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EXECUTIVE SUMMARY

Rosewood and other precious woods have been subject to increasing demand over the past decade, created mostly by
the increasing wealth of the middle class in China, but also in Vietnam. As such, tree species that produce precious
woods under the umbrella term ‘rosewood’ have begun to feature more prominently in discussions amongst Parties to
the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). At this juncture,
rosewood species in the Dalbergia genera are of particular concern, along with the other four genera listed on the
Chinese Hongmu Standard? (Pterocarpus, Cassia, Millettia and Diospyros) which is reported to be driving much of this
trade [1, 2, 3, 4].

The focus of this report is the genera Dalbergia and Pterocarpus. These two genera were chosen as they are two of the
most heavily traded genera listed on the Chinese Hongmu Standard, and are difficult to differentiate once logged and
turned into rough logs/sawn wood or finished products. Traditionally Dalbergia species have been the main target for
this trade, however as these species have become less available, through stricter conservation measures and/or
enforcement of logging and export bans, the trade has shifted to alternate species as replacements, particularly in the
Pterocarpus genus. Despite the impact of regulation, existing loopholes in legislation, corruption, limited enforcement
capacity and gaps in political will across the globe allow illegal traders to continue to exploit these precious resources
with little to no ramifications, while the local communities and governments lose vital revenue, livelihoods and their
habitats.

There have been several previous attempts to list Dalbergia species, and numerous other taxa, on CITES. However these
attempts have often failed to be supported or have simply been withdrawn at Conferences of the Parties due to a lack
of detailed information on the biology, distributions, level of trade and associated range reductions. Notably however,
the Convention is specifically designed to take account of this type of uncertainty through the use of “it can be inferred
or projected” that a species requires protection in order to stop international trade threatening its survival in the wild.
Despite this capability, proposals are often rejected if there is not enough supporting scientific data made available to
assess whether the species meets the species listing criteria laid out in Resolution Conf. 9.24 (Rev CoP16) and if so, to

subsequently conduct a sufficiently robust Non Detriment Finding (NDF) once a species is listed.

Therefore the content of this report reflects the information fields required to conduct a sufficiently robust NDF (as laid
out in Resolution Conf. 16.7), outlining taxonomic uncertainties, biology, population status and structure, disturbances,

threats and management arrangements, in species specific detail where possible and in general country level terms if
not. The purpose is to provide an in-depth overview of the range of information available on these required fields for
species of Dalbergia and Pterocarpus commonly found in international trade, determine what gaps in knowledge exist,
and understand how these gaps can be closed. The report also assesses the risks presented to the species by the failure
to address these gaps and take appropriate action.

It is hoped that the information in this document will be of use to Parties considering a series of relevant proposals
submitted to CoP17, by providing in-depth scientific information not contained the short proposals. The relevant
proposals are:

e CoP17 Proposal 53 by Thailand for Dalbergia cochinchinensis to Replace Annotation 5 with Annotation 4);

e CoP17 Proposal 54 by Mexico for the listing of 13 species of Dalbergia on Appendix Il (species include: D.
calderonii, D. calycina; D. congestiflora; D. cubilquitzensis; D. glomerata; D. longepedunculata; D. luteola; D.
melanocardium; D. modesta; D. palo-escrito; D. rhachiflexa; D ruddiae; D. tucurensis);

e CoP17 Proposal 55 by Argentina, Brazil, Guatemala and Kenya to include the genus Dalbergia in CITES Appendix
Il except those species included in Appendix I.

e CoP17 Proposal 57 by Benin, Burkina Faso, Chad, Cote d'lvoire, European Union, Guinea, Guinea-Bissau, Mali,
Nigeria, Senegal and Togo to include the species Pterocarpus erinaceus in CITES Appendix II, without annotation

1 A Draft revision of this standard GB/T 18107-2000 — Rosewood Hongmu, was released for comment on 10 October 2014, and does
not appear to have been officially published as yet.
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The above proposals have all received the endorsement of the CITES Secretariat and the Plants Committee, and were
recommended to be adopted by TRAFFIC’s Expert Panel [5]. Should any of the above species be listed on Appendix Il of
CITES, this document can be utilised by Parties to conduct NDFs.

REPORT STRUCTURE

Due to the volume of information contained in this report it has been divided into four major sections for ease of
reference, as follows:

Executive Summary. Provides a snapshot of the information presented in the entire report, including key findings.

Section | — Global Overview. This section is designed to provide a global analysis of the level of trade, threats,

biology and population statuses, presenting the major findings that can be utilised by Parties either at CoP, or after
to help understand and manage the risks posed to these species, their countries biodiversity and livelihoods.

Section Il — Regional Analysis. This section is where the detail of the report is contained outlining the scientific

information available against the required NDF data fields, taxonomy, biology, distribution and range, population
status and structure, threats, disturbances and level of trade and management measures and legal frameworks for
conservation of species. Each region is covered separately, as follows:

Section IIA — Asia Pacific Region (colour coded in red)

Section 1I1B — Africa (colour coded in blue)

Section IIC — Americas (colour coded in green)

Section Il = Non Detriment Finding Gap Analysis

Each individual section covers the species specific information on that topic. It is structured so that users can readily
locate any information on specific species by locating the regional section for that, and, depending on the type of
information required moving to the associated section i.e. taxonomy, population status or threats. As management
measures tend to cut across genera, management sections are more country focused than species specific.

KEY FINDINGS

This is the first document that has attempted to compile all the scientific and trade data information on Dalbergia and
Pterocarpus species. It is often said that there is limited information known about these species, and while we
acknowledge that large data gaps exist there is a surprising amount of information available particularly for some of the
most exploited species. In fact, given the quantity of data we have not been able to review and present the entirety of
data we found. However, what is presented allows for an informed assessment of the status of these species and their
associated global trade globally. The key findings in this document are:

1. Serial depletion of rosewood species across the global is a real and substantial risk to their survival.
There is clear evidence that trade in rosewood species rapidly shifts from one highly valued species to
another as stocks become depleted. Following the 1992 listing of D. nigra on CITES Appendix |,
Madagascan species began to appear in trade data at much higher levels than previously recorded.
Similarly, following the 2013 listing of D. cochinchinensis, Malagasy Dalbergia species and several South
American Dalbergia species, trade shifted to Pterocarpus species, particularly Pterocarpus macrocarpus
(and its synonyms) in Asia and P. erinaceus from West Africa. This pattern is clear in the species specific
trade analysis contained in this report. (Refer to Global Overview Section). This finding highlights the need
to treat these species as a block, explicitly recognising the inter-related exploitation patterns, and manage
them accordingly. A more holistic approach is required to ensure the future survival of these species.

2. Reliance on Chinese Customs Codes to characterise trade in rosewood species severely underestimates
the level of trade. Analysis of species specific customs data contained in this report indicates a high level
of rosewood trade under international customs Harmonised System (HS) Codes that do not correspond
with any of the import HS Codes applied by China (<1% for sawn wood and 0% for logs). For example,
between 20-25% of the trade into and out of Vietnam for Dalbergia and Pterocarpus species was
conducted under HS Codes specifically for Dyera species, which is a genus of tropical tree species known
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as Jelutong, and which originate from Borneo, Sumatra, Malaysia and Southern Thailand. Additionally,
Sawn wood exports from Vietnam to China range from 350 000 m3to almost 500 000 m? over the past 3
years according to the Vietnam customs data, however, the data from Chinese customs codes indicates
that only roughly 5000 m? was exported from Vietnam to China in 2014. The sawn wood exports shown
in the Vietnam trade data also dwarf the number 1 ranked country — Lao PDR, which exported
approximately 133 000 m3 according to Chinese Commodity codes for hongmu, as provided in Treanor
(2015) [1].

3. Over 90% of the Dalbergia or Pterocarpus populations showed unstable or declining populations. We
were able to obtain scientifically reliable population structure information 82 populations of rosewood
species (which covered 29 out of the 77 species). Of these, 74 were found to have unstable population
demographics with lower recruitment than necessary to sustain the populations. This included
populations within Protected Areas, where in some cases recruitment was lower than adjacent hunting
zones despite the presence of more adult mature trees capable of producing recruits. One population was
found to be extinct.

4. Geospatial Information Systems (GIS) can be utilised to estimate current range and distributions of data
deficient species in a cost effective and time efficient way. There is inadequate understanding of the
range and distributions of many species in these genera, not least because they are hard to identify in the
field. However, the use of geo-spatial information systems and datasets that are freely available on the
internet to model suitable habitat and remaining likely habitat could provide an effective first step to
filling these data gaps. We have used these methods to perform bio-climatic species distribution
modelling based on known point locations, and/or known habitat preferences, and then overlayed this
with known current forest regions to estimate likely remaining habitat for selected species from each
region.

5. There is sufficient information available to infer or project that all rosewood or other precious timber
producing species in the Dalbergia and Pterocarpus genera are threatened (or likely to be in the near
future). While it is acknowledged that there are significant data gaps for a number of species within this
report, there is sufficient information available for a large sample of each genera to infer the risks for data
deficient species. This cycles back to point where trade data points to the need to manage rosewood as a
‘block’. The biological aspects of the Dalbergia and Pterocarpus species presented in this report are all
remarkably similar, showing very slow growth rates — upwards of 100 years in several cases to reach
merchantable size —extremely poor recruitment even in protected areas where it is usually assumed that
recruitment is good due to larger numbers of mature trees. In one case populations of P. angolensis in
Tanzania display recruitment failure for 30 years. Coupling this information with the known threats facing
these species including but not limited to increasing trade levels, deforestation due to forest conversion,
climate change induced aridification and increasing severity of fires, and the fact that 90% of populations
studied so far all showed declining or unstable population dynamics, it is justifiable to infer or project that
the survival of all these species in the wild is threatened (as is required for a CITES Listing)

6. Precautionary and adaptive management measures could be applied to data deficient species using the
biological parameters of other closely related species presented in this report, assuming viable
populations are available to be sustainably managed. The detailed review of the science and ecology of
the genera suggests there are enough ecological and management similarities between species to
extrapolate to data deficient species in order to design suitable precautionary management measures.
This is essential because the continuation of trade without any justifiable assessment of the ecological
sustainability of species needs urgent attention. For example, given the long maturation rates
management considerations would suggest that all rosewood populations are dependent on a longer
term planning cycles.

7. Simple log export bans are an ineffective management measure. Log export bans are circumvented by
processing logs into sawn wood, timber veneer or any other minimal processing along an edge so that the
products is no longer considered a “log”. This may be amplified when a log export ban only applies to a
limited number of species, for without adequate timber identification tools along the trade chain

CITES CoP17 Information Paper — Global Status of Dalbergia and Pterocarpus Rosewood Producing Species pg 6



deliberate misreporting of species on export documentation can be applied. Evidence of the limited utility
of log export bans can be seen by the fact they have been implemented by many countries, yet trade in
rosewood timber products continues to increase. Trade data clearly displays the shift in commodity type,
with minimal processing as discussed above. Logs export bans also appear to do little to stop illegal
logging, traders simply find black market ways of exporting their materials (Refer to Global Overview and
Regional Analysis sections for further details). Unfortunately, most countries that are experiencing the
highest levels of illegal harvest and trade have little capacity to enforce these laws, and even less capacity
to monitor the forests as necessary to prevent illegal logging.

8. Lack of timber identification increases the need to treat all species in these genera subject to this trade
as a “management block”. Species level timber identification is critical in identifying CITES listed species
in trade. Methods are being developed and improved as technology advances, and the complete
development of an affordable, robust system that is field-portable should be considered a priority. As
with all systems an up-to-date and scientifically robust reference database is also essential. Pterocarpus
species have already shown a large increase in trade over the past 3 years, and species continue to be
mislabelled. Range countries of these species should carefully consider how to manage the risk to these
species, and the associated risk that Dalbergia species may be deliberately misreported as Pterocarpus
species in order to circumvent any CITES listing, should it proceed.

SUMMARY OF INFORMATION AVAILABLE AND COLLATED

The importance of accurate data cannot be understated. For any species to be listed on CITES it must be assessed against
the criteria in Resolution Conf. 9.24 (Rev CoP16), as discussed above, to determine whether there is enough information
to state that a species (or its look-alikes) meets the listing criteria, or whether it can be “inferred or projected” that a
species would meet the criteria in the absence of concrete scientific information. Where high risk is determined, the
precautionary principle should be applied such that Parties act in the best interests of the sustainability of the species
and its potential future trade value.

The following subheadings provide an overview of the information contained in the main regional analysis sections of
this report.

Taxonomy

The issues pertaining to taxonomy, particularly for Dalbergia, are complex. There is a wide discrepancy in names,
synonyms and variations recorded and accepted throughout their ranges. Some names are accepted at an international
level, but not accepted at country level and vice-versa. According to the Plant List database, the Dalbergia genus has
304 accepted names and 242 synonyms. Currently 61 of these species are listed under CITES, with one species listed on
Appendix |, 55 species on Appendix Il and five species listed on Appendix Il [6]. This report focusses on 77 species of
Dalbergia and Pterocarpus species of rosewood or other precious woods across the Asian Pacific region, Africa and the
Americas. While taxonomy for Dalbergia and Pterocarpus species is somewhat in a state of flux, the same can be said
for numerous other genera of various Phyla and Classes, such as coral for example. Taxonomic uncertainty is not, and
should not be a reason for not listing a species or group of species on CITES. In fact, taxonomic similarity and look alike
species are specifically catered for in the CITES Convention, through the look-alike provisions. Listing all of Dalbergia or
Pterocarpus species on CITES, or applying other management measures to the entire genus, rather than on a species by
species basis would avoid many of the current issues associated with trying to manage the risks to these species where
the risk assessments are so widely applicable.

Biology

Biologically, species of the Legume family share a number of similarities. This is seen amongst the Dalbergia and
Pterocarpus species assessed for this report, many whom share a number of reproductive and growth traits. The biology
of individual species is discussed in more detail in the Regional Analysis Section but the points below highlight some of

the key similarities:

e  Most of the species studied, with the exception of D. sissoo, all experience slow growth rates, taking upwards
of 70 years to reach a marketable size (i.e. diameter is of sufficient size to produce useable heartwood);

e  Pollination is mainly by bees and to a lesser extent other insects and animals;
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e Seed dispersal occurs via wind but can also take place in water, particularly in flood prone areas;

e Species often exhibit mass flowering, however germination rates are recorded as low, despite high rates of
seeding. Flowering and fruiting seasons vary greatly depending on the species and geographic locations, with
many species exhibiting self-rejection (mechanism to stop self-pollination/inbreeding) and bisexual or
hermaphroditic reproductive traits;

e Despite high capacity to produce seedlings, regeneration rates across the globe were low or non-existent in
almost all populations studied, even in protected areas.

e Many species exhibit sprouting and coppicing. Nitrogen producing symbiosis is a widely occurring phenomenon
amongst many Dalbergia and Pterocarpus species, making them excellent species for soil and dune
rehabilitation.

Distribution and Range and Conservation Statuses

Dalbergia and Pterocarpus species are distributed throughout Asia, Africa and the Americas in a wide variety of habitats.
However, suitable habitat across their natural range is now limited for many of these species due to a range of threats,
namely deforestation, forest conversion for agriculture/human development, and legal and illegal logging to supply
domestic and global markets. 45 out of the 77 species considered in this report have been assessed by the IUCN Red
List, however 30 of these were conducted in 1998 and require updates. Some of the IUCN assessments also did not
consider much of the information researched for this report. 24 out of the 31 American species have not been assessed.

The GIS mapping and predictive modelling of species potential ranges provides a stark assessment of the extent of
suitable habitat lost for these species over recent decades. With many regions experiencing an increasing rate of forest
cover loss (30% canopy cover), and these regions being the remaining strongholds for several rosewood species, the
situation appears unlikely to improve in the near future. Refer to the Regional Analysis Section of this report for detailed

information on the historic and current ranges and distributions of these species.

Population Status/Trends

While there has been limited effort expended world-wide conducting range and distribution surveys, there has been a
comparatively large amount of work carried out to understand the population demographics in some range countries.
There was a surprising amount of information available for a number of Pterocarpus species in Africa, mainly the highly
exploited species. P. erinaceus, P. lucens and P. angolensis. However, even these studies were restricted to selected
Meta populations, thus leaving large data gaps. Without even a basic understanding of existing standing stocks and their
structure it is difficult to ascertain what a sustainable level of harvest would or could be for any of these species. What
is clear from the studies that have been conducted, is that almost all populations display an unstable population
demographic with little to no recruitment occurring.

For example, all populations except one of P. erinaceus (one of the species proposed for listing on Appendix Il at CoP17)
showed declining population demographics and little to no recruitment occurring across its range. Population
demographic studies were conducted in Benin, Ghana, Niger, Nigeria, Togo and Burkina Faso. The population within the
protected areas of W National Park in Burkina Faso was the only population found with a stable population and
adequate recruitment. This study was published in 2011, prior to the trade boom in P. erinaceus, so it is unknown what
the status of this population is as at the time of writing this report. However, considering the data on the other
populations it is unlikely to be positive.

Threats

One of the major threats to all species is habitat loss and deforestation. In Africa alone between the years 2000 and
2010, 3.4 million hectares of forest were converted for other uses [7]. Worldwide close to 10 million hectares was lost
from the tropics in 2014 alone, according to Global Forest Watch [8]. International Trade for hongmu furniture is also a
consistent threat to all species in the Dalbergia and Pterocarpus genera as the demand for luxury timber continues to
drive up prices and fuel the extraction of these timbers across their range. There are also a number of other threats to
rosewood species around the world that hinder the recovery of these species, regardless of any effective trade
regulation. These include:-

e Clearing of land for agriculture, road construction, human settlements and animal production and grazing;
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e Use of timber for firewood and charcoal;

e Forest loss due to natural forest fires, deliberate burning, climate change, habitat degradation or disease;
e Selective logging for domestic uses ranging from medicinal to dyeing agents;

e  Over predation of seeds and seedlings by wildlife and livestock.

If/when any of these species are subject to stricter regulation of trade, these additional threats will continue to
exacerbate the current low and unstable population levels. Holistic management measures need to be implemented to
tackle all issues threatening these species, before sustainable utilisation of these species can be realistically achieved.

Trade

Trade in Dalbergia and Pterocarpus species throughout their natural range is widespread. Serial depletion of stocks is
apparent across the globe (as discussed above). Along with the species trade shifts in response to CITES listings, it is also
apparent that dwindling wild stocks of a species inflates it value. A clear example is the exponential value increase of
D. cochinchinensis since the 2013 listing [4, 9, 1].

To date, most assessments of trade in species that fall under the rosewood umbrella have focused on publically available
world customs statistics provided by UN COMTRADE, and/or Chinese specific customs codes for “Hongmu” which covers
the 33 species listed on the current Chinese Hongmu Standard (GT/T18107-2000) [24]. The trade into and out of Vietnam
(analysed in this report) can be treated as a microcosm for international trade. Many of the patterns previously
discussed by multiple authors [1, 10, 11, 12]with regards to trade into China are evident in the trade into and out of
Vietnam. However, our analysis provides further clarity as to exactly which species are being traded globally, using
Vietnam as a case study. There has been a definite shift from exporting of logs from Vietnam to China in favour of sawn
wood, despite both commodities being banned for export if obtained from natural forests in Vietnam. Whilst China still
relies on rosewood species from Asian nations for logs and sawn wood, there has been somewhat of a change in their
supply chain with timber exports from African nations recording a 700% increase since 2010 [1]. This pattern is also
applicable to Vietnam, where rosewood species in the Dalbergia and Pterocarpus genera made up 25% of the total trade
in rough logs in 2013, which dropped to 11% by April 2016. Of this almost 77% was Asian rosewood species and 15.7%
African species, with the remainder made up of generic rosewood names (i.e. “Rosewood” or “Dalbergia/Pterocarpus
spp”) and less than 1% of species from the Americas. This trend in trade reflects the changing nature of the rosewood
timber trade which are influenced by species availability, level of protection, demand and supply and the political will
of importing and exporting countries.

Management Measures

Widespread trafficking of the Dalbergia and Pterocarpus rosewood producing species, along with poverty, corruption
and the breakdown of governments, among other causes, has led to the overexploitation of many of the species
researched for this report [13, 1, 9, 14]. Various governments throughout the three regions have made attempts to curb
the threats posed by unrestrained logging, most commonly by implementing logging and/or export bans. However, to
date the legal frameworks put in place appear to have been ineffective at preventing or reducing the amount of logging
that is occurring throughout these regions, nor arrest the decline of these species. A major concern with these types of
measures is that they are a reactive response to already depleted forest levels [14], rather than looking proactively at
the risks posed to species in the near to medium term. Another concern is that the implementation of export bans does
little to stop illegal logging, with traders easily circumventing the laws by smuggling the logs across porous borders, or
applying a range of other tactics such as minimally processing logs and/or deliberately misreporting a species on export
documentation. These reasons are amongst many that infer that Dalbergia and Pterocarpus species should be managed
jointly as a single ‘rosewood’ resource, rather than by species specific legislative instruments. If the worldwide Dalbergia
listing is successful at CoP17, range states of the replacement species in the Pterocarpus genera should consider applying
the same management strategies for their Pterocarpus species as they would for Dalbergia species, as it is highly
possible shipments of Dalbergia species will be relabelled as Pterocarpus to avoid the additional requirements.

From a holistic conservation perspective other management measures, such as forest plantations, appear to be
implemented as a reactive response geared towards restoring timber supply rather than improving biodiversity of the
depleted forest regions. There is a potential management opportunity to create a sustainable timber industry through
eco-labelling or certification processes, similar to the forest certification (FSC) program, particularly for D. sissoo
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plantations [15]. In India, various Government Institutes have identified D. sissoo and P. santalinus as a focus species
requiring long term tree development and improvement [16].

An issue this report must refer to, though acknowledging it is beyond the scope of this report to analyse in full, is the
matter of stockpiles of seized rosewood. There are significant volumes of rosewood, particularly Malagasy rosewood,
sitting static around the world CITES Standing Committee and the Malagasy government determine how to treat them.
This issue has been closely followed within the CITES Forums of Plants Committee and Standing Committee; however,
there has been no resolution to date.

The sale of rosewood stockpiles provides opportunities to launder species out of the country. However, the longer a
stockpiles sit dormant the more degraded the wood becomes, making it less useable, if/when a suitable use is
determined. Unlike wildlife seizures, particularly ivory and rhino horn, that are routinely destroyed to reduce demand
for the product timber stockpiles are rarely treated in the same way. Unfortunately, seized timber auctions have been
shown throughout the Asian region to be contributing to the continued illegal logging of forests, as the seized timber is
often sold back to the operator it was seized from, who still makes a profit even after paying the associated fine due to
the low level fines handed out by most range countries.

Timber Identification

One of the main hurdles associated with managing trade in rosewood species relates to taxonomy and the ability of
customs officers or law enforcement officers to distinguish species. The topic of timber identification has been garnering
more support and research in recent years.

This document provides an overview of the main timber identification methods currently being used, their advantages
and also their limitations. It is clear that not all tools/methods will be suitable for identifying all tree species and timber
products. Some methods require laboratory settings and others are yet to have sufficient reference databases available
to positively identify specimens. Like many technologies advances are being made all the time and the importance of
being able to correctly identify timber species for law enforcement and compliance is paramount, especially if species
continue to be listed in a piecemeal fashion on CITES or domestic legislation. With the risk of ongoing depletion to all
species in this trade, it is important to be able to confirm that the species listed on the export or import papers is actually
the species being moved. With Pterocarpus species receiving comparatively less attention than Dalbergia species at this
current time, there has already been a shift in trading patterns towards this genus. This is likely to continue until suitable
identification measures are developed, or the genus is also afforded protection status in line with its risk.
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SECTION I - GLOBAL OVERVIEW

INTRODUCTION

Rosewood and other precious woods have been subject to increasing demand over the past decade, created mostly by
rising wealth of middle class in China, but also in Vietnam. As such, tree species that produce precious wood such as
rosewood have begun to feature more prominently in discussions amongst Parties to the Convention on International
Trade in Endangered Species of Wild Fauna and Flora (CITES). At this present time, rosewood species in the Dalbergia
genus are of particular concern, along with the other 4 genera of species listed on the Chinese Hongmu Standard?
(Pterocarpus, Cassia, Millettia and Diospyros) which is reported to be driving much of this trade. The foci of this report
are the genera Dalbergia and Pterocarpus. These two genera were chosen as they are two of the most heavily traded
genera listed on the Chinese Hongmu Standard, and are difficult to tell apart once logged and turned into rough
logs/sawn wood or finished products. Traditionally Dalbergia species have been the main target for this trade, however,
as these species have become less available, through stricter conservation measures and/or enforcement of logging and
export bans, the trade has shifted to alternate species as replacements, particularly in the Pterocarpus genus.

Due to the species specific nature of the CITES Convention, threats to tree species to date have been largely addressed
on a species by species basis. These listings are seemingly effective at reducing the legal trade of the listed species;
however, demand quickly shifts to alternate species. It is difficult to determine whether this is a genuine shift in species
traded or whether traders are simply relabelling the listed species as a non-listed species to avoid the stricter
management measures. It is particularly difficult to discern for trade within a region. However, when demand shifts to
a new region it is easier to recognise. With the listing in 1992 of Dalbergia nigra, Madagascan rosewood species started
to feature more prominently in the market [17], as did alternate rosewood species in Asia and Africa once Dalbergia
cochinchinensis and all Madagascan species of Dalbergia were listed on Appendix Il at CoP16 in 2013. There is clear
evidence [1, 18, 19, 20, 21, 22, 12], that trade in precious woods continues relatively unabated through quasi-legal and
illegal channels, despite many varied mechanisms to ensure legal and sustainable harvest including. These mechanisms
include the CITES convention, but also:

e  European Union Wildlife Trade Regulations, with Scientific Review and Enforcement Groups;
e  Forest Law Enforcement, Governance and Trade (FLEGT);

e EU Timber Regulation (EUTR);

e lllegal Logging Prohibition Act (Australian Government 2012);

e The Lacey Act;

e  Multiple country level bans on logging and export of logs and/or timber products.

This document is designed to examine species specific risks, presenting a broad cross-section of available scientific
information on the species’ biology, population status & structure and levels of threat posed to species in the Dalbergia
and Pterocarpus genera. This document also analyse the current situation from a worldwide perspective to generate a
clear understanding of the global picture in order that adequate and holistic conservation management measures can
be implemented. The stark reality appears to be that existing loopholes in legislation, enforcement and gaps in political
will across the globe enable illegal traders to continue to exploit these precious resources with little or no ramifications,
while the local communities and governments lose vital revenue, livelihoods and habitats.

BACKGROUND AND CONTEXT

The premise for this document was borne from the notion expressed in the past that very little is known about the
ecological and trade status of rosewood and other precious hardwoods, which makes it difficult to either:

A) list the species on CITES as it is unable to be determined whether a species meets the listing criteria
(Resolution Conf. 9.24 Rev CoP16) or

B) conduct a Non-Detriment Finding (NDF) once/if a species is listed

2 A Draft revision of this standard GB/T 18107-2000 — Rosewood Hongmu, was released for comment on 10 October 2014, and
does not appear to have been officially published as yet.
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Therefore, the structure of this report follows the information fields required to conduct a sufficiently robust Non

Detriment Finding (as laid out in Resolution Conf. 16.7), including outlining taxonomic uncertainties, biology, population

status and structure, disturbances, threats and management arrangements. This is done in species specific detail where

possible and in general country level terms where that is not possible.

Table 1 provides a full list of the species covered by this report as they appear in trade transactions or country reports.

Some species listed in Table 1 are synonyms, a matter discussed in the Taxonomy section of each region. Synonyms are

rationalised following the taxonomy section.

Table 1 — Rosewood Species in Trade in Dalbergia and Pterocarpus Genera

SCIENTIFIC NAME LOCATION IUCN RED LIST CITES APPENDIX
Dalbergia annamensis Vietnam Endangered Not listed
Dalbergia assamica Vietnam, China, Lao PDR, Cambodia,

Thailand, Myanmar, Bhutan, Bangladesh and .
i . X K Least concern Not listed
India, and has been introduced into tropical
Africa
Dalbergia balansae China, Vietnam Vulnerable Not listed
Dalbergia bariensis Cambodia, Lao PDR, Thailand, Vietnam, .
Myanmar Endangered Not listed
Dalbergia cambodiana Cambodia, Vietnam Endangered Not listed
Dalbergia cochinchinensis Cambodia, Lao PDR, Thailand, Vietnam,
Myanmar Vulnerable Il
Dalbergia cultrata Myanmar, China, Indonesia, Thailand, Lao Endangered/Near Not listed
PDR, Vietnam, India Threatened
Dalbergia fusca Myanmar, Thailand, China Vulnerable Not listed
Dalbergia latifolia India, Indonesia, Nepal, Kenya, Malaysia, .
. . . Vulnerable Not listed
Myanmar, Philippines, Sri Lanka, Vietnam
Dalbergia mammosa Vietnam Endangered Not listed
Dalbergia oliveri Myanmar, Thailand, Vietnam Endangered Not listed
Dalbergia odorifera China Vulnerable Not listed
Dalbergia sissoo North India, Nepal, and Pakistan, Western . .
Asia Not listed Not listed
Dalbergia tonkinensis Vietnam and China Vulnerable Not listed
Pterocarpus cambodianus Indo-China Peninsula. Not listed Not listed
Pterocarpus dalbergioides India, Indonesia, Myanmar and Madagascar. Data deficient Not listed
Pterocarpus indicus /echinatus - | Cambodia, China, Myanmar, Thailand Vulnerable Not listed
Pterocarpus marsupium India Vulnerable Not listed
Pterocarpus macrocarpus Myanmar Not listed Not listed
Pterocarpus pedatus Thailand, Lao PDR, Vietnam, Cambodia and Not listed Not listed
Myanmar
Pterocarpus santalinus India, Lao PDR, Sri Lanka Endangered 1
AFRICA
Dalbergia melanoxylon Angola, Botswana, Burkina Faso, Cameroon,
Central African Republic, Chad, Cété d’lvoire,
Democratic Republic of Congo, Eritrea,
Ethiopia, Kenya, Malawi, Mali, Mozambique, Near Threatened?3 Not listed
Namibia, Nigeria, Senegal, South Africa, South
Sudan, Sudan, Tanzania, Uganda, Zambia,
Zimbabwe
Dalbergia abrahamii Madagascar Endangered? Listed on Appendix Il
Dalbergia baronii Madagascar Vulnerable® Listed on Appendix Il
Dalbergia bathiei Madagascar Endangered? Listed on Appendix II
Dalbergia chapelieri Madagascar Near Threatened* Listed on Appendix Il

3 Conducted in 1998, and requires updating

4 Conducted in 2012
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Dalbergia chlorocarpa Madagascar Vulnerable3 Listed on Appendix Il
Dalbergia davidii Madagascar Endangered? Listed on Appendix Il
Dalbergia delphinensis Madagascar Endangered? Listed on Appendix Il
Dalbergia greveana Madagascar Near Threatened? Listed on Appendix Il
Dalbergia hildebrandtii Madagascar Vulnerable3 Listed on Appendix I
Dalbergia louvelii Madagascar Endangered? Listed on Appendix Il
Dalbergia madagascarensis Madagascar Vulnerable® Listed on Appendix Il
Dalbergia maritima Madagascar Endangered? Listed on Appendix I
Dalbergia mollis Madagascar Near Threatened? Listed on Appendix Il
Dalbergia monticola Madagascar Vulnerable3 Listed on Appendix I
Dalbergia normandii Madagascar Endangered? Listed on Appendix Il
Dalbergia purpurascens Madagascar Vulnerable3 Listed on Appendix Il
Dalbergia trichocarpa Madagascar Least Concern? Listed on Appendix Il
Dalbergia tsiandalana Madagascar Endangered? Listed on Appendix Il
Dalbergia viguieri Madagascar Vulnerable? Listed on Appendix Il
Dalbergia xerophila Madagascar Endangered? Listed on Appendix Il
Pterocarpus angolensis Angola, Botswana, Congo, Democratic

Republic of Congo, Malawi, Mozambique,
Namibia, South Africa, Swaziland, Tanzania,
Zambia, Zimbabwe

Near Threatened?

Not Listed

Pterocarpus erinaceus

Benin, Burkina Faso, Cameroon, Central
African Republic, Chad, Cété d’lvoire, The
Gambia, Ghana, Guinea, Guinea-Bissau,
Liberia, Mali, Niger, Nigeria, Sierra Leone,

Not Assessed

Currently listed on
Appendix Il by
Senegal, CoP17

Proposal 57 to up-list

Senegal, Togo to Appendix Il
Pterocarpus lucens (including | Angola, Botswana, Cameroon, Chad, Congo,
sub-species  antunesii  and | Democratic Republic of Congo, Ethiopia,
lucens) Ghana, Guinea, Guinea-Bissau, Malawi, Mali, Least Concern® Not Listed
Mozambique, Namibia, Niger, Nigeria,
Senegal, Sudan, Uganda, Zambia, Zimbabwe
Pterocarpus soyauxii Angola, Cameroon, Central African Republic,
Congo, Democratic Republic of Congo, Not Assessed Not Listed
Equatorial Guinea, Gabon, Nigeria
Pterocarpus tinctorius Angola, Burundi, Congo, Democratic Republic
of Congo, Malawi, Mozambique, Rwanda, Not Assessed Not Listed
Tanzania, Zambia
AMERICAS
Dalbergia brasiliensis Brazil Not assessed Not listed
Dalbergia calderonii Belize, El Salvador, Guatemala, Honduras, .
Not assessed Not listed

Mexico and Nicaragua

Dalbergia calycina

Belize, Costa Rica, El Salvador, Guatemala,
Honduras, Mexico, Nicaragua

Least concern

App lll - Guatemala

Dalbergia cearensis

Brazil

Not assessed

Not listed

Dalbergia congestiflora

El Salvador, Mexico

Not assessed

Not listed

Dalbergia cubilquitzensis

Belize, Guatemala, Mexico

Not assessed

App Ill - Guatemala

Dalbergia cuscatlanica

Costa Rica, El Salvador, Guatemala, Mexico,
Panama

Not assessed

Not listed

Dalbergia darienensis

Colombia, Panama

Not assessed

App. lll - Panama

Dalbergia decipularis Brazil Not assessed Not listed
Dalbergia foliolosa Bolivia, Brazil Not assessed Not listed
Dalbergia frutescens Argentina, Bolivia, Brazil, Colombia, Costa
Rica, Guyana, Ecuador, Paraguay, Peru and Not assessed Not listed
Venezuela
Dalbergia funera Guatemala, El Salvador Data deficient® Not listed

Dalbergia glomerata

Costa Rica, Guatemala, Honduras and Mexico

Vulnerable A2c

App Ill - Guatemala
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Dalbergia granadillo El Salvador and Mexico Not assessed App Il
Dalbergia hortensis Brazil Not assessed Not listed
Dalbergia longepedunculata Honduras and Mexico Not assessed Not listed
Dalbergia luteola Guatemala and Mexico Not assessed Not listed
Dalbergia melanocardium Belize, Costa Rica, El Salvador, Guatemala, .
. . Not assessed Not listed

Honduras, Mexico and Nicaragua
Dalbergia miscolobium Brazil Not assessed Not listed
Dalbergia modesta Mexico Not assessed Not listed
Dalbergia nigra Brazil Vulnerable Alcd? App |
Dalbergia palo-escrito Mexico Not assessed Not listed
Dalbergia retusa Belize, Colombia, Costa Rica, El Salvador,

Guatemala, Honduras, Mexico®, Nicaragua, | Vulnerable Alacd? App Il

and Panama
Dalbergia rhachiflexa Mexico Not assessed Not listed
Dalbergia ruddiae Costa Rica and Mexico Not assessed Not listed
Dalbergia spruceana Bolivia, Brazil, Honduras and Venezuela Not assessed Not listed
Dalbergia stevensonii Belize, Guatemala, Honduras and Mexico Not assessed App Il

Dalbergia tucurensis

Belize, Costa Rica, Guatemala, El Salvador,
Mexico and Nicaragua

Not assessed

App Il — Guatemala
and Nicaragua

Dalbergia villosa Bolivia, Brazil Not assessed Not listed
Pterocarpus officinalis Mexico, Honduras, Costa Rica, Panama,
Colombia, Venezuela, Ecuador, Guyana,
Suriname, French Guiana, Brazil, Jamaica,
Hispaniola, Haiti, the Dominican Republic, .
Not assessed Not listed

Puerto Rico, the Lesser Antilles including
Guadeloupe and Martinique, Dominica, the
island of Marie Galante, St Lucia, St Vincent,
Trinidad and Tobago.

TAXONOMY — DALBERGIA SPP

Since CITES it is designed to be a species specific convention where possible it is important to understand the regional
differences in accepted taxonomy. Where a species may be recognised and classed as a separate species in one country,
this may not be so in neighbouring range states, or even at the global level. If the CITES Convention is not cognisant of
this when listing species, it can cause a range of significant implementation issues when issuing permits at the national
level and when trying to understand the level and scale of trade in a particular species.

The taxonomy for Dalbergia spp is complex and displays a wide discrepancy of names, synonyms and variations recorded
and accepted throughout their ranges. The table below highlights research undertaken by Vaglica (2014) [23] comparing
searches of The Plant List and the International Legume Database & Information Service (ILDIS) web-based databases.
While global records such as The Plants List and the IUCN Red list may recognise particular species as synonyms of each
other, this is not necessarily applied at a country level, often with many local names or several different synonyms being
recognised at a country level (this is discussed more in each Regional Analysis section).

5 This species may not be native to Mexico and is often said to be misreported in trade. It is more likely to be D. granadillo.
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Table 2 - Taxonomy Issues

SPECIES SEARCH FOR DALBERGIA SPP. THE PLANT LIST ILDIS
Plant name records 647 445
Accepted names 304 269
Synonyms 242 150
Unresolved 86 -
Misapplied 15 10
Variant - 9
Provisional -

Doubtful -

TIMBER IDENTIFICATION

Timber identification remains a critical component in establishing the true global extent of legal trade in listed species.
Whilst there are a number of ways in which timber can be identified, traced and linked to a specific geographic region,
available technology is still in its infancy. Use of such technology by law enforcement or forestry officers in the field
(where it is urgently needed), and as a source of reliable evidence in a courtroom, is several years off. However some
hope is offered with advances in technology, and a number of new products and prototypes are currently in the testing
phase. Currently though, traders can simply relabel a species as a non-listed species and continue to trade as normal
[24]. While this can be overcome by ensuring that all species that might be subject to unsustainable levels of harvest
and trade are protected under the “look-alike species” provisions of CITES, it is still important to develop identification
technologies such that they can be applied in the future. This issue has been gaining increased attention within CITES,
such that it has been on the agenda of Plants Committee since CoP16.

With respect to a genus and family level, and the geographic origin of a species, there a range of techniques available
to identify timber in trade [25, 26, 27]. These include DNA, wood anatomy (macroscopic and microscopic), near infrared
spectrometry, chemical and isotope analysis [28]. Gasson (2011) suggests that the many existing identification
techniques only able to reliably identify to genus level. This is particularly so with Dalbergia species, which all display
microscopic similarities that are difficult to tell apart at the species level [28, 27]. There is also unfortunately no single
solution that can be applied as the structural, chemical or genetic differences vary widely across genera, species and
geographic regions [27, 29]. Sometimes even being able to extract suitable material (e.g. DNA) from the wood is
challenging [27, 28]. Figure 1 graphically displays the different techniques that can be applied in order to determine
various aspects of wood biology. It compares the types of identification methods, particularly the non-DNA methods
and DNA methods. These techniques, however, are highly dependent on the availability and composition of wood
identification samples in reference databases, which is another significant challenges [28, 29, 27].

1
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Figure 1: How different molecular, genetic and non-DNA techniques can be applied (taken from Lowe and Cross, 2011) [29]

Use of DNA technology is fast becoming the go-to technology for determining species identification to a high degree of
accuracy. However, there are a number of hurdles associated with using DNA analysis for tree species. This includes the
ability to physically extract DNA from timber species in trade, especially sawn logs or wood, which is further complicated
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once the timber is processed to composite products such as veneer or plywood. DNA becomes highly degraded with
this level of processing and the success rate for retrieving DNA from processed samples is generally very low.

Case study — Malagasy rosewood

Hassold et al (2016) recently looked at the effectiveness of DNA barcoding in an effort to ascertain whether it was
possible to distinguish between Malagasy rosewood species, and to initiate the development of a molecular reference
sample set to assist other regulatory bodies with identification [30]. Whilst there has been significant progress with the
development of DNA barcodes for animal species, this is not the case for tree species. Several case-specific identification
systems have been developed. Dalbergia species have only been included in more recent studies, mainly from Asia, to
test factors such as species identification and sample assignment [30]. The important findings were as follows: the DNA
barcoding reference dataset was able to differentiate whether timber specimens came from Madagascar or not.
However, it is not yet possible to distinguish between Malagasy species because they are too genetically similar. [30].

The recent WRI/World Bank report [27] detailed the scientific and technical capacity within Madagascar to carry out
identification methods and other general scientific surveys to determine population statuses. One main hindrance
outlined was the extreme difficulty to tell species apart in the forest, in order to collect suitable reference samples. It is
virtually impossible to tell many of these species apart in the forest unless they are flowering or fruiting, which
unfortunately is not synchronous for many species. Even expert taxonomists and timber identification experts within
Madagascar are unable to tell some species apart in the field.

The Naturalis Biodiversity Centre in the Netherlands is a subject matter expert on timber identification for CITES listed
species, as recognised in PC21 Document 15 [25]. Table 3 (below) shows the capacity of the Naturalis Biodiversity Centre
in the Netherlands to identify a small number of Dalbergia and Pterocarpus species. Of the species available it would
only be possible to identify three species with the help of an anatomy expert (D. cochinchinensis, P. santalinus and
Malagasy rosewood Dalbergia spp). However, other researchers have been able to distinguish several Dalbergia and
Pterocarpus species using near-infrared technology. D. cochinchinensis can be distinguished from D. oliveri by the
extractives in their wood using conventional infrared (IR) spectroscopy —Fourier Transform IR “FTIR” [31, 27], as can
Pterocarpus santalinus and D. louvelii using two different wood anatomy techniques (FTIR and 2D correlation IR
spectroscopy) [32].

Table 3: Naturalis Biodiversity Centre, Netherlands - Dalbergia and Pterocarpus identification capability

Naturalis Biodiversity Centre, Netherlands — Dalbergia and Pterocarpus identification capability
Species CITES | Samples | Type and no of samples Anatomy DNA
App held expertise | expertise

Dalbergia cochinchinensis Il YES ca. 20 herbarium specimens; No wood samples NO NO
Dalbergia dariensis 1] NO None NO NO
Dalbergia granadillo Il NO None NO NO
Dalbergia nigra | YES No herbarium specimens; 4 wood samples YES NO
Dalbergia spp. (Malagasy) Il YES ca. 60 including herbarium and wood samples YES NO
Dalbergia stevensonii Il NO None NO NO
Pterocarpus santalinus Il YES 4 herbarium specimens YES NO

Table 4 compares the main types methods currently used for timber identification. It also outlines the main advantages
and limitations of each method. The extent to which accurate botanical, anatomical, isotopic or chemical compound
databases exist and their accessibility is likely to be the defining factor as to which method is best suited to a particular
use (i.e. differentiating between species, genera or determining source country of specimens). Table 1 of Dormontt et
al (2015, In Press) provides further detailed analysis of potential methods, please refer to this paper for more detailed
analysis than is provided here.
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Table 4: Main identification methods, their advantages and limitations

2. Population genetics — population differences
3. DNA fingerprinting — individual differences

It is relatively cheap to add a new species for DNA
barcoding [25];
DNA analysis can be used in a court of law [29].

TECHNIQUE METHOD/USE ADVANTAGES LIMITATIONS
DNA 3 Main levels can be differentiated with DNA It is now available and accepted by law enforcement Development of biological reference samples to
[33, 29] 1. DNA barcoding - Species differences agencies as a viable method of identification [29]; build databases

Ineffective for processed timber with highly
degraded DNA [29];

Currently only available in laboratories, which is
time consuming and often expensive [34];

Low resolution in chloroplast markers has been
suggested as a reason why a universal DNA
barcode for plants is yet to be identified [30].

Wood anatomy

Identification may be made by observing three planes of
the wood; macroscopically or microscopy [27]. Together
they provide a three dimensional picture of the wood'’s
cellular structure [25]. There are a number of different
techniques that can be used including:

- Hand held lens

- Light microscopy

Inexpensive initial analysis particularly to genus level
[25];

Wood identification guides easy to produce once the
information has been obtained [25];

A portable and self-contained unit has been developed in
the US that is able to identify many commercial woods of
Central America with minimal training [25, 35].
Portability of prototype machine means it can be used in
the field [35].

Macroscopic identification frequently requires
microscopic identification to confirm
identification [25];

Dependent on availability of wood samples and
reference material which are difficult to come by
at the moment for Dalbergia and Pterocarpus
species [25];

Microscopic analysis expensive and requires
specialist equipment [25].

Chemical
analysis

Based on the presence or absence of a specific compound
or a variation in the level of that particular compound, as
measured by a process known as mass spectrometry. One
particular method includes Near Infrared Spectrometry
(NIRS); methods including FTIR [27] and 2D correlation IR
spectroscopy techniques [32]

Accurate and consistent result [36];

Method could be cost effective and easy to use [25];
Able to be used in a variety of samples, such as wood
chips, sawdust, incense and liquids useful to identify
products and derivatives [25];

Able to differentiate between plantation and wild
sourced specimens [25].

Able to do non-destructive testing [37]

Has good prospects to be developed as fast and accurate
method for law enforcement [26]

Method relies upon the isolation of a particular
chemical marker to make an identification;
Needs regional specific reference databases,
which are hard to come by [26]

Isotope analysis

Items contain various isotopes such as oxygen, nitrogen,
hydrogen, carbon and sulphur and these can be found in
natural properties such as water and soil and in bones and
trees. When analysing trees for example, a sample from a
tree may have an isotope that may be traced back to a
particular geographic location.

Well known and established method, increasingly used
for timber identification [25, 38];

Isotopes need to be known or identified at a
regional level to be used as a comparison, so
the effectiveness of this method depends upon
the established database available [25].
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SPECIES SPECIFIC BIOLOGY, DISTRIBUTION AND POPULATION STATUS INFORMATION

While it is definitely true that there are significant knowledge gaps in biology and population status & structure, there
is nonetheless a large amount of information pertaining to these fields, as discussed in detail in Section |l - Regional

Analysis. This report uncovered and compiled sufficient data to develop iterative management measures to sustainably
harvest these species. What is notable is that there are enough similarities between the species that have sufficient
information, to extrapolate suitably precautionary management measures to species with insufficient information.

Somewhat surprisingly, the African region had the most scientific information on population status & structure for a
number of highly exploited species, particularly P. erinaceus, P. lucens and P. angolensis. In fact, there was so much
information for P. angolensis (African Teak), that we were unable to review all the relevant scientific papers for this
report. From the information that is available across the globe, a high proportion of populations studied (over 90%) all
show unstable population structures and declining population statuses, refer to Table 5. This table summarises the
scientifically peer reviewed and published papers that we were able to find examining and presenting population status
& structure information including diameter and height class distribution curves and tree or sapling densities. We note
that severe forest loss and fragmentation across the globe likely has important implications for population and meta-
population dynamics (such that there may no longer be dispersal or interchange, and that single population may now
be multiple meta-populations). However it is beyond the scope of this report to examine these aspects, as such we use
the term population in its broadest sense. °

One surprising finding was that even in protected areas that generally had higher proportions of adult mature trees
capable of producing saplings and seedling, recruitment was poor or absent in almost all regions. One region in Tanzania
even reported recruitment failure for 30 years. It is hypothesized by several authors that this curious observation, which
is the opposite of what is normally expected, is due to the higher number of ungulates that persist in protected areas,
especially where recruitment was better in adjacent hunting zones where there were fewer adult trees but also fewer
ungulates. Dalbergia and Pterocarpus species are favoured by many browsing species, and appear to suffer significant
recruitment issues where high numbers of ungulates are present. Only seven of the populations studied showed stable
population demographics, and most of these were surveyed more than five years ago, so may no longer be stable with
the increased focus of illegal loggers on rosewood species since 2010 in most regions.

Table 5 - Summary of Population Status and Structure Information Analysed.

REGION # OF SPP STUDIED | # POPs STUDIED # 1/ STABLE # | /JUNSTABLE | NOTES

Africa 6 (out of 6) 44 5 38 1 population was extinct

- Madagascar 11 (out of 20) 14 0 14

Asia 7 (out of 21) 15 1 14 5 additional Protected Areas
studied had no mature trees

Americas 5 (out of 30) 9 1 8

TOTAL 29 (out of 77) 82 7 (8.5%) 74 (90%)

While only 29 out of the 77 species covered in this report had any population status or structure information, for most
species their general range and distributions are known to some degree. While current exact ranges of these species
may not be known, there is generally good historical distribution known. Today there is are a variety of geospatial
information systems (GIS) that can be utilised to provide good estimates of current population distribution, though not
necessarily abundance or other population parameters. In this report, we have created species distribution models for
some of the most highly exploited species, based on their biological and environmental needs (data extracted from
known point locations). These models include global forest loss data (full methods in Annex ??). For example, Figure 2
shows the maps produced for D. cochinchinensis, starkly displaying the likely range reduction of this species. The figure
on the left indicates the suitable habitat and ecological range for D. cochinchinensis based on known locations the
species has been found in the past, while the figure on the right indicates this same habitat remaining in existing forest
areas. The green/blue regions indicate areas of low probability of distribution based on ecological parameters, so the
main range for this species is now very restricted within Thailand, Cambodia and extremely small pockets of Lao PDR
(shown in red/orange). As shown above in Table 5, only 38% of Dalbergia and Pterocarpus species have had any sort of
scientific survey on one or more of their populations worldwide. Utilising GIS and predictive modelling to understand

6 These last two sentences were added after this section was translated, so do not appear in the Spanish or French versions.
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range reductions and likely current range and distributions provides a cost effective alternative to expensive field

surveys.
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Figure 2 - (Left) Predicted Suitable Range of Environmental Variable (Right) Suitable Habitat Range within intact Forests. Red
indicates highest probability; Yellow — medium to high probability; Green - medium probability; Blue — lowest probability

Similar habitat reduction patterns as observed in Figure 2 are repeated for all species we have conduced mapping for.
Figure 3 shows a global compilation of all maps produced for this report, showing the predicted suitable habitat for all
species on the top, and then the suitable habitat that is remaining in intact forests on the bottom. This demonstrates

the large-scale loss of habitat directly affecting these species.

All species - average prabability

—High ;91 %
s

All species - average probability
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Figure 3 — (Top) World Wide Predicted Suitable Habitat and Climatic Conditions for Dalbergia and Pterocarpus spp (Bottom)
Existing Habitat Remaining with Suitable Environmental Parameters for these Rosewood Species. (Note: Madagascar was not
mapped by Global Eye, and is therefore not included on this map)

Ideally all GIS modelling would be backed up by a survey schedule that could validate the findings of the GIS modelling
exercise, but in the first instance this exercise provide some clarity as to the likely extent of occurrence given the large
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scale deforestation that has been experienced by most of these species since they were last assessed by the IUCN Red
List in 1998. Therefore, coupling the known threats facing these remaining populations, such as further
deforestation/forest conversion for agriculture, illegal logging and climate change, with the fact that 90% of studied
rosewood populations around the world show unstable and/or declining populations it is justifiable to infer or project
that the majority of the unstudied rosewood populations are highly likely to be experiencing similar decline/instability
and recruitment failure throughout their ranges.

CHALLENGES IN GLOBAL TRADE

There is a plethora of published reports on the trade in Dalbergia and other precious wood species, especially over the
past 5 years (discussed in detail in the regional sections). Overall, these reports detail the increasing level of trade into
China of rosewood logs and sawn wood. These assessments mainly rely on publically available customs statistics data
reported by UN COMTRADE and Chinese Customs data. China is the only country that has customs commodity codes
specific for “Hongmu” which covers the 33 species listed on the current Chinese Hongmu Standard (GT/T18107-2000),
these are [39]:

e 4403 9930 00 —Hongmu Log

e 44079910 10 - End-joined sawn wood of Camphor/Nanmu/Hongmu

e 4407 9910 90 — Non-end-joined sawn wood of camphor/Nanmu/Hongmu

e 9403 5010 10 — Bedroom furniture manufactured with endangered hongmu species
e 9403 6010 10 — Other furniture manufactured with endangered hongmu species

The December 2015 report produced by Forest Trends, “China’s Hongmu Consumption Boom” [1], fully detailed the
level of trade into China using these customs codes, and will therefore not be repeated here. In summary however,
what this report clearly demonstrated was that China’s consumption of these rosewood and other precious woods is
continuing to grow, despite growing concern over the sustainability and legality of harvests, increasing protection and
enactment of logging and export bans in source countries. Some of the key findings were:

In 2014, rosewood imports reached an all-time high, following its trajectory since 2010.

2. “Rosewood” species import proportion is increasing, now making up approximately 35.1% of all hardwood
imports into China.

3. China still relies on rosewood species from Asian nations for logs and sawn wood, however the reliance on
African nations is increasing, with a 700% increase since 2010.

To date, there has been very little information available on species specific trade. Unless a species is listed on the CITES
Appendices, there are few avenues to gain species specific trade data. Recently however, Global Eye was able to gain
access to species specific customs data from Vietnam. Each transaction line item was analysed (approximately 190 000
transactions) to determine what species was being traded, with all Dalbergia and Pterocarpus species (or their
common/local names) tagged for further analysis. The analysis of this information has provided interesting and new
insights into how the trade in rosewood and other precious woods is occurring, and some issues associated with relying
solely on the Chinese hongmu customs codes listed above.

Figure 4 demonstrates the changing importance of log imports into Vietnam from Asia to Africa, which has been
documented several times for China [40, 1]. However, this figure also indicates the changing importance of species
across and between each region. It is clear to see that following the CITES listing of D. cochinchinensis in 2013 the
imports of logs and sawn wood into Vietnam for this species decreased markedly (as shown in Figure 4, Figure 5 and
Figure 7), while the imports of Pterocarpus species such as P. erinaceus, P. soyauxii, P. macrocarpus (including synonyms
P. pedatus and P. cambodiana) all increased at the same time. Without proper identification available at customs
borders, we have to rely on the species listed on the transaction paperwork. However it is possible that traders simply
renamed the listed species as the non-listed species in order to evade the stricter trading regulations. Notably, D. oliveri
log imports also decreased over the same time period without a CITES listing, so it is also possible that this shift in target
species is a genuine shift in trading patterns due to dwindling stocks and stricter regulation. These figures provide clear
evidence that serial depletion of rosewood species is a high risk factor, and that all species affected by this trade should
be managed holistically, rather than species by species.
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Figure 5 through to Figure 8 display the imports and exports of rough logs and sawn wood of Dalbergia and Pterocarpus
species alongside each other for easier comparison. While there has been a clear overall drop in rosewood logs exported
from Vietnam, log imports into the country remain high, as do sawn wood imports and exports. Log imports of Dalbergia
and Pterocarpus species into Vietnam peaked in 2014 at just under 90 000 m3, while sawn wood imports into Vietnam
also peaked in 2014 at just under 500 000 m3. Both 2013 and 2015 had similar levels of trade in sawn wood into Vietnam
at approximately 350 000 m3. This pattern closely follows the pattern observed when viewing trade into China under
their hongmu codes [1], as well as the patterns observed in Latin American countries. Following the listing of D. retusa,

also in 2013, the species experienced a peak in exports in 2014 (refer to Threats, Disturbances and Level of Trade —
Americas).

Interestingly, particularly for the Asian species, D. cochinchinensis, D. oliveri and P. macrocarpus, they are all protected
from harvest and export in their range countries (refer to Section on Management Measures and Legal Frameworks for

Asia Pacific Region) through domestic legislation and species listings, so the legality of these transactions is questionable.

Additionally, Vietnam has a log and sawn wood export ban on timber from natural forests. Therefore, presumably, all
the log and sawn wood exports should be re-exports from other countries, and should also presumably be lower than
their import values. However, in 2015, sawn wood exports exceeded the volume (m3) of sawn wood imported (refer to
Figure 7 and Figure 8), at 485 748 m3 (sawn wood) compared to 403 546 m3. This signals three possible scenarios 1) that
rough logs are being processed into sawn wood prior to export; 2) timber obtained from logging of natural forests is
being exported or; 3) that timber imported in 2014 was not re-exported until 2015. The total values for imports and
exports of sawn wood in 2014 and 2015 are almost identical, which in the third scenario would mean that Vietnam
would not be using any of their imported sawn wood in country. However we know from surveys of Vietnamese timber
processors that they use sawn timber in manufacture of rosewood products. Either way it is clear there has been a shift
from exporting logs to sawn wood.

Figure 9 and Figure 10 display the log imports and log exports (respectively) by country for the time period from 2013-
April 2016, broken down by species. Lao PDR has been the largest exporter of logs over that time period, with
D. cochinchinensis (bright blue shaded) making up the majority of those exports, followed by D. oliveri and then
P. macrocarpus or just “Pterocarpus spp”. Nigeria is the second largest exporter to Vietnam, which is consistent with
Nigeria’s ranking for imports into China provided in Treanor (2015), of which all is made up of Pterocarpus erinaceus
(purple shaded). All other African country exports to Vietnam were dominated by P. erinaceus as well. Interestingly,
Vietnam imports significant quantities of P. erinaceus, both logs and sawn wood, but they do not export any of this
species. It is possible that it is re-exported simply as “Pterocarpus spp”, however this is not able to be ascertained from
this dataset. Figure 11 and Figure 12 display log and sawn wood imports and exports by country, side by side, showing
the main importer and exporter countries each year. China is the main importer of both logs and sawn wood, however
in recent years this has declined somewhat, with Hong Kong becoming more prominent. This is likely due to the
tightening of import controls within China, which are not implemented in Hong Kong. Lao PDR, Cambodia and Togo are
the biggest exporters of sawn wood to Vietnam. While not shown here, there was also a significant number of
transactions from West African nations for Asian species, including D. oliveri and P. pedatus (synonym of P.
macrocarpus). While these could be genuine mistakes they are occurring at a frequency that suggests a deliberate move
to avoid log export bans of P. erinaceus. Either way, these species are clearly labelled on the customs documents and
should be picked up when leaving the country if customs officers had basic training and species listings as to what
species were actually found in their countries.
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Figure 4 - Comparison of Log Imports into Vietnam from Asia and Africa by Species. (Top Row) Shows the changing importance of log imports into Vietnam from Asia and Africa by year. (Bottom
Row) Shows the changing importance of each species per year from Africa and Asia.
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Figure 6 — Log Exports from Vietnam by Species and Year.
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Figure 7 — Volume of Sawn Wood Imports (by Species) into Vietnam from World
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Figure 9 — Volume (m3) of Rough Log Imported into Vietnam by Country and Species (2013 - April 2016)
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One of the major shortcomings of utilising the Chinese Customs codes, or in fact any openly available customs
commodity codes or HS Codes, is that they are generally not species specific. Therefore, any analysis of trade is only
examining a group of species, rather than a particular species. The species specific nature of our analysis allows for a
more precise understanding of what percentage of trade the Dalbergia and Pterocarpus species make up. Table 6
provides details of the number of transactions per year for Dalbergia and Pterocarpus species for logs imported and
exported under HS Code 4403* and sawn wood imported and exported under HS Code 4407*. This is broken down into
the proportion of transactions that were for Asian rosewood species or African rosewood species. Rosewood
transactions for the Americas are not shown because they accounted for less than 1-2% each year.

Table 6 — Vietnamese Rosewood Imports and Exports for HS Code 4403 and 4407 by Region and Percentage of Total Log Imports

Year All All % of _ AfricanRW | % of Total | % of RW
transactions | RW Trade Transactions Trade Trade
Log IMPORTS - 4403
2013 10880 2718 | 24.98 2274 20.91 76.96 427 3.92 15.71
2014 13753 2252 | 16.37 1325 9.63 52.80 912 6.63 40.50
2015 15502 1727 | 11.14 458 2.95 23.04 1250 8.06 7238
2016 4455 501 11.25 119 2.67 21.56 360 8.08 71.85
Sawn wood IMPORTS - 4407
2013 31072 6227 | 20.04 5888 18.95 94.56 180 0.58 2.89
2014 34561 5514 | 15.95 5139 14.87 93.20 187 0.54 3.39
2015 35386 3377 9.54 2759 7.80 81.70 441 1.25 13.06
2016 23 5 21.74 2 8.70 40 2 8.70 40
Log EXPORTS - 4403
2013 1797 1566 | 87.15 1525 84.86 9738 1 0.06 0.06
2014 1060 677 63.87 636 60.00 93.94 5 0.47 0.74
2015 639 142 22.22 125 19.56 88.03 1 0.16 0.70
2016 159 24 15.09 16 10.06 66.67 0 0.00 0.00
Sawn Wood — EXPORTS - 4407
2013 12574 4073 | 32.39 3697 29.40 90.77 0 0.00 0.00
2014 14629 3123 | 2135 2958 20.22 94.72 3 0.02 0.10
2015 10631 1665 | 15.66 1585 14.91 95.20 0 0.00 0.00
2016 2279 365 16.02 345 15.14 94.52 0 0.00 0.00

With regards to Vietnamese imports, rosewood species in the Dalbergia and Pterocarpus genera made up 25% of the
total trade in logs in 2013, which dropped to 11% by April 2016 Of this almost 77% was for Asian rosewood species and
15.7% was African species, with the remainder comprising generic rosewood names and less than 1% of species from
the Americas. For sawn wood imports however, the percentage of total trade was 20% in 2013 and almost 22% by April
2016, after having dropped to 9.5% in 2015, with the percentage of Asian rosewood species almost 95% in 2013, having
dropped to 81.7% by 2015. By April 2016 it was only 40%. This is in stark contrast to rosewood species exported as sawn
wood from Vietnam, which started at 90% of the rosewood trade and increased only slightly to 95% in 2014 where it
has remained in subsequent years. Africa and the Americas are virtually unrepresented in the export transactions for
Vietnam of rosewood species, suggesting that African species are being imported are either used domestically, or re-
exported as generic rosewood species. The percentage of trade that is being reported under generic trade names such
as Pterocarpus spp, Dalbergia spp or just “Rosewood” has also increased across all years and all commodity codes, up
to 20% in some cases.

Chinese hongmu customs codes severely underestimate the amount of rosewood being traded. Table 7 shows the range
of different HS Code that were used to import and export rosewood species in the Dalbergia and Pterocarpus genera
into and out of Vietnam. None of the codes used for logs correspond to the first 8 numbers of the HS Codes used for
the Chinese Hongmu standard —i.e. HS Code 4403 9930 and less than 1% of the sawn wood transactions corresponded
to the HS Code 4407 9910. When viewing the imports into China under their HS codes [1], trade from Vietnam looks
minimal — particularly for sawn wood, with Treanor (2015) stating they only exported 5 641 m3 and Lao PDR was ranked
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first with exports of sawn wood over 133 000 m3. However, when viewing trade across all the HS codes (Table 7) that
report Dalbergia or Pterocarpus genera as the traded species, the trade from Vietnam into China is much more
significant, with exports of sawn wood over 380 000 m? just for Dalbergia and Pterocarpus — i.e. not the full 33 species
on the Hongmu standard (refer to Table 8). The rows highlighted in green in Table 7 indicate those HS Codes that are
correctly used for export of rosewood species, while those highlighted in red indicate HS Codes that are specifically for
particular genera of tree species, not including Dalbergia or Pterocarpus, that also represent a large proportion of the
trade (>20%). The other HS Codes are used sporadically and probably represent simple mistakes, however the use of
the Dyera species specific codes is more likely to be an attempt to avoid taxes or CITES or other protection requirements
of those species that are protected in Vietnam.

Table 7 - Analysis of Import and Export Transactions by HS Code
HS Code | HS Code Description | Type | 2013 | 2014 | 2015 | 2016 | TOT | %
Rough Logs

| 44032090 | Poles - Coniferous species - not treatedorpainted [ imp | | 1 | 3 | 1 | 5 | 007

44039910 | Non-Coniferous - Other: Baulks, sawlogs and veneer logs Imp 2 10 12 0.17
No corresponding code was able to be found in any HS
Coding system

44037999 Exp 1 1 0.04

Sawn Wood

Sawn Wood - planed, sanded or end-jointed > 6mm -
Coniferous spp

Mahogany (Swietenia spp.): Planed, sanded or end- Imp 10 9 12 31 0.21
jointed Exp 3 7 8 9 27 0.29
44072190 | Mahogany (Swietenia spp.): Other Imp 4 4 0.03
Lumber - Tropical Wood - Virola, Imbuia and Balsa spp
Virola - genus of medium sized trees native to South
American Rainforests

Imbuia - Brazilian walnut; family Lauraceae, Brazilian
Atlantic Forest

Balsa - Ochroma is a genus of flowering plants in the
mallow family, Malvaceae, containing the sole species

Ochroma pyramidale

Lumber - Tropical Wood - Dark Red Meranti, Light Red
Meranti and Meranti Bakau:

44072519 | Dark Red Meranti or Light Red Meranti:- - - - Other Imp 2 2 0.01

Meranti species is a common name used for Shorea spp.

44071000 Exp 3 3 0.03

44072110

44072290 Imp 1 1 2 0.01

Sawn Wood - peeled, whether or not planed, sanded or
44072939 | end-jointed, of a thickness exceeding 6 mm; Other Imp 1 1 0.01
Either Kempas (Koompassia spp) or Jelutang (Dyera spp)

Other: Jelutong (Dyera spp) - Planed, sanded or end-
jointed

Dyera costulata - commonly called Jelutong; Malaysia,
Borneo, and various regions in southeast Asia

Sawn Wood - peeled, whether or not planed, sanded or
end-jointed, of a thickness exceeding 6 mm; Other
Either Mengkulang (Heritiera spp) - Cambodia; Jelutang
(Dyera spp) - Lao PDR

Dyera costulata - commonly called Jelutong; Malaysia,
Borneo, and various regions in southeast Asia

Other: - - - Jelutong (Dyera spp) - Other

44072999 | Dyera costulata - commonly called Jelutong; Malaysia, Exp | 1176 | 623 507 77 2383 | 25.83
Borneo, and various regions in southeast Asia

Beech Wood (Fagus spp.); - - - Planed, sanded or end-
jointed

44079590 | Ash wood (Fraxinus spp.); - - - Other Exp 3 3 0.03

44072941 Exp 2 9 11 0.12

44072989 Imp 4 30 12 46 0.30

44072999 Imp | 1510 | 827 704 2 3043 | 20.14

44079210 Exp 1 1 0.01
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Source: Vietnam Customs Data

Table 8 - Exports of Sawn Wood from Vietnam (2013 — 2016) into China by Volume (m3) of Dalbergia and Pterocarpus species.

Dalbergia bariensis 38.812

Dalbergia cambodianus 4288.421 613.291

Dalbergia cochinchinensis 2588.608 1248.373 121.17

Dalbergia cultrata 14.808

Dalbergia oliveri 193 880.24 124 667.088 4490.16 674.84
Dalbergia spp 336.608 45.53

Giang Huong 668.917 612.161 136.94

Huong wood 17188.246 3192.102 151.19 160.97
Pterocarpus cambodianus 2774.748 25 028.003 43 719.04 6831.96
Pterocarpus echinatus 26.83

Pterocarpus erinaceus 99.334

Pterocarpus macrocarpus 12 160.876 38 137.852 278 443.54 43 319.66
Pterocarpus pedatus 9627.941 7740.798 6460.77 1341.42
Pterocarpus spp 21366.345 20035.104 49 226.87 2402.06
Rosewood 6.38 6.2

Trac* Wood 6096.361 26.27

Grand Total 271 022.503 221 493.744 382 749.68 54 730.91

Source: Vietnam Customs Data. * Trac is the Vietnamese term for rosewood

THREATS TO DALBERGIA AND PTEROCARPUS

Dalbergia and Pterocarpus face a diversity of world-wide threats, including illegal logging, forest conversion for
agriculture, increasing frequency and severity of forest fires. Threat impacts vary from direct to indirect. For example,
increasing atmospheric acidification caused by global climate change can reduce the ability of these species to recover
from disturbances [41]. Global Forest Watch (www.globalforestwatch.org) provides detailed information on global
forest cover, forest loss, land use and many more factors from 2000 to 2014. Figure 13 shows the global forest loss layer

for 30% canopy cover for each region [8].
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Figure 13 - Global Forest Cover Loss (30% canopy cover) taken from Global Forest Watch

Analysis conducted by the World Resources Institute (WRI) in 2015 [42] on the acceleration rates of forest cover loss
found a 14.4% increase in the annual rate of forest loss per year in Cambodia, closely followed by Sierra Leone (12.6%)
and Madagascar (8.3%). A large number of countries on the top 10 list are range countries for several of the Dalbergia
and Pterocarpus species discussed in this report. The top 10 list from the WRI article is reproduced in Table 9.
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Table 9 — Countries with the Fastest Acceleration of Tree Cover Loss 2001-2014 (Adapted from [42])

RANK | COUNTRY INCREASE IN ANNUAL | RANK COUNTRY INCREASE IN ANNUAL
FOREST LOSS RATE PER YEAR FOREST LOSS RATE PER YEAR

1 Cambodia 14.4% 6 Liberia 6.9%

2 Sierra Leonne 12.6% 7 Guinea 6.5%

3 Madagascar 8.3% 8 Guinea-Bissau 6.4%

4 Uruguay 8.1% 9 Vietnam 6.1%

5 Paraguay 7.7% 10 Malaysia 6.1%

This is a major concern for the future of rosewood species. As many of the remaining forests containing rosewood exist
in nations experiencing accelerating forest loss, there is an urgent need to ensure adequate management of remaining
stocks. Given that trade continues in the absence of any real country-level scrutiny of broader threats and associated
declines of Dalbergia and Pterocarpus, we advise that the question of whether species populations in these genera are
ecologically sustainable requires urgent consideration.

MANAGEMENT CHALLENGES AND ISSUES

Management of forests is a mounting concern worldwide, not just for rosewood and other precious wood. There are 81
range countries listed in Table 1, of which only 20 have legislative measures to specifically protect rosewood species. As
discussed above, and in the following sections, many countries are experiencing rapid deforestation in the quest to
exploit rosewood and other precious woods. Consequently 12 range states for rosewood have implemented log export
bans, 6 have implemented logging bans, while 4 have implemented both logging and export bans. While log and sawn
wood export bans are good in theory, without adequate governance in place and capacity of customs and police
agencies to enforce the export bans, they appear to have limited ability to provide adequate protection to vulnerable
forests and species within them. In West Africa, several range countries have implemented log export bans. However,
as shown above log exports from the region are still increasing. It is relatively easy to smuggle logs over the border into
another country that does not have a log export ban, and then export the species from there. These countries currently
have little capacity to control this illegal cross border trade. The same can be said for Asia, where there are ongoing
instances of serious conflict along the Thai-Cambodian border caused by Cambodian loggers illegally crossing into
Thailand to cut Siamese Rosewood. While Thailand has strong harvest bans for this species, once it is logged and moved
into a neighbouring country, it can be effectively laundered and can be exported from there. Alternatively, traders
simply conduct some processing of the logs into sawn wood or other minimally worked products to avoid either CITES
requirements or domestic legislation and regulations. While many countries have policies or legislation in place to
promote sustainable utilisation, there is too little implementation to ensure sustainable utilisation of resources.

In Madagascar, the case is even more complicated. There has been a moratorium on log exports of Malagasy rosewood
for several years [27]. There are large stockpiles of “declared” timber, as well as seized timber stockpiles managed by
the government, and it is recognised there is high probability of significant amounts of undeclared or hidden timber
stockpiles still remaining in the country [27]. There are also significant stockpiles that have been seized in overseas
countries. These stockpiles present a real challenge for ensuring sustainable management and use of forest resources
within Madagascar. The mere existence of stockpiles offers opportunities to launder timber, with lesser value timber
logs substituted for the more valuable rosewood within a stockpile. The issue of stockpiling is not isolated to Madagascar
or to timber species. The issue of ivory stockpiles in on the agenda at CoP 17 (Doc. 57.3), as is a general agenda item on
stocks and stockpiles (CoP17 Document 47) where Parties will debate the best way to deal with this growing and
complex issue. In relation to the stockpiles of timber in Madagascar, the government put forward a plan to audit the
stockpiles, which was completed in 2015. It was proposed to auction the seized timber, with subsequent monies injected
into conservation and forestry efforts in country. Other suggestions of what to do with the stockpiles have included a

proposal for the timber to be used domestically to make furniture or other commodities for sale within Madagascar
[43]. The problem with seized timber auctions is that they have been shown to promote continued illegal trade. Asia is
a case in point; Thailand ceased allowing seized timber auctions in 2007. Given the extremely low socio-economic status
of Madagascar’s people, it seems appropriate to ensure that any future use of these seized timber stocks benefit the
local people, rather than the large timber traders that have been responsible for logging most of Madagascar’s forests
to date.
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SECTION IIA - REGIONAL ANALYSIS: ASIA PACIFIC REGION

INTRODUCTION

This section of the report covers 21 Dalbergia and Pterocarpous species distributed in the Asia Pacific Region that
produce rosewood heartwood, and are likely to be exploited in trade. We report on the known information pertaining
to taxonomy, species biology including growth rates and regeneration potential, population status and structure, trade
and threat assessments and conservation management measures to protect the species from unsustainable harvesting.

The IUCN Red List has assessed six species as endangered, eight species as vulnerable, and one species as data deficient,
while four species are yet to be assessed. However the majority of these assessments were completed almost 20 years
ago in 1998 [44, 45, 46,47, 48, 49, 50, 51, 52, 53]. Further, three out of the four unassessed species, namely Pterocarpus
macrocarpus, Pterocarpus pedatus (synonym) and Pterocarpus cambodianus (synonym), are now utilised as
replacement species for D. cochinchinensis as a result of dwindling availability and its 2013 inclusion onto Appendix Il of
CITES [54, 55]. There are a number of species which have been identified as potentially requiring a different IUCN
category class. For example, according to Prasad et al (2008) Pterocarpus dalbergioides was identified as a threatened
species which could soon become extinct, but it is currently considered data deficient on the IUCN Red list [56, 51]. An
intra-specific taxa assessment of D. cultrata var. cultrata undertaken in 1998 listed this species as endangered [57],
while an updated assessment undertaken by Contu (2012) [58] has assessed D. cultrata as Near Threatened. There was
no reason given for the change in this assessment and this paper did not clearly identify reasons to warrant a
downgraded assessment. We argue that updated assessments are urgently required for all species in this region, clearly
detailing the current threats and statuses.

SPECIES TAXONOMY

Several of the Dalbergia and Pterocarpus species within the Asia Pacific region have taxonomic uncertainties as outlined
in Table 10. For the purpose of this report, the information included in Table 10 shows which species have been used
synonymously for each other. The accepted species name based on most recent science, or country level references is
listed first, with synonym species underneath. It also includes a comprehensive list of common and vernacular names
for the species in this region, as trade records often use these names as opposed to their scientific names. After this
section only the accepted name will be utilised, except where a synonym has been widely used in trade data.

Table 10 - Species Taxonomy in Asia-Pacific Region. A = Accepted Name, S = Synonym RR = Taxonomic Revision Required

The Plant List (2013) [59], TROPICOS.org (2016) [60] and | Trac day (Vietnamese). [49, 64]
WCSP (2016) [61] do not recognise this species. While
UNEP-WCMC (2008) [62] noted this species to be
accepted in Vietnam, they also identified this species as a
priority for taxonomic revision. Niyomdham & Pham
Hoang Ho (1996)7 (as referenced by UNEP-WCMC (2014)
[63]) use the name Dalbergia velutina var. annamensis in
their revision of the genus Dalbergia for Peninsular

Indochina.
_ D. assamica is supported by a number of sources as an | South China rosewood. [71] Thai vernacular
v v v accepted species, [59, 65, 60] however, as noted by | names for D. assimica include ket dam (Chiang

Chadburn (2012) [66], its taxonomic status is debated. | Mai), ket deang (Lampang), kam pi, kra pi
While some sources support D. balansae as a synonym for | (Saraburi). [68] Chinese vernacular names that
D. assamica, [67, 68, 60] other sources recognise | are recognised for D. assamica include green
D. balansae as its own species. [59, 69]. Hartvig et al | seedling (7%), medicago rosewood

(2015) [67] supported D. balansae as a synonym because | (45E25f8) Simao rosewood (/E3 #18), and
they found it to be in the same clade as D. assamica. The | for D. balansae include Nanling Tan (F3IAHE),
Plant List (2013) [S9] lists ‘D. assamica Benth’ as an | pjjansae (R4 51, Acacia Water (ZKFH/E),

accepted name and ‘D. assamica Benth, p.p.’ as a | ap rattan tea (75 Y /#) and Yellow Class Tree (
synonym for D. sericea, while also listing D. balansae as »
HA) [12].

7 An English version of this report was not available to cross reference the information.
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an accepted name. D. balansae and D. assamica have also
been assessed differently on the IUCN Red List. Nghia,
1998 [46] assessed D. balansae as vulnerable while
Chadburn (2012) [66] has assessed D. assamica as “least
concern”. Chadburn (2012) [66] has also acknowledged
the taxonomy confusion of both species and has
recognised that if D. balansae is accepted as its own
species, then the two species are likely to have different
Red List categories. Further research is required to
confirm the taxonomy of both species. Amerimnon
assamicum, D. bhutanica, D. lanceolaria, D. lanceolaria
var assamica and D. szemaoensis are also recognised
synonyms for D. assamica, [59, 70) while D. lanceolaria
has been recognised as a synonym for D. balansae. [59]

Asian Regional Workshop (1998) [52] and The Plant List
(2013) consider D.cambodiana to be an accepted
species. Numerous other sources confirmed it to be a
synonym of D. cochinchinensis, [68, 69, 72, 73, 74]
including Hartvig in litt. (2012) (results unpublished) who
undertook molecular barcoding analysis to confirm this.8

Thailand
Vietnamese

Siamese Rosewood, Rosewood,

Rosewood, Rosewood, Asian
Palisander (commercial name), Redwood (trade
name) and Tracwood (trade name) [52, 75, 73,
76] Thai vernacular names include phayung mai
(Sariburi), Kra-yong, kra-yung (Khmer-Surin),
kha yung (Ubon Ratchathani), daeng chin
(Prachin Buri), pradu lai (Chon Buri), pradu sen
(Trat), pha tung (general). [68] Cambodia
vernacular names include Kra-nhourng, [72]
Vietnamese vernacular names include CAm Lai
and Trac (tracwood), [73, 72] while in Lao PDR it
has the vernacular name of mai kha nhoung [76]
and in China it is known as hua-li-mo, hongmu

and Hongsuanzhi (L E&4%) [68, 73].

Niyomdham (2002), Van Sam et al (2004), Contu (2012)°
and Tropicos.org (2016) consider D. fusca Pierre to be a
synonym of D. cultrata Benth. The Wood Database (2015)
recognises the species D. cultrata but does not recognise
the species D. fusca. The Plant List (2013) considers
‘D. fusca Pierre’ to be an accepted name and lists ‘D. fusca
Prain’ as a synonym of D. cultrata Benth. The Plant List
also considers D. fusca var. enneandra to be a synonym of
D. fusca Pierre and D. cultrata var. cultrata to be a
synonym of D. cultrata Benth. Sun (1998)1° has assessed
D. fusca var. enneandra as its own species. Nghia (1998)
[57] has undertaken an infra-specific taxa assessment of
Dalbergia cultrata var. cultrata, however, acknowledges
D. cultrata as the parent species. For the purpose of this
report, D. fusca is considered to be a synonym of
D. cultrata. However, based on the taxonomic confusion
as demonstrated above, this report considers that an
updated assessment of both species should be
undertaken.

Burmese Blackwood, Burma blackwood,
Khamphi rosewood. Black Rosewood. [69, 77]
Lao PDR vernacular names include Lamz
(Louang Prabang), Pik nhang (Xieng Khouang)
[69], Vietnamese vernacular names include
Cam lai giao and Trac giao, [69] and Thai
vernacular names include Kra phi (Central), kra
phi khao khwai (Udon Thani, Ratchaburi), ket
khao khwai (Northern), kam phi, ching chan
(Phetchabun), Kam phi khao khwai, daeng dong
(loei), chak-chan, wiat (Shan-Chiang Mai), ma
kham pa (Chiang Mai), seng-phli-khlaw (Karen-
Mae Hong Son), i men bai mon (Udon Thani).

[68].

The Plant List (2013) considers Amerimnon latifolium
(Roxb.) Kuntze and D. emarginata Roxb to be synonyms
of this species. A genetic study revealed that that
D. latifolia and D. sissooshared a
relationship with 50% similarity [78].

minor cluster

Bombay Blackwood, Indian Rosewood,
Indonesian Rosewood, Malabar Rosewood,
Indian palisandre, Java palisandre, Roseta
rosewood [50, 79, 77, 80]. Vernacular names
include Palisandre De L’Inde, Palissandre Asie,

Palissandre d'Asie (French) [50, 81], Sonokeling

8 As referenced by CoP 16 Prop. 60 [74].
9 ICUN Red List Assessor.
10 Also, an ICUN Red List Assessor.
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(Cambodian) [79, 16], swetasal, sitsal (Bengali),
Indischer Rosenholzbaum, Indisches Rosenholz,
Palisander  (German), kalaruk, shisham
(Gujarati), sitsal, bhotheula, shisham, bide,

beete, chava (Hindii) sonokeling, sonobrits

(Indonesian); pallisander, sonosungu,
sonokeling, sonobrits (Javanese); satisal
(Nepali); shishapa (Sanskrit); karundoviral,

eruvadi, iridi, itti, palkonda (Tamil), shisham
(Urdu); tr(aws)c (Vietnamese). [80]

<\I

AN
AN
AN

The taxonomy of these three species is often confused by
different sources but also within various countries. As
summarised by UNEP-WCMC (2014), D. bariensis is
considered to be a synonym of D. oliveri in Cambodia.
UNEP-WCMC (2014) that Thailand’s
acceptance of D. bariensis as an accepted species was

also noted
under revision. D. bariensis is considered to be an
accepted species in Vietnam, D. oliveri, D. mammosa and
D. bariensis are used synonymously for each other.
Meanwhile, (2004),
D. mammosa and D. bariensis as synonyms for D. oliveri,
while Lock and Heald (1994), Chinh et al (1996) (both
referenced in UNEP-WCMC (2014), Nghia (1998) [45, 48,
44], The Plant List (2013) [59] and Tropicos.org (2016)
[60], consider each individual species as accepted species
on their own. D. bariensis has also previously been

Van Sam et al considered

identified as a species that may be closely related to
D. cochinchinensis. [73] In 2008, all three species were put
forward as priority species considered in need of
taxonomic revision by range states: Cambodia, Lao PDR,
Thailand and Vietnam [82]. Hartvig et al (2015) noted the
taxonimic discrepancies between D. oliveri, D. bariensis
and D. mammosa and applied DNA barcoding methods in
an effort to revise the discrepancies. Their study found
D. oliveri to be well supported as monophyletic and they
argued that this species name should be used consistently
across the distribution range. For this report, Dalbergia
oliveri will be treated as the accepted name.

Commonly known as Tamalan and Chingchan.
[55] Burmese rosewood is reported used for
both D. bariensis and D. oliveri in trade records.
[45, 63] Venacular names for D. bariensis
include: mai ching chan (Thailand), Neang Nuon
(Cambodia), Pa dong daeng, Mai Kor phee (Lao
PDR), Cam lai (Vietnam),. Bali Huangtan B JE &
i}

include Neong Nuon (Cambodian), Burmese

(China). [63] Venacular names for D. oliveri

Rosewood, Asian rosewood, Burma pallisander,
Burma tulipwood, Pinkwood, Tamalan tree, Lao
PDR rosewood, (English), Kampee (Lao PDR),
Tamalan

(Myanmar), Tamalan (Singapore),

Kham phi leung (Vientiane), Padong deng
(Savannakhet), Ca’m lai, Ca’m lai bong, Ca’ m lai
(South), (Ninh  Thuan)

(Vietnamese). Venacular names

Tra’c lai
[63]
D. mammosa include Cam lai vu (Vietnam). "
(UNEP-WCMC, 2014).

mat
for

According to Yu et al (2015) [83], this species is closely
related to D. tonkinensis as their colour, density and
odour are very similar and it is often hard to distinguish
between the two species. However, they found that it was
possible to distinguish between the two species by
extracting DNA from the sapwood or heartwood. They
identified that the DNA barcode trnH-psbA discriminated
100% between the two species.

Huang Hua Li and fragrant rosewood. [9]

v v v
v
v

The Invasive Species Compendium (2013) states that
D latifolia and Amerimnon sissoo considered
synonyms, while a genetic study undertaken by Rout et al
(2003) suggested that D. latifolia and D. sissooshared a
minor cluster relationship with a 50% similarity. The Plant
List (2013) also supports Amerimnon sissoo as a synonym.
According to the Wood Database (2015), the status of
D. sissoo as an official rosewood is disputed because its

density, hardness, and colour intensity is lower than other

are

rosewoods.

Indian rosewood, Bombay blackwood, Indian
teakwood, East Indian rosewood, Dalbergia,
skuva, Indian Dalbergia, Himalaya raintree,
penny-leaf tree, shisham, sisso, sissoo, [84, 85,
86] Vernacular names include: sisu (Spanish),
Dalbergia (Arabic), shinshapa (Sanskrit), sisso,

nukku kattai, gette, sisuitti (Tamil), pradu-khaek

(Thai), yette (Tamil), du-khaek (Thai),
ostindisches Rosenholz (German), aguru
(Sanskrit), shishu (Bengali), sissau, sisham

(Nepali), sisam, shisham (Hindi), shisu, sisu
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(Bengali), sonoswaseso (Javanese), sissu, sissai
(Hindi), pradu-khaek, du-khaek (Indonesian
Bahasa), ébénier juane (French). [86, 87]

Dalbergia rimosa var. foliacea is considered to be a
synonym [65]. The colour, density and odour of
D. tonkinensis is very similar to D. odorifera (see further
discussion above at D. odorifera). [83] In Vietnam,
D. tonkinensis has been used for several different species
and was considered to be a priority species requiring

further taxonomic research. [63]

Vietnamese vernacular names include Huynh
dan, Sua, Huemoc huynh dan and Trac thoi. [63]

P. advena and Lingoum dalbergioides Pierre are
considered to be synonyms of this species. [59, 60]
P. indicus was previously misapplied as a synonym of this
species [59]. This species has been identified as data
deficient and in need of an updated Red List assessment.

(51]

East Indian Mahogany, Narra, Andaman
padauk, Andaman redwood. [82, 9, 51]

P. zollingeri Lingoum indicum and Lingoum wallichii,

P. pallidus; P. wallichii are all considered to be synonyms
of this species [69]. P. macrocarpus is closely related
because their leaves and flowers are almost identical,
with their fruits being used to tell the two species from
each other. [88] Francis (2002) linked P. indicus with

P. santalinus, based on Rojo (1977), but the reasons for
this were not stated.

New Guinea rosewood, narra, Malay padauk,
pricky narra (P. echinatus) or smooth narra

(P. indicus), red sandalwood, redwood,
amboyna and is often traded under the names:
amboyna, blanco's narra, Burmese rosewood,
Malay padauk, rosewood, Tenasserim
mahogany, Philippine mahogany. Vernacular
names of this species include ansanah, pashu-
padauk (Myanmar), narra (Philippines),
amboine, santal rouge (France), sena, linggod,
sonokembang, angsana, angsena (Indonesian),
Sino-Tibetan, chan déng (Lao PDR), sena,
angsana (Malaysia), praduu baan, pradoo, duu
baan (Thailand) and gi[as]ng h[uw][ow]ng
(Vietnamese). [69]

P. bilobus and Lingoum marsupium have been listed as
synonyms of this species [59, 60].

Indian Kino and Bijasal, Malabar Kino [89, 90,
9]. Vernacular names include Venga
(Malayalam), Vengi (Tamil), Malbar Kino tree
(English) and Bijasal (Hindi) [90].

21 synonyms of P. macrocarpus have been recognised, of
which P. pedatus is the most commonly used [55]. Other
recognised synonyms include P. cambodianus, Lingoum
cambodianum; L. macrocarpum; P. cambodianus var.
glaucinus; P. cambodianus var. gracilis; P. cambodianus
var. parviflorus are recognised synonyms of this species.

Commonly known as Padauk or Thnong. [9, 76].
P. macrocarpus is commonly referred to as
Burmese/Burma padauk [91, 55] and in Lao PDR
it’'s commercial name of padauk and santal
rouge [76], while P. cambodianus is commonly
referred to as Vietnamese Padauk. [9]
Vernacular names for these species include
thnong krop thom (Cambodia), Du Luad, mai
dori and mai dau (Lao PDR), Dang hu'o'ng, Song
la, giang hriong trai to (Vietnam), pradu
(Thailand), paduak (Myanmar) [69, 92, 76].

Lingoum santalinum has been listed as a synonym of this
species. Please also refer to taxonomic discussion above
at P. indicus.

Red sanders, red sandalwood, ruby wood,
saunderswood, almug [93, 94, 79]. Indian
vernacular names of this species include Rakta
(Sanskrit) (Hindi),
Sivappu Chandanam, Sensandanam (Tamil),

Chandana Lalchandan
Yerra Chandanamu, Agaru Gandhamu, Rakta
Gandhamu (Telugu), Agaru, Rakta Chandana,
Kempu Gandanamu, Agaru Gandhamu (Telugu),
Agaru, Rakta Chandana, Kempu Gandha
(Kannada), Patrangam, Rakta Chandanam,
Tillaparni (Malayalam), Lal Chandan, Rokto
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Chandan (Belgali), Lohoti Chondono, Rokto
Chandano (Oriya) Tambada Chndana (Marathi),
Chandan lal (Punjabi) Ratanjali (Gurarati). [94]
Other vernacular names include rotes
Sandelholz (Germany); sandal rouge (France)
and sandalo rosso (lItaly) [79]

For the rest of this report, only accepted names will be used except where synonyms are used specifically in trade data
or within a specific scientific study.

SPECIES BIOLOGY

The vast majority of rosewood species, namely: D. latifolia [81], D. oliveri, D. cultrata, P. macrocarpus [69],
D. sissoo [95], P. marsupium [96], P. indicus [97], P. santalinus [98], distributed in this region are deciduous plants, with
the exception of D. cochinchinensis and D. odorifera which are described as evergreen plants. Height, diameter,
flowering and fruiting seasons vary for each species depending on the range country location and ecological conditions.
The large majority of the species in this region are slow growing with the exception of D. sissoo. As a result, this species
have been widely introduced across the region and other continents; however it should be noted that the status of
D. sissoo as a “rosewood” species is disputed [84]. According to The Wood Database (2015) [84], density, harness and
colour intensity of D. sissoo are lower than other rosewoods but the wood is highly regarded and very valuable in India,
its native country.

D. latifolia. P. indicus and P. santalinus all have two recognised varieties. In Java, the native variety of D. latifolia is called
sonokeling and it is a straight wood which is used in agroforestry [99]. It seldom produces seeds and is reproduced by
suckers [99]. The other form of D. latifolia is a naturalised variety called sonobrits, which produces seeds on a yearly
basis [99]. Sonobrits is fast growing and is used in land rehabilitation, however, the wood is less valuable due to its
crooked form and because it produces a more dull coloured heartwood [99]. The two varieties of P. santalinus trees are
also distinguished by their wood. Most P. santalinus trees have a normal grain called Pride of Andhra Pradesh, however,
there is also a rare wavy grain variety called red gold which is more valuable in international markets [94, 98]. Studies
on the two varieties have noted that seedlings raised from ‘Red Gold’ were slower growing compared to the straight
grained variety [98]. P. indicus is also divided into two forms which are distinguished by the spines on the seed-bearing
part of the fruit [88]. P. indicus forma indicus is known as the smooth narra while P. indicus forma echinatus is known as
the prickly narra [88, 100].

Table 11 and Table 12 sets out various biological information for each species in this region. Some species have an
abundance of information available (Table 12), while others, like D. odorifera and D. tonkinensis, have less information
(Table 11). This isn’t necessarily because there haven’t been studies undertaken on the species: it may be that the
studies undertaken have not been translated into English. Both of the aforementioned species are collectible classes
and very valuable in China so there are likely to be research papers available in the Chinese language that Global Eye
has been unable to obtain copies of.

Table 11- Species Biology Summary Table for Species with low levels of information available

Species Reproduction,
Species . Habitat Type Growth, Wood Properties
Description
Development etc.
As a predominantly endemic species in This species is Wood density (oven dry
Dalbergia Hainan, China, this species can be found known to be mass/fresh volume)
odorifera in secondary forest and scrub, west and reproduced from -0.809 - 0.890 g/cm3
southwest plains or hilly areas and up to coppiced individuals | (China) [102, 103].
600 m altitude [53, 101]. in stands [53].
Tree height = According to Chinh et al (1996) 11 and
Dalbergia 25 [63] Ban (1998), this species prefers deep,
tonkinensis | Tree diameter | fertile soils in primary and secondary
=80 [63] forests below 500 m in altitude and is

11 As referenced by UNEP-WCMC (2014).
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Reproduction,
Habitat Type Growth, Wood Properties
Development etc.

Species

Speci
pecies Description

found in reserves if Lang Son province
and Ha Noi and Phong Nha-Ke Bang
National Parks.
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Table 12 - Species Specific Biology Summary for Species with more information available

Height (m)

Diameter (cm)

Flowering Season

Fruiting Season

8-9 [104]

35 [104]

Vietnam

July to August [104]

February to March [104]

Species Description/ Habitat Type

Reproduction/survival strategy and
germination/regeneration potential

Growth rates and heartwood development information

Description: Small tree located in south central coast of Vietnam

Germination Potential

[49, 63, 105]. -

Habitat types and locations -

Low: due to high temperature and low rainfall where
grows [104]
Seed germination 81.1% (silviculture) [104]

Silviculture:

Table 13 - Growth rates of seed and cutting propagation after 6
months using growth stimulants [104]

- lowland dry open forests [49, 63, 105]. - Cutting propagation achieved in 76.6% [104] (H;;?gwh:h Parameter Z‘;e:cm ;:tf:ri
- Kon Ka Kinh National Park: evergreen, subtropical wet Diameter 6.4mm 37 cm

rainforest and low mountain forests [106]. Silviculture experiments
- Phu Yen and Khanh Hoa provinces: lowland, dry open | - Artificial propagation by seed and cuttings, with use of

forests [105]. stimulates achievable [104]
- Hoa Kien area: found in low hills. Elevation = -400m.

Altitude = 100-200m [104].

Height (m) Diameter (cm) Flowering Season Fruiting Season
Up to 15 (D. balansae) [71] Unspecified

7-10 (D. assamica) [107]
15-40 (D. assamica) [68]

35 [104]

(January -) February to May [75]

June to November [75]

Species Description/ Habitat Type

Reproduction/survival strategy and germination potential
and regeneration potential

Growth rates and heartwood development information

Habitat type:
- lowland and sub-montane mixed deciduous and dry
evergreen forest, scrub and wasteland around villages [75,
71, 107, 46, 105].
- Thailand: mixed deciduous forest, 50 to 800 m [68, 69]. Y,
Elevation:
D. assamica = 100-2000 m [66, 75], 50-800m (Thailand) [68].

Regeneration

D. assamica: strong on abandoned shifting cultivation areas
[66]. D. balansae: strong on fallow land. Grown on small scale
mixed plantations as a hold plant for lac insects (China and

ietnam) [105].

Wood density (oven dry mass/fresh volume)

- D. balansae - 0.51 g/cm3 — 0.54 g/cm3 (China) [102, 103].
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Height (m)

Diameter (cm)

Flowering Season

Fruiting Season

Non-specific reference

10-30 (Vietnam & Lao PDR) [10] June to August [58] | September to November [58]
10-20 (Thailand) 3] Vietnam & Lao PDR
20-30 [56]
January to March [69] | March to September [69]

Species Description/ Habitat Type

Reproduction/survival strategy and germination potential
and regeneration potential

Growth rates and heartwood development information

D. cultrata is a medium sized deciduous tree and is
typically found in humid, evergreen, bamboo, mixed | -
forests and dry dipterocarp forest and in open areas
with altitudes of 100-1500 m [69, 58, 68, 105].

Table 14 below provides an example of the | -
performance of D. cultrata in slightly different habitat
site locations [108].

Reproduction

Pollination is distributed by wind [58].

Germination

high germination rate - 70% [58].

Thailand: D. fusca seeds were soaked for 24 hours before
sowing which produced germination rate of 50-60%
[109].

Regeneration

China: D. fusca has previously been observed to occur
quite frequently in scrubland and able to regenerate after
the destruction of forested areas [105].

Silviculture study [108]
- Thailand: Table 14 below indicates that D. cultrata tends to have

better growth in closed canopy areas.

Wood density (oven dry mass/fresh volume)
- D. cultrata - 0.770 g/cm3 (India) [102, 103].
- D. fusca —0.852 g/cm3 (China) [102, 103].

Table 14 — Location, Habitat and Max Height Details for D. cultrata in lowland deciduous forest in Chang Kian Valley, Chiang Mai, Thailand. Adapted from various table information in Vaidhayakarn

and Maxwell (2010) [59]. Each site survey plot = 50 x 5m.

Site Site Location Max Height N
No (m)
1 Pah Laht Temple — 607m elevation. The most intact forest which had been protected from major disturbance for more than 50 years. 7 45
2 Chang Kian Stream — 474m elevation. Above the boy scout camp near Chang Kian Village, severely degraded and frequently burned by mushroom collectors. 2.50 1
3 Mae Yuak Noi 1 —455m elevation. Near Nong Haw mediation centre, a regenerating forest which has uniform tree regrowth after being cleared 25 years ago. 5 3512
4 Mae Yuak Noi 2 —490m elevation. Near site 3 but with more grass cover. - -
5 Huay Dtueng Tao 1 —439m elevation. Above Huay Dteung Tao Lake. A very exposed, frequently burned, eroded ridge. 0.18 1
6 Huay Dtueng Tao 2 — 453m elevation. Near site 5 and similar to it, but with more trees. - -
7 Huay Dtueng Tao 3 —411m elevation. Gully below site 6 with less frequent fire than site 5, almost closed canopy. 22 60
12 Of which 31 individuals were fire damaged = 88.57%.
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Height (m)

Diameter (cm)

Flowering Season

Fruiting Season

15-30 (Vietnam) [69, 73]
25-30 (Thailand and Lao PDR) [68, 76]
25-30 (Cambodia) [72]

Non-specific references

60-120 (Vietnam) [73, 69]

March to June [73]
March to August [74]

July to December [73]
October to December [74]

Up to 80 (Lao PDR) [76]

Cambodia

May to June [72] |

November to December [72]

Vietnam

March to August [69] |

September to December [69]

Habitat Type/natural density

Reproduction/survival strategy and germination potential and
regeneration potential

Growth rates and heartwood development information

This species can be found sparsely in
open, semi and mixed deciduous forests
and sometimes in pure sands [52, 74, 73,
69, 72, 68]. In Thailand, it can also be
found in dry evergreen forests [68]. In
Vietnam, this species has been located in
the Cat Tien National Park [110].

Altitude range
- Cambodia: up to 900 [111]

- Thailand: 50-200m [68]
- Vietnam: 50-500 m [69]

Rainfall range:
- Cambodia: 1200-1650 mm yearly

[72,73, 111]

Soil preferences
Cambodia: deep sand, clay or calcareous

soils [72, 73, 111]

Reproduction
- This species is a self-pollinating crop and pollen can also be

distributed by insects [73].

Germination Study [111]
- Seeds which were pre-germinated by soaking in water
overnight started germinating at about seven days with a 70-
80% potential.

Regeneration
- Ability to regenerate naturally [83] but natural regeneration

is often poor [73].
- Regenerates well by coppicing [73].

Silviculture studies [112] [113]

- Reforestation of agricultural land through direct seeding
viable if good site preparation and intensive weeding
undertaken especially in the first six months of planting to
strengthen growth potential.

- Seedlings had a better survival rate using the gap planting
method (see Table 16). While the survival rate was below 50%
using either method, D. cochinchinensis proved to have a
higher survival rate than that of P. macrocarpus (see Table
16), by more than 10% in the same study.

A number of sources report this species to have a slow growth rate [69, 73, 72], with
young seedlings having a low percentage rate to reach maturity stage [73]. Other
sources consider the species to grow quite fast under favourable conditions and it
was estimated that over a 50-year rotation, the volume production could reach

400m3 [111].

Silviculture trees grew:

- Thailand - Periodic Annual Increment (PAI) of 1 cm in Diameter at Breast Height

(DBH) could be attained in 20-29 year-old plantations [73].

- Lao PDR: Table 15 below shows the height and diameter growth rates results
seven years post planting of seedlings in a logged over tropical mixed deciduous
forest. The gap planting method had higher growth rates in both root collar
diameter and height. In the same study, the root collar diameter growth rates
between P. macrocarpus (shown below in Table 18) and D. cochinchinensis did
not differ significantly, while the height growth for D. cochinchinensis was

significantly higher using either method.

- Table 15 demonstrates some average yearly growth rates following enrichment

planting in a number of country locations in this region.

Wood density (oven dry mass/fresh volume)/ Heartwood growth
- D. cambodiana - 0.904 g/cm3 (South-east Asia) [102, 103].
- D. cochinchinensis - 0.880 g/cm3 (South-east Asia) [102, 103].

- Heartwood growth rate is slow reaching on average 13cm in 20 year old trees

[73].
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Table 15 - Average yearly growth of D. cochinchinensis under plantation conditions in | Table 16 - Survival and growth rates of D. cochinchinensis after seven years (2000 - 2007) of
Cambodia and the Region planting in gaps and lines in a logged-over, mixed deciduous forest in Lao PDR. Table has been
adapted from Tables 2, 3 and 4 in Sovu et al (2010) [113].
EN 3 0.9* 0.9 Borikhamsai, Lao PDR Lee, 2005.
: Planting method Planting method Planting method
. . Thea, unpublished
Mo 5 6.7 5.7 Preah Sihanouk, Cambodia data Gap Line Overall Gap Line Overall Gap Line Overall
. . Thea, unpublished mean mean mean
Mo 7 112 8.5 Siem Reap, Cambodia data 447+ | 411+ | 429t | 2.0%01 | 1.8%0.2 | 1.9+01 | 199.6% | 1746+ | 187.1¢
MO 12 10 15.4 Sakearat, Thailand Kamo et al, 2002 4.2 45 3.0 7.3 19.1 105
MO 38 29 21.8 Dong Nai, Vietnam Nghia, 200
EN: Enrichment planting in degraded forest , MO: mono species plantation in open area, *:root collar
diameter
Height (m) Diameter (cm) Flowering Season Fruiting Season
India
20-40 [80] 150-200 [80] -
December to March [80] | January to April [114]

Habitat Type/natural density

Reproduction/survival strategy and germination
potential and regeneration potential

Growth rates and heartwood development information

In dry, natural habitats this species is considered a
deciduous tree while in moist conditions, the trees can
remain evergreen throughout the year [50, 80].
Altitude range: up to 1500m. [50, 80].

Temperature range: 8-44°c and

Rainfall range: 750-5000mm [50, 80].

Soil preferences: well-drained, deep and moist soils
and black cotton soils. [50, 80].

Reproduction
- Reproduced by seed, root sucker and coppice in

natural conditions [115].
- Pollen distributed by wind, bees and insects [80,
114]

Germination

- 7 to 25 days with rates varying between 45 to 80%
[80].

- Seeds can remain viable for approximately 6-12
months, with the potential to extend viability to 9-
12 months by storing seeds in airtight containers
and drying the seeds to down to 8% moisture
content. The latter option will decrease
germination potential by 30-40% [80].

Slow growing with shallow, dry soils known to stunt tree growth [80, 115].

Silvicultured tree growth [15].
- In India, ten year old stands = heights of 6m and diameters of 4cm-5cm and
with the average age of 60cm diameter trees being as old as 240 years
- West Java: 25 year old plantation = average breast height of 1.3 meters and
tree height at 20.3 meters. [115].

Wood density (oven dry mass/fresh volume)
- 0.800 g/cm3 (India) [102, 103].
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Height (m)

Diameter (cm)

Flowering Season

Fruiting Season

15-30 (Thailand) [68]
15 -20 (Vietnam) [69]
20-25 (Cambodia) [72]

60 — 90 (Vietnam) [69]
50-60 (Cambodia) [72]

Cambodia

March to June [72] I June to November [72]
Lao PDR

February to June [69] I April — December [69]
Vietnam

February to June

69] I April — December [69]

Habitat Type/natural density

Reproduction/survival strategy and germination
potential and regeneration potential

Growth rates and heartwood development information

D. oliveri is described as a deciduous tree, D. bariensis
as an evergreen tree and D. mammosa as a semi-
deciduous tree [63]. These three species can be found
(distribution
dependent), including primary, secondary, evergreen

in a wide range of forest types
tropical or semi-deciduous forests, along streams,
rivers and hillsides [69, 72, 44, 48, 45, 63, 68]. D. oliveri
juvenile trees are shade tolerant while older trees
prefer light [72].
D. cochinchinensis, occurring on its own or grouped

D. oliveri can be found with
together in five to ten trees. D. oliveri can be found in
moist areas [68, 72]. D. bariensis is mostly situated in
forests located at the foothills or lower slopes of a
mountain range (also termed sub-montane forest) or in
broad-leaved areas [63]. D. bariensis and D. mammosa
have been recorded in Cat Tien National Park in
Vietnam [110].

Soil preferences
- D. mammosa prefers deep and well drained soils.

[63, 105].

Altitude range
- D. oliveri: 100 - 800 meters, and rarely at up to

1500m [68, 72].
- D. mammosa: up to 800m [63, 105].

Reproduction
- Can produce a high number of seeds [72, 63].

Germination
- Low germination ability [55]

Regeneration
- Natural regeneration due to low germination rates

and poor site and weather conditions [72, 63].

- Limited efforts have been made to regenerate this
species in mass amounts. This species could face
extinction if further efforts not explored [72].
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Figure 14 - D. bariensis: Mean seedling height and
canopy cover effect on seedlings height 4 years post
plantation. Taken from Figures 2 and 3 in Millet et al
(2013)

D. oliveri - slow growth rate in both natural and reforestation forests [72, 55].

Silviculture Studies

- In 2008, observed only one D. oliveri individual at a height of 60 cm in a
regenerating, lowland deciduous forest of which had uniform regrowth
after being cleared 25 years earlier. [108].

- Vietnam: Figure 14 shows mean seedling height during the first 4 years after
plantation of D. bariensis. Effect of canopy density was very significant
(canopy open: 58.7%, mild canopy: 87.4% and shade canopy: 94.6%) as it
survived better under a high canopy density. Survival rate = 1lyr post

seedling was 98.6% compared with 91.1% in year four.

Wood density (oven dry mass/fresh volume)
- D. mammosa - 0.850 g/cm3 (South-east Asia) [102, 103].
- D. oliveri - 0.850 — 0.909 g/cm3 (South-east Asia) [102, 103].
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Height (m)

Diameter (cm)

Flowering Season

Fruiting Season

10-15 (dry areas) [116]
Up to 30 (wet areas) [116]
Up to 30 [87] (favourable conditions)

80 [87] (favourable conditions).

India

March to April [117]

March to April [117]

Habitat Type/natural density

Reproduction/survival strategy and germination/regeneration potential

Growth rates and heartwood development information

This is a deciduous tree species located in tropical to
subtropical climates in natural and planted forests,
mainly along forest margins near streams and rivers,
hammocks, canopy gaps, agricultural areas, disturbed
sites and roadsides [117, 116].

Rainfall range: [87, 116].
- 500-4570 mm.

- Often associated with seasonal monsoon and
periods of drought up to six months.

Altitude range: 0-1500 m [87].

Mean annual temperature: -4 to 45 °C [87].

Soil preference: [87]

- Wide range of soil types, from pure sand and
gravel to rich alluvial soil of riverbanks. Growth
is slow in poorly aerated sites, like heavy clay
soils.

- pH tolerated = 5-7.7.

Reproduction

Reproduces via seed and vegatively through suckers arising their root
system [116] and it is useful for stabilizing eroding sites [87]. In South
Asia, it is found in a variety of wastelands where it is known as a
colonizing species [87].

Mature pods remain attached to tree for 7-8 months [87]. Seeds
disbursed via wind and water [116, 87].

Ability to coppice vigorously up to around 20 years of age [87].

Germination rates

High germination rate [117].

Up to 83.6% in fresh seeds [117].

73.68% in naturally pollinated individuals [117].
73.99% in self-pollinated individuals [117].

Regeneration

Successful regeneration requires plenty of moisture [86, 116, 87].
Rarely regenerates under shade [116, 85]. Strong light demander
from the seedling stage onwards [116].

Weed growth poorly affects regeneration [116].

Second most widely cultivated species in South Asia due to its
fast growth [15].

Growth rates

- 3.7 meters in one year, 5 meters in three years, 11 meters
in in five years and 15 meters in ten years [87].

Wood density (oven dry mass/fresh volume)

- 0.669 (South-east Asia) - 0.760 g/cm3 (India) [102, 103].
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Height (m) Diameter (cm) Flowering Season Fruiting Season
24-37 [84] 60-120 [84] Myanmar
30-40 (Myanmar) [118] June to September [118] June to September [118]
Habitat Type/natural density Reproduction/survival strategy and germination/ regeneration Growth rates and heartwood development information
potential

Grows in deciduous and semi-moist deciduous forests | Germination An age structure study showed that it will take approximately 10 years
up to 100 m, usually near river banks and on well | Poor seed germination [56]. for this species to attain a girth of 30 cm with the species at the study
drained sights [51, 82, 118, 105]. In Andaman Islands, site being up to 150 years old as demonstrated in Figure 15 below [56].

this species is found in deciduous and semi-moist | Regeneration
deciduous forests up to 100m [105]. - Regeneration potential is divided between sources. Wood density (oven dry mass/fresh volume)
- In 1998, reported to regenerate well in natural conditionsand | 0.580 — 0.660 g/cm3 (South-east Asia) [102, 103].

is suited for replanting in stand gaps, enrichment line planting
and agroforestry systems [82]. 3
- In 2008, reported to have poor regeneration growth in the 1 -
Andaman lIslands which may result in the extinction of the - B /
species. Seedling survival affected by factors such as seedling 2 ?E /'
shade intolerance, environmental and human pollution R /
. L = = 0.3697:-0.9093
disturbances, seed dormancy and poor seed germination 5 o~ !
g R = 0.9991
capacity [56]. 0
0 20 40 80 80 100
Mean Girth {cms)

Figure 15 — Linear regression between age and girth classes of
P. dalbergioides. Taken from Figure 2 in Prasad et al (2008) [56].
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Height (m)

Diameter (cm)

Flowering Season

Fruiting Season

May exceed 30 [88]
30-40 [100]
25-35 (Pacific Islands) [97]
Up to 40 (Vietnam/Lao PDR) [69]

Up to 100 [88]
Up to 200 [100, 80]
Up to 350 (Vietnam/Lao PDR) [69]

Vietnam and Lao PDR

February to May [69]

I December [69]

Indonesia

July to December, occasionally February to May [80]. May to October (Papua New
Guinea) [97]. June to July, Oct to Nov or Sept to Dec®3 (Solomon Islands) [97]

Philippines’

April to May, sometimes as early as January and as late as July [97]. July to
September [88]. February to May and occasionally in August to November [80]

Habitat Type/natural density

Reproduction/survival strategy and germination/regeneration potential

Growth rates and heartwood development
information

Habitat Type
- Malaysia: trees generally evergreen. Found by

the sea and along tidal creeks and rivers [80].

- In regions with seasonal rainfall = deciduous [80].

- Indonesia: found along coast and in sub-montane
forests and seasonal swamps [80]. .

- Vietnam and Lao PDR: prefers seasonal climate
and found in rainforest or evergreen forest and
dry and low land areas [69].

Rainfall range: 900mm to 4000mm [97, 80].
Temperature range: 22-32°C [97, 80].

Altitude range:
- Approximately 1300m [97].

- Vietnam and Lao PDR: up to 600 meters [69].

Soil requirements: Preferred soil type = sandy or clay
loams with neutral or slightly acidic reaction [80].

Reproduction

Reproduced via seeds, cuttings, grafting and tissue culture, with seedlings and
branch. Cuttings is preferred form [97, 100].

Pollinated by honeybees and insects [88, 100]

Once seedlings reach 0.5 meters in height, they become suitable for forestry
plantings [88] and according to Maun (1980),4 stump plants areas also used to
establish plantations. It is important to keep new plantations weed and vine
free for the first four years until the trees begin to shade to suppress
undergrowth [88, 97].

Germination Studies

Pre-germination treatment unnecessary [88] [100].

Philippines: 24% [88].

Puerto Rico: 57% after five days. Completed in three months [88].

Seeds germinated 3-4 days post sowing. Germination rate of between 24-40%
at 4-15 days post sowing [97].

Regeneration

Easily be propagated by seed, stump cuttings taken from seedlings or juvenile
plants and tissue culture [82].

Easily regenerates new shoots at any size or age by lopping and pollarding [80].
Papua New Guinea: Logged forests noted to readily regenerate new plants from
the roots [80].

Growth rates

Moderate growth rate [88, 97].

Deep, well-watered, fertile and lightly shaded
sites = 2m growth in first 3-4 years. [97].

Open area plants = may only grow 0.5 to 0.75
meters per year. [97]. Plants grow 1.5 to 3 m
before bending over, growing laterally before
neither upright shoot takes over and helps to
self-straighten. [97].

P. echinatus form showed 0.6 to 1.2 meters
average yearly growth [97].

Wood density /heartwood development

0.520 (South-east Asia) - 0.960 g/cm3 (India)
[102, 103].

Philippines: heartwood development at 18-19
years old [97].

13 Varies depending on location.
14 As referenced by Francis (2002) [73].
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Height (m) Diameter (cm) Flowering Season Fruiting Season
15-2015 80 [63] India
March to June [96] March to June [96]
Habitat Type/natural density Reproduction/survival strategy and germination/regeneration potential Growth rates and heartwood development information
Medium to large that grows in deciduous forests | Reproduction Wood density (oven dry mass/fresh volume)
throughout India [96]. - Able to reproduce via seeds naturally [96] - 0.620 g/cm3 (South-east Asia) [102, 103].
Germination

- Low - 30%. [96].

- Conventional seed and vegetative propagation of the tree has been
reported to not be very successful due to its fruit hard coat, poor
germination and viability [96].

Regeneration studies [96]

- A growth rate regulator produced a 90% regeneration frequency [96].
Tissue culture taken from an 18 day old seedling showed a better
response for shoot induction compared with 6, 12 and 24 day old
seedlings, therefore, age of species seedlings plays an important role in
biology [96].

- Tissue culture technique to propagate an 18 day old seedling obtained an
85% regeneration frequency and an average number of 8.6 shoots.

15 As cited by Warrier (1995) as referenced in Hari and Kaikwod (2011).
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Height (m) Diameter (cm) Flowering Season Fruiting Season
10 -30 (rarely 39) [69, 91, 75] Up to 300 [69]. Cambodia March to April [72] September to October [72]
25-30 (Cambodia) [72] 80-200 (Lao PDR) [76] March to May [72] Varies across the year [72]
25-35 (Lao PDR) [76] Up to 70 (native ranges), Myanmar March to June [119] March to June [119]
25-30 (Myanmar) [118] up to 170 (ornamentals). ’ Thailand March to May?28
Up to 30 (native ranges), up to 39 (ornamental).¢ Vietnam January to May [69]. April to December [69].
Habitat Type/natural density Reproduction/survival strategy and germination/regeneration potential Growth rates and heartwood development information
This species has been reported to | Reproduction Medium growth rate [91].
grow in open semi-deciduous or | -  Entire reproduction cycle takes 8 months [92]. Silvicultured trees: [91]
deciduous Dipterocarp forest, dry | - Pollinated by honeybees and insects [91]. 1. Survived years of growth suppression as a sapling or a pole
evergreen forests and in natural | Germination rate until a canopy gap is created via disturbance and in its native
stands [69, 72, 92, 62, 120, 121]. - Fast and uniformed - 70 to 90% [72, 91]. habitat only makes up a small percentage of canopy trees [91].
Myanmar - found in the drier partsof | - Preferred temperatures 30°C (day), 25°c (night) [91]. 2. Myanmar: grew 0.6 to 1.2m (15t yr) and 1.2 to 2.1 (2™ yr) -
the upper mixed deciduous forests - Air dried seeds in pods: 1yr post storage at room temperature. Pods and seeds fragile Hundley (1956)
[118]. and difficult to extract by hand [92]. 3. Puerto Rico: small plantation trees = 1.3 meters high after 14
Germination studies: [91]. months in clay soil over porous limestone conditions.
Soils - prefers sandy loam through | -  Shelled seeds: 5 days with a 70% germination in two weeks. Unshelled seeds began | 4 ornamental trees able to grown in 12 - 20 L plastic pots until

clay soils with neutral to very strong germination in 11 days with 64 seedlings per 100 pods within two months. [91]: they reach 2-3 m height before out planting [91].
acidity levels [72, 69, 120, 121, 62]. - Myanmar: shelled seeds = 80 to 90%. 5. Lao PDR: Table 18 below shows growth rates results seven
Rainfall - 889 to 3,572 mm/year [91] - Seeds from pods from ground after 1 yr germinated better than fresh pods taken from years post planting a logged over tropical mixed deciduous
Elevation — SL— 670m the tree. forest.
Silviculture study [113]
Temperature - 24°C average monthly - Lao PDR: seedlings had a better survival rate using the gap planting method (Table 18). | \wood density (oven dry mass/fresh volume)
- Survival rate low — less than 35% for both methods. 10% lower survival rate than that | _ P. macrocarpus: 0.700 g/cm? (South-east Asia) [102, 103].
of D. cochinchinensis (see above in Table 16).
Table 17 - Location, Habitat and Max Height details of P. macrocarpus in lowland deciduous forest | Table 18 - Survival and growth rates of P. macrocarpus after seven years (2000 - 2007) of
in Chang Kian Valley, Chiang Mai, Thailand. Adapted from various table information in | planting in gaps and lines in a logged-over, mixed deciduous forest in Lao PDR. Table has been
Vaidhayakarn and Maxwell (2010) [108]. Each survey site plot = 50m x 5m. adapted from Tables 2, 3 and 4 in Sovu et al (2010) [63].
Site No Site Location Max Height | N. Survival rate Root collar diameter Root height diameter
Huay Dtueng Tao 2 —453m elevation. Located near site 5 which (Mean & SE, %) (Mean # SE) (Mean & SE)
6 was described as ‘Above Huay Dteung Tao Lake, a very exposed, im 1 Planting method (M) Root collar diameter (cm) Height (cm
frequently burned, eroded ridge’. Site 6 had more trees than site Gap Line Mean Gap Line Mean Gap Line Mean
> 343+ 28.8+ 316+ 16+ 13+ 15+ 172.4 145.8 159.1+
7 Huay Dtueng Tao 3 —411m elevation. Gully below site 6 with less 22 16 4.3 3.4 2.7 0.2 0.1 0.1 15.8 +10.9 9.9
frequent fire than site 5, almost closed canopy.

16 Based on a 64 year old tree in Puerto Rico according to Francis (1989) as referenced in Francis (2002).
17 Ibid.
18 According to Santisuk and Niyomthamma (1983)
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Height (m)

Diameter (cm) Flowering Season

Fruiting Season

10 - 15 (Natural habitat) [94]
15-18 (Plantations) [94]

India

150-190 [94]

90-120 [98] April to May [94]

March to May [122]

February to March [94]

Habitat Type/natural density

Reproduction/survival strategy and germination/regeneration
potential

Growth rates and heartwood development information

A small to medium sized deciduous tree which is mainly
located in tropical dry deciduous forest and with thorny
plant species [94, 98, 122]. In its natural habitat, this
species is found in hilly landscapes and in hot dry
climates [94].

Temp Range: 110 to 460 Celsius [98, 94, 122, 123].
Rainfall range: 100mm to 1,000mm [98, 94, 122, 123].
Elevation range: 200-900m [98, 94, 122, 123].

Soil requirements: Shallow, stony, poor and well
drained [98] [94] [122].

Reproduction
- Pollinated by insects and honey bees [94, 122].

- Fruits reproduce via autogamy (self-pollination of same flower),
geitonogamy (self-pollination from same plant but different
flower), and xenogamy (cross pollination), indicating a facultative
xenogamous breeding system [94] [122].

- Silviculture experiment: Grafting and air-layering technique poor
for large-scale reproduction. Root cuttings also poor. In-vitro
propagation was successful.

Survival
- No single treatment better than the other for survival and growth
[123].
- Restoration should be tailored to landscapes at different levels of
management based on seedling, biotic and abiotic factors and soil
type. [123]

Germination
- Poor - 30-40% [123].
- Generous rate following rain in open areas [94].
- Requires strong light for successful germination [94].

Regeneration
- Excellent coppice [94].

- Low survival rate due to recurring wildfires and grazing which is
adversely impacting this species regeneration in forests [123].

Slow growing tree under natural conditions [122, 123, 94].
Plantations growth rates are faster [94]. 10-12 years for this
species to move from one girth class to the next [94].

Silvicultured experiments

1. Between 1920 and 1926, 32 sample pots showed an average
annual increment in girth at breast height, over per stem to
be 0.74 cm for stems from seedlings and 1.38 cm for coppiced
shoots. [94]

2. Between 1914 and 1924, sample plots in
Kodovengammanhavi = girth growth of 0.89 cm/year, coppice
shoots at 1.12cm /year. [94]

3. Sample plots in Thummalabailu area, Rajampet = girth
increment 0.32 cm. An annual increment of 0.74cm girth = 80-
100 years to reach a girth of 60-75cm. A tree of 91.4cm girth
=150 to 250 years old [94].

4. Red Sanders seedlings showed better survival and growth
rates when excess coppice shoots were removed by singling
(the process of reducing the number of plants from a
multigerm seed to a single plant) [123].

Wood density (oven dry mass/fresh volume)

- 0.970 (India) — 1.068 g/cm3 (South-east Asia) [102, 103].

Heartwood development

- Aged between 15 and 20 years [122, 123, 94].
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DISTRIBUTION AND RANGES

According to Felbab-Brown (2013) [14], the Southeast Asia region has the highest percentage of deforestation in the
world with a forest loss of 1.2% year. This rate will lead to a loss of three-quarters of forests and 42% of the region’s
biodiversity by 2100. However, in 2015, the Food and Agricultural Organisation (FAO) recorded a total forest area of
593 million hectares in the Asia region, which was equivalent to an annual increase of 0.17% [124]. This change is due
to an annual increase of planted forest area (+2.17%), and the definition of what constitutes a forest rather than natural
forest, which in Asia decreased by 0.24%, from 1990-2015 (totalling an area of 462 million hectare) [124]. Table 19
provides some data of habitat reduction at a country specific level as well as species specific level where possible and
sets out the historical distribution of rosewood producing species by region. Table 19 provides further detail of
distribution of each species over what was provided in Table 1 (in the Global Overview Section), which simply listed the

range countries.

A number of species that are distributed in the Asia-Pacific region are also distributed throughout areas in Africa and
the Americas. P. indicus has been recorded in the United States and Puerto Rico [80]. D. assamica, D. latifolia and
D. sissoo have all been introduced into parts of Kenya, Tanzania and/or tropical Africa [80, 86, 85]. D. sissoo has also
been introduced into Cameroon, Cyprus, Ethiopia, Ghana, Iraq, Israel, Mauritius, Nigeria, Sudan, Togo, United States of
America and Zimbabwe [80, 117]. D. sissoo’s native range is confined to Malaysia, Pakistan and the South Asia region
(Afghanistan, Bangladesh, Bhutan and India).

Table 19 - Dalbergia and Pterocarpus (Rosewood Producing) species historical distribution in Asia Pacific Region

Afghanistan
D. sissoo Native [80] but precise distribution not specified. Global Forest Watch reported that from 2001
- 2014 the tree cover loss was 1,775 ha [8]
Bangladesh
D. assamica While D. assamica has been recorded in Bangladesh, | Due to its high population density, the
its specific areas are unknown. [66, 75]. demand for timber in Bangladesh is far
D. sissoo Native but precise distribution not specified [80]. greater than what the country is able to
supply [125].
D. sissoo has reportedly suffered from
significant die-back in Bangladesh with
mortalities mostly in plantations in the north,
southern and central plains of Bangladesh
[125]

Bhutan

D. sissoo Native precise distribution not specified [80]. Global Forest Watch reported from 2001 -
2014 the tree cover loss in Bhutan was 13 642
ha [8]

Cambodia

D. assamica While D. assamica has been recorded at native to | Tota] forest cover in Cambodia has decreased
Cambodia, its specific distribution is not specified. | fom approximately 72% in 1973 to 48% in
(75, 66] 2014. For the first time in a 41-year period,

D. cochinchinensis Provinces of Kampong Thom, Preah Vihear, | the percentage of non-forest ground cover
Ratanakiri, Pursat, Siem Reap, Kratie, Koh Kong, Stung (48.4%) is larger than that of forest cover
Treng, and Modulkiri and Udon Meechai [72]. (47.7%) [126].

D. oliveri Provinces of Kratie, Ratanakiri and Stung Treng, Preah | ~3mbodia has one of the world’s highest
Vihear and Siem Reap, Pursat and Kampong Thom. | yeforestation rates with 18 percent of its tree
[72] cover lost between 2001 and 2014, mainly

D cultrata Unknown. from Economic Land Concessions [127].

P. macrocarpus Provinces of Kampong Thom, Stung Treng, Preah During 2002-2005/06, there was an estimated
Vihear, Ratanakiri, Kratie, Siem Reap, Kampot, Pursat 0.5% net annual rate of deforestation which
and Mondulkiri [72]. apparently represented a decrease from

earlier estimates [128].

China
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D. assamica D. assamica has been recorded in Southern China,
and more specifically in Anhui, Fujian, Gansu,
Guangdong, Guangxi, Guizhou, Hainan, Hebei,
Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Jiangxi,
Jilin, Liaoning, Ningxia, Shaanxi, Shandong, Shanxi,
Sichuan, Yunnan, Zhejiang. [66, 75].
D. balansae was recorded as scattered throughout
China [105].

D. cultrata D. cultrata - Yunnan

D. fusca - Simao, Meijiang, Jianchen and Jinghong in
southern Yunnan [105].

D. odorifera

Confined to Hainan Island, mainly in the west and
southwest plains or hilly areas with an altitude of
between 400 -600m. [53, 83, 105]

D. tonkinensis

Hainan Island and mainland southern China [105].

Global Forest Watch reported a forest cover
loss of 6 848 206 ha from 2001 -2014 in China

[8].

D. latifolia

Native, specifically southern India, and specifically
Andhra Pradesh, Karnataka, Sikkim, Tamil Nadu, Uttar
Pradesh [105, 80].

D. sisso

North India [80, 116] .

P. dalbergioides

Endemic to Andaman Islands [105, 56]. However, it
has been reported by other sources as introduced to
other countries.

P. indicus

Native to Andaman Islands but distribution is widely
scattered or uncommon [88].

P. marsupium

Deccan Peninsula and extends to Gujarat,
Madhya Pradesh, Uttar Pradesh, Bihar and Orissa
[122].

P. santalinus

Southern parts of the Eastern Ghats region in the
State of Andhra Pradesh, in particular Sesachalam,
Veligonda, Lankamala and Palakoda hill ranged in
Chittor, Kadapa, Kurnool, Nellore and Prakasam
districts [94].

P. indicus Native but distribution is widely scattered or
uncommon [88]

India

D. assamica D. assamica has been recorded in Arunachal Pradesh, | P. dalbergioides may be close to extinction in
Assam, Manipur, Meghalaya, Mizoram, Sikkim, and | India [56].
West Bengal. [66]

D cultrata Introduced but distribution not specified [58]. Global Forest Watch estimated tree cover in

2000 to be 39 million ha or approximately
12% of the country’s land area. Tree cover
loss from 2001 - 2014 was estimate at

1034 010 ha [8].

Indonesia

D cultrata Unknown. 38% of lowland forest in Gunung Palung
D. latifolia Native, specifically Java [105, 80]. National Park, West Kalimantan was logged
D. sisso Introduced, specifically to Java [80, 116]. and deforested between 1989 and 2003 [129,

specific distribution is unknown. [75, 66]

D. cochinchinensis

Central and southern provinces, specifically

Savannakhet, Attapeu, Bolikhamxay, Champasak,

P. dalbergioides Unknown. Previously introduced in ex-situ | P- 29]. Global Forest Watch estimated
plantations. Indonesia’s tree cover to be 161 million ha or

P. indicus Native to Java, Sunda Islands, Moluccas, the Solomon | 86% of its land area in 2000. Indonesia’s tree
Islands, Carolinas, Vanuatu and Papua New Guinea | cover loss from 2001 - 2014 accounted for 1
but distribution is widely scattered or uncommon | 507 771 ha [8].
[88].

Lao PDR

D. assamica While D. assamica has been recorded in Lao PDR, its | Forest cover declined from 17 million

hectares in 1940 to 11 million hectares by
1993 [113].
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Khammouanem, Salavan and Sekong /Xekong. [69,
73]

D cultrata Sayabouri (Pak Lai), Louang Prabang (Phou Khouang),
Xieng Khouang (Moung Soui, Phou Kabo, and Moung
You), and Savannakhet provinces.

D. oliveri D. oliveri - Nationally distributed

Provinces of Savannakhet and Saravane.

P. dalbergioides

Unknown

P. indicus

Unknown.

P. macrocarpus

Sayabouri (Phou Sak, Paklay), Louang Prabang (Phou
Khouang), Vientiane (Tha Ngon, Hatxiafong, Ban
Khuay Daeng), Bolikhamsai (Borikhane Distr.),
Savannakhet, and Saravane provinces [69].

Forest cover was reduced from 70% of the
land area in the 1940’s to 47% or less by 1999
[130]

million trees) followed by Shan state, Mandalay and
Kachin state.

P. dalbergioides

Unknown. Previously introduced in ex-situ

plantations.

P. macrocarpus

Shan state, Mandalay division, Magway and Sagaing

Malaysia
D. latifolia Introduced but precise distribution not specified [80]. | Global Forest Watch estimated that in 2000
D. sisso Native but precise locations not listed [80]. Malaysia had some 90% or 29 million ha of
P. indicus Borneo and Singapore but distribution is widely | tree cover. By 2014 this amount had reduced
scattered or uncommon [88]. by 5 632 714 ha. Only 23% of forests in
Malaysia are said to be primary forests. Forest
loss outside of forest plantations in 2013 and
2014 was 88 815 ha and 200 715 ha
respectively [8].
Myanmar
D. assamica While D. assamica has been recorded in Myanmar, its | From 2010-15, Myanmar lost 546,000
specific areas are unknown. [75, 66, 68] hectares of forests (approx. 8.5 % forest
D cultrata Native but distribution not specified [58, 84, 132]. cover) [131].
D. latifolia Introduced but precise distribution not specified [80]. | From 2002-14, Myanmar lost a total of 2.07
D. oliveri D. oliveri/bariensis — populations in Sagaing (over 2 | million ha or 11.3% of its intact forest. From

this, loss of intact forest was 10.3%, loss of
non-reserved areas was 11.7%, loss of 2.3%
within protected areas. Overall, degraded
forest increased by 1.8% (0.47 million ha),
non-forest areas increased by an overall 4.7%

P. indicus Native to Southern Myanmar but distribution is | (0-99 million ha) and national area of
widely scattered or uncommon [88]. plantations increased by a 58.4% (0.54 million
ha). Large tracts of intact forest are still found
in remote parts of particularly Kachin state
and Tanintharyi region. [132].
Nepal

D. latifolia

Introduced but precise distribution not specified [105,
80].

D. sisso

Introduced/exotic. Precise distribution locations
unknown [80].

With an estimated 5 million ha of tree cover
or 35% of the land covered by trees, Nepal
recorded a tree cover loss of 38,504 ha from
2001 to 2014 [8].

Philippines

D. latifolia

Introduced but precise distribution not specified [80].

Global Forest Watch reported that the
Philippines had an estimated 64% tree cover
in 2000. During the period 2001 to 2014 tree
cover loss was estimated to be 761 174 ha [8].

Pakistan

D. sisso

Native [80], specifically Punjab [117].

Pakistan is said to have 4.5 million ha or 4.0%
of the total land area of 87.88 million ha
under forest [125] although according to
Global Forest Watch this had reduced to 1% in
2000. Tree cover loss from 2001 to 2014 was
reported to have been 9 265 ha [8].
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P. marsupium

Unspecified. [105]

Sri Lanka
D. latifolia Introduced but precise distribution not specified [80]. | With an estimated tree cover of 61% in the
D. sisso Introduced, distribution unknown [80, 117]. year 2000, Sir Lanka recorded a loss of tree

cover from 2001 to 2014 of some 112,884 ha

Kanchanaburi and Saraburi [68, 66] and Mae Ngao
National Park [66].

D. cochinchinensis

567 km?2 of D. cochinchinensis habitat — severely
fragmented in protected areas (126 km? of lower
North-Eastern provinces (Phu Wiang National Park,
Phu Phan National Park, Phu Sithan Wildlife
Sanctuaries, Thap Lan National Park, Ta Phraya
National Park) [73]

Also, found in Surin, Ubon Ratchatatani, Saraburi, Sa
Kaeo, Prachin Buri, Chachongsao, Chon Buri, Rayong,
Chanthaburi, and Trat. [68]

D cultrata

Recorded as distributed in Chiang Mai, Mae Hong
Son, Chaing Rai, nan, Lamphun, Lampang, Uttaradit,
Tak, Phetchabun, Loei, Udon Thani, Nakhon, Phanom,
Khon Kaen, Nakhon ratchasima, Ratchaburi,
Kanchanaburi, Saraburi [68].

D. fusca - the Mae Soi valley catchment, which lies 74
km southwest of Chiangmai in the rain-shadow of Doi
Inthanon, Thailand’s highest mountain [68]..

D. oliveri

North-eastern parts of the country.

D. sisso

Introduced [80].

P. indicus

Native but distribution
uncommon [88]

is widely scattered or

P. macrocarpus

Scattered  populations  throughout  Thailand,
particularly along forest areas which border Lao PDR
and Myanmar [92].

P. santalinus Introduced. [8].
Thailand
D. assamica D. assamica is distributed in Chiang Mai, Lampang, | D. cochinchinensis - 300,000 trees in 2005,

reduced to 80,000-100,000 trees (* 63,500
cubic meters) in 2011 [73]

From 2006-2013, Dalbergia wood seized by
Parks Wildlife &
consisted of: 23,812
logs/squares/plates (2,239.90 m2) and worth
over 16.14 million US dollars (559m Thai Bhat)
[133].

Dept. of National

Conservation

In 2014, the Dept. of Forestry announced that
Thailand had a forest area of 162,200.00
square kilometres (31.6% of total land area).
In 1961, the forest area covered 53.3% total
land area [133].

Vietnam

D. annamensis

This species is endemic to Vietnam, specifically Bin
Dinh, Phu Yen and Khanh Hoa provinces — restricted
to lowland dry open forests of the south central coast.
[49, 63, 104, 105].

D. assamica

D assamica has been recorded in Ha Noi and Cuc
Phuong National Park (Ninh Binh). [135, 66]

D. balansae was recorded as scattered in Northern
Vietnam [105].

D. cochinchinensis

Central and southern provinces, specifically in Quang
Nam to Da Nang southwards, mainly in Gia Lai and
Kom Tum; (Dacto, An Khe, Sa Thay). Sparsely
distributed in provinces like Dak Lak, Lam Dong, Binh
Duong, Tay Ninh, Dong Nai, Ba Ria-Vung Tau and Kien
Giang. [69, 73, 111].

D cultrata

Provinces of Dac Lac, Lam Dong, and Déng Nai. [105,
58]. Reported to have a scattered distribution
through these areas [58].

D. latifolia

Introduced but precise distribution not specified [80].

D. oliveri/ D. bariensis/

D. mammosa

D. oliveri/bariensis - distributed in Gia Lai, Kon Tum,
Dac Lac, Lam Dong, Ninh Thuan, Binh Thuan, Dong

In 1943, the total forest area was 14.3 million
ha or 43% of the total land area. In 1990 - only
9.2 million ha or approximately 27%
In 2005, the forest area had

recovered to 12.6 million ha, or 37%, of the

remained.

total area of the country [134].

In 1943, no planted forests, 1995 = reached
about 1 million ha, 2005 = 2.3 million ha.
[134]. D. cochinchinensis - 2010 survey of five
protected areas; low density = 1- 10
tree/hectare Rosewood is illegally harvested
in from protected areas, especially in Quang

Binh province [73].
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Nai, Song Be and Tay Ninh and Tan Phu forest, Quang
Tri, Dac Lac, Phu Yen, and Ba Ria-Vung Tau [68]

D. mammosa — endemic to Vietnam and located in
central and southern parts of the country specifically
Kon Tum, Gia Lai and Dak L&k, Pdng Nai and Song Be.
[105].

D. tonkinensis Provinces of Lang Son and Ha Bac, and in the north

eastern coast in the provinces of Quang Ninh and
Ninh Binh [63]. Found in primary and secondary
forests [105].

P. indicus Native but distribution is widely scattered or

uncommon [88]

P. macrocarpus Ha NOGi, Nghé An, Quang Tri, Dac Lac, Khanh Hoa, Ninh
Hoa, Ninh Thuan, S6ng Bé, Tay Ninh, Dong Nai, H6 Chi
Minh, and Kién Giang provinces [69].

A lack of up-to-date distribution and range information specific to each species limits the overall picture provided in
Table 19. As such country-wide assessments of habitat lost are provided as a proxy for the reduction in available habitat
for these species. In an attempt to overcome this limitation, Global Eye conducted a Geographic Information System
(GIS) mapping exercise using known localities and bioclimatic parameters to predict possible range extent, overlaid with
known forest loss data up to 2014 (see Annex A for further details on the methods used). This allows for a justifiable
prediction of the current possible distributions for the selected Asian rosewood or other precious wood species. Figure
16 to Figure 18 show the maps for D. cochinchinensis, D. oliveri and P. macrocarpus. The species distribution modelling
showed a wide area of potentially suitable habitat and environmental variables, due to the forest loss layer including
degraded forest habitats. In order to understand the most likely current habitat for these species, an additional data
layer was added, showing forest areas that are considered “intact”. These maps are the second map provided in Figure
16 to Figure 18 (with black oceans) which displays the extent of reduction in available suitable habitat for these species.
Ideally these types of exercises would be verified by field surveys to check the accuracy of the GIS modeling, but this
was outside of the scope of this report. Nonetheless the GIS models provide important analysis on the pressures to
these species. They can also be developed further with a sample of on-ground surveys in order to validate/refine the
modeling techniques. Overall it is cost effective and important exercise to undertake.
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POPULATION STRUCTURE AND STATUS

While there have been a number of population studies outlining the status and structure of Asia-Pacific species, the majority of them appear to relate to the most exploited. There
are number of species in this region, for example D. annamensis, D. odorifera and P. santalinus, which are endemic to particular areas so it is surprising that there are not more
studies for at least these species given their distribution areas are vastly smaller compared to the others. It is possible that there are more studies available in local languages,
however Global Eye was only able to source English papers. A large number of the studies have also been undertaken in areas which have already been logged over, some on more
than one occasion.

From the studies that have been obtained, several important findings have emerged. While all species are over-exploited in this region, there are some which are exploited more
than others such as D. cochinchinensis, D. oliveri and P. macrocarpus and their associated synonym species. The vast majority of the studies have found only a scattered number of
mature trees while others have failed to find any at all. Studies have noted that some species, like D. bariensis (synonym of D. oliveri) are rare, close to extinction and require urgent
conservation efforts before the species is no longer found in their natural distribution ranges [136]. We note that severe forest loss and fragmentation in Southeast Asia likely has
important implications for population and meta-population dynamics (such that there may no longer be dispersal or interchange, and that single population may now be multiple
meta-populations). However it is beyond the scope of this report to examine these aspects, as such we use the term population in its broadest sense.

Table 20 indicates the known population structures and statuses of these species across their ranges, and highlights where the populations are declining. Note that a number of the
studies are only estimates made by the study authors, which indicates that more robust studies may be required. There is an urgent need for range states to undertake more in-
depth population studies of current trends, as the majority of studies covered here over 5 years old and many of those 10 — 15 years old.

Table 20 - Literature Review of various Asia-Pacific Species population assessments
POPULATIONS STUDIED POPULATION PARAMETERS REFERENCES

RANGE COUNTRY - VIETNAM

In 2013, this document noted that there had | This document reported that the population size of rosewood has been declining about 50-60% during the past 5-10 years. | CoP Prop 60 (2013)
been no comprehensive survey undertaken of | The document also noted that no reference had been made in relation to which rosewood species the assessment [73].

rosewood in Vietnam. included in the study.

RANGE COUNTRY - VIETNAM

In 1998, this species was assessed as being | Population Status Nghia (1998) [49].
endemic to the Phu Yen and Khanh Hoa | In 1998, the IUCN Red List Assessment found that this species was Endangered (“EN Alcd”). This assessment was reached

provinces. because it was observed, estimated, inferred or suspected to have a population reduction of at least 50% over the last 10
years or three generations, whichever was longer, based on:

1. adecline in the area of occupancy, extent of occurrence and/or quality of habitat; and

2. actual or potential levels of exploitation.

It is unknown whether this species remains in the assessed population area.
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RANGE COUNTRY — UNSPECIFIED

The document does not specify which

D. assamica (meta) populations that it refers to.

Population Status

In 2012, Chadburn (2012) [66] reported that there had been recent collections for the D. assamica and therefore assessed
the population as a whole to be large and stable. However, no specific population data was provided to supplement this
assessment.

Chadburn
[66]

(2012)

RANGE COUNTRY — VIETNAM

In 1998, D. balansae was assessed as being
scattered throughout Northern Vietnam.

RANGE COUNTRY — CAMBODIA

Population Status

In 1998, the IUCN Red List Assessment found that this species was Endangered (“EN Alcd”). This assessment was reached
because it was observed, estimated, inferred or suspected to have a population reduction of at least 50% over the last 10
years or three generations, whichever was longer, based on:

1. adecline in the area of occupancy, extent of occurrence and/or quality of habitat; and

2. actual or potential levels of exploitation.

It is unknown whether this species remains in the assessed population area.

Nghia (1998) [46]

Table 21 identifies the population locations
reported in 2003 by the Cambodia Tree Seed
Project.

Population Status
In 2003, The Cambodia Tree Seed Project produced a document recording a number of D. cochinchinensis trees for seed
sources in natural forests throughout Cambodia as indicated below in Table 21.

Natural Density
As demonstrated in Table 21, the natural density in the population studied was low with an average of 1.37 trees per
hectare.

Table 21 - Seed Sources in the Natural Forest. Table adapted from Table 3 in Cambodia Tree Seed Project (2003) [15]

Area Location

N UTM Coordinate
(Ha) Province District Commune !
50 Siem Reap Varinn Sre Nauy 67 | 0400757,1520273

Cambodia Tree
Seed Project (2003)
[72]

Not specified.

Population Status

This document referred to work undertaken Hartvig in litt. (2012) and reported that while populations were found in many
provinces, mature individuals were very rare outside strictly protected areas. The document also reported that populations
faced severe depletion.

Hartvig et al (2013)
[137]

RANGE COUNTRY - LAO PDR

In 2012, field surveys were conducted in
central provinces of Bolikhamxay and
Khammouane.

Population Structure and Status

In 2012, EIA (2014) [4] reported that field surveys conducted confirmed natural populations of this species were under
severe threat and no mature trees were found.

EIA (2014) [4]
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In 1980, Paklay in Saybouri province

Latitude: 17°50’ to 18°55’N

Longitude: 100° and 100°30’ E

Area: 590 000 ha; including 330 000ha forest

made up of

- 20% - closed production forest

- 60% semi deciduous/ deciduous degraded
forest

- 20% deforested land/rice fields and
agricultural forest

Population Status
All trees with a breast diameter height (D.B.H) of more than 20 cm were measured within circular inventory plots comprising

of 40ha of forests. The area of the circular inventory plots was 0.25 ha. Table 22 and Figure 19 show the population
parameters in this study.

Table 22 -Theoretical data of breast height-diameter distribution of trees, Paklay Region —adapted from Table 38 in Borota

(1991).
Median DBH (cm) 25 35 45 55 65 | TOT
Density (N/ha) 22 15 10 6 3 56
3 PAKLAY
sof \
\
il \ SPECIES
= /\ ——— Dipterocarpus alatus
- \\ — — —— Pterocarpus macrocarpus
g o & Qeani G eEnEhy Pentacme siamensis
= A . -+s-er-meen Dalbergia cochinchinensis
(o N \ —..-— Tectona grandis
é o \ \ ——. —— Diospyros spp
5 >
20
10

Figure 19 - Compensated values of the diameter distribution of trees species in the Paklay region, Lao PDR (taken from
Borota (1991) - Figure 60)

Borota (1991) [76,
pp. 143-147]

The study side was located at Napo and
Nongboua villages in Sang Thong District, 70km
north west of Vientiane

Latitude: 18°16’26” North
Longitude: 102°10°31” East.

Area: 40 ha of logged-over tropical mixed
deciduous forest.

2 study sites x 20 ha blocks, one for gap planting
and one for line planting.

The populations in this study were derived from
nursery raised seedlings of this species which

Population Structure

The study examined the population structure by grouping individuals from each planting method and species into five collar
diameters (< 1.0cm, 1.0-1.9cm, 2.0-2.9 cm, IV = 3.0-3.9cm, 2 4 cm) and height (< 100cm, 100-190cm, 200-290 cm, 300 -
390cm and > 400 cm) classes.

As shown in Figure 20, the pattern of diameter class distribution differed between gaps and planting lines, although neither
method produced any individuals with more than 4cm in diameter distribution. The pattern of height class distribution also
different for this species, although a large number of individuals reached a height of 100-190cm in the gap planting method.
Neither method produced individuals with heights over 400cm, although a good number of planted seedlings grew up to
300cm in height using both methods. It is unknown whether this particular population remains in the study area.

Natural Density
Figure 20 shows that almost 60 individuals per hectare in the second height distribution class appeared at the gap planting

site followed by approximately 40 individuals per hectare for the third height distribution class. Conversely, around 50
individuals per hectare appear in the third height distribution class at the line planting site compared with around 40

Sovu et al (2010)
[113]
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were then planted into the study sites using
either gap or line planting methods.

individuals per hectare for the second class. The amount of individuals per hectare for the second and third classes are

similar for the diameter class distribution densities.

o 60 = 60
< D. cochichinensis 2 D. cochichinensis | ™ Gap
'§ é Line
'E 40 g 40
= 2
g
E 20 =T
=] L)
g g
7 g
70

Diameter class Height class

Figure 20 — Diameter (I = < 1.0cm, Il = 1.0-1.9cm, lll = 2.0-2.9cm, IV = 3.0-3.9cm, V = 2 4cm) and height (I = < 100cm, Il =
100-190cm, 11l = 200-290cm, IV = 300-390cm, V = 2 400cm).class distribution used in gap and line enrichment planting.
Adapted from Figures 2 and 3 in Sovu et al (2010) [113].

RANGE COUNTRY — THAILAND

This was an estimated assessment. No specific
location areas were provided in the document
aside from advising that natural stands of the
species were found scattered in 30 protected
areas comprising of 557.76 km?2.

Population Status
This document reported the following for this species:

In 2005, it was estimated there were 300,000 natural stands.
In 2011, it was estimated that 80 000- 100 000 trees (approximately 63 500 cubic meters) of this species remained.

CoP Prop 60 (2013)
[73].

RANGE STATE — VIETNAM

Five protected areas. The document does not
specify which areas.

RANGE COUNTRY — UNSPECIFIED

Natural Density
This document reports that a 2010 survey of five protected areas found a low density of just one to 10 trees per hectare.

Population Status

This document also reports that in 2014, traders were claiming there was no Siamese rosewood left in Vietnam.

EIA (2014) [4]

Unspecified.

Population Status
In 2012, overexploitation was identified as the main cause of the population decline for this species.

Contu (2012) [58].

RANGE COUNTRY — THAILAND

Doi Setep-Pui National Park, Chiang Mai. Seven
sites were studied which are detailed below in
Table 23.

Population Status
In 2008, Vaidhayakarn and Maxwell (2010) [108] undertook an ecological assessment of lowland deciduous dipterocarp-

oak, seasonal, hardwood forest in Chiang Mai, Thailand. The relevant population results for D. cultrata of which are shown
in Table 23 below. It is unknown whether these individuals still remain at the study site.

Vaidhayakarn and
Maxwell (2010)
[108]
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Table 23 - Location, Habitat and No. of Individuals of D. cultrata in lowland deciduous forest in Chang Kian Valley, Chiang Mai, Thailand. Adapted from various table information in Vaidhayakarn
and Maxwell (2010) [59]. Each site survey plot = 50 x 5m.

Site No Site Location N
1 Pah Laht Temple — 607m elevation. The most intact forest which had been protected from major disturbance for more than 50 years. 45
2 Chang Kian Stream — 474m elevation. Above the boy scout camp near Chang Kian Village, severely degraded and frequently burned by mushroom collectors. 1
3 Mae Yuak Noi 1 — 455m elevation. Near Nong Haw mediation centre, a regenerating forest which has uniform tree regrowth after being cleared 25 years ago. 3519
4 Mae Yuak Noi 2 —490m elevation. Near site 3 but with more grass cover. -
5 Huay Dtueng Tao 1 —439m elevation. Above Huay Dteung Tao Lake. A very exposed, frequently burned, eroded ridge. 1
6 Huay Dtueng Tao 2 —453m elevation. Near site 5 and similar to it, but with more trees. -
7 Huay Dtueng Tao 3 —411m elevation. Gully below site 6 with less frequent fire than site 5, almost closed canopy. 60

RANGE COUNTRY — NON SPECIFIC

In 1998, D. bariensis was assessed as being a Population Status Nghia (1998) [45]
species widely distributed and scattered in The IUCN Red List Assessment reported that there had been a rapid decline in the number of large D. bariensis trees because
Indo-China. of over-exploitation of the precious timber. It found that this species was Endangered (“EN Alcd”). This assessment was

reached because it was observed, estimated, inferred or suspected to have a population reduction of at least 50% over the
last 10 years or three generations, whichever was longer, based on:

1. adecline in the area of occupancy, extent of occurrence and/or quality of habitat; and

2. actual or potential levels of exploitation.

It is unknown whether this species remains in the assessed population area.

RANGE COUNTRY — CAMBODIA

Table 24 identifies the population locations Population Structure Cambodia Tree Seed
studied. In 2003, this project reported that regeneration effort for this species on a large scale have been few and limited and that | Project (2003) [72]
mature and large sized trees were rarely to be found in many areas of its natural range.

Population Status

In 2003, this project recorded a number of D. oliveri trees for seed sources in Natural Forests throughout Cambodia as
indicated below in Table 8. The project noted the number of remaining individual trees was very low and were disappearing

on a local level. This project considered that the species was facing extinction in no effective protection measures were
implemented.

Table 24 - Seed Sources in the Natural Forest. Table adapted from Table 3 in Cambodia Tree Seed Project (2003) [72]

Area Location No UTM Coordinate
(Ha) Province District Commune | tree

12.5 Preah Vihear | Theng Meanchey | Parl Harl 78 04 94 650, 15 16 781
50 Rattanak Kiri | O Chum Cha Uong 21 07 06 931, 15 20 149

19 Of which 31 individuals were fire damaged = 88.57%.
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18 Rattanak Kiri
20 Rattanak Kiri

Lumphat
Kaun Mum

Patang 41
Teun 17

07 21 623,15 15900
07 04 001, 15 04 648

RANGE COUNTRY — MYANMAR

In 2014, the Environmental Protection Agency
(EIA) used figures adapted from information
supplied by the Ministry of Environmental
Conservation and Forestry (2014) [138] for the
Sagaing division, Shan State, Mandalay and
Kachin states.

Population Status

In 2014, total estimated stocks of D. oliveri/bariensis were 1.6 million cubic meters. This document reported that rosewood
species in Myanmar, including tamalan (D. oliveri), were rapidly declining and, if harvesting continued at the same rate,
stocks would be completely consumed in as little as three years.

Natural Density

In 2014, the highest density was in the Sagaing division with an estimate of over two million trees embodying 850,000 cubic
tons /1,203,600 m3. Shan state have an estimated density of 900,000 trees embodying 250,000 tons/354,000 m3. Mandalay
and Kachin and other states have an estimated 100-150,000 tons/ 141,600 — 212,400 m3 combined. It is unknown whether
this estimated population figures are true and correct or whether they remain in the area studied.

EIA (2014) [139].

Unspecified.

Population Status

In 2014, the document reports that D. oliveri stocks in Myanmar are rapidly declining on account of trade growth rates. The
Environmental Protection Agency (2014) [139] estimates that if current rates of harvest were to continue, stocks would be
completely consumed in as little as three years.

EIA (2014) [139]

RANGE COUNTRY - THAILAND

Ban Pong Forest Sanctuary

Latitude: 18°56N’

Longitude: 99°3’E

Elevation: 400 ASL in the Huai Jo low-hill
watershed located on the San Sai Mountain
Range surrounding the Chiang Mai Basin, 20km
NE of Chiang Mai in Northern Thailand.

Natural Density

In 2009, a study was undertaken to determine the site requirements of D. oliveri in a tropical deciduous forest in Northern
Thailand. Figure 21 demonstrates the results of the stand characteristics of three study sites of the population site studied.
It is unknown whether the population remains at the study site.

Aerts et al (2009)
[140].

CITES CoP17 Information Paper — Global Status of Dalbergia and Pterocarpus Rosewood Producing Species

pg 62




POPULATIONS STUDIED

POPULATION PARAMETERS

REFERENCES

Mixed deciduwous forest Decidmous dipterocarp fisnest H M

Miesic phase Dy phass
N=3 N=-13 N=5
Tree density {stemsha-") 785 {1 o 3o {52y 1623 (324) 799 s
Basal area of trees (m*ha™") 24.5(39) 206 (1L.6) 242 (52) .82 066
Mean tree height (m) 131({1%) 112 {07) 94 {1.9) 1.61 45
Maximum tree hi‘ight ] J2T (24 IR [OBP= ™M (38 L. [T
Domi nant tres haighr I:ITI] H oy Ley" 192 (0E~ 168 (31 _I= 736 QAzs

Values are gronp means followed by standard erroms of mean between brackets. Letters represent significant differences between groups at level < 0.05. N is the number of
plots in the specified vegetation goup wed for Knskal-Walks ANOVA

Figure 21 - Stand characteristics of 3 tree communities with D. oliveri in deciduous forest in the Ban Pong Forest Sanctuary, Chiang Mai, Thailand. Taken from Aerts et al (2009) [140], table 3.

RANGE STATE - VIETNAM

In 1998, D. mammosa was assessed as native
to central and southern Vietnam.

Population Status
In 1998, The IUCN Red List Assessment reported that overexploitation of D. mammosa timber had led to declines throughout

the entire population. This species as was assessed as Endangered (“EN Alcd”), as it was observed, estimated, inferred or
suspected to have a population reduction of at least 50% over the last 10 years or three generations, whichever was longer,
based on:

1. adecline in the area of occupancy, extent of occurrence and/or quality of habitat; and

2. actual or potential levels of exploitation.

It is unknown whether this species remains in the assessed population area.

Nghia (1998) [44]

In 1998, this document reported D. oliveri at
the Cat Tien National Park.

Population Status
The IUCN Red List Assessment reported a protected subpopulation of D. oliveri occurred within the Cat Tien National Park.

This species was assessed as Endangered (“EN Alcd”), as it was observed, estimated, inferred or suspected to have a
population reduction of at least 50% over the last 10 years or three generations, whichever was longer, based on:

1. adecline in the area of occupancy, extent of occurrence and/or quality of habitat; and

2. actual or potential levels of exploitation.

It is unknown whether this species remains in the assessed population area.

Nghia (1998) [48]

Tai Phu Forest, Dinh Quan District, Dong Nai
Province

Latitude: 11°2ito 11°10’N
Longitude: 107°20’ to 107°27’E

Population Status
Millett et al (2010) reported that a large number of plant species that made up the forest stands 60 years earlier no longer

characterise them and that D. bariensis species have nearly disappeared from the Forest study site.

Millet et al (2010)
[141]

The study area was the Tai Phu Forest, located
in Southern Vietnam as shown below in Figure
22.

Population Status
Millet and Truong (2011) [136] did not include the date that their study was undertaken in their research method.

D. bariensis was barely represented in the population area studied, representing a total of 0.02% of the total number of
trees. D. bariensis was one of three species out of 176 species studied that were close to extinction in the area.

Millet and Truong
(2011) [136]
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Tan Phu forest area

0 Pasttion of the plots

Figure 22 - Location of the study area in Dong Nai Province, Vietnam

RANGE COUNTRY - BANGLADESH

Plantations covering five districts within The purpose of the study was to examine the relationship between the mortality of the D. sissoo trees and the age of the  |Webb and Shaik
Bangladesh including Rangpur, Nilphamari, plantation, planting strategies, soil types and textures and the geographic location of the plantations studied [142] (2005) [142]; Sharma
Dinajpur, Chuadnaga and Khulna. Seventy-two | Populations studied looked at the age of the populations and the density of the population. Planting arrangements were et al (2000) [143].
plantations of 0.5 -1.0 ha. also looked at, however these varied considerably with some plantations having mixed species being planted and others

planting in rows or in random arrangements [142].

Table 25 - Medium mortality of Dalbergia sissoo according to soil textural classes in plantations of five districts in
Bangladesh (source: Taken from Webb and Shaik 2005)

Median mortality of Dalbergia sissoo according to soil textural classes in plantations of five districts in Bangladesh

Soil textural classes  Rangpur Nilphamari Dinajpur Chuadanga Khulna Total

N Mortality N Mortality N Mortality N Mortality N Mortality N Mortality

Loam 7 520 4 475 6 430 17 49.0
Silt-loam 7 3520 3430 2 4000 12 555 5 39.0 20 430
Sandy-loam 3 550 7 540 10 540
Silty-clay 4 550 7 400 I 440
Silty-clay loam 1 390 4 485 5 410
Total 15 520 10 520 15 540 20 550 12 395 72 520
Significance (Kruskal-Wallis ANOVA) p> 005

Table 25 indicates that the highest level of mortality amongst the plantations studied occurred in the Chuadanga District
with a median of 55% of Dalbergia sissoo trees affected. Nilphamari, Dinajpur and Rangpur followed closely with mortality
rates of 52%, 54% and 52% respectively as shown in Table 25. In comparison with other countries within Asia, D. sissoo in
Bangladesh recorded a much higher mortality rate than did trees with die-back recorded in countries such as India and Nepal
[142].
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RANGE COUNTRY - VIETNAM
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Figure 23 — Scattergrams of tree mortality

The scattergrams in Figure 23 looked at the age of the plantation (y axis) and
the percentage mortality including (a) the total D. sissoo mortality; (b) the
percentage of dead trees and (c) the percentage of dying trees.

Khan (2000) cited in Webb and Shaik (2005) suggests that there is an increased
mortality in plantations with an age distribution of between 6-10 years
whereas Figure 23 (c) suggests that there is no relationship between the old
and young age classes and mortality [142].

Research by Webb and Shaik (2005) contrasted with previous studies
undertaken by Bakshi et al, cited in Sharma et al 2000) were there was no
incidence of mortality occurring is sandy loam soils. Webb and Shaik’s
research indicated that the sandy loam soils had recorded the highest level of
mortality thus resulting in management implications for D. sissoo plantations
in Bangladesh [143, 142].

Researches highlighted the fact that there were not any plantations that
recorded zero mortality rates, thus all plantations to some extent suffered
mortality of D. sissoo as a result of die-back [142]

Unspecified.

RANGE COUNTRY — CAMBODIA

Population Status

In 2008, this document reported that the heavy exploitation of the timber had led to considerable population declines for

D. tonkinensis in Vietnam.

The IUCN Red List Assessment found this species was Vulnerable, with significant habitat loss due to logging

UNEP-WCMC (1998)

(82]

Table 26 identifies the population locations
reported in 2003 by the Cambodia Tree Seed
Project.

Population Status

In 2003, The Cambodia Tree Seed Project produced a document recording a number of P. macrocarpus trees for seed sources

in Natural Forests throughout Cambodia as indicated below in Table 26.
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Table 26 - Seed Sources in the Natural Forest. Table adapted from Table 3 in Cambodia Tree Seed Project (2003) [15]

Area Location . .

(Ha) Province District Commune N UTM Coordinate Density (N/ha)
20 Siem Reap Chikreng Khvao 83 04 51 140, 14 84 668 4.15

50 Rattanak Kiri O Chum Cha Uong 20 07 06 931, 15 20 149 0.4

18 Rattanak Kiri Lumphat Patang 14 07 21 623, 15 15900

Cambodia Tree
Seed Project
(2003) [15]

RANGE COUNTRY - LAO PDR

In 1980, Paklay in Saybouri province
Latitude: 17°50’ to 18°55’N
Longitude: 100° and 100°30’ E

Area: 590 000 ha; including 330 000ha forest

made up of:

- 20% - closed production forest

- 60% semi deciduous/ deciduous degraded
forest

- 20% deforested land/rice fields and
agricultural forest

Population Structure and Status

All trees with a breast diameter height (D.B.H) of more than 20 cm were measured within circular inventory plots comprising
of 40ha of forests. The area of the circular inventory plots was 0.25 ha. Figure 24 and Table 27 show the population parameters
of this survey, which also included Dalbergia cochinchinensis.

90
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Figure 24 - Compensated values of the diameter distribution of trees species in the Paklay region, Lao PDR (taken from
Borota (1991) - Figure 60).

Table 27 - Theoretical data of breast height-diameter distribution of trees, Paklay Region — adapted from Table 38 in Borota

(1991).
Median DBH (cm) 25 35 45 55 65 75 85 95 105 TOT
Density (N/ha) 27 16 11 7 4 31 1 1 1 56

Borota (1991)
(76, pp. 143-147]

The study side was located at Napo and
Nongboua villages in Sang Thong District, 70km
north west of Vientiane

Latitude: 18°16’26” North
Longitude: 102°10’31” East.

Population Structure

The study examined the population structure by grouping individuals from each planting method and species into five collar
diameters (€ 1.0cm, 1.0-1.9cm, 2.0-2.9 cm, IV = 3.0-3.9cm, 2 4 cm) and height (< 100cm, 100-190cm, 200-290 cm, 300 -390cm
and > 400 cm) classes.

As shown in Figure 25, 80% of individuals were distributed in the first two lower diameter classes in both methods Neither
method produced individuals with heights over 400cm and only the gap planting method produced large sized individuals ( =
3cm) but as many as 16 individuals were recorded in gaps per hectare. A relatively high number of individuals reached a height
of 100-190 using the line planting method.

Sovu et al (2010)
[113]
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Area: 40 ha of logged-over tropical mixed
deciduous forest.

2 study sites x 20 ha blocks, one for gap planting
and one for line planting.

The populations in this study were derived from
nursery raised seedlings of this species which
were then planted into the study sites using
either gap or line planting methods.

It is unknown whether this particular population remains in the study area.

Natural Density

Figure 25 shows that more than 40 individuals per hectare appeared at the gap planting site in the first two diameter classes
for this species. This density pattern also occurs for individuals in the second diameter class at the line planting site for both
diameter and height class distributions for P. macrocarpu