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Abstract. Detailed information on the ground-dwelling
ant diversity and distribution in the rainforests of the
Congo Basin is lacking so far. A new ant species list from a
continuous mixed secondary lowland rainforest on the
northern periphery of the Dja Biosphere Reserve in
southeast Cameroon is presented. We investigated the
effect of vegetation type on ant species density, activity
and composition. Ants were collected by pitfall trapping
in seven vegetation types in each of three seasons during
12 months in 2003 and 2004 – 2005. Our site in Cameroon
had a total observed ant diversity of 145 species.
Vegetation type significantly influenced the ground-
dwelling and -foraging (arboreal) ant assemblages. Dif-
ferences in species density, activity and composition
between vegetation types were explained not only by soil
type (hydromorphous – terra firme), but also by devel-
opmental stage of vegetation types. The highly inundated
Raphia-swamp had the lowest ant species density and
activity. Older secondary forests still had a different
species composition than near primary forest even after
25 years of recovery after anthropogenic disturbance.
Finally, the high ant species number captured by our
pitfalls, the absence of the invasive exotic ant Wasmannia
auropunctata and the high Dorylus (Anomma) army ant
diversity confirm the importance of the Cameroonian
rainforest for biodiversity conservation programs.

Keywords: Activity, pitfall traps, southeast Cameroon,
species richness, vegetation type.

Introduction

Cameroon is one of the Central African countries (next to
Gabon, Equatorial Guinea and Democratic Republic of
Congo) on which biodiversity conservation in Africa
should focus first (Doumenge, 1998; Foahom, 2001;
Kamdem-Toham et al., 2006). It has one of the highest
species densities of mammals (280 species) and vascular
plants (9000 species) in Africa, and houses more than 40
globally threatened animals (Alpert, 1993). Although few
diversity studies were conducted, Cameroon also seems a
biodiversity hotspot for insects. Termites were found to be
extremely species-rich compared to other areas where
they have been extensively studied (Eggleton et al. , 1996;
Deblauwe et al., 2007). However, only about 17 % of the
total forest area in Cameroon (22,000,000 ha) is protected
and about 122,000 ha per year are cleared due to logging
and farming (Foahom, 2001).

Ants are a highly valuable taxon as bioindicators for
many reasons: they are a diverse group, sensitive to
environmental change, easily collected and serve impor-
tant ecological functions (Alonso and Agosti, 2000).
Information on ant diversity and distribution patterns at a
site can be significant for conservation planning, as
changes in ant assemblages due to disturbance also reflect
changes in other insect groups (Majer, 1983). The func-
tional group approach (classification of ants on the basis
of ecological criteria) has proved to be a valuable tool for
monitoring and understanding changes in ant assemb-
lages (Anderson, 2000; Ottonetti et al. , 2006). However,
quantitative data is limited for the ant fauna on the
African continent, especially in the Congo Basin (Fisher,
2004). One quantitative inventory has been conducted in
the Congo Basin, at Monts Doudou (southwest Gabon)
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(Fisher, 2004). The ant species richness of Monts Doudou
(310 species) represented the highest yet recorded in
Africa, but was lower than inventories from the wet
tropics on other continents. Fisher (2004) emphasized the
importance of more complete inventories of Central
African ants to confirm his results.

Termitaries of Cubitermes and Procubitermes in
southern Cameroon shelter many ground-dwelling ant
societies (Dejean and Bolton, 1995; Dejean et al. , 1996,
1997). Up till 151 ant species were found in Cubitermes
mounds, which is the highest diversity of ants ever
recorded in Cameroon (Dejean et al. , 1996). Watt et al.
(2002) captured 111 ant species from the leaf litter in the
Mbalmayo Forest Reserve in south-central Cameroon
during a study on the impact of forest disturbance on ant
diversity and abundance. However, no extensive studies
on the ground-dwelling ant assemblage of the continuous
tropical rainforest in southeast Cameroon have been
published.

Our study focuses on the ground-dwelling (and
ground-foraging, arboreal) ant population in a contin-
uous mixed secondary lowland rainforest on the north-
ern periphery of the Dja Biosphere Reserve in south-
east Cameroon. It provides new quantitative data on
Cameroonian ant diversity and distributions. Our aim
was to investigate community patterns in the seven
main vegetation types. We interpreted the differences
in ant assemblages between vegetation types using nine
environmental variables. The influences of season and
of its interaction with vegetation type on the ant
assemblages are presented in Deblauwe and Deko-
ninck (2007).

Methods

Study site

The study was undertaken at the �La Belqique� research
site (40 km2), located in southeast Cameroon on the
northern periphery of the Dja Biosphere Reserve (DBR,
5,269 km2) (013807�-013811�E and 03823�-03827�N;
671 m). The site is officially unprotected and situated in
one of the many logging concessions surrounding the
DBR. This concession of the FIPCAM company (UFA 10
047) is currently exploited. The forest is part of the
transition zone of the Atlantic coastal rainforests of
southern Nigeria and southwest Cameroon, and the
evergreen forests of Equatorial Guinea and the Congo
Basin (Letouzey, 1985). Annual rainfall averages
1570 mm with two peaks in May and September (PAP,
2001). The average temperature is 23.38 C (range: 188 –
308) and remains nearly constant throughout the year
(PAP, 2001).

The area has a low population density and the nearest
village is 11 km from the study site. Subsistence agricul-
ture and low market-orientated cultivation of cocoa and
coffee are practised in the area (Epanda et al. , 2005).

Disturbance by humans (former villages until about 30
years ago and selective logging about 25 years ago) and
elephants, respectively, had and have an impact on the
vegetation at the site (Nguenang and Dupain, 2002;
Djoufack, 2003). The lowland rainforest is a mosaic in
which ten types of vegetation can be identified (charac-
terized by Nguenang and Dupain, 2002): near primary
forest (NPF, 14 %), very old secondary forest (VOSF,
20 %), old secondary forest (OSF, 22 %), young secon-
dary forest (YSF, 13 %), light gap forest (LGF, 11 %),
gallery forest (GF, 1 %), old logging roads (OLR, 1 %),
riverine forest (RF, 7%), Raphia-swamps (RS, 11 %) and
swamp clearings (SC, 0.08%). The former seven vegeta-
tion types are part of terra firme forest (84 % of total
study area); the latter three are forest types on hydro-
morphous soils (16%). Secondary forest (VOSF, OSF,
YSF) covers more than half of the area.

Data collection

We used the pitfall trap method to sample the ant
community during an extended period (12 months). This
trapping method permits foraging workers to be cap-
tured, and provides information on the species present in
the sampling area and on their activity in time and space
(based on the number of workers sampled per species).
Collection took place from June to August 2003 and from
September 2004 to May 2005. When placing pitfalls, care
was taken not to clear surrounding vegetation (Bestel-
meyer et al. , 2000). In addition, pitfall traps were placed
at least one week before the start of sampling to avoid
�digging-in� effects (Greenslade, 1973). One sampling
event per month took place (12 sampling events in total).
The variation in rainfall during the sampling events did
not affect total ant activity, species richness and activity of
the most common species in the traps (Spearman rank
correlations, Deblauwe, unpubl. data).

As GF, OLR and SC together made up less than 3% of
the vegetation at the site, only patches (between 0.1 and
10 ha in size) of the other seven vegetation types were
sampled. In each of these vegetation types a line transect
of 70 m was established. Eight pitfalls were spaced at 10 m
intervals along the transect. Each group of pitfalls (56
traps in total) was located at least 230 m from another
group. Pitfall traps consisted of plastic cups (100 mm
inside top diameter, 70 mm inside bottom diameter and
120 mm length) inserted into sunken plastic pipes with
the rim of the cup flush to the soil surface. A quarter of the
cup (about 100 ml) was filled with water (96 %), soap
(1 %) and salt (3 %). All traps were left open for five days
per sampling event. Each pitfall was covered by a green
plastic roof (20 cm x 20 cm) supported by iron wire to
prevent rain fall into the traps. During five sampling
events, a few pitfall cups were removed from the plastic
pipes, probably by monkeys. To correct for this, we
averaged the other pitfall data of the concerned vegeta-
tion type during that sampling event and used this average
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for the empty trap(s). To avoid this in the future, the cups
were fixed at two sides with a twig fork.

Ants captured in pitfall traps were washed and
transferred to vials containing 70 % ethanol. In the
laboratory ants were identified to genus (cf. Bolton,
1994; Hçlldobler and Wilson, 1990), sorted to morpho-
species and, where possible, identified to species (cf.
Taylor, 2006). Voucher specimens of each species collect-
ed are held at the Royal Zoological Society of Antwerp.

A set of nine environmental parameters was measured
at each pitfall trap to be able to interpret differences in ant
assemblages between the vegetation types. Plant struc-
tural characteristics have been shown to influence
ground-dwelling ant abundance, species richness and
composition (Majer and Nichols, 1998; Carvalho and
Vasconcelos, 1999; Armbrecht and Perfecto, 2003; The-
unis et al. , 2005). A digital photograph of the sky was
taken between 1 and 2 m above the trap and the
percentage of canopy openness (C) was quantified using
Image J 1.36b software (Rasband, 2006). The percentage
of cover by lianas (L), seed- and saplings (SS), small herbs
(< 30 cm high, SH), Marantaceae and Zingiberaceae
(MZ) and Raphia palms (R) was estimated visually from
four 1 m2 plots positioned 0.5 m northeast, northwest,
southeast and southwest from each pitfall trap. In each of
the four plots the litter depth (LD) was measured with a
ruler at four random locations. To have an estimate of tree
density, the distance from each pitfall trap to the closest
adult tree (DBH > 15 cm) was measured (CAT) and
height estimated (HAT). Each of the nine measurements
was pooled per vegetation type (Table 1).

Data analyses – Environmental parameters

We used principal component analysis (PCA) to reduce
the number of correlated parameters to one or more PCA
axes. This was done with the program PC-ORD 4.0
(McCune and Mefford, 1999). To approximate normality
some parameters needed to be transformed (C and HAT:
log; LLD: inverse). After transformation, Raphia cover-

age (R) did not approach normality and was interpreted
separately. Data were centred and standardized by
standard deviation, thus PCA was based on the correla-
tion matrix. The broken stick method was used to test the
significance of the PCA axes and association between the
environmental parameters was assessed based on eigen-
vectors (variable loadings), with coefficients � 0.40 or
� – 0.40 considered as highly associated.

Data analyses – Species richness, density and activity

Next to observed ground-dwelling and -foraging ant
species richness (observed number of species per vege-
tation type and in total), we also presented species density
(mean number of species per pitfall trap) for each
vegetation type, as this makes our results easier to
compare with other studies (Gotelli and Colwell, 2001).
A species was considered �present� in a trap or vegetation
type when at least one individual was captured in this trap
or vegetation type. Finally, activity represents the number
of individuals captured in the pitfall traps (sum per
vegetation type and total sum are presented).

To investigate the effect of vegetation type on species
density and activity, a one-way ANOVA was performed.
A posteriori pairwise comparisons of means between the
vegetation types were also made and Bonferroni correct-
ed for multiple tests. As transformations did not normal-
ize the species density and activity data, we used the
program PERMANOVA 1.6. (Anderson, 2005). Al-
though PERMANOVA was designed to do multivariate
analyses on distance matrices, one can also use it to do
univariate ANOVA. In general, it partitions multivariate
variation (defined by a distance measure) according to
individual factors in a fully balanced multi-way ANOVA
design, with p-values obtained by permutation proce-
dures. The calculated F-ratios in the case of one variable
using Euclidian distances are exactly the same as Fisher�s
univariate F-ratio in traditional ANOVA. As permuta-
tions are used to do the tests, PERMANOVA is
“distribution free”. Still, the activity data was log-trans-

Table 1. Observed ant species richness (S) (the number of genera is between brackets), mean species density (SD), total ant activity (A), mean log-
transformed activity (LA), observed canopy-dwelling ant species richness (Sa), canopy-dwelling ant ground activity (Aa), canopy openness (C, %),
liana cover (L, %), seed and sapling cover (SS, %), small herb cover (SH, %), Marantaceae and Zingiberaceae cover (MZ, %), Raphia palm cover (R,
%), litter depth (LD, cm), distance to closest adult tree (CAT, cm) and height of CAT (HAT, m) in the different vegetation types (VT) at the study site
in southeast Cameroon (NPF = near primary forest, VOSF = very old secondary forest, OSF = old secondary forest, YSF = young secondary forest,
RS = Raphia-swamp, RF = riverine forest and LGF = light gap forest).

VT S SD A LA Sa Aa C L SS SH MZ R LD CAT HAT

NPF 63 (20) 4.8 46,357 1.7 10 278 13.0 12.0 38.6 5.6 8.0 0.0 2.7 237.5 15.5

VOSF 62 (22) 4.2 31,616 1.7 10 2201 13.9 10.5 31.1 7.3 14.2 0.0 2.5 253.0 22.8

OSF 63 (20) 3.8 36,062 1.5 10 777 15.8 9.2 35.5 6.6 24.4 0.0 2.5 325.0 12.6

YSF 63 (18) 5.2 37,426 1.9 6 1072 19.9 11.6 22.0 6.6 32.3 0.0 3.5 400.7 12.3

RS 55 (22) 2.9 16,931 1.2 8 152 13.2 9.5 11.3 7.5 25.3 18.1 6.1 351.9 16.0

RF 64 (21) 4.6 27,071 1.8 8 2013 14.1 12.8 31.7 7.2 15.9 0.8 3.8 296.3 15.9

LGF 60 (21) 4.0 47,642 1.8 12 293 16.3 10.2 21.1 5.0 47.8 0.0 2.7 469.4 17.0
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formed to reduce the variance caused mainly by the large
amounts of army ants in traps. Finally, PERMANOVA
requires a balanced sampling design, which is the case
here (eight traps x seven vegetation types x 12 sampling
events). P-values were calculated using a total of 9999
permutations of the residuals under a reduced model.
Because of the limited amount of unique values in the
permutation distributions for the pairwise comparisons of
species density, the p-values were estimated using Monte
Carlo random draws from the asymptotic permutation
distribution (Anderson, 2005).

To check the relationship of species density and log-
transformed activity across pitfall trap captures and the
relationship of species richness, mean species density,
total activity and mean log-transformed activity with the
nine environmental variables and the significant PCA
axes across vegetation types, Spearman rank correlations
(Rs) were made with the software program SAS 9.1.
Significance at p = 0.05 was determined using sequential
Bonferroni correction within groups of related tests.

Data analyses – Community patterns

To statistically test the effect of vegetation type on ant
species composition (of the same balanced sampling
design as above), permutational multivariate analysis of
variance was carried out with PERMANOVA 1.6 (An-
derson, 2005). Raw data were standardized by variable
sums (species). The Bray-Curtis dissimilarity measure
was used and a total of 9999 permutations of the residuals
under a reduced model were run. A posteriori pairwise
comparisons of means between the vegetation types were
made and Bonferroni corrected for multiple tests. Only
species with more than 40 occurrences in total were
included in the analysis. Finally, the detection of signifi-
cant differences between groups by PERMANOVA
could be due to differences in location, differences in
spread, or a combination of the two (Anderson, 2005). To
check this, we performed a distance-based test for
homogeneity of multivariate dispersion with the program
PERMDISP2 (Anderson, 2006). The multivariate spatial
median (Least-Absolute-Deviation residuals) was used
to obtain measures of spread using principal coordinate
axes. The p-values were obtained by running 99 permu-
tations.

We visually analysed the ant species composition with
detrended correspondence analysis (DCA). This ordina-
tion technique is recommended for community data
collected at long gradients (Jongman et al., 1995). All
seven vegetation types were plotted, for which the data
were pooled over the eight pitfall traps and the 12
sampling events. The ordination axes were interpreted in
terms of the nine environmental parameters. The DCA
scores of the vegetation types were correlated (Kendall�s
tau correlation) with the significant PCA axes and the
single environmental variable R. Also here, only species
with more than 40 occurrences in total were included in

the analysis. The ordination was performed with the
program PC-ORD 4.0 (McCune and Mefford, 1999).

Results

Environmental parameters

The first three axes of the PCA significantly explained
83 % of the variance in the nine environmental variables
(Table 2). The first axis (PCA 1) was negatively associated
with canopy openness (C), Marantaceae and Zingiber-
aceae coverage (MZ) and distance to closest adult tree
(CAT) (Table 2), detecting differences in horizontal plant
structure and confirming the gradient from young to older
vegetation types along PCA1 (developmental stage of
vegetation). The second axis (PCA 2) was positively
associated with seed and sapling coverage (SS) and the
inverse of litter depth (1/LD) and negatively with small
herb coverage (SH) (Table 2), confirming the gradient
from hydromorphous to terra firme forest (decreasing
inundation). The third axis (PCA 3) was positively
associated with the log-transformed height of the closest
adult tree (HAT) and negatively with liana coverage (L)
(Table 2), detecting differences in vertical plant structure.

Species richness, density and activity

A total of 145 species or morphospecies, belonging to 32
genera and 9 subfamilies (243,105 individuals), were
collected from pitfalls (672 captures) at the study site in
southeast Cameroon (Supplementary online material).
With 68 species and 11 genera, the Myrmicinae domi-
nated the other subfamilies in taxonomical richness,
followed by the Ponerinae (32 species and 9 genera) and

Table 2. Eigenvalues, broken-stick eigenvalues, percentage (%) of
variance explained and eigenvector coefficients (EC) of the nine
environmental parameters for the three significant axes of the principal
components analysis (PCA). (highly associated parameters are in bold;
transformation of the parameter is indicated; abbreviations see
Table 1).

PCA axis 1 axis 2 axis 3

eigenvalue 3.374 1.992 1.290

broken-stick eigenvalue 2.178 1.718 1.218

% of variation explained 42.2 24.9 16.1

EC log C –0.40 0.23 –0.33

EC L 0.21 0.11 –0.59

EC SS 0.37 0.49 –0.11

EC SH 0.19 –0.54 –0.14

EC MZ –0.52 0.07 0.18

EC 1/LD 0.12 0.61 0.32

EC CAT –0.53 0.02 0.05

EC log HAT 0.24 –0.14 0.61
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the Formicinae (21 species and 6 genera). The most
species-rich genus was Tetramorium (26 species). In
contrast, the Dorylinae (with Dorylus as single genus)
had the highest total activity (212,741 individuals),
followed by the Formicinae (19,897 individuals) and the
Myrmicinae (9,409 individuals). Dorylus sjoestedti was
the most abundant species in the traps (122,152 individ-
uals), while Pachycondyla tarsata was the most frequent
species (206 occurrences). Next to ground-dwelling ants,
also many arboreal ants (e.g. Tetramorium aculeatum,
Oecophylla longinoda, Tetraponera spp., Catalaucus
guineensis and Camponotus brutus) were captured in
the pitfall traps. Of the 145 species, 40 (28 %) nest in/on
the ground, 44 (30 %) probably nest in/on the ground, 27
(19 %) are canopy-dwelling, 13 (9 %) are probably
canopy-dwelling and 21 (14 %) have unknown nesting
sites. The known canopy-dwelling ants only made up 3 %
(6,786 individuals) of the total activity.

Overall, observed species and genus richness was
similar in all vegetation types (Table 1). Still, RS had the
lowest species richness. The total ant activity was clearly
lowest in both vegetation types on hydromorphous soil
(RS and RF), while pitfall traps in NPFand LGF captured
the highest numbers of individuals (Table 1). When
looking only at canopy-dwelling ants, ground activity was
highest in VOSF and RF and lowest in RS, NPF and LGF,
while their species richness was highest in LGFand lowest
in YSF (Table 1).

A significant effect of vegetation type was found on
both species density (F6,665 = 10.07, p = 0.0001) and
activity (log-transformed) (F6,665 = 6.82, p = 0.0001). The
ant species density and activity of RS was lower than that
of all the other vegetation types, except OSF (Table 3,
Fig. 1). YSF had a higher species density than OSF and
LGF (Table 3, Fig. 1).

Species density was positively correlated with log-
transformed activity across the pitfall trap captures (Rs =
0.23, n = 672, p = 0.0001). Mean species density, species
richness and mean log-transformed activity were not
significantly correlated with any of the nine environ-
mental parameters or scores of the three significant PCA
axes across the seven vegetation types (p > 0.004
(significance after Bonferroni correction)). Only total
ant activity was negatively correlated with small herb
coverage (SH) (Rs = – 0.95, n = 7, p = 0.0008) and
positively with decreasing inundation (PCA 2) (Rs = 0.93,
n = 7, p = 0.003).

Community patterns

The test for homogeneity of multivariate dispersions
showed that the significant differences between vegeta-
tion types were not due to differences in spread (all p >
0.1). Species composition in the seven vegetation types
significantly differed from each other (p < 0.002 (signifi-
cance after Bonferroni correction)). The DCA also
separated the species in different vegetation types with
the first two axes (eigenvalues: DCA1 = 0.45, DCA2 =
0.31) explaining 59 % of the variance in the species data
(Fig. 2). The first axis (DCA 1) was negatively correlated

Table 3. PERMANOVA a posteriori comparisons of ant species
density and activity among vegetation types using the permutation
calculated t-statistic (numbers in table) (*p < 0.002: significance after
Bonferroni correction; abbreviations see Table 1).

Species density NPF VOSF OSF YSF RS RF

VOSF 1.57

OSF 2.79 1.35

YSF 1.32 3.07 4.30*

RS 5.55* 4.27* 2.70 7.37*

RF 0.53 1.12 2.43 1.97 5.42*

LGF 2.03 0.53 0.80 3.52* 3.57* 1.62

Activity NPF VOSF OSF YSF RS RF

VOSF 0.29

OSF 1.60 1.33

YSF 1.26 1.59 2.90

RS 4.06* 3.79* 2.23 5.67*

RF 0.74 1.07 2.44 0.60 5.25*

LGF 0.65 0.94 2.15 0.50 4.54* 0.01

Figure 1. a) Mean ant species density and b) activity in the seven
vegetation types at the study site in southeast Cameroon (error bars are
standard deviations; abbreviations see Table 1).
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with decreasing inundation (PCA 2) (t = – 0.71, n = 7, p =
0.024) and positively with Raphia palm coverage (R) (t =
0.72, n = 7, p = 0.022), so following the gradient from terra
firme to hydromorphous forest and separating especially
RS from the other vegetation types (Fig. 2). The second
axis (DCA 2) was positively correlated with develop-
mental stage of vegetation (PCA 1) (t = 0.62, n = 7, p =
0.051) and arranged the vegetation types in three groups:
young (YSF and LGF), older (OSF, VOSF) and oldest
(NPF) (Fig. 2).

Army ants

The subgenus Anomma was the most species rich (6
species) of the genus Dorylus and had the highest activity
(212,431 individuals). Dorylus (Anomma) emeryi and
mayri preferred to forage in NPF, while D. (A.) opacus
and wilverthi preferred the younger vegetations YSF and
LGF (Supplementary online material). D. (A.) kohli was
most active in RS and D. (A.) sjoestedti in LGF and older
secondary forest (VOSF and OSF) (Supplementary on-
line material).

Discussion

This is the first detailed study on the distribution patterns
of a ground-dwelling ant assemblage of the Congo Basin.
The significant effect of vegetation type on ant species
density, activity and composition was mainly due to soil
type. Raphia-swamp forest (RS) had the lowest species
density and activity (Fig. 1) and a very different species
composition (Fig. 2) than the other vegetation types. The
soil of RS is hydromorphous and this results in a typical

vegetation which is dominated by Raphia palms (Djou-
fack, 2003). Because of the high inundation risk, less ant
species live in this kind of vegetation type (especially
ground nesters) and species forage or nest less on or in the
ground (Majer and Delabie, 1994; Ellis et al. , 2001). Also
the different vegetation structure of RS influenced
species composition. Some ground-dwelling ant species,
present in all other vegetation types, were not found in RS
(e.g. Pachycondyla brunoi, Dorylus (A.) emeryi, Poly-
rachis militaris), while other species, very active in all
other vegetations, were much less active in RS (e.g.
Camponotus brutus, Pachycondyla tarsata) (Supplemen-
tary online material). Otherwise, some species were much
more active in RS compared to the other vegetation types
(e.g. Dorylus (A.) kohli, Tetramorium sp.15 (osiris?),
Pachycondyla sp.4) (Supplementary online material).
The ground nester Odontomachus troglodytes was only
found in RS. It might be nesting in Raphia palms during
inundation, as it is known to use the crowns of palms as
secondary habitat (Colombel, 1972). Although riverine
forest (RF) also has hydromorphous soil, species density,
activity and composition were more similar to the other
vegetation types than to RS. The less severely inundated
ground and consequently much lower Raphia coverage
can explain this.

Next to soil type, species density and composition
were also influenced by the developmental stage of the
vegetation type, which represents a gradient of low
disturbance. The higher alpha diversity (i.e. species
density) in YSF than in OSF and LGF, but similar
gamma diversity (i.e. species richness) suggests a lower
beta diversity between pitfall captures in YSF and thus
less heterogeneity than in OSF and LGF. The high litter
depth (LD) in YSF (Table 1), which is known to promote
ant density (Theunis et al. , 2005), might partly explain this
higher alpha diversity in YSF. The only environmental
parameter that was almost significantly positively corre-
lated with species density was percentage of liana cover
(L) (Rs = 0.82, n = 7, p = 0.0234). OSF and LGF have the
lowest L, which decreases the vertical physical complex-
ity in these vegetation types leaving fewer runways for
arboreal ants to come down to the ground and resulting in
lower arboreal ant activity and thus a lower alpha
diversity (Table 1). In contrast, as a fallen tree created
LGF, original canopy ant colonies did probably not move
immediately, resulting in a high observed canopy ant
species richness.

Although, ant species richness and activity of the
vegetation types along the developmental stage – or low
disturbance – gradient was similar, species composition of
all vegetations was significantly different. Several studies
found that, although ant species richness was not affected
by disturbance, species composition did not completely
converge on that of undisturbed forest after 10 till even 70
years after disturbance (Majer and Nichols, 1998; Vas-
concelos et al. , 2000; Maeto and Sato, 2004). The
continuous mixed rainforest in our study site in Came-
roon is composed of small patches of vegetation types, of

Figure 2. Detrended correspondence analysis (DCA) of the ant
assemblage in the different vegetation types at �La Belgique� in
relation to environmental variables (developmental stage of vegetation
(PCA1), decreasing inundation (PCA2) and Raphia palms (R)).
(abbreviations see Tables 1 and 2).
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which some were (almost) not disturbed (NPF, RF and
RS) and some were disturbed by selective logging or
human settlements until 25 years ago or by natural
disturbance (elephants and tree falls) (VOSF, OSF, YSF
and LGF). Also here, ant species composition was still
distinct between older secondary forest (OSF and VOSF)
and undisturbed NPF. Plant species richness, diversity
and structure, and physical complexity of the vegetation
are crucial in ant assemblage recovery after anthropo-
genic disturbance (Basu, 1997; Majer and Nichols, 1998;
Vasconcelos et al. , 2000; Grimbacher and Hughes, 2002;
Watt et al. , 2002). However, Maeto and Sato (2004)
emphasize that canopy size (DBH), rather than tree
species richness and composition, is important in ant
assemblage changes. Some environmental parameters (C,
MZ, SS and CAT) in VOSF and OSF were already more
similar to those in NPF than to those in younger YSF and
LGF, but differences still persisted. Because of these
small differences, even after more than 25 years of
regeneration by VOSF and OSF, ant species composition
still differed from NPF. However, more information is
needed on the ant assemblage of a continuous primary
lowland rainforest in southeast Cameroon (e.g. in the Dja
Biosphere Reserve) to investigate if the ant community of
the NPF patches in this study area is still similar to the
original ant community.

On the other hand, the high understorey (Maranta-
ceae and Zingiberaceae, MZ) coverage and low adult tree
density (CAT) in LGFand YSF resulted in greater canopy
openness (C). High light habitats, as LGF and YSF in our
study, do not only change microclimatological variables
(e.g. insolation, moisture), but also increase food resour-
ces for ants (e.g. plants with extra-floral nectaries, honey-
dew from homopterans) (Basu, 1997; Feener and Schupp,
1998). In contrast to Feener and Schupp (1998), ant
species composition in LGF differed from that in OSF – in
which the two LGF stands were located – despite the
similar species density and activity. Yet, LGFand YSF did
not only differ in ant assemblage from other vegetation
types, but also from each other. As mentioned above, the
lower litter depth (LD), liana cover (L) and the presence
of a fallen tree in LGF might explain this.

Although the pitfall trap method performed less well
in wet forest habitats than in open habitats during one
sampling event in Madagascar (Fisher and Robertson,
2002), its efficiency in this rainforest was high and
increased by sampling over different seasons and years.
The average number of ant species collected per sampling
event (56 traps during 5 days: 56 species, range: 45 – 68)
was lower than that captured through Winkler extraction
by Watt et al. (2002) at the Mbalmayo Forest Reserve
(Cameroon) (70 samples: 111 species) and by Fisher
(2004) at Monts Doudou in Gabon (100 samples at 640 m:
141 species). Still, it was much higher than the number of
species collected with pitfall traps by Fisher (2004) (33
traps during 7 days at 640 m: 12 species). More traps per
vegetation type at our site are needed to produce reliable
species saturation curves, reaching an asymptote, to

compare real diversity between sites (Leponce et al. ,
2004). In the traps, we also recorded 27 ant species known
to be canopy-dwelling. Four arboreal species even had
high species occurrence (> 30) and activity (> 60):
Camponotus brutus, Crematogaster concava, Crema-
togaster striatula and Polyrachis militaris (Supplementary
online material). This indicates that they often come
down to the ground to forage for food. The inclusion of
these �tourists� in the analysis probably did not have a
major impact on the results, as they only made up 3% of
total activity and most indicator species of the vegetation
types were ground-dwelling (Deblauwe, unpubl. data).

Conservation values

Our study confirms the importance of the Cameroonian
rainforest for biodiversity conservation programs.

First, pitfall traps captured 145 species of ground-
dwelling and -foraging (arboreal) ants in the continuous
mixed secondary lowland rainforest on the northern
periphery of the DBR in southeast Cameroon. The high
species number captured by our pitfalls (56 species),
compared to that in Gabon (12 species, Fisher, 2004),
indicates that overall ant species richness might be very
high in southeast Cameroon. Therefore, we recommend
further monitoring of this area by different methods, such
as Winkler extraction, to confirm its high ant diversity and
conservation value.

Second, although the spread of the invasive exotic ant
Wasmannia auropunctata has been encouraged to limit
cocoa pests in western Cameroon (Bruneau de Mir�,
1969), it was not recorded during this study in southeast
Cameroon. This ant reduces local insect species richness
and negatively affects large mammals by its painful stings
(Walsh et al. , 2004). Anthropogenic disturbances (e.g.
logging) have speeded the invasion of W. auropunctata in
the Lop� Reserve in Gabon (Walsh et al. , 2004). Since
logging in Cameroon is continuing at a high speed, it is
likely that W. auropunctata will reach southeast Came-
roon with time. To prevent the invasion of this ant further
into the forests of the Congo Basin, more information is
needed on the present status of this ant in Cameroon and
Gabon (Fisher, 2004).

Third, the high species richness and activity of army
ants of the subgenus Dorylus (Anomma) at our site is very
interesting (see also Deblauwe and Dekoninck, 2007). In
general, army ants (Aenictinae, Dorylinae, Ecitoninae)
are under-sampled when using only Winkler extraction
(Ward, 2000). This study adds valuable information to the
overall distribution of the subgenus D. (Anomma).
Among nine sites across tropical Africa where extensive
surveys of Dorylus (Anomma) have been carried out, �La
Belgique� in Cameroon supports the highest diversity of
army ants in this subgenus (C. Schçning, pers. comm.).
Further studies on this unique army ant community in
Cameroon and on army ants at other African sites are
important to better understand their species interactions
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(Schçning et al. , 2005), litter ant patch dynamics (Kas-
pari, 1996) and the influence of raids on other insect fauna
(Kaspari and O�Donnell, 2003).
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Supplementary online material

Complete list with ant species or morphospecies sampled at �La Belgique� study site in southeast Cameroon. The
number of individuals found in the pitfall traps for each vegetation type and the total species occurrences (SO) in 672
capture events are presented (g ground-dwelling, a arboreal, ua unknown, but probably arboreal, ug unknown, but
probably ground-dwelling and u unknown nesting site (based on Taylor (2006) and own experience from hand
collections); abbreviations see Table 1).

Species/morphospecies NPF VOSF OSF YSF RS RF LGF SO

Aenictinae (1 genus)

Aenictus sp.1 g 1 1 2 2 0 1 4 7

Aenictus sp.2 (weissi?) g 0 0 2 2 0 0 0 2

Cerapachyinae (1 genus)

Cerapachys occipitalis g 0 0 0 0 1 0 0 1

Cerapachys sp.1 g 0 0 0 0 1 0 0 1

Cerapachys sp.2 g 0 0 0 0 0 0 1 1

Cerapachys sp.3 (villiersi?) g 0 0 1 0 0 0 0 1

Dolichoderinae (1 genus)

Technomyrmex sp.1 (wolfi?) g 30 61 54 28 13 30 48 159

Technomyrmex sp.2 u 2 1 0 0 0 1 0 4

Technomyrmex sp.3 u 1 1 0 18 1 0 0 5

Technomyrmex sp.4 u 0 1 0 0 0 0 0 1

Technomyrmex sp.5 u 0 0 1 0 0 0 0 1

Dorylinae (1 genus)

Dorylus (Alaopone) sp.1 g 0 0 0 1 0 0 0 1

Dorylus (Anomma) emeryi g 24293 58 16 26 0 198 465 40

Dorylus (Anomma) kohli g 0 13 2977 3931 6511 1800 198 21

Dorylus (Anomma) mayri g 14048 0 7643 4300 1 0 0 20

Dorylus (Anomma) opacus g 6 0 0 2201 6 460 1800 10

Dorylus (Anomma) sjoestedti g 5506 26315 22337 8239 7848 15287 36620 148

Dorylus (Anomma) wilverthi g 0 878 0 10207 0 1900 6343 23

Dorylus (Dorylus) sp.1 g 9 0 0 8 0 1 0 5

Dorylus (Roghmus) sp.1 g 0 0 0 291 0 0 0 2

Formicinae (6 genera)

Anoplolepis tenella g 0 713 1 4769 1713 3853 588 163

Camponotus acvapimensis g 0 90 909 426 3 0 11 36

Camponotus brutus a 239 1913 703 661 130 1276 246 133

Camponotus tameri u 0 0 0 0 0 1 0 1

Camponotus sp.2 (burgeoni?) u 0 0 2 0 0 0 1 2

Camponotus sp.3 (vividus?) a 1 0 0 0 0 0 1 2

Camponotus sp.4 (langi?) u 316 6 16 437 1 118 1 188
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Species/morphospecies NPF VOSF OSF YSF RS RF LGF SO

Camponotus sp.5 (maculatus group) ua 0 0 0 0 0 0 12 1

Camponotus sp.6 (maculatus group) u 6 0 0 0 0 0 0 1

Camponotus sp.7 (maguassa?) ua 0 0 7 0 0 0 4 5

Camponotus sp.8 (pompeius?) g 18 32 23 60 4 57 58 83

Lepisiota sp.1 (silvicola?) ug 98 0 0 0 0 127 0 6

Oecophylla longinoda a 0 0 0 0 1 0 0 1

Paratrechina sp.1 ug 0 1 0 99 6 0 1 13

Paratrechina sp.2 ua 1 0 9 10 29 11 0 17

Polyrhachis concava ua 0 0 0 1 0 0 0 1

Polyrhachis curta u 1 0 0 0 0 1 0 2

Polyrhachis decemdentata a 0 0 0 1 0 0 1 2

Polyrhachis militaris a 16 4 5 35 0 7 2 37

Polyrhachis weissi a 0 1 0 0 0 0 0 1

Polyrhachis sp.1 (rufipalpis?) a 0 0 2 0 1 0 0 3

Myrmicinae (11 genera)

Atopomyrmex cryptoceroides a 0 0 0 0 0 1 0 1

Calyptomyrmex sp.1 (brevis?) ug 0 0 0 0 0 1 0 1

Calyptomyrmex sp.2 (piripillis?)ug 0 0 0 1 0 0 0 1

Catalaucus guineensis a 1 2 0 0 0 11 1 7

Catalaucus sp.1 (brevisetosus?) a 1 0 0 0 0 0 0 1

Catalaucus sp.2 (erinaceus?) a 0 1 1 0 0 0 0 2

Catalaucus sp.3 a 0 0 1 0 0 0 0 1

Crematogaster clariventris a 1 0 0 0 0 0 2 3

Crematogaster concava a 0 147 15 345 11 698 1 80

Crematogaster pulchella ua 0 0 115 0 0 0 0 4

Crematogaster striatula a 9 80 41 28 1 6 32 60

Crematogaster sp.5 a 0 12 0 0 0 1 3 5

Crematogaster sp.6 (kneri?) a 1 0 0 2 0 0 0 2

Crematogaster sp.8 ua 0 1 0 0 0 0 0 1

Crematogaster sp.10 u 0 2 0 0 0 0 0 1

Crematogaster sp.12 (buchneri?) a 0 0 0 0 0 0 1 1

Crematogaster sp.13 (depressa?) a 0 40 0 0 0 0 0 3

Crematogaster sp.14 (solenopsides?) a 0 0 1 0 0 0 0 1

Crematogaster sp.15 (gambiensis?) a 0 1 0 0 0 0 0 1

Decamorium decem g 5 5 2 1 0 2 2 14

Oligomyrmex sp.1 g 0 0 0 0 1 0 0 1

Oligomyrmex sp.2 (silvestri?) g 0 1 0 0 0 0 0 1

Oligomyrmex sp.3 (nicotiana group) g 495 0 35 512 0 5 1 17

Pheidole nimba ua 6 28 1 148 3 7 2 26

Pheidole pulchella ua 120 1 118 48 1 66 375 69

Pheidole speculifera g 21 8 24 21 26 26 1 39

Pheidole sp.1 ug 109 70 70 66 0 158 10 73

Pheidole sp.2 (megacephala?) g 301 174 102 0 68 6 169 106

Pheidole sp.4 (minima?) ua 125 68 7 14 21 11 9 59

Pheidole sp.5 ug 27 35 2 7 3 1 8 25

Pheidole sp.6 ua 5 355 2 0 4 0 123 27

Pheidole sp.7 ug 134 49 28 45 100 41 52 93
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Species/morphospecies NPF VOSF OSF YSF RS RF LGF SO

Pheidole sp.8 (crassinoda?) g 5 1 409 279 42 11 225 32

Pheidole sp.10 ug 9 14 65 4 1 8 1 21

Pheidole sp.11 ug 0 0 162 0 0 274 6 18

Pheidole sp.12 ug 41 2 0 0 2 1 2 11

Pyramica tigrilla g 0 0 1 0 0 0 0 1

Pyramica sp.1 (concolor?) g 1 0 0 0 0 0 0 1

Pyramica sp.2 (lujae?) a 0 0 0 0 1 0 0 1

Solenopsis sp.1 ug 1 0 0 0 0 0 0 1

Solenopsis sp.3 ug 0 0 9 0 0 0 0 1

Strumigenys sp.1 (bernardi?) ug 1 0 0 0 0 0 0 1

Tetramorium aculeatum a 8 0 7 0 5 13 1 14

Tetramorium capillosum u 0 0 0 0 1 0 0 1

Tetramorium coloreum ug 9 1 1 16 0 7 0 23

Tetramorium diomandei u 1 0 0 0 0 0 0 1

Tetramorium flavithorax ug 3 0 0 1 0 15 0 7

Tetramorium gabonense u 173 310 6 1 190 444 60 165

Tetramorium guineense ug 12 8 1 1 0 9 0 13

Tetramorium sp.1 u 1 0 1 0 0 0 0 2

Tetramorium sp.2 u 0 0 0 0 0 5 0 1

Tetramorium sp.3 (angulinode?) g 0 0 0 1 0 0 0 1

Tetramorium sp.4 (brevispinosum?) g 1 0 0 3 0 0 0 3

Tetramorium sp.5 (crypticum?) u 0 0 0 1 0 0 0 1

Tetramorium sp.6 (dedefra?) u 0 0 0 0 8 0 0 4

Tetramorium sp.7 (dumezi?) ua 0 1 0 0 1 1 0 3

Tetramorium sp.8 (edouardi?) ug 0 0 1 0 0 0 0 1

Tetramorium sp.9 (furtivum?) g 3 4 2 1 0 2 7 15

Tetramorium sp.10 u 1 0 1 0 0 0 0 2

Tetramorium sp.11 (lucayanum?) ua 8 7 25 2 2 8 5 41

Tetramorium sp.12 (pylacum?) u 0 1 4 8 5 2 4 16

Tetramorium sp.13 (menkaura?) ug 0 0 0 0 4 0 0 2

Tetramorium sp.14 (minisculum?) ug 0 0 0 0 0 0 1 1

Tetramorium sp.15 (osiris?) ug 4 5 0 0 33 5 9 21

Tetramorium sp.16 (peutli?) ua 0 0 0 0 0 1 0 1

Tetramorium sp.17 u 0 0 0 2 0 0 0 1

Tetramorium sp.18 (sitefrum?) ug 6 0 0 10 0 2 0 13

Tetramorium sp.19 (weitzeckeri?) ug 2 0 0 0 0 0 0 2

Ponerinae (9 genera)

Anochetus sp.1 (africanus?) ug 0 0 0 5 0 0 0 3

Anochetus sp.2 ug 2 0 2 0 1 5 0 8

Anochetus sp.3 (fulginosus?) a 0 0 0 0 0 0 2 2

Anochetus sp.4 ug 0 2 1 0 0 0 0 3

Anochetus sp.5 ug 0 0 0 1 0 1 0 2

Anochetus sp.6 (pubescens?) ug 0 0 0 0 0 1 1 2

Anochetus sp.7 (sedilloti?) u 0 0 0 0 0 1 0 1

Anochetus sp.8 (siphneus?) ug 0 0 0 1 0 0 0 1

Centromyrmex sp.1 (sellaris?) g 0 1 0 0 1 0 2 4

Hypoponera sp.1 ug 0 0 0 0 1 0 0 1
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Species/morphospecies NPF VOSF OSF YSF RS RF LGF SO

Hypoponera sp.2 ug 0 1 0 0 0 0 0 1

Hypoponera sp.3 ug 0 0 0 0 0 1 1 2

Leptogenys sp.1 ug 0 1 0 2 0 0 0 3

Leptogenys sp.2 (occidentalis?) ug 1 0 0 0 0 0 0 1

Odontomachus assiniensis g 0 7 0 0 11 2 15 24

Odontomachus troglodytes g 0 0 0 0 65 0 0 25

Pachycondyla analis g 1 2 2 9 1 8 7 22

Pachycondyla brunoi g 6 1 6 8 0 6 5 27

Pachycondyla subiridescens ug 0 2 0 1 0 1 0 4

Pachycondyla tarsata g 90 41 55 14 8 46 41 206

Pachycondyla sp.1 (lamottei?) ug 7 30 15 26 12 19 26 89

Pachycondyla sp.2 (caffraria?) g 2 0 0 18 0 0 22 23

Pachycondyla sp.4 ug 4 0 1 0 12 1 0 17

Pachycondyla sp.5 ug 0 0 2 0 0 0 0 2

Pachycondyla sp.6 (picea?) ug 0 0 1 0 6 0 0 7

Phrynoponera bequarti ug 0 0 4 2 0 0 1 6

Phrynoponera gabonensis ug 0 2 2 3 5 0 0 12

Plathythyrea gracillima ug 0 0 0 0 1 1 0 2

Plathythyrea occidentalis ug 0 1 0 0 0 0 0 1

Plathythyrea sp.1 (schultzei?) g 0 1 0 0 0 0 0 1

Plectroctena minor g 0 0 0 15 1 0 0 4

Plectroctena sp.1 (lygaria?) ug 0 0 0 0 0 0 1 1

Proceratiinae (1 genus)

Discothyrea sp.1 ug 0 1 0 0 0 0 0 1

Pseudomyrmicinae (1 genus)

Tetraponera anthracina a 0 0 0 0 2 0 0 2

Tetraponera mocquerysi a 1 0 0 0 0 0 0 1

Tetraponera tessmanni a 0 0 1 0 0 0 0 1
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