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Abstract Fallow vegetation within landscapes dominated
by shifting cultivation represents a woody species pool of
critical importance with considerable potential for biodi-
versity conservation. Here, through the analysis of factors
that influence the early stages of fallow vegetation
regrowth in two contrasting forest margin landscapes in
Southern Cameroon, we assessed the impact of current
trends of land use intensification and expansion of the
cultivated areas, upon the conservation potential of shifting
cultivation landscapes. We combined the analysis of plot
and landscape scale factors and identified a complex set of
variables that influence fallow regrowth processes in par-
ticular the characteristics of the agricultural matrix and the
distance from forest. Overall we observed a decline in the
fallow species pool, with composition becoming increas-
ingly dominated by species adapted to recurrent distur-
bance. It is clear that without intervention and if present
intensification trends continue, the potential of fallow
vegetation to contribute to biodiversity conservation
declines because of a reduced capacity, (1) to recover
forest vegetation with anything like its original species
composition, (2) to connect less disturbed forest patches for
forest dependent organisms. Strategies to combat biodi-
versity loss, including promotion of agroforestry practices
and the increase of old secondary forest cover, will need
not only to operate at a landscape scale but also to be
spatially explicit, reflecting the spatial pattern of species
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Introduction

Ranging from subsistence to fully market-oriented pro-
duction, shifting cultivation systems assume a variety of
forms but basically consist of the periodic spatial shift of
cultivation to newly cleared forest or fallow land that is
sufficiently fertile to support crop production (McGrath
1987). The continuous clearing of small patches of forests
by millions of smallholder farmers (current estimates range
from 35 million to almost a billion, Mertz 2009), makes
shifting cultivation one of the major direct causes of
tropical forest loss (FAO 2001). After a number of years of
cultivation farmers rely on the regeneration of vegetation
on the land left fallow to restore levels of nutrients and
control pests and weeds (Burgers and others 2000). Beside
fertility restoration, fallow vegetation is important because
it provides food, beverage, fuel, building and medicinal
products to local communities (Ambrose-Oji 2003, Toledo
and others 2003). It may also mitigate habitat loss (Finegan
and Nasi 2004, Kupfer and others 2006) and enhance
carbon storage on deforested land (Kotto-Same and others
1997, Palm and others 2005, Swallow and others 2007).
Traditional shifting cultivation landscapes are considered
less degraded than where forest conversion is to other more
intensive and permanent agricultural land uses (Padoch and
others 2005).

The general trend towards more intensive cultivation
observed within shifting cultivation landscapes across the
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tropics (Mertz 2009) is expected to reduce their capacity to
provide environmental services, including forest conser-
vation. Studies of the effects of shifting cultivation on
biodiversity, soil and water resources, suggest that this
form of land use is sustainable where a sufficient fallow
length is maintained.

Previous studies have analyzed the factors that influence
secondary vegetation regrowth in early post-cultivation
succession. Beside the age of the succession, studies point
to field preparation and management practices: the last crop
(Mitja and Hladik 1989, Ferguson and others 2003, Dalle
and De Blois 2006), farming duration (Uhl 1987, Mitja and
Hladik 1989, Chazdon 2003), fallow sequence and length
of fallow (Lawrence 2004, Dalle and De Blois 2006).
Others consider the vegetation type before last cropping,
the occurrence of weeds such as Chromolaena odorata (De
Rouw 1994, Ngobo and others 2004) and the occurrence of
standing trees retained at the moment of field preparation
(Carriére and others 2002). A few studies point to lateral
flows from adjacent land cover units and seed dispersal
processes (van Noordwijk 2002, Chazdon 2003, Lawrence
2004) highlighting the importance of the spatial arrange-
ment of units within the landscape, particularly proximity
of mature secondary vegetation (Lawrence 2004) and for-
est (Kupfer and others 2004, Hooper and others 2004,
Makana and Thomas 2006). Very little knowledge exists
about the combination of these factors and their interaction
at a landscape scale.

The present study sought to assess the impact of
combined agricultural expansion/deforestation and inten-
sification processes on the potential for biodiversity con-
servation in shifting cultivation landscapes. The study was
conducted in Southern Cameroon at the western margin of
the 162 million ha of dense forest in Central Africa (de
Wasseige and others 2009), the second largest remaining
tract of humid tropical forest after the Amazon that is
threatened by the continuous expansion of smallholder
farming (Achard and others 2002).

Southern Cameroon is one of the “deforestation hot
spots” (TREES 1998) in the region where continuous
population growth, in particular in the urban areas has been
combined with greater market access for small scale
farmers at the forest margin, associated with improved
transport infrastructure (Mertens and others 2000). This in
turn has led to rapid conversion of forest into agricultural
land, accompanied by a shift from the traditional long
forest fallow to short rotational bush or tree fallows
(Nounamo and Yemefack 2002). Short fallows (<5 years)
are found in particular in areas with high population den-
sity as an adaptation to the scarcity of land and. However,
even in land abundant areas, fields may be cultivated in
short period fallow, because of the rapidly increasing
labor requirement for clearing as fallow period lengthens
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(Gockowski and others 2004). Fallow shortening concerns
in particular crops that are the traditional basis of house-
hold food-security such as groundnut and cassava. The
increasingly market-oriented production of cucumber
(Cucumeropsis m.), banana-plantain and oil palm affect
almost exclusively old growth forest.

Our main hypothesis was that agricultural expansion and
intensification based on fallow shortening, by modifying
the spatial and temporal arrangement of forest and agri-
cultural units within an area, affect fallow vegetation
regrowth. We investigated the factors controlling the first
15 years of succession in fallow plots in two shifting cul-
tivation landscapes with contrasting agricultural intensifi-
cation processes in Southern Cameroon, through the
analysis of woody species composition and abundance. We
combined plot level and landscape level analysis to assess
the relative importance of landscape scale processes,
compared to the more widely studied plot level factors. In
the present paper we discuss the implications of these
results for landscape management to maintain forest con-
servation value in shifting cultivation landscapes.

Material and Methods
Sample Sites

The present study was carried out in two contrasting sites
within the Central African Forest Benchmark of the
Alternatives to Slash and Burn program (ASB, www.asb.
cgiar.org): Akok and Nkometou (Fig. 1). The benchmark
encompassed a North-South gradient of population pres-
sure, agricultural intensification and agriculturally driven
deforestation (Gockowski and others 2004).

The northernmost village, Nkometou (N 4.09944, E
11.53722), was close to Yaounde, and had an overall
population density of 72 people km™ and very good
market access (Gockowski and others 2004). The agricul-
ture/forest pattern was “diffuse” (TREES 1995) with the
land cover types finely interspersed. The dominant forest
type was the “extremely degraded semi-deciduous forest”
(Letouzey 1985).

At the opposite extreme Akok (N 2.74167, E 11.23611)
in the South, was relatively inaccessible and far from major
markets, population density was 7 people km™2. The
agriculture/forest pattern was “linear”, dominated by forest
with interspersed cultivated fields and fallows lying along a
forest track. The dominant forest type was the “degraded
semi-deciduous mixed forest with prevailing elements of
the evergreen forest” (Letouzey1985).

In the study area farmers combined food production
from crops grown in shifting cultivation cycles with cocoa
agroforests and more recently small oil-palm plantations.
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Fig. 1 ASB forest margin n
benchmark (FMBA) in its a Central Africa
regional context and showing é‘
detail of the sampled sites:
Nkometou and Akok. Land
cover maps for Central Africa ‘
and South Cameroon were i
modified from GLC2000. The
vegetation map of Africa
employs the following key: dark
grey dense high forest, grey
secondary forest and rural

complex, light grey forest/
savannah mosaic. The 1 km?
maps of the sampled sites (key
shown) were produced by visual
interpretation of Ikonos satellite
images (Robiglio 2008)

280
e Kilometers

lliand cover classes

M dense highforest

M closed to open high forest
B open high forest

M0 shrubland rriatrix
rbaceous malrix
assland matriy

[ douds

0 25
s Kilometers

05 1
e Kilometers

Depending on its subsistence requirements each house-
hold cropped a minimum of two new food crop fields a
year (Gockowski and others 2004) and maintained a set of
fallow parcels under various successional stages. Fields
and fallows were scattered throughout the village territory
according to the spatial configuration of local land tenure
(Robiglio 2008). Fallows were the dominant component of
the rural mosaic.

Site selection for cropping was the result of a series of
trade-offs that households faced at the beginning of each
cropping season (Brown 2006). Basically, the fallow or
forest land to be cleared was selected on the basis of the
requirements of the crops that were going to be planted.
This results at landscape scale in a complex rotational
system that combines short and long fallows (Nounamo
and Yemefack 2002). Fallow sequences were not replicated
in a fixed manner (Robiglio 2008) and short and long fal-
lows sometimes alternated on the same plot. Field shapes
were irregular and their perimeters were not necessarily
maintained across fallow cycles.

Farmers preferentially cropped fields close to those that
they, or their close relatives, had cropped in previous
seasons resulting in spatial clustering of their activities that
made efficient use of their time (Robiglio 2008). Therefore,
despite their small size (mean size of a mixed food crop
field was 0.2 ha, std dev 1.7) the spatial aggregation of
contiguous fields and fallows results in extensive areas of
agricultural matrix.

On village land cover maps for 2001, derived from very
high resolution Ikonos images (Fig. 1), we identified two
dominant types of agricultural matrix reflecting a different
degree of cultivation intensity. The short fallow matrix

(herbaceous matrix) was dominated by young herbaceous
fallows interspersed with clustered fields and scattered
shrub/tree fallows. The long fallow matrix (shrubland
matrix) was dominated by shrub/tree fallows with scattered
cultivated fields and herbaceous fallows. In Nkometou a
cultivated grassland matrix was also identified, with a mix
of grassland and herbaceous fallows interspersed with
clustered cultivated fields.

Vegetation Data

We sampled fallow vegetation in 180 plots located in two
1 km? square windows per site (4 in total) characterized by
a different landscape fragmentation pattern (Fig. 1d, e, f,
g). In the agricultural matrix of each window, 30 fixed area
sample plots (25 m x 25 m) were selected in a stratified
sequence of fallow age and distance from the nearest for-
est margin. To reflect the effects of agricultural expan-
sion and fallow shortening we focused only on the early
stages of fallow vegetation regrowth, excluding tradi-
tional long forest fallow rotations not representative of
such conditions.

Four classes of ‘age since plots were last cultivated’
were defined on the basis of existing literature on the
ecology of fallow in similar zones of the country (Ngobo
and others 2004, Ndam 1998): (1) very young fallow
(0-3 years), (2) young fallow (4-7 years), (3) medium
fallow (8-12 years) and (4) old fallow (13-16 years). For
each age class a minimum of six plots at various distances
from the forest were sampled. A further 15 control plots per
window were selected within forest stands at a minimum
distance of 50 m from the forest edge.
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In each plot all trees and shrubs with dbh (stem diameter
at breast height of 1.3 m) (5 cm, were identified to species
level and counted. A general vegetation description was
recorded and herbaceous and shrub vegetation cover was
assessed by species according to the Braun-Blanquet Scale
(1928, in Kent and Coker 1992).

The basic assumption for our study was that at each site,
fallow samples in the two different windows, were derived
from the same original forest types. We tested this applying a
Multi-Response Permutation Procedure (MRPP) in PC-
ORD 4 (McCune and Grace 2002). MRPP using the forest
controls was done to test for any statistically significant
separability amongst forest samples within the two 1 km?
windows at each site. Similarly we assessed the validity of
the original separation of the samples in age classes by
running an MRPP on age. We did the calculation using semi-
metric Bray—Curtis distance on species abundance (McCune
and Grace 2002). MRPP runs confirmed that the samples
within each site could be treated as having been derived from
the same forest types. The four age classes, however, were
overlapping so we aggregated them in two groups: young
fallow (yf) and old fallow (of) with plots from 1 to 7 and from
8 to 15 years in age, respectively, that were then separable.

Plot and Landscape Factors

Drawing on existing literature on post cultivation succes-
sion and fragmented landscapes (see the review in the
“Introduction” section) we distinguished factors directly
acting on plot characteristics from landscape level factors.
Six plot level variables were identified and some grouped
where they were associated with one another:

1. Fallow age: the number of years since last cultivation;

2. Land use: (a) last field type, (b) number of previous
fallows and (c) vegetation type before last cropping;

3. Weed layer: percentage cover of Chromolaena odora-
ta, an exotic invasive species that tends to dominate
fallows;

4. Un-felled trees: density of trees retained during field
preparation.

Information for 1 and 2 was established by interviewing
the farmers directly on the spot. Farmers were asked to
describe the recent evolution of fallow vegetation and to
trace back the sequence of fallows and cropping cycles. To
facilitate the task in each village we used local fallow
classification categories previously identified through focus
group work in the two villages (Robiglio 2008).

In addition, five landscape scale variables were mea-
sured and again grouped where related to one another:

1. Fragmentation pattern: dominance of forest or agri-
cultural classes in the 1 km? sample window;
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2. Land cover: class of the polygon containing the sample
plot on the 2001 land cover maps;

3. Forest effect: (a) minimum distance of the plot centre
to the nearest forest, (b) percentage of forest in an area
delimited by a circle of radius 100 m from the plot
centre;

4. Frequency of vegetation with trees in reproductive
status along plot boundaries (hereafter mature vege-
tation).

Mature vegetation included fallow vegetation at
advanced successional stage, cocoa agroforests and rem-
nants of un-slashed primary or secondary vegetation.

Landscape variables 1, 2, and 3 (a and b) were assessed
on land cover maps derived from high resolution satellite
images (Robiglio 2008) using Arc GIS 9.2 (ESRI 1999).

To assess if there was any influence of past land cover
and landscape structure we included two historic variables
describing past habitat conditions (corresponding to land-
scape scale variables 2 and 3b) that were assessed on land
cover maps for 1984 and 1951 (Robiglio 2008).

Association between variables was explored using two
ways contingency tables and Chi-squared test were calcu-
lated. Spearman Rank correlation Coefficient was used to
assess the correlation between numeric variables. C. Odo-
rata, remnant trees density and occurrence of surrounding
vegetation were subjected to ANOVA to test for the
association with land cover.

Species Diversity

To compare species richness we used individual based
species accumulation curves using rarefaction with 999
iterations (Gotelli and Colwell 2001, Kindt and Coe 2005),
whereas for overall species diversity properties we used
Rényi’s diversity profile plots in Biodiversity R (Kindt and
Coe 2005).

Factors Affecting the Pattern of Abundance of Woody
Species

Relationships between species distribution in fallow com-
munities and the three explanatory sets of factors (plot,
present landscape and historical landscape) were explored
using redundancy analysis (RDA; Legendre and Legendre
1998). We first tested the hypotheses of an influence of
each of the three sets of variables. For each set we sought
to assess the variation in the species matrix explained by
the overall combination of the variables in the set and then
identify the variables within the set that were most
important in structuring the ordination. Therefore RDA
ordinations were carried out for each age class in two steps.
In a preliminary RDA we related species data to the
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explanatory sets. We then performed partial RDA, impos-
ing the strongest variables in the previous step as co-vari-
ables in order to differentiate more clearly any species
associations to weaker explanatory variables in each set
(Legendre and Legendre 1998, Oksanen and others 2007).

We applied the Montecarlo permutation test and rejec-
ted the null hypothesis if the overall explanatory set was
not significant. The significance of single axes was con-
sidered in the general interpretation of species-explanatory
set relationships. To assess how strong the relationship was
between the species matrix and variable sets we calculated
the species-environment correlation for each canonical axis
(Legendre and Legendre 1998).

To assess the significance of individual constraints we
performed an ANOVA-like test (anova.cca test; Oksanen
and others 2007) and assessed the effects of the correlation
amongst the variables of each set, comparing the impor-
tance and significance of conditional (tested in a joint
context) and marginal (tested separately) effects of the
variables.

To increase the reliability of each explanatory set, we
selected a subset of variables based on their bi-plot scores
(>0.3 corresponding to 9% of axis variance; Tabachnick
and Fidell 2007) in the rda.output file and the outputs of the
anova.cca test. We retained the variables presenting sig-
nificant conditional and marginal effects (Legendre and
Legendre 1998, Oksanen and others 2007).

To understand which factors explained the most of the
observed variation we combined them and performed a
variance partitioning procedure according to the model
presented in Fig. 2. (Legendre and Legendre 1998).

We considered only the axes accounting for more than
5% of the overall variability in the first series of RDA and
identified the environmental variables that were most
responsible for structuring the ordination by selecting those
with bi-plot scores for constraining variables in the Bio-
diveristy R rda. ouput file >0.3 corresponding to 9% of axis
variance (Tabachnick and Fidell 2007).

The proportion of variance explained by individual sets
of variables were estimated by reiterating conditioned
RDA with plot level and landscape level variables used in

VARIANCE EXPLAINED BY
PLOT LEVEL VARIABLES

UNEXPLAINED
VARIANCE

VARIANCE EXPLAINED BY
LANDSCAPE SCALE
VARIABLES

Fig. 2 Partition of the variation of woody species responses in fallow
vegetation hypothesized in this study. The length of the horizontal
line corresponds to 100% of the variation in the response matrix.
Adapted from Legendre and Legendre (1998)

turn as the constrained and conditioning variables. We then
calculated the size of overlap amongst sets of variables by
subtracting the sum of plot and landscape scale effects
from the amount of variability explained by an ordination
model of the combined variables.

A second series of RDA ordinations was performed for
the significant sub-sets.

Evidence of association between single species and the
explanatory pattern in the RDA were derived from species
scores on the canonical axes. Using the equilibrium circle
of descriptors (Legendre and Legendre 1998; Kindt and
others 2006) we identified the species whose abundance
pattern was most clearly associated with the explanatory
structure displayed by the bi-plots (Legendre and Legendre
1998).

All the analyses were performed using Biodiversity R
(Kindt and Coe 2005) based on functions of the Vegan
package of R (Oksanen and others 2007, R Development
Core Team 2007).

Results
Floristic Description

The total number of species and families inventoried in
young and old fallows in Akok were similar, with 108
species in 37 families and 109 species in 35 families,
respectively. In both fallow age classes the most important
families in terms of numbers of species were Euphorbia-
ceae with 16.5 and 13.7% of the species in young and old
fallows respectively and Leguminosae-Cesalpinoideae
with 7.5% of the species in young and 7.2% in old fallow
age classes. In Nkometou, the total species and families
inventoried were higher in young than old fallows with 92
species in 34 families and 83 species in 32 families,
respectively. As in Akok, Euphorbiaceae was the family
with most species, accounting for 18.0% of the species in
the young fallows and 14.7% in the older class. In both
sites most of the species inventoried were antropophilous
of semi-deciduous forest (Letouzey 1985). Besides pioneer
tree species like Musanga cecropioides and Macaranga
sp., longer-lived, persistent species were found, like Ter-
minalia superba, Ceiba pentandra, Canarium schweinfur-
thii and Piptadeniastrum africanum (Kahn 1982; Letouzey
1985), as well as species typical of mature secondary forest
among which Pycnanthus angolensis, Pentachletra sp. and
Petersianthus macrocarpum (Letouzey 1985). As one
could expect from the characteristics of the original veg-
etation described in the map of vegetation by Letouzey
(1985) some typical evergreen forest species like Coelo-
caryon preussi and Caloncoba welwischii, were found in
Akok but were absent in Nkometou. There we found,
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Fig. 3 Comparison of diversity a Z
in young (yf) and old (of) <4
fallows in a Akok and

b Nkomeotu using Rényi’s

diversity profile. Results are o -
based on 999 randomizations

H-alpha

0 025 05 1 2
alpha

instead, species typical of pioneer forest on savannah-
grassland, like Albizia ferruginea, and Allophyllus africa-
num (Letouzey 1985; Youta 1998).

Species Richness and Diversity

Species accumulation curves were similar at both sites and
there was no significant difference amongst curves for
young and old fallows at either site (not shown). The
curves for the old fallows were not asymptotic indicating
that a larger sample would have resulted in a more sound
assessment.

In Akok, Rényi diversity profiles for young and old
fallows (Fig. 3a), overlapped at the origin reflecting the
similar total number of species but for o > 0 old fallow
plots were consistently more diverse than the young fal-
lows. In Nkometou the Rényi curves for old and young
fallow age classes (Fig. 3b) were very close together but
intersected where o was between 0.5 and 1 indicating that
diversity of these communities were not comparable.

Factors Controlling Woody Species Abundance
Patterns

In Nkometou, only the landscape set exhibited a significant
effect (P < 0.05) and only in the young fallows, explaining
39% of the variation, with, the 2001 land cover class (type
of matrix), bordering mature vegetation and forest distance
most important in structuring the ordination. Old fallow
samples in Nkometou were excluded from further analysis
because overall variation was remarkably low (0.23 com-
pared to 0.67, 0.71 and 0.69 for young fallows in
Nkometou and young and old fallows in Akok, respec-
tively), and none of the explanatory sets had a significant
effect. This is consistent with the high number of species
shared by the fallow samples and the narrow abundance
range of those species that were observed in the analysis of
stem density and ecological distance between samples
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presented elsewhere (Robiglio 2008). In Akok, plot and
landscape scale sets had significant effects explaining 30.4
and 23.0 % of the variation in young and 47.1 and 51.4 %
of variation in old fallows, respectively. In both young and
old fallows the plot level ordination was structured in order
of importance by C. odorata cover, previous vegetation
type (before last cropping), number of fallows and fallow
age, with all except the number of previous fallow cycles in
old fallows and previous vegetation type in young fallows
having significant conditional effects. Tree density also had
a bi-plot score of > 0.3 for old fallows but did not have
significant marginal and conditional effects. Landscape
scale variables important for structuring the ordination
differed amongst young and old fallows with, in order of
importance, fragmentation pattern, 2001 land cover class,
and % of forest (conditional effect not significant) influ-
encing young fallows, whereas, bordering mature vegeta-
tion, 2001 land cover class and distance from the forest
influencing old fallows.

The set of historical landscape factors had no overall
effect on either young or old fallows at either of the sites.

Breakdown of the Total Variability

Results of variation partitioning among the plot and land-
scape sets are presented in Venn diagrams in Fig. 2. Old
fallow samples in Nkometou were excluded from this
analysis because of their low variation.

Landscape factors explained more of the variation in
woody species abundance than plot factors for old fallows
in Akok and young fallows in Nkometou while plot factors
explained more variation than landscape factors in young
fallows in Akok (Fig. 4).

In Akok, 78% of the species had a at least 30% of their
variation in abundance explained by the landscape set and
for 53% of the species the landscape sub-set explained
more of the variation than the combined plot variables
(Fig. 5).
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Fig. 4 Break-down of the total variability of plot and landscape sets joint Plot-Landscape effect, O was obtained by subtraction. Codes for

at Akok (a, b) and young fallows at Nkometou (c¢). P is the partial
effect of the plot variables, L the partial effect of the landscape. The
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Fig. 5 Proportion of variation of the species matrix (x axis) attrib-
utable to different sets of variables in the old fallows at Akok. Species
codes are given in Appendix 1. Landscape, is the variation explained
by the landscape sub-set of variables with the effects of the plot sub-
set removed; plot, is the variation explained by the plot sub-set with
the effects of the landscape subset removed; overlap is the joint
variation that may be equally attributed to the plot or to the landscape

Species-Factor Relationships for Significant Landscape
Variable Sub-Sets

The landscape sub-set ordination of the woody species
matrix in Akok (Fig. 6) was divided between factors
characterizing samples in the short fallow matrix
(LCO1[T.yf]-short fallow) such as scarce mature vegetation
around the plot (a_vF_0; a_vF_1), and longer distance
from the forest (dist), from factors associated with the long
fallow/shrubland matrix (LCOI[T.Inf][—long fallow) or
forest matrix (LCO1F_frg). The most important factor that
structured the ordination space was the occurrence of
mature vegetation along the fallow plot borders. Musanga
cecropioides, Macaranga Barteri and Macaranga spinosa

@ landscape-plot
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m plot

sub-set that is obtained by subtraction (Legendre and Legendre 1998).
A negative value of the overlap indicates that due to interactions
between plot and landscape variables, the two sub-sets combined
explain the species matrix better than the sum of the individual effects
of plot and landscape (Legendre and Legendre 1998). The sum of the
proportions in each bar may be greater than one because categories
are not mutually exclusive

(all forest pioneers) were associated with mature vegetation
along about half the plot borders, long fallow matrix and
closeness to forest.

In contrast, species typical of degraded and exposed
conditions such as Alchornea cordifolia and Margaritaria
discoidea were abundant in the short fallow/ herbaceous
matrix at far distances from forest and with no surrounding
mature vegetation. The abundance of forest pioneer species
in sites distant from the forest in the short fallow matrix
was associated with the presence of surrounding mature
vegetation, as in the case of Antochleista schweinfurthii
and A. boonei.

In Nkometou (not shown) typical forest pioneer species,
M. cecropioides, Bridelia micrantha, and A. schweinfurtii
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Fig. 6 RDA ordination bi-plot

and equilibrium circle,
illustrating the effect of
landscape constraints on the
woody species abundance
matrix for the old fallows in
Akok. Species and environment
codes are given in Appendices 1
and 2, respectively. Species in
red had the largest portion of
variation explained by the
landscape constraints. Species
with vector longer than the
circle radius are the species
whose variability significantly
contributed to the
discrimination of canonical 2 =
axes. RDA axes 2 and 3, RDA2 *
and RDA3, were significant at
P < 0.05 and accounted for 8.3
and 7.7% of the overall
variation with species-
environment scores of 0.89 and
0.85, respectively. The first
canonical axis (RDA1)
accounted for 11.2% of the total
variation and had a strong
species-environment correlation

RDA3

-1.0

Tab_cra.+
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but was not significant
(P = 0.06) and is not shown

were more abundant in the long fallow matrix in plots with
mature vegetation along at least half of their borders.
Abundance of M. cecropioides and Trema orientalis were
strongly controlled by distance from forest.

Species typical of more degraded habitats like Alchor-
nea cordifolia, Albizia adianthifolia and Harungana mad-
ascariensis were abundant in the grassland-herbaceous
matrix, far from forest and with little mature vegetation
around. In the same type of matrix Voacanga africana and
Albizia zygia were abundant where there was some mature
vegetation around at least half of the borders.

Discussion

The present study revealed that initial stages of secondary
succession in contemporary fallows at different locations in
Cameroon present highly different patterns. Such variation
is common to other sites the Central African region as the
study on two contemporary fallow communities of the
Makokou area in Gabon by Mitja and Hladik (1989)
confirms.

The effect and significance of the factors controlling the
early stages of successions in fallows differed between
young and old fallow classes and by site. The preferential
association with plot or landscape factors differed among
species and for some species differed among sites. Our
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most important result was that landscape structure and
composition may have an independent and statistically
significant effect on the pattern of woody species abun-
dance in fallow regrowth and may exceed that for plot
characteristics and management.

Historical landscape variables did not show any signif-
icant effect on woody species regeneration. The early
successional stages considered here were probably inap-
propriate to assess the long term effects of disturbances
and, in fact, reflected the conditions enabling the rapid
colonization of the fallow area once cultivation ceases.

In shifting cultivation systems repeated vegetation
removal by slash and burn (De Rouw 1995) and weeding
during the cropping phase, have a negative, when not
dramatic impact on soil seed bank and seedling survival
(Norgrove and others 2001) and on resprouting from both
stems and roots (De Rouw 1995, Dalle and De Blois 2006).
Under such conditions seedlings recruited in early fallow
stages derive mostly from newly dispersed seeds that come
into the area (Chazdon 2003).

The model we presented for plot level variables reflected
the importance of repeated cropping cycles and short fal-
low rotations: the number of fallow cycles and the type of
vegetation before the last cropping were amongst the
variables with the stronger effect upon fallow vegetation,
after C. Odorata. Forest species were associated with a low
number of fallow cycles and/or old fallow or forest



Environmental Management (2011) 48:289-306

297

vegetation before last clearing, while aggressive and gen-
eralist small pioneer trees were more clearly associated
with degraded conditions determined by an intense dis-
turbance history. Lawrence (2004), for long fallows in
Borneo, found a decline in early succession species rich-
ness with increasing number of disturbances and Dalle and
De Blois (2006) presented similar results for short fallow
areas in Mexico. It is likely that in the short rotational
system under study the two variables reflect plot suitability
for tree recruitment and growth, for example soil fertility
(not considered by this study), presence of microhabitats,
and the coverage of C.odorata, than long term species
erosion processes.

Chromolaena odorata spread and persistency is favored
by intensive farming practices on the plot (de Rouw 1995,
Norgrove and others 2001), and in the surrounding areas
(Ngobo 2002). Its effects are known: the thick layer
reduces tree establishment and growth (Norgrove and
others 2001). In our study it affected above all the gre-
garious light-demanding forest pioneers such as Musanga
cecropioides, Trema orientalis and Macaranga barteri.
The effect declines with time, once trees become tall
enough to prevent new infestation cycles (De Rouw 1995,
Norgrove and others 2001), as we observed for the older
fallows where the abundance of secondary forest species
was strongly associated with an irregular and senescent
cover of the weed.

At the landscape scale, agricultural intensification
entails the conversion of long fallow agricultural matrices
into short fallow matrices. While expanding, the agricul-
tural patches merge, increasing the isolation of the forest
fragments (Robiglio 2008). Stronger margin and isolation
effects exacerbate degradation processes in the forest
remnants (Ewers and Didham 2006), that are also used by
local communities to harvest timber and non timber forest
products.

The type of agricultural matrix determines the condi-
tions that facilitate or hamper grain dispersal processes and
tree establishment, providing (or not) suitable microhabi-
tats and dispersal conditions.

Tests conducted on the association between the vari-
ables of plot and landscape sets showed that there are
recurrent patterns determined by the way in which fallow
shortening and forest conversion processes progress.
Young and old fallow matrices were respectively associ-
ated (P < 0.01) with: (1) a higher coverage of C. odorata,
(2) a higher density of remnant trees. The type of matrix
and the amount of mature vegetation surrounding the plot
were not significantly associated however, plots belonging
to the short fallow matrix had less mature vegetation
around than plots of the long fallow matrix.

The implication is that under current trends fallow woody
communities turn into distinct communities, dominated by

pioneer species typical of degraded conditions that gradu-
ally offset pioneer forest species leading to a further decline
of the conservation value of shifting cultivation landscapes.
The low variation in the old fallow samples in Nkometou
already reflected such conditions. In Akok, where both
deforestation and intensification process were less pro-
nounced (Robiglio 2008), forest pioneer species were still
dominant in both fallow classes. Nonetheless, fallow species
richness and diversity were low and non pioneer forest
dependent species were rare. Such species are strongly
influenced by the proximity to the forest.

Finegan and Nasi (2004) warned about the limited
conservation value of fallow communities, under fallow
shortening trends. The present study reinforces that view,
and highlights the additional risk of repeated short fallow
cycles and the expansion of agricultural patches.

The range and complexity of dispersal mechanisms of
the species surveyed (Appendix 1) makes any generaliza-
tion difficult, however we note that in our study the species
that were more responsive to the landscape factors were
dispersed by vertebrates. Most of the forest species
inventoried were dispersed by birds (see Appendix 1).
These results support the prediction by Finegan and Nasi
(2004) and are crucial with respect to biodiversity con-
servation. We expect that the composition and extension of
the short fallow matrix hamper the presence of dispersal
organisms across it.

With the loss of habitat and conduit functions of the
agricultural matrix and at an increasing distance from
the forest, it is possible that a considerable portion of the
matrix no longer experiences forest seed dispersal and may
become a potential barrier for re-colonization of land by
forest species including pioneers (Nepstad and others 1996,
Zimmermann and others 2000). The spatial analysis of
landscape change for biodiversity conservation and resto-
ration in agricultural mosaics at the forest margin, should
define spatial parameters for the agricultural classes that,
based on literature about tree dispersal capacity and seed
shower, asses the number and extent of areas beyond a
defined distance from the forest edge (analogous to the
“core area index” for fragmented forest landscapes;
McGarigal and Marks 1995). In terms of seed availability
and habitat conditions, fallow secondary regrowth in these
internal areas is not subject to any effect of the adjoining
forest.

Recommendations for Management at the Landscape
Scale
Intensification trends and the turning towards more market

integrated systems are part of the inevitable future of
smallholder agriculture at the tropical forest margin. Our
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results suggest some options to intervene in order to
maintain some conservation potential at least in identified
crucial forest margins (e.g., buffer zones around protected
areas or corridors between areas).

From this study it is clear that the landscape is the scale
for management designs to conserve/restore biodiversity
conservation potential in shifting cultivation landscapes.
Taking advantage of existing traditional practices, man-
agement schemes should seek to diversify the agricultural
matrix, designing the arrangement of the composing pat-
ches. We propose three types of complementary designs:
(1) improve the fine grained connectivity of short fallow
matrices without intervening on fallow length; (2) increase
the proportion of old fallow vegetation in the matrix (see
Finegan and Nasi 2004); (3) maintain or increase the
presence of remnant old growth forests and of forest-like
functioning patches such as traditional cocoa agro-forest
(avoid deforestation).

With the loss of fallow functions, standing trees, hedges,
multi-strata agroforests as well as small degraded forest
spots that farmers maintain as a convenient source of forest
products (Robiglio 2008), become the foci of conservation
and dispersal of forest species across the matrix and
improve landscape connectivity. Fine grained interspersion
of mature vegetation across the matrix is preserved pro-
tecting the mature vegetation spots, included the remnant
trees, from fire. In very degraded and poorly interspersed
matrices some planting is required. There is very little
knowledge about possible techniques to be applied and
species to be used, but we know that some of the pioneer
long-lived species in secondary forests are of relevant local
and international market value (e.g., Terminalia superba,
Milicia excelsa, Triplochiton scleroxylon) and are tradi-
tionally managed by farmers in the cocoa agroforest.
Combining on farm timber production with the landscape
scale management of the fallow matrix is an option to
explore, in particular for the economic interest that it could
have for farmers.

The small effect of remnant tree density on species
abundance pattern in the present study suggest that it is
important to understand how to ensure/optimize the syn-
ergy among factors. Our results lessen the conclusions of
studies by Carriere and others (2002), Duncan and Chap-
man (1999) about the role of scattered trees in facilitating
successional dynamics. Once combined in a set the positive
effect determined by one single factor may get obscured. In
the case of remnant trees further analysis is needed to
identify the parameters such as density, species, guild, etc.,
that may have a more pronounced independent effect and
their interactions/association with the other factors.

In the emerging mechanisms for enhancing carbon
storage in forest landscapes through reduced emissions
from deforestation and degradation, conservation and
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carbon enhancement (REDD+-; Angelsen 2008), there may
be new opportunities for communities within shifting cul-
tivation landscapes to obtain value from the second and
third designs presented above. However, as the current
study shows, beside the carbon enhancement function,
where this biomass is retained or increased will be critical
for the potential for maintaining and enhancing biodiversity
conservation. Mechanisms for valuing mature tree cover
more where it matters most for sustaining forest functions
across the landscape could have potential to influence
individual farmer decisions of which land unit to preserve.

Incorporating a landscape scale perspective where spa-
tial location of interventions matters, is required beyond
simply promoting practices that reduce the fraction of
cultivated land at the forest margin. This requires a sound
understanding of the cultural, institutional and legal
framework of current land use systems (local knowledge,
farmers resources management strategies, tenure) and of
the drivers of change, to explore future agricultural inten-
sification scenarios and assess the feasibility of adapted
landscape designs to adopt.

Conclusion

The potential for shifting cultivation landscapes to con-
serve biodiversity is determined to a considerable extent by
the spatial arrangement of individual plot crop/fallow
sequences, decided upon by individual farmers. Market
forces acting through agricultural intensification, if left
unchecked, are likely to continue to exhaust forest func-
tions maintained within shifting cultivation landscapes and
seriously jeopardize their potential for biodiversity con-
servation, checking secondary succession development and
favoring the presence of low value species.

There may be opportunities, especially where resources
are available for carbon storage, to create incentives for
farmers to mitigate degradation trends by retaining more
mature vegetation in the landscape. But, if such schemes
are to be effective for forest conservation, then valuing
retention of mature tree cover where it matters most to
sustain woody species regeneration across the landscape,
will be required so that farmers’ decisions are influenced in
a spatially explicit way.
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Appendix 1 Complete species lists

Family Species Spe_cod Guild Vector Vec_specific
Acanthaceae Thomandersia hensii Tho_hen
Anacardiaceae Antrocaryon klaineanum Ant_kla pi NWD Animal dispersed, monkeys
Antrocaryon micrasler Ant_mic sb
Lannea welwitschii Lan_wel pi NWD Animal dispersed, birds
Pseudospondias microcarpa Pse_mic npsd NWD Animal dispersed, water
Sorindeia grandifolia Sor_gra
Tricoscypha sp. Trico_sp sb WD
Annonaceae Anona sp. Ano_sp sb
Anonidium mannii Ano_man sb
Cleistopholis glauca Cle_gla NWD Animal dispersed, non specialized
Cleistopholis patens Cle_pat pi NWD Animal dispersed, birds
Enantia chlorantha Ena_chl sb NWD Animal dispersed, birds
Hexalobus crispiflorus Hex_cri sb
Isolona hexaloba Iso_hex npld
Meiocarpidium lepidotum Mei_lep
Monodora exabla Mon_exa NWD
Monodora tenuifolia Mon_ten pi NWD
Pachypodanthium staudtii Pac_sta npld NWD
Polyalthia suaveolens Pol_sua
Xylopia aethiopica Xyl_aet sb NWD Animal dispersed, birds
Xylopia hypolampra Xyl_hyp sb NWD Animal dispersed, birds
Xylopia quintasii Xyl_qui sb NWD
Apocynaceae Alstonia boonei Als_boo pi WD
Funtumia africana Fun_afr npsd WD
Funtumia elastica Fun_ela npld NWD
Rauwolfia cattra Rau_cat NWD Animal dispersed, non specialized
Rauwolfia macrophylla Rau_mac NWD Animal dispersed, non specialized
Rauwolfia vomitoria Rau_vom pi NWD Animal dispersed, non specialized
Tabernaemontana crassa Tab_cra sb NWD Animal dispersed, non specialized
Araliaceae Polyscias fulva Pol_ful
Asteraceae Vernonia conferta Ver_con pi WD
Balanitaceae Balanites wilsoniana Bal_wil sb
Bignoniaceae Markhamia lutea Mar_lut pi
Markhamia tomentosa Mar_tom pi
Newbouldia laevis New_lae pi WD
Spathodea campanulata Spa_cam pi
Bombacaceae Ceiba pentandra Cei_pen npld WD
Rodognaphalon brevicuspe Rod_bre
Rodognaphalon sp. Rod_sp
Burseraceae Canarium schweinfurtii Can_sch npld NWD Animal dispersed, non specialized
Dacryodes buettneri Dac_bue sb NWD
Dacryodes edulis Dac_edu sb? NWD
Dacryodes igaganga Dac_iga sb? NWD
Dacryodes macrophylla Dac_mac sb? NWD
Santiria trimera San_tri NWD
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Appendix 1 continued

Family Species Spe_cod Guild  Vector Vec_specific
Caesalpinioideae Amphimas ferrugineus Amp_fer npld WD
Amphimas pterocarpoides Amp_pte npld
Anthonotha ferruginea Ant_fer npld NWD
Anthonotha fragrans Ant_fra npld NWD
Anthonotha macrophylla Ant_mac npld NWD
Brachystegia mildbraedii Bra_mil WD
Detarium macrocarpus Det_mac
Dialium bipindense Dia_bip NWD Animal dispersed, non specialized
Dialium tessmannii Dia_tes NWD Animal dispersed, non specialized
Dialium zenkeri Dia_zen NWD Animal dispersed, non specialized
Didelotia africana Did_afr sb NWD
Distemonanthus arboreus Dis_arb npsd WD
Distemonanthus benthamianus Dis_ben npsd auto_ WD
Erythrophloem ivorense Ery_ivo npld
Gilbertiodendron kisantuense Gil_kis sb
Hylodendron gabunense Hyl_gab
Tetraberlinia bifoliolata Tet_bif NA
Cecropiaceae Musanga cecropioides Mus_cec pi NWD Animal dispersed, non specialized
Mpyrianthus arborea Myr_arb npld NWD Animal dispersed, non specialized
Myrianthus arboreus Myr_arb npld NWD Animal dispersed, non specialized
Cesalpinaceae Crudia gabonensis Cru_gab sb
Chrysobalanaceae ~ Maranthes glabra Mar_gla sb
Maranthes inermis Mar_ine sb?
Parinari excelsa Par_exc npld NWD
Clusiaceae Allanblackia floribunda All_flo sb
Allanblackia kisonguii All_kis
Endodesmia calophylloides End_cal
Harungana madagascariensis Har_mad pi NWD Animal dispersed, non specialized
Combretaceae Pteleopsis hylodendron Pte_hyl
Strephonema pseudo-cola Str_pse
Terminalia superba Ter_sup npld WD
Ebenaceae Diospyros crassiflora Dio_cra sb NWD
Diospyros simulans Dio_sim sb NWD
Diospyros sp. Diop_sp sb NWD
Euphorbiaceae Alchornea cordifolia Alc_cor pi NWD Animal, birds, (fishes?)
Anthostema aubryanum Ant_aub sb
Antidesma laciniatum Ant_lac sb NWD Animal dispersed, non specialized

Mammal dispersed (monkeys)

Bridelia micrantha Bri_mic pi NWD

Cleistanthus polystachyus Cle_pol sb NWD

Dichostemma glaucescens Dic_gla sb NWD

Discoglypremna caloneura Dis_cal pi NWD Animal, non specialized, birds, monkeys, primates
Drypetes gossweileri Dry_gos sb NWD

Drypetes sp. Dry_sp sb NWD

Hymenocardia heudelotii Hym_heu

Hymenocardia lyrata Hym_lyr

Keayodendron bridelioides Kea_bri

Macaranga assas Mac_ass pi NWD
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Appendix 1 continued

Family Species Spe_cod Guild Vector Vec_specific
Macaranga barteri Mac_bar pi NWD Animal dispersed, non specialized, monkey and birds
Macaranga huraefolia Mac_hur pi NWD Animal dispersed, non specialized, monkey and birds
Macaranga sp. Mac_sp pi NWD Animal dispersed, non specialized, monkey and birds
Macaranga spinosa Mac_spi pi NWD Animal dispersed, non specialized, monkey and birds
Margaritaria discoidea Mar_dis npld NWD
Margaritaria orchidacea Mar_orc NWD
Microdesmis puberula Mic_pub sb NWD
Phyllanthus discoideus Phy_dis
Sapium ellipticum Sap_ell pi
Tetrorchidium didymostemon Tet_did pi
Uapaca guineensis Uap_gui npld NWD Animal dispersed, monkey
Uapaca vanhouttei Uap_van npld NWD

Flacourtiaceae Caloncoba glauca Cal_gla
Caloncoba welwischii Onc_wel
Casearia sp. Cas_sp
Homalium le-testui Hom_le- npld
Homalium sp. Hom_sp npld

Gesneriaceae Dupaquertia orchidacea Dup_orc pi WD

Icacinaceae Lasianthera africana Las_afr

Lauraceae Persea americana Per_ame pi NWD

Lecythidaceae Petersianthus macrocarpus Pet_mac npld WD

Loganiaceae Anthocleista schweinfurthii Ant_sch pi NWD Animal dispersed, bats

Meliaceae Carapa grandifolia Car_gra
Carapa procera Car_pro
Entandrophragma candollei Ent_can npld
Entandrophragma congolense Ent_con npld?
Guarea cedrata Gua_ced NWD
Guarea thompsoni Gua_tho NWD
Khaya anthotheca Kha_ant npld WD
Lovoa trichilioides Lov_tri sb NWD
Trichilia dregeana Tri_dre npld NWD Animal dispersed, birds
Trichilia tessmannii Tri_tes npld NWD Animal dispersed, non specialized
Trichilia welwitschii Tri_wel NWD Animal dispersed, non specialized
Turreaenthus africanus Tur_afr

Mimosaceae Calpocalyx dinklagei Cal_din sb

Mimosoideae Albizia adianthifolia Alb_adi npld WD Gravity, animal, non specialized
Albizia ferruginea Alb_fer npld WD Gravity, animal, non specialized
Albizia glaberrima Alb_gla npld WD Gravity, animal, non specialized
Albizia laurentii Alb_lau npld WD Gravity, animal, non specialized
Albizia zygia Alb_zyg npld WD Gravity, animal, non specialized
Parkia bicolor Par_bic npld
Parkia filicoidea Par_fil npld
Pentaclethra macrophylla Pen_mac npld NWD Planted or dispersed by man
Piptadeniastrum africanum Pip_afr npld WD
Plagiosiphon longitubus Pla_lon
Tetrapleura tetraptera Tet_tet pi

@ Springer



302

Environmental Management (2011) 48:289-306

Appendix 1 continued

Family Species Spe_cod Guild  Vector Vec_specific
Moraceae Antiaris welwitschii Ant_wel npld NWD
Ficus exasperata Fic_exa pi NWD Animal dispersed, birds
Ficus mucuso Fic_muc pi NWD Animal dispersed, birds
Ficus vogelii Fic_vog pi NWD Animal dispersed, birds
Milicia excelsa Mil_exc npld NWD Animal dispersed, non specialized, monkey and birds
Trilepisium madagascariense ~ Tri_mad pi
Myristicaceae Coelocaryon preussii Coe_pre npld NWD Animal dispersed, non specialized
Pycnanthus angolensis Pyc_ang npld NWD Animal dispersed, non specialized
Staudtia kamerunensis Sta_kam NwWD Animal dispersed, birds
Staudtia stipitata Sta_sti NWD Animal dispersed, birds
Myrtaceae Syzigium rowlandii Syz_row
Ochinaceae Lophira alata Lop_ala pi WD
Olacaceae Aptandra zenkeri Apt_zen sb
Coula edulis Cou_edu sd NWD
Ongokea gore Ong_gor npld
Strombosia pustulata Str_pus sb NWD
Strombosia scheffleri Str_sch sb NWD Animal dispersed, birds
Strombosiopsis tetrandra Str_tet sb?
Pandaceae Panda oleosa Pan_ole sb NwWD
Papilionoideaec  Milletia laurentii Mill_lau
Millettia laurentii Mill_lau npsd WD Gravity, non specialized
Ormocarpum bibracteatum Orm_bib
Pterocarpus mildbraedi Pter_mil
Pterocarpus soyauxii Pte_soy npld? WD,NWD  Wind and animal dispersed
Passifloraceae Barteria fistulosa Bar_fis
Rhamnaceae Maesopsis eminii Mae_emi  pi NWD Animal dispersed, birds
Rubiaceae Bertiera sp. Ber_sp
Brenania brieyi Bre_bri
Canthium sp. Can_sp
Colffea sp. Cof_sp
Corynanthe pachyceras Cor_pac npld
Massularia acuminata Mas_acu sb NWD
Morinda lucida Mor_luc pi
Oxyanthus sp. Oxy_sp. NWD
Pausynistalia johimbe Pau_joh sb? NWD
Pausynistalia macroceras Pau_mac sb? NwWD
Porterandia cladantha Por_cla NWD
Psychotria sp. Psy_sp
Rothmannia lateriflora Rot_lat sb NWD
Rothmannia lujae Rot_luj sb NWD
Rothmannia sp. Rot_sp sb NWD
Rutaceae Zanthoxylum heitzii Zan_hei pi? NWD Animal dispersed, birds
Zanthoxylum macrophylla Zan_mac
Sapindaceae Allophyllus africanus All_afr pi NWD Animal, birds
Blighia sp. Bli_sp npld NWD Animal dispersed, non specialized
Blighia welwischii Bli_wel npld NWD Animal dispersed, non specialized
Eriocoelum macrocarpum Eri_mac sb
Majidea fosteri Maj_fos sb
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Appendix 1 continued

Family Species Spe_cod Guild Vector Vec_specific
Sapotaceae Gambeya boukokoensis Gam_bou NWD Animal dispersed, monkeys
Simaroubaceae Desbordesia glaucescens Des_gla

Irvingia gabonensis Irv_gab npld NWD

Irvingia glaucescens Irv_gla NWD

Odyendea gabunensis Ody_gab
Sterculiaceae Cola chlamydantha Col_chl sb NWD

Cola lepidota Col_lep sb NWD

Cola rostrata Col_ros sb NwWD

Eribroma oblungum Eri_obl npld WD

Mansonia altissima Man_alt npld WD

Nesogordonia papaverifera Nes_pap sb NWD

Pterygota macrocarpa Pte_mac NWD

Sterculia africana Ste_afr NWD

Sterculia clamydantha Ste_cla NWD

Sterculia tragacantha Ste_tra pi NWD Gravity and animal dispersed, monkeys and birds

Triplochiton scleroxylon Tri_scl npld NWD Animal dispersed, birds
Tiliaceae Desplatsia dewevrei Des_dew sb NwWD

Duboscia macrocarpa Dub_mac NwWD

Greweia coreacea Gre_cor NwWD
Ulmaceae Celtis adolfi-friderici Cel_ado pi NWD

Celtis africana Cel_afr pi NWD

Celtis mildbraedii Cel_mil sb NWD

Celtis philippensis Cel_phi

Trema orientalis Tre_ori pi NwWD Animal dispersed, birds
unknown Amblica sp. Amb_sp

Antandrophragma candolei Ant_can

Belschmeidia obscura Bel_obs

Cilycodiscus gabonensis Cil_gab sb

Cyrtogonone argentea Cyr_arg
Verbenaceae Vitex doniana Vit_don NWD

Vitex grandifolia Vit_gra NWD

Vitex thyrsifolia Vit_thy NWD
Violaceae Rinorea sp. Rin_sp sb NWD
Vochysiaceae Erismadelphus exsul Eri_exs

Grand total

Germination and seed dispersal guilds compiled from various literature sources (Vivien and Faure 1989, Hawthorne 1996, Hardesty and Parker
2002, Poorter and others 2004, Tchouto 2004)

Appendix 2 Labels in RDA analysis

Plot
Age

lLc

n_fl

Number of years since last farming

Last type of field cultivated on the plot

The number of fallows that have occurred on the

plot including the current one

Ff: Forest melon field

Mxf: Mixed food crop field
Mcf: Mono crop field
Range 1-3
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Appendix 2 continued
1_fl The last fallow type (included primary vegetation For: Forest
forest or savannah), on the plot before Fulu: Short fallow after a crop that required only
the last cropping partial burning and no weeding.
In: Long fallow (length > 8 years)
Mc_sht: Short fallow after mono-crop cultivation
that required fertilizing
sht: Short fallow (length < 6 years)
Sa: Savannah like vegetation
Chr_c Chromolaena odorata coverage parameter Ranging from 0 = absent to 4 > 75% cover
Tr_d: Density of un-felled trees per ha
Landscape
q Sampling window quadrate 1;2
dist Distance in m from the nearest forest margin
a_v Count of occurrence of adjacent mature 1;2;3;4
vegetation in four cardinal axes
LCO1 Land cover class on the 2001 land cover map mlF: Multi layered forest
F_mlF: Zonal multilayered forest
F_agr: Fragmented forest with scattered fields
shb: Shrubland matrix with scattered fields
hb: Herbaceous matrix with clustered fields
gr: Grassland
gr_hb: Grassland matrix with herbaceous spots
and scattered fields
cld: Clouds
LC51 Land cover class on the 1951 land cover map Same classes as LCO1
LC84 Land cover class on the 1984 land cover map Same classes as LCO1
%F Percentage of forest cover in a 100 m radius
circular buffer around the sample plot
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