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Abstract

Background and aims - The forests of the Congo Basin contain high levels of biodiversity, and are globally important for
carbon storage. In order to design effective conservation strategies, and to accurately model carbon stocks, a fine-scale
understanding of the different forest types that make up this forest block is needed. Monodominant Gilbertiodendron
dewevrei forest covers large areas of the Congo Basin, but it is currently unclear whether it is sufficiently distinct from
adjacent mixed terre firme forest to warrant separate treatment for conservation planning and carbon calculations. This
study aimed to compare the structure and diversity of monodominant and mixed forest, and ask whether there is a
unique vascular plant community associated with G. dewevrei forest.

Material and methods - We utilised a combination of plot data and herbarium specimens collected in the Sangha
Trinational (a network of protect areas in Cameroon, Central African Republic, and the Republic of Congo). Plot
inventories were used to compare G. dewevrei forest and mixed forest for stem density, basal area, above ground biomass,
stem size distribution, species diversity, and species composition. In addition, a database of 3,557 herbarium specimens
was used to identify species of vascular plant that are associated with G. dewevrei forest.

Key results — Gilbertiodendron dewevrei forest is distinct in both structure and species composition from mixed forest.
Gilbertiodendron dewevrei forest has a lower stem number (of trees > 10 cm), but a greater proportion of larger trees (> 70
cm), suggesting higher carbon stocks. The species composition is distinct from mixed forest, with 56 species of vascular
plant significantly associated with G. dewevrei forest.

Conclusion - Monodominant G. dewevrei forest in the Sangha Trinational is both compositionally and structurally
distinct from mixed forest. We therefore recommend this forest type be considered separately from mixed forest for
conservation planning and carbon stock calculations.
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INTRODUCTION

Tropical forests contain the Earth’s highest levels
of terrestrial biodiversity, and are often central in
biodiversity conservation discourse (Sullivan et al. 2017).
To effectively prioritise conservation efforts, it is necessary
to understand the different vegetation types that make up
this broad habitat. Some fundamental differences between
the three main tropical forest areas (Africa, Americas, and
Asia) have been documented, in terms of both biodiversity
(e.g. Slik et al. 2015) and structural attributes (e.g. Lewis et
al. 2013). However, within the continental groups, forests
vary substantially in both composition and structure (e.g.
Thenkabail et al. 2003; Fayolle et al. 2014; Réjou-Méchain
et al. 2021). A finer-scale understanding of differences in
species composition of different forest types is important
if the aim of conservation is to mitigate climate change
and prevent species extinction.

In addition, tropical forests contain 40-50% of the
carbon stored in terrestrial vegetation (Pan et al. 2011;
Feldpausch et al. 2012), with accurate quantification
of these stocks underpinning policies to mitigate CO,
emissions such as IPCC recommendations and the UN-
REDD+ program (Gibbs et al. 2007). However, there are
still large uncertainties associated with tropical forest
carbon stock estimations (Panzou et al. 2021). This is
partly because the variation in biomass amongst different
types of tropical forest is poorly quantified, particularly in
Africa. When reporting carbon stored in vegetation, most
central African countries rely on default IPCC values,
which can be substantially different from reality (White et
al. 2021). For example, Cuni-Sanchez et al. (2021) found
that in montane forests near the edge of the Congo Basin,
measured carbon storage values were 67% higher than the
IPCC default values for these forests in Africa. Increasing
knowledge of structural variation of different tropical
forest types will help improve the accuracy of carbon
stock models.

Central Africa is home to 30,423 plant species (Raven
et al. 2020), and contains some of the most extensive
tropical forests globally (UNESCO 1978; Justice et al.
2001; Hansen et al. 2013). These forests are recognised
as a global conservation priority because of their high
biodiversity, and extensive areas of intact, undisturbed,
forest (Mittermeier et al. 1998; Brooks et al. 2006;
Dargie et al. 2017; Grantham et al. 2020). However, plant
diversity within Central African forests is increasingly
being threatened by deforestation and degradation, with
a preliminary assessment of 22,036 vascular plant species
in tropical Africa revealing that 33% are threatened with
extinction (Stévart et al. 2019). Shapiro et al. (2023)
highlight the biggest cause of this as expanding small-
scale agriculture, and associated roads and settlements.
This is a complex issue, root causes of which include
poverty, land tenure insecurity, weak legal frameworks,
and lack of modern technologies and agricultural inputs
(e.g. Tegegne et al. 2016). In addition, a recent pattern of
decreased rainfall and higher temperatures reflect global

climatic changes. Ensuring that the Congo Basin forests
are able to adapt to these changes, and protecting their
plant diversity, requires coordinated conservation efforts,
including addressing the many underlying social and
political causes of deforestation and forest degradation,
which simple fortress conservation may not solve.

A forest type that has gone almost unnoticed in
conservation discourse in the Central African tropics is
monodominant Gilbertiodendron dewevrei forest. These
are forest stands in which 50-90% of the trees > 10 cm
in diameter belong to a single species: Gilbertiodendron
dewevrei. Gilbertiodendron dewevrei forest is found across
Nigeria, Cameroon, Central African Republic, Gabon,
the Republic of Congo, and the Democratic Republic
of Congo (DRC) (Gérard 1960). It occurs interspersed
within mixed terre firme forest and stands range in size
from patches of several trees to areas of hundreds of
square kilometres (Gérard 1960; Letouzey 1968, 1985;
Hart et al. 1989; Hart 1990). Gilbertiodendron dewevrei
forest is found largely alongside rivers and streams (Blake
and Fay 1997; Fayolle et al. 2014; Kearsley et al. 2017),
but also in dry upland sites (Letouzey 1983; Barbier et al.
2017; Hall et al. 2020).

While substantial research has examined how G.
dewevrei can achieve this remarkable level of dominance,
there has been limited work looking at this forest as a
vegetation type, and whether it is sufficiently distinct
from adjacent mixed terre firme forest to merit separate
treatment in conservation planning and carbon
calculations. This has resulted in G. dewevrei forest being
lumped with mixed species forest for conservation,
or largely being ignored due to its perceived lower tree
species diversity. For example, Grantham et al. (2020)
identified 64 different forest ecosystems across Central
Africa, but did not include any mention of G. dewevrei
forest.

Most research into G. dewevrei forest has focused
on the factors enabling this species to dominate stands.
Barbier et al. (2017) conducted multivariate analysis on
plot inventories from Cameroon and DRC, finding no
correlation of G. dewevrei dominance with climate or
pedagogical variables. Katembo et al. (2020) in forests
east of Kisangani found that variation in abundance of
three dominant species, including G. dewevrei, occur
independently of topographical or pedagogical variables.
This study also found strong correlations between
the dominance in the canopy and in the lower strata,
suggesting this as indicative of multiple stable states
induced by endogenous feedbacks. Substantial research
has been conducted into traits specific to G. dewevrei
allowing it to achieve high levels of dominance. Torti
et al. (2001) concluded that the monodominance of G.
dewevrei was due to a suite of adult traits of this species
allowing it to modify the understory environment,
inhibiting recruitment of other species. These include
forming a dense canopy, which shades the understorey,
and creating a deep layer of leaf litter that decomposes
slowly, hindering seed germination and seedling
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establishment, and leading to lower nutrient turnover.
Peh et al. (2011) present a mechanistic model for G.
dewevrei monodominance that includes feedbacks among
traits and with the environment. These include adult traits
to modify the understory; traits which enable G. dewevrei
seedlings to persist in this inhospitable environment
(e.g. large seeds, shade tolerance, and mast fruiting),
and a lack of endogenous and exogenous disturbance.
Hall et al. (2020) reframed this model to one of resource
acquisition, showing that G. dewevrei forest occurs on
infertile soils and providing evidence for the role of EM
fungi in allowing G. dewevrei to directly acquire nitrogen
and phosphorus from soil organic matter. They also
show that seedlings of G. dewevrei survive and grow well
under a wide variety of light environments, providing a
competitive advantage to recruit and release at different
light levels. Hall et al. (2020) conclude that these factors
combine to allow G. dewevrei to be competitively superior
at acquiring and retaining resources. In addition, Tovar
et al. (2019) found that G. dewevrei has persisted in one
location in the Sangha Trinational for at least 2,700 years,
in the absence of major disturbance, suggesting that lack
of disturbance may also be an important contributing
factor to G. dewevrei monodominance.

In addition to the presence or absence of G. dewevrei,
some differences have been found between G. dewevrei
forest and mixed terre firme forest in terms of structure
and species diversity. A lower tree species richness and
diversity has been found in G. dewevrei compared to
mixed forest in the Sangha Trinational (Hall et al. 2020).
This has also been shown by Hart et al. (1989) and
Glick et al. (2021) in the Ituri region (eastern DRC), by
Djuikouo et al. (2010, 2014) and Peh et al. (2014) in the
Dja Biosphere reserve (Cameroon), and by Kearsley et al.
(2017) in Yangambi (central DRC). Katembo et al. (2020)
found that monodominance in the Cuvette Centrale (east
of Kisangani, DRC) was associated with low richness of
both rare and abundant tree species. However, published
data on species composition is rare. The consensus from
the literature is that the floristic composition of the two
forest types is similar, except for the presence or absence
of G. dewevrei. For example, Hart (1990) and Hart et al.
(1996) reported that monodominant forest patches have
the same overall species composition as adjacent mixed
forest, and that mixed forest species are not excluded.
This was also reported by Djuikouo et al. (2010), when
examining monodominant G. dewevrei forests in the
Dja Reserve (Cameroon). However, this does not fit
with observations of G. dewevrei forest in the Sangha
Trinational, where certain species have been identified
that are more common in G. dewevrei forest, and some
which have only been seen in this forest type (Harris
2002).

Differences in stand structure have also been observed
between monodominant G. dewevrei and mixed terre
firme species forest, although findings are less consistent
than for species richness and diversity. Within the
Sangha Trinational, Hall et al. (2020) reported lower

stem numbers in monodominant forest than plots in one
stand of mixed forest, but not the other two mixed forest
stands sampled, and found no difference in basal area. A
lower stem number has also been reported by Hart et al.
(1989) in the Ituri forest (eastern DRC), and Djuikouo
et al. (2014) and Glick et al. (2021) in the Dja Biosphere
Reserve (Cameroon), whilst Djuikouo et al. (2010) found
no significant difference in stem number between G.
dewevrei forests and heterogeneous terre firme forests.
Hart et al. (1989) and Harris (2002) observed that the
structure of G. dewevrei forest is much more homogenous
than that of mixed forest, with a more or less continuous
canopy of G. dewevrei crowns. In the Dja Biosphere
Reserve, Djuikouo et al. (2010) found higher above
ground biomass (AGB) in G. dewevrei forest, which was
also seen in the Ituri forest (Makana et al. 2011; Glick et
al. 2021). Makana et al. (2011) concluded that 25% more
biomass was stored in G. dewevrei forest than mixed forest
in the Ituri region of DRC, and a spread of G. dewevrei
would significantly increase carbon stored in the Congo
Basin forests. Aboveground biomass of G. dewevrei forest
has yet to be investigated in the Sangha Trinational.

In this study, we use a combination of plot inventories
and herbarium specimens to compare monodominant
G. dewevrei forest with mixed terre firme forest in the
Sangha Trinational in terms of forest structure and
composition of vascular plants. Specifically, this study
aims to: (1) Investigate differences in forest structural
attributes between monodominant G. dewevrei and
mixed terre firme forest, in particular AGB and stem size
distributions. (2) Compare tree species richness, diversity,
and equitability between monodominant G. dewevrei
and mixed terre firme forest. (3) Use plot inventories
to investigate differences in tree species composition
between monodominant G. dewevrei and mixed terre
firme forests, identifying indicator tree species for each
forest type. (4) Use herbarium specimens to investigate
differences in species composition of vascular plants
between monodominant and mixed forest, identifying
those species associated with G. dewevrei forest.

MATERIAL AND METHODS

Study area

This research was carried out in the Sangha Trinational
(“Trinational de la Sangha’ or “TNS’), which is a network
of protected areas in the north-west of the Congo River
Basin, where Cameroon, the Central African Republic,
and the Republic of Congo meet at the Sangha River (Fig.
1). It covers a total area of 746,309 hectares, including
three national parks: the Nouabalé-Ndoki National Park
(Republic of the Congo; 2°05°-3°03'N, 16°51’-16°56’E,
4238.7 km?), the Lobéké National Park (Cameroon;
2°05’-2°30°’N, 15°33’-16°11’E, 2178.54 km?), and the
Dzanga-Ndoki National Park (Central African Republic;
2°22°-3°08'N, 16°06’-16°55’E, 1143.26 km?), as well as a
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forest reserve and buffer zones where logging, hunting,
and the harvesting of some non-timber forest products
is permitted (Dzanga Sangha Reserve, Central African
Republic, 6865.54 km?). This region was classified by White
(1983) as mixed moist semi-evergreen Guineo-Congolian
rainforest. Harris (2002) identified five forest types in this
area: mixed species terre firme forest, monodominant
Gilbertiodendron dewevrei forest, streamside forest,
Raphia swamp forest, and seasonally flooded forest along
the Sangha River. Approximately 11% of the vegetation
of the Sangha Trinational consists of monodominant G.
dewevrei forest (Blake and Fay 1997; Laporte 2002; Hall
etal. 2020). Annual rainfall within the Sangha Trinational
ranges from 1,450 to over 1,600 mm, and it is wetter in
the south and drier in the north (European Commission
2010; Hall et al. 2020). Soils within the region can be
broadly classified as Ferralsols (both Xanthic and Orthic)
and Orthic Luvisols (FAO/UNESCO 1977).

Data

Data collected consisted of (1) tree plot inventories and
(2) herbarium specimens of vascular plants collected
through general collecting.

Plot data collection

The plot data consists of two datasets, with a total of 93
plots. From 2000 to 2002, 82 plots of 30 m x 30 m were
established in the Sangha Trinational, 17 in G. dewevrei
forest and 65 in mixed terre firme forest. All 82 plots were
in unlogged forest with no permanent villages or fields
within 10 km of any plot. Plots were in blocks of 16-18,
distributed across five sites (A, B, C, D, and E; Fig. 1). At
each site, the 30 m x 30 m plots were laid out at 500 m
intervals along four parallel 1.5 km transects as described
by Hall et al. (2003). In November-December 2022,
additional plots were set up in G. dewevrei forest within
the Nouabalé-Ndoki National Park, at the Goualougo
Triangle Ape Project (site F). These consist of nine plots
100 m x 20 m, and two further plots of 130 m x 20 m and
56.75 m x 40 m respectively.

Within each plot, diameters were measured, and
species identified for all trees > 10 cm diameter at breast
height (dbh). Diameters were measured at 1.3 m above
the ground, except for trees with buttresses, which were
measured 50 cm above the buttress. All identifications
were made using one list of names (Harris and Wortley
2008), and species are organised within families as
recognised by APG II taxonomy. Voucher specimens
were made of each species and unidentified trees for later
identification and are stored, mostly unmounted, at the
Royal Botanic Garden Edinburgh and the Republic of
Congo’s National Herbarium in Brazzaville.

Structural analysis
All structural analyses were calculated on stem-level data;
including multi-stemmed trees as separate stems (2% of

trees were multi-stemmed). Stem number and basal area
were calculated for each plot, and then scaled up to per
hectare measurements to allow for comparison. The basal
area of each plot was calculated as the sum of all stems’
basal area. AGB was calculated using regional allometric
equations developed and tested by Fayolle et al. (2018)
for Congo Basin forests. Regional model 12 was selected,
as this was found to achieve the highest accuracy where
height measurements were absent.

AGBes: = exp[0.046 + 1.156 x log(WSG) + 1.123 x log(D) +
0.436 x (log(D))2- 0.045 x (log(D))?]

Wood density was derived from tree species identity
using the global wood density (GWD) database as a
reference (Chave et al. 2009; Zanne et al. 2009; Réjou-
Méchain et al. 2017). This was carried out using the
getWoodDensity function from the R package BIOMASS
v.2.1.8 (Réjou-Méchain et al. 2017). For trees only
identified to genus level, the average wood density for
the genus was used. For unidentified trees, those only
identified to family level, or for genera missing from the
reference database, the stand-level average wood density
was used. Trees identified to family level were assigned
stand-level average as taxon-average approach has been
found to give relatively poor estimates above the genus
level (Flores and Coomes 2011). AGB was then calculated
at individual tree level using the above equation, and the
AGB for each plot was calculated as the sum of all stems’
AGB.

AGB was also calculated using the pantropical
generalized allometric model eqn 4 (Chave et al. 2014),
with heights estimated using the region-specific model
proposed by Feldpausch et al. (2012), for the Central
African region. This was carried out using the R package
BIOMASS v.2.1.8 (Réjou-Méchain et al. 2017). Very
similar results were found with the two methods, therefore
we chose to only present the regional method, as it has
been found to show a smaller bias for Congo Basin forests
(Fayolle et al. 2018).

Significance of differences between structural features
(stem number, BA, and AGB) of the two forest types were
determined using Welch two-sample t-tests (Welch 1938),
after verification of assumptions of normality. A Bartlett
test was run to compare variance of each structural
feature within each forest type (Snedecor and Cochran
1989). Density plots of dbh were also constructed to allow
visual comparisons of stem size distribution between
monodominant and mixed forest.

To verify plots of different size were not adding a signal
in the analysis, analysis of per ha structural attributes
was repeated comparing the different sized G. dewevrei
plots (the 30 m x 30 m plots and the 100 m x 40 m plots).
To address imbalance in number of plots between each
forest type, analysis was also carried out comparing
monodominant G. dewevrei plots to a randomly selected
equal number of mixed forest plots, for each structural
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metric. This was repeated 100 times and the mean p
values reported.

Species richness, diversity, and equitability

All diversity and species composition analyses were
calculated on individual tree-level data. Data were
restricted to trees identified to species level (92.9% of
individual trees).

We compared species richness, diversity, and
equitability of the two forest types. To account for
differing plot sizes, each plot was randomly subsampled
(to 20 stems). This was done 100 times, and each time we
calculated the species richness (total number of species)
of trees with stems > 10 cm dbh of each plot. Species
diversity was calculated using the Shannon-Wiener Index
(H’) (Shannon 1948):

S
H = —Z pilnp;
=i

where § is the total number of species in the plot, p,
is the proportional abundance of the i species and
In is the natural logarithm. Estimated abundance
evenness for each plot was calculated using the Shannon
Equitability Index (EH’), which is the ratio of H’ to the log

transformed species richness (Smith and Wilson 1996).
All measures were calculated using the R package vegan
v.2.6-2 (Oksanen et al. 2022). A mean value for each
metric across the 100 repeated subsamples was taken.
Significance in differences between the two forest types for
species richness, species diversity, and species evenness
were tested using Welch two-sample t-tests (Welch 1938).
These analyses were also repeated after removal of stems
of G. dewevrei from the data prior to rarefaction.

Species composition

We used a Detrended Correspondence Analysis (DCA)
and Non-metric Multidimensional Scaling (NMDS) to
assess the variation in species composition between G.
dewevrei and mixed terre firme forest plots. Ordinations
were run on site-species matrices, containing the number
of each of the 230 species in each of the 93 plots. The
NMDS was run with four dimensions, with Bray-Curtis
dissimilarity as the optimal measure of ecological distance
and a well-established, asymmetric coeflicient (Legendre
and De Caceres 2013). The DCA analysis was run with
26 segments, and a rescaling of axes with four iterations.
Two ordination techniques were used to strengthen
our conclusions, as they each have different advantages
and limitations. DCA is well suited for analysis of non-
linear gradients, but its approach for dealing with non-
linearity is brute-force, which can sometimes introduce
new distortions. In addition, a DCA is implicitly based
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on chi-square distances, which can emphasise the
contribution of rare species. NMDS based on a Bray-
Curtis, on the other hand, imposes minimal distortions
on the data, but assumes monotonic relationships and so
may be affected by non-linearity in the data. Analysis of
similarities (ANOSIM) was used to test the compositional
differentiation of the vegetation types in the NMDS and
DCA.

These ordination and ANOSIM analyses have been
used in a number of studies examining the species
composition of different vegetation types (Borcard et
al. 2011; Legendre and Legendre 2012). Ordination and
ANOSIM analyses were carried out using the R package
vegan v.2.6-2 (Oksanen et al. 2022). The ANOSIM
analysis was also carried out on the mixed terre firme

plots alone, repeatedly (100 times), while comparing
a randomly selected 50% of plots to the other 50%, to
provide a control.

We then performed an indicator species analysis to
test whether there was a subset of species showing an
association with each forest type. An Indicator Value
(IV) is derived, with high IV values representing greater
affinity of a given species towards a certain vegetation type.
Analysis was carried out using the R package indicspecies
v.1.7.12 function R.g. (De Caceres and Legendre 2009).

Herbarium specimen dataset

We conducted analysis on a dataset of herbarium
specimens of vascular plants collected in the Sangha
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Figure 2. Structure of Gilbertiodendron dewevrei (red) and mixed terre firme (blue) plots. A. Stem number per hectare. B. Basal Area
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Trinational between 1987 and 2019. Plot vouchers
were removed from the dataset, leaving only specimens
collected through general collecting. General collecting,
described by Harris (2002), was systematic and aimed
at collecting specimens at different stages, in different
habitats and at different localities. The aim was to collect
all vascular plants whatever their life form, so the less
commonly collected forms such as epiphytes and floating
aquatics were also included with the more standard herbs,
shrubs and trees. Specimens were collected and identified
to species level by David J. Harris, with the help of other
taxonomists. Species with less than five collections were
removed from the dataset. Specimens were then classified
from herbarium label data as either being collected from
G. dewevrei forest or in other habitat types. A total of
10.2% of the specimens were collected in G. dewevrei
forest.

We determined whether each species demonstrated a
preference for G. dewevrei forest by comparing observed
and expected frequencies using y2 tests. Observed
frequencies were the counts of specimens collected in G.
dewevrei forest or other habitat and expected frequencies
were calculated under the assumption that 10.2% of
specimens for each species would be collected in G.
dewevrei forest, according to the collecting frequencies
in G. dewevrei forest and other habitat types. Significant
deviation from the expected frequencies was indicated

Figure 3. Photographs of forest types in the Nouabalé-Ndoki
National Park, Republic of Congo, to illustrate structural

A. Monodominant Gilbertiodendron dewevrei
forest. Photograph taken by David J. Harris. B. Mixed species
terre firme forest. Photograph taken by Ellen Heimpel.

differences.

when p < 0.05. When X2 was significant, we assessed
the source of significance by calculating post-hoc the
Pearson standardised residual for G. dewevrei forest
using the formula (observed - expected / Vexpected). A
residual of greater than 1.95 indicated that the species
had a significantly higher than expected proportion of
specimens collected in G. dewevrei forest. This method
was adapted from Cardoso et al. (2021), replacing stems
with herbarium specimens.

All analyses were conducted in R v.4.2.1 (R Core Team
2022).

RESULTS

Comparison of structural attributes and floristic
diversity of monodominant G. dewevrei and mixed
terre firme forest using tree plot inventories

A total of 3,285 individual trees were measured across the
93 plots, 1,021 in G. dewevrei forest and 2,263 in mixed
terre firme forest. 3,050 trees were identified to species
level, 922 in G. dewevrei forest and 2,058 in mixed terre
firme forest. These included trees from 46 families, 153
genera, and 232 species. The proportion of trees not
identified to species level was higher in mixed forest
(9.1%) than in G. dewevrei forest (2.8%).

Forest structure
Stem density was lower in G. dewevrei forest compared
to mixed forest (p < 0.001); however, no significant
difference in average plot basal area was found between
the two forest types (Fig. 2). Gilbertiodendron dewevrei
forest also has less variability in stem number and basal
area than mixed terre firme forest (Bartlett test, p < 0.01
and p < 0.001 for stem number and BA respectively).
AGB was higher in G. dewevrei forest than mixed terre
firme forest, although this difference was not statistically
significant (464.6 Mg ha' and 427.0 Mg ha™! respectively,
p = 0.365). The same results were found in the sensitivity
analysis using equal plot numbers between the two forest
types (significantly lower number of stems in G. dewevrei
forest: p < 0.001, and no significant difference between BA
or AGB between the two forest types: p > 0.05). Different
sized G. dewevrei plots showed no significant difference in
structural attributes, verifying that plot size is not adding
a signal into this analysis (Supplementary material 1).
Stem diameter distributions in G. dewevrei forest
plots were comparable to mixed terre firme forest plots,
following the classic reverse J-shaped pattern. The density
plot (Fig. 2C) indicates however that there are fewer
smaller trees (< 20 cm) and a greater number of larger
trees (> 70 cm dbh) in G. dewevrei forest than the mixed
forest stands. Figure 3 shows examples of the visual
differences in forest structure of G. dewevrei and mixed
terre firme forest .
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Tree species richness, diversity, and equitability
Species richness, Shannon-Wiener Diversity (H’) and
estimated abundance evenness (EH’) were all lower in
G. dewevrei plots than in mixed terre firme forest plots
(Fig. 4). Mean species richness of G. dewevrei plots was
8.4 £ 0.6 per 20 trees, compared to 15.2 + 0.2 in mixed
terre firme plots (p < 0.001). Species diversity (Shannon-
Wiener - H’) in G. dewevrei forest was 5.5 + 0.5 per 20
trees compared to 13.8 + 0.3 in mixed terre firme forest (p
<0.001). Shannon Equitability was also significantly lower
in G. dewevrei forest (0.620 + 0.020 per 20 trees compared
t0 0.902 £ 0.006, p < 0.001). The same trends were seen for
species richness and Shannon-Wiener Diversity when G.
dewevrei stems were removed from the analysis. Shannon
equitability however was higher in G. dewevrei forest than
mixed terre firme forest after the removal of G. dewevrei
stems (0.938 £ 0.009 in G. dewevrei forest compared to
0.902 + 0.006 in mixed, p < 0.01).

Tree species composition

There was a clear difference in the species composition of
G. dewevrei plots compared to mixed terre firme plots. An
ANOSIM analysis comparing species composition in the
two forest types found a significant difference (0.663, p
< 0.001), highlighting that the variation between the two
forest groups is bigger than within-group variation. This
difference persisted when G. dewevrei stems were removed
from the analysis (0.406, p < 0.001). The control analysis
run only on the mixed forest plots, found no difference
(-0.00153, standard error = 0.0025). Plot composition
formed two distinct groups in both the DCA (Fig. 5A),

and the NMDS (Fig. 5B), with G. dewevrei plots clustering
together, separated from the mixed terre firme forest. The
two ordinations align, indicating that there are two clear
groups. The indicator species analysis identified seven
indicator species for G. dewevrei forest (Table 1). Twenty-
one species were identified as indicator species for mixed
forest (Supplementary material 2).

Identification of Gilbertiodendron dewevrei
associated species using a dataset of herbarium
specimens

The herbarium dataset consisted of 3,557 specimens, all
identified to species level. These spanned 72 families, 253
genera, and 397 species of vascular plants. Of these, 383
specimens were collected in G. dewevrei forest belonging
to 44 families, 109 genera, and 163 species.

The X2 analysis and post-hoc Pearson’s calculation
of the herbarium specimen dataset identified 52 species
of vascular plant that are significantly associated with
G. dewevrei forest (Table 2). These cover 20 families of
vascular plant, 38 genera, and include 15 trees, 19 shrubs,
14 herbs, 2 climbers, 1 hemiepiphyte, and 1 hemiparasite.

DISCUSSION

We compared monodominant Gilbertiodendron dewevrei
forest in the Sangha Trinational with adjacent mixed terre
firme forest in terms of structure, species diversity and
composition of vascular plants, asking whether G. dewevrei
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Figure 4. Variation in species richness, diversity, and equitability in Gilbertiodendron dewevrei forest and mixed terre firme forest.
Top row of panels shows analyses including G. dewevrei stems; lower row of panels shows analyses excluding stems of G. dewevrei.
Boxes bound the first and third quartiles respectively, with the median within the box. Whiskers represent 1.5 times the interquartile
range plus or minus the first and third quartiles respectively. Stars indicate Welch two-sample t-test significance levels (*** p < 0.001,
*p <0.01).
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Table 1. Gilbertiodendron dewevrei forest specialists identified from indicator species analysis of plot data collected in the Sangha
Trinational.

Indicator species value

Species Family

Indicator value p value
Gilbertiodendron dewevrei (De Wild.) J.Léonard ~ Fabaceae (subfamily: Detarioideae) 0.811 <0.001
Isolona hexaloba (Pierre) Engl. & Diels Annonaceae 0.474 <0.001
Tessmannia africana Harms Fabaceae (subfamily: Detarioideae) 0.330 <0.05
Manilkara mabokeensis Aubrév. Sapotaceae 0.267 <0.05
Anonidium mannii (Oliv.) Engl. & Diels Annonaceae 0.248 <0.05
Uvariastrum germainii Boutique Annonaceae 0.238 <0.05
Drypetes cinnabarina Pax & K.Hoffm. Putranjivaceae 0.237 <0.05
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Figure 5. Detrended Correspondence Analysis (DCA) (A) and Non-metric Multidimensional Scaling (NMDS) (B) of plots in the
Sangha Trinational, showing the variation in tree species composition between forest types. Red plots are Gilbertiodendron dewevrei
forest and blue plots are mixed terre firme forest. In the DCA, 89.48% of the variance was explained by axis 1 and 2 (57.0% and
31.98% respectively). The NMDS was run with four dimensions and the stress value was 0.176.
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Table 2. Fifty-two Gilbertiodendron dewevrei associates identified from X2 analysis of herbarium specimens collected in the Sangha

Trinational. Table displays p values of 2 tests on observed vs expected frequencies in G. dewevrei forest, and the associated residuals

(Pearson standardized), as well as the percentage of specimens collected in G. dewevrei forest and the growth form of each species.

Species are listed in descending order of Pearson Residual, with a higher Residual indicating a greater degree of departure between
expected and observed numbers in G. dewevrei forest.

Percentage in

Species Family p value  Residual G.dewevrei forest Growth form
Helwfanthem subalata (De Wild.) Wiens & Loranthaceae < 0.0001 7.9 90.0 hemiparasite
Polhill
Microcos pinnatifida (Mast.) Burret Malvaceae <0.0001 7.44 81.8 tree (or shrub)
Diospyros ferrea (Willd.) Bakh. Ebenaceae < 0.0001 6.91 80.0 tree
Psychotria cyanopharynx K.Schum. Rubiaceae < 0.0001 5.92 70.0 shrub
Campylospermum excavatum (Tiegh.) Farron Ochnaceae < 0.0001 5.55 63.6 shrub
Chassalia lutescens O.Lachenaud & D.J.Harris Rubiaceae < 0.0001 5.55 63.6 shrub
Psychotria nodiflora O Lachenaud & Rubiaceae <0.0001 53 66.7 shrub
D.J.Harris
Fabaceae
Daniellia pynaertii De Wild. (subfamily: <0.0001 4.89 80.0 tree
Detarioideae)
Marantochloa monophylla (K.Schum.) D’Orey Marantaceae < 0.0001 4.89 80.0 herb
Leptactina pynaertii De Wild. Rubiaceae < 0.0001 4.76 47.1 shrub
L?p .taulus congolanus (Baill.) Lobr-Callen & Cardiopteridaceae < 0.0001 4.63 62.5 shrub
Villiers
Fabaceae
Copaifera mildbraedii Harms (subfamily: <0.0001 4.61 54.6 tree
Detarioideae)
Marantochloa congensis (K.Schum.) J.Léonard Marantaceae <0.0001 455 44.4 herb
& Mullend.
Aframomum longiligulatum Koechlin Zingiberaceae <0.0001 433 66.7 herb
Cleistanthus caudatus Pax Phyllanthaceae <0.0001 4.26 55.6 tree
Belonophora coriacea Hoyle Rubiaceae <0.0001 3.94 50.0 shrub
Eumachia macrocarpa (Verdc.) Razafim. & Rubiaceae <0.0001 3.89 571 shrub
C.M.Taylor
Dicranolepis buchholzii Engl. & Gilg Thymelaeaceae < 0.0001 3.89 57.1 shrub
Calycosiphonia spathicalyx (K.Schum.) Robbr. Rubiaceae <0.001 3.66 45.5 shrub
. . . . Fabaceae
Gzl?)ertzodendron dewevrei (De Wild.) (subfamily: <0.001 249 60.0 tree
J.Léonard .
Detarioideae)
Streblus usambarensis (Engl.) C.C.Berg Moraceae <0.001 3.49 60.0 shrub
Geophila afzelii Hiern Rubiaceae <0.0001 3.49 60.0 herb
Geophila obvallata (Schumach.) Didr. Rubiaceae <0.0001 3.49 60.0 herb
Trichostachys microcarpa K.Schum. Rubiaceae <0.001 3.49 60.0 shrub
Agelaea paradoxa Gilg Connaraceae <0.001 341 41.7 climber
Hymenocoleus hirsutus (Benth.) Robbr. Rubiaceae <0.001 341 41.7 herb
Chytranthus gilletii De Wild. Sapindaceae <0.001 3.24 353 tree
Chytranthus macrobotrys (Gilg) Exell & Sapindaceae <0.001 300 44.4 tree
Mendonga
Diospyros pseudomespilus Mildbr. Ebenaceae <0.001 3.19 38.5 tree
Empogona gossweileri (S.Moore) Tosh & Rubiaceae <0.001 319 385 tree
Robbr.
Palisota mannii C.B.Clarke Commelinaceae <0.01 3.05 50.0 herb
Fabaceae
Tessmannia africana Harms (subfamily: <0.01 2.81 333 tree
Detarioideae)
Commelina capitata Benth. Commelinaceae <0.01 2.72 36.4 herb
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Table 2 (continued). Fifty-two Gilbertiodendron dewevrei associates identified from X2 analysis of herbarium specimens collected

in the Sangha Trinational. Table displays p values of X2 tests on observed vs expected frequencies in G. dewevrei forest, and the

associated residuals (Pearson standardized), as well as the percentage of specimens collected in G. dewevrei forest and the growth

form of each species. Species are listed in descending order of Pearson Residual, with a higher Residual indicating a greater degree of

departure between expected and observed numbers in G. dewevrei forest.

Percentage in

Species Family pvalue Residual G.dewevrei forest Growth form
Fabaceae
Tessmannia anomala (Micheli) Harms (subfamily: <0.01 2.71 429 tree
Detarioideae)
(C)hl‘f:Zﬁléfl:fgy soclada (K Schum.) Rubiaceae <0.01 2.71 429 shrub
lg;rr:(f r)1/ lospermum reticulatum (PBeauv.) Ochnaceae <0.01 2.51 333 shrub
Aframomum letestuanum Gagnep. Zingiberaceae <0.01 2.48 294 herb
Palisota brachythyrsa Mildbr. Commelinaceae <0.05 2.42 37.5 herb
Polyspatha paniculata Benth. Commelinaceae <0.01 2.42 37.5 herb
if\e,@;igglﬁ?ﬂgﬁﬁ,me Wild. & T.Durand) Urticaceae <0.05 2.42 37.5 climber
Irvingia grandifolia (Engl.) Engl. Irvingiaceae <0.05 2.32 30.8 tree
Stanfieldiella imperforata (C.B.Clarke) Brenan Commelinaceae <0.05 2.2 26.3 herb
Bertiera iturensis K Krause Rubiaceae <0.05 2.17 333 shrub
Ig‘ﬂ?ﬁ:}fﬁ) fossweileri (Cavaco) Razafim. & Rubiaceae <0.05 2.17 33.3 shrub
Palisota thollonii Hua Commelinaceae <0.05 2.09 40.0 herb
Warneckea jasminoides (Gilg) Jacq.-Fél. Melastomataceae <0.05 2.09 40.0 tree (or shrub)
Ficus elasticoides De Wild. Moraceae <0.05 2.09 40.0 hemiepiphyte
Lasianthus batangensis K.Schum. Rubiaceae <0.05 2.09 40.0 shrub
Rothmannia lateriflora (K.Schum.) Keay Rubiaceae <0.05 2.09 40.0 shrub
Aframomum scalare D.J.Harris & Wortley Zingiberaceae <0.05 2.09 40.0 herb
Isolona hexaloba (Pierre) Engl. & Diels Annonaceae <0.05 1.96 30.0 tree
Crotonogyne poggei Pax Euphorbiaceae <0.05 1.96 30.0 shrub

forest is sufficiently distinct to merit separate treatment
in conservation planning and carbon calculations. Our
results show that G. dewevrei forest has structural and
compositional differences when compared to mixed terre
firme forest. Notably, G. dewevrei forest has an apparent
greater proportion of larger trees than mixed terre firme
forest, and contains a distinct composition of vascular
plant species. We therefore recommend that G. dewevrei
be considered as a unique forest type in conservation
planning and carbon stock modelling.

Forest structure

The structure of G. dewevrei forest differs from mixed
species forest in terms of stem number and stem size class
distribution, with a significantly lower stem density, and
fewer smaller trees but more larger trees (Fig. 2). These
structural attributes influence the amount of carbon stored
within tropical forests and carbon fluxes into and out of
the vegetation (e.g. Durdn et al. 2015; Poorter et al. 2015;
Balima et al. 2021). We found higher but non-significant
AGB in G. dewevrei forest than mixed forest in the stands

sampled in the Sangha Trinational (Fig. 2). A significantly
higher AGB has been found in G. dewevrei forests in
other areas. Djuikouo et al. (2010) found higher AGB in
G. dewevrei forest in the Dja Biosphere Reserve than in
mixed terre firme forest, attributing this to variation in
the abundance of trees with large diameter between the
two forest types. In their study, individuals with diameter
> 55 cm accounted for 81.2% of the biomass in G. dewevrei
forest compared to 59.8% in the mixed forest. Our study
also indicated higher amounts of larger trees (= 70 cm
dbh) in G. dewevrei forest in the Sangha Trinational (Fig.
2). Several studies in tropical forests have shown that AGB
is strongly correlated with the number of individuals >
70 cm in diameter (Brown et al. 1989; Brown and Lugo
1992; Clark and Clark 2000; Chave et al. 2003). A higher
AGB in G. dewevrei forest has also been seen in the Ituri
forest (eastern DRC), where Makana et al. (2011) noted
a 25% higher biomass in G. dewevrei forest than mixed
forest. Kearsley et al. (2017) found a higher wood density
in the community of trees that make up G. dewevrei forest
than mixed forest (0.66 g/cm? compared to 0.62 g/cm’, p
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< 0.001) in Yangambi, providing another explanation for
the higher AGB observed.

AGB was calculated using regional model 12 from
Fayolle et al. (2018), which is recommended for estimation
of carbon stocks in Congo Basin forests where height data
is not available. Fayolle et al. (2018) found comparable
site-level RMSE and bias estimates between regional
models including and omitting heights. However, tree
height is a key component of allometric equations for
AGB, as biomass is partially a function of tree volume
which is calculated from tree height, trunk basal area, and
trunk taper (Chave et al. 2005; Sullivan et al. 2018). Using
tree height measurements for all trees is accepted as by far
the most accurate method to infer AGB (Feldpausch et
al. 2012; Chave et al. 2014; Sullivan et al. 2018). Although
comprehensiveaccurate tree height measurementsarerare,
a recommended strategy is to construct a stand-specific
Height-Diameter (H-D) allometry using a subset of well-
measured trees (Réjou-Méchain et al. 2015; Sullivan et al.
2018). H-D relationships are known to be influenced by
biogeography and by environmental and compositional
variation across small scales, with measurable impacts
on AGB (Sullivan et al. 2018). Sullivan et al. (2018)
evaluated the performance of different locally derived
allometric models constructed with different numbers of
trees, finding that allometries derived from just 20 locally
measured values could often predict tree height with lower
error than regional or climate-based models. Our study
had no measured heights, and therefore AGB measures
come with significant uncertainties (Réjou-Méchain et al.
2017), and must be interpreted with caution. Obtaining
measurements of tree heights in future plots or censuses,
even if only for a relatively small subset of trees, would
give more accurate measures of AGB within G. dewevrei
forest in the Sangha Trinational. A further limitation of
this study is the small size of most of the forest inventory
plots (30 m x 30 m). This is below the recommended size
for forest inventory plots, and may explain the lack of
significant difference in AGB between the two forest types
within our study.

The structural differences between G. dewevrei and
mixed forest in this study, combined with results from
other areas finding higher AGB in G. dewevrei forest,
suggest that G. dewevrei forests may store more carbon
than mixed terre firme forests. Separate consideration
of G. dewevrei forest when designing models of carbon
storage across the Congo Basin forest block would
therefore produce estimations that are more accurate. In
addition, several studies have reported that larger trees
show notably higher vulnerability to drought (Nepstad
et al. 2007; Rowland et al. 2015; Costa et al. 2022). Thus,
the carbon stocks in G. dewevrei might be more sensitive
to drought under future climate change. This reinforces
the need for separate consideration of G. dewevrei forest
carbon stocks, when considering long-term modelling of
carbon across the Congo Basin.

Species composition

We show that G. dewevrei forest has a unique species
composition when compared to mixed terre firme forest.
This was shown both for tree species, through analysis of
plot data, and across all growth forms of vascular plants,
using the dataset of herbarium specimens. In the DCA
and NMDS analyses, G. dewevrei plots consistently
clustered together, separate from mixed forest plots (Fig.
5), and this difference was found to be significant by the
ANOSIM statistic. This separation persisted when G.
dewevrei stems were removed from the data, indicating
that a distinct tree community is found among G. dewevrei
within monodominant forest. These findings are contrary
to the consensus in the literature that monodominant G.
dewevrei forest has the same overall species composition
as mixed terre firme forest (e.g. Hart et al. 1989; Hart
1990; Djuikouo et al. 2010).

To investigate which species are responsible for the
differences between G. dewevrei and mixed forest, with
a view to assessing their conservation value, we sought
to identify which species are observed and collected
in G. dewevrei forest in higher densities than in mixed
forest. Harris (2002) distinguishes “obligate associates”
which within this area have only ever been collected in
G. dewevrei forest, and “facultative associates” which do
occur in mixed forest but are much more common in G.
dewevrei forest. In this study, we used statistical methods
to identify species that have been collected in G. dewevrei
forest more often than expected by chance. We identified
56 species of vascular plant that were significantly
associated with G. dewevrei forest (52 from the herbarium
analysis, and an additional four tree species identified
through indicator species analysis of plot data; Tables 1,
2). These species spanned many families of vascular plants
and occurred in each major plant life form. In addition,
the herbarium dataset used in this study identifies seven
species that have only ever been collected within G.
dewevrei forest in this area (Supplementary material 3).
These were excluded from the main analyses, as there are
insufficient collections (two to five specimens) to say with
certainty that they are associated solely with G. dewevrei
forest. With more data, we therefore expect the full list of
G. dewevrei associated species will be greater than 56.

Conservation value

A common misconception of G. dewevrei forest is that
it does not contain much biodiversity, and therefore it
has been considered as low priority for conservation.
Our study challenges this by indicating the importance
of this forest type to many plant species in the Sangha
Trinational, spanning a wide range of plant families and
a variety of growth forms. The conservation value of G.
dewevrei forest has also been highlighted by Cheek et al.
(2011), who described monodominant G. dewevrei forest
within the proposed Mefou National Park near Yaoundé,
Cameroon as containing the greatest number of rare
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and potential red list plant species within the area, for
example Cola letouzeyana Nkongmeneck and Tricalysia
amplexicaulis Robbr. In addition, the ordination and
herbarium analyses conducted in this study indicate that
G. dewevrei forests contain a plant community that is
distinct from mixed terre firme forest, and thus, contrary
to current management within these National Parks,
should be considered separately to mixed forest when
designing conservation plans.

The misconception of low biodiversity within G.
dewevrei forest has also been challenged when looking
at other groups. Due to its lower heterogeneity, it is
often assumed there are fewer large mammals within
G. dewevrei forest. However, similar mammal species
estimates were found in G. dewevrei forests as in mixed
species forests based on camera trap monitoring in the
Nouabalé-Ndoki National Park (Morgan et al. 2023),
suggesting that G. dewevrei forest is also important for

megafauna populations in the area. Morgan et al. (2006)
also found a higher abundance of chimpanzee nests in G.
dewevrei forests within the NNNP than in mixed forest.
Further, western lowland gorillas in the Ndoki forest
exhibit a particular type of foraging behaviour when
looking for the deer truffle Elaphomyces labyrinthinus
Castellano & T.W.Henkel in G. dewevrei forest (Abea et
al. in review).

Gilbertiodendron dewevrei forest is also important for
fungal biodiversity. Ndolo Ebika et al. (2018) list 51 edible
fungus species known in northern Republic of Congo,
32 of which are found in G. dewevrei forest, and 19 of
which have G. dewevrei forest listed as their only habitat
type. Jumbam et al. (2019), discovered a new species of
fungus in G. dewevrei forest in the Dja Biosphere Reserve,
Cameroon, and Buyck et al. (2020) recently described two
new fungal species from G. dewevrei forest that are only

i

Figure 6. Two species identified as Gilbertiodendron dewevrei associates from the X2 analysis of herbarium specimens collected in the
Sangha Trinational. Photographs and herbarium specimens of (A) Marantochloa monophylla (Ndolo Ebika 976, E [E00757799]) and
(B) Diospyros ferrea (Harris 9672, E [E00397397]). Photographs taken by David J. Harris. Specimens collected in G. dewevrei forest
in the Sangha Department, Republic of Congo.
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known from this forest type: Cantharellus longisporus and
C. xanthocyaneus.

In summary, when you look at the whole plant
community found within G. dewevrei forest, spanning
the smallest herbs to the tallest trees, there is a diverse
range of species found, and these plants are different to
those found within mixed terre firme forest. Therefore,
G. dewevrei forest is an important ecosystem for plant
diversity within the Sangha Trinational, and conservation
plans will be more effective if they include both mixed
terre firme forest and areas of G. dewevrei forest. Other
studies have shown that this forest is also important for
mammals, and fungi, some of which have so far only been
discovered within G. dewevrei forest. We predict that
these differences in communities between the two forest
types will also be observed in other groups.

Utilisation of herbarium specimen data

This study utilised a dataset of herbarium specimens
collected in mixed terre firme and monodominant G.
dewevrei forest in the Sangha Trinational. This allowed us
to identify G. dewevrei associates across a range of plant
lifeforms, beyond just trees that are commonly sampled
in plots. For example, Marantochloa monophylla (Fig. 6)
is an herbaceous plant that was identified as a G. dewevrei
associate through our analysis of the herbarium specimen
data. Marantochloa monophylla was collected five times
by David J. Harris in the Sangha Trinational. Of these
specimens, four (80%) were collected in G. dewevrei
forest. This highlights how herbarium data can allow us
to move away from the purely tree-focused approach for
measuring biodiversity that is often present in tropical
forest research. Studies of tropical forest ecology are often
tree-focused, because of their contribution to carbon
sequestration, plant biomass and economic value (Taylor
et al. 2023). However, in the tropics the contribution
to total plant species richness of co-occuring herbs,
epiphytes, and climbers is comparable to that of trees
(Spicer et al. 2020). The focus on trees means that non-
woody plant growth forms that significantly contribute
to biodiversity and forest function are often overlooked
in conservation planning (Gentry and Dodson 1987;
Schnitzer and Carson 2000; Gilliam 2014; Thrippleton
et al. 2016; Landuyt et al. 2019). Plot data for other plant
growth forms is rare, due to the time-consuming nature
of collecting such data, and the shortage of taxonomists
with expertise in non-woody flora. The utilisation of
herbarium data for this analysis therefore provides a
useful alternate way of identifying species of conservation
interest within tropical forests.

Using the herbarium dataset also allowed us to identify
rarer tree species that are associated with G. dewevrei
forest. Out of 52 species of vascular plant identified by the
herbarium analysis, 15 were trees. This is in comparison
to just six species (in addition to G. dewevrei) that were
identified through the analysis of plot data. Collectors
will preferentially collect rare species, meaning that those

species, not picked up in plots, can be still be identified
through herbarium data. For example, Diospyros ferrea
(Fig. 6) is a relatively rare tree species within this study
site, which was not found in the plot inventories. However,
10 specimens were collected in the Sangha Trinational,
and eight of these (80%) were collected in G. dewevrei
forest. Herbarium data is an underutilised source of
information for this type of research (Harris et al. 2021;
Heberling 2022), and our study helps demonstrate how
using herbarium data can provide additional data from
that of plot inventories.

By increasing collections within the Sangha Trinational,
we would likely identify more G. dewevrei associates.
Garrett (2017) looked at the same dataset of herbarium
specimens, finding that collecting sampling completeness
of vascular plants of this area had not been reached,
particularly for shrubs, herbaceous plants and climbing
plants, and that the expected species richness is still greater
than the observed species richness. This suggests there are
more G. dewevrei associates to be identified, especially in
the shrub, climber, herbaceous, (hemi-) epiphytic, and
(hemi-) parasitic groups. Our analysis was also limited
by the small number of collections for many species. The
final dataset of herbarium specimens, containing only
species with at least five collections, came to 397 species,
while the original dataset with all species (including those
with less than five collections) contained 1,172 species
collected in the Sangha Trinational. Increasing collections
of species with few specimens through general collecting
of herbarium specimens would allow more associated
species to be identified.

Avenues of future research

A number of factors may influence why the species
identified in this study are found associated with G.
dewevrei forest. These include light requirement (Peh et
al. 2014), ectomycorrhizal associations, seed mass (Peh
et al. 2014), and water use efficiency (Kearsley et al.
2017). An investigation of how these factors contribute
to the ability of G. dewevrei associates to establish in this
forest type, and conversely the exclusion of the mixed
forest specialists, would provide further insights into
G. dewevrei forest. Comparing the functional traits of
associated species to G. dewevrei may also help to explain
how it achieves its monodominance. Other avenues of
research include testing whether our findings apply to G.
dewevrei forest in other parts of its range. Similar datasets
could be used to test whether the same species are
associated with G. dewevrei in these regions, or whether
the plant community is different. In addition, it would be
interesting to compare G. dewevrei forest neighbouring
waterways, and those in dry upland areas, both of which
are found in the Sangha Trinational (Letouzey 1983; Hall
et al. 2020), to see if similar species are found in both.

In order for G. dewevrei forest to be incorporated
separately within conservation planning and carbon
stock modelling, it is important to have an accurate map
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of where G. dewevrei forest occurs, and quantifications of
the proportion of vegetation that is made up of this forest
type. A priority is therefore to map out the locations of
G. dewevrei forest across the Congo Basin. In terms of
management within the national parks and surrounding
areas, it would also be useful to consider the impact of
road and human settlements in and near G. dewevrei
forest.

CONCLUSION

Monodominant  Gilbertiodendron — dewevrei  forests
represent a unique forest type in the Sangha Trinational.
Gilbertiodendron dewevrei forest has a distinct structure,
species richness, diversity, and equitability, and species
composition compared to adjacent mixed terre firme
forest. Species associated with G. dewevrei monodominant
forests occur across all growth forms of vascular plant,
with at least 56 species significantly associated with G.
dewevrei forest. The differences in species composition
between the two forest types indicate that G. dewevrei
should be considered separately in conservation
planning. In addition, the structural differences between
G. dewevrei and mixed terre firme forest highlight that it
should be considered separately when modelling carbon
stocks and fluxes, in order to produce accurate models
for the Congo Basin. In particular, the higher number
of larger trees in G. dewevrei forest could indicate that
more carbon is stored in these ecosystems, and thus they
should be considered for protection from deforestation
and degradation. A key priority is to identify the extent of
the Congo Basin forest block that is covered by this forest
type, and to map out the locations where it occurs. In
summary, we recommend that G. dewevrei forest within
the Sangha Trinational should be considered as a distinct
vegetation type in conservation planning, and in carbon
calculations.
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SUPPLEMENTARY MATERIALS

Supplementary material 1

Structural attributes calculated for Gilbertiodendron dewevrei plots of different sizes to verify that plot size is not causing
its own signal in the analysis. Light red plots are the 11 100 m x 40 m plots, and dark red plots are the 17 30 m
x 30 m plots. Graphs show stem number per ha, basal area per ha, and AGB per ha respectively. Whiskers on box
plots represent 1.5 times the interquartile range plus or minus the first and third quartiles respectively. Values found
beyond the whiskers are shown individually as points. Stars signify significance with NS indicating a lack of significant
difference.
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Supplementary material 2

Mixed terre firme forest specialist species identified from indicator species analysis of plot data collected in the Sangha
Trinational.

https://doi.org/10.5091/plecevo.111539.suppl2

Supplementary material 3

Seven species of vascular plants exclusively collected in monodominant Gilbertiodendron dewevrei forest in the Sangha
Trinational, from a dataset of 5,603 specimens collected through general collecting. Species with only one collection
were removed from this list. Table lists family, species, number of specimens collected in G. dewevrei forest, and plant
lifeform.
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