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Abstract

In order to know the role of plant woody debris in the carbon cycle, a study of carbon stocks and
carbon flow of plant woody debris was conducted in the natural forests of the centre of the re-
public of Congo in the Bateke Plateau. Allometric equations were used to measure the carbon
stock of in dead wood debris of Lesio-louna tropical rainforest. Three plots of 40 m x 40 m were
delimited in each forest types. All plots were within 300 m of each other. The average stocks of
carbon in coarse woody debris obtained are 10993 g'-m-2 and 14172 g-m-2, respectively, in the
Gallery forest (GF) and the hill-slope forest clump (HF), the difference of carbon stock between the
two forests is not significant (p = 0.78). The interannual mean flow in both forests is respectively
1776 and 545 g-m-2-an-! in the FG and the MSDS; this medium is not significant (p = 0.10). Carbon
stocks of fine woody debris are respectively 965 and 83 g-m-2 in the GF and HF, difference is sig-
nificant (p = 0.0013). The interannual mean flow of carbon in fine woody debris in the GF and the
HF were respectively 310 g'm-2-an-1 and 51 g'm-2-an-1.
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1. Introduction

The vegetation of Central Africa is broadly composed of the Congo drainage basin and contiguous humid closed-
canopy forests and less well known, coarse areas of savannah and forest-savannah mosaics often composed of
forest groves either along the river bank (gallery forest) or resulting from ancient local human activities (Schartz
et al., 1996). These are highly dynamic ecosystems, with some evidence that since recently the forest is en-
croaching into the savannah area (Delegue et al., 2001; Favier et al., 2004; Mitchard et al., 2009). Several studies
have been conducted in this area of the Bateke Plateau (Makany, 1976; Schwartz & Namri, 2002; Ifo & Nganga,
2011; Ekouloungou et al., 2014) in order to better understand the knowledge or vegetation dynamics vegetation
of the Bateke Plateau). As of today no specific study of woody debris has been undertaken in this area.

Coarse woody debris (cwd) refers to the woody material on the forest floor, including fallen stems, large
branches, coarse roots, wood pieces, and standing dead trees (snags) (Harmon et al., 1986).

Woody debris is an important compartment of forest ecosystems. They participate to the structure and func-
tioning of forest ecosystems (Harmon et al., 1986; Samuelsson et al., 1994; Francklin et al., 1987; Eaton, 2005).
The first studies on the woody debris began in 1955 (Jessen, 1955), and they were the result of the mortality of
forest canopy trees that produced coarse amounts of woody debris which accumulated on the ground (Harmon et
al., 1986; Carmona et al., 2002).

For several decades, the characterization of the production of forests around the world was to measure fine
litterfall (Bernhard-Silva, 1993; Loumeto, 2002; Goma-Tchimbakala & Bernhard-Silva, 2006; Pandey et al.,
2007) but also of fine roots (Jourdan et al., 2008; Jiménez et al., (2009)) those relating to the production, quanti-
fication and the ecology of woody debris were scarce until very recently.

And existing studies on the woody debris have been conducted in different types of forest: mangrove forests
(Krauss & Doyle, 2005), boreal forest (Karjalainen & Kuuluvainen, 2002), temperate forest (Gove et al., 2002;
Gough et al. 2007; Rahman et al. 2008; Pesonen et al., 2009), rainforest (Beets et al., 2008).

Interest in the study of plant woody debris was developed following studies on biogeochemical cycles in the
forest in the context of climate change (Pittman, 2005; Eaton, 2005). In the North American temperate forests,
coarse woody debris constitutes nearly 12 percent of the total carbon of the forest ecosystem. However, the
amount of wood residue varies greatly from one continent to another (Turner et al., 1995; Bhatti et al., 2002;
Gough et al. (2007)). Several causes could explain the variability of coarse woody debris production between
types of forests: species, age, wind, fire, disease, chemical poverty of the soil, wood density, etc. (Harmon et al.,
1986; Chambers, 1998; Clark et al., 2002).

Previous studies on coarse woody debris have addressed a variety of topics including descriptive inventory to
estimate stock and decay classes of woody debris, dynamics of decomposition, woody debris and biogeochemical
cycle, role of debris in wildlife in forest areas (Maser & Hatch, 1984; Harmon et al., 1986; Freedman et al., 1996;
Fraver et al., 2002; Kraigher et al., 2002; Pedlar et al., 2002; Woodal & Liknes, 2008; Rahman et al., 2008;
Woodall & Likness, 2008).

Quantification of stocks and flows of plant woody debris are an important indicator of the State of the disrup-
tion or stability of a forest ecosystem (Rice et al., 2004; Baker et al., 2007), and allows to determine its causes.

Coarse woody debris informs us about the history of recent disturbances that occurred in the study site.
Woody debris is an important pool of carbon in forest ecosystems both as a source and sink of CO, to the at-

mosphere (Wendy et al., 2006; Frank et al., 2004; Baker et al., 2007).

The proportion of carbon in plant woody debris is function not only of the carbon content in the wood but also
its density and the type of organ of plant, the stage of decomposition but also the plant species. In general organic
matter contains approximately 50 percent of carbon (Mackensen and Bauhus, 1999), but this could vary between
species. For example, leaf litter usually contains low rates of carbon compared to other organ of plant. Chee et al.
(1999) found a rate of 40 percent of carbon for the litter of Pinusradiate, while \Woldendorp et al. (2002) found
percentages for carbon of 45 percent for various species of the genus Eucalyptus.

Our study was conducted in the savannah of the Bateke Plateau which contains one of the densest areas of
savannah-forest mosaic of central Africa. In Republic of Congo, Bateke Plateau covers 12,000 km 2. The cli-
mate, with annual rainfall of approximately 2100 mm, and a relatively short dry season (2 - 4 months), suggests
there should be humid closed-canopy tropical forest on the Plateau. The predominance of savannah in this re-
gion results from a combination of frequent fires, poor sandy soils and possible slow rebound of the vegetation
from the drier conditions that occurred over the last glacial maximum (Vincens et al., 1999). The objective of
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our study is to compare stocks and flows of coarse and fine woody debris in two types of tropical forest of the
Bateke Plateau.

2. Materials and Methods
2.1. Study Site

The study sites are located at Iboubikro (3°11'S, 15°28'E), 140 km North East of Brazzaville on the Plateau Teke
(Figure 1). The average annual rainfall is 2100 mm (2006-2008) with a marked dry season from June to Sep-
tember and an annual average air temperature of 26°C. The soil is a deep acidic sandy arenosol with clay content
varying from 0.3 to 7.6 percent (Schwartz & Namri, 2002).

The two forest groves of the study were a Gallery Forest (GF) with many individuals of Colletoecema dewe-
vrei (De Wild.) [Rubiaceae] and Eriocoelum microspermum (De Wild.) Radlk. [Sapindaceae] and a hill-slope
forest clump (HF) dominated by Musangacecropioides R. Br. [Cecropiaceae] and MacarangabarteriMull.Arg.
[Euphorbiaceae]. Three plots of 40 m x 40 m were delimited in each forest types. All plots were within 300 m of
each other. The height of the canopy was approximately 20 - 26 in GF and 15 - 21 m in HF. Tree density was
640 stems-ha ' in GF and 119 stems -ha ' in HF (diameter at breast height above 0.1 m) and the basal area was,
respectively 17 and 7 m*ha .

2.2. Coarse Woody Debris (CWD) Diameter @ = 2.5 cm: Logs and Snag

Coarse woody debris was defined in this study as all woody debris lvina on the around with a diameter @ > 2.5 cm.
The method called “line intersects” was used. It is an old method, used for the first time by Waren & Olsen (1964)

and that is now used by several authors (Krauss & Doyle, 2005; Eaton & Lawrence, 2006).
The intersection method requires that: 1. the length of the transect line is defined; 2. the diameter of each plant

woody debris sampled is registered; 3. only plant woody debris crossed by the line of intersection are sampled.
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Figure 1. Map of the study area.
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2.2.1. Log Sampling Methods
Inside each plots of 40 m x 40 m, all CWD was censed. At the point of intercessions between the line transect and
the CWD, the diameter of CWD was collected and the position with to the end of the diagonal is registered also.
This sampling was done on the two diagonals of the plot. Data collection is done once a year with the same
measurement in repeated the following years to estimate flows of CWD.

The following equation proposed by Waren & Olsen (1964) was used to calculate the volume of deadwood
accumulated on the ground.

n* (Zdi?) .
V=———~
oL ()
V = volume of CWD (m*ha™;
di, is the diameter of each woody debris censed (m);
L = the length of line transect (m);
Necromass (M) was obtained by the following equation
M =V x0.48 Kg-MS-m™® )

2.2.2. Snags Collecting Data
Snhags are an important component of carbon sequestration in the forest ecosystems. Inside the experimental de-
sign plot we collected all standing dead wood with a height greater than 1.3 m and diameter at dbh > 10 cm.

The volume of standing dead woody debris was calculated from Equation (3) next:

2
VS:(%j xmxhx f (3)

Vs = Volume of snag (m°);
Dbh = diameter at breasth eight (m);
h = height of snag (m);

f = coefficient factor form (0.627).
This formula has been used by Mund (2004). Necromass was determined by applying wood density.

2.3. Fine Woody Debris (FWD) @ < 2.5 cm

3 subplots of 2 m x 2 m were randomly positioned to quantify fine woody debris (fwd) inside each experimental
plot (40 m x 40 m). All fwd inside the subplot was estimated by the measurement of the diameter of the two ends
of the fwd and the length of this fine woody debris (fwd). Afterwards, the fwd was removed from the subplot so as
not to skew the calculation of the average residence time (ART).

Stock de PDL au sol (Kg-m‘z)

TRM =
pdl Fluxde PDL(Kg-m'Z-an‘Z)

(4)

Equation (4) was used assuming that the dead woody debris had cylindrical shape: this formula has been used
by some authors including Baker et al. (2007).

o L[n(Dl/Z)z +n(D2/2)2}

5 ®)

V=M
L = lenath of the sample of dead wood;

D; and D, diameter of the woody debris at the two ends.
Furthermore this sampling allows us to calculate the mass of fwd on the ground from the total volume of fwd on

the ground.

2.4. CWD Decay Classes

The CWD decay classes of are studied along the line transect by the appreciation of the qualitative aspect of the
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woody debris, on the basis of the resistance of wood to penetration of a metal (in our study a knife) into the body of
the plant woody debris (Lambert et al., 1980; Clark et al., 1998). Four decay classes of plant woody debris were
defined following the Protocol detailed in the methodological chapter.

2.5. Data Analysis

Data analysis was done through the SAS 9.0 software. We conducted an analysis of variance to compare the av-
erage of stocks and flows of carbon in woody debris plants between the two types of forest.

3. Results
3.1. Carbon Stocks and Flows of Logs

The average carbon stock of Logs in GF was 10,993 g-m 2 while we obtained in the HF a carbon stock of 14,172
g'm 2 (ANOVA, p = 0.78). The interannual mean C flows in both forests was respectively 1776 and 545 g'm >y *,
(ANOVA, p = 0.10). Noting that the average flows of CWD in the GF was 3.26 times more important in GF than
in the HF.

C Stocks of Fine woody debris were respectively 965 and 83 g:m >y~ in the GF and the HF (ANOVA, p =
0.0014). The interannual mean flows of fwd in the GF and in HF were respectively 310 g'm >y 'and 51 g'm >y .
The flow of fwd in the GF is 8.5 times greater than that obtained in the HF.

3.2. Classes of Decomposition of the CWD in Two Study Sites

The results showed that in both forest types, the most important class of woody debris was class 3 with a rate of
44.18 percent in the GF and of 49.15% in the HF. There are much more CWD of class 3 in the SF than CWD in GF.
It also noted that woody debris of class 2 were most abundant in the HF (41.52%) than in the GF (27.97%).
However, the rate of class 1 CWD was more important in the GF (27.86%) than in the HF (9.33%). In both forests
no CWD class 4 not inventoried (Table 1).

3.3. Mean Residence Time of Plant Woody Debris

The mean residence time of CWD and FWD was calculated for both forests. The MRT refers to the time required
for processing and the incorporation of organic matter into the soil compartment. For the CWD, the MRT in the
GF was of 6.19 year against 25.99 year on the HF. For the fwd, the MRT was of 2.69 year and 1.99 year in the GF
and HF respectively.

3.4. Standing Woody Debris (Snag)
The average stock in the two sites was very important. We obtained HF is obtained an average stock of 8805 g-m
and 5945 g-m ™ in HF and GF, respectively (ANOVA, p = 0.69).

3.5. Stock and Flow of Carbon Entering the Soil of Two Forest Ecosystems

Considering that the rate of carbon into the dry matter is 0.5%, the total stock of carboncontained in cwdwas 5496
GC in the FG and 7087 GC in HF. There are flowes of carbon of 888 and 272 gC-m >y " in the GF and the HF for
the cwd respectively. For the fwd, we obtained a flow of carbon respective of 180 and 21 gC-m >y ! (Table 2).

The total stock of carbon (in cwd and fwd) in both forest types was of 5978 g-m 2 in the GF and 7128 gC'm “ in
the HF. Total carbon floweswere 1068 gC-m >y ' and 293 gC-m >y ' (Table 3).

Table 1. Proportion of cwdin the GF and HF decay classes.

GF % SF %
Class 1 27.86 9.33
Class 2 27.97 41.52
Class 3 44.18 49.15
Class 4 0 0
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Table 2. Stock and flow of carbon in the FG and the HF.

Type of forest Stock (pdl) gC-m?  Flow de pdl (gC-m2an™) Stock (pdl) (gC-m?) Flow de pdl (gC-m2y™)
FG 5496 888 482 180
FS 7087 272 41 21

Table 3. Total Carbon Stocks of cwd and fwd in the GF and the HF.

Type of forest Total stock gC-m > Total flow (g-m2an™)
GF 5978 1068
HF 7128 293

4. Discussion
4.1. Stock and Plant Woody Debris Flow

Averages stock of coarse and fine woody debris obtained in our study are not closed to averaaes stocks of CWD
obtained in others studies (Krauss et al., 2005; Wendy et al., 2006; VVoat, 1991; Wilcke et al., 2005; Jomura et al.,
2007) but our results were closed to those obtained by others authors f in tropical’s forests (Linder et al. 1997;

Grove et al. 2001; Harmon et al., 1986) Table 4.
Several studies have shown that the amount of woody debris in an ecosystem is dependent on different factors:

as age, structure and biomass of the forest on flor (Siipola et al., 1998). Other factors such as storms, hurricanes
can also have an impact not only on the stocks but also the flow of on plant woody debris. Harmon et al. (1986)
argue in fact that among the factors that contribute to the production plant woody debris and their accumulation
on forest floor, there is the action of the winds. Inventory done in November 2007, a year after the first one
made in 2006 inside the two sites has proved an important flow of coarse and fine woody debris plant.

For coarse woody debris were noted a difference 0f1895 g'm 2 compared to the volume measured the pre-
vious year. The HF noted an increase of 595 g-m ™2 in comparison with the initial stock of CWD in this forest.

The action of strong winds in these two forests caused the fall of several trees and then of the plant woody debris
also. Forest structures of the two forests associated with weather phenomena appear to our eyes as the first two
explanatory factors of the unequal mean woody debris flow in both forest types. Interannual variability of the flow
of FWD that we have registered gives an average flow of 203 + 182 g:m ™~ in the GF against 57 + 82 g-m > on the
HF.

Another factor that could explain the variability of stocks and flow of plant woody debris is the environment in
which the forest grows. Indeed the GF forest settled along the Lesiolouna River. Water availability associated with
better uptake of nutrients by the root system may indeed justify the coarse production of this forest in comparison
with the hill-slope forest clump. The HF forest was developed on a slope of Hill. The water availability could also
explain the low production of CWD than fwd in the HF compared to the GF.

Clark et al. (2002) in their studies on stocks and flow of coarse woody debris along a topographic gradient in
relation to mineral availability not found the significant effect of these two factors on stocks and flow of the
productions of woody debris. They affirmed also that they have not noted net effect due to the study area which
was not enough large to test this effect.

4.2. On the Method of Study

Often criticism against the line transect method focuses on the total length of the transect during inventory in a
forest ecosystem. In our study, the two diagonals by plot correspond to a total distance of 200 m, and for the whole
of the gallery forest or hill-slope forest clump is of 300 meters. Harmon & Sexton (1996) advised for studies of
dead wood stocks estimated a length that was not less than 100 m, especially when the site had a high density in
plant woody debris. In our case, if we have applied a single diagonal by plot the quantities of dead wood stocks
should be reduced by approximately 45 percent where the importance of this parameter for representative aver-
ages. The experimental plots surface in our study is 40 m x 40 m this surface is greater than that adopted by
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Table 4. Synthesis results of Necromass of stock and flow of coarse and fine woody debris.

Auteurs et o ol 2 Flow
—— Type de forest Flow Turnover Stock (Bibliography) Stock (Mg-ha™)  Stock (g:m™©) @M 2y
Pedlar et al., Coniferous 3,1
2002 and deciduous 160.80 £ 15.43 m*ha 7718 +7.41 77,180 £ 7410
Ped'zagoezt 2l Deciduous forest 10529 +14.05 m*ha'  5054+6.74 50,540 + 6740
PEd'ZagOezt 2l Coniferous forest 1781+464m*ha’ 8548842222 85488 + 2222
Krauss et al., 3.hal
2005 Mangrove 67 m*-ha 32.16 3216
ene el Mean latitude forest 0614029 Mg Chalan® 0614029 610+ 290
Gro;/goei[ al., Rain tropical forest 35.68 m*ha* 17.13 17,130
Gm;’goelt 8l Rain tropical forest 20.16 m*ha 9.68 9680
Grove et al., . . Vs=27.00 m*ha™
2001 Rain tropical forest 21001 m*ha ® 12.96 +£4.80 12,960
Fra"zegoezt Al Central forest, USA V=108.9 m*ha* 23.22 23,220
Baker et al., South 24.4 53 Mg-ha™
2007 Amazonian forest (transect) 24.4£53 24,400 £ 5300
Bakzeéoe; al. " Amazonian forest 17.7 £ 2.4 Mg-ha™* 17.7£24 17,700 + 2400
Gough et al. Al
(2007) Temperate forest 2.2 Mg-C-ha 2.2 22,000
Muller & Deciduous a1
Yan (1991) temperate forest 22-49 Mg-ha 22-49 22,000 £ 49,000
Vogt (1991)  Temperate forest 2.2 Mg-C-ha™* 2.2 2200
Baker et al., Forest of south 38x0.2
2007 Amazonian Mg-ha *-an™ 3800 + 200
Eaton 2005 Forest of 2.77 Mg-ha™ and 94.92 .
(These) south Mexico Mg-ha* 2779492 2770-94,920
Eaton 2005 Forest of “2.66 Mg-ha™ (HF) and
(Thése) south Mexico. 5.96 Mg-ha™ (FM)
Leeetal., 3.ha-l
1997 Alberta 101.4 m*ha 48.672 48,672
Clark et al. . 49
(2002) Costa Rica Mg-ha “an ! 4900
Chambers o 1
etal. (2001) Brasilia 3.6 ha*an
Flarmon North America forest 17.8 m*ha* 8.544 8544
etal., 1986
Siipola Forét de 3.a1
etal., 1998 Sapin, Finlande 19.4 m*ha 9.31 9310
Rice et al. - 48
(2004) Brasilia Mg-ha *-an ™ 4800
Linderetal,  Boreal forest 27- 201 m*ha™* 12.96-96.48 12,960 - 96,480
1997 (snag, Logs)
Clark et al. Tropical forest 4.9 Mg-ha™ - 46.3 Mg-ha*=223
(2007) of CostaRica 2.4 MgCha'  OYears Mg C-ha'* 2400
Baker et al., Tropical forest 3.8+0.2 24.445.3 Mg-ha*
2004 of Peru Mg-ha™ 4.1:+2.6 years (transect) 3800+ 200
Baker et al., Tropical forest 1
2004 of Peru 4.7 + 2.6 years 17.7+2.4 Mg-ha
Rainfall Logs = 96 4 154 m*ha*;
Gale (2000) tropical forest Snag = 54 m*ha® 46.08 - 73.92 46,080 - 73,920
Rahman . V =83.9 m*ha* (Logs);
etal. (2008) Australia 23.4 m*ha* (snags) 40.27 40,270
Wilcle et al., 9.1 t-ha * with 40% 1
2005 Equator snag and 60% logs 5.46 (t.ha™) 546
Jomura et al., 9.30 t-ha* with 1
2007 60% snag. 558 tha 558
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McKenzie et al. (2000), because they use a surface of 25 m x 25 m with a total length of 20 m only transect. We
can conclude that the method used in addition to the inventory surface reassures us on the accuracy of the results
obtained in our study of stocks and flows of plant woody debris.

We can conclude that the method used in addition to the sampling surface reassures us on the accuracy of the
results obtained in our study of stocks and flow of plant woody debris.
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