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ABSTRACT

The swamp forests of Central Africa, although little anthropised, could undergo major change in the future.
Monitoring spatio-temporal variations in their carbon stocks requires the inclusion of key forest compartments,
in particular the soil, which is rarely quantified. The aim of this study was to assess the soil's contribution to total
carbon storage in the three forest types of the swamp forests of the Congolese Cuvette: flooded forest (FF),
periodically flooded forest (PFF) and terra firma forest (TFF). Soil samples from the 0-15 cm horizon and
measurements of trees (dead and alive) were taken in 41 permanent nested circular plots. Chemical analysis of
the soils revealed that organic carbon, total nitrogen, organic matter, pH and C/N increased significantly from
TFF to FI. Soil carbon content tended to double from TFF to PFF and from PFF to FF. The C/N ratio < 25
obtained under PFF and TFF indicates normal OM mineralization. A highly significant difference was observed
between the total carbon including the soil compartment (400.84+12.12, 420.93+18.77 and 411.49+35.33 tC/ha
for FF, PFF and TFF respectively) and that excluding it (313.47+12.42, 406.74+18.38 and 407.29+35.37 tC/ha for
FF, PFF and TFF respectively). Including the soil compartment in the total carbon estimate added 4, 14 and 87
tons of carbon for TFF, PFF and FF, respectively. These results show the need to include the amount of soil

carbon when estimating the carbon stock of the swamp forest of Central Africa.
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INTRODUCTION

Present in all three tropical continents, swamp forests
are forest formations that evolve under the principal
dependence of the soil (Letouzey, 1982). In Africa,
swamp forests are found in southern Cameroon,
Gabon, the Republic of Congo (RC), the Democratic
Republic of Congo (DRC), the Niger Delta (Bonhéme
et al., 1998) and South soudan (Zaroug et al., 2013).
Occupying a vast area of the Congo Basin forests,
there are three broad forest classifications (Betbeder
et al, 2014) each with very different floristic
compositions (Bocko et al., 2016): terra firma forest,
periodically flooded forest and flooded forest, the two
latter termed swamp forests. The swamp forests of
the Cuvette Congolaise contain the most extensive
tropical peat complex in the world (Crezee et al.,
2022) which provides a number of ecosystem services
to the people of the Congo Basin forest sub-region.
The swamp forests are a major carbon store, and
likely contribute to climate change mitigation
through carbon sequestration. They also contribute to
biodiversity conservation, with the swamps being
home to forest elephants, lowland gorillas and
bonobos. The swamp forests provide fish for local
people, alongside hunting and other foodstuffs, and
so contribute to food security, and many of these
products provide income to local people which
reduced poverty (Crump, 2017). However, given the
threats to their peatland forest (Dargie et al., 2019),
the interest in managing them sustainable requires
data, including the carbon stocks in the vegetation
and the soil. This will enable a better management
policy to be put in place for the swamp forests of the
Central Cuvette, as their deforestation and
degradation can lead to significant CO- emissions. A
good estimation of the amount of carbon in each
forest compartment is therefore necessary (IPCC,

2008).

The study carried out by (Pearson et al., 2005) on the
estimation of carbon stocks identified four key forest
compartments in tropical zones that contribute
effectively to atmospheric CO. emissions in the face of

deforestation and forest degradation. These are

above-ground biomass, below-ground biomass, dead
wood and soil. As the most important compartment of
the forest ecosystem in the context of logging and
climate change mitigation and adaptation, above-
ground biomass carbon is the most frequently
estimated of all forest compartments. This is also due
to the fact that living trees are easily measurable and
are more exposed to deforestation and forest
degradation (Pearson et al., 2005). However, it
should be noted that above-ground biomass carbon
tends to represent more than 60% of the total carbon
in a forest ecosystem that is mainly dependent on
climate (Jeyanny et al, 2014; Li et al., 2010;
Suwarna et al.,, 2012). Hence the interest in
estimating above-ground biomass carbon, which can
also be used to deduct below-ground biomass carbon
(Ekoungoulou et al., 2015; Hubau et al., 2020; Lewis
et al., 2009). Estimates of the carbon content of dead
wood are less numerous and not very diversified
worldwide. The literature review carried out by
(Palace et al., 2012) shows that this work has been
carried out mainly in the Americas, followed by Asia
and Europe. At present, Africa is still the continent
where very few studies have been carried out on
estimating biomass and carbon stocks in dead wood.
What's more, the existing data has been collected
more in terra firme forest ecosystems and not in
swamp forest (Carlson et al., 2017; Djomo et al., 2011;
Gautam and Pietsch, 2012; Ifo et al, 2015). Soil
organic carbon is the least valued forest compartment
in the world. Yet their carbon storage capacity is very
high and greater than that of other compartments in
edaphic forest ecosystems (Crezee et al., 2022; Dargie
et al., 2017; Donato et al., 2011; Hribljan et al., 2016;
Pearson et al., 2005). In addition, soil organic carbon
is very sensitive to forest disturbance. Indeed, the
quantity of organic carbon increases or decreases
after forest degradation depending on the type of soil
and precipitation (Ngo et al., 2013; Powers et al.,
2011). For this reason, it is necessary to take the soil
compartment into account when estimating the total
carbon of a swamp forest in order to better assess its
standing stock of carbon and to provide a baseline for

future studies of the capacity to fix atmospheric
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carbon and changes in carbon stocks. At present,
there is little ecological research that has taken into
account all four key forest carbon compartments (Lii
et al., 2010; Ngo et al., 2013; Suwarna et al., 2012;
Yeboah et al., 2014). The aim of this study was to
assess the contributions of each key forest
compartment to total carbon storage in the swamp
forest types within the Cuvette Centrale in the Congo
Basin, in the Likouala region, Republic of the Congo.
Specifically, the aim was to (i) characterize the soil
and (i) estimate the carbon in each forest

compartment.

MATERIALS AND METHODS

Study area

This study was carried out in the north of the
Republic of Congo, in the Likouala region, at three
sites: Bondzale (1.91242N and 18.01296E),
Ekolongouma (1.225955N and 17.911272E) and
Itanga (1.205033N and 17.447833E). The average
annual temperature is 26°C and rainfall is 1557
mm/year, with a relative humidity of 80% (ANAC,
2024). Vegetation in the study area was represented
by three forest types (Betbeder et al., 2014; Bocko et
al., 2016): flooded forest (IF), periodically flooded
forest (PIF) and terra firma forest (FTF). Soil maps
and other studies suggest the flooded forests are often
peat forming (Crezee et al., 2022), the periodically
flooded forests are often histosols (Lewis et al.,
2009), and the terrra firme forest is ferralitic type and
highly desaturated. The topography was generally flat

with an altitude of between 300 and 400 m.

Chemical characterisation of the soil
Collection of soil samples

In each study site, a transect crossing the three forest
types characterizing a swamp forest in the Congolese
Cuvette was carried out. A total of 41 permanent
nested circular plots (Ekoungoulou et al., 2015) were
installed in the study area (Table 1). The nested
circular plots were composed of three nested sub—
units of 6 m, 14 m and 20 m radius, where trees in the
diameter ranges of 10-30 cm, 30-60 cm and > 60 cm

respectively were measured.

Two soil samples were taken with a soil auger to a
depth of 0-15 cm (Campbell et al., 2007), in each
cardinal direction (north-south and east-west, 1 m
from each end). There were a total of 4 samples per
study plot. A total of 52 soil samples were collected at
Itanga and 56 at each of the Ekolongouma and
Bondzalé sites, giving a total of 164 samples for the
three sites. The four samples collected one meter
from each end of the cardinal directions of each
permanent biomass sampling plots formed a

composite sample. This gave a total of 41 composites

samples derived from the 164 soil samples.

Physicochemical analysis of the soil

The soil samples were air-dried, then prepared for
chemical analysis at the chemical analysis laboratory
of the Institut de

Environnementale et Naturelle (IRSEN, formerly the

Recherche en Sciences
laboratory of the Institut de Recherche pour le
Développement (IRD)), located in Pointe-Noire
(Congo). The physical analyses focused on the bulk
density and organic matter of the soil. The apparent
density of the soil was obtained by dividing the mass
of the soil sample dried at 60°C in the oven to a
constant weight. The organic matter content was
calculated using the loss on ignition method.
Chemical analyses were carried out for pH (H20),
organic carbon (Walkley and Black method) and total
nitrogen (Kjeldahl method).

Forest carbon compartments

Estimation of soil organic carbon in tonnes
per hectare

By multiplying the depth of the horizon under
consideration (0-15 cm) by the organic carbon
content and bulk density of the soil, it was possible to
estimate the soil carbon stock in tons per hectare

(Kauffman and Donato, 2012).

Estimation of carbon in the biomass of living
trees

Only trees with a diameter greater than or equal to 10
cm were sampled in the 41 permanent nested circular
plots. The nested circular plots consisted of three sub-

units with radii of 6 m, 14 m and 20 m, where trees
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with diameters of 10-30 ¢cm, 30-60 cm and > 60 cm
respectively were measured. Trees with stilt roots,
buttresses and/or malformations on the trunk at 1.30
m above the ground were measured at 50 cm above
them (Phillips et al., 2021). The scientific and local
names of the various trees sampled were determined.
A herbarium was set up in the field in order to refine
the identification and confirmation of the scientific
names of the determined and undetermined species.
This identification and confirmation of the scientific
names of the species took place at the national

herbarium in the Brazzaville region.

Biomass was quantified using an allometric equation.
The allometric equation of (Chave et al., 2014), which
takes into account diameter, wood density and the
environmental stress index (E), was used to estimate
above-ground biomass (AGB). The environmental
stress index values for each plot were extracted from
the climate map (Chave et al., 2014), after converting
the geographical coordinates (of each biomass
sampling plot) into text format. This extraction of (E)
was done in R software (version R.4.2) via the

extract-cbind fonction of the "raster" package.

The specific wood densities of the various species
sampled were taken from the global wood density
database (Zanne et al., 2009). Average wood densities
for the genus, family or plot were used for species
with unknown specific density (Chave et al., 2008).
Plot values were extrapolated to the hectare using an
expansion factor that indicates the area represented

by each plot (Walker et al., 2016).

Thus, three different factors one for each size class of
the nested plots were used. This standardization was
necessary in order to make comparisons with other

studies.

A ratio of 0.235 (AGB < 62.5 t MS/ha) from (Mokany
et al., 2006) were used to quantify the belowground
or root biomass (BGB) of each living tree. The
biomass of a study plot then corresponded to the sum

of the biomasses of all the individual trees sampled.

By multiplying the quantity of biomass in each plot by
0.47, it was possible to estimate the quantities of
carbon in the above-ground and below-ground

biomass (Thomas and Martin, 2012)).

Estimating carbon in standing dead wood

Standing coarse woody debris was sampled in the
same way as live trees in the forest ecosystem in the
various live tree sampling plots. The dbh was
measured using the same methods as for live trees,
and the height was measured using a clinometer. The
volume of standing deadwood was calculated using

the formula in (Mund, 2004):
V:‘.‘THthH(gj]‘ (1)

Where V is the Volume of standing coarse woody
debris (m3), d is the stem diameter (m), h is the
height of standing deadwood (m) and f is the form
factor (0.627). Biomass was estimated by multiplying
the volume by the deadwood specific gravity of 0.47
(Carlson et al., 2017). The amount of carbon was
estimated by halving the dry mass obtained
(Woldendorp et al., 2002).

Estimation of carbon in dead wood lying on
the ground

Coarse woody debris lying on the ground was
measured using the line intersection method
presented by (Harmon and Sexton, 1996). This
involved drawing two lines, each 50 m long, in each
cardinal direction (north-south and east-west) at

right angles to the center of a sample plot of live trees.

The diameter of each piece of coarse woody debris
crossing the sampling line was systematically
measured. A piece of coarse woody debris was
measured if and only if: (1) more than 50% of the
coarse woody debris was above ground and (2) the
sampling line crossed at least 50% of the diameter of
the fallen piece of coarse woody debris (Walker et al.,
2016). The volume of dead wood (@=2.5 cm)
accumulated on the ground was calculated using the

formula in (Warren et al., 2008):
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Where V is the volume of coarse woody debris (m3.ha-

1), di is the diameter of each coarse woody debris
sampled (m) and L is the length of the transect, which
was 100 m in the case of this study. The biomass and
carbon values of each coarse woody debris lying on
the ground were estimated in the same way as for

standing coarse woody debris.

Statistical analysis of the data

The mean values of the various physical and chemical
soil parameters, as well as those of biomass carbon,
were accompanied by a standard error. The Kruskal-
Wallis test was used to analyze the difference in
carbon stocks between the forest types studied.
Dunn's post hoc test (dunn.test) was used only when
the difference in estimated values was found to be
significant after using the Kruskal-Wallis test (Dinno,

2015). All statistical analyses were performed using R

software (http://www.r-project.org); (R Core Team,

2020).

RESULTS

Spatial variability of soil properties

Mean values of organic carbon, total nitrogen and
C/N ratio increased from upland forest to flooded
forest (Table 2). The contents of the five chemical
(SOC, N, C/N, OM and pH) and physical (Da) soil
parameters showed very highly significant differences
between the three forest types studied (Kruskal-
Wallis. test, p-value < 0.0001). However, it should be
noted that Dunn's test revealed that these very highly
significant differences were firstly between the values
obtained in flooded and periodically flooded forest,
and secondly between those obtained in flooded and
dryland forest (Table 2).

Organic matter content varied very significantly from
one forest type to another, decreasing from flooded

forest to dry forest (Table 2).

Table 1. Distribution of permanent study plots by site and forest type crossing each transect.

Study site Transect length

Forest types Plots number

Bondzale 6 km

o))

FF
PFF
TFF

Ekolongouma 9 km

FF
PFF
TFF

Itanga 6 km

FF

PFF
TFF

(SR NN e B N N B

On the other hand, soil acidity, which also decreased
from flooded forest to upland forest, showed no
significant difference between periodically flooded

forest and upland forest.

Contribution of each carbon pool to total
forest carbon storage

The mean quantities of carbon from the biomass of
living trees (above and below ground) and from dead
wood tended to increase from flooded forest to terra
firme forest (Table 3). The Kruskal-Wallis test

revealed no significant difference between the

quantities of dead wood carbon in the three forest
types studied (P= 0.93), Similary, the Dunn's test
showed no significant difference between periodically
flooded and dry land forest, for live tree carbon (Table
3). The results of the present study also show that soil
organic carbon values, obtained in tonnes per hectare,
increased from upland forest to flooded forest, with
highly significant differences between the three forest
types studied (Kruskal-Wallis, P < 0.0001) (Table 3).

As regards total carbon,

compartments (AGB, BGB, CWD and SC, Table 3)

including the four
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considered, no significant differences were observed
between the three types of forest studied (Kruskal-
Wallis, P-value = 0.778): FF (400.84+12.122), PFF
(420.93+18.772) and TFF (411.49+35.33%). However,
if the soil compartment was excluded during carbon
highly

differences, were observed lower values in FF

estimation, then there are significant
(313.47+12.422) than wither PFF (406.74+18.38b) or
TFF (407.29+35.37Y) (Kruskal-Wallis, P-value =
0.001). The results also revealed that the amount of

soil carbon in the three forest types tended to double

from terra firma forest to periodically flooded forest,
and then double again from periodically flooded
forest to flooded forest (Fig. 1A). Live tree AGB is
always the largest carbon pool, but in TFF almost
three-quaters of the total carbon is stored in live AGB,
but in PFF this reduces to two-thirds, and in FF only
half the total carbon is in live AGB. With forest
types, the amount of total forest carbon (including
soil carbon) was significantly lower when excluding
soil carbon in FF and PFF, but was not significantly
lower in TFF (Fig. 1B).

Table 2. Physicochemical composition of the soils of the three forest types of the Likouala swamp forest.

Forest-types Chemical Parameters Physical
(number of Parameter
plots)

SOC (%) N (%) C/N pH (H=0) OM (%) BD (g/cms3)
FF (18) 52,00+0,602  1,33+0,132 47,81+5,522 3,80+0,012 87,36+0,982 0,18+0,012
PFF (12) 6,18+0,98>  0,32+0,04>  20,89+3,52P 4,27+0,13P 14,19+1,86P 0,74+0,12P
TFF (11) 2,434+0,26>  0,21+0,03P 12,36+1,40P 4,23+0,03P 5,20+0,17¢ 0,93+0,06P

SOC: Soil organic carbon, N: Nitrogen, BD: Bulk density, OM: Organic matter, FF: Flooded forest, PFF: Periodical

flooded forest and TFF: Terra firme forest. Values in parentheses represent number of samples. Les lettres a, b et ¢

révelent ou non la significativité de la différence entre les valeurs obtenues apres usage du test de Dunn.

DISCUSSION

Spatial variability of soil properties

The results of the present study show that there is a
significant difference between the three forest types
studied in terms of concentrations of organic
carbon, nitrogen, C/N ratio,b OM, pH and Da
(Kruskal-Wallis. test, p-value < 0.05). The chemical
compounds of the three types of facies studied
tended to increase from FTF to IF, except for pH,
which showed the opposite pattern (IF to FTF). This
latter observation was highlighted by (Dabin, 1985)
when characterizing the physicochemistry of soils
under tropical rainforests. Several factors can
explain the differences and directions of change in
the levels of different physical and chemical
compounds in the facies studied, including: floristic
composition and microbial activity (Chambers et al.,
2011; Dabin, 1985; Saint-Laurent et al.,, 2017;

Vashum et al., 2016).

The high levels of chemical compounds in soils under
FF indicate low activity on the part of decomposing
micro-organisms. (Page et al., 2011) point out that a
soil contains peat when its organic matter (OM)
content is greater than or equal to 65% in the first
thirty centimetres of the soil. The OM content
(87.36+0.98%) and highly acidic pH obtained under
FF indicate that the soil is a peat bog. Other data and
analyses indicate that the FF plots are peat lands of
the top 30 cm soil depth (Crezee et al., 2022b; Dargie
et al., 2017b). In other words, a soil with a reducing
water regime where dissolved oxygen is low due to
saturation by groundwater (FAO-UNESCO, 1975).

As a result, there is little mineralization of organic
matter, which justifies the high nitrogen content
(1.33+0.13%), high C/N ratio (47.81+5.52) and high
organic carbon content (52.00+0.60%) under FF. For
(Balloy et al., 2017) the low rate of OM decomposition
leads to an increase in soil organic carbon content.
This was the case under the FF studied.
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The soil under PFF (with seasonal flooding
constraints) has a low carbon content (5.73+1.55%)
compared with that under FF, but twice as high as
that under PFF. The decrease in nitrogen content
(0.31£0.12%) and C/N (20.37+11.84) and the increase
in pH (4.23+0.5) indicate normal microbial activity
under PFF. In fact, the C/N ratio < 25 obtained under
PFF indicates normal mineralization of OM and leads
to the release of nitrogen that can be used by plants
(Balloy et al, between

2017). Competition

decomposer microorganisms and fine plant roots for

nitrogen nutrition is very low. The soil under TFF
(not exposed to flooding constraints) has a very low
carbon content (2.43+0.83%) with a very low
nitrogen content of 0.10% (compared with the soil
under PFF). These results show that microbial activity
follows an increasing gradient from soil under FF to
soil under TFF. And the C/N ratio (12.59+4.74%)
indicates that the rate of OM decomposition is very
high under TFF. Although the soil pH under TFF is
more or less the same as the soil under PFF; OM

mineralization is very advanced under TFF.

Table 3. Mean carbon values for four pools of the three forest types in the Likouala swamp forest.

Forest types AGB (t/ha) BGB (t/ha) CWD (t/ha) SC (t/ha)

FF 213,10+10,08% 44,43+2,19* 7,67+1,812 139,89+4,312
PFF 286,23+17,57° 63,04£3,97° 7,00+1,172 65,27+22 86P
TFF 303,20+28,76P 67,72+6,52P 9,59+3,772 33,89+8,02¢

AGB: Above-ground biomass, BGB: Below ground biomass, CWD: Coarse woody debris and SC: Soil carbon

The results of this study were compared with those
found in tropical zones. Carbon, nitrogen, C/N ratio
and OM contents show great spatial variability in
tropical forests (Jeyanny et al., 2014). They differ
from one forest type to another, from one region to
another and from one country to another. The
results obtained under flooded forest (FF) in our
study area are very similar to those found by (Dargie
et al., 2017) under FF in swamp forests in the
Likouala region. The organic carbon content under
FF is typical of peatland forests, being well above
50% (Beilman et al., 2009; Dargie et al., 2017; Vitt
et al., 2000). The carbon content of the present
study (52%) is slightly lower than that found by
(Dargie et al., 2017) in the central cuvette of the
Congo Basin (59+3%) and by (Dommain et al., 2011)
in central Kalimantan of Asia (57.88+1.64%).
However, it is slightly higher than that found in
Amazonia (47.6%) by (Draper et al., 2014).

The results obtained under periodically flooded forest
(PFF) in our study area are lower than those found by
(Ifo et al., 2017) under PFF dominated by Guibourtia
demeusei (116,16 tC.h-1) and much higher than those
found by the same author in the same region under
PFF dominated by Lophira alata (17,21 tC.h-1). Soils
under terra firme forest (TFF) in our study area have

carbon contents that are slightly higher than those

found by (Ifo et al., 2017) under secondary TFF with
Musanga cecropioides, in the Likouala region
(northern Congo). They are also higher than those
obtained by (Peh et al., 2011) under mixed TFF and
under TFF dominated by Gilbertiodendron deweuvret,
in the Dja Reserve in Cameroon. (Yadav et al., 2015)
also found a carbon content lower than ours under
TFF in the Narmada forest division in Gujarat, India.
However, the carbon content obtained by (Amlin et
al., 2014) under secondary TFF in Malaysia is higher
than that found in the present study.

The differences in soil organic carbon content noted
between those of this study and those found by other
authors in tropical forests can be explained by soil
types and the specific compositions of forest type. Soil
types and floristic composition influence carbon
accumulation in tropical forests in several ways. In
fact, the type of litter provided by the plants and the
soil's water regime affect the pH, which can become
very acidic, acidic or weakly acidic. This results in an
increase in soil carbon content in relation to the
decrease in pH and water saturation, which reduces
microbial activity (FAO-UNESCO, 1975;
Laurent et al., 2017; Vashum et al., 2016). This is why

Saint-

soil organic carbon stocks are higher in edaphic forest
ecosystems (Dargie et al., 2017; Donato et al., 2011;

Hribljan et al, 2016; Pearson et al, 2005).
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Fig. 1. Contribution of the different forest pools to carbon storage in the three forest types of the swamp forest of

the Likouala département (A): proportion of carbon in the four carbon pools studied and (B): influence of soil

carbon in the total estimate of forest carbon.

Contribution of carbon pools to total forest
carbon storage

The percentage contribution of each carbon pool of
the three forest types studied falls well within the
range of values found in tropical zones. For example,
forest compartments such as BG (11 to 16%) and CWD
(2%) have contributions that oscillate between the
values of 1 and 20% of the total carbon stock
mentioned by Sierra et al. (2012). As for above-
ground biomass, it tends to account for more than
60% of the total carbon in a forest ecosystem that is
mainly dependent on climate (Jeyanny et al., 2014;
Lii et al., 2010; Pearson et al., 2005; Suwarna et al.,

2012).

The results of the present study revealed a significant
contribution of the soil compartment in the estimation
of the total carbon of the flooded forest and the
periodically flooded forest. Therefore there is a highly
significant difference between the total carbon of the
swamp forest studied when including the soil
compartment and excluding it. Soil organic carbon thus
represents a significant fraction of the total carbon of a
swamp forest in the Congo Basin. In fact, taking into
account only the o0-15 cm horizon of the soil
compartment when estimating the total carbon of the
three forest types of the Likouala swamp forest resulted

in gains of around 87, 14 and 4 tonnes of carbon,

respectively for the FF, PFF and TFF. For this reason,
consideration of the 0-100 c¢cm horizon of the soil
compartment would lead us to improve its percentage
contribution, which could reach or exceed 50% of the
total carbon of each forest type studied. In fact, it is
accepted that the 0-100 cm horizon of a tropical soil
contributes 50% of the carbon storage of a forest
ecosystem (Dixon et al., 1994). However, it should be
noted that this contribution can exceed 50% in
ecosystems that depend mainly on the soil, such as
mangroves and peatlands (Dargie et al., 2017; Kauffman
and Bhomia, 2017). This is the case for the contribution
of the soil compartment of the flooded (with peat) forest
studied. Thus, the exclusion of below-ground biomass
(large and fine roots), necromass (coarse woody debris
and litter) and soil organic carbon leads to a
considerable underestimate of the total carbon of a given

forest ecosystem.

CONCLUSION

The present study shows that soil properties vary
from one forest type to another, with levels of
chemical parameters increasing from upland forest to
flooded forest. This finding reveals that the activity of
decomposing micro-organisms increases from
flooded forest (low) to terra firme forest (high). The
contributions of the 4 key compartments studied

differ between them and between forest types.
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Taking into account the organic carbon of the 0-15 cm
soil horizon when estimating the total carbon of each
forest type revealed a highly significant difference
between the total carbon including the soil
compartment and that excluding it. It would therefore
be prudent to estimate the total carbon stock of a
swamp forest ecosystem while neglecting soil organic

carbon stocks.
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