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Abstract: The identification of wood species in paper prod-
ucts is highly important for the enforcement of the newly 
established timber regulations regarding the control of 
illegal logging. In the context of European Timber Regu-
lation (EUTR), in the present paper a database has been 
established containing reference samples and anatomical 
descriptions for the identification of 23 tropical timbers 
from Southeast Asia in pulp and paper products. The ves-
sel elements and fibers of these mixed tropical hardwoods 
(MTH) were characterized by light microscopy. The woods 
in focus were macerated, embedded and compared visu-
ally and statistically. The collected microscopic data and 
images are helpful for the identification of the wood spe-
cies used for paper production.

Keywords: European Timber Regulation (EUTR), fiber 
atlas, identification of wood species in paper, interves-
sel pitting, maceration, mixed tropical hardwoods (MTH), 
vessels and vessel elements, vessel-ray pitting

Introduction
The fiber components of pulp and paper are subjected 
to the strict control of the European Timber Regula-
tion (EUTR, No. 995/2010, implemented in March 2013), 
according to which both the producer of wood products 

and traders are responsible for the wood species applied 
(Koch et  al. 2015). The key purpose of EUTR is to mini-
mize the utilization of illegally logged timber or products 
derived from it on the EU market. Thus pertinent details 
of the product are needed, which make possible the rapid 
identification of wood species and their origin (Dormontt 
et al. 2015, Koch and Schmitt 2015).

Tropical tree species (among others mangrove trees) 
are frequently used for the increasing pulp production 
in Southeast Asia and China (Williams 2014, FAO 2015). 
It cannot be excluded that tropical timbers from natural 
forests with protected tree species are also processed 
(Greenpeace 2012). Their identification in pulp and paper 
requires a standardized morphological description of the 
individual wood cells in the products. In detail, individ-
ual vessel elements are best suited for microscopic iden-
tification based on typical features such as structure of 
perforation plates, helical thickenings, and arrangement 
of vessel-ray pits (Core et  al. 1979, Carlquist 2001). Such 
characteristics for the most important species grown in 
the temperate zone and in plantations are well described 
in the fiber atlases of Harders-Steinhäuser (1974) and of 
 Ilvessalo-Pfäffli (1995), which are also suitable for wood 
identification in pulp and paper. However, no such data-
base is available for tropical timbers used for pulp and 
paper production. More than a hundred anatomical char-
acteristics are available for the identification of solid soft-
woods and hardwoods (IAWA 1989, IAWA 2004). Compared 
to solid wood, there are essentially less microscopically 
relevant key characteristics of macerated tissues (Gasson 
2011). For the determination of wood species in pulp and 
paper, a reliable database is still not yet available. Even if 
species-relevant details are known from solid wood, their 
identification in pulp and paper is more difficult because 
of the complex mixture of fiber and vessel elements from 
various wood species that suffered mechanical defects 
during the pulp production (Koch et al. 2015). Moreover, the 
anatomically relevant vessels are scarce in such mixtures.

The aim of the present paper is the establishment of 
a fiber atlas focusing on tropical species from Southeast 
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Asia. The first step to this goal is the description of intact 
vessel elements in solid wood. Then, the quality of the key 
features of the damaged vessels in pulp and paper has to 
be investigated. The expectation is that some features will 
be suitable for the identification of tropical woods from 
illegal logging.

Materials and methods
Wood from 20 different genera representing 14 families from South-
east Asia was chosen and prepared for maceration (Table 1). The 
genera were chosen in cooperation with Greenpeace and represent 
some of the principal timbers currently traded in Southeast Asia. For 
instance, four subgenera of Shorea, as well as two monocots (Cocos 
sp. and Dendrocalamus sp.) are included in the list. Authenticated 
specimens of the wood collection of the Thünen Institute served as 
reference material.

The samples were prepared and macerated according to the 
method of Franklin (1945). Maceration is a gentle method to dis-
mantle the cell structure by dissolving the lignin without destroying 
the cells, in contrast to the defibration process in paper production 
in the course of which heavy mechanical and chemical stress is 
imposed on both fiber and vessel elements. For maceration, the sam-
ples (1 × 1 × 1 cm3) of each species were split into 1 mm thick slivers in 
the radial direction to obtain a representative selection of vessel ele-
ments from successive growth increments. The samples were subse-
quently boiled in distilled water. A solution of equal parts of glacial 
acetic acid (99%) (Carl Roth GmbH & Co. KG, Karlsruhe, Germany) 

and 30% solution of H2O2 (Carl Roth GmbH & Co. KG, Karlsruhe, Ger-
many) was filled into test tubes and two to three wood slivers were 
dropped in the reagent (Rotilabo block-thermostat H 250, Carl Roth 
GmbH & Co. KG). The tubes covered by marbles were then heated to 
about 60°C for 48 h, so that the emerging steam condensed on the 
marble surface and the gas could escape. The maceration ended as 
soon as the samples were bleached. The woody tissue was broken 
up, and the individual elements were separated by shaking the test 
tubes. The resulting suspension was rinsed with tap water and kept 
in a plastic filter bag in ethanol (96%).

For better contrast, a part of the pulp was stained with safranin 
(4%) (alcohol soluble, Chroma-Gesellschaft Schmid & Co. Stuttgart-
Untertürckheim), another part with nigrosin (1%) (alcohol soluble, Alfa 
Aesar GmbH & Co. KG, Karlsruhe). The vessel elements of the pulp were 
then selected by needle, placed on microscope slides, and embedded in 
Euparal (Carl Roth GmbH & Co. KG, Karlsruhe,  Germany) to store them 
permanently (Figure 1). The microscope slides were placed under a flue 
to evaporate for 1 day and then cured at 50°C for 10 days.

Qualitative parameters and their quantification: The qualitative 
parameters were evaluated visually, i.e. the comparative shape of 
the vessel elements, the appendices, perforation plates, presence of 
tyloses, arrangement of the intervessel pits, vessel-ray pits, and pits 
to parenchyma cells and fibers. The vessel element dimensions were 
determined by measuring the length and width including the length/
width ratio based on vessel elements stained with safranin. The 
intervessel pits were measured by quantifying the vertical diameter 
of their apertures and borders (Figure 2a) based on vessel elements 
stained with nigrosin. Measurements were taken of at least 36 ves-
sel elements of each species (software: cell∧F, Olympus Soft Imaging 
Solutions GmbH, Münster, Germany).

Table 1: List of investigated species.

Family   Species   Trade name

Acanthaceae   Avicennia marina (Forssk.) Vierh.   Api Api (Mangrove)
Anacardiaceae   Mangifera sp.   Mango
Anacardiaceae   Swintonia sp.   Merpauh
Arecaceae   Cocos nucifera L.   Coconut Palm
Calophyllaceae   Calophyllum sp.   Bintangor
Celastraceae   Lophopetalum sp.   Perupok
Dipterocarpaceae   Shorea subg. Rubroshorea   Red Meranti
Dipterocarpaceae   Shorea subg. Anthoshorea   White Meranti
Dipterocarpaceae   Shorea subg. Shorea   Bangkirai, Balau
Dipterocarpaceae   Shorea subg. Richetia   Yellow Meranti
Dipterocarpaceae   Parashorea sp.   Gerutu
Dipterocarpaceae   Dipterocarpus sp.   Keruing
Fabaceae-Caesalpinioideae  Intsia sp.   Merbau
Fabaceae-Caesalpinioideae  Koompassia malaccensis Maingay ex Benth.   Kempas
Fabaceae-Mimosoideae   Acacia mangium Willd.   Acacia
Malvaceae   Durio sp.   Durian
Malvaceae   Heritiera sp.   Mengkulang
Myrtaceae   Eucalyptus globulus Labill.   Eucalyptus
Poaceae   Dendrocalamus latiflorus Munro   Bamboo
Rhizophoraceae   Rhizophora sp.   Red Mangrove
Sapotaceae   Palaquium sp.   Nyatoh
Tetrameristaceae   Tetramerista glabra Miq.   Punah
Thymelaeaceae   Gonystylus sp.   Ramin
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Figure 1: Macerated fibers and vessel elements, put on a 
 microscope slide.

Figure 2: Acquisition of vessel element characters (a) Measure-
ment on vessel elements (length, width, intervessel pit aperture 
and border) (b) Dimensions of vessel elements of different species 
(Dipterocarpus sp., Avicennia sp., Rhizophora sp., Tetramerista sp., 
Gonystylus sp.) (c) Different perforations (simple and scalariform) 
and different shapes, sizes and patterns of pits in vessel elements. 
Intervessel pits (1) and vessel-ray pits (2) on Acacia sp., increased 
vessel-ray pits on Mangifera sp. (3), tylosis (4) on Shorea subg. 
Anthoshorea, scalariform perforation (5) on Rhizophora sp.

Statistical analysis: The recorded data of vessel elements and pits 
were statistically analyzed in SAS UNIVARIATE (SAS Institute Inc., 
USA). During analysis, it became evident that several attributes are 
not normally distributed. Because of the different types of deviation, 
the Wilcoxon-Mann- Whitney test was applied, i.e. a statistical analy-
sis independent from data distribution. The length and width of the 
vessel elements as well as the diameter of the apertures and borders 
of the intervessel pits of all species were compared in terms of signifi-
cance of differences (level of significance: 5%).

Results and discussion
The vessel elements and intervessel pits of the wood 
species were measured, analyzed, and compared to each 
other based on statistically evaluated data in terms of 
length, width, pit diameter of aperture and border, and 
visual impression concerning shapes and patterns. The 
results show that the evaluation of vessel dimensions 
allows the identification of the species in paper made of 
pure material (only one species applied, i.e. monofrac-
tion). This, however, was not possible when the mixture 
consisted of several species, as is common practice in the 
paper-producing industry. In paper, the vessel elements 
sometimes are ripped or folded that impedes the meas-
urement of the vessel dimensions. In the case of paper, 
therefore, species identification relies on the qualitative 
analysis of vessel elements by means of the visual impres-
sion and comparison with references in the fiber atlas 

(Ilvessalo-Pfäffli 1995) or micrographic atlases of South-
east Asian timber (Hayashi et al. 1973, Ogata et al. 2008).

Shapes and patterns
The shapes and patterns of the vessel elements and 
their pits were visually compared. As seen in Figure 2b, 
the vessel elements vary greatly in size. They possess 
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divergent dimensions and shapes: some of them are slim 
and elongated (Tetramerista sp.), others are very small 
and short (Avicennia sp.). Some species show appendices 
that differ in length, width, and form. The appendices of 
Gonystylus sp., for example, are short and the transition 
is abrupt while Rhizophora sp. has long appendices with 
a smooth transition. The shape and formation of the pits 
are also very different (Figure 2c). The pit arrangements 
are in relation to the pit type: the intervessel pits of some 
species are arranged in vertical lines or in fields; vessel-
ray pits appear horizontal in long lines (according to the 
rays). While the pits to longitudinal parenchyma cells 
(Figure 2c-1) and the vessel-ray pits (Figure 2c-2) of Acacia 
sp. resemble each other, they can still be differentiated 
due to their arrangement in vertical rather than horizon-
tal lines. Furthermore, pit size and shape can be indica-
tive of the genus: the vessel-ray pits of Mangifera sp., for 
example, appear bigger, elongated, and wider (Figure 2c-3) 
than those of Acacia sp. (Figure 2c-2) and possess reduced 
or apparently simple borders. It is possible to determine 
the adjacent cells, such as a tracheid or a parenchyma 
cell, by looking at the pit arrangement.

If wood species generate tyloses, like Shorea subg. 
Anthoshorea (Figure 2c-4), the tyloses are kept after mac-
eration and are a helpful feature for identification. The 
perforation of vessel elements can be simple (Acacia sp., 
Mangifera sp., Shorea subg. Anthoshorea) or scalariform 
(Figure 2c-5, Rhizophora sp.).

Results of quantitative 
measurements
In Figure 3, the boxplots of 10 selected species show the 
distribution of the measurements of the parameters length 
and width of the vessel elements as well as the diameter of 
the apertures and borders of intervessel pits. The boxplots 
of one parameter have mostly a similar appearance with 
overlaps and some deviations from the main field. Species 
belonging to the genus Tetramerista have the longest 
and widest vessel elements but the smallest intervessel 
pit apertures. This is a useful combination well-suited 
for identification, even if the distribution of the width is 

Figure 3: Variation of quantitative data of Acacia sp. (Aca), Avicennia sp. (Avi), Durio sp. (Dur), Eucalyptus sp. (Euc), Gonystylus sp. (Gon), 
Palaquium sp. (Pal), Parashorea sp. (Par), Rhizophora sp. (Rhi), Shorea subg. Shorea (Sho), Tetramerista sp. (Tet) in (a) length of vessel 
 elements (b) width of vessel elements (c) diameter of apertures of intervessel pits (d) diameter of borders of intervessel pits.
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broad. The latter is overlapping in a wide field apart from 
the genera Avicennia and Rhizophora. Avicennia sp. is very 
small on the whole, which has the shortest and the most 
slender vessel elements.

The boxplots of the intervessel pit apertures show a 
very similar distribution with a clear interquartile range; 
only Tetramerista sp. deviates with a very small interquar-
tile range. The scalariform intervessel pits of Rhizophora sp. 
have the widest and Tetramerista sp. the smallest interves-
sel pit apertures. The size of the borders of the intervessel 
pits corresponds to the distribution of the apertures. As 
expected, the diameters of the borders are slightly larger 
than those of the apertures. Durio sp. and Rhizophora sp. 
have the largest borders, Avicennia sp. has the smallest.

As visible in the boxplots, the species lie close to 
each other in almost every case and mostly are overlap-
ping. The quantitative data of the vessel elements are 
not sufficient for species identification, but they are a 
helpful addendum in the fiber atlas and complement 
the qualitative characteristics for species identification 
(Richter and Dallwitz 2000). They provide an indication 
for the final specific attribution of vessel elements in 
mixed pulps and papers and constitute a possibility to 
confirm the prior findings.

Table 2: Significance of accordance of two distributions showing 
the example of five species [Dendrocalamus sp. (Den), Heritiera 
sp. (Her), Intsia sp. (Int), Shorea subg. Shorea (Sho-Sho), Acacia 
sp. (Aca)].

Species

 
 

Species

Den   Her   Int   Sho-Sho

Aca
 Length   0.000   0.420   0.001   0.001
 Width   0.002   0.000   0.000   0.000
 Aperture   0.000   0.492   0.000   0.020
 Border   0.000   0.000   0.163   0.012
Den
 Length     0.000   0.000   0.000
 Width     0.000   0.002   0.289
 Aperture     0.000   0.000   0.000
 Border     0.000   0.000   0.000
Her
 Length       0.003   0.002
 Width       0.002   0.000
 Aperture       0.001   0.021
 Border       0.009   0.350
Int
 Length         0.348
 Width         0.000
 Aperture         0.000
 Border         0.070

Italic values indicate no significant difference.

The verification of the significance of the data for 
the differentiation of two species led to 190 combina-
tions of 20 wood species that are compared in terms of 
length and width of vessel elements, and diameter of 
intervessel pit apertures and of borders. The statistical 
evaluation according to the Wilcoxon-Mann-Whitney test 
resulted in significant and non-significant differences 
(always between two species to compare): 69% of the 
combinations showed significant differences for all four 
parameters, 21% in three of four and 8% in two of four 
parameters. Only 1% show significant differences in only 
one parameter. In almost every case, at least two of the 
four parameters display significant differences (Table 2). 
This method allows for the differentiation between the 
subgenera of Shorea, which cannot be achieved reliably 
by the commonly used visual evaluation. This way of 
determination of species based on quantitative measure-
ments and evaluated by statistical analysis is useful for 
monofraction samples, i.e. if only one wood was used for 
pulping and paper making.

Until now, the database contains the results of 36 
vessel elements for each species that originate from a 
single wood sample from the investigated species. The 
variability is not yet given and will be the subject of future 
research.

Conclusion
If the pulp or paper is composed of only one wood species, 
the wood can be identified at least to the generic level. The 
species assignment is more difficult in case of the presence 
of several wood species. A statistical analysis is nearly not 
possible because there must be at least 25 vessel elements 
per species to make a safe conclusion about the average 
dimensions of the vessel elements and their pits (IAWA 
1989). Nevertheless, a new criterion is established based 
on the size distribution of the vessel elements that com-
plements already-existing features for wood identifica-
tion. For the differentiation of individual species in paper, 
qualitative data are more important because of the inho-
mogeneity of the material. Based on a few parts of vessel 
elements, the statistical data are not reliable, but they give 
some hints to some species.
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