori and 
settlers had good knowledge of properties and suitable 
uses of wood for New Zealand native trees. This expertise 
has been lost with the forest industry shifting away from 
native species to domestically grown P. radiata and 
speciality timber imports. Unfortunately, information 
on the uses and characteristics of native timbers, in 
particular māturanga Māori (indigenous knowledge), 
was scarcely documented e.g. Anonymous (1931), 
scattered and typically difficult to access. It should be 

Introduction 
Aotearoa New Zealand is home to several hundred 

woody tree and shrub species (de Lange & Rolfe 
2010). In the past, these have been a rich source of 
food, medicine, materials and other uses for Māori and 
later settlers (Kirk 1889; Manaaki Whenua | Landcare 
Research 2023). Use of Aotearoa New Zealand‘s native 
forest has undergone drastic changes during human 
presence (Kerr & Stewart 2013; McGlone et al. 2022; 
Star 2002; Swarbrick 2007). Due to overharvesting, 
for the last decades the management of native forests 
was largely restricted to conservation and recreation 
while production forestry has focused on exotic species, 
predominately Pinus radiata D.Don. Currently, there is a 
resurging interest in native afforestation in New Zealand 
(Ministry for Primary Industries 2022). This is driven 
by establishing carbon sinks to mitigate greenhouse gas 
emissions (Ministry for the Environment 2022) along 
with other non-timber benefits, such as to improve 
native biodiversity, soil and water health, and to realise 
recreational and cultural benefits. Establishing native 
species forests is economically challenging in Aotearoa 
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noted that a database holding information on Māori and 
later non-timber use of New Zealand native plants exists 
(Manaaki Whenua | Landcare Research 2023), and that 
there are some key publications detailing timbers native 
to New Zealand (Bier & Britton 1999; Blair 1879; Brasell 
c.1950; Clifton 1994; Hector 1879; Hinds & Reid 1957; 
Kirk 1889; Wardle et al. 2011). While there is more 
information on wood properties of the historically more 
commonly used tree species such as rimu, kauri, tōtara, 
tawa or the New Zealand beeches (Buchanan 2020; 
Hinds & Reid 1957; Steward & McKinley 2019; Steward & 
Quinlan 2019; NZS3602), little is known about the lesser-
used species, a situation not uncommon for countries 
with species-rich natural forests (World Wildlife Fund/
Global Forest & Trade Network 2013). Probably the most 
complete record of what is known about the uses of New 
Zealand’s native trees is the book by Wardle et al. (2011). 
Tāne’s Tree Trust and others (Nguyen et al. 2021) 
have also started to collate and distribute information 
on indigenous forestry including wood properties of 
lesser-used native trees. Information on our lesser-used 
tree species is often restricted to qualitative data, not 
assessed according to today’s standards (Blair 1879; 
Kirk 1889), based on small sample numbers (Bier & 
Britton 1999), or focused on wood anatomy (Meylan & 
Butterfield 1978) and biology (Salmon 1996). In contrast 
to Aotearoa New Zealand, extensive information is 
available for Australia’s native timbers including current 
standards, with some Australian timbers even adopted 
by Standards New Zealand (AS1720.2; AS5604; Bootle 
2005; AS/NZS2878).

It is challenging to source wood samples of lesser-
used New Zealand native trees. Wood collections, also 
known as xylaria or xylotheques, are a readily available 
resource that can be used to obtain the properties of 
difficult to access species (Deklerck et al. 2019; Deklerck 
et al. 2020). While these samples usually do not conform 
to sampling methods and dimensions required by 
national standards, they can be used to obtain useful 
information. The New Zealand School of Forestry | 
 Te Kura Ngahere's wood collection contains specimens 
from many native trees. These samples are of various 
(often unclear) origin, but some labels date back to the 
1920s. Other xylaria exist in Aotearoa New Zealand, for 
example, at Scion and the Allan Herbarium (Anonymous 
1925, 1935, 1938). These could be used to supplement 
this work, however, it is possible that some of the 
specimens in the different xylaria originate from the 
same boards. 

This study aims to: 
(1) collate some existing information on timbers 

native to New Zealand; and 
(2) add to the existing data, the density and acoustic 

velocity of native timber samples from the New Zealand 
School of Forestry | Te Kura Ngahere’s wood collection. 

Methods 
The New Zealand School of Forestry | Te Kura Ngahere’s 
wood collection contains 197 wood samples representing 
115 native woody species with dimensions allowing for 

the assessment of density and acoustic velocity (Fig. 1). 
Species were regarded as native to New Zealand when 
listed in de Lange and Rolfe (2010). 

The samples were equilibrated to constant mass at 
20°C and 65% RH, equating to ~12% moisture content 
(MC) before measurement. The volume was calculated 
from the sample dimensions measured with a calliper. 
The average width and thickness of the samples were 13 
mm and 75 mm, respectively. The average length along 
the grain was 153 mm (ranging between 101 mm and 
161 mm). Density (at 20°C and 65% RH equilibrium) was 
defined as the ratio of mass to volume. Acoustic velocity 
along the grain was calculated by dividing the sample 
length by the transit time of an acoustic signal measured 
with a Fakopp UltraSonic Timer (Fakopp Enterprise Bt, 
Agfalva, Hungary). This allowed the calculation of the 
dynamic Modulus of Elasticity (MoEd) by multiplying 
density with the square of the acoustic velocity. Data 
was analysed and visualised in the statistical software R  
(R Core Team 2022).

Results
Table 1 lists wood density and MoEd at 12% MC of 
samples sourced from 115 woody species native to 
Aotearoa New Zealand. Most species were represented by 
only one sample, preventing the calculation of standard 
deviations. For some species, density and MoEd values 
were reported in the literature, and these, along with 
tree size and form, were included in Table 1 to provide 
context. Key historic references holding information on 
timber properties, uses, processing and durability were 
also matched to the species in Table 1. 

FIGURE 1: A typical 
timber sample from 
the New Zealand 
School of Forestry | 
Te Kura Ngahere’s 
wood collection, 
specifically Agathis 
australis (kauri) from 
a branch of the iconic 
Northland specimen 
Tāne Mahuta.
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TABLE 1: Description of the study sites
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The four rimu (Dacrydium cupressinum Sol. ex G.Forst.) 
samples included a sample labelled ‘Burr Rimu’ and a 
sample labelled ‘Resinous heart - very dense but fast 
grown’ with densities of 854 and 947 kg/m3, respectively. 
An interesting note is that one of the kauri samples in the 
collection (Figure 1) is from a fallen branch of the iconic 
kauri tree Tāne Mahuta that is located in the Waipoua 
Forest, Northland, New Zealand.

It should be noted that the table refers to historic 
references discussing the durability of New Zealand 
native timbers but does not state that they are durable. 
The historic references comment on observations of 
timber performance either in use or in nature, i.e. are 
not based on systematic measurements, and can mean 
that rapid decay or long service life had been observed. 
Quantitative natural durability data is available only for 
a few species, which is not always consistent (Page & 
Singh 2014; NZS3602). 

Species with extreme wood properties are listed in 
Table 2. Density at ~12% MC varied between 226.4 and 
1178.6 kg/m3, while MoEd ranged from 2.6 to 21.1 GPa. 
The ten native trees with the stiffest, densest and highest 
AV are all hardwoods. Three softwoods and one palm are 
among the ten native species with the least dense wood. 

No correlation (R2 = 0.001) was found between wood 
density and acoustic velocity of the 115 New Zealand 
native tree species (Figure 2). As the MoEd was calculated 
as the product of density and acoustic velocity2, stiffness 
continuously increased with increasing density and 
acoustic velocity from the bottom left to the top right 
corner of the graph. 

Discussion
Summarising wood properties in a single number can 
never reflect the substantial variability inherent to this 
natural material. It is not uncommon to find an order 
of magnitude difference in a wood property within a 
single species or even tree (Walker 2006). Therefore, 
detailed sampling procedures are specified by standards 
describing methods to obtain characteristic values for 
technical applications. While the samples available in 
the New Zealand School of Forestry | Te Kura Ngahere’s 
wood collection do not allow the quantification of wood 
properties for use in structural applications, they will in 
most cases represent the typical characteristics of the 
species. More confidence can be achieved by including 
more samples which are available in other xylaria. 

Due to limited supplies, it is unlikely that New Zealand 
native species will substitute exotic timbers for structural 
and commodity uses, which require detailed knowledge 
of structural material properties such as MoE. New 
Zealand native trees have the potential for use in niche 
products and woodwork where aesthetics and cultural 
heritage are of primary importance. For some niche 
uses density can be a factor, but other properties such 
as hardness, durability, dimensional stability, flexibility, 
propensity to splinter or toughness are equally likely to 
define the suitability for a wood product. 

Trees and shrubs native to New Zealand were diverse 
in their wood density and stiffness. The wood density 
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of the least dense New Zealand native species Entelea 
arborescens R.Br. (whau) was 281 kg/m3 which was not 
much denser than the commercially grown low-density 
wood balsa (Ochroma pyramidale (Cav. ex Lam.) Urb.) 
(Bootle 2005; Kotlarewski et al. 2016). Likewise, the 
wood density of the densest New Zealand native species 
was close to the density requirement for the highest 
strength groups SD1 (1200 kg/m3) and SD2 (1080 kg/
m3) according to AS/NZS2878. The native species with 
the stiffest wood, Metrosideros umbellata Cav. (Southern 
rata), had a MoEd of 21.1 GPa, which was close to the 
requirements for the highest Australian S1 (21.5 GPa) 
(AS1720.1 2010) and European D70 (20 GPa) (EN338) 
strength classes.

The collated density data might also be of use 
to establish more precise carbon accounts for New 
Zealand’s species-rich native forests, as the carbon stored 
in a forest is not only determined by volume but also by 
wood density (Marden et al. 2021). However, it needs to 
be noted that basic density, rather than density at 12% 
MC, is the most suitable measure for such estimates. 

To the best of our knowledge the data in this study is 
of scientific interest. For example, considering that the 
acoustic velocity has been shown to be a good surrogate 
of the microfibril angle in timber (Mason et al. 2017), the 
two variables which trees use to control the mechanical 
functionality of their stem, i.e. microfibril angle and 
density, are independent (Figure 2). Across species, both 
variables contribute independently to wood stiffness. 

This is mirrored within species where wood density 
and microfibril angle were found to be independent 
(Chauhan & Walker 2006). 

This work does not consider forestry traits of the 
tree species native to Aotearoa New Zealand. Growth 
rate, abundance, size and form of the stem, among 
others, determine availability, dimensions and cost of 
the timber. However, even if the log supply is scarce, 
of small dimensions, or expensive, there are potential 
niche markets. For example, Maclura pomifera (Raf.) 
C.K.Schneid. (Osage orange) (Smith & Perino 1981) 
or Santalum L. spp. (Sandalwood) (McLellan et al. 
2021) are small trees which are used because of their 
valuable wood. A small supply volume can still support 
a regional economy to export into a global niche market 
or substitute imports of high-value timbers for some 
products (Millen & Palmer 2021). Availability of lesser-
used species is essential to keep cultural heritage alive 
and could be leveraged to secure customer demand (Ares 
et al. 2008; Nguyen et al. 2021; Pejchar & Press 2006). In 
a New Zealand context, obligations under the Treaty of 
Waitangi | Te Tiriti o Waitangi need to be considered in 
this respect, highlighted by the Wai 262 claim (Waitangi 
Tribunal 2011).

The list of niche products is endless. Speciality wood 
traders often offer more than a hundred timber species. 
Aesthetic appearance of the wood characterised by traits 
such as colour and texture, are key attributes for many 
uses. Xylarias such as the New Zealand School of Forestry 
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TABLE 2: The top ten New Zealand native tree species in New Zealand School of Forestry | Te Kura Ngahere’s wood 
collection with the highest and lowest wood density, highest wood stiffness, and highest acoustic velocity (AV).

Rank Most dense kg/m3 Least dense kg/m3 Stiffest GPa Highest AV km/s
1 Dodonaea 

viscosa
1179 Ceodes 

brunoniana
226 Metrosideros 

umbellata
21.1 Nothofagus 

truncata
4.68

2 Olearia 
paniculata

1120 Entelea 
arborescens

281 Dodonaea 
viscosa

20.7 Alectryon 
excelsus

4.65

3 Leptospermum 
scoparium

1076 Libocedrus 
bidwilliiS

344 Nestegis 
montana

19.6 Beilschmiedia 
tarairi

4.62

4 Metrosideros 
umbellata

1039 Libocedrus 
plumosaS

380 Leptospermum 
scoparium

18.8 Nothofagus 
cliffortioides

4.62

5 Nestegis 
montana

1013 Rhopalostylis 
sapidaP

401 Alectryon 
excelsus

18.6 Elaeocarpus 
hookerianus

4.61

6 Vitex lucens 980 Laurelia novae-
zelandiae

455 Metrosideros 
robusta

18.5 Ackama 
rosifolia

4.54

7 Nestegis 
cunninghamii

974 Meryta 
sinclairii

462 Nothofagus 
truncata

17.3 Dysoxylum 
spectabile

4.53

8 Sophora 
tetraptera

961 Ackama 
rosifolia

485 Leucopogon 
fasciculatus

16.7 Dracophyllum 
latifolium

4.52

9 Metrosideros 
excelsa

915 Dacrycarpus 
dacrydioidesS

492 Coprosma 
linariifolia

16.4 Laurelia 
novae-
zelandiae

4.50

10 Metrosideros 
robusta

915 Ascarina lucida 500 Metrosideros 
excelsa

16.0 Hedycarya 
arborea

4.50

S softwood (gymnosperm)
P palm (angiosperm – monocot)



| Te Kura Ngahere’s wood collection could provide such 
information (Figure 1). 

Collating descriptions of wood from trees native to 
Aotearoa New Zealand is a first step towards informing 
woodworkers and designers. This can create demand 
for lesser-used New Zealand native tree species. If New 
Zealand successfully establishes more native production 
forests, as envisaged by the government (Ministry for 
Primary Industries 2022), then a greater supply of 
native timbers will become available and a concomitant 
demand for wood can ensure a permanent financial 
return to the forest owners. A financial return is essential 
for private landowners to invest in establishing native 
forests (Norton 2000; Pejchar & Press 2006). 

Conclusions
The ranges for wood density and stiffness of the 115 
New Zealand species represented in the New Zealand 
School of Forestry | Te Kura Ngahere’s wood collection 
matched those reported globally. Wood density at ~12% 
MC varied between 226.4 and 1178.6 kg/m3, while MoEd 
ranged from 2.6 to 21.1 GPa. The ten native trees with 
the stiffest, densest and highest AV were all hardwoods. 
Three softwoods and one palm were among the ten 
native species with the least dense wood. No correlation 
was found between wood density and acoustic velocity 
across species. 

Collating the historic documentation of New 
Zealand native timbers is useful as it contains valuable 
information when contemplating the future uses of 

this resource. Xylaria contain readily available wood 
samples for characterising lesser-used species, which 
can be used quickly and efficiently to assess wood 
properties. Information on the characteristics of these 
lesser-used tree species is essential if a financial return 
is to be realised from the proposed native afforestation 
encouraged by policies in New Zealand.
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FIGURE 2: Relationship between wood density and acoustic velocity (AV) for 115 species native to New Zealand. The 
calculated MoEd is encoded by colour and the symbol size indicates the number of samples per species (n) represented by 
the data. (S) softwoods – gymnosperms, (H) hardwoods – angiosperms (dicots) and (P) palms – angiosperms (monocots) 
are encoded with red, black and blue borders, respectively.
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