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ABSTRACT -— The Jal National Park is the largest protected forested area in the world. The Vitoria
Amazonica Foundation is working towards understanding its ecosystem, to which this paper con-
tributes. Wood density was analysed in 27 common tree species growing in the blackwater flood-
plains of the Rio Jau, an affluent of the Rio Negro (Amazonia, Brazil). Wood was sampled with an
increment borer. Mean wood density of the analysed species ranged from 0.35 to 0.87 g em®. The
mean of all sampled species was 0.67 g cm? (st. dev. 0.13). Lowest density was found for Hevea
spruceana with 0.32 g cm” and highest for Crudia amazonica with 0.9 g cm?.

Key-words: Wood specific gravity, wood density, increment rings, blackwater floodplain forest,
igapo, Rio Jau, Central Amazonia,

Densidade de Madeira de Arvores nas Areas Inundaveis do Parque Nacional do Jau,
Amazonia, Brasil

RESUMO — O Parque Nacional do Jai é a maior drea protegida do mundo completamente coberta
por floresta. Este trabalho contribui para o conhecimento deste ecossistema, em colaboragdo com a
Fundagdo Vitéria Amazdnica. A densidade da madeira de 27 espécies de arvores comuns nas dreas
inunddveis do Rio Jail, um afluente do Rio Negro, foi determinada com o método ndo destrutivo do
trado. A densidade média das espécies analisadas variou entre 0.35 e 0.87 g cm?. A média de todas
as espécies foi de 0.67 g em? (st. dev. 0.13). A menor densidade medida foi em Hevea spruceana
com 0.32 g cm™ ¢ a maior em Crudia amazonica com 0.9 g cm?.

Palavras-chave: Densidade de madeira, aneis de incremento, floresta inundavel, igapd, Rio Jaq,
Amazonia central.

INTRODUCTION

The Jatu National Park is the
largest protected forested area in the
world. The Rio Jau is an affluent of the
Rio Negro (Amazonia, Brazil). The
whole Jau River basin was declared a
National Park. In cooperation with the
Vitoria Amazodnica Foundation /
Manaus, inventories of non-flooded
terra firme forest and flooded igapo
forest were performed in 1994
(Ferreira, 1997) as first steps towards
an understanding of the ecosystem.
This paper contributes with a study on
wood density of common tree species

Trees have characteristic wood
densities. In tropical terra firme for-
ests, density ranges from 0.05 to 1.08
g cm” (Rueda & Williamson, 1992).
For trees of Central Amazonian inun-
dation forests, which are subjected to
periodical flooding lasting up to 7
months a year (Junk, 1989), the range
of wood density lies between 0.26 and
0.94 g cm (Worbes, 1989). When
looking at white and black water sys-
tems separately, the density range in
white water forests (Ilha da
Marchantaria, Central Amazonia) lies
between 0.24 and 0.72 g cm?

of the blackwater inundation forests
(igapo).

(Martius, 1992), or between 0.20 and
0.80 g cm™ (Parolin ef al. 1998,
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Parolin & Ferreira, 1998). To date not
many species have been examined and
few data have been published on black-
water forests specifically. Wood density
is one of the most important quality fea-
tures. The study gives a first orientation
of the potential for timber use.

MATERIAL AND METHODS

For wood density determination,
samples were taken from some of the
most common tree species in the Jau
National Park. Species were chosen
based on floristic inventories made by
Leandro V. Ferreira (unpublished data,
and Ferreira & Stohlgren, 1999). The
species were determined in the field
by Leandro V. Ferreira and José
Ramos at the Amazon Research Insti-
tute in Manaus (INPA).

Only adult, healthy individuals
were chosen. Twenty seven species
were sampled with a total of 114 in-
dividuals. One to twelve trees of each
chosen species were sampled at 1.30
m above the ground. In a few cases in
which the trees were still standing in
the water (Eschweilera tenuifolia), the
sample had to be taken higher on the
stem. Trees with buttresses were
sampled above the buttress. In the case
of Swartzia polyphylla, which has high
buttresses instead of a compact stem,
samples were taken at 130 cm from
the buttresses. Since most trees grow
on slopes, samples were always taken
on the part of the stem not facing the
water. In all cases, diameter at breast
height (dbh) and position in the flood
gradient (determined by the mark of
the year’s high water level on the tree
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stem) were recorded.

Instead of using the usual destruc-
tive method of wood density determina-
tion, in which the tree has to be cut to
take wood samples, the method of
Howe (1974) and Whitmore (1973) was
used, taking wood samples with an in-
crement borer at breast height. This
method is very fast and hardly affects
the tree. Density of the samples was
determined by calculating the relation of
fresh volume to dry weight. The volume
of the core was calculated by measur-
ing the fresh sample with a vernier cali-
per: mr*h, where r is the radius of the
core = 0.25 c¢m, and h the length of the
sample. Each core was cut into pieces
of 1.5 cm length after removing the
bark, so that h was 1.5 cm. Dry weight
was measured after oven drying for four
days at 105°C.

Wood increment was measured
exclusively in 9 individuals of 6 species
which grew on a particular azonal, very
rocky site on Praia das Inscrigdes, close
to the confluence of Rio Jau and Rio
Negro. This site was chosen because
extreme low annual increments were
expected. For the determination of an-
nual increments, whole stem sections
were analysed and tree rings were
counted.

RESULTS AND DISCUSSION

Among the species analysed in
this study, mean density ranged from
0.35 to 0.87 g cm™ (Table 1). Absolute
lowest density was found for Hevea
spruceana with 0.32 g cm™ (mean
0.35 g em™) and highest for Crudia
amazonica with 0.9 g cm™ (mean 0.87
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g cm™). The mean of all sampled spe- g cm™ in Tabebuia barbata and 0.90
cies was 0.67 g cm” (st. dev. 0.13). g cm™ in Licania heteromorpha
Worbes found higher values up t0 0.92  (unpubl. data).

Table 1. Species mean wood density, density range, standard deviation (sd), number of sampled
individuals (n), and inundation period resulting from typical position in the flood gradient for
27 species in blackwater flooded forests of Rio Jai National Park. Inundation period long = 4
to 7 months, short = 0 to 3 months.

Species Density mnge Mean density sd n Inundation period
[g cm-3] [o cm-3]
Hevea spruceana 0.32-038 035 0.02 6 leng
Simaba orinocense 0.36-048 042 005 3 long
Macrolobium acaciifolium 0.36-059 044 009 4 long
Leopoldinia pulchra 0.35-054 048 009 3 short
Maprounea guianensis 0.58-059 058 001 4 short
Nectandra am azonum 048066 058 0.06 6 short
Laetia suaveolens 059 1 short
Ormosia excelsa 059-064 062 002 3 long
Swartzia laevicapa 054-069 062 004 6 short
Swvartzia polyphylla 056-068 062 0.04 7 short
Pentaclethra m acroloba 064 1 short
Parkia discolor 0.62-069 064 003 4 short
Mabea nitida 061-081 0.7 009 4 short
Buchenavia ochnopnuma 059-083 0.71 008 4 long
Sclerolobium hypoleucum 0.71-0.73 0.71 001 3 short
Acosmium nitens 067-077 072 005 2 short
Pouteria elegans 052-083 072 0.11 8 short
Aldina latifolia 067-0.81 074 0.04 12 short
Eschweilera tenuifolia 0.71-079 075 003 5 long
Alibertia sp. 0.71-0.80 076 003 5 long
Licania apetala 0.76 1 long
Tabebuia barbata 0.7-084 078 005 6 long
Couepia paraensis 0.76-0.85 0.8 003 4 lorg
Campsiandra comosa 0.8-083 081 0.01 2 long
Amanoa oblongifolia 083 1 long
Burdachia duckei 0.79-087 084 003 3 long
Crudia amazonica 0.84-0.9 087 002 6 long
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Density determination with
increment borer

The determination of mean den-
ity with an increment borer is not
usual but has been proven to show no
significant differences to the conven-
tional method of determination from
whole stem samples (Whitmore,
1973). In this study (Tab. 3), compari-
son with other authors who analysed
the same species (common in black
and/or white water) shows that differ-
ences between the methods are in-
cluded in the typical density range.

Comparison of wood density in
black and white water forests

In an earlier study (Parolin &
Ferreira, 1998), mean wood density of
common species of white water forests
of Central Amazonia was determined

with the same method as described
above. Density range in white water
forests was found to be higher than in
black water forests, ranging from 0.24
to 0.80 g cm™, with a mean of 0.48 (st.
dev. 0.16). A similar mean density of
0.495 g cm™ was found by Martius
(1992) for these forests.

The fact that density is lower in
white water forests is due to the occur-
rence of species with low density,
which typically are pioneers, such as
the genera Solanum, Pseudobombax,
Cecropia. In black water systems these
genera are absent, and the distinction
of pioneers and non-pioneers is not as
clear as in white water systems. There
is evidence (Ferreira, pers. comm.)
that the usual categories do not apply
to this system. In fact, in clearings in
the black water forests of the Rio Jau

Table 3. Comparison of wood densities (g cm™) in different studies determined with different
methods: Parolin = increment borer, other studies = whole stem section.

Parolin & Worbes (present study) Worbes 1989 Worbes etal. 1992 Martius 1992
Species mean + sd range N mean range N mean + sd N mean * sd N floodplain
system
Cecropia latiloba 036 £0.01 0.36-0.37 2 0.48 1 0.37 £0.08 7 white
Crateva benthami 05 +£0.05 0.44-057 8 0.42 0.39-045 2 0.42 £0.03 ? 0.43 £0.03 4 white
Eschueilera tenuifolia 0.75£0.03 071-0.79 5 07 1 0.75 1 black
Laetia suaveolens 0.59 1 074 1 black
Macrolobium acaiifolium 0.4 £0.04 0.37-0.44 2 043 1 048 1 white
Nectandra amazonum 0.49 £0.03 0.47-054 7 047 1 047 1 white
Pseudobombax munguba 027 £0.03 0.24-032 4 0.26 1 0.25 £0.02 ? 0.23 £0.07 5 white
Salix humboldtiana 039001 0.37-041 ¥ 042 1 white
Swartzia laevicarpa 062+004 054089 6 0.59 0.56-064 3 black
Swartzia polyphyila 062+004 056-068 7 0.56 1 black
Tabebuia barbata 067£002 064068 3 0.72 053092 15 07101 ? white
Vitex cymosa 057 +0.06 045065 9 0.59 1 0.59 1 0.48 £0.01 4 white
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it appears that the seedlings, saplings
and young trees are of the same spe-
cies which dominate the old growth,
and no particular colonizers could be
found. Further studies about this
would be interesting.

It is particularly interesting to
look at the few species which occur in

tion of climatic variations (inundation)
affect growth (Howe, 1974).

Wood density shows variations
depending on environmental factors.
Dry season in the tropics, cold season
in temperate regions, or inundation in
periodically inundated forests such as
the Central Amazonian floodplains

Table 4. Comparison of mean wood density and density range between individuals occurring in
white water (Ilha da Marchantaria) and black water (Rio Jau) floodplains.

Mean wood density

Density range

Species llha da March. RioJau llha da March.  Rio Jau

Crudia amazonica 0.80 0.87 0.79-0.80 0.84-0.90
Macrolobium acaciifolium 0.40 0.44 0.37-0.44 0.36-0.59
Nectandra amazonum 049 0.58 0.47-0.54 0.48-0.66
Tabebuia barbata 0.67 0.78 0.64-0.68 0.70-0.84

both systems (Tab. 4). Correlations
have not been tested statistically, but
a trend can be seen which shows that
individuals growing in white water
have a lower mean density and density
range than individuals of the same
species growing in black water.
Explanations for the differences
in wood density in the two systems are
probably complex but poorly investi-
gated. Little is known about the
sampled tree species, and tree growth
in flooded forests is still poorly under-
stood (Klinge et al., 1983; Furch,
1984; Worbes, 1983, 1986; Junk,
1989). Nutrient supply is higher in
white water floodplains; these rivers
carry a high sediment load and thus
enrich the soils (Irion ef al., 1983).
Soil quality, water supply, light inci-
dence, and the occurrence and dura-

cause a strong impact on growth and
thus on wood density. Whitmore
(1973) compared wood density of
Costa Rican balsa (Ochroma lagopus)
from a variety of ecologically distinct
areas and found characteristic differ-
ences between individuals depending
on the climatic and hydrological con-
ditions of the site.

Position in the flood gradient

The position of a tree in the
flood gradient is proportional to the
length of inundation (Junk, 1989) and
to the period of unfavourable growth
conditions. According to Ferreira (un-
published data), species distribution
varies along the gradient, some species
being confined to shorter, others to
longer inundated areas. Few species
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occur along the whole gradient.
Preliminary analysis of wood
density in relation to inundation dura-
tion shows a trend in which species
subjected to longer inundation periods
have higher wood density (Fig. 1). The
most tolerant species, which occur at
the lowest levels and get flooded for
the longest time each year, have the

O short flood
long flood

Number of species

Wood increments

Wood increments of the trees
from the particular rocky site on Praia
das Inscrigoes were between 1.56 and
3.14 mm year' (Tab. 2). The annual
increments of the trees from the azonal
rocky site on Praia das Inscri¢gdes were
compared to increments measured at
other blackwater sites. In comparison

0.1

02 03 04 05 06 07 08 09 1

Wood density classes [g/cm3]

Figure 1. Wood density distribution of 27 species inundated for long (4-7 months) and short

{0-3 months) periods.

highest density values (Crudia
amazonica, Burdachia duckei,
Amanoa oblongifolia). On the other
hand, at the lowest levels the species
with the lowest values (Hevea
spruceana, Simaba orinocense,
Macrolobium acaciifolium) occur also.
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with whitewater floodplains, the an-
nual increments were very low at Praia
das Inscrigdes. In the varzea of the Ilha
da Marchantaria, increments of 4.4 to
10 mm year' were measured in non-
pioneer species, and in fast-growing
pioneer species increments were 15
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Table 2 -Wood increment of trees on an azonal, very rocky surface at Praia das Inscrigdes, close
to the confluence of the Rio Jau and the Rio Negro.

Species Mean density Tree dbh Tree height  Number hcrement
g cm-3] fem] [m] of rings [mm year-1]
Acosmium nitens 078 6.4 35 1 291
Buchenavia ochnopnuma 061 5.4 3.5 15 180
Elvasia sp. 071 6.4 4.5 16 200
Licania apetala 0.78 6.9 4 11 314
Licania apetala 059 5.4 5 13 2.08
M aprounea guianensis 048 55 4 15 183
Tabebuia barbata 076 5.6 3.5 15 187
Tabebuia barbata 0.76 5.6 4.5 18 156
Tabebuia barbata 0.78 5.5 4 16 172
mm year' (Cecropia latiloba) and  Williamson, 1989).
21.4 mm year! (Senna reticulata) _
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(Parolin & Ferreira, 1998). This is the
main explanation. Growth rates and
wood densities are negatively corre-
lated (Worbes 1989).

Further studies

The present study was only pre-
liminary, with a low sample size.
Probably more than 240 species occur
in the floodplains of Rio Jau National
Park (Ferreira, unpublished data). The
trends found here indicate directions
for further work. The main future ob-
jectives should be to increase sample
size of each species and species num-
ber from both black and white water
systems of flooded forests in Central
Amazonia. Further analysis of the cor-
relations between wood density and
position in the flood gradient (= inun-
dation duration) would be interesting,
as well as the analysis of density gra-
dients along the stem cross section
and the comparison in pioneers and
non-pioneers (Wiemann &
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