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Dead organic macter (DOM) is the starting point
of the decomposer food chain. In forest ecosystems,
a large fraction of DOM occurs in the form of
wood. However, compared with leaf-litter, wood-
litter (consisting of branches and logs) is often not
adequately assessed, especially in tropical rainforests,
and few data are available. Wood-litter data would
provide an important input for the construction of
forest carbon budgerts. The activity of decomposers
determines nutricne dynamics and che rate of carbon
mineralization during the decay process (e.g.,
Schaefer 1990, Martius 1994). These processes are
also affected by, among other factors, the amount and
the spadial distribution of available wood.

We report on a quantitative assessment of wood-
licter stocks, the distribution of size classes, and spatial
distribution of wood in a central Amazonian rain-
forest. The study site was the “Reserva Florestal
Adolfo Ducke” near the city of Manaus, Brazil, a rain-
forest reserve of the Instituto Nacional de Pesquisas
da Amazonia (INPA). The arca is dominaced by
dense, primary lowland (“terra firme”) rainforest (for
details ¢f. Prance 1990). The soil is a nutrienc-poor
yellow clayey oxisol (Chauvel ¢t a/. 1987). The cli-
mate is characterized by a short dry season (months
with precipitation < 100 mm) from July to Septem-
ber. The 1911-1990 average annual rainfall of the
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Manaus region was 2107 mm (Ribeiro 1991); aver-
age minimum and maximum air temperacures were
20 and 26°C (Ribeiro 1976, Marques-Filho er «l.
1981). Leaf-licter stocks of the study area have been
determined by Héfer ez al. (1996), leaf-licter pro-
duction of nearby sites has been studied by Franken
et al. (1979) and Luizio & Schubart (1987).

Our study was carried out in May 1993. Forty-
five plots of 5x5 m were marked at random along
three transects. The individual plots were ar least 20
m apart and the distance between the three transects
was about 500 m. One transect was situated on a
small platcau, the other two were on adjacent lower
terrain, though away from the valley bottom where
a small creek flows. All dead wood on the floor of
each plot was collected and sorted into two size
groups (fine wood = 1-3 cm diameter; coarse wood
>3 cm diamerter). The fresh mass (FM) of each size
fraction was determined to 0.1 kg accuracy with a
mechanical field balance. For the determination of
the dry mass (DM), a representative sample of the
wood (approx. 10% by volume) was taken to the
laboratory, oven-dried 4 days at 105° C and weighed
to obtain the DM:FM ratio. For 5 plots from where
no such sample was taken, the mean DM:FM ratio
of the respective size groups of the other plots was
used to calculate dry mass. Fresh and dry mass values
of both size classes of wood litter are not normally
distributed, and non-parametric procedures were
used for the statistical analyses. Here, arithmertic
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means [+ 1 SD] are given instead of medians to make
our study comparable with others.

An assessment of the standard error of the
samples vs. cumulative sample average showed that
for fine wood-litter, 15 sample units (plots of 25 m?)
would produice a standard error of about 15% of the
average; with 31 sample units fine wood-litter would
be assessed to 10% error (2= 0.05). The standard
error for coarse wood-litter, which is much more
unevenly distributed, was about 30% with 45 sample
units.

The median fresh mass of fine wood-litter from
all 45 plots was 5.5 kg per plot. The median mass
of coarse wood-litter was approximately 3 times
higher (18.9 kg per plot). The arithmetic means of
the wood-litter from the transects were 6.2 3.4 and
43.7 £80.6 kg per plot respectively. Median and aver-
age of fine wood did not differ very much. The means
for coarse wood were much higher than the medians
because some plots showed very large amounts of
coarse wood (Table 1). Fine matter varied only
between 1.6 and 17.0 kg per plot, whereas coarse
wood ranged from 0.0 to 488.0 kg per plot.

The DM:FM ratio, which indicates moisture
content of the wood, varied considerably between the
plots (Table 1), probably due to the fact that dead
wood originates from many species and has different
decay histories. Also, the average ratios of both size
classes (fine wood: 0.55, coarse wood: 0.46) were sig-
nificantly different (normal distribution, t-Test, P <
0.001). On average, coarse wood contained more
water than fine wood. It also showed a much higher
variability. Water accounted for 1/3 to 3/4 of the
fresh mass of the dead wood, depending on the
degree of decay. Therefore, fresh mass is no reliable
indicator of the importance of wood-litter. We

calculated the dry masses from the original data
using the DM:FM ratios. For all 45 plots, dry mass
averaged 1.34 £0.73 t ha™' (fine macter) and 8.20
+15.50 tha-! (coarse matter), giving 9.54 £15.59 t
ha~! total dead wood.

Only for one transect (lowland 1) a weak positive
relationship (lincar regression) between the dry masses
of fine and coarse wood-litter (R = 0.62, = 0.013)
was found, bur for the other blocks no correlation
between the two size fractions was detectable, The
calculated dry masses of both size fractions, and of
the total dead wood in the plots from the 3 trans-
ects (lowland 1, lowland 2, plateat), did not differ
significancly (Kruskal-Wallis one-way ANOVA on
ranks; P = 0.611). The variation in the distribution
of dead wood berween the single plots prevailed over
any differences berween the locations in the study
area,

In several studies in Amazonian rainforests, forest
floor wood-litter ranged from 4.7 to 33.0 t ha™
(Table 2). The value of 9.5 t ha™! from Reserva
Ducke is among the lower figures. We cannort assess
at present to which extent stand-specific factors
(stand biomass, site productivity, species composi-
tion) or seasonal effects determine the amount of
wood-litter on the forest floor. This study was carried
out at the end of the rainy season; wood-litter stocks
may be lower then due to the higher decomposition
rates in this season and because more dead wood is
produced in the dry period of the year. Table 2 shows
that two stands which are about 50 and 100 km
distant from Reserva Ducke (EEST and Reserva
Egler) exhibit the highest amounts of wood-litter.
Wood mass in the EEST reserve, where only wood
>10 cm diameter was considered, is thought to be even
higher than the given value (Y. Biot, pers. comm.).

TABLE 1. Dead wood fresh mass in 25 m? plots and DM:FM ratios determined using subsamples from
the plots in Reserva Florestal A. Ducke, Central Amazonia, Brazil.

Fresh Mass (kg per plot)

DM:FM tatios

Fine Wood Matter ~ Coarse Wood Matter Fine Wood Coarse Wood
(1-3 cm diameter) (> 3 cm diameter)
Samples (n) 45 44 44 35
Mean 6.2 43.7 0.551 0.463
SD 3.4 80.6 0.077 0.103
Normality of Distribution no no yes yes
Median 5.5 18.9
Range 1.6-17.0 0.0-488.0 0.377-0.753 0.240-0.649
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Dead organic macter (DOM) is the starting point
of the decomposer food chain. In forest ecosystems,
a large fraction of DOM occurs in the form of
wood. However, compared with leaf-litter, wood-
liccer (consisting of branches and logs) is often not
adequarely assessed, especially in tropical rainforests,
and few daca are available. Wood-litter data would
provide an important input for the construction of
forest carbon budgets. The activity of decomposers
determines nutrient dynamics and the rate of carbon
mineralization during the decay process (c.g.,
Schaefer 1990, Martius 1994). These processes are
also affected by, among other factors, the amount and
the spatial distribution of available wood.

We report on a quantitative assessment of wood-
licter stocks, the distribution of size classes, and spatial
distribution of wood in a central Amazonian rain-
forest. The study site was the “Reserva Florestal
Adolfo Ducke” near the city of Manaus, Brazil, a rain-
forest reserve of the Instituto Nacional de Pesquisas
da Amazénia (INPA). The area is dominated by
dense, primary lowland (“terra firme”) rainforest (for
details cf. Prance 1990). The soil is a nutrient-poor
yellow clayey oxisol (Chauvel et a/. 1987). The cli-
mate is characterized by a short dry season (months
with precipitation < 100 mm) from July to Septem-
ber. The 1911-1990 average annual rainfall of the
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Manaus region was 2107 mm (Ribeiro 1991); aver-
age minimum and maximum air temperatures were
20 and 26°C (Ribeiro 1976, Marques-Filho et al.
1981). Leaf-litter stocks of the scudy area have been
determined by Héfer ez al. (1996), leaf-litter pro-
ducrion of nearby sites has been studied by Franken
et al. (1979) and Luizio & Schubare (1987).

Our study was carried out in May 1993. Forty-
five plots of 5x5 m were marked at random along
three transects. The individual plots were at least 20
m apart and the distance berween the three transects
was about 500 m. One transect was situated on a
small plateau, the other two were on adjacent lower
terrain, though away from the valley bottom where
a small creek Aows. All dead wood on the foor of
cach plot was collected and sorted into two size
groups (fine wood = 1-3 cm diameter; coarse wood
>3 cm diameter). The fresh mass (FM) of each size
fraction was determined to 0.1 kg accuracy with a
mechanical field balance. For the determinartion of
the dry mass (DM), a representative sample of che
wood (approx. 10% by volume) was taken to the
laboratory, oven-dried 4 days at 105°C and weighed
to obtain the DM:FM ratio. For 5 plots from where
no such sample was taken, the mean DM:FM ratio
of the respective size groups of the other plots was
used to calculate dry mass. Fresh and dry mass values
of both size classes of wood litter are not normally
distributed, and non-parametric procedures were
used for the statistical analyses. Here, arichmeric
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means [+ 1 SD] are given instead of medians to make
our study comparable with others.

An assessment of the standard error of the
samples vs. cumulative sample average showed that
for fine wood-litter, 15 sample unirs (plots of 25 m?)
would produce a standard error of about 15% of the
average; with 31 sample units fine wood-litter would
be assessed to 10% error (P=0.05). The standard
crror for coarse wood-litter, which is much more
unevenly distributed, was about 30% with 45 sample
units.

The median fresh mass of fine wood-litter from
all 45 plots was 5.5 kg per plot. The median mass
of coarse wood-litter was approximately 3 ctimes
higher (18.9 kg per plot). The arithmetic means of
the wood-litter from the transects were 6.2 +3.4 and
43.7 £80.6 kg per plot respectively. Median and aver-
age of fine wood did not differ very much. The means
for coarse wood were much higher than the medians
because some plots showed very large amounts of
coarse wood (Table 1). Fine marter varied only
berween 1.6 and 17.0 kg per plot, whereas coarse
wood ranged from 0.0 1o 488.0 kg per plor.

The DM:FM ratio, which indicates moisture
content of the wood, varied considerably between the
plots (Table 1), probably due to the fact that dead
wood originates from many species and has different
decay histories. Also, the average ratios of both size
classes (finc wood: 0.55, coarse wood: 0.46) were sig-
nificantly different (normal distribution, t-Test, P <
0.001). On average, coarse wood contained more
water than fine wood. It also showed a much higher
variability. Water accounted for 1/3 to 3/4 of the
fresh mass of the dead wood, depending on the
degree of decay. Therefore, fresh mass is no reltable
indicator of the importance of wood-litter. We

calculated the dry masses from the original data
using the DM:FM ratios. For all 45 plots, dry mass
averaged 1.34 £0.73 ¢ ha-' (fine matter) and 8.20
+15.50 t ha~! (coarse matter), giving 9.54 £15.59 ¢
ha-! toral dead wood.

Only for one transect (lowland 1) a weak positive
relationship (linear regression) berween the dry masses
of fine and coarse wood-litter (R = 0.62, 2= 0.013)
was found, but for the other blocks no correlation
berween the two size fractions was detectable. The
calculated dry masses of both size fractions, and of
the toral dead wood in the plots from the 3 trans-
ects (lowland 1, lowland 2, plateat), did rot differ
significantly (Kruskal-Wallis one-way ANOVA on
ranks; P = 0.611). The variation in the distribution
of dead wood berween the single plots prevailed over
any differences berween the locations in the study
area.

In several studies in Amazonian rainforests, forest
floor wood-litter ranged from 4.7 to 33.0 ¢ ha™
(Table 2). The value of 9.5 t ha”! from Reserva
Ducke is among the lower figures. We cannot assess
at present to which extent stand-specific factors
(stand biomass, site productivity, species composi-
tion) or seasonal effects determine the amount of
wood-litter on the forest floor. This study was carried
out at the end of the rainy season; wood-litter stocks
may be lower then due to the higher decomposition
rates in this season and because more dead wood is
produced in the dry period of the year. Table 2 shows
that two stands which are about 50 and 100 km
distant from Reserva Ducke (EEST and Reserva
Egler) exhibit the highest amounts of wood-litter.
Wood mass in the EEST reserve, where only wood
>10 cm diameter was considered, is thought to be even
higher than the given value (Y. Biot, pers. comm.).

TABLE 1. Dead wood fresh mass in 25 m? plots and DM:FM ratios determined using subsamples from
the plots in Reserva Florestal A. Ducke, Central Amazonia, Brazil.

Fresh Mass (kg per plot)

DM:FM ratios

Fine Wood Matter  Coarse Wood Matter Fine Wood Coarse Wood
(1-3 cm diameter) (> 3 cm diameter)
Samples (n) 45 44 44 35
Mean 6.2 43.7 0.551 0.463
SD 3.4 80.6 0.077 0.103
Normality of Distribution no no yes yes
Median 5.5 18.9
Range 1.6--17.0 0.0-488.0 0.377-0.753 0.240-0.649
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TABLE 2. Mass of dead wood- and leaf-litter on the forest floor in Central Amazonian forests (t ha-'). UHE =

hydroeletric dam (usina hidrelétrica); these areas were assessed prior to the dam construction.

Sire Type Litter on Forest Floor (t DW ha!')  Wood as Source
% of
Wood-  Leaf-Litter  Toral Total
Litter

Reserva/Ducke Rainforest 9.5¢ 13.8" 23.3 40.9 2 this study

b Hafer et al. (1996)
Reserva Fgler Rainforest 18.2 7.2 25.4 71.6 Klinge et al (1975)
Reserva EEST Rainforest 33.0¢ 10.0¢ 43.0 76.7 ¢ Higuchi & Biot (1995)

d Luizio (1989)
[Tha de Maracd Rainforest 5.9 2.9~ 8.8 67.0 Scortt et al. (1992)
UHE Samuel Rainforest 1.8 6.6 15.2 24.2 Revilla Cardenas (1986)
(Roraima) (mean of 2 sites)
UHE Babaquara, Rainforest 8.9 12.3 21.2 41.9 Revilla Cardenas (1988)
Rio Xingt
UHE Samuel Submontane 27.0 10.0 37.0 73.0 Martinelli es al (1988)~*
(Roraima) Rainforest
UHE Karario River Fringe 11.2 8.3 19.5 57.4 Revilla Cardenas (1987)
Xingt Forest
UHE Babaquara River Fringe 11.3 11.3 22.6 50.0 Revilla Cardenas (1988)
Xingu Forest (mean of 3 sites)
[lha de Marchanaria Floodplain 11.4-12.9 17.2-18.7  66.3-08.9 Martius (1997)

* corrected for fine wood
** cited from Fearnside (1994)

In the present study, dead wood accounts for
about 41% of the total litter found on the forest floor,
which is within the very wide range shown in other
studies of 25—75% in rainforests, submontane forests
and riparian and floodplain forests (Table 2). Here
again, the highest percentage (75-77%) is found in
the two other Central Amazonian sites. Leaf-litter
mass in the three sites does not differ greatly.

We found fine litter dry mass to be about 14%
of the total wood mass. Klinge ¢t al. (1975) found
the same proportion of 14% for fine to rotal matter.
However, this is an average value and coarse matter
mass was not a good predictor of fine matter in the
present study. Wood decomposing organisms will
find a much more evenly distributed resource in fine
wood matter, which is only 1/7 or less of the rotal
wood available.

Dead wood on the forest floor is only a fraction
of the total dead wood in forest ecosystems. Standing
dead wood (snags) was not assessed here, bur added

11 to 30% to the total dead wood mass on the forest
floor in two other studies in Central Amazonia
(Klinge ¢t a/. 1975, Higuchi & Biot 1995), 0 to 80%
in a lowland rainforest on Ilha de Maracd (Scott ez al.
1992), and 80% (by volume) in a floodplain forest
(Martius 1997). In addition to snags there are many
dead branches of living trees, which have never been
assessed in tropical forests. For temperate forests, dead
branches were found to be about 100 to 600% of
the mass of the snags (Ovington & Madgwick
1959, Christensen 1977). Thus, the dead wood
on the forest floor assessed in the present study
may be increased by 1.1-7.6 t ha™! for snags, and
an additional 1.1-45.6 t ha! for arrached dead
branches. This would result in a calculated range of
11.6-62.7 t ha™! of total dead wood available in this
forest (which would be in the normal range for Cen-
tral Amazonian rain forests, cf. Table 2).

In view of the large variability of dead wood mass
found ar the sites studied and the uncerrainties about
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the amount of standing dead wood, more detailed
studies should be undertaken. A standardized sam-
pling protocol would be required regarding the
treatment of size fractions, snags, and attached dead
wood, as well as seasonal cffects, with the aim of
finding reliable but casy-to-assess predictors of dead
wood stocks and production rates in these forests.
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