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Abstract

The end of the Holocene Humid Period was characterized by the massive collapse of forest ecosystems in central Africa. Was this large-scale environmental
crisis dated between 3300 and 2500 years BP at the origin of the present-day wooded-grassland/forest mosaic of central Cameroon? Here we present
carbon isotope data on soil organic matter collected from 29 sites from this area, including the Grassfield plateaus, with the aim of characterizing this
environmental crisis and discussing the origin of the present-day landscape. '*C data on total soil organic matter and charcoal fragments show that the
organic matter in these soils originates from the Holocene. In our forest sites, the 3'*C profiles do not show any marked alteration of the forest cover
throughout the Holocene. Discrete traces of forest expansion or retreat are observed only punctually at the forest margins. In the wooded-grassland/
forest mosaic zone, the environmental crisis was of reduced amplitude. In the present grassland and wooded grassland areas, there was no true forest
during the lower to middle Holocene, but a markedly more tree-covered landscape. The timing of this crisis revealed by our '*C measurements, although
only indicative at this stage, suggests that it occurred earlier at higher altitudes than in the lowlands due to marked topographic relief favoring drainage

along the slopes. These results fit a climatic rather than anthropogenic origin of the vegetation opening in this region.
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Introduction

The presence of savannas (hereinafter referred to as grasslands
and wooded grasslands according to White, 1983) in western
Central Africa in areas where climatic conditions would allow
the establishment of forests has long questioned naturalists (e.g.
Aubréville, 1947; Letouzey, 1968) and paleoenvironmentalists
(e.g. Schwartz, 1992; Schwartz et al., 1996a). These open land-
scapes do not occur only at the edge of the lowland forest block
such as in central Cameroon or in Congo in the Batékeé plateau,
they also occupy less extensive areas within the rainforest as
described by Cheek et al. (2004), in the Bakossi region in SW
Cameroon. They are thought to have contributed to the recent
isolation of forest populations such as the hunter-gatherers
Bezan pigmies of Central Cameroon (Verdu et al., 2009).
Whether these grasslands and wooded grasslands have a climate
or anthropogenic origin is still an unanswered question. Numer-
ous lines of evidence testify for the setting of intense dryness
throughout the African tropics at the end of the Holocene Humid
Period from 5.5 ka years ago (e.g. deMenocal et al., 2000; Gasse,
2000; Lézine et al., 2011, Vincens et al., 1999; Wirrmann et al.,
2001). This climate crisis led to the regression of most of the
tropical trees which widely expanded in northern tropical Africa
during the Holocene (Hély et al., 2014; Watrin et al., 2009). In
Central Africa, a dramatic decline of forests is also noted (e.g.

Lézine et al., 2013b; Vincens et al., 1999) with a maximum
between 3.3 and 2.4 ka BP. Central African forests were replaced
either by secondary formations dominated by light-demanding
trees or by grasslands or wooded grasslands, regardless of alti-
tude. In this region, however, an additional factor has been

'IRD-IEES, Institut d'écologie et des sciences de I'environnement de
Paris (UPMC-CNRS-INRA-UPEC—-IRD-AgroParisTech), Centre IRD
France Nord, France

2IRD-LOCEAN Laboratoire d’océanographie et du climat:
expérimentations et analyses numériques (UPMC/CNRS/IRD/MNHN),
Centre IRD France Nord, France

3CNRS-LOCEAN Laboratoire d’océanographie et du climat:
expérimentations et analyses numériques (UPMC/CNRS/IRD/MNHN),
France

“Ngaoundéré University, Faculty of Sciences, Department of Earth
Sciences, Cameroon

SCameron National Herbarium, IRAD, Cameroon

Corresponding author:

Thierry Desjardins, IRD-IEES, Institut d'écologie et des sciences

de I'environnement de Paris (UPMC-CNRS-INRA-UPEC-IRD—-
AgroParisTech), Centre IRD France Nord, 32, avenue Henri-Varagnat,
Bondy Cedex 93143, France.

Email: thierry.desjardins@ird.fr


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/hol
mailto:thierry.desjardins@ird.fr
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0959683620932963&domain=pdf&date_stamp=2020-06-10

1392

The Holocene 30(10)

evoked to explain the origin and/or magnitude of this event: the
migration of Bantu farming people from the northern fringe of
the forest, which gradually spread throughout Central Africa as
evidenced by numerous linguistic and archaeological studies
(Bostoen et al., 2015). In recording an abrupt event of intensi-
fied erosion dated 2.5ka contemporaneous with a phase of her-
baceous expansion, Bayon et al. (2012) then Garcin et al. (2018),
among others, favored the hypothesis already evoked by Kado-
mura and Kiyonaga (1994) of an anthropogenic forest clearance.
This hypothesis was questioned by most of the archeological
community (Clist et al., 2018) because the population density
was too low at that time to have such a widespread and dramatic
impact on the forest environment. How deep was the environ-
mental change in Central Africa? Do the present-day ‘Grass-
fields” from the southern fringe of the Cameroon volcanic line
(CVL) and the wooded grassland/forest mosaic of Central Cam-
eroon originate from the environmental crisis dated from the
end of the Holocene Humid Period? In focusing on this specific
region our study complements earlier pollen (Lebamba et al.,
2016; Lézine et al., 2013a; Maley and Brenac, 1998; Ngomanda
et al., 2009; Reynaud-Farrera et al., 1996; Richards, 1986; Vin-
cens et al., 2010) and soil studies (e.g. Bremond et al., 2017
Morin-Rivat et al., 2016; Thieblemont et al., 2013;) which docu-
mented different kind of present-day forests from both low- and
high- elevation in Western Central Africa. Following an earlier,
preliminary study based on six profiles (Desjardins et al., 2013),
we present here isotope analyses on an extended dataset of 29
soil profiles collected in the wooded grassland/forest mosaic
region, with the aim of discussing the origin of the present-day
landscape of central Cameroon.

Materials and methods

Study area and sampling

The study area encompasses the large wooded grasslands (Impe-
rata cylindrica, Terminalia glaucescens, Annona sp., Bridelia fer-
ruginea) and wooded grassland/forest mosaic zone of central
Cameroon and the Grassfield plateaus between 4°25'-6°10'N;
10°05'-12°25'E and 600-1800masl (Table 1; Letouzey, 1968).
The wooded grassland/forest mosaic zone includes isolated
patches of semi-deciduous forests dominated by Sterculiaceae
and Ulmaceae trees and forest regrowth or plantations (Coffea,
Cacao) under forest. A sample (3°49'53"N; 13°19'54") was also
recovered in the semi-deciduous forest located to the South East,
at the northern edge of the Congo Basin forest block (Figure 1).
All the profiles lie under the Aw climate (Képpen classification)
with annual rainfall from 1550 and 2100 mm with a dry season of
3-4months and annual evaporation between 750 and 1500 mm
(based on https://fr.climate-data.org).

The studied soils were located in the highest part of the relief
on or near hilltops, and classified as ferralsols (IUSS Working
Group WRB, 2014), with texture varying from clayey to sandy-
loamy (Ségalen and Martin, 1965).

Actotal of 43 profiles were collected from pit or soil cores from
which 29 were selected based on the quality of the isotope record
(Table 1). We excluded from this study sites from hydromorphic
or disturbed areas characterized by erratic isotope profiles. Our
data set includes the six profiles already published (Desjardins
et al., 2013). Each site yielded a single profile sampled at 10—
20cm interval from the surface to a maximum depth of 5m. At
two sites (CAM 12-1-02/17-4 and 12-1-06/17-3), the initial soil
core recovered in 2012 was duplicated by a pit in 2017 where
three profiles, <1m apart, were sampled down to 2m in order to
measure the uncertainty of the data with respect to eventual lateral
variations in the isotope record. The soil samples were air-dried,
sieved with a 2-mm mesh, homogenized and crushed to <200 um.

Organic carbon and stable isotopes

Aliquots of the samples ground at 70 meshes were submitted to an
acid attack by HCI 3% to remove carbonates for both isotope
measurements and radiocarbon dating. The organic carbon con-
tent and its isotopic composition from the soil profiles, expressed
as mg g~* and 8*3C %o values, respectively, were obtained using a
continuous-flow gas-ratio mass spectrometer (Finnigan Delta
PlusXL) coupled with an elemental analyzer (Costech; NSF Ari-
zona), and an Isotopic Ratio Mass Spectrometer Delta V Thermo-
fisher coupled with a Flash HT Elemental Analyzer (Alyses
platform, Bondy). Standardization is based on acetanilide for
elemental concentration, NBS-22 and USGS-24 for §'°C. Preci-
sion is better than 0.10%o for 8*3C, based on repeated internal
standards.

The isotopic ratio (R=13C/*2C) is reported in standard delta
notation (8*3C), defined as parts per thousand (%o) deviation from
an international standard (Vienna Pee Dee Belemnite; Peterson
and Fry, 1987): §*3C=((Rsample/Rstandard) — 1) 1000. In
comparing several soil profiles at the same site, we show that our
isotope measurements are reliable with a mean distance between
values at the same depth, <1.5%.. However, this value may
increase up to 2.2%. at levels from the center of the profile,
between 50 and 150 cm depth. These fluctuations never affect the
overall shape of the profile (Figure 2).

Radiocarbon dating

The radiocarbon measurements were performed on bulk soil
organic matter and charcoal fragments which are sporadic in this
region (only found in three of our sites). A total of 87 AMS radio-
carbon dates were obtained from bulk organic matter of 17 profiles
and 10 for charcoals. The AMS dating was performed with a 3 MV
Pelletron (NEC, Middleton, Wisconsin, USA) at the Artemis radio-
carbon laboratory facility (LMC14, Saclay, France). The radiocar-
bon measurements on the bulk OM represent a mixture of younger
and older carbon pools whose residence time is increasing with
depth and consequently do not correspond to the absolute age of
soil organic matter (Bremond et al., 2017; Desjardins et al., 2013;
Guillet et al., 2001; Schwartz et al., 1996b). As a consequence, the
14C ages were not calibrated and the timing of past vegetation
changes must be interpreted with caution (Boutton et al., 1998;
Trumbore et al., 1995; Wiedemeier et al., 2012). For an easier com-
parison with earlier studies, **C values are expressed in *C years
BP (apparent age according to Guillet et al., 2001).

Results

Distribution of organic carbon (data in Supplemental
Table S|, available online)

All the soil profiles do not show significant differences in their
total C distribution with depth (Figure 3). In the surface layer
(0-10cm), the organic carbon (C) content ranges from 16.3 to
49.8mg g~*. Then, the C content decreases abruptly until the 60—
70-cm depth (4.5-16.3mg g™*). Below this level, the C content
decreases slightly to reach 0.7-4.1mg g* at 380-390-cm depth.

'4C dating of soil organic matter (data in
Supplemental Table S2, available online) and
charcoals

No dating of surface layers was realized, as high values of radio-
carbon (>100% of the modern carbon) are generally found in the
surface soil layers, due to the incorporation of carbon fixed from
the atmosphere since atomic weapons testing in the early 1960s,
which nearly doubled the amount of C in the atmosphere (Bales-
dent and Guillet, 1982). The *C measurement are regularly
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Table 1. List of soil profiles used in this study with their location within the main vegetation types defined by Letouzey (1985).

Site Latitude Longitude Elevation (m) Vegetation type (Letouzey, 1985) Groups
CAMI10-2-07 3.831278 13.331639 712 Semi-deciduous forest la
CAMI0-2-17 5.650444 11.482778 773 Semi-deciduous forest la
CAMI0-2-16 5.736139 11.561306 765 Semi-deciduous forest regrowth Ib
CAMI2-1-05 5.762833 11.332639 710 Semi-deciduous forest regrowth Ib
CAMI2-1-07 5.710500 11.137694 730 Semi-deciduous forest regrowth Ib
CAMI2-1-08 5.745389 11.132889 724 Semi-deciduous forest regrowth Ib
CAMI17-1-05 4.838500 11.073611 597 Semi-deciduous forest regrowth Ib
CAMI0-2-20 5.018778 10.733389 796 Preforest wooded grassland 2
CAMI0-2-21 5.026889 10.751083 743 Preforest wooded grassland 2
CAMI5-1-03 5.641361 10.648417 1155 Montane wooded grassland 2
CAMI0-2-09 4.85261 1 11.976639 607 Preforest wooded grassland 3a
CAMI0-2-12 5.556333 12.220139 1007 Wooded grassland 3a
CAMI0-2-13 5.606472 12.085944 884 Preforest wooded grassland 3a
CAMI0-2-15 5.584167 11.703472 782 Preforest wooded grassland 3a
CAMI0-2-18 5.451694 11.368556 640 Preforest wooded grassland 3a
CAMI0-2-19 5.151722 11.326444 658 Preforest wooded grassland 3a
CAMI2-1-04 5.478833 11.053972 785 Preforest wooded grassland 3a
CAMI2-1-16 4.456500 11.926250 577 Preforest wooded grassland 3a
CAMI2-1-17 4.568778 12.194778 601 Intraforest wooded grassland 3a
CAMI5-1-16 5.278250 10.488028 1383 Preforest wooded grassland 3a
CAMI0-2-10 5.987861 12.393056 963 Preforest wooded grassland 3b
CAMI0-2-11 5.681778 12.370972 978 Wooded grassland 3b
CAMI10-2-14 5.584667 11.840472 929 Preforest wooded grassland 3b
CAMI2-1-02 5410111 10.650306 1011 Preforest wooded grassland 3b
CAMI2-1-03 5.436667 10.844139 945 Preforest wooded grassland 3b
CAMI2-1-06 5.770728 11.153028 732 Preforest wooded grassland 3b
CAMI2-1-11 5.537139 10.327167 1327 Preforest wooded grassland 3b
CAMI2-1-14 6.007333 10.296694 1790 Montane wooded grassland 3b
CAMI5-1-08 5.693167 10.460444 1248 Preforest wooded grassland 3b
Grasslands Bl Evergreen forests zgéh;ﬁﬁﬁsﬁ.'areas __ Altitude 1500 m
Semi-deciduous Montane and sub-montane — Altitude 900 m
forests forests and grasslands
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Figure |. Location map of the soil profiles analyzed in this study. The simplified vegetation map is adapted from Letouzey (1985). The
symbols are those used in Figures 5 to 8.
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Figure 2. Variations of §'3C values from four adjacent soil profiles
at two sites from the Cameroon wooded grasslands.

distributed from 9505 1“C BP to the present except at three sites
where inversions of 1350-2250 years were noted (CAM15-1-16,
15-1-8, and 15-1-3). These inversions could reflect local down-
ward penetration of organic matter by roots, bioturbation and/or
local anomalies of the lixiviation processes. Overall, the distribu-
tion of our **C measurements in depth is consistent with data from
Guillet et al. (2001) and Bremond et al. (2017; Figure 4a). Of
interest is the noticeable dispersion of the measurements, which
increases significantly at the intermediate levels of the profiles to
reach a maximum of 6850 years at 265cm depth. This dispersion
is significantly higher than that observed by Bremond et al. (2017)
at close depths (6535 *C years at 165cm vs ca. 3000 “C years at
125cm in Bremond et al.’s study). The median calculated for our
samples increases regularly with depth from 20cm (modern) to
385cm deep (6520 #C BP) giving an apparent age of 180 “C
years at 25cm, 1930 C years at 85cm, 3515 4C years at 165cm
and 5790 '“C years at 265cm.

Some charcoal fragments were sampled from soil cores and
pit in both wooded grassland and forest soils. Fragments were
scarcer in grassland than in forest soils. They were radiocarbon
dated (Figure 4b) leading to their classification in some age
groups; the first group with age ranging from 0 to 200years BP,
the second from 290 to 390years BP, the third from 835 to
950years BP and the last from 1575 to 2140years BP.

Distribution of SOM &'3C with depth (data in
Supplemental Table S3, available online)

The isotope composition of SOM reflects that of the vegetation
growing on the soil, except for a slight general increase of several
%o with depth. This observed **C enrichment with depth can be
explained as follows: (1) an alteration with time of the isotope
composition of the vegetation as a consequence of recent content
variations in atmospheric CO,; (2) a differential preservation of
13C-enriched SOM components could potentially account for the
pattern of 3C enrichment with depth: isotope differences up to
5%o are reported between various biochemical components of
plants; and (3) an isotope fractionation during SOM mineraliza-
tion (for more details see Balesdent et al., 1987; Deines, 1980;
Nadelhoffer and Fry, 1988).

Three Groups of profiles were distinguished on the basis of the
top soil value of the 8!3C with forest profiles ranging from —28.4%o
to —23.5%0 and wooded grassland profiles ranging from —18.2%o
and -12.3%o; all profiles displaying a typical aspect already
described by Schwartz (1991) in Congo. Variations of values along
the profiles were then used to subdivide these two main categories
with a particular attention of the grassland profiles.

Carbon (mg g-1)

100 A

200 A

Depth (cm)

—8— CAM10-2-07 (Gr 1a)
—@— CAM12-1-07 (Gr 1b)
—&— CAM15-1-03 (Gr 2)
—— CAM15-1-16 (Gr3a)
—8— CAM10-2-11 (Gr 3b)

300 A

i) s

Figure 3. Organic carbon content of selected soil profiles
representative of the five vegetation types defined in Table |.

(1) The forest profiles, Group 1 (Figure 5). This group is
divided into two distinct sub-groups:

Group la: CAM-10-2-07 (Abong Mbang) and CAM10-2-17
(Ngambe Tikar; Figure 2; Desjardins et al., 2013) display a
typical forest-type signal from the topsoil (—=28.4%o to —26.9%.)
to the deepest layers at ca. 4m (—24.3%o to —23.3%o) with an
increase in 5*°C values of about 2%. in the subsurface levels
between the surface and 30cm. Then the shape of the curve is
roughly linear, slightly increasing by <2%o from 30cm to 400 m.

Group 1b: this group encompasses two types of forest around
the Ngambe Tikar forest: the forest edge to the north (CAM10-
2-16 and CAM12-1-5) and plantations (coffee, cacao) to the
north-west and south-west (CAM12-1-7 and 12-1-8, CAM17-
1-5): they are characterized by topsoil §'3C values between
—27.3%0 to —23.5%o, typical of C3 vegetation. These values
increase up to —21.8%o to —20.3%o at the 50—-60cm layer and re-
main roughly constant around this latter value down to the base.

(2) The wooded grassland profiles, Group 2 (Figure 6):
Topsoil values of CAM10-2-20, 10-2-21, and CAM15-
1-03 range from —17%o to —15%., 5'3C values typical of
wooded grasslands. Toward the base of the profiles, they
display a steady and continuous decay between —23.2%o
and —23.8%o, suggesting a likely origin from a C3 domi-
nated landscape.

(3) The wooded grassland profiles, Group 3 (Figures 7
and 8): this group includes 19 profiles and can be divided
into two sub-groups:

Group 3a: CAM10-2-09, 10-2-12,10-2-13, 10-2-15, 10-2-18,
10-2-19, CAM12-1-04, 12-1-16, 12-1-17, CAM15-1-16 display
a topsoil §13C value ranging between —13.7%o and —18.2%o. Be-
low ca. 40cm these values regularly decrease to values lower
than —20%o (minimum=-22%o) at the base of the profiles.

Group 3b: CAM10-2-10, 10-2-11, 10-2-14, CAM12-1-02,
12-1-03, 12-1-06, 12-1-11, 12-1-14, CAM15-1-08 differ from
the above mentioned profiles by the deepest layers which are
characterized by values never reaching —20%.. The profiles
show a shift of ca 4.5%o. at levels varying from 35 to 100cm.
Then, §*3C values remain roughly constant along the profiles
giving them a vertical aspect until the base of the profiles.

Discussion

Due to the processes of bioturbation and illuviation, soil organic
matter (SOM) is a complex mixture of compounds from different
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Figure 5. Variation of the values of 5'*C with depth of the
soil profiles of Group |, la (forest): dark green, 1b (forest edge,
plantation): light green.

pools, ranging from very labile compounds with very fast cycling
times to refractory components that accumulate over millennia
(Martinelli et al., 1996; Trumbore et al., 1995). However, the pro-
portion of young carbon decreases rapidly with depth, while the
proportion of stable and old carbon increases. Recently, a meta-
analysis conducted by Balesdent et al. (2018) on the age distribu-
tion of carbon in the first meter of 55 forest and grassland soils
shows that the dynamics of subsoil carbon is around seven times
slower than that of topsoil carbon. In deep layers, the age distribu-
tion reveals the large predominance of carbon older than
1000years and a small but non-negligible direct incorporation of
photosynthetically fixed carbon through deep roots or soluble car-
bon (for the youngest carbon). As a result, the organic matter
located deep in the soil retains the signature of past plant cover.
Based on this principle, since the 1980s, the SOM carbon isotope
technique has been successfully applied to reconstruct paleoenvi-
ronmental changes in different parts of the world (e.g. Ambrose

-30 -28 -26 -24 -22 -20 -18 -18 -14 ~12 -10

0 L L L L L L 1
100 4
£ 2004
=
£
o
i1}
O 300
4004 —@— CAM10-2-20
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—h— CAM15-1-03
500 -

Figure 6. Variation of 3'3C values with depth of the soil profiles of
Group 2 (grassland).

and Sikes, 1991; Bremond et al., 2017; Desjardins et al., 1996;
Guillet et al., 1988; Krishnamurthy et al., 1982; Pessenda et al.,
1998, 2005; Schwartz et al., 1986).

The 8'3C values of soil surface are in good agreement with pres-
ent-day vegetation. As already discussed in Desjardins et al. (2013),
Group 1la closely corresponds to mature forest profiles such as
those from Kandara (Guillet et al., 2001) in south-eastern Camer-
oon and from the nearby central African massif (Bremond et al.,
2017 and references therein). Isotopes values testify for the perma-
nency of C3-dominated vegetation types over the last millennia at
the sample sites. This challenges earlier assumptions that intense
anthropogenic activity linked to slash-and-burn agricultural prac-
tices could have led to a large opening of the lowland forests of
western equatorial Africa (e.g. Kadomura et al., 1986; Morin-Rivat
et al., 2016; Vleminckx et al., 2014). Do soil profiles from dense
forest massifs from central Africa not record short term environ-
mental changes or were these change not dramatic enough to lead
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Figure 8. Variation of 3'*C values with depth of the soil profiles of
Group 3b (grassland).

to the replacement of C3 by C4 dominated landscapes? The mixing
of different pools of organic matter in soil prevents the records of
limited and/or short duration disturbances. Contrary to a forest
clearance or a disturbance signal, our soil profiles from the forest
edges in Group 1b show the recent encroachment of the forest
against more open formations characterized by the presence of C4
elements. Topsoils in this group record clearly forest values, similar
to those of Group 1a, from —29%. to —24%o., whereas levels lower
than 30cm record less depleted values ranging from —23%o to
—-20%o0 suggesting that a less densely forested environment was
present in the past. Such a recent advance of lowland forests has
already been detected in Congo and Gabon. It has been thought to
originate from the last millennium (Delégue et al., 2001) and was
still observable in the early 1990s in southern Cameroon at an
annual rate from 0.5 to 1.6 m (Youta-Happi et al., 2000).

From our wooded grassland profiles, three only show an evo-
lution from typical 3'3C forest values (around —24%o) at depth to
a more open, wooded grassland landscape at the surface (Group
2). They come from sites located close to existing forests. Based
on the present-day vegetation at these sites we can hypothesized
the presence of larger gallery forests at CAM 15-1-3 and a slight
advance of the semi-deciduous western forest massif near Tonga
(CAM 10-2-20, 10-2-21) in the past.

The vegetation change from all the other wooded grassland
profiles is of reduced amplitude since the basal values remain
relatively high (-18%. to —23%o). All the curves of these types

Figure 9. Boxplots of the § '*C values with depth of the soil profiles
of Group 3, as a function of their elevation. Highest elevations (from
945 to 1790 m asl), the lowest ones (577-929 m asl).

(Figure 3a and b) have a profile where the —18/-23%. values
remain constant in depth and then gradually move upwards
toward the present-day values. The stability of '3C signature at
depth shows that the mixing with present-day vegetation is insig-
nificant at these levels. As a consequence, our data suggest that a
more densely forested grassland than today was present at these
sites in the past. Values from the deep levels of Groups 3a and b
lie within the range of the present-day ‘Imperata savannah’ and
the ‘Chromolaena fringe’ at Nditam and Kandara in Cameroon
(—18%o to —22%o; Guillet et al., 2001) or of ‘woodlands’, that is
mixed C3/C4 systems —20%o t0 —24%o (mean —21.9%o) in East
Africa (Winowiecki et al., 2017). In some cases (group 3a), the
depth variations reach the subsurface values of the forest coloni-
zation zone (from ca —20%o to —23%o) but never those of the
mature forest (—24%o to —26%o). Since our samples cover most of
the range of the wooded grassland area from Central Cameroon
including the Grassfield plateaus, we suggest that this whole area
has never been densely forested during the Middle Holocene.
This could explain the absence of wood charcoals in most of our
soil profiles. The landscape remained of wooded grassland-type
with, at most, a denser woody cover.

All these profiles show a more or less progressive shift toward
present-day values. The position of this shift in depth varies from
170 to 60cm suggesting that, depending on the site, it took place
from 3515 *4C (from 2000 to 5795 *C BP) to ca 1955 *C BP
(1430-2480 “C BP). However, these results have to be consid-
ered with caution, as the reported 1“C ages represent the average
‘age’ of the SOM, which is a mixture of old and young materials
(Balesdent and Guillet, 1982; Trumbore, 2009).

Moreover, a relationship between the altitude of wooded grass-
land sites and 8'°C values is detected at certain depths. Figure 9
shows that the sites from the highest elevations (from 945 to
1790m asl) show less negative values of §'3C than those of the
lowest ones (577-929m asl). This is confirmed by the significant
correlations, at each depth level within 30 and 300cm depth,
between altitude and 8'3C values (data in Supplemental Table S4,
available online).

Significant correlations also exist between the altitude and 4C
ages for two layers: 80-90cm and 160-170cm (data in Supple-
mental Table S4, available online). The higher the site, the older
the ages of OM are (data in Supplemental Table S5, available
online). As the apparent ages of the organic matter come from the
mixing of pools with different ages and eventually different §'3C,
an older apparent age combined with a more pronounced C4
grasses signature suggests that the vegetation change may have
occurred earlier at higher altitude. This result is consistent with
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previous observations by Lézine et al. (2013b) on a delay (of
about 1000years) between the responses of upland vegetation
compared to that of lowland vegetation during the environmental
crisis at the end of the Holocene Humid Period. This delay could
be explained (among other factors) by the availability of soil
water along the slopes, with soils in the lower parts of the land-
scape being less well drained than the steeper slopes in the higher
parts of the landscape. As a result, high elevations appear to have
been more sensitive to climate drying than low and middle eleva-
tions, and vegetation change would have occurred earlier. These
results support the hypothesis that the change in vegetation which
characterized the end of the Holocene Humid Period was due to
climatic rather than anthropogenic causes, although both factors
may be involved.

Conclusion

From 29 soil samples from the present-day wooded grassland
area of center Cameroon and its immediate surroundings (i) we
do not show any marked alteration of the lowland forest massif.
As already shown by Vincens et al. (1999) the impact of the
environmental crisis which occurred at the end of the Holocene
Humid Period in the Congo Basin was more a change in forest
composition and density than the replacement of lowland forests
by a C4 dominated landscape. When any, traces of forest expan-
sion/retreat are observed only punctually at the present-day for-
est margins. These results suggest some resilience of low- and
mid-altitude forest ecosystems which did not experienced such
dramatic change compared to the high mountain ones (Lézine
et al., 2013b). (ii) In the wooded grassland/forest mosaic zone,
our results indicate the presence, a few millennia ago, of more
wooded vegetation than today. However, the current wooded
grasslands of central Cameroon have never been densely for-
ested. The extent of grasslands and wooded grasslands over
large areas in the Central Cameroon with a timing influenced by
altitude (earlier in the highest areas), leads us to privilege a cli-
matic cause rather than an anthropic one for their
establishment.
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