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A study was conducted in the western highland region of Cameroon with the aim to assess
sustainability of Gnidia glauca exploitation in its natural habitat. In 33 plots of 40 x 40 m, the
unexploited, exploited and dead trees were evaluated for vitality using a multi-criteria vulnerability
assessment method. An ethnobotanical survey was conducted with 60 respondents in six villages
around Mount Oku area. Data were submitted to ANOVA and means separated using Duncan test. The
results revealed that 95 % of G. glauca trees were unexploited and only 3.92% showed signs of
exploitation, among which 1.08% were dead. Among the exploited stems, 18% showed a completely
dead crown, whereas 73% were described to be regular and healthy. Wood (29%) and bark (28%) were
the main products being exploited. However, the species’ bark was the most frequently harvested
product (64%). G. glauca was shown to be more vulnerable in forests (2.6) than in savanna (2.4). The
motivating factors for the species’ domestication were the fragility of its habitat, the potential high
future demand for its products and the unsustainable exploitation techniques being applied. It is
therefore recommended to promote the species uses, conservation and cultivation within its national
distribution range for local livelihood improvement.

Key words: Ethnobotany, Gnidia glauca, sustainable management, vulnerability, Cameroon.

INTRODUCTION

Mountain forest ecosystems of the Bamenda Highlands biodiversity concentration in the Africa continent in 2007
in Cameroon were considered as zones of high (Bergl et al., 2007; Burgess et al., 2007) and globally in
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2000 (Myers et al.,, 2000). In fact, species richness,
range-size rarity, and threatened species scores are all
significantly higher in Bamenda highlands along with
Eastern Arc and Albertine Rift than in other sub-Saharan
Africa land use type (Burgess et al., 2007). Mount Oku is
one of the highest peaks in the Bamenda Highlands, and
is among the sites with the highest endemism rates in the
region, including 14 plants and 10 animals species as
assessed in early 2000 (Cheek et al., 2000; Asanga,
2002; Forboseh et al., 2003). The Oku mountain forest
provides diverse ecological functions as it plays a vital
role for local human populations, providing them with
drinking water, firewood and wood for construction,
honey, medicine and food plants. This forest is also part
of the spiritual and cultural heritage at Cameroon level
(Gardner et al., 2001). Among the exploited products of
this mountain forests are non-timber forest products,
mostly collected from their natural environment. This
mount Oku forest, already naturally isolated from other
forested areas within the country due to its mountainous
characteristics, is also highly fragmented by the
progression of farm lands, repeated fires, increasing
wood harvesting (Gardner et al., 2001) and unregulated
exploitation of forest products (Stewart, 2009).

Since 1994, the Kilum-ljim Forest Project has been
working with 44 communities with the aim of establishing
legally recognized community forests, which will cover
the entire forest highland within the area. The main goal
of this action was to insure the sustainable management
of the Kilum-ljim Forest resources. In actual fact, the
communities around the forest have a strong interest in
the forest, depending on it for a wide range of products,
the most important being fuelwood, medicines (Prunus
africana), honey, building materials and pulp for paper.
For this last use, the bark of Gnidia glauca
(Thymelaeaceae) is used for the local manufacture of
wrapping papers (Ferrari, 2002).

The Thymelaeaceae comprise 46 to 50 genera and 890
to 900 species, mostly confined to Africa, Australia, and
Asia and found in lowland to montane environments
(Klitgard and Baracat, 2014). Many species of the family
are reported to have diverse traditional uses (Ferrari,
2002).

G. glauca is one of the most important species of the
Thymelaeaceae family. It is a small tree of 6 to 25 meter
in height, with a hard fibrous bark. The species is largely
widespread in tropical Africa, from Nigeria in the west
towards Sudan at the east, and from Ethiopia in the North
towards Malawi and Zambia in the south. Almost all parts
of G. glauca plants are reported to have several
medicinal uses and it provides many households services
throughout its natural distribution range. In traditional
phytomedicine, leaves, roots, and barks are documented
for the treatment of throat ache, abdominal pains, sores,
burns, snake bites, contusions, swellings, back and joint
pains, indigestion, rabies and blisters in East Africa
(Amarajeewa et al., 2007; Kareru et al., 2007). Moreover,
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the species potential in nanomedicine have been
positively tested (Mittal et al., 2013). As a household
service, fiber from the bark is made into rope and thread.
The plant is also known to have toxic properties and is
used as an insecticide, piscicide, poison for fish and
arrow (Brink, 2009).

Although G. glauca is reported in many vegetation
studies (Asanga, 2002; Assi-kaudjhis et al., 2010) from
central African highlands, its uses, management and
ecological status within the region is poorly documented;
hence offsetting the elaboration of a strategy for its
sustainable management. A previous study reported that
G. glauca was among the most vulnerable medicinal tree
species exploited in Chilimo forest of Ethiopia, showing
lack of regeneration and an erratic stand structure
(Soromessa and Kelbessa, 2015). In order to promote
the species valorization in Cameroon, there is a need to
document the actual products and uses of the species, as
well as the exploitation practices and vulnerability status
of exploited stands. Therefore, the present work was
designed to determine optimal practices for the
exploitation of the bark of the plant. The participation of
the local populations in the various processes of
evaluation and follow-up in order to define a viable
operating system which is socially suitable, economically
viable and ecologically durable was taken into account
(Guedje et al.,, 2017). The aim of the study is to
characterize the sustainability of exploited populations of
G. glauca, in relation to local uses in the Oku area within
the Kilum ljim Mountain Forest of Cameroon.

MATERIALS AND METHODS
Description of study area

Mount Oku does not form a clear mountain as it occurs on the
Bamenda Plateau. The Kilum-ljim forest, which covers Mount Oku,
is the largest of the remaining patches and is the most important
remnant of Afro-montane forest in West Africa. It is located on
Mount Kilum (3011 m a.s.l.) and the adjoining ljim Ridge (2000 to
2500 m a.s.l.). It was recognised in 2001 as a globally important
centre for endemism (Gardner et al., 2001). Habitats on Mt Oku
consist of montane forest with high altitude Podocarpus forest,
Gnidia glauca and Maesa lanceolata woodlands, mature bamboo
forest, Erica mannii scrubland, montane grassland, and subsistence
agriculture. The national Gross Domestic Product per capita is
considered to be the lowest for the Central African region with the
national monthly revenue per inhabitant estimated at 117US $ in
2016 (World Bank, 2017).

The population is constituted mainly by small scale farmers
cultivating Coffea arabica as cash crop associated with staple food
crops such as maize, potatoes, yams and beans among others in
farmlands of less than 2 ha. Therefore, they strongly depend on
NTFPs exploitation for their daily health care, food, and income.

In the Kilum-ljim montane forest area, there is significant
relationship between the exploitation of forest resources and the
well-being of communities adjacent to forest landscape. This
implies that the exploitation of forest resources greatly helps in
generating income that is used by the communities in purchasing
their basic needs. The exploitation of resources such as fuel wood
and building materials directly help to sustain the daily needs of
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Figure 1. Distribution of sampling villages and sites around the Mount Oku area.

households around this forest area (Kimengsi and Ngala, 2018).

Selection of study site

Montane forests around Mount Oku were sampled at various
altitudes. The sampling criteria were based on the occurrence of G.
glauca in the nearest forest to selected villages, communities’
knowledge of the species and its uses, as well as the willingness of
villagers to freely participate in the study. The selected villages
were: Elak (2474 to 2785 m above sea level), Vekovi (2283 to
2348 m a.s.l.), Simonkoh (2185 to 2391 m a.s.l.), Jikijlem (2326 to
2401 m a.s.l.), Ngemsiba (1963 to 2198 m a.s.l.) and Lake (2185 to
2459 m a.s.l.). The sampled sites are represented on the Mount
Oku Map illustrated in Figure 1.

Ethnobotanical survey

Interviews were conducted from September to October 2012 with
resourceful persons, using previously established questionnaires.
Sixty respondents, selected using snowball method and consisting
of 36 men and 24 women, divided into 3 age classes, 38 people
(=40 years), 14 people (25 to 40 years) and 8 people (17 to 25
years) were sampled for the study. The number of respondents per
vilage was determined by the availability of the species’
knowledgeable persons and varied from a minimum of 8
respondents (Vekoki, Ngemsiba and Lake village) to 10, 12 and 14
people at Jikijem, Simonkoh and Elak Oku respectively. The
respondents were first informed on the objectives of the study and
their free and verbal consent requested before starting the
interview. The discussion themes focused on knowledge about
products, uses, harvesting methods, plant parts collected,
frequency and season of collection of G. glauca in Kilum-Ijim

Forest.

Vulnerability assessment

The method of quadrat (total: 1600 m?) was used to assess the
sustainability of exploitation method being applied on G. glauca. In
2007, the surface area of mount Oku forest was 9544 ha (Momo et
al., 2012). Thus, 5.28 ha of the Kilum-ljim Forest was sampled
representing approximately 0.05% of the above mentioned forest
area. The thirty three plots of 40 x 40 m were set from 1963 to 2785
m a.s.l. in the G. glauca woodlands. In each plot, all G. glauca
exploitable stems (dbh=20 cm) were identified and counted.

The vulnerability parameters (Table 1) used in the assessment
constituted of 4 criteria and 3 level scales as described by Betti
(2001), Tsabang (2008), and Kemeuze (2010). Such criteria
included: gathering method, the life form or morphology, the
vegetative organ harvested, as well as the popularity of the species
at a given site. The crown health status of the trees was evaluated
based on the percentage of drying out (0, 20, 40, 60, 80 and 100%
(dead individual).

The values from 1 to 3 are assigned to each of the parameters
used for the assessment, which affected the survival of the species
within a particular land use system. The overall vulnerability index
(VI) was estimated by calculating the average of the values
obtained for all the 4 parameters considered in Table 1, with: 1 < VI
< 2, meaning that the plant is not vulnerable and the natural
potential is still quite appropriate for exploitation; 2 < VI < 2.5
indicates that the plant is becoming vulnerable in the given
environment; VI = 2.5 shows that the plant is highly vulnerable and
need sustainable management strategies.

The health status of the tree crown of G. glauca was adapted
from the methodology developed by Cunningham (2001). The
method is based on the possible effect of the bark harvesting on the
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Table 1. Parameters assessed for the estimation of the vulnerability index (VI) in the various land use

systems considered for the study.

Vulnerability scales

Parameters Weak (Scale 1) Medium (Scale 2) High (Scale 3)

Life form Herbs Shrub Tree

Popularity Not popular (F<20%) Less popular (20%<F<60%) Popular (F>60%)
Part collected Leaves Fruits Bark, roots and wood

Collection methods Harvesting of the leaves

Harvesting of the seeds

Debarking and felling

Scale 1: low vulnerability (high chance of surviving after harvest), Scale 2: average vulnerability; and 3: highly

vulnerable after exploitation (Betti, 2001).

L=

[

Figure 2. Classification of the health status of the tree crown as a function of the state of their crown
(Modified from Cunningham, 2001). The status of the crown is thereafter related to the exploitation
intensity of the tree (Cunningham, 2001): (0): Perfect, complete circle; excellent size and development,
wide, symmetrical and generally circular in plan; (1): Good irregular circle; slightly asymmetrical with some
dead branch tips (silviculturally satisfactory” to forester); (2): Tolerable: half of the crown; markedly
asymmetrical, some die-back; (3): Poor: extensive die-back, leaves form less than half of the original
crown size; (4): Very poor: few leaves on the branches; badly damaged, unlikely to survive; (5): Dead.

reduction of the tree crown, starting from the entire crown for an
unexploited and healthy stem (0) to complete death of the crown for
an overexploited and dead tree(5) (Figure 2).

Data analysis

Data recorded for different variables (exploited and dead
individuals) were analyzed using the statistical software package
SPSS 17.0 for Windows. Collected data were tested for normality
using the Shapiro-Wilk test before being submitted to Analysis of
Variances (ANOVA) to determine variability among means of
exploited, unexploited and dead trees and the DUNCAN test was
used to separate significantly (p<0.05) different means.

RESULTS

Current practices of G. glauca exploitation in the
Mount Oku area

Exploitation of G. glauca is carried out both in the dry and
rainy seasons. 91.66% of respondents harvests the

species bark during both seasons, 5.78% in rainy season
while 2.78% of them were harvested in dry season. G.
glauca products are usually harvested individually for
personal use, as none of these products were found to
have any commercial value following ethnobotanical
survey. The choice of G. glauca was driven by the
presence and the abundance of exploitable stems, the
user's need and site accessibility. The criteria for the
selection of the harvestable trees were the thickness of
the bark (22 % of respondents), size of the tree (67%)
and the color of the bark after notching (11%). Machetes
were the only harvesting tool cited by all respondents as
needed for the peeling of the bark. The debarking
technique applied varied from circular ring removal of the
bark on more than 50% on the tree boles starting at the
base to the middle of the trunk, to the collection of small
patches of bark of irregular sizes taken at different levels
of the bole, covering a total of less than 50% of the tree
bole surface, and also the tree felling and harvesting of
all the bark on its trunk and branches (Figure 3). The tree
feling method was practiced only on 1.09% of the
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Figure 3. Ring debarked stem of Gnidia glauca in the
highland savanna of the Mount Oku.

Figure 4. Various uses of Gnidia glauca
products by the population of the community
forest of Kilum-ljim, North-West Region,
Cameroon.

exploited trees in the area of Mount Oku, while ring and
patches debarking were applied respectively on 9.28%
and 89.63 % of the exploited individuals.

Products and parts of G. glauca used in the
community forest of Kilum-ljim

Products exploited from G. glauca trees have various
uses for local populations of the Oku area (Figure 4). The
main products of the species are stem, branches used as
firewood (29%), and bark for decorations (28%). The
colorful fiber obtained from the bark is locally well
appreciated to improve the beauty of various craft

instruments such as mats. Bark, leaves and roots were
also cited for being used marginally (9%) for medicinal
purposes.

Barks were the most frequently used part (64%),
followed by stems (19%), leaves (11%), while the roots
were the least used (6%).

Potential for exploitation and vulnerability status of
G. glauca in the community forest of Kilum-Ijim

The largest number of exploitable stems was observed at
Simonkoh and Lake villages. The proportion of stems
exploited in the sites of Simonkoh, Jikijem and Elak
villages are comparable; while Ngemsiba, Vekovi and
Lake show the fewer percentage of exploited individuals
(P=0.04). The percentage of dead trees after exploitation
was significantly (p =0.003; Table 2) higher in Elak
(3.50%) compared to other sites.

Table 3 shows the vulnerability indices calculated for
the two main production systems of G. glauca in the
Mount Oku area. The values were found to be high for
parameters such as popularity (3), parts used (3) and
harvesting methods (3) in both savanna and forest lands.
However, the vulnerability values were average and low
for availability parameter in the forest and savanna
ecosystem respectively. The morphological parameter
showed an average value of vulnerability irrespective of
the ecosystem. On the basis of these values for
vulnerability parameters, the vulnerability index was
estimated at 2.4 in savanna and 2.6 in the forest.

Vitality of the exploited trees

Figure 5 gives indications on the crown health status of
the exploited trees, based on the percentage of dead or
reduced crown (0, 20, 40, 60, 80 and 100%). It was
observed that 18% of the exploited trees had a
completely dead crown (100%) (Figure 6); and 73% of
them could be described as having healthy and regular
crown.

DISCUSSION

Current practices of G. glauca exploitation

The result of the present study indicates that G. glauca
exploitation does not vary with season. Such results
indicate that the availability of the exploited products
does not depend on weather conditions. It was also
shown that bark and wood were the main products
exploited. Although both products could be available at all
seasons, previous studies on Prunus africana and Parkia
biglobosa exploitation showed that bark peeling was
easier in the rainy season and bark harvesting during the
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Table 2. Characteristics of G. glauca stands in the sampled villages around the Mount Oku area.

Number of plots

Sites (Total 33) Number of exploitable stems Exploited stems (%) Dead stems (%)
Simonkoh 7 812 8.71+3.96° 1.14+0.97°
Jikijem 7 394 5.67+4.33% 0.17+0.27"
Elak 4 400 5.25+5.25% 3.5+2.5°
Ngemsiba 5 242 2.5+1.33" 0.83+1.11°
Lake 6 824 0.08+0.85" 0.86+0.49"
Vekovi 4 192 1.33+0.44° 0.00+0.00°
Mean 3.92+3.20 1.083+1.15

P (ANOVA) 0.04 0.003

In the column, means with same letter(s) are not significantly different at base on the probability level presented.

Table 3. Vulnerability Indices (VI) for forest and savanna stands of G. glauca in the Oku Mountain Area, North-west region,

Cameroon.

Ecosystem type Morphology Availability

Popularit Parts Methods of VI
P y collected collection

Savanna 2 1
Forest 2 2

3 3 3 2.4
3 3 3 2.6

H0:0%

H1:20%
H2:40%
H3:60%
M4:80%
M 5:100%

Figure 5. Vitality status of exploited trees of G. glauca in the area of Mount Oku as
function of their percentage of dryness. The scale from O to 5 represents the degree of
dryness or reduction of the crown as per the chart described by Cunningham (2001).

dry season, resulted in susceptibility to pests and
diseases and poor regrowth (Nkeng et al., 2009; Delvaux
et al., 2010).

The selection criteria for exploitable trees mainly
depend on the bark thickness and size of the tree. This
result is consistent with those obtained for many bark
producing species such as Garcinia lucida (Guedije et al.,

2016; Guedje et al., 2017), P. africana (Nkeng et al.,
2009) and Rytigynia spp. (Kamatenesi et al., 2014).
Usually, big size trees (with Diameter at Breast Height
(DBH) greater than 30 cm) are preferred due to high
yield, bark thickness and concentration of active
ingredient. Previous studies had shown that the bark
thickness and vyield are positively correlated to tree
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Figure 6. A completely dead crown of G. glauca at
Elak village, Kilum-ljim area, North-west region,
Cameroon.

Diameter at breast height (Williams et al., 2007; Delvaux
et al., 2010). Moreover, these bigger diameter trees show
little damages and better recovery capacity after
exploitation than those at younger stages (Nkeng et al.,
2009; Delvaux et al., 2010; Kamatenesi et al., 2014;
Guedje et al., 2016).

The exploitation techniques applied varied from
collection of small bark patches to circular ring debarking
and tree felling. The multiplicity of exploitation techniques
always reflects the diversity of uses as well as the level of
pressure on the species (Cunningham, 2001). It is well
known that exploitation for traditional and household uses
are always restricted to collection of bark patches, while
the huge quantity of barks needed to meet commercial
demand implies strip and ring debarking and tree felling
to maximize yield (Delvaux et al.,, 2010; Guedje et al.,
2017;Ramana and Raju, 2017). Therefore, the high
proportion of trees exploited using small bark patches
technique indicate that the exploitation of G. glauca bark
in the study zone is still restricted to local use with little
pressure on the species resources at the ecosystem
level. The commercial exploitation of G. glauca was
suspended in 1997, following the change in raw material
of the paper making-company named the "Kilum Forest
Craft Paper Cooperative"; as consequence, there is loss
of an income generation opportunity to local population
(Gardner et al., 2001). Although the species is still locally

exploited for household use, the present study also
contributes to highlight the untapped industrial potential
of the G. glauca bark in the Kilum ljim community forest.

The few trees exploited using ringbarking and felling
could have been used to accelerate their dryness for
firewood use; rated as first most important use of the
species in the study zone.

Apart from the bark, leaves, roots, stem and branches
of G. glauca are exploited and used in diverse ways by
the Kilum ljim people. However, the numbers of uses
reported for this study are few compared to those already
documented in Eastern Africa by Amarajeewa et al.
(2007) and Kareru et al. (2007). Moreover, the medicinal
use highly valued and documented in East Africa is still
marginal in this study zone. All these reasons are
indications that the species potential is still poorly
exploited in the context of the present study. Therefore
sensitization and proper documentation of the medicinal
properties of the species are highly needed for its
valorization in the Kilum ljim area and in Cameroon.

Exploitation potential and vulnerability status of G.
glaucain Kilum ljim community forest

The number of stems varied considerably from one
village to another (Table 2). The high number of exploited
stems in the sites of Simonkoh, Jikilem and Elak are due
to their proximity with a formal paper production company
situated at Elak. The closer the sites are to the villages
and the easier it is to access the trees, the more they are
prone to exploitation of their bark, stem or leave. This
result is also reflected in the number of dead trees
observed in Elak.

According to the values of Vulnerability indices
obtained in this study, Gnidia glauca is vulnerable in the
study zone. Apart from “availability”, all the vulnerability
parameters assessed scored high vulnerability values
(scale 3), indicating the multiplicity of plant parts diversely
exploited for different uses. A similar result was obtained
for Pterocarpus santaloides in South Benin which was
found vulnerable due to the multiplicity of plant organs
exploited and used (Ayena et al., 2016). The forest stand
of G. glauca is more vulnerable to exploitation than the
savanna population. Among the vulnerability parameters
assessed, only the value of the “availability parameter”
differ between forest (2) and savanna (1) habitats,
indicating a higher number of exploitable stems in
savanna as compared to the forest ecosystem. This
could be explained by the proximity of forest stands to the
villages, making them more easily accessible than
savanna stands. Open and easy accessibility of
resources are known to favor overexploitation; therefore
increasing vulnerability if strong regulations are not put in
place (Cunningham et al., 2016; Guedje et al., 2016).
Recent studies also indicated that open access resources
were more prone to overexploitation than individually-



owned plants preserved in farming systems (Cunningham
et al., 2016; Guedje et al., 2017).

Health status of the crown and vitality of exploited
trees

The high proportion of exploited trees showing “perfect”
crown could be related to the appreciable rate of stems
exploited using small bark patches technique in the study
zone. The result is consistent with those observed by
Guedje et al. (2016) on Garcinia lucida, Nkeng et al.
(2009), Cunningham et al. (2016) on Prunus africana and
Kamatenesi et al. (2014) on Rytigynia spp. which
revealed that the capacity of these species for bark
reconstitution after harvesting and therefore their survival
after exploitation depend on the exploitation techniques
and debarking intensity. This capacity to resist stress
caused by exploitation of bark should however offer a
potential for a durable harvest.

Domestication and valorisation potentials of G.
glaucain the Kilum-ljim area

Many factors could be used to assess the domestication
potential of a species among which are the socio-
economic importance that determine its products demand
at local, regional and international levels; the species
population dynamic and current vulnerability to
exploitation which could orientate available exploitable
potential and leads to reduction over time; the willingness
of the local population to manage the species in their
farms is usually assessed through their current planting
initiatives (Tchoundjeu et al., 2006; Asaah et al., 2011).
From this result, the socioeconomic importance of the
species is proven through its multiple uses at local level.
However, the inexistence of a structured market could be
a constraint for the economic development of the species
(Leakey and Van Damme, 2014). Moreover, the low
exploitation rate unveils the need for an alternative
source of supply, while the current potential is still
untapped (Leakey and Asaah, 2013). However, the
exploitation history of the species, indicating its use as
raw material for a paper-making enterprise has been
further confirmed in recent study, assessing its wood
characteristics (Gardner et al., 2001; Momo et al., 2017).
Moreover, the species documented potential in
phytomedecine and nanomedicine poorly valued in the
study area need to be further explored.

It is well known that a proper documentation of the use,
commercial and industrial potentials of NTFPs is a
prerequisite for their valorization (Cunningham, 2001).
However, the common weakness of enterprises based on
NTFP harvests, by small scale producers, are their
inability to get large volumes to meet market demand, the
lack of attention to quality, quantity as well as production
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on time (Cunningham, 2011). Although there is still a
high number of exploitable trees yet unexploited in the
study area, the usually huge demand needed to sustain
industries will require additional supply sources. In the
same line, the fact that the specie is already preserved in
farmlands indicates farmer’s interest for its management
on-farm and also its suitability for the existing
agroforestry systems in the study site (Gyau et al., 2012).
Therefore, the fragility of the species’ habitat coupled with
its industrial potential and suitability for local agroforestry
systems, as well as the unsustainability of the exploitation
methods observed could be considered as motivating
factors to initiate its domestication. The same approach
was applied to include species such as Prunus africana,
Pausinystalia johimbe and Annickia chlorantha in the list
of priority species for domestication in Cameroun
(Tchoundjeu et al., 2006; Leakey, 2012). In such case,
the domestication process is seen as a conservation-
development strategy for the species being threatened by
poor exploitation techniques and habitat destruction
(Leakey, 2012). Gnidia glauca could therefore be
considered as a potential candidate for domestication in
the Kilum-ljim area and other highlands landscapes at
national level. This domestication initiative will contribute
in meeting the expectation for green and niche markets
for an improved and locally accessible product
(Tchoundjeu et al., 2010; Leakey and Van Damme,
2014). However, further studies on its interaction with
associated crops as well as nursery-based propagation
and growth requirements are needed to anticipate for the
future necessity for quality, uniformity, and regularity of
supply implies for a successful domestication process
(Leakey and Van Damme, 2014).

Conclusion

In spite of the unsustainable exploitation technique of G.
glauca in the Kilum ljim forest, the area still have a high
proportion of living and exploitable individuals that is
worth harvesting for community livelihood. G. glauca has
multiple uses as the population thought its potential as
traditional medicine is still to be explored in the study
area. It could therefore be concluded from our study that
G. glauca population in the Mount Oku area, though
vulnerable to unsustainable harvesting technique should
be reconsidered for exploitation by population, provided
that a more appropriate debarking method is developed,
tested and handed on to local harvesters. Moreover,
domestication process initiated through tree preservation
on-farm should be encouraged to ensure future supply
sources.
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Worldwide understorey nesting bird species such as bulbuls can also be highly vulnerable to nest
predation in disturbed landscapes because they breed mainly on the lower stage of the forest. We test
the following hypotheses: the transformation of forests into alternative land use systems and the
vegetation’s variables at the nesting sites will affect the understorey nest predation rates. The nests of
12 understorey bird species were surveyed and vegetation variables were measured within five types of
habitats along a gradient of increasing forest destruction in the north-eastern peripheral zone of the
Korup National Park in Cameroon. Only the open-cup nest type suffers from predation, mostly egg
predation. The general linear mixed model analysis suggests that the types of habitat do not affect nest
daily predation rate which decreases with increasing trees and understorey plant density. The most
deleterious impact of deforestation in this study area is the reduction of nesting sites whose
characteristics remain unchanged across the landscape. These results underscore the need to give
understorey nesting species, as well as other particularly sensitive groups, special consideration within
conservation strategies such as the reduced-impact logging techniques.

Key words: Cameroon, deforestation, land-use system, nest predation, understorey birds.

INTRODUCTION

Tropical forests have been destroying in at an alarming species richness and abundance have severe extinction
rate (Sodhi et al., 2004). Yet, the mechanisms of how rates because of habitat loss and overexploitation
forest modification affects the biodiversity destruction of (Bradshaw et al., 2009; Cordeiro et al., 2015). There is
African tropical rainforest regions are less well known evidence that habitat loss and alterations of species
(Norris et al.,, 2010; Newmark and Stanley, 2011; interaction are the major impacts of land use changes on

Newbold et al., 2015). These regions with high wildlife bird populations (Cordeiro et al., 2015). Accordingly,
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extinctions of some forest birds resulting from direct or
indirect consequences of deforestation have been
recorded from various tropical regions (Castelletta et al.,
2000; Sodhi et al., 2004). Understorey birds are within
the most vulnerable of the forest bird communities
because their nests are the most exposed to diverse
predators species (Bellamy et al., 2018) as compared to
canopy nesters in some study areas (Martin, 1993a).
Furthermore, some evidence in tropical forests showed
that off-ground nests are generally less predated than
ground nests (Pangau-Adam et al., 2006; Bobo, 2007).
Nest survival within a tropical understorey bird
community in a fragmented landscape is affected by
many environmental factors (Newmark and Stanley,
2011; Aldinger et al., 2015). Nest predation seems to be
the primary cause of nest failure among birds. Many
studies have registered increased rates of nest predation
in fragmented habitats (Githiru et al., 2005; Newmark and
Stanley, 2011) due to higher densities of predators and
reduced food availability in that landscapes (Chalfoun et
al., 2002). Predation is also an important and ubiquitous
selective force that can determine habitat preferences of
prey species (Chalfoun and Martin, 2009) and it has been
considered as an influential force in the evolution of an
avian life-history trait (Bradley and Marzluff, 2003).
Evaluating the theory of the negative roles of tropical
forests fragmentation on avian nesting success has
always been a complex task because nests are
concealed in tropical forests and are very difficult to
localize (Tewksbury et al., 2006; Newmark and Stanley,
2011). From this, artificial nest experiments have often
been used (Posa et al. 2007; Vergara and Simonetti
2004). These studies compare disturbed and non-
disturbed habitats. They do not look at the effect of a
gradient of increasing habitat destruction on predation.
Also, they do not evaluate the negative or positive
influences of vegetation variables on predation. Although,
many studies on the bird nest predation have been
carried out in Americas (Bradley and Marzluff, 2003;
Vergara and Simonetti, 2004; Debus, 2006; Tewksbury et
al., 2006), only a few of them are devoted in Africa
(Djomo et al., 2014; Githiru et al., 2005; Newmark and
Stanley, 2011). To the best of our knowledge, only two
studies have been carried out in the “Guineo Congolese”
area (Djomo et al., 2014) which considered predation on
artificial nests. So, the real effects of forest destruction on
natural nests remains less clear. The purpose of our
research is to examine the effects of types of habitats on
understorey avian nest predation within an Afrotropical
understorey bird community. In this analysis, we compare
the number of active nests found and the predation rates
of open-cup nests between natural forests (near primary
forest and old secondary forest) and modified habitats
(disturbed forest, cocoa/coffee plantations and annual
crop food fields) in one hand and between breeding
phases (which are egg laying, incubation and nestling
phases) in another hand. Additionally, the study

Tonleu et al. 193

investigates the influences of the vegetation parameters
on daily predation rate. Based on other studies in similar
ecosystems in Africa (Githiru et al., 2005) and South
America (Vergara and Simonetti, 2003; Brawn et al.,
2011), our hypothesis is that nest predation rates will
increase with the gradient of increasing forest destruction
and nest loss will be greatest in the nestling stage. In
accordance with other studies (Dion et al., 2000; Estrada
et al.,, 2002; Debus, 2006), we also hypothesize that in
our study area, some nest sites features such as the
density of trees, the canopy cover, etc. will significantly
affect the depredation levels with more concealed nest
sites being less predated (Vergara and Simonetti, 2004).

MATERIALS AND METHODS
Study area

The study sites (Mgbegati, Abat and Basu), found between
5°21’18”-5°2538" N and 9°06'29"-9°1507” E, are in the
Northeastern peripheral zone of Korup National Park (KNP)
Southwest Region of Cameroon and are a legal entity in the
management of KNP (Figure 1). It is the only extensive forest of
western central Africa that originally spread from the Niger delta
eastwards to Cameroon and South through Equatorial Guinea and
Gabon. Located in the centre of the Guinea Congolese forest
refugium, Korup is made up of four different forests (Atlantic Biafran
Forest, Swamp Forest, Piedmont Forest and Sub-montane Forest)
(Thomas, 1995). Our study sites are in the Piedmont Forest.
Shifting cultivation is practised on farming areas which are
associated with different forest types. Both food crops and cash
crops are produced.

The study area encompasses the following broadly defined types
of habitat: (1) primary forest (PFO), which is the natural forest with
about 570 trees/ha (Waltert et al.,, 2005) and very little or no
anthropogenic activities; the dominant tree species are Oubanguia
alata, Gilbertiodendron demonstrans and Dichostema glaucescens;
(2) old secondary forest (OSF), with about 530 trees/ha (Waltert et
al. 2005) and where anthropogenic impacts are present but more
than in PFO; Elaeis guineensis, Rauvolfia vomitoria, Pycnanthus
angolensis and Barteria fistulosa constitute the main tree species;
(3) disturbed forests (DFO), where logging was executed within 5
years prior to the study period; (4) cocoal/coffee plantations (CCP),
with about 377,8 trees/ha (cocoa/coffee trees excluded) (Waltert et
al., 2005) and where the land has been used for cocoa/coffee
production, with few natural trees remaining; the dominant tree
species are Coffea/Theobroma, Elaeis guineensis, Dacryodes
edulis, Rauvolfia vomitoria and Funtumia elastic; (5) annual crops
fields (ACF), where the land has been used for subsistence crops
production (cassava, yams, maize, groundnut, etc.), with about
107,8 trees/ha (Waltert et al., 2005); E. guineensis, Ricinodendron
heudelotii and Rauvolfia vomitoria are the main tree species. Each
of the above habitats constitutes a stratum (Figure 1). The avifauna
is a typical lowland rainforest, with more than 184 species restricted
to this biome (Fishpool and Evans, 2001) and 420 species recorded
(Rodewald et al., 1994). Particularly diverse groups are flycatchers
(Muscicapidae), OIld World Warblers (Sylviidae), Bulbuls
(Pycnotidae), Sunbirds (Nectariniidae), and Weavers (Ploceidae).

Study design and data collection

The study was based on a total of 30 200 m x 200 m plots, six plots
in each of five pre-classified habitats, primary forest, secondary
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Figure 1. The study area.

forest, disturbed forest, cocoa/coffee plantations and annual culture
fields (Figure 1). The plots were demarcated randomly within each
habitat with at least 0.5 km between plots (Bobo, 2004). The period
from April to August 2013 (within the wet season) corresponds to
the nesting season of understorey nesting bird of this region (Serle,
1981). Nests between 0 and 2 m height were localized using direct
searching in the shrub and lianas in accordance with the observed
behaviour of adult birds. Each nest was monitored until the nesting
attempt failed or the young fledged successfully. Nests searching
had been carried out for five days per week. Each located nest was
marked with flags at least 5 m from the nest (Dion et al., 2000) and
visited every three days (Buler and Hamilton, 2000). At each visit,
nests were examined for signs of predation, including missing,
dead, or partially consumed young, broken eggs and disturbed nest
bowls. Predation was presumed to be the cause of nest failure
when the nest had disappeared, was torn apart or when the entire
contents of the nest were absent (Newmark and Stanley, 2011). It
is assumed that the young would have fledged if signs of predation
were absent and if nestlings were close to fledging during the
previous visit (Dion et al., 2000). We specially named as “Egg +
chick predation” a case of predation in which we could not
determine which stage it happened. Bird species were identified
with a reference field guide to African birds (Borrow and Demey,
2008).

To test the hypothesis that the vegetation parameters would
influence the daily predation rate of the understorey bird nests, nest
habitat features over two scales were measured. One scale
consisted of the plants that supported the nests, the nest's position
inside the plants and the immediate surroundings of the nesting site
(microhabitat). The second scale covered the vegetation patch
surrounding the nest (mesohabitat) (Mezquida, 2004). At the level
of the microhabitat, information was collected based on the

modification of the method of (Dion et al., 2000) and the method of
Wray and Whitmore (1979) so as to note three indicators of nest-
site vegetation since only shrub nests were found. At each nest
depredated or fledged young, four 1 m bamboo poles serving as
sample sticks were positioned horizontally on the ground around
the nest. These bamboo poles formed a square plot with a nest at
its centre. The first indicator was the percentage of vegetation cover
around the nests which was visually estimated at the nearest 5%.
The second was the maximum height of the vegetation above the
nest which was estimated by observing the last contact of the plant
with a one-metre pole placed on the nest and the third was the
horizontal density of the trees based on the number of stems in the
above-defined square. The following set of variables were also
measured for all nests. These include the type of the supporting
plant (liana or shrub), the height (estimated with the metre) of the
nest on the supporting plant and the total visibility of the nest or
concealment category (subjective score ranked from 0 = low to 3 =
high). The latter was obtained as a sum of horizontal and vertical
concealment (each scored as 0 = nest well visible from most
directions; 1 = intermediate; 2 = nest not visible in any direction
from a distance of c. 1 m) (Weidinger, 2002; Remes, 2005). Finally,
nest concealment scores (that is after the sum) were up to 10 (the
highest score) for some nests

At the mesohabitat scale, the methods of Bobo et al. (2006) were
adapted to sample the plant's parameters such as density and the
basal area. Firstly, each of the above plots was divided into 400 (10
m x 10 m) subplots for overstorey plants data recorded. Then, 20
study plots were chosen systematically from the previous subplots
so that, the distance between two subplots of the same line is 30 m
and the distance between two lines containing the study subplots is
50 m (Additional File Figure S1). This resulted in a total of 600
subplots covering a sampling area of 60 000 m2. Overstorey plants



are defined as all trees of more than 10 cm in diameter at 1.3 m
height (DBH) and understorey plants being all vascular plants of
less than 1.3 m height as well as grasses etc. One m2 (1 m x 1 m)
quadrat was demarcated at the centre of each study subplot to
collect understorey plants data. In agroforestry sites, cocoa/coffee
trees were not measured, but their numbers (based on 3 m x 3 m
as space for a cocoa/coffee tree) and size classes were estimated
for each plot. All plants species were counted and identified at the
morpho-species level. Only the most common trees and
understorey plants were identified at the species level.

The classes of canopy cover were described as Clark and Clark
(1992). Therefore, crown illumination indexes (or classes) were
recorded for all trees placed at the corners (four) and the centre of
each study subplot and the most encountered index were then
adopted for the entire subplot. This index scores the source and
relative amount of crown lighting. They are broadly equivalent to the
estimation of canopy closure and are measured on an ordinal scale
(Jennings et al., 1999) that is: Class 1, Class 1.5, Class 2, Class
2.5, Class 3, Class 4 and Class 5 where Class 1 is highest canopy
cover and Class 5 is no canopy cover (Jennings et al., 1999)
(Additional file Explanation Notes).

Statistical analyses

During the analyses, a nest was considered as an individual and
only the predation of open nests types was considered because the
sample size of enclosed nests was very small (only 4). Although
these are built by different species, these nests were generally cup-
shaped and were constructed on either shrubs or lianas so they
would likely experience similar predation rates (Auer et al., 2007).
Also, there were not significant differences between the clutch sizes
of these understorey-nesting birds’ species (Kruskal-Wallis x*=
17.261, df = 10, p = 0.068).

The daily predation rates (DPR) in different types of habitat were
estimated using the adaptation of the logistic exposure model
(Shaffer, 2004). The latter was implemented in R using a
complementary log-log link with the package MASS (Venables and
Ripley, 2002). The predation rates were also performed using the
adaptation of the nesting success formula (Mayfield, 1975) as the
predation of nests being the result of exposure events.

The Kruskal-Wallis rank sum test was performed to compare the
mean number of nests between habitat types (Hollander et al.,
2014). This test was also used to compare the mean DPR between
types of habitat as well as to verify the dependence between types
of predation (eggs and nestlings) and the types of habitat
(Hollander et al., 2014). The Chi-Squared Test of equality of
proportions with Yates’ correction (Yates, 1934) was conducted to
compare the proportions of predated nests between different types
of habitats and breeding stages (Wilson, 1927).

The effects of habitats and features of habitats on birds’ nests
predation were assessed using the generalized linear mixed
models (GLMM) in which species had random effects and
vegetation variables and habitat types (selected in the best model
using the AIC) viewed as fixed effects (Table 1) (McCullagh and
Nelder, 1989). Only the vegetation variables that appeared in the
best model was included in the GLMM. Vegetation variables
included in the models were first transformed using the square root
transformation techniques after Kolmogorov test (Conover, 1972).
Mixed-effects models were created using package Ime4 (Bates et
al., 2014), with the explanatory variables incorporated as nested
(hierarchical) Fixed effects and types of habitats as random effects
(Table 1).

Akaike’s information criterion (AIC) Burnham and Anderson,
(2003) was used to derive best fit top models in package
AlCcmodavg (Mazerolle, 2016) that is, models having variables that
best explain the variation of the DPR. This calculated an AlCc (bias-
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adjusted AIC for small sample sizes), AAICc (AlCc of the alternative
model —AICc of best models) and Akaike weight (wi) for each
candidate model. We, first of all, choose several models by AIC in a
Stepwise Algorithm (Venables and Ripley, 2002). Top fit models
were chosen where there was enough strength of evidence to reject
the alternative models. This was defined as the best model having
an Akaike weight greater than that of the alternative models
(Symonds and Moussalli, 2011).

Furthermore, to indirectly evaluate the factors stimulating the
nesting sites choice of these birds along the gradient of increasing
forest destruction, the mean trends of vegetation parameters having
significant influences on the DPR were accessed using the
Jonckheere-Terpstra test, an ordered non parametric test (Terpstra,
1952; Jonckheere, 1954) with the package “clinfun” version 1.0.14
(Seshan, 2017). All these analyses were performed in the R-Core
software version 3.4.1 (R Foundation for Statistical Computing,
2017).

RESULTS
Active nests monitored in different types of habitat

During the 2013 breeding season, we located and
monitored 60 active nests of 12 understorey nesting bird
species distributed inconsistently across the five habitats
under studied (Table 2). All these nests were off the
ground and were open-cup (56 nests) or enclosed (4
nests). No ground nests were found. The 56 open-cup
nests surveyed belong to 11 different species and did not
differ significantly along the gradient of increasing forest
destruction (Kruskal-Wallis x“ = 8.5195, df =4, p = 0.074)
although they seemed to be highest in the secondary
forest.

Nest predation rates according to types of habitat
and breeding phases

About 241 observations were made on the nests and only
the open-cup nests were predated. About 47% of the
open-cup nests monitored were predated. The
proportions of predated nests did not vary significantly
between types of habitats ()(2 =4.192; df = 4; p = 0.381).
However, the highest number of predated nests (43%)
was found in the old secondary forest and the lowest in
Annual culture farms (4%) (Figure 2A). Egg predation
(77.78%), chick predation (18.52%), chick and egg
predation (3.7%) were recorded in the study area (Figure
2B). There was a significant difference between the main
types of predation in the study area ()(2: 137.051; df = 2;
p < 0.0001). Also, variation on predation rates of eggs ()(2
= 5.556; df = 4; p = 0.234) and chicks ()(2 =1.356; df = 4;
p = 0.851) did not exist between types of habitats.
Moreover, the frequency of predation varied significantly
along the nesting phases (x* = 97.915; df = 2; p <
0.0001), with the nests being mostly predated during the
incubation phase (71.43%) (Figure 2C).

The average predation rate across the ecosystem
varied between < 0.001 and 27.18% but was not
influenced significantly by the types of habitats (Kruskal-
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Table 1. The explanatory and dependent variables used in the analysis.

Variables Scales Sizes of plots Descriptions
Explanatory variables
H Meso 200 m x 200 m Habitat types were grouped into five land use systems

The classes of canopy cover (Class 1, class 1.5, Class 2, Class 2.5, Class 3,
a Meso 10mx 10 m . .

Class 4 and class 5). Also, 1 is complete canopy cover, 5 is no canopy cover.
b Micro Imx 1m The understorey plants density (number of individuals/ha)
c Micro Imx 1m The microhabitat trees density (number of individuals / m?)
d - - The height of the nest on the supporting plant (m)
e - - The type of the nest supporting plant (liana or shrub)

. The percentage of vegetation cover around the nests which was visually

f Micro Imx 1m ;

estimated at the nearest 5%
g Meso Imx 1m The horizontal density of the trees (number of individuals / m?)
h - - The maximum height of the vegetation above the nest (m)
i - - The total visibility of the nest (ordinal variable)
j Meso 10mx 10 m The overstorey plants density (number of individuals/ha)
k Meso 10mx10m The overstorey plants basal area (m#ha).
I - 200 m x 200 m Understorey-nesting species evaluated as the random effect

Dependent variable

Daily Predation Rate
(DPR)

- Estimated based on Shafer (2004) method

Table 2. List and number of active nests found.

Number of nests in each habitat

Species Type of nest ) OSF DFO ccp ACF Total
Criniger chloronatus Open-cup 1 0 0 0 0 1
Chlorocichla flavicollis soror Open-cup 3 2 0 0 0 5
Eurillas latirostris Open-cup 5 2 4 2 0 13
Bleda eximus Open-cup 0 3 1 0 0 4
Arizelocichla montana Open-cup 0 0 0 1 2 3
Eurillas ansorgei Open-cup 0 1 0 0 0 1
Phyllastrephus icterinus Open-cup 0 1 0 0 0 1
Bleda notata Open-cup 1 4 1 0 0 6
Eurillas virens Open-cup 6 9 3 0 1 19
Cinnyris chloropygius Enclosed 0 1 0 0 3 4
Unknown species | Open-cup 1 0 0 0 0 1
Unknown species | Open-cup 0 0 0 2 0 2
Total 17 23 9 5 6 60

Notes: PFO: Near Primary Forest; DFO: Disturbed Forest; OSF: Secondary Forest; CCP: Cocoa/Coffee plantations; ACF: Annual

Culture farms.

Wallis ¥* = 5.955, df = 4, p = 0.203). Nevertheless, this
average predation rate seemd to be highest in primary
forest (11.867%) and smallest in the cocoal/coffee
plantations (1.539%), compared to other types of habitats
(Figure 2 (D)). Also, when pooling the data into two
habitats (that is natural forests vs disturbed habitats), the
average predation rate did not vary significantly (Kruskal-
Wallis x* = 2.188, df = 1, p = 0.139).

Influences of habitat features on the daily predation
rate

The daily predation rate (DPR) of these understorey
nesting birds varied between 0.019 and 0.964 but did not
vary significantly amongst types of habitats (Kruskal-
Wallis x° = 5.955, df = 4, p = 0.203). This daily predation
rate did not vary significantly between natural forests
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among the nesting phases (C); and Mean daily predation rates (D). Notes: PFO: Primary Forest; DFO: Disturbed
Forest; OSF: Secondary Forest; CCP: Cocoa/Coffee plantations; ACF: Annual Culture farms.

and modified habitats (Kruskal-Wallis )(2 =2.188,df=1,p
= 0.139). Table 2 shows top models according to
changes in delta AIC as described by (Burnham and
Anderson 2003). The best fit model, which is the one
having the smallest value of the Aikake Information
Criterion (AIC = 207.23) was chosen (Additional file Table
S1). This model included quantitative variables
(understorey plant density, microhabitat trees density)
and a qualitative variable (classes of canopy cover) were
then introduced as fixed effects in the generalized mixed
effects model with the understorey-nesting species
evaluated as the random effect (Table 3).

The density of trees in the microhabitat and the density
of understorey plants had significant negative effects at
the 95% significant level. To this effect, when the density
of trees (n/m2) in the microhabitat and the density of the
understorey plants (n/ha) increased, probabilities of the
open-cup nest to be predated decreased for about

3.912e-01 and 8.749e-05 respectively (Figure 3A—B).
Furthermore, the influences of the canopy cover classes
and the types of nests support (shrub or liana) on the
daily predation rate at 95% confidence interval were not
significant, although the canopy cover classes 1.5 and 5
had negative effects. However, the canopy cover class 1
and the support had positive influences on the daily
predation rate (Table 3). Moreover, very low correlations
existed between most of the Fixed effects parameters on
the daily predation rate (Additional file Table S2).

Furthermore, the trend in the average density of the
trees in the microhabitat did not differ significantly along
the gradient of increasing forest destruction (JT = 492.5,
p = 0.301) whereas the average density of the
understorey plants increased significantly (JT = 249.5, p
= 0.011) along this gradient (Table 4). This indicates that
the choice of the nesting sites depended on the presence
of these vegetation parameters.
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Table 3. The generalized linear mixed model of DPR in relation to vegetation variables and the five habitat types.

Random effects:

Groups

Variance

Standard Deviation

Species (Intercept)

0 0

Fixed effects

Regression coefficients

Parameter - Z value P-value (>|z|)
Estimate Standard error

Canopy cover Class 1 (Intercept) 7.815e-01 7.318e-01 1.068 0.285

Canopy cover Class 1.5 -1.580e-01 5.983e-01 -0.264 0.792

Canopy cover Class 5 -1.333e+00 1.129e+00 -1.181 0.238

Density of the understorey plants -8.749e-05 3.043e-05 -2.875 0.004 **

Density of trees in the Microhabitat -3.912e-01 1.715e-01 -2.281 0.023*

Significance level: * p < 0.05; ** p < 0.01; *** p < 0.001. Notes: For Canopy cover classes, 1 is complete canopy cover, 5 is no canopy

cover.

DISCUSSION

Number of active bird nests found across the types
of habitat

The average number of open-cup nests varies
significantly according to the types of habitats with the
most degraded having the smallest number of nests.
Similar results are found by numerous studies elsewhere
in the world (Canaday, 1996; Castelletta et al., 2000).
Even if derived forest habitats like cocoa plantations are
not a habitat substitute for the forest, they provide habitat
for many species, which depend to some degree on
forests (Reitsma et al., 2001). Similarly, Van Bael et al.
(2007) find that shaded cocoa farms can provide habitat
for a wide variety of resident and migratory bird species.

However, in the present study, it is not the case for
nesting birds, because the less the habitat is disturbed,
the more nests are present. This implies that the human
activities reduce the probability of understorey nesting
bird species of having available nesting sites. Finally, the
absence (or rarity) of ground nests in our study area may
be due to the presence of highly specialized ground nest
predators or to the absence of ground-nesting bird
species during sampling time. It could also be due to
ground nests being difficult to find.

Predation rates across types of habitat and nesting
phases

Predation is the main cause of nest failure in this study.



Table 4. Values of the variables of the vegetation.
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Variables of the vegetation

Mean values of some vegetation parameters in each habitat

PFO OSF DFO CCP ACF
Density of overstorey plants (individuals/ m2) 0.05 +0.002 0.04 +0.002 0.03 £ 0.003 0.02 £ 0.005 0.01 +0.002
Basal area (mzlha) 71.81 £14.93 51.91 £21.63 35.17 £14.93 27.19£11.70 7.80 £ 3.40
Understorey plants (individuals/ m2) 1.71+0.78 2.13+0.23 2.95+0.37 2.14 +0.63 297 +0.72
Density of trees in the microhabitat (individuals/ m2) 2.11 +1.13 2.39+1.6 2.33+1.15 1.6+1.2 0.33+£0.47
Class 1 100% 83.33% 83.33% 33.33% 0%
Classes of canopy cover Class 1.5 0% 16.67% 16.67% 66.67% 0%
Class 5 0% 0.00% 0.00% 0.00% 100%

Notes: PFO: Near Primary Forest; DFO: Disturbed Forest; OSF: Secondary Forest; CCP: Cocoa/Coffee plantations; ACF: Annual Culture farms. For Canopy cover classes, 1 is

complete canopy cover, 5 is no canopy cover.

Similar results have been found in temperate
(Debus, 2006; Tewksbury et al., 2006) and
tropical regions (Githiru et al., 2005; Newmark and
Stanley, 2011). In this study area, less than half of
the nests are predated. This proportion is less
than the one found outside the tropics (Mitchell et
al., 1996; Tewksbury et al., 1998; Braden, 1999;
Mezquida, 2004). These results, however,
corroborate those of (Tewksbury et al., 2006) in
temperate zones. Several reasons may explain
this fact as the diversity of predators, because
predation models depend on the response of
different predator species, on the composition of
the landscape and on the relative effects of these
predators on bird species (Tewksbury et al,
2006).

The proportions of predated nests and the daily
predation rate do not also vary significantly among
types of habitat in our study area. Although the
proportion of nests predated in the secondary
forest seem to be highest while the proportion
found in the annual crop fields was the smallest.
This result can be associated with the higher
number of active nests found in secondary forest.
Moreover, the primary forest seems to have the

highest daily predation rate while the secondary
forest had the third-highest predation rate. This
supports the results of Tewksbury et al. (1998) in
temperate forests and contradicts those of Morse
and Robinson (1999) in the neotropical forests in
which rates of nest predation were significantly
lower in the older forest than within even-aged
clear-cuts. Moreover, when using artificial nests
placed in the forest interior, at the edge and at the
clear-cuts in the temperate ecosystem, (Rudnicky
and Hunter Jr, 1993) have reported a similar
trend. However, this predation model seems to
contradict the general assumption that nest
predation rate increases with ecosystem disruption
due to the influx of predators from neighbouring
habitats owing to the best conditions created by
ecosystem degradation, as the birds will be more
in danger in the heavily modified habitats than in
the less degraded ones (Githiru et al., 2005;
Pangau-Adam et al.,, 2006; Tewksbury et al.,
2006). Furthermore, predation can be a problem
in human-modified habitats if food supplies or
nesting sites are reduced but can cope with high
predation rates in natural systems (Martin and
Clobert, 1996; Wesolowski and Tomialojc, 2005).

However, the landscape of Korup National Park
(the present study area) is different from other
study sites (Githiru et al., 2005; Pangau-Adam et
al., 2006; Tewksbury et al., 2006) because the
dominant habitats are forests (primary and
secondary forests) in terms of area and distribution
and are less (or not) disturbed. So, the results
obtained here could be completely different due to
this landscape structure. This implies that
predators arrive rather from modified areas, thus
creating a surplus in abundance and diversity of
these predators in the natural areas.

Over the course of the nesting cycle, we have
found the greatest rate of nest loss in the
incubation stage and least in the egg laying and
nestling stages. Similar results were obtained in
the forest understorey in South America (Ryder et
al., 2008). But some studies recorded increasing
rate of predation as nesting proceeded (Ryder et
al., 2008; Brawn et al., 2011; Fu et al., 2016;
Jiang et al, 2017). Increased proportion of
predation (DPR) in the incubation phase suggests
that nest losses can be ascribed to visually
oriented predators as the eggs and chick predation
type was recorded over the course of the study.
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It can be also explained by lower nest attentiveness and
by nesting birds in the early incubation phase. Moreover,
decreased proportions of the predation in the laying and
nestling stages suggest that, although the number of
female trips increases during the nestling phase,
nestlings are completely silent even during feeding bouts
(Ryder et al., 2008).

Influences of habitat features on predation rates

Generally, habitat quality appears to affect breeding
success (Debus, 2006) and birds are mostly scrupulous
in their choice of nesting sites (Martin, 1993b). It seems
that anthropogenic land management disturbs habitat
quality by removing key elements for nesting individuals
(Debus, 2006). Many studies have shown that several
characteristics (grass cover, height of the nest,
percentage of sky visible, detectability index, forb cover,
vegetation height around the nest, etc.) of nesting sites
have no effect on nest predation rates (Braden 1999;
Dion et al., 2000; Githiru et al., 2005; Posa et al., 2007).
However, Fu et al. (2016) report that the nest-site-
selection variables (tree cover, bamboo cover, liana
abundance, etc.) are positively associated with predation.
In our study area, only the density of the microhabitat
trees and the density of the understorey plants have a
significant negative correlation with the daily predation
rate.

Moreover, the density of the microhabitat trees does
not vary significantly according to the gradient of the
increase of forest destruction whereas the density of the
understorey plants increases sharply according to this
gradient. This explains why annual crop fields, despite
their very high level of degradation, might have some
secured nesting sites as well. This implies that birds
always choose the best nesting site regardless of the
degree of disturbance (Martin, 1993b). These results also
suggest that bird nest predators in the understorey are
more active in relatively stable habitats such as primary
forest and secondary forest. These can also be due to
the fact that nests might be easier to be found in the
natural forests as compared to modified habitats.

Conclusion

In conclusion, our findings support the prediction that
well-hidden bird nests are less subjected to predation
(Vergara and Simonetti, 2004) and nest-site selection is
non-random. As opposed to other findings (Dion et al.,
2000; Estrada et al., 2002; Debus, 2006), the predation of
understorey bird nests in our study area seems not to be
affected by the gradient of increasing habitat destruction.
Only the density of trees in the microhabitat and the
density of the understorey trees have significant negative
effects on the daily predation rates of the open-cup nests.

These observations also suggest that this support zone
adjacent to the Korup National Park is an important
additional breeding habitat for the understorey bird
species. Furthermore, in order to consider understorey
nesting birds conservation in Korup, sets of timber
harvesting guidelines designed to mitigate the deleterious
environmental impacts of tree felling, yarding, and
hauling known as “reduced-impact logging” techniques
(Sist et al., 2003; Putz et al., 2008) must be applied for
future trees harvesting practices. Although the
effectiveness of reduced-impact logging in reducing tree
destruction is limited under high felling intensity (>8
trees/ha) these techniques are better than the
conventional techniques (Sist et al., 2003).
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Additional file Figure S1. Sampling arrangement of the nested grid

Additional file Explanation Notes: Classes of canopy cover definitions

The classes of canopy cover were defined as followed (Jennings et al., 1999):

- Class 1: No direct light (crown not lit directly either vertically or laterally);

- Class 1.5: Low lateral light;

- Class 2: Medium lateral light;

- Class 2.5: High lateral light;

- Class 3: Some overhead light (10-90% of the vertical projection of the crown exposed to vertical light).

- Class 4: Full overhead light (= 90% of the vertical projection of the crown exposed to vertical light; lateral light
blocked within some or all the 90° inverted cone encompassing the crown and

- Class 5: Crown completely exposed (to vertical light and to lateral light within the 90° inverted cone
encompassing the crown).

Lateral light (< 10% of the vertical projection of the crown exposed to vertical light; crown lit laterally.

Additional file Table S1. Results of model selection using logistic exposure methods to assess sources
of variation in the probability of daily predation rate of the understorey nesting birds in the Korup region.
Only the top model or those included in the confidence set are shown.

Models K AlCc AAICc Wi Loge(L)
Mh+a+b+c 5 207.23 0.00 0.44 -98.49
Mu-+a+b+c+d 6 208.47 1.24 0.24 -98.06
Mu+atb 4 209.04 1.81 0.18 -100.44
MH:+a+b+c+d+e 8 210.39 3.16 0.09 -96.88
Mh+a 3 211.84 4.61 0.04 -102.87

Note: K is the number of parameters in the model, Loge(L) is the value of the maximized log-likelihood function,
AlCc is Akaike’s Information Criterion adjusted for small sample bias, AAICc is the scaled value of AlCc, and w;
is the Akaike weight. Many candidate models involved the effect of the types of habitats (H), the classes of
canopy cover (a), the understorey plants density (b), the microhabitat trees density (c), the nest height (d) and
the nest's support (e). The remaining candidate models had AAICc > 4.61 and w; < 0.05.
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Additional fileTable S2. Correlations between the Fixed effects parameters on the daily predation rate.

Intercept Density of the

Parameter (Class 1) Class 1.5 Class 5 understorey plants
Class 1.5 -0.046

Class 5 0.047 0.161

Density of the understorey plants -0.831 -0.169 -0.275

Density of trees in the Microhabitat -0.525 0.130 0.234 0.080
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Litterfall, litter standing crops, nutrient dynamics and their turnover were studied in Ebom tropical
rainforest of Cameroon six years after selective logging practices. Two sample sites, one in the logging
part of the forest (disturbed site) and the other in the part of forest not affected by selective logging
(undisturbed site) were used for the study. After two years of field experiment, the mean annual of
litterfall varied from 1.95 to 10.93 t.ha™.y™" in undisturbed site, and from 1.49 to 9.07 t.ha™.y™ in logging
site respectively for wood litter and the total litterfall. The greatest significant of total litterfall were
recorded in long dry season in the two sites. The litter standing crops varied from 0.96 for wood to 2.09
t.ha™ for leaf litter in the undisturbed site and from 0.49 for rest litter to 1.58 t.ha™ for leaf litter in the
logging site. The turnover (K.) of litter varied from 0.89 to 3.57 for wood in the logging site and from 0.49
to 2.99 for leaf litter in the undisturbed site. Overall, the nutrient amounts in litter fractions are higher in
the undisturbed site than in the logging site, except that of Na. The logging impact, six years after
logging, was negligible on the litterfall, but results in much faster release of Mg and Na which were low
in the Ebom forest soil. It would take more than six years for the logging effects to cancel out.

Key words: Litterfall, litter standing crops, litter turnover, logging, nutrient dynamics, tropical rainforest,
Cameroon.

INTRODUCTION

In South Cameroon, the degradation of tropical forests, Impacts on the reduction of biodiversity, soil depletion and
mainly due to shifting cultivation and logging (van loss of productivity are undeniable (Jonkers and Foahom,
Gemerden, 2004) is currently one of the major problems 2003). To remedy this, Tropenbos Cameroon Programme
for the forest management (Jonkers and Foahom, 2003). (TCP) developed a strategy for the sustainable
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management of these forest ecosystems. According to
TCP, one of the alternatives that can lead to the
sustainable exploitation of these tropical forests without
compromising their existence is to take into account, in
forest management, the interests of riparian populations
(Jonkers and Foahom, 2003) and the functional aspects
of these forests, as litterfall, litter standing crops and
nutrient contents.

Litter is a major source of organic matter and nutrients
in forest ecosystems (Vitousek and Sanford, 1986; Devi
and Singh, 2017). The litterfall contributes to the
assessment of net primary production and is also the
major pathway for the return of dead organic matter and
nutrients from aerial vegetation to forest soil (Vitousek
and Sanford, 1986). In the forest ecosystem, litterfall
reduce bulk density, increase water holding and the cation
exchange capacity of the soil (Seta et al., 2018). In
addition, litter on the forest floor plays a significant role in
determining the moisture status, runoff pattern and
release of nutrients accumulated in the aerial parts of the
vegetation (Parsons et al., 2014). The litterfall influences
also its decomposition, growth of vegetation and soll
fertility through the feedback mechanisms (Brouwer,
1996). Under a fertile soil forest, leaf renewal, litterfall and
its decomposition are rapid because of a low energy
investment for the synthesis of secondary metabolites. On
the other hand, regarding infertile soil, leaf turnover,
litterfall and its decomposition are low due to a high
investment in metabolites (Berendse, 1994).

However, the litterfall production pattern is directly
affected by climate, seasonality, tree species
composition, stand structure, soil fertility, elevation and
latitude (Vitousek and Sanford, 1986; Parsons et al.,
2014; Becker et al., 2015; Das and Mondal, 2016; Devi
and Singh, 2017; Seta et al., 2018). Qiu et al. (1998)
observed that abiotic factors such as rainfall, temperature
and light play an important role in litterfall, flushing among
dominant canopy species in the forest. Other workers
reported that seasonal patterns of litterfall show unimodal,
bimodal or irregular modes, and the litter peaks might
occur in several months of the year (Sundarapandian and
Swamy, 1999; Zhang et al., 2014). Consequently, this
phenomenon may affect the dynamics of ecosystem
carbon and nutrient cycling (Das and Ramakrishnan,
1985).

Other variables that affect litterfall pattern and litter
nutrients dynamics in the tropical rainforests are
disturbances (van Dam, 2001). Natural or artificial gaps
resulting from logging are considered as a disturbance,
which alter the environmental conditions, such as
temperature, availability of light, nutrients and moisture to
plants (Denslow et al., 1998; Burivalova et al., 2016).
These changes affect the flora and fauna composition,
influence carbon emissions (Harris et al., 2012), the plant
litter decomposition process (Brouwer, 1996; Van Dam,
2001; Ibrahima et al., 2016) and litterfall dynamics
(Chandrashekera and Ramakrishnan, 1994; van Dam,
2001).

Despite many studies were conducted in tropical
rainforests of Cameroon, little information exists on
litterfall and nutrient dynamic (Songwe et al., 1988;
Chuyong et al., 2000; Ibrahima et al., 2002), but no study
has been carried out to understand the effects of logging
activities on litterfall. The purpose of this study was to
determine the impact of selective logging on litterfall
components (total and fractions), nutrient dynamics and
their turnover in the Ebom tropical rainforest of
southwestern Cameroon.

MATERIALS AND METHODS
Study sites

The experiment was conducted in Ebom Forest, within the
Tropenbos Cameroon Programme (TCP) research area, which is
located in the western portion of the Atlantic Biafrean Forest of
South Cameroon, lying within the Congo-Guinea refuge. The
experimental sites are located at 3°05’'N and 10°41’E, with elevation
of ~440 m. The bedrock is composed of Precambrian metamorphic
as well as old volcanic rocks (Franqueville, 1973). The soil is very
clayey (35-70%) and strongly acidic (van Gemerden and Hazeu,
1999). The climate is humid tropical with four seasons: a long dry
season (from mid-November to mid-March) and a short one (mid-
May to mid-August), as well as a short rainy season (mid-March to
mid-May) and a long rainy season (mid-August to mid-November).
Mean annual rainfall is about 2100 mm and mean annual
temperature is 22.9°C (van Gemerden and Hazeu, 1999). Relevant
characteristics of these sites like location, rainfall data and soil
physico-chemical characteristics are presented in our previous
studies (Ibrahima et al.,, 2002, 2016). Vegetation consists of
evergreen forest rich in Caesalpiniaceae (Letouzey, 1985),
characterised by tall trees that reach heights of about 60 m, with
four strata and one closed canopy (Bibani and Jonkers, 2001). Tree
density was about 521 trees per hectare, basal area of about 29.84
m? ha™ and diameter classes ranged from 9.39 to 150 cm, with a
mean of 21.34 cm (Ibrahima et al., 2002). At some places in the
forest Bantou people practice shifting agriculture with short fallows
(Nounamou and Yemefack, 2001), while Banyeli Pygmee live from
gathering and hunting. Many non-timber forest products like
bushmeat, honey, mushrooms, fruits, leaves, seeds and roots are
harvested (van Dijk, 1999).

Two one-ha-plots (100 m x 100 m) in the experimental area in
the catchments of Bibo'o Minwo near Ebom were selected: one in
an undisturbed and the other in a disturbed part of the forests. The
undisturbed forest, at 15 km away in the north of Ebom, is
characterized by the absence of recent natural or human
disturbance. The vegetation consists of evergreen forest rich in
Caesalpiniaceae (Letouzey, 1985), as presented before. The other
plot was selected in the logging site with small gaps. The forest has
been logged in recent years with the exception of the mountainous
parts, by national and international companies, principally the Dutch
Company, WIIJMA - Douala SARL (GWZ) (van Gemerden and
Hazeu, 1999). The selective logging rate was low; averaging 10 m®
ha™, say 0.7 tree ha the last exploitation (van Gemerden and
Hazeu, 1999). Only trees with diameter at breast height (DBH) > 80
cm and straight boles of at least 6 m were felled. Damages caused
by this felling and extraction of the logs from the stand affected less
than 8% of the forest area (Fines et al., 2001; Jonkers and van
Leersum, 2000). The vegetation of this site is dominated by
heliophilous (pioneer) species, particularly Musanga (Musanga
cecropioides R. Brown ex. Tedlie). Tree density, the basal area and
the mean DBH are respectively 417 trees per hectare, 28.48 m®.ha™



and 22.91 cm; the diameter classes ranged from 9.20 to 141.72 cm
(Ibrahima et al., 2002). The disturbance occurred six years before
starting the experiment with a low intensity of logging. The two sites
have the same type of soils (Ultisols / Oxisols) (van Gemerden and
Hazeu, 1999).

Litter collection

Small litterfall (including leaf, twigs and small branches (<2.5 cm),
flowers, fruits, etc.) in each site was collected in twenty 1 m x 1 m
litter traps, 1 m high above the ground. The litter traps were made
of wooden frame material with a mesh size of 0.5 mm and randomly
distributed in 1-ha-plot. The mesh size was sufficient to allow free
drainage while retaining the finer litter fragments. Litter was
collected fortnightly, excepted in the large rainy season where litter
was collected at weekly. Because of technical difficulties (access to
plots, disturbance of litter traps by animals, etc.), experiment was
only carried out two years in undisturbed site, from August 1999 to
July 2001, and one and half year (from February 2000 to July 2001)
in logging site. The litter samples were taken to the laboratory in
polythene bags and oven-dried at 60°C to constant mass. The
samples of each month were bulked and categorized into leaf (L),
wood ( including twigs, small-wood fraction, small branches (<2.5
cm in diameter) and bark fragments (W)), and all remaining
material so called rest (R) including reproductive parts, flowers,
fruits, pods, mousses, lichens, and all other unknown material. Dry
mass of each component was determined by drying to a constant
mass at 60°C and the mean monthly value for each site was
worked out on a unit area basis (t.ha™).

Coarse litterfall, comprising large wood or branches with bark,
was estimated for about one year, from June 2000 to July 2001.
The samples were collected every six months in five subplots of 20
m x 20 m, located near 1-ha plot of each site. The subplots were
cleaned initially. The samples were transported to laboratory in
polythene bags and processed, in accordance with the procedures
given above for the small litterfall.

Litter standing crops of forest floor (or litter layer on the soil
surface) was estimated in undisturbed and logging sites for one
year. Five litter samples were collected every three months from
each site, using a 0.25 m? (0.5 m x 0.5 m) quadrat frame placed
randomly near 1-ha-plot, transported to laboratory in polythene
bags and processed, in accordance with the procedures given
above for the small litterfall.

Chemical analysis

One monthly small litterfall fraction (leaf, wood, rest), and five
coarse litterfall samples and five litter standing crops samples
resulting from the sample bulking were taken to chemical analysis.
Powder samples obtained after grinding all samples through a
Micro Hammer Mill Culatti grinder equipped with a 1 mm link filter
were analyzed. The samples were first mineralized by passing the
powder through a furnace at 550°C for 40 mn. The ashes were
recollected with a diluted HNO; solution for nutrient analyzing:
Calcium and Magnesium were determined through EDTA titrimetric
method (Association Francaise de Normalisation (AFNOR), 1982),
while Potassium, Sodium and Phosphorous were determined
according to standard methods (Rodier, 1978). The nitrogen
analysis was done by the Kjeldhal method and its titration by
sulphuric acid at 0.01 N (Devani et al., 1989).

Statistical analysis

Before performing any statistical analysis, all variables were tested
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for normality. The comparison of litter mass and their nutrients
among litter fractions, and among seasons was carried out by using
ANOVA, followed by Scheffe's test at 5% if ANOVA was significant.
A Student provided a test of significance of litter mass and their
nutrients between undisturbed and logging sites. Turnover rates
(Kp) of the forest floor litter or its nutrients were calculated by
calculating the ratio between litterfall or its nutrients and litter
standing crops or its nutrients for similar fractions. These tests were
conducted through SX software (statistic, version 4.0, Analytical
software, 1992).

RESULTS
Litter
Litterfall and their changes in time

Average mean annual litterfall (1999-2001), its interannual
variation and the contribution rate of the different fractions
of litterfall in undisturbed and logging sites were
presented in Table 1. Contribution of leaf fraction was
higher than that of other litter fractions, more than 55% to
the total litterfall in both sites, while contribution of coarse
litterfall was lower than that of the total litterfall in both
sites; it was of 11% in undisturbed site and 17% in
logging one. Greater mean annual of the total litterfall was
recorded in undisturbed site (12.29 t.hat.year?)
compared to logging site (10.90 t.ha™.year?). The mean
annual of litterfall and its fraction were higher in the
undisturbed site (6.24, 1.95, 2.79 and 10.93 t.ha™.year™)
than in the logging site (5.64, 1.49, 1.94 and 9.07 t.ha
l.year"l) respectively for leaf, woods, rest fraction and the
total small litterfall, while coarse litterfall was higher in the
logging site (1.83 tha'.year') compared to the
undisturbed site (1.36 t.ha™.year™). The two sites differed
significantly from one another only by their rest fraction,
the total small litterfall and the annual mean of total
litterfall (small + coarse).

Small litterfall varied according to seasons (Table 2).
Mean seasonal of total small litterfall and leaf fraction
were significantly different according to seasons in both
sites, while wood fraction was significant different
according to seasons only in the logging site. The
greatest significant total small litterfall and leaf fraction
were recorded in the long dry season (December,
January and February) and the lowest were obtained in
the small dry season (June, July and August) in the two
sites. According to the season, the two sites were
significantly different only during the small dry season and
the long rainy season for the total small litterfall, during
the small dry season for the leaf and woods fractions, and
at last during the long rainy season for the rest fraction.

Dynamics of small litterfall and its fractions showed
monthly variation during the two years of litterfall
collection in the undisturbed site and the one year and
half in the logging site (Figure 1). Peak of small litterfall
was recorded in the end of February and that of April,
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Table 1. Annual and mean annual litterfall (t.ha™.y™) in undisturbed and logging sites of tropical rainforest of Ebom, southwest

Cameroon.
. . Undisturbed site Logging site
Litter fractions - - t Student
Litter mass % Litter mass %
February 2000 — January 2001
Leaf 6.09 (1.29) 55 5.92 (1.08) 63 1.24"™
Wood 1.91 (1.38) 17 1.50 (0.90) 16 1.97™
Rest 3.04 (1.79) 28 1.99 (1.03) 21 2.47*
Total small litterfall 11.04 (3.08) 100 9.41 (2.23) 100 2.72%
August 2000 - July 2001
Leaf 5.68 (1.02) 54 5.63 (1.08) 62 0.11"
Wood 1.95 (0.86) 18 1.51 (0.65) 17 1.93™
Rest 2.95 (1.91) 28 1.93 (1.06) 21 2.03*
Total small litterfall 10.58 (0.65) 100 9.07 (0.40) 100 2.03*
Leaf 6.24 (1.06) 57 5.64 (1.00) 62 1.26™
Wood 1.95 (1.02) 18 1.49 (0.73) 16 1.61™
Rest 2.79 (1.55) 26 1.94 (1.02) 21 1.68™
Total small litterfall 10.93 (2.64) 100 9.07 (1.90) 100 2.05*
Coarse litterfall 1.36 (0.44) 11 1.83 (0.96) 17 0.88"™
Total litterfall 12.29 (2.18) 100 10.90 (1.95) 100 2.31*

Standard error in brackets. ns: no significant; * P < 0.05; ** P< 0.01.

Table 2. Mean seasonal small litterfall (t.ha™.season™) in undisturbed and logging sites of tropical rainforest of Ebom, southwest Cameroon.

S Undisturbed site Logging site t Student between sites

eason Leaf Wood Rest Total Leaf Wood Rest Total Leaf Wood Rest  Total
LDS 2.09° 049 081 3.39° 222*° 038" 059 3.19* | 1.20™® 050" 0.60™ 0.60™
SRS 1.61° 071 082 3.14* 156" 0.53*  0.59 2.68°  0.10™ 1.10™ 1.70™ 1.30™
SDS 1.12° 020 045 1.76°  0.73° 0.10°  0.33 1.16° = 2.80*  2.10* 0.60™ 2.80**
LRS 1.46" 051 076 273 1.28° 045® 053 226° | 1.10™  1.10™ 2.30* 2.30*
F Fischer's | 12.80** 1.00™ 2.00"™ 2.90* | 30.70%* 6.70** 100" 17.90%**

LDS: Long dry season; SRS: short rainy season; SDS: short dry season; LRS: Long rainy season; ns: not significant; * P< 0.05; ** P< 0.01; *** P<
0.001. Different letters indicate that values are different among seasons.

particularly for the total small litterfall and leaf litterfall.
The pattern of dynamics was similar in the two sites

highest contribution to the total litter standing crops was
recorded for leaf litter fraction in the two sites (more than

(Figure 2), excepted in July and August 2000 (short dry
season) where the total small litterfall and leaf litterfall
were lower in the logging site than in the undisturbed site.

Litter standing crops and turnover

Amount of small litter on the forest floor were presented in
Table 3. The dry mass of small litter on the forest floor
varied from 0.96 t.ha™ for wood litter to 2.09 t.ha™ for leaf
litter in the undisturbed site and from 0.49 t.ha™ for rest
litter to 1.58 t.ha™ for leaf litter in the logging site. The

45%), while the lowest was found for wood litter fraction in
undisturbed site (23%) and for the rest litter fraction in
logging site (14%). The dry mass of litter standing crops
was higher in the undisturbed site than in the logging one,
excepted for the wood litter fraction (Table 3). But the
differences between the two sites were only significant
(P<0.05) for leaf litter fraction.

Values for turnover (K.) of total litter and their fractions
were presented in Table 4. The values for K_ of leaf litter
fraction and total small litter was high, more than 2.5 in
the two sites, while these values were lesser than 0 for
wood and rest litter fraction in the same sites. The
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and logging sites of Ebom tropical rain forest, southern Cameroon, and monthly rainfall
during the experiment period. Leaf litter (F), wood litter (B) and rest litter (R).

209



210 J. Ecol. Nat. Environ.

2 2 1
~ 15| ——Us Leaf -~ 15 | :Bg Wood
| —-os :
£ 1 E’ 1 4
3 s
§ 0.5 A E 05
= O
- 0 0
AMMMHMFMMMHMFMMM AHHmswﬁHb
1999 2000 2001 1999
Months
Months
2 2
——US Rest —=US  Total
— 159 —e—Ds 15 —e—DS
- _
i T E 1
= =
g 0.5 - %0_5
4 e
0 T = T , -0
4 M M BN H R H M TSN WA SRR
1999 2000 2001 1999 2000 2001
Months Months

Figure 2. Comparison of dynamics of small litterfall (t.ha™) fractions (leaf,wood, rest and total litterfall) between undisturbed (US) and
logging sites (DS) of Ebom tropical rain forest, southern Cameroon.

Table 3. Mean litter standing crops (t.ha™) or litter on floor in undisturbed and logging sites of tropical
rainforest of Ebom, southwest Cameroon.

Undisturbed site Logging site

Fractions t Student
Dry mass (t/ha) % Dry mass (t/ha) %
Leaves 2.09 (0.35) 50 1.58 (0.50) 47 2.60*
Wood 0.96 (0.87) 23 1.32 (0.95) 39 0.88™
Rest 1.11 (1.01) 27 0.49 (0.23) 14 1.87™
Total 4.16 (1.28) 100 3.39 (1.24) 100 1.32"
turnover of litter standing crops was higher in the logging Nutrients
site (0.89, 2.68 and 3.57 respectively for wood, total litter
and leaf litter) than in the undisturbed site (0.49, 2.63 and Litter nutrient contents

2.99 respectively for the same fractions), except for the
rest litter fraction which was higher in the undisturbed site Nutrient contents in litter varied according to litter
(0.39) than in the logging site (0.25). fractions in undisturbed and logging sites (Table 5).
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Table 4. Litter (kg.ha™) and nutrient (g.kg™) turnover (K_ = L/S where L and S respectively litterfall and litter standing crops) in Undisturbed
and logging sites of tropical rainforest of Ebom, southwestern Cameroon.

Nutrients Undisturbed site Logging site

Litter standing crops (kg/ha) Litterfall (kg/ha) Ko Litter standing crops (kg/ha) Litterfall (kg/ha) Ku
Small litterfall
Leaves 2090 6240 2.99 1580 5640 3.57
Wood 960 1950 0.49 1320 1490 0.89
Rest 1110 2790 0.39 490 1940 0.25
Total 4160 10930 2.63 3390 9070 2.68
Nutrients
In leaf litter
N 43.93 11312 2.58 37.95 96.90 255
Ca 1.71 4214 24.64 1.91 20.03 10.49
Mg 113 4.82 427 0.93 422 454
K 1.39 26.82 19.29 248 12.37 4.99
Na 0.05 0.83 16.60 0.05 0.67 13.40
P 3.10 7.07 2.28 340 5.14 1.51
In total litter
N 83.84 183.87 219 72.29 150.91 2.09
Ca 244 73.41 30.09 3.02 30.45 10.08
Mg 2.38 6.78 2.85 1.69 5.65 3.34
K 349 4142 11.87 4.31 21.96 5.10
Na 0.50 0.61 1.22 0.10 1.08 10.80
P 6.57 12.19 1.86 6.15 8.77 143

KL = L/S where L and S respectively nutrient in litterfall and in litter standing crops.

Nutrient contents differed significantly between litterfall
fractions, excepted K and Na in the undisturbed site, and
Ca and P in logging site. In the two sites, N content was
significantly lower in the wood litter fraction than in the
other litterfall fractions, and that of Mg was higher in leaf
litterfall than in the other litterfall fractions. Ca content was
significantly the highest in wood litterfall and the lowest in
coarse litterfall in the undisturbed site, that of K was
significantly higher in the rest litterfall fraction than in the
other litterfall fraction in the logging site. At the end, P
content was significantly the highest in coarse litterfall and
rest fraction, and the lowest in wood fraction in the
undisturbed site.

Undisturbed and logging sites differed significantly
between them according to some nutrient contents (Table
5). Mg, Na and P contents in the three fractions of small
litterfall were not significantly differed between the two
sites, while that of Ca in the three small litterfall fractions
was significantly higher in the undisturbed site than
logging site. N content differed significantly between the
sites only in the wood litter fraction, that of K in leaf
litterfall and that of Na in coarse litterfall.

Nutrient contents in the litter standing crops were
presented in Table 5. In the two sites, N content was the
highest and that of Na was the lowest in all litter fractions,
except in the rest fraction where Ca content was the
lowest in the undisturbed site. All the nutrient contents
were generally the highest in leaf litter and the lowest in

wood fraction, except N and Ca contents were present in
low content in the rest fraction in the logging site.
Conversely, in the undisturbed site these patterns were
not clear and varied according to a given nutrient.

As for the dynamics of the nutrient content, it was
variable over time and according to the nutrient
considered (Figure 3). On the whole, nutrient behavior
varies very slightly between the logging and undisturbed
sites, except that of Na, whose concentration remains
constant in 2000 and 2001 in the undisturbed site and
decreases at the end of 2000 and 2001 in the logging
site. Similarly, P content decreased at the end of 2000
and 2001. On the other hand, those of Ca and K increase
from October 2000 onwards. Those of N and Mg remain
almost constant over the two years of experience.

Litter nutrient amounts

The quantities of nutrients were significantly different
among litter fractions at both sites (Table 6). In general,
these quantities are highest in leaf litter and lowest in
twigs or large litter in both sites. The nutrient amounts
differed between the logging and undisturbed sites
according to the nutrient considered (Table 6). Overall,
the nutrient amounts in litter fractions are higher in the
undisturbed site than in the logging site, except that of Na
which was higher in the logging site than in the
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Table 5. Nutrient contents (g.kg™) in litter in undisturbed and logging sites of tropical rainforest of Ebom, Southwest Cameroon.

Undisturbed site Logging site Student's t between sites

Nutrients . F- . F-

Leaves Wood Rest Coarse litter Leaves Wood Rest Coarse litter Leaves wood Rest CL

values values

Litterfall
N 18.02 (3.73)a  11.92(2.60)b 17.16 (4.10)a 23.10 (0.85)a 19.14*** 17.90 (4.25)a 1246 (1.84)b  18.14(3.37)a 19.13(5.63)a 16.98"** 0.09ns  0.73* 0.81ns 1.26ns
Ca 7.30 (3.85)ab  9.20 (4.84)a 4.76(3.21)bc  1.23(0.65)c  6.74* 3.60 (2.40) 3.68 (2.50) 2.29 (1.94) 212(1.25)  2.09ns 3.55" 437 286" 1.13ns
Mg 0.75(0.26)a 044 (0.21)b 044 (0.16)b  0.45(0.24)b  16.00*** 0.78 (0.59)a 0.46 (0.21)b 044 (0.15b  0.38(0.15)b  4.72* 0.18ns  0.32ns  0.08ns  0.59ns
K 4.38 (2.87) 2.92(2.22) 3.45(2.62) 2.05(1.40) 1.78ns 214 (140)ab  1.88 (1.41)b 3.82(293)a 287(2.60)ab  4.81* 3.01"™  1.73ns 042ns 0.38ns
Na 0.06 (0.07) 0.05 (0.06) 0.06 (0.07) 0.07 (0.01)  0.11ns 0.17 (0.20)a 0.11(0.16)a 0.14(0.19)a  0.03(0.01)b  4.42* 1.70ns 1.55ns 1.85ns  5.20*
P 1.06(047)ab  0.76 (0.36)b  1.36(0.54)a 1.76(0.52)a  9.13*** 0.96 (0.47) 0.86 (0.52) 1.25(0.54) 1.34(0.56)  2.85ns 0.64ns 0.70ns  0.64ns 1.11ns
Litter standing crops
N 21.07 22.05 16.80 24.01 20.83 14.07 - - -
Ca 0.82 0.41 0.30 1.21 0.63 0.56 - - -
Mg 0.54 0.45 0.74 0.59 0.41 0.46 - - -
K 0.66 1.11 0.94 1.57 0.86 143 - - -
Na 0.02 0.03 0.39 0.03 0.03 0.03 - - -
P 1.49 1.63 1.72 2.15 1.41 1.84 - - -

Coarse litterfall (CL); ns: not significant; * P< 0.05; ** P< 0.01; *** P< 0.001. Different letters indicate that values are different among fractions.

undisturbed site. The amounts of N, Mg and Na
were not significantly different between the logging
and undisturbed sites, except that of Na in the
coarse litter. On the other hand, that of Ca of all
litter fractions was significantly higher in the
undisturbed site than in the logging site, except
that of the coarse litter. The amount of K in the
Rest and coarse litter fractions is not significantly
different (P> 0.05) between the both sites, while it
is for the other fractions (leaves, twigs and total).
The amount of P was significantly different (P
<0.05) between the two sites only in the rest
fraction.

The nutrient amounts of the different litter
fractions on the forest floor in the logging and
undisturbed sites are presented in Table 6. They

are significantly different among the litter fractions
in the two sites, except those of K and P in the
undisturbed site, which are not different
significantly (P>0.05). The nutrient amounts of the
leaf litter were significantly higher than those of the
other fractions (twigs and rest) in both sites,
except for Na in the rest fraction which was
greater than those of leaf and twig fractions in the
undisturbed site. Between logging and undisturbed
sites in the Ebom Forest, there were no significant
differences in the nutrient amounts in the twigs
(Table 6). Similarly, the N, Ca and P amounts of
all litter fractions were not significantly different
between logging and undisturbed sites. On the
other hand, the Mg and Na amounts in the rest
fraction and the total amounts of these nutrients in

the undisturbed site are significantly higher than
those of the logging site, whereas the K amount in
the leaf litter of the logging site was significantly
higher than that of undisturbed site.

The turnover (K,) of nutrients was presented in
Table 4. In both sites, the turnover of leaf litter
nutrients were generally faster than those of the
total litter nutrients, except those of Ca in the
undisturbed site (24.64 and 30.09 respectively for
the leaf litter and total litter) and that of K in the
logging site (4.99 and 5.10 respectively for the leaf
litter and total litter). For the two nutrients, their
turnovers in the total small litter were faster than
those in the leaf litter. In the logging site, the
turnover of Na and Ca were the fastest and those
of N and P the weakest (Na>Ca>K>Mg>N >
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Figure 3. Dynamics of nutrient contents (g.kg™) of small litterfall fractions (F, W and R) in undisturbed and logging
sites of Ebom tropical rain forest, southern Cameroon. Leaf litter (F), wood litter (B) and rest litter (R).
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Table 6. Nutrient amounts in litter in undisturbed and logging sites of tropical rainforests of Ebom, Southwestern Cameroon.

Nutrients Undisturbed site Logging site Student’s t between sites

Leaves  Wood Rest CL Total F-values = Leaves Wood Rest CL Total F-values | Leaves Wood Rest CL Total
Litterfall (kg.ha'.y)
R mm o e U e SBOME SRS R e om0 e 0w e
G G (2 0@ ress PO (e s  0m) sy ey 00T 3% 28 2% e s
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p (g%a) (10511;) (%6;1;) (212015 (124;‘70) 18,08 (%12453) (10?3; 2'4113(0'1 (213790')) (111.6167) 1833 | 1500 073 240 048 167
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Caminm wm e e TR R e e o e -
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b b
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Fischer’s values (F); Coarse litterfall (CL); ns: not significant; * P< 0.05; ** P< 0.01; *** P< 0.001. Different letters indicate that values are different among litter fractions.

P), whereas in the undisturbed site, the turnovers litter (Ca > K> Mg > N > P > Na). By comparing of Mg of leaf litter and total litter and that of Na in
of Ca and K were the fastest and the turnovers of the two sites, we see that the nutrient turnovers in total litter (Table 4). For these two nutrients, their
N and P the weakest in the leaf litter (Ca > K > Na leaf litter and total litter of undisturbed site were turnovers in the logging site were superior to those

> Mg > N > P) and those of P and Na in the total superior to those of the logging site, except those in the undisturbed site.



DISCUSSION
Comparison with other tropical rainforests
Litterfall and litter standing crops

The annual average of the small litterfall and its fractions
varied among tropical forests (Table 7). The results of this
study ranked well among other tropical forests in general
and among the highest values of rainforests developed on
infertile soils (Oxisols and Ultisols) in particular. Brouwer
(1996) showed that the mean (= 8.6 + 1.2 tha™) small
litterfall of a few South American and Southeast Asian
moist tropical forests developed on infertile soils (Oxisols
and Ultisols) was less than the values found in our study
(10.9 + 1.9 tha'). Leaf litter has generally large
contribution to total litterfall than other fractions of litterfall
(van Dam, 2001; Zhang et al., 2014) and its rate varies
according to forest type and collecting year. Brouwer
(1996) found that the contribution of leaf litter varies
between 59 and 60% in Guyana Tropical rain forests,
values below the average of other tropical forests (70%)
and he also showed that in tropical forests developed on
Spodosols / Psamments the average leaf litter was about
66%. In the Tropical Peruvian flooded, Nobel et al. (2001)
reported that the proportions of small litter fractions were
in the order of 60, 16 and 24%, respectively, for leaf litter,
the reproductive part and the rest fraction. In this study,
the contribution of leaf litter (57%), twig (18%) and rest
(26%) were similar to those reported in other tropical
moist forests with the same type of soils.

Interannual and seasonal variation of small litter fall

The average annual small litterfall in our study varied
according to the year as reported by Songwe et al. (1988)
in the rainforests of Bakundu, Cameroon. This variation
may be related to the phenology of the vegetation, the
interannual variation of climate such as wind or rainfall,
etc. The ratio between the maximum and the minimum
litterfall between the years in our study (ratio: 1.1), in two
years, was similar to that reported by Spain (1984) in
Australian rainforests (ratio: 1.1), but lower than that
found by Bernhard (1970) in the tropical forests of Ivory
Coast (ratio: 1.3).

The seasonality of small litterfall in tropical forests has
been demonstrated in the literature (van Dam, 2001,
Zhang et al., 2014). The litterfall peaks were observed in
or just after the dry season (Brouwer, 1996; Celentano et
al.,, 2011) or in or just after the rainy season (Devi and
Singh, 2017). In Cameroon's rainforest in the Bakundu
reserve (Songwe et al.,, 1988) and in most Amazonian
and Guyana forests (Brouwer, 1996), the peaks of the
maximum small litterfall, especially leaf litterfall, were
located in the dry seasons. These two authors have
shown that maximum peak of small litterfall were related
to the period of water stress, with the maximum in the
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dry season. Other explanations have been put forward,
such as climate, the conjunction of biological and
mechanical phenomena, the character of the dry season
(Becker et al., 2015; Rozas et al., 2015). In the present
study, the monthly analysis of small litterfall clearly
showed seasonality effects. The maximum of small
litterfall, especially leaf litterfall, occured during the long
dry season (December - February) and the minimum in
the short dry season (June-August), and was related to
rainfall.

Litter nutrients

The nutrients of litterfall and litter standing crops in the
Ebom rainforest in the TCP research area were
compared with litterfall in other tropical forests (Table 8).
The results of nutrient contents of litterfall reported in
other Tropical forests were similar to those found in our
study, except P was very high and Mg was much lower in
our study. Nitrogen (N) and phosphorous (P) have very
high amounts, whereas those of Na, Ca, especially Mg
were very low compared to values found in tropical
rainforests developed on the same type of soil as ours.
For N, Vitousek and Sanford (1986) have shown that the
availability of N was not a limiting factor in all tropical
rainforests. In the TCP research area, comprising Ebom
rainforest, van Gemerden and Hazeu (1999) found that N
amount was high and could not be a limiting factor, at
least in the first year after harvesting.

The P amount returning annually to the soil by the small
litterfall was high. However, according to van Gemerden
and Hazeu (1999), P available in the soil was low; Al and
Fe contents were high in the soils of the TCP research
area. The high acidity of the soil facilitates the absorption
of P by Fe and Al to form iron and aluminum phosphate
and makes available very low P amounts in the soil
(Brouwer, 1996; Raaimakers et al., 1995). The cultivation
practice can therefore lead to a very rapid decrease of P
stock in the soil and after one year, its deficit will be
significant (van Gemerden and Hazeu, 1999). The Mg
content in litterfall was very low. Similarly, this nutrient
contents as an exchangeable base was also low in soil
solutions (van Gemerden and Hazeu, 1999). This
assumes that Mg would be effectively used or undergoes
very easy leaching at plant material level.

Impact of logging
On litterfall and litter standing crops

Impact of selective logging on litterfall is low in the Ebom
Forest, six years after selective logging and estimated
from a one-ha-plot. However, this impact is still
perceptible on the annual average of total small litterfall
during the low litterfall season (short dry season and long
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Table 7. Small litterfall (t.ha™.y™) and litter standing crops (t.ha™) of some tropical rainforests in the world.

Location Rainfall (mm) Small litterfall Litter on floor  Source

L B Re Total
Oxisols/Ultisols
Brazil 2600 - - 8.0 - Dantas and Phillipson (1989)'
Brazil 2300 6.3 - 9.3 46 Scott et al. (1992)!
Brazil - 54 - 7.8 6.5 Luizao (1995)"
Brazil 2300 8.0 - 9.9 Klinge (1977)!
Brazil 1800 6.4 - 8.1 Sampaio et al. (1993)!
Brazil 1800 6.4 - 79 Franken et al. (1979)"
Cameroon 2131 6.2 1.9 - 10.9 4.1 This study
Cameroon 1828-2131 5565 1722 - 8.6-10.9 3442 Ibrahima et al. (2002)
Colombia 3100 6.1 - 74 - Duivenvoorden and Lips (1995)
Guyana 2700 54 - 9.1 74 Brouwer (1996)
French Guyana 3200 5.7 - 7.9 42 Puig and Delobelle (1988)"
Malaysia 5100 54 - 8.8 Proctor et al. (1983)"
Malaysia 2800 6.5 - 111 Burghouts (1993)¢
Surinam 2200 71 - 1.7 -
Trinidad 1800 6.9 - 6.8-7 3.9-4.2 Cornforth (1970)!
Venezuela 3500 7.6 - 10.3 Cuevas and Medina (1986)"
Other soil types
Africa
Cameroon - 13.5 10.8 Songwé et al. (1995)
Cameroon - - - - 12.9-14.1 Songwé et al. (1998)
Ivory coste 1800 6.3-7.1 14-23 0511 9.1-9.6 Bernhard (1970)2
Ivory coste 2100 7.6-8. 11-26 07141 9.3-124 Bernhard (1970)?
Gabon 1700 6.5 - - 13.3 Hladik (1978)2
Ghana 1650 74 1.0 04 9.7 John (1973)2
Ghana 1650 7.0 - 10.5 - Nye (1961)2
Nigeria 1321 - - 4.6-7.2 1.8-3 Hopkins (1966)°
Nigeria 1200 3.7 - 5.6 Madge (1965)2
DRC (former Zaire) 1828 - - - 12.3 Laudelout and Meyer (1954)2
DRC (former Zaire) 1273-1279 4547 1230 1502 5.1-9.1 Malaisse et al. (1975)?
America
Jamaica 2600 44-55 0215 - 5.6-6.6 8-12 Tanner (1981)2
Guatemala 3747 6.7-73 1521 0410 9.3-10.0 Kunkel-Westphal and Kunkel (1979)2
Panama 2725 5.8 23 1.2 111 Haines and Foster (1977)2
Peru 2715 42 1.7 1.1 7.0 Nebel et al. (2001)
Venezuela 1500 34 2.3 1.1 7.0 Steinhardt (1979)?
Colombia 3000 6.6-86 2031 0.1-04 8.7-12.0 - Foster and de las Salas (1976)2
Colombia 2769 - - - 10.1 5-17 Jenny et al. (1949)
French Guyana 3373 5.9 1.9 1.0 8.7 Puig (1980)?
Venezuela 3521 6.1 34 - 95 Jordan and Escalante (1980)2
Brazil 1771 43 1.1 1.0 6.4 Franken et al. (1979)2
Asia
Indonesia 2800 43 - 5.9 Saharjo and Watanabe (2000)2
India 1219 39 1.3 0.3 5.6 - Blasco and Tassy (1975)2
India 2338 4168 0716 0305 5.6-8.7 3.8-5.5 Sundarapandian and Swamy (1999)
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Malaysia 2054 6.5 2.0 04 9.2 - Ogawa and Lim (1978)'
Java 3380 4.5 1.0 0.4 6.0 - Yamada (1976)2
Australia

Papua N. Guinea 3985 6.4 1.1 - 7.6 6.1-7.7 Edwards (1977)2
Australia 1626 4.6 0.9 0.6 8.1 6.3 Spain (1984)

Australia 3609 4.9 1.6 1.3 9.7 4.4 Spain (1984)

Sources: 'Brouwer (1996); Spain (1984); *Sundarapandian & Swamy (1999). L: leaves, B: twigs and small litter fall; Re.:rest

Table 8. Nutrient contents (%) of some tropical rain forests of the World.

Location N Ca Mg K P Source

Oxisols/Ultisols

Cameroon 1.6 0.7 0.05 04 0.1 This study

Guyana 1.3 0.4 0.2 0.1 0.02 Brouwer (1996)

Brazil 1.3 0.7 0.3 0.5 0.06 Scott et al. (1992)!

Brazil 1.8 0.4 0.2 0.2 0.02 Luizao (1989)!

Brazil 1.5 0.2 0.1 0.1 0.03 Luizao (1995)!

Colombia 15 0.2 01 0.2 0.02 Duivenvoorden and Lips (1995)
French Guyana 15 04 01 01 - Puig and Delobelle (1988)"
Malaysia 1.0 0.2 01 05 0.01 Proctor et al. (1983b)’
Malaysia 14 0.6 0.2 0.5 0.04 Burghouts (1993)

Surinam 14 0.6 0.2 0.3 0.04

Trinidad 0.8 0.8 0.2 0.2 0.03 Cornforth (1970)!

Venezuela 1.6 0.2 0.07 0.2 0.03 Cuevas and Medina (1986)"
Other soil types

Guyana 1.2 0.7 0.2 0.2 0.02 Brouwer (1996)

Brazil 14 0.8 0.2 0.3 0.03 Luizao (1989)

Brezil 1.1 0.2 0.1 0.1 0.06 Luizao (1995)"

Colombia 1.1 0.7 0.2 0.3 0.02 Duivenvoorden and Lips (1995)
Malaysia 0.6 0.9 0.2 0.2 0.01 Proctor et al. (1983b)'
Venezuela 0.7 0.8 0.3 0.2 0.05 Cuevas and Medina (1986)"
Sarawak 0.8-1.1 04-35 - 0.1-04 0.01-0.04  Anderson et al. (1983)!
Average of moderate fertile soils 15 1.3 0.03 0.3 0.07 Vitousek and Sanford (1986)
Average of infertile soils (Oxisols/Ultisols) 1.2 0.3 0.08 0.2 0.03 Vitousek and Sanford (1986)
Spodosols/Psamments 0.7 0.8 0.1 0.3 0.03 Vitousek and Sanford (1986)

! Source: Brouwer (1996).

rainy season) and on the leaf litter fraction of the litter
standing crops. In both logging and undisturbed sites, the
leaf litter and total litter turnover were much higher than
those of the twigs and rest because the latter two were
made up of material whose degradation is very slow
(Swift et al., 1979). In both sites, the turnover decrease in
the following order: leaf > total > twig > rest. However,
these two sites differed from one another by their

turnover. The logging site is characterized by a faster
turnover than the undisturbed site, with the exception of
the rest fraction. These results suggested, by this level of
disturbance, that the biological activity was more
important or intense in the logging site than the
undisturbed site, and explained by effects of climate
(Denslow et al., 1998). Devi and Yadava (2010) mentioned
that the higher turnover rate may be due to a high



218 J. Ecol. Nat. Environ.

temperature and rainfall pattern in gap area, favoring
microbial activities. According to Odiwe and Muoghalu
(2003), the significant higher litterfall in forest 14 years
after the ground fire and the changes in litter fraction
contributions to the total litterfall agree with assertion of
Chandrashekera and Ramakrishnan (1994). They
reported that litter production and nutrient cycling patterns
are likely to change during succession and may be
affected by gap size, intensity of disturbance and age.
Denslow et al. (1998) also found the gap size not only has
direct effect on light levels in turn affecting plant growth
rate, but also correlated with fine litterfall (r2 = 0.88,
P<0.05 and n=6).

On litter nutrients

The nutrient amounts differed between the undisturbed
and logging sites of the Ebom Forest depending on the
small litterfall or small litter standing crops. But it is
difficult to draw a conclusion by considering only the
litterfall and litter standing crops. It would be preferable to
consider the turnover rate that informs about the release
of these nutrients from litter to the soil and affected by
climate condition in the gap (Devi and Yadava, 2010). In
the undisturbed site, the order of nutrient release varied
according to the litter fractions (decreasing order): Ca > K
> Mg > N > P > Na for the small leaf litter and Ca > K >
Na > Mg > N > P for the total small litter. In the logging
site, the pattern was the same for the total small litter and
the leaf litter: Ca > Na > K > Mg > N > P. These results
showed that forest logging causes the Na turnover much
faster than that of K, which in the absence of disturbance
was faster than that of Na. Moreover, the Mg turnover in
the total small litter, in the leaf litter and that of Na in the
small leaf litter were faster in a logging site than in the
undisturbed site.

The soils of the Ebom forests are characterized by high
acidity and a very low exchangeable K, Mg and Ca in the
soil solutions (van Gemerden and Hazeu, 1999). As in the
case of the small litterfall, our results showed that the
forest disturbed by the logging differed from the
undisturbed forest only by Ca, K and Mg, whose
guantities are much higher in the undisturbed forest than
in the logging forest. Six years after logging abandoning,
the logging forest has not yet reached the equivalent of
the undisturbed forest for these three nutrients. Moreover,
these nutrients amount in the small litterfall were low. Our
results showed that for a logging with an intensity of one
tree per hectare, the consequences are such that it would
be necessary to wait more than six years to mitigate the
effects of this logging for the exchangeable bases.

CONCLUSION

It emerges from this study that the small litterfall and its
turnover were among the highest values of the rainforests

developed on infertile soils (Oxysols/Ultisols). The
contribution of the leaf litter to the total litterfall was higher
than that of the other fractions. The maximum small
litterfall was during the long dry seasons and it is related
to rainfall. This production showed interannual variation,
due to the phenology of the vegetation. Among the
nutrients, only Ca, K and Mg return annually to the soil in
small quantities through small litterfall. The impact of
logging six years after selective logging was negligible on
the small litterfall, but results in much faster release of Mg
and Na which were low in soil solution of the forest of
Ebom. It would take more than six years for the effects of
logging to cancel out. This study of litter and the effect of
selective logging was useful for improving selective
logging practices, and silvicultural and environmental
approaches for the management of the Ebom Tropical
rainforest of Cameroon.
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