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More genetic, stable 
isotopes and wood 
anatomy data  
 
To improve the transparency 
and the effective management 
of supply chains, and to 
increase the domestic and 
international trade in legally 
produced timber, we need 
more reliable scientific 
(genetic, stable isotopes and 
wood anatomy) data for the 
independent verification of 
timber species and their 
geographic origin.  
 
This issue presents results of 
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ongoing projects implemented 
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uses of the timber tracking 
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Forensic timber identification in the spotlight: United Nations Office on 
Drugs and Crime (UNODC) expert group meeting, and a new review 
publication in Biological Conservation 

by Eleanor Dormontt1, Shelley Gardner2 and Andrew Lowe1 
 
1 University of Adelaide, Australia 
(eleanor.dormontt@adelaide.edu.au & andrew.lowe@adelaide.edu.au) 
 
2 USDA Forest Service and USDOJ INTERPOL Washington, USA 
(shelleygardner@fs.fed.us / shelley.gardner@usdoj.gov) 
 

 A broad range of scientific disciplines offer 
methodologies suitable for forensic timber 
identification, and share many of the same underlying 
requirements, challenges and opportunities for 
advancement through integrated research and 
investment efforts.  
 
There is, however, a distinction between forensic 
requirements and industry/standard supply chain 
management, which is now operational for many of 
these methods.  
 
During 2014 and 2015, we have been involved in the 
development of two important products exploring the 
forensic requirements for timber tracking that will 
make evidence produced from scientific methods 
court admissible, as well as provide guidance on the 
application of forensic timber identification 
methodologies.  
 
Firstly, the United Nations has turned its attention to 
the global requirements for forensic timber 
identification tools, with the Office on Drugs and 
Crime (UNODC) convening an expert group meeting, 
bringing together the world's experts in the various 
scientific methods along with law enforcement 
personnel. The meeting was held in Vienna, December 
2014. A conference room paper resulting from the 
meeting presented to the Commission on Crime 
Prevention and Criminal Justice highlights a list of 10 
scientific recommendations dealing with a range of 
issues from the availability of reference material to 
the production of best-practice standards and 
guidelines.  
 
A second expert group meeting is organized for 
October 2015 and a UNODC guidance document on 
forensic timber identification is expected to be 
published soon after. We hope this represents an 
important step in the international community's 
involvement in furthering the cause of forensic timber 
identification requirements.  
 
Secondly, we have been involved in the publication of 
a review paper in the journal ‘Biological 
Conservation’, providing the first integrated 
perspective on the current state of affairs and future 
direction for the science of timber identification, a 
critical requirement for the enforcement of anti-
illegal logging laws and industry led timber supply 
chain integrity. The paper’s authorship is intentionally 
broad, bringing together scientists from the fields of 
wood anatomy, chemistry and genetics, along with 
forensic experts, representatives of government 
agencies, NGOs and certification bodies.  
 

Reputable timber traders struggle to police their own 
supply chains and comply with the growing 
requirement for due diligence with respect to timber 
origins and legality. Although a range of scientific 
methods have been developed independently with the 
potential to provide the required identification 
information, little attention has been given to how 
these tools can be applied synergistically to support 
the legal timber trade. The paper reviews the use of 
different identification methods, broadly classified as 
visual (wood anatomy, dendrochronology), chemical 
(mass spectrometry, near infrared spectroscopy, stable 
isotopes, radio-carbon), and genetic (DNA barcoding, 
population genetics/phylogeography, DNA 
fingerprinting), each of which has potential application 
to forensic timber identification. The paper highlights 
where future research and development are required 
to identify illegal logging crimes using these methods 
and suggests ways in which multiple methods can be 
used together to answer specific identification 
questions.  
 
The paper argues that a new integrated field of 
forensic timber identification should be a global 
investment priority, for which the ongoing collection, 
curation and taxonomic study of appropriate reference 
material is a critical part. Consideration of the specific 
legal requirements for method development and the 
application of identification methodologies to criminal 
evidence are also imperative to achieve robust 
scientific support for illegal logging crime prosecutions 
and prevention.  
 
We are now working to integrate understanding and 
recommendations of the difference in requirements 
between forensic timber identification and supply 
chain tracking requirements with the GTTN framework.
 
References 
United Nations Office on Drugs and Crime, 2015. Outcome of 
the expert group meeting on timber analysis (10–12 
December 2014). Commission on Crime Prevention and 
Criminal Justice — World Crime Trends and Emerging Issues 
and Responses in the Field of Crime Prevention and Criminal 
Justice. United Nations Office on Drugs and Crime, Vienna. 
https://www.unodc.org/documents/commissions/CCPCJ/CC
PCJ_Sessions/CCPCJ_24/ECN152015_CRP4_e_V1503347.pdf  
 
Dormontt, E. E., M. Boner, B. Braun, G. Breulmann, B. 
Degen, E. Espinoza, S. Gardner, P. Guillery, J. C. 
Hermanson, G. Koch, S. L. Lee, M. Kanashiro, A. 
Rimbawanto, D. Thomas, A. C. Wiedenhoeft, Y. Yin, J. 
Zahnen, and A. J. Lowe. 2015. Forensic timber 
identification: it’s time to integrate disciplines to combat 
illegal logging. Biological Conservation, 
http://dx.doi.org/10.1016/j.biocon.2015.06.038  
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Thünen-Centre of Competence on 
timber origin 
 
Established in March 2013, the 
Thünen-Centre of competence 
merges efforts of the Thünen 
Institutes of Wood Research and 
Forest Genetics on tree species 
identification and testing of claims 
on timber origin. In the year 2014 the 
Centre got requests for 
approximately 3,500 wood samples 
(470 official reports) to be identified 
by anatomical structures and 436 
wood samples were received to check 
the species or the geographic origin 
using genetic markers. That was a 
substantial increase in service 
requests compared to 2013 and the 
tendency is still continuing in 2015.  
 
The requests for the microscopic 
wood identification come mainly 
from the timber trade sectors (65%) 
and increasingly from the German 
and British EUTR authorities (24%). 
Samples for the genetic analyses are 
mainly provided by competent 
authorities from Germany, UK, 
Denmark, and Switzerland, also  

Reinforcing resources and efforts on testing tree species and timber 
origin at the Thünen-Institute 

by Bernd Degen1  
and Gerard Koch2 
 
1 Thünen Institute of Forest 
Genetics, Grosshansdorf, Germany  
(bernd.degen@ti.bund.de) 
 
2 Thünen Institute of Wood 
Research, Hamburg, Germany 
(gerald.koch@ti.bund.de) 
 

by the timber trade sector, by NGOs 
and private persons. In about 10 to 
20% of the cases the declared species 
and origin could not be confirmed by 
the wood anatomical and genetic 
analysis.  
 
The evaluation of the tested product 
groups (in 2014) shows that the 
requests for the identification of 
paper products and fibreboards are 
substantially increased. The 
identification of the individual cell 
elements in the macerated tissues 
requires special expertise and the 
preparation of reference material for 
the first time. Especially, the 
increasing production of paper and 
fibreboards in Asia involves the 
frequent use of tropical tree species. 
In order to enable the essential 
identification of tropical timbers used 
in paper and fibreboard production, 
the morphological characteristics of 
macerated cell elements (fibres and 
vessels) of 25 important tropical tree 
species distributed in Southeast Asia 
are currently studied and recorded at 
the Thünen-Centre of Competence. 
 

Training workshop on sampling for genetic and wood anatomy studies in Kumasi, Ghana. 
Photo: Bernd Degen 
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New Large Scale project for timber 
origin 
 
Since October 2014 the Thünen 
Institute of Forest Genetics is 
coordinating a new project on the 
“Large scale development of genetic 
reference data for testing timber 
origin (Large-scale)”.   
 
The project works with eight tree 
species (Entandrophragma utile, 
Aucoumea klaineana, Cylicodiscus 
gabunensis, Pterocarpus soyauxii, 
Lophira alata, Nauclea diderrichii, 
Khaya anthotheca, Khaya ivorensis) 
in Africa (Ivory Coast, Nigeria, 
Liberia, Ghana, Cameroon, DRC, 
Congo, Gabon) and with seven tree 
species (Carapa guianensis, Cedrela 
fissilis, Cedrela odorata, Hymenaea 
courbaril, Jacaranda copaia, 
Simarouba amara, Dipteryx odorata) 
in Latin America (Brazil, Peru, 
Bolivia, French Guiana).  
 
The project involved 14 partners and 
supports the Forest Research 
Institute of Ghana (FORIG) in Kumasi 
in Africa and the Instituto de 
Investigaciones de la Amazonía 
Peruana (IIAP) in Iquitos Peru by 
providing equipment, lab 
consumables and training genetic 
reference lab.  
 
The project has a duration of 39 
months and is funded by 3.6 million 
Euros from the German Federal 
Ministry of Food and Agriculture 
(BMEL).  
 
The project results will enable 
checking a significant proportion of 
harvested timber claims on the 
country of origin of timber from 
Africa and South-America. 

Electron microscopic image (SEM) of an individual vessel element of Dipterocarpus 
spp. = Keruing as a reference for the identification of paper products and 
fibreboards. Photo: Gerard Koch 
 

Visit to a forest concession 50 km from Iquitos in Peru in order to see the spatial 
distribution of target tree species of the Large Scale-Project. Photo: Bernd Degen 
 

... Reinforcing resources and efforts on testing tree species and timber origin 
at the Thünen-Institute 
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Developing a DNA timber tracking framework for teak 

Australia is committed to working in 
partnerships with supplier countries 
to reduce the trade in illegal timber 
into Australia for the economic 
benefit of supplier countries and to 
improve environmental outcomes 
globally. In this proof-of-concept 
project, funded by the Australian 
Centre for International Agricultural 
Research (ACIAR), an international 
team from Australia and Indonesia 
(and lead by Prof Andrew Lowe from 
the University of Adelaide and Dr 
Anto Rimbawanto from the Agency 
for Research Development and 
Innovation, Ministry of Environment 
and Forestry) aimed to demonstrate 
the viability of using DNA markers to 
verify the chain-of-custody of high 
value teak timber.  
 
The project has provided the ground 
work for a larger program aiming to 
create a toolkit, processes and legal 
framework for verifying the chain-
of-custody of high value teak timber 
that is sourced from Indonesia and 
other regional producer countries. 
The project focused on 
demonstrating the technical 
feasibility of using DNA markers 

by Andrew Lowe1  
and Anto Rimbawanto2 
 
1 University of Adelaide, Australia  
(andrew.lowe@adelaide.edu.au) 
 
2 Forest Research and Development 
Agency, Indonesia 
(rimba@indo.net.id) 
 

Sampling from teak at Pasar Sore log yard, the biggest log yards managed by FMU 
Cepu a major producer of teak in Indonesia. Photo: Andrew Lowe 
 

to prove provenance of teak timber 
from Indonesia, and explored the 
process by which the use of DNA 
markers could be used to verify 
legality of Indonesian teak timber 
products, grown by smallholder 
farmers. 
 
The project also considered the 
political feasibility of deploying this 
methodology to verify chain-of-
custody of teak exports from 
Indonesia and other countries.  
The successfully completed activities 
of the project included: 

 Development of single nucleotide 
polymorphism (SNP) genetic 
markers for teak; 

 The extraction of DNA directly 
from teak timber and application 
of the genetic markers;  

 The hosting of a workshop with 
small-holder timber growers in 
Indonesia to discuss 
opportunities for the application 
of DNA markers to their supply 
chains. 
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  The project has successfully 
demonstrated the technical and 
political feasibility of utilizing DNA 
marker technology to support the 
Indonesian teak trade and facilitate 
compliance with new SVLK 
certification requirements.  
 
Through direct engagement with 
Indonesian smallholder teak 
growers and government 
representatives, the project has 
mapped out future opportunities for 
application of DNA marker 
technology in teak supply chains. By 
doing so, growers can verify the 
legality of their forest resources 
and gain access to the increasing 
number of high-value markets 
sensitive to legality issues, 
including the EU, US, Australia and 
others. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The close collaboration between 
Australia and Indonesia on this 
project has helped to strengthen 
relationships on a number of 
strategically important issues 
relating to forestry such as capacity 
building; legal requirements; 
systems that assure legality of 
timber and wood products but 
remove barriers to smallholders 
participating in international timber 
markets; enhanced forest law  
 

Group photo of attendees at FORDA hosted workshop (and organised by Dr 
Anto Rimbawanto) on DNA timber tracking for Indonesian smallholder teak 
producers - May 5th 2015 
 

 
enforcement and governance; and 
the sourcing timber from legal and 
sustainable forest practices.  
 
The project has also successfully 
leveraged additional funding from 
ACIAR to build a broader project 
consortium to develop timber 
tracking methods for teak across 
the SE Asian region.  
 

Talks given by Director of SVLK, Dr. Bambang Sukmananto, and Prof Andrew Lowe to a group of Indonesian 
smallholder teak producers on timber certification and DNA tracking 
 

... Developing a DNA timber tracking framework for teak 
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DNA timber tracking project at the Forest Research Institute Malaysia: 
Development of DNA profiling database of Aquilaria malaccensis 

Aquilaria malaccensis is one of the 
main sources of high grade agarwood 
in South East Asia.  
 
Aggressive collection and trade 
activities in recent decades have 
resulted in heavy pressure on the 
natural stands and concerns over the 
long-term survival potential of the 
species.  
 
With the funding from the Ministry of 
Natural Resources and Environment 
(NRE), Malaysia and International 
Tropical Timber Organization (ITTO) 
under its ITTO-CITES Programme, 
DNA profiling databases of A. 
malaccensis in Malaysia were 
established for individual 
identification.  
 

by Lee Soon Leong 
 
Forest Research Institute 
Malaysia, Malaysia 
(leesl@frim.gov.my) 

(A) (B) 
(A) Locations of 35 populations of Aquilaria malaccensis in Peninsular Malaysia. Values in 
parentheses are the sample sizes; & (B) Microsatellite profiles of loci Ama144. 
 

A large tree and fruits of Aquilaria malaccensis 

A total of 942 individuals from 35 
populations were collected 
throughout Malaysia and genotyped 
using 12 microsatellite markers. 
Cluster analysis divided the 35 
populations into two genetic clusters, 
corresponding to two geographical 
regions. Thereafter, individual 
identification databases were 
established and characterized for 
these two regions. Coancestry and 
inbreeding coefficients were 
calculated for each region to correct 
the calculation of profile frequency 
and random match probability using 
the subpopulation-cum inbreeding 
model.  
 
These databases are readily to be 
used to provide legal evidence for 
forensic applications and agarwood 
certification. 
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Recent projects demonstrating the practical applications of GTTN work 

Double Helix Tracking Technologies 
has been promoting the application 
of scientific timber traceability since 
2008. During this time, we have 
discovered that promoting the 
science and testing services alone is 
not enough to encourage adoption by 
enforcement and trade. What is 
required is a simple and effective 
service that integrates scientific 
testing or verification to strengthen 
document-based systems such as 
certification and chain of custody 
systems or as part of an 
organisation’s Due Diligence 
compliance or quality control 
procedures. 
 
In this role, DoubleHelix has been 
conducting a number of projects 
together with GTTN partners. This 
has involved discovering real-life 
challenges faced by members of the 
trade and industry organisations, 
then designing and implementing 
solutions to address those challenges. 
We have recently worked on the 
following projects: 
 

by Darren Thomas 
 
 
Double Helix Tracking 
Technologies  
(darren@doublehelixtracking.com) 

Checking the true species composition of an "oak" table. Photo: Sarah Harding 
 

Bigleaf maple (Acer macrophyllum) 
 
With funding from the World 
Resources Institute, we have been 
working with the University of 
Adelaide to develop a system to 
match samples of Bigleaf maple sawn 
timber back to individual stumps to 
an extremely high degree of 
confidence. To achieve this 430 wood 
samples were taken from standing 
trees across the range of Bigleaf 
maple that extends along the North 
American Pacific Coast from northern 
California to southern Canada.  
 
DNA markers have now been 
developed that enable individual 
matching of any timber sample with 
any individual tree or stump across 
the species’ natural range. This 
allows verification of whether a piece 
of timber came from a claimed or 
suspected tree or stump, although 
further development is required 
before a sample of unknown origin 
can be assigned to a specific 
location. Final results are still being 
submitted for publication but a paper 
on marker development has just been 
accepted by Conservation Genetic 
Resources (Jardine et al. 2015). 
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Oak (Quercus spp.) market screening 
 
Through funding from the World 
Resources Institute, the Forest 
Stewardship Council and other 
organisations, DoubleHelix conducted a 
project to test the validity of 
documented claims of origin and species 
associated with white oak products in 
the UK market. The purpose of the 
project was to generate scientific data 
that would shed light on the level of 
species substitution within typical oak 
supply chains.  
 
The project applied a combination or 
wood anatomy, DNA (through the 
Thünen Institut) and isotope testing 
(through Agroisolab) on a variety of oak 
products that were either purchased 
through a mystery shopping exercise or 
submitted voluntarily by members of the 
UK timber trade. Final results have been 
submitted to the World Resources 
Institute for review and publication. 
 

Securing supply chains of CITES-listed 
Pericopsis elata and Prunus africana 
 
DoubleHelix have been engaged by the 
International Tropical Timber 
Organisation to support the ITTO - CITES 
program “CITES implementation for tree 
species and trade/market transparency 
(TMT)”. Our task has been to design and 
implement traceability systems to 
control trade in two CITES listed 
species: Pericopsis elata timber and 
Prunus africana bark. 
 
The P. elata project is being conducted 
across Cameroon and the Republic of 
Congo with scientific work being 
conducted by the University of Adelaide. 
The P. africana project is being carried 
out in Cameroon and the Democratic 
Republic of Congo with scientific work 
being carried out at the Thünen Institut. 
Both projects have the objective of 
implementing a pilot system to verify 
claims of origin of the timber and bark 
back to harvest areas that have been 
approved under the ITTO – CITES 
project. In so doing, attempts to 
substitute timber and bark from non-
approved areas in order to circumvent 
CITES document controls will be more 
effectively detected and deterred. Both 
pilot projects are due to complete by 
the end of 2015. 
 
Whilst reference data produced through 
these projects will be published and 
submitted to the GTTN database, there 
is an important role for organisations 
like DoubleHelix to design and bring to 
market practical solutions based on 
these exciting and promising areas of 
scientific research and development. 
 
Reference 
Jardine D, Dormontt EE, van Dijk, KJ, Dixon 
RRM, Dunker B, Lowe AJ. A set of 204 SNP 
and INDEL markers for Bigleaf maple (Acer 
macrophyllum Pursch). Conservation 
Genetics Resources. Published online. doi: 
10.1007/s12686-015-0486-7 
 

Andrew Lowe demonstrates proper sampling technique on 
Bigleaf maple. Photo: Eleanor Dormontt 
 

... Recent projects demonstrating the practical applications of GTTN work 
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The Khaya genus, also known as ‘African 
mahogany’ or ‘acajou d’Afrique’, includes five 
species (K. ivorensis, K. anthotheca, K. 
grandifoliola, K. senegalensis and K. 
madagascariensis). African mahogany 
constitutes one of the continent’s most valuable 
sawnwood export timbers targeted by illegal 
logging.  
 
Bioversity International is implementing the 
project "Developing DNA timber tracking tools 
for African mahogany (Khaya spp.) and a 
conservation strategy for Khaya senegalensis in 
West Africa" with funding from the Prince Albert 
II of Monaco Foundation and the Forest, Trees 
and Agroforestry Programme of the CGIAR 
(Consultative Group for International 
Agricultural Research).  
 
Intensive sampling organised in Burkina Faso, 
Ghana, Togo, Benin, Cameroun, and Madagascar 
is now completed. 
 
Genetic inventories at a mixed set of nuclear, 
chloroplast and mitochondrial SNPs (already 
developed at the Thünen Institut of Forest 
Genetics) of samples collected in 7 African 
countries has started already.  
 
At the end of the project, a genetic reference 
database allowing the verification of origin will 
be available for Khaya senegalensis (in Benin, 
Togo, Ghana, Burkina Faso and Cameroun); 
Khaya grandifoliola (in Togo, Benin, Ghana and 
Cameroun); and Khaya madagascarensis in 
Madagascar.  
 
In addition, DNA barcodes to differentiate wood 
and wood products of all African mahogany 
species will be developed.  
 

DNA data for species identification of all African mahogany and 
timber tracking of Khaya senegalensis, Khaya grandifoliola and 
Khaya madagascarensis 

by Marius R.M. Ekué 
 
Bioversity International 
(m.ekue@cgiar.org) 
 

Seed orchard of Khaya madagascarensis in northern Madagascar. Photo: Marius R.M. Ekué 
 

Fruits and seeds of Khaya senegalensis collected in Burkina 
Faso. Photo: Marius R.M. Ekué 
 

Marius Ekué collecting cambium of Khaya grandifoliola in Togo. 
Photo: Nourou S. Yorou 
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Genomic resources for timber tracking of African mahogany - 
Khaya senegalensis 

A new publication is out which 
describes genomic resources that can 
be used to track the source of origin 
of African mahogany or Khaya 
senegalensis. 
 
The study was primarily focused on 
the role of forest refugia in the 
structuring of genetic diversity in 
contemporary populations, and 
provides a valuable insight for 
savannah forest and woodland trees 
which remains poorly understood 
compared to rainforest dependent 
trees, despite their potentially 
important role in forest assemblages 
during the last glacial maximum.  
 
The level and structuring of genetic 
diversity is examined across the 
geographic range of African 
mahogany, from Senegal to Uganda 
(>5,000km) and from the steppes of 
the Sahara Desert to the fringes of 
Africa’s equatorial rainforests 
(700km). Three chloroplast (cpDNA) 
loci and 13 nuclear microsatellite 
(nSSR) loci were genotyped in 505 
individuals. Population level analysis 
of nSSR data revealed weak genetic 
structure (FST = 0.013) with most of 
the genetic diversity contained 
within populations. Fourteen cpDNA 
haplotypes were identified; where all 
haplotypes occurred in the West 
Africa (including Cameroon), but only 
two cosmopolitan haplotypes were 
found in Central-east Africa. 
 

by Andrew Lowe 
 
University of Adelaide, Australia  
(andrew.lowe@adelaide.edu.au) 
 

Provenance trial of Khaya senegalensis in Benin. Photo: Marius R.M. Ekué 

Geographically restricted low 
frequency haplotypes were found in 
eight West African populations. 
 
Taken together these results indicate 
that K. senegalensis forms a single 
panmictic population and that 
previously identified barriers to 
dispersal across the northern 
savannah belt of tropical Africa (e.g. 
Dahomey Gap, Mega Lake Chad, and 
the Adamawa Highlands) have not 
impeded contemporary gene 
dispersal in this species.  
 
However clustering of rare 
haplotypes indicates that the 
Dahomey Gap has likely been an 
important historical barrier to 
genetic connectivity between 
western and eastern regions of the 
species, and that it is likely that this 
savannah tree also experienced range 
contraction around major forest 
refugial fringes or riparian incursions 
during the Last Glacial Maximum. As 
well as differentiating populations 
across the Dahomey gap, the nSSR 
dataset will be useful for individual 
assignment tests aiming to support 
chain of custody claims. 
 
Reference 
Sexton GJ, Frere CH, Kalinganire A, 
Uwamariya A, Lowe AJ, Godwin ID, 
Prentis PJ, Dieters MJ (2015) Range-wide 
patterns of genetic variation in a 
widespread African tree. Tree Genetics 
and Genomes. Published online. 
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Use of DNA markers for wood species identification and origin 
tracing in China 

Due to an increasing domestic demand 
for wood, large quantities of valuable 
wood are imported to China every 
year. Among them, Dalbergia wood is 
one of the main imported resources. 
Illegal and excessive logging caused 
deforestation of its resources owing to 
the great economic value.  
 
Currently, more than 50 Dalbergia 
species have been listed in Convention 
on International Trade in Endangered 
Species (CITES). Wood identification is 
therefore so crucial and significant 
that it is a technical prerequisite for 
protecting and monitoring wood 
resources.  
 
There is biological variability 
generally in wood structure even for 
different individuals within one 
species, so it is difficult to distinguish 
wood at the species level accurately, 
based on the traditional wood 
anatomy technology alone. To 
overcome such limitations, the DNA 
barcoding technology might provide 
effective information with high 
resolution.  
 
Recently, research on Dalbergia wood 
species identification via DNA 
barcoding technology was conducted 
by the Chinese Research Institute of 
Wood Industry (CRIWI), Chinese 
Academy of Forestry (CAF). Three 
CITES-listed tree species, Dalbergia 
retusa (CITES II), Dalbergia tucurensis 
 

by Yafang Yin, Lichao Jiao  
and Xiaomei Jiang 
 
Department of Wood Anatomy and Utilization 
Research Institute of Wood Industry 
Chinese Academy of Forestry 
(yafang@caf.ac.cn) 
 

Dalbergia retusa. Photo: Yafang Yin 
 

(CITES III) and Dalbergia 
cochinchinensis (CITES II), were 
selected for the study (Table 1). 
 
The present results indicated that DNA 
could be extracted by means of a 
modified Qiagen kit protocol from 
Dalbergia wood materials, especially 
for heartwood, and DNA fragments 
from 300 to 500 bps could be amplified 
successfully. Moreover, it is feasible to 
identify the three endangered 
Dalbergia species, Dalbergia retusa, 
Dalbergia tucurensis and Dalbergia 
cochinchinensis based on phylogenetic 
trees constructed by selected DNA 
barcodes trnL (Figure 1). 
 
In addition, to strengthen the 
collaboration between different wood 
identification laboratories under the 
GTTN project framework, new 
research on wood species ID and origin 
tracing of sandalwood (Santalum spp.) 
using DNA markers has been carried 
out since early 2015. Sandalwood, one 
of the most valuable tropical 
hardwoods, is mainly distributed in 
Indonesia, India, Australia and some of 
the Pacific islands. 
 
Its fragrant heartwood and oil are 
precious resources for incenses, soaps, 
creams, perfumes, carvings, paintings 
and for religious rituals. Owing to 
illegal and excessive logging, the 
natural forest resources of Santalum 
have become endangered. 
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  Species Materials Xylarium number Collecting date Origin 

D. retusa 

1 Sapwood CAFW23627 — Mexico 
2 Heartwood CAFW23627 — Mexico 
3 Sapwood CAFW4449 ~1930 North America 
4 Browning leaves — — South America 

D. tucurensis 1 Sapwood SJRW33749 — Honduras 
2 Sapwood SJRW15665 — Honduras 

D. cochinchinensis 

1 Heartwood CAFW9752 1957 Cambodia 
2 Sapwood — May, 2011 Cambodia 
3 Heartwood — May, 2011 Cambodia 
4 Sapwood — ~2010 Cambodia 
5 Heartwood — ~2010 Cambodia 
6 Browning leaves — May, 2011 Cambodia 
7 Dried leaves — — Laos 

This collaborative work was initiated 
by Research Institute of Wood 
Industry, Chinese Academy of 
Forestry, and Lowe Lab Group, 
University of Adelaide, and Bioversity 
International. Currently, the DNA 
extraction from sandalwood timber 
was completed and development of 
DNA markers is being initiated. The 
outputs of this project will provide 
technical support to control illegal 
exploitation, restrict adulterating 
behaviors, and regularize the 
sandalwood market. 
 
Furthermore, a very important public 
mission for CAF is to provide training 
in wood ID for law enforcement 
agencies. In 2015, so far, several 
training courses in wood ID have been 
provided by CRIWI of CAF 
respectively, for the State Forestry 
Administration, China CITES office 
and Chinese Customs, i.e., Kunming 
Customs, April 2015; Haikou Customs, 
July 2015. During those wood ID 
trainings, information about the 
GTTN framework, progress and 
associated new technologies (DNA 
barcodes and stable isotope, etc.) 
has been disseminated frequently. 
 

Table 1: Dalbergia spp species analyzed 
 

Figure 1: A bootstrap 50% majority-rule consensus tree obtained by 
the MP method based on the trnL region of Dalbergia spp. The 
branches indicate the percentage of bootstrap values estimated from 
1000 bootstrap replicates 
 

... Use of DNA markers for wood species identification and origin tracing in 
China 

Transverse section of Dalbergia retusa. Photo Yafang Yin 
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The stable isotope method to retrace the origin of iroko in seven 
African countries 

Stable Isotope Ratio Analysis (SIRA), 
commonly known as ‘isotope 
testing’, is one of the most powerful 
tools in forensic science for verifying 
the authenticity of many materials. A 
wide array of publications illustrate 
how SIRA is used to determine the 
provenance of items ranging from 
botanical products (wheat, rice, olive 
oil), to animal products (milk, beef) 
or determining the origins of 
cadavers in criminal investigations. 
 
Today, SIRA is increasingly used in 
the food sector to verify the origin of 
food, reflecting the demand of 
consumers and retailers to be certain 
of what they purchase. SIRA has been 
incorporated into European 
regulation: 2729/2000 as the method 
to authenticate the origin of wine 
and to control mislabelling. 
 
Despite SIRA’s long tenure in food 
traceability, its use in timber 
traceability is a recent development. 
This is surprising considering the 
basic scientific principles dealing 
with the correlation of cellulose and 
water were first published in the 
mid-70s (Epstein 1977).  
 
Like most methods in chemistry, SIRA 
is based on comparison. Test samples 
are compared to a database of 
known authentic reference samples. 
However building SIRA reference 
databases takes an enormous amount 
of effort and time. Nevertheless 
various databases as oak, mahogany, 
spruce and teak are already 
available.  
 

by Markus Boner,  
Sabine Hofem and 
Charlie Watkinson 
 
 
Agroisolab 
(m.boner@agroisolab.de) 

Figure 1: Isoscape (isotopic landscape) patterns of the 18O/16O isotopes of Iroko in seven African 
   countries 

In the development of the ITTO 
(International Timber Tracking 
Organisation) database, three further 
species (Iroko, Sapele and Ayous) 
were analysed by a network of three 
isotopic research groups from 
Austria, Germany and the UK. 
Furthermore a blind test was 
undertaken as well to confirm the 
reliability of the data.  
 
The German research group 
Agroisolab was responsible for 
development of the iroko (Milicia 
excelsa) database. More than 450 
reference samples from seven 
African countries (Cameroon, 
Democratic Republic of the Congo, 
Gabon, Ghana, Ivory Coast, Kenya 
and the Republic of the Congo) were 
analyzed over the last three years; 
their data will be available online in 
the GTTN database. 
 
The science behind SIRA 
The principles of SIRA are simple; 
organic matter is made up of the 
elements that are immediately 
available in nature. Water plays an 
essential role in SIRA as the isotope 
ratios of hydrogen and oxygen in 
precipitation (rain) are primarily 
dependent on the annual 
temperature of the location and, to 
a lesser degree, influenced by 
altitude, latitude and the 
‘continental effect’. As a result, 
there is great variability in the 
isotopic pattern of groundwater 
geographically (Figure 1). 
 



 

16 GTTN Newsletter 3 
 

  

Figure 2: Isoscape patterns of the 13C/12C isotopes of iroko in seven African countries 

Figure 3: Isoscape patterns of the 15N/14N isotopes of iroko in seven African countries (given as an example for the 
geological isotopes) 

... The stable isotope method to retrace the origin of iroko in seven African 
countries 

balance and photosynthetic pathway. 
Conversely, geologically related isotopes 
such as nitrogen, sulfur and strontium are 
independent from species and can be used 
broadly to authenticate the origin of 
timber.  
 
Geological isotopes can vary within a 
country as they reflect the local geology of 
the soil and do not reflect the wide scale 
patterns like water isotopes do (D/H and 
18O/16O) (figure 3). This is due to the fact 
that they primarily reflect local geological 
and chemical cycling (15N/14N, 34S/32S). 
Though secondarily isotope ratios of 
nitrogen and sulphur may reflect ‘fall-out’ 
effects which may follow a wider pattern 
(Figure 3). 
 

The ratio of carbon isotopes in timber is 
primarily dictated by the photosynthetic 
pathway a plant uses (CAMS, C3 or C4), this 
aspect isn’t geographically distinct and 
isn’t relevant in terms of tracking the 
origin of timber. However, there is strong 
fractionation of carbon ratios dependent 
on stomata conductance and 
photosynthetic assimilation; both are 
influenced by environmental factors such 
as humidity, light and temperature. 
Therefore the carbon ratio of timber 
reflects the local climate and adds 
additional resolution in provenancing using 
SIRA (Figure 2). 
 
The isotope ratios of hydrogen, oxygen and 
carbon in timber are related to the species 
of timber as they are linked with water 



 

GTTN Newsletter 3 17 
 

Cameroon

Côte d'IvoireDRC

Ghana

Kenya

-4

-2

0

2

4

6

-4 -2 0 2 4 6

F2
 (1

5,
72

 %
)

F1 (76,80 %)

  

Figure 4: Canonical discriminate analysis (DA) using the stable isotopes of the bioelements (COHNS) 
and strontium 

... The stable isotope method to retrace the origin of iroko in seven African 
countries 

One special isotope used in SIRA is that of 
the heavy strontium (87Sr). Heavy strontium 
is formed in nature by the radioactive 
decay of the long-lived rubidium isotope 
87Rb. As a result, 87Sr reflects the age of the 
local geology which is helpful for origin-
tracking as well. 
 
As each isotope ratio has a different 
pattern; using them altogether offers an 
excellent opportunity to determine the 
origin of timber (Figure 4). 
 

The stable isotope method has proven time 
and again to be a powerful tool for 
authenticating the origin of countless 
different materials and it is encouraging to 
see its use in determining the origin of 
timber. 
 
However, stable isotope signature describes 
the geographical provenance of a sample 
that is not always dependant from arbitrary 
countries borderlines 
 
Reference 
Epstein S., Thompson, P., and Yapp, B.J (1977) 
Oxygen and Hydrogen Isotopic ratios in plant 
cellulose. Science 198, 1209-1214 
 



 

18 GTTN Newsletter 3 
 

 
  

Verifying the declared origin of timber using Stable Isotope and Trace 
Element (SITE) fingerprinting  

FERA Science Ltd, (formerly the Food 
and Environment Agency) has been 
involved in the delivery of a project 
for the UK Department for 
Environment, Food and Rural Affairs 
(DEFRA). The project: Verifying the 
declared origin of timber using 
Stable Isotope and Trace Element 
(SITE) fingerprinting, drew upon 
expertise from a number of high 
profile organisations in the United 
Kingdom including Kew Royal 
Botanical Gardens (KRBG), The 
Natural Environment Research 
Council (NERC), and The University 
of Kent. 
 
The objective of the project was to 
build upon established trace element 
and stable isotope methodologies 
(previously successfully used in food 
authenticity and provenance studies; 
e.g. Kelly et al., 2002; Boner et al., 
2004; Ariyama et al., 2007; Heaton 
et al., 2008; Pilgrim et al., 2010; Li 
et al., 2014), and assess their 
suitability as an enforcement tool 
with the aim of reducing illegal 
logging in Madagascar and preventing 
endangered species of Madagascan 
Rosewood (Dalbergia) and Ebony 
(Diospyros) reaching UK and EU 
markets. 
 
 

by Gareth Rees 
 
FERA Science Ltd 
(gareth.rees@fera.co.uk) 

Multivariate statistical analysis of the 
data acquired from trace element 
and stable isotope ratio profiles 
(Figure 1) revealed a combination of 
the stable isotope and specific trace 
element data could be used to 
differentiate between the timbers 
originating from Madagascar and 
West Africa.  
 
The long term aim is that 
development of an enforcement tool 
underpinned by trace element and 
stable isotope detection 
methodologies will more enable 
governments to implement due 
diligence practices ensuring 
adherence to EU timber regulations, 
particularly where heat treatments 
and storage practices prevent 
provenance identification by more 
conventional means such as genetic 
markers. 
 
References 
Ariyama, K. et al. (2007). Determination 
of the geographic origin of onions 
between three main production areas in 
Japan and other countries by mineral 
composition. Journal of agricultural and 
food chemistry, 55(2), 347-354. 
 
Boner, M., & Förstel, H. (2004). Stable 
isotope variation as a tool to trace the 
authenticity of beef. Analytical and 
bioanalytical chemistry, 378(2), 301-310. 
 

Figure 1: Functions derived from the statistical analysis of trace element and stable isotope 
variables for the respective country groups, demonstrating timber from differing countries can be 
differentiated from one another 

Heaton, K. et al. (2008). Verifying the 
geographical origin of beef: The 
application of multi-element isotope and 
trace element analysis. Food Chemistry, 
107(1), 506-515. 
 
Kelly, S. et al. (2002). The application of 
isotopic and elemental analysis to 
determine the geographical origin of 
premium long grain rice. European Food 
Research and Technology, 214(1), 72-78.  
 
Li, A. et al. (2014). Verifying the 
provenance of rice using stable isotope 
ratio and multi-element analyses: a 
feasibility study. Quality Assurance and 
Safety of Crops & Foods, 7(3), 343-354. 
 
Pilgrim, T.S. et al. (2010). Application of 
trace element and stable isotope 
signatures to determine the provenance 
of tea (Camelliasinensis) samples. Food 
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IAEA update on the development of wood reference materials for 
stable isotopes 

In parallel to the GTTN database 
project the International Atomic 
Energy Agency Terrestrial Environment 
Laboratory (IAEA TEL) has been 
developing wood standard reference 
materials characterized for light 
stable isotopes (hydrogen, oxygen, 
carbon, and nitrogen). The availability 
of standard reference materials has 
the potential to improve accuracy 
across laboratories analyzing wood 
materials.  
 
Characterization work is underway for 
two potential wood reference 
materials obtained from Mongolia: 
Haloxylon ammodendron and Larix 
sibirica. Preliminary analyses for 
carbon, nitrogen, and hydrogen have 
been completed. A novel method that 
significantly streamlines hydrogen 
stable isotope analyses of wood is in 
the final stages of development.  
 
These preliminary achievements 
represent the first steps towards our 
goal to provide a rigorous 
characterization and best practice 
recommendations for wood standard 
materials targeted at laboratories 
providing stable isotope determination 
for the verification of the 
geographical origin of wood.  

by Rebecca Kraft 
 
Terrestrial Environment 
Laboratory, International 
Atomic Energy Agency 
(R.A.Kraft@iaea.org) 
 

A sample of Fagus sylvatica evolves from bulk wood into fine particles to test 
our wood reference material homogenization process. Photo: Rebecca Kraft 
 

In the coming months we plan to 
source an additional two wood 
samples to be developed into 
standard reference materials from 
tropical sources. 
 
In December 2014, representatives 
from TEL participated in the first of a 
series of meetings hosted by the 
United Nations Office on Drugs and 
Crime (UNODC) aimed at the 
development of guidelines on 
methods and procedures for wood 
sampling and laboratory analysis of 
wood for the authentication of the 
geographical origin of wood. 
 
A Peaceful Use Initiative (PUI) 
proposal is currently underway to 
expand TEL’s work on timber to 
include a pilot sampling campaign for 
several species of timber in two or 
more countries. This should raise 
awareness among IAEA Member States 
and their analytical laboratories on 
the problem and on their potential 
contribution to solutions. It is our 
hope this project could be a 
springboard to expand the sampling 
campaign into a larger inter-regional 
Technical Cooperation project 
available to all interested IAEA 
member states. This project would 
provide an avenue for a greater 
contribution from the IAEA to the 
GTTN database project. 
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Global Timber Tracking Network

Developing Tools for Verifying
Timber Species and Geographic Origin

to reduce Illegal Logging and Associated Trade


