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Abstract 

Key message  A combination approach to wood identification methods yields superior results when identify-
ing timber originating from the Central African tropics. This is demonstrated by the performance of DART-TOFMS 
as a fine-tuning step after the microscopic analysis of wood anatomy. These identifications reveal species misdeclara-
tions in small-scale timber markets in the Democratic Republic of the Congo with detrimental ecological and socio-
economic effects.

Context  Identifying timber helps enforce international timber regulations. Both the conventional method of micro-
scopic analysis of wood anatomy and chemical fingerprinting using Direct Analysis in Real-Time – Time-of-Flight Mass 
Spectrometry (DART-TOFMS) face challenges that make identifications difficult, especially in the central African trop-
ics. Meanwhile, these methods are of immense value to help monitor forest exploitation and screen species declara-
tions on the pivotal small-scale timber markets of the Democratic Republic of the Congo (DRC).

Aims  We evaluated the performance of both wood anatomy and chemical fingerprinting to identify timber traded 
on local markets in the DRC and quantified the misdeclarations uncovered through these methods.

Methods  We examined wood anatomy using light microscopy and performed chemical fingerprinting using DART-
TOFMS for 115 timber samples originating from local markets in Kisangani, DRC.

Results  Microscopic analysis of wood anatomy performed better than DART-TOFMS (41 vs. 32 species identifica-
tions), but the performance can be improved significantly by combining both techniques (56 species identifications). 
Our identifications revealed that 26 samples were mislabelled.

Conclusion  We recommend expanding the DART-TOFMS reference databases and recognizing the power of com-
bining established and emerging identification methods. This will help expose misdeclarations in timber markets 
and ultimately halt the illegal timber trade.
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1  Introduction
Timber identifications reveal species misdeclarations 
in trade and help enforce international timber regula-
tions. Species information is required to comply with, 
for instance, the Convention on the International Trade 
in Endangered Species (CITES), the Lacey Act, For-
est Law Enforcement, Governance and Trade (FLEGT), 
and the European Timber Regulation (EUTR), currently 
transitioning to the European Deforestation Regulation 
(EUDR). Furthermore, wood identifications allow for bet-
ter monitoring of forest resources by pinpointing the spe-
cies of the timber volumes extracted during management 
operations (Stäuble et al. 2023). This may reveal discrep-
ancies between forest management plans and the actual 
harvest or indicate species that are under heavy pressure 
from unregulated forest exploitation. In addition, species 
information is required to correctly apply wood process-
ing methods such as drying (Wheeler and Baas 1998). 
As trees are usually identified in the field by their local 
or commercial name, this can be considered an accessible 
way of discerning the species of harvested timber. How-
ever, these vernacular names are ambiguous and blindly 
relying on them leads to false declarations (Wilkie and 
Saridan 1999; Brearley et  al. 2019). These risks necessi-
tate the use of reliable methods to perform botanical spe-
cies identifications.

Microscopic analysis of wood anatomy is the most 
well-established identification method in which cell size, 
shape, properties and arrangement in tissues in a tim-
ber sample is scrutinized. It relies on characteristic fea-
tures which can be recognized on the macroscopic or 
microscopic level. The standardized and mostly qualita-
tive feature descriptions published by the International 
Association of Wood Anatomists (IAWA) are commonly 
used in conjunction with online databases and reference 
xylaria for routine identification (Wheeler et  al. 1991; 
Beeckman 2003; Baas et al. 2004; Wheeler 2011; Hubau 
et  al. 2012). Combining this with quantitative data on 
vessel, ray/axial parenchyma and fibre features may 
improve the results (He et al. 2020). While this method 
is mostly sufficient for identifying the genus, species-level 
identifications remain challenging for the many genera 
with little variation in wood anatomical features (Miller 
and Cahow 1989; Gasson 2011; Schmitz et  al. 2020). 
This triggered an international quest for innovative tech-
niques that may help speed up and improve wood identi-
fication (Gasson 2011), each with their own advantages, 
disadvantages and costs (Dormontt et  al. 2015; Schmitz 
et al. 2020).

Chemical fingerprinting by Direct Analysis in Real 
Time – Time-of-Flight Mass Spectrometry (DART-
TOFMS) is one such novel method, which ionizes the 
phytochemicals constituting the heartwood metabolome 

and subsequently detects their mass over charge (m/z) 
ratio. Wood genera or even species within genera can be 
characterized by differences in the presence and relative 
quantities of key m/z values in their metabolome profiles. 
Spectra from unknown timber samples can be compared 
either visually or through multivariate statistical analysis 
with a reference database, for which the Forensic Spectra 
of Trees (ForeST©) Database, developed by the National 
Fish and Wildlife Forensic Laboratory in Ashland, USA, 
is commonly used (Price et  al. 2022). DART-TOFMS is 
proven to be a fast, accurate and reproducible process 
to identify wood at the species level for various timbers 
(Cody et  al. 2005; Espinoza et  al. 2015; Deklerck et  al. 
2017, 2019; Evans et al. 2017; Kitin et al. 2021; Price et al. 
2022). However, this method is limited when encounter-
ing samples with external contamination, sapwood, spe-
cies with similar metabolome profiles or species not yet 
included in the reference libraries (Deklerck et al. 2019; 
Price et al. 2022).

Identifications up to species level are especially tedi-
ous for timber from species-rich areas such as the cen-
tral African tropics. At the same time, tropical forests 
are increasingly recognized for their indispensable global 
ecosystem services and are therefore protected under 
strong international laws, requiring more intense screen-
ing of timber trade markets than ever before. Central 
African countries currently experience an explosion in 
forest degradation and deforestation through exponential 
demographic growth combined with a strong tradition 
of smallholder activities (Gerland et al. 2014; Tyukavina 
et  al. 2018). The Democratic Republic of Congo (DRC) 
stands out in this context, since it harbours around 
half of Africa’s tropical rainforests and approximately 
90% of its timber harvest happens through small-scale 
chainsaw logging, of which ca. 85% is supplied to the 
domestic market (Lawson 2014; Lescuyer et  al. 2014). 
Concurrently, small-scale operators  mostly disregard 
whether wood is of legal origin: studies mention numbers 
as high as 96% lacking a logging permit (Lawson (2014); 
Lescuyer et al. 2014). The aforementioned identification 
methods could be of immense value to help monitor for-
est exploitation and screen timber (mis)declarations on 
the rapidly emerging but under-researched local timber 
markets.

Therefore, the main objectives of this paper are (i) 
to evaluate the performance of both the conventional 
wood anatomy method and the DART-TOFMS chemi-
cal fingerprinting method in identifying timber traded on 
local markets in the DRC and (ii) to quantify the level of 
species misdeclarations on these markets. To do so, we 
collected samples of Central African timber from the 
small-scale timber markets in the Kisangani area (DRC). 
We quantified how many samples can be identified up to 
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genus and species level, using each method individually 
as well as in combination. We used the resulting identi-
fications of the samples to verify the accuracy of the spe-
cies declarations under which the timber was marketed.

2 � Material and methods
2.1 � Sampling
We gathered a set of 115 timber samples from local 
markets and sawmills in the city of Kisangani (0°31′N, 
25°11′E), located in the province of Tshopo, DRC. This 
region is in the heart of the wet tropical biome of Cen-
tral Africa, listed as Af in the Köppen classification (Peel 
et al. 2007). The timber samples were sold under vernac-
ular names; these declarations were translated to botani-
cal names using literature on forests in the Kisangani 
region in combination with the input of botanists from 
INERA-Yangambi (Tailfer 1989; Lejoly et al. 2010; DIAF 
2017).  Each sample was given a code based on the Ter-
vuren wood (Tw) collection (Beeckman 2003).

2.2 � Identification through microscopic analysis of wood 
anatomy

Microsections of the samples were prepared using inter-
nationally accepted procedures (Schmitz 2010; Gärtner 
and Schweingruber 2013). Subsamples of ca. 1 cm3 were 
separated and softened in a mix of glycerol and deminer-
alized water (1:4) in an oven at 60  °C. Samples originat-
ing from denser wood were further softened in a pressure 
cooker. We made microsections of the transversal (XS), 
tangential longitudinal (TLS) and radial longitudinal 
(RLS) planes using a Microm HM 440 E semi-automatic 
sliding microtome. The sections were dyed using an 
aqueous safranine and alcian blue solution, dehydrated 
using a four-step ethanol dilution series and mounted in 
Euparal. We used an Olympus BX50 optical microscope 
to observe the anatomical features of the microsections.

Microscopic analysis of wood anatomy resulted in 
a string of IAWA features for each sample (Wheeler 
et al. 1989). Our identification protocol is based on that 
of Hubau et  al. (2012). The protocol starts by enter-
ing the anatomical description in the search function of 
the online database InsideWood, which returns a list of 
matching species. Although this database contains ana-
tomical descriptions of over 7.000 modern hardwood 
species, it is not complete (Wheeler 2011). Specifically, 
species-rich genera are often represented by only a few 
species. We therefore enriched the InsideWood query 
result by adding all species from the genera, using check-
lists from online taxonomic databases: Plants of the 
World Online (POWO (POWO 2025)), Global Biodiver-
sity Information Facility (GBIF.org 2025), World Flora 
Online (WFO 2025), and African Plant Database (Afri-
can Plant Database  2025). We then refined the results 

using the geographic distribution data from these data-
bases, retaining only species that may occur in the DRC. 
The protocol ends with a comparative microscopy phase 
where the wood anatomy of the microsections of a sam-
ple is compared with the wood anatomy of microsections 
in the Tervuren Xylarium reference collection curated 
by the Royal Museum for Central Africa’s wood biology 
department. This collection comprises over 81 000 wood 
specimens from more than 13  500 species, with over 
20 500 microsection sets in the three planes of reference 
(XS, TLS, RLS) (Beeckman 2003; De Blaere et al. 2023).

2.3 � Identification through chemical fingerprinting using 
DART‑TOFMS

We separated heartwood slivers (ca. 2 cm) for chemical 
analysis with DART-TOFMS. The measurements were 
performed with a JEOL JMS-T100LP AccuTOF LC-plus 
4G time-of-flight mass spectrometer with an IonSense 
DART-JS SVP ionization source using the msAxel soft-
ware package. The mass spectrometer settings were 
as follows: positive ion mode, orifice 1 temperature at 
120  °C, detector voltage at 2400  V, orifice 1 voltage at 
30 V, ring lens voltage at 5 V, orifice 2 voltage at 5 V, ion 
guide RF voltage at 800 V, ion guide bias at 27 V, focus 
lens voltage at −120 V, reflectron voltage at 980 V, push 
voltage at 777.8  V, pull voltage at − 777.8  V, suppress 
voltage at 0.20 V, flight tube voltage at − 7000 V. The sliv-
ers were held in a He gas stream at 350 °C with spectrum 
measurements at 1 recording per 0.4  s. Spectra were 
gathered in single runs of 15  min with drift compensa-
tion, with a poly-ethylene glycol 600 calibration every 5 
slivers and a m/z interval of 50–1000.

The Mass Mountaineer Mass Spectral Interpretation 
Tools v7.1.5.0 software (RBC Software, Peabody, MA, 
USA) was used for visual and multivariate statistical 
analysis of the metabolome profiles. This application is 
tailored to the use of DART-TOFMS and routine iden-
tification of unknown samples. The procedure for iden-
tification is based on the protocols presented by Price 
et al. (2022) but with a limited ForeST© database based 
on geographic distribution data from the aforementioned 
taxonomic databases, only including species that may 
occur in the DRC. We used the National Institute of Sci-
ence and Technology (NIST) search algorithm to match 
our measurements within the ForeST© database. This 
results in a list of species profiles that match best with 
the sample measurement. Consecutively, we constructed 
heatmaps and Principal Component Analysis (PCA), 
Direct Analysis of Principal Components (DAPC) and 
Kernal Discriminant Analysis (KDA) classification mod-
els (threshold 10%, mass tolerance 15 mDa) for both the 
matching species from the NIST search and the declared 
species under which the timbers were sold. The heat 
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maps enable visual interpretation to select a species for 
identification, and the models classify unknown samples 
as one of the species included in the model setup.

2.4 � Identification through combining wood anatomy 
and chemical fingerprinting

When combining both timber identification methods, 
identification through microscopic analysis of wood 
anatomy is best used as the first analysis (Dormontt et al. 
2015). It identifies a wide range of timbers up to the genus 
level, while potentially lacking the precision to identify 
up to the species level. In contrast, DART-TOFMS has a 
more limited scope of species due to an incomplete ref-
erence database, but results frequently in species-level 
identifications for genera that are well represented in 
the ForeST© database. The analysis of wood anatomy 
described earlier often produces a shortlist of species 
which are difficult to separate based on cell and tissue 
features. The combination approach then continues with 
an analysis in Mass Mountaineer with the metabolome 
profiles from species in the shortlist using the protocols 
described in the previous section.

3 � Results
The methodology yielded microsections and a metabo-
lome profile for each sample (Fig. 1). The data produced 
by the analysis of the sections and the profiles is stored 
in a repository (Monnoye et al. 2025). This includes the 
IAWA feature strings per sample, photomicrographs of 
the identified taxa, and heatmaps and classification mod-
els of polytypic timber genera for the DRC where specifi-
cations on the species level were possible. Table 1 shows 
the declarations and the resulting identifications based 
on the two methods and their combination for the 115 
timber samples.

The performance of the methods based on the taxo-
nomic level of the identifications is visualized in Fig.  2. 
The wood anatomy method identified up to genus level 
for 74 samples and up to species level for 41 samples 
(Table  1). The DART-TOFMS method led to 49 unre-
solved identifications (“No result” in Table 1 and Fig. 2). 
These are classified as “not enough reference” (26 sam-
ples) when a probable species was not sufficiently repre-
sented in ForeST© for visual and multivariate statistical 
analysis and “inconclusive” (19 samples) when no suffi-
cient spectrometric variation was found between prob-
able genera for identification. In the remaining four 
unresolved identifications listed as “invalidated,” DART-
TOFMS led to impossible species as they are unambigu-
ously excluded by wood anatomy. Besides this, with this 
method 34 samples were identified up to genus and 32 
up to species level. The genera Autranella, Ceiba, Mili-
cia, Ongokea, Petersianthus, and Ricinodendron are 

monotypic for the DRC, accounting for 33 of the wood 
anatomical species level identifications and 13 of the 
DART-TOFMS species level identifications.

The combination approach identified up to genus level 
for 59 and up to species level for 56 samples respectively 
and thus delivered the most precise identifications. Add-
ing DART-TOFMS after the wood anatomical analy-
sis confirmed 46 and improved 21 of the identification 
results. Improvements consisted of either a new spe-
cies level identification or a genus level identification 
where additional species of the genus could be ruled out. 
These occurred for the genera Entandrophragma, Eryth-
rophleum, Pericopsis, and Pterocarpus.

As the combination of both methods had the best iden-
tification performance, we used this approach to verify 
the botanical species from the declarations under which 
the timbers were sold (Table 2). Doing so resulted in 26 
falsely declared samples (23% of the collection). These 
misdeclarations are distributed across a variety of differ-
ent timbers with three major sources. First, timbers in the 
Meliaceae family were frequently encountered in cases of 
mislabelling. This occurred both within the family (e.g., 
Khaya spp. are confused with Entandrophragma spp.) 
and with other families (e.g., one sample sold as Uapaca 
guineensis and one as Gilbertiodendron dewevrei are in 
fact both Entandrophragma candollei). Second, Prioria 
balsamifera was frequently interchanged with the other 
Prioria species. Third, the timbers of the genera Alstonia 
and Ricinodendron were often interchanged.

4 � Discussion
4.1 � Diagnostic features
We were able to make distinctions at the species level for 
several polytypic genera in the DRC. This is facilitated 
by the essential diagnostic features observed using the 
methods of this study and results in a consistent exclu-
sion of species that occurred further away from the mar-
kets in Kisangani, for instance in provinces more to the 
south and west of the DRC. Hence, the small-scale mar-
kets are sourced with timber from closely surrounding 
forests, which is in line with existing literature (Lescuyer 
et  al. 2014). Future identifications of timber originat-
ing from local DRC markets could thus consider using a 
stricter geographical delimitation of potential species, for 
instance by consulting the GBIF database or inventory 
data from surrounding forests (Dauby et al. 2016; Hubau 
et al. 2020).

The genus Entandrophragma (Meliaceae) has multiple 
diagnostic anatomical features that allow the distinc-
tion of the commercially important tropical DRC forest 
species E. cylindricum (Sprague) Sprague, E. candollei 
Harms, E. angolense (Welw) C.DC. and E. utile (Dawe & 
Sprague) Sprague. These features are described in detail 
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Fig. 1  Example of the gathered samples, the prepared materials and the resulting identification using the methods of this study
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by Brazier and Franklin (1961). Two additional dense for-
est species of minor commercial importance, E. palustre 
Staner and E. congoense (Pierre ex De Wild.) A.Chev. are 
considered for identification. We find the anatomy of 
the former indistinguishable from E. candollei and that 
of the latter indistinguishable from E. angolense. The 
metabolome profiles contain several diagnostic ions for 
Entandrophragma species (especially m/z 205, 483, 500, 
827 and 857) (Monnoye et al. 2025), which improve the 
identification results when combining both techniques. 
However, using only DART-TOFMS results in four con-
tradictions with the wood anatomical method. For each 
case, the wood is identified as E. utile, while the anatomy 
excludes this species unambiguously and instead identi-
fies the samples as either E. candollei or E. palustre. This 
may be due to a lack of reference profiles (E. candollei 
only has 12) or because there are no clear diagnostic ions 
between these two species (Monnoye et al. 2025). We do 
find minor spectrometric differences between E. palustre 
and E. candollei, most notably for m/z 799 which has a 
reduced relative intensity in the reference profiles for E. 
palustre. However, E. palustre only has nine reference 
profiles, making both the visual and multivariate analysis 
less reliable.

Erythrophleum (Fabaceae) is represented by three spe-
cies in the DRC: E. africanum (Welw. Ex Benth.) Harms, 
E. ivorense A. Chev. and E. suaveolens (Guill. & Perr.) 
Brenan. In contrast to E. ivorense and E. suaveolens, E. 

africanum is a savanna species that typically has smaller 
vessel sizes and higher vessel densities that allow it to be 
distinguished from the former two species despite the 
intraspecific variability of these features (Gorel 2019). 
While E. africanum can thus be excluded by wood anat-
omy, we did not find any obvious anatomical difference 
between E. ivorense and E. suaveolens. The metabo-
lome profiles show at least one diagnostic ion (m/z 90) 
between E. ivorense and E. suaveolens facilitating the 
exclusion of E. ivorense for three samples, while no refer-
ence profiles were available for E. africanum (Monnoye 
et al. 2025). Therefore, here only the combination of both 
methods can identify this genus up to the species level.

In the DRC, both Pericopsis elata (Harms) Meeuwen 
and Pericopsis angolensis (Baker) Meeuwen (Fabaceae) 
can occur, of which only the former is present near 
Kisangani and the latter has a natural distribution in the 
seasonally dry biome to the south of the country. There 
are only lesser diagnostic anatomical features that sepa-
rate the two species, but there are diagnostic spectromet-
ric features, especially m/z 273, 285 and 287 (Deklerck 
et al. 2017; Monnoye et al. 2025).

The DRC contains four species of the genus Prioria 
(Fabaceae): P. balsamifera (Vermoesen) Breteler, P. buch-
holzii (Harms) Breteler, P. gilbertii (J. Léonard) Breteler 
and P. oxyphylla (Harms) Breteler. The major diagnostic 
anatomical feature to verify P. balsamifera is the smaller 
size of the axial canals compared to the vessels observed 

Fig. 2  Taxonomic level of the identifications of 115 timber samples sold on local Kisangani markets by wood anatomy, DART-TOFMS 
and a combination of both methods
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in the transversal surface, which are instead of similar 
sizes in for instance P. oxyphylla (Monnoye et  al. 2025; 
Rosa da Silva et al. 2017). The metabolome profiles show 
clear diagnostic ions distinguishing P. balsamifera and P. 
oxyphylla (especially m/z 301 and 305), confirming the 
wood anatomical exclusion of P. balsamifera for seven 
samples (Monnoye et al. 2025). As the ForeST© database 
does not contain reference metabolome profiles of the 
other two Prioria species, these cannot be excluded by 
the DART-TOFMS method.

Although the taxonomy in the genus Pterocarpus 
(Fabaceae) is not yet fully settled with reference data-
bases such as POWO and African Plant Database show-
ing various numbers of species, it contains at least seven 
species in the DRC: P. angolensis DC., P. lucens Lepr. ex 
Guill. & Perr., P. officinalis Jacq., P. rotundifolius (Sond.) 
Druce, P. soyauxii Taub., P. tessmannii Harms, and P. tinc-
torius Welw. Some of these species exhibit differences in 
wood anatomy (Brazier and Franklin  1961), but this is 
not sufficient to reach a species-level identification. There 
are diagnostic spectrometric features to be found in this 
genus (Price et al. 2021), especially m/z 163, 224, 285, and 
315 for our study, allowing the DART-TOFMS approach 
to exclude P. angolensis and P. tinctorius during the iden-
tification process. However, a complete species-level 
identification of the Pterocarpus samples is not yet pos-
sible as P. tessmannii is not yet included in the ForeST© 
database and several other Pterocarpus species need 
additional reference profiles for the visual and multivari-
ate analysis (Monnoye et al. 2025).

4.2 � Method performance
The results show that wood anatomy is still the most 
precise method for the identification of central Afri-
can timber. The abundance of standardized anatomi-
cal descriptions, images, literature and collections of 
reference microsections is a key aspect that allows this 
method to tackle a wide range of species (Schmitz et al. 
2020). DART-TOFMS does not yet score as well for these 
identifications, mostly due to a lack of reference data and 
inconclusive results when taxa with similar metabolome 
profiles are encountered. Especially lesser-known tim-
bers in genera like Gambeya, Uapaca and Canarium are 
not in the ForeST© database, which limits the number of 
species that can be identified. This contrasts with more 
internationally valued genera such as Entandrophragma, 
Pericopsis and Pterocarpus. Hence, gathering refer-
ence spectra of lesser-known species could drastically 
improve the performance of DART-TOFMS, emphasiz-
ing the value of sampling campaigns and reference col-
lections such as the Tervuren Xylarium (Deklerck 2019). 
At the same time, even with enough reference spectra 
some results remain inconclusive, notably for the genera 
Gilbertiodendron and Petersianthus in our study. These 
examples show that the value of DART-TOFMS is not 
as a standalone method to replace the wood anatomical 
analysis.

The combination of both methods has the best perfor-
mance for species-level identifications. These results are 
in line with the conclusions of existing literature on the 
integration of identification techniques (Dormontt et al. 
2015; Low et al. 2022). In our study, this is illustrated by 
the new species identifications which were impossible 

Table 2  Match between the declared species and the botanical 
identification of 115 tropical timber samples. Vernacular names 
(both international and local), translation to botanical names, 
number of samples and number of matches between the 
translated botanical names and the identifications for 115 timber 
samples sold on local Kisangani markets

Vernacular name(s) Translation Samples Match

Essia, Foyo Petersianthus macrocarpus 10 10

Longhi rouge, Malinda Gambeya lacourtiana 3 3

Rikio, Mutakala, Bosenge Uapaca guineensis 7 5

Limbali, Limbalu Gilbertiodendron dewevrei 5 4

Osmalia, Sabuni Fillaeopsis discophora 1 0

Tola blanc, Tola Prioria balsamifera 10 1

Njeke indet 1 -

Essessang, Lisongo Ricinodendron heudelotii 7 4

Emien, Mutondo Alstonia boonei 3 1

Kapokier, Coton Bombax buonopozense 1 0

Bilinga, Bokese Nauclea diderrichii 3 3

Mukulungu, Pilipili, 
Mosembe, Mayasali

Autranella congolensis 5 3

Aielé, Kasuku, Musuku Canarium schweinfurthii 1 0

Afrormosia, Mogoya Pericopsis elata 8 8

Iroko Milicia excelsa 9 9

Padouk, Ngola Pterocarpus spp. 6 6

Tali Erythrophleum suaveolens 4 4

Acajou, Khaya Khaya spp. 5 4

Liboyo Entandrophragma spp. 15 13

Alumbi Julbernardia seretii 2 2

Ilomba na mokili Pycnanthus angolensis 1 1

Olon gille, Fagara Zanthoxylum gilletii 1 1

Latandza Albizia ferruginea 1 1

Angueuk Ongokea gore 1 1

Tchitola, Tola rouge Prioria oxyphylla 1 1

Sapelli Entandrophragma cylin-
dricum

1 1

Sipo Entandrophragma utile 1 0

Kosipo Entandrophragma candol-
lei

1 1

Souge Parinari excelsa 1 1
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with the individual application of wood anatomy. In other 
cases, partial species delimitations can be added to an 
identification. Although this is not the same as a species-
level identification, it still forms a valuable improvement 
of genus-level results, for instance to verify species in 
the context of (inter)national forest regulations (Gasson 
2011). Since the results of DART-TOFMS measurements 
are to an extent unrelated to wood anatomical features, 
confirmations from this combined approach have two 
sources of evidence for an identification. This greatly 
increases the reliability of the results.

At least three additional identification methods are 
currently investigated in scientific literature. Wood 
anatomy currently experiences rapid advances in the 
field of automated identification systems using com-
puter vision. These developments have the potential to 
facilitate both rapid screening of timber and detailed 
species-level identifications (Lens et  al. 2020; De Blaere 
et  al. 2023). Genetic analysis may identify an unknown 
sample even down to the specimen level, meaning this 
technique offers great potential for precise identifica-
tions (da Silva et al. 2020; Jiao et al. 2020). However, the 
extraction of DNA from wood is complex compared to 
leaf or bud material. Especially in heartwood or after 
common processing techniques used in the industry, 
DNA is degraded, fragmented and potentially obscured 
by extractives and external DNA contaminations, mak-
ing it tedious to retrieve (Jiao et al. 2020). Near-Infrared 
Spectroscopy (NIRS) has so far been proven to discern a 
limited number of timber species both in the lab and in 
the field and thus requires more research to endorse its 
potential compared to other methods (Low et  al. 2022; 
Pan et  al. 2022; Ramananantoandro et  al.  2024; Tsuchi-
kawa et al. 2003).

In general, the performance of all these wood identi-
fication methods to separate species depends on i) the 
detection of diagnostic features (for instance species-spe-
cific anatomical features or metabolites) and ii) the suf-
ficient availability of references that allow a comparison 
between species to be made. As studies are performed 
delving into such diagnostic features and efforts are 
made to expand reference databases, identification meth-
ods continuously improve (Gasson et al. 2021; Yin et al. 
2020). But alongside the development of individual tech-
niques, the integration with other identification methods 
is a consideration that needs to be made. Wood identi-
fication is increasingly aimed at a synergistic approach 
between methods as the best option to maximize identi-
fication success (Dormontt et al. 2015; Gasson et al. 2021; 
Yin et al. 2020), a trajectory which is further validated by 
the results of this study.

4.3 � Misdeclarations
The misdeclarations found in this study carry signifi-
cant ecological and socio-economic implications. Sev-
eral Meliaceae timbers listed on CITES (Khaya) or as 
Vulnerable on the International Union for Conservation 
of Nature (IUCN) Red List (Khaya, Entandrophragma) 
were involved. Combined with the rapid harvest of tim-
bers of this family this is indicative of an even larger 
impact on their populations than what forest regulators 
are aware of (CITES (CITES 1993); Hall 2008; Ferrari and 
Cerutti 2023). The socio-economic impact is exemplified 
by the common misdeclaration of other Prioria species 
as the more sought-after P. balsamifera (Abeele et  al. 
2019). Buyers of such timbers are thus paying for a lower-
valued timber, which leads to financial loss and reduced 
trust in the timber market. Furthermore, this creates an 
unfair competition, disadvantaging legitimate sellers 
that do offer their timber stocks under the correct name 
(Hirschberger et al. 2008). An important factor facilitat-
ing these practices is the highly similar appearance and 
wood density of these different Prioria timbers, which is 
also the case between varying Meliaceae timbers (White 
and Gasson 2008) and between Ricinodendron heudelot-
tii and Alstonia spp.

Botanical identifications are thus imperative for a bet-
ter understanding of timber flows in the DRC and the 
resulting pressures exerted on its tropical forests. Moreo-
ver, they are essential for the implementation of national 
and international forest laws. While parts of the world 
already make strides in legislation and enforcement at the 
end of the supply chain of tropical timber, both existing 
literature and this study show that it is also necessary at 
the start (Barber and Canby 2018); Polo Villanueva et al. 
2023). This requires the installation and expansion of 
forensic wood centres that can provide botanical iden-
tification services and related research, without which 
forest law cannot be properly enforced by either timber 
producing or importing countries.

5 � Conclusion
Wood anatomy performs better than DART-TOFMS 
for the identification of tropical timber from small-scale 
markets in the DRC. This is mostly caused by a lack of 
reference metabolome profiles of internationally lesser-
known timbers and a lack of diagnostic spectrometric 
features for some taxa. However, using DART-TOFMS 
to finetune the results from wood anatomy results in the 
best performance for species identifications, demonstrat-
ing the importance of a synergistic approach to timber 
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identification. The identifications reveal the presence 
of mislabelled timber sold on these markets, which has 
repercussions on species conservation in the surround-
ing forests and socio-economic welfare in the region and 
underlines the need for identification services through-
out the timber supply chain.
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