Chapter 2.

Vegetation.

Introduction.

The natural vegetation of 85%o0f the country islowland rain forest (Caballi!,

1983), although the present extent of forest cover is estimated at 200,000 km2
(75%)(Myers, 1991). Areas outside those originally forested are mostly
savanna, swamp and mangroves (Caballé & Fontes, 1978). Various authors have
commented on tree species distribution in Gabon, and attempted classifications of
forest types (Aubréville, 1948; Caballi! 1978, 1983; Catinot, 1978; Chevalier,
1916; Heitz, 1943; Nicolas, 1977; de Saint Aubin, 1963; Schnell, 1976; White,
1983; Wilks, 1990). Inthe UNESCO classification (White, 1983) Gabonese forests
are predominantly either 'hygrophylous coastal evergreen Guineo-Congolianrain
forest' or 'mixed moist semi-evergreen Guineo-Congolian rain forest', with
patches of 'single-dominant moist evergreen Guineo-Congolian rain forest'
characterised by Gilbertiodendrondewevrei, inthe northeast (Wilks, 1990).
Letouzey (1968)described Gabon's forests as 'foret dense humide sempervirente
de basse et moyenne altitude'. Other classifications have attempted to delimit
forest types characterised by one or more species: Schnell (1976)recognised two
forest types, with or without Aucoumea klaineana respectively; and Caballé
(1978,1983) recognised three geographical areas inwhich the commoner large
tree species varied. However, most of the available data were collected on forest
inventories with a bias towards large or commercial species (Nicolas, 1977). Few
plant collections have been made inthe country (Breteler, 1978),and until further
data are available, itis pointless to attempt more than the general classifications
of White and Letouzey (A. Louis, personal communication).

Reitsma (1988) undertook a detailed botanical inventory of four square 1-
ha plotsindifferentregions of Gabon. He reported large differences in species
composition and diversity, which were related inpart to prevailing environmental
conditions in the four sites, and proximity to an area thought to be a Pleistocene
forest refuge. The least Species-rich plot was located in the Lopé Reserve, central

Gabon, where soil conditions were least favourable and average annual rainfall was
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low. This chapter describes alarger scale botanical study conducted within Lope,

and attempts to explain observed differences inforest structure and composition.

Study Area.

Research was carried out inthe Lope Reserve, at the Station d'Etudes des
Gorilles et Chimpanzés (SEGC) at 0°10'S, 1I°35'E and the Societe Forestierdu
Gabon (SOFORGA) logging concession (0°25'S, 11°25'E). Lope, which covers
5,000 km2, isthe largest of five protected areas in Gabon. Most of the reserveis
covered by mature semi-evergreen tropical rain forest, but there are 300 km2 of
savanna and forest-savanna mosaic along its northern and eastern limits (Figure
2.1). About 2,500-3,000 km2of the forest have been selectively logged at low
intensity (1-2 trees per hectare), principally for one tree species, Aucoumea

klaineana.
Lopé lies inan area of relatively low rainfall compared to much of Gabon

(EDICEF, 1983). Mean annual rainfall at SEGC is 1,536 mm (1984-90), although
thereis considerable inter-annual variation in the amount and distribution of
rainfall; Consistently low rainfall inJuly and August constitutes a "majordry
season”, which is a feature of the annual cycle, although the timing of its onset
and its duration varies between years; December to February are generally
relatively dry months, but no distinct second dry season can be defined (Figure
2.2). Rainfall increases from north to south within the reserve (EDICEF, 1983: p.
35).

Mean relative humidity does not drop below 70%, even between 13:00 and
15:00 (SEGC, unpublished datal, which compares well with data collected
elsewhere in Gabon (see Nicolas, 1977; de Saint Aubin, 1963). Meanrelative
humidity does not, as might be expected, fall inthe long dry season, because cold
sea currents at this time of year cause constant cloud cover throughout the
country, resultingin reduced temperature, insolation, and evaporation (EDICEF,
1983; Hladik, 1973; Nicolas, 1977).Temperatures vary little over the year, but
both mean monthly minima and maxima are lowest during the major dry season,

with a range of 20-23°C and 26-33°C respectively over 7 years.
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Figure 2.1: Lopé Reserve, with locations of transects and savanna.
Overlay_to Figure 2.1; Geological map of Lopé (after Martin o2 &/, 1981)
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igure 2.1: Lopé Reserve, with locations of transects and savanna
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Gabon can be divided into three geomophological zones (EDICEF, 1983),
within which six distinct regions can be distinguished (Fontes, 1975; Martin et al,
1981). Lope straddles the border between two of these regions: the central
Precambrian mountain range, and the 'Francevillian' sedimentary basin; which
meet towards the easternlimit of the reserve. All study sites fell within the
'‘Massif du Chaillu', one of three Precambrian mountain ranges, which runs from
central Gabon southeast into Congo (EDICEF, 1983; Martin et al, 1981). Parts of
the north of the reserve, outside the study area, fall within the 'Monts de Ndjolé’,
the second of the three Precambrian mountain ranges. The metamorphic rocks that
constitute the range are deeply weathered, forming well-drained, infertile, clay,
or sandy-clay ferallitic soils with low pH (>4.5). Within Lopé, four sub-regions
can be identified within the Massif du Chaillu, based on topography (Martin et al,
1981 - see overlay to Figure 2.1):

1) Mountainous ridges (Sub-Region 1)

2) Complex convex hills with very steep slopes (Sub-Region 2)
3) Convex hills with steep slopes (Cub-Region 3)

4) Gently rolling hills (Sub-Region 4)

Aubreville (1967a) described the pattern and distribution of the " strange
forest-savanna mosaic" in the Lope area and discussed factors that might have
contributed to its formation. Savanna occurs in a band about 10-15km wide along
the river Ogooué in the north of the reserve, and west of the river Offoué alongits
eastern limit (Figure 2.1 - see also aerial photograph in Harrison and Hladik,

1986). Close to the Ogooué, savanna is essentially continuous, interspersed with
patches of gallery forest inthalwegs and up some valley sides. Further south the
relative proportion of savanna:forest decreases, and further than about 15 km
south of the Ogooué, savanna patches are generally isolated within forest on hill-
tops about 200-450m in altitude (Plates 2.1 & 2.2). Adjacent hills above about
450m tend to be forested (IGN, 1985). Small isolated patches of savanna orrur up
to 35 kmto the south of the Ogooué.

Savanna vegetation in the north of the reserve has been described in detail
by Descoings, (1974). Itis characterised by the grass, Pobeguineaarrecta, which
is dominant, or co-dominant with Andropogon pseudapricus, Hyparrhenia
diplandra af Schizachyriumplatyphyllum. Shrubs such as Crossoptaryx
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Flate 2.1.

S gy
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Buffalo ( Symcerus c&/76r) in open savanna in the north of the reserve. Mote gallery forest
in thalweg in the background.

Savanna-forest mosaic, with SEGC (centre). To the right (south) is the beginning of
continuous forest cover and the SEGC main study area (Site 1}; to the left (north) savanna-

forest mosaic extends 12km to the Ogoous.
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Plate 2.2

I

Looking south towards Site 5 from the savanna edge. Note savanna on hills in foreground.

¥
Fan

Forest along the savanna edge. Trees with red canopies are the savanna coloniser fan4ire
afzis, with flushes of new leaves
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febrifuga, Bridelia ferruginea, Nauclealatifolia Sarcocephalusesculentus,
Psidium guineense and Psorospermum febrifugum, occur sparsely throughout the

savanna [Descoings, 1974; Fontes, 1978; Wilks, 1990).

There is some debate as to whether the origins of these savannas, and
equivalent areas in other parts of central Africa, are natural [relicts of adrier
period inthe Pleistocene when forests receded and were replaced by savannas) or
anthropic (left over from periods when the human population of the area was
higher). Descoings (1974), after a detailed study of the composition and
distribution of savannas in the Lopé area, concluded that the latter was more
likely, and Fontes (1978) reached a similar conclusion. Aubreville (1967a)
concluded that the pattern of savanna-forest mosaic was due to an on-going
process of recolonisation of savanna which had resulted naturally from
prehistorical differences inclimate, and Nicolas 119771 agreed that the savannas
around Lopé were likely to be natural in origin. Recent work in Congo has
suggested that savannas in the Oriental Mayombe are natural inorigin, although
they are maintained today by regular fires started by humans (de Foresta, 1990;

Schwartz et al., 1990).

Methods.

Five study sites were established on the basis of their logging history: In
Sites 4 & 5 rectangles 5km by 1km were drawn on a map, on a compass bearing
crossing the drainage (cf.Norton-Griffiths, 1978), sited such that they were in
forest that had been subject to a specified logging regime. A line transect Imwide
and 5km in length was located randomly in the study area (using a random number
table to select a number between 0-1000 to signal a starting point along the 1km
boundary of the site), and was cut following the compass bearing [Figure 2.1). In
Sites 2 & 3 the same procedure was followed, but the sites were continuous and a
10.5km line was cut (transects 2 and 3 were the eastern and western 5km
respectively). InSite 1, a 1-kmtransect established previously (across the
drainage, as above) to undertake a botanical survey (Williamson, 1988) was

extended to 5 km:

Site 1was the SEGC main study area, in which research on the ecology of
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apes (Gorillag. gorilla and Pan i. troglodytes) has been underway since 1984
(e.g., Tutin et al, 1991a). The SEGC study area covers about 40 km2 along the
northern limit of the continuous forest block. The transect was cut at a bearing of
235" and ran parallel to the savanna-forest boundary, about 1kmfrom the forest
edge. The entire length of the transect fell within geological Sub-Region 4 (see
Figure 2.1). The forest had been logged once, 20-25 years previously, for one
tree species, Aucoumea klaineana which was extracted at an intensity of about

one tree ha-'.

Sites 2 and 3 were adjacent to one another, located in the SOFORGAlogging
concession, 35 km southwest of SEGC, with an essentially continuous transect at a
bearing of 265°. The first (eastern) 5km (Site 2) had been logged for Aucoumea
klaineana, and a limited number of other species, at anintensity of i-2trees ha-1
early in 1986 (3-5 years before this study). The first 9km (Site 2 plus 3.5 km of
Site 3) were in Sub-Region 3, and the final 1.5-kmof Site 3 overlapped into Sub-
Region 2. A river about 20m wide, the Leledi, bisected Site 2 at 3.6 km.

Site 4 was about 5km southwest of SEGC, with a transect cut at 270"

fallingwithin Sub-Region 1. The forest had been logged for Aucoumea klaineana at

anintensity of about 1tree ha-, 10-15 years before.

Site 5 started about 3km south of SEGC, with a transect at 155°,
predominantly located within Sub-Region 4, butcrossinginto sub-region 3 inthe
last (southern) 500m. Two tributaries of the River Lope, each about 10-15m
wide, crossed the transect at 3100m and 3800m. This site had not been affected
by timber extraction, but logging was known to have occurred within about 1km of
the end of the transect, and towards the end of the study it was discovered that

loggers had (illegally) almost reached the transect at 3700m.

Figure 2.3 shows profile diagrams for the five sites, illustrating their

contrasting topographies.
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Figure 2.3: Profile diagrams of the five transects,
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The diameters of all trees >10cm dbh ina 5 metre strip, 2.5 meither side
of each transect (giving a sample of 2.5 ha), were measured at 1.3m above the
ground (diameter at breast height, dbh), orimmediately above stilt or buttress
roots, using a diameter tape. Eachtree was labelled with a numbered aluminium
tag. Trees were identified using a combination of sterile characters: general form
(e.g., buttresses, stilt roots); bark texture; slash colour, smell and exudates; leaf
type and shape. Leaves were collected and compared with herbarium specimens,
and where possible fertile collections were made. A voucher specimen of each new
species encountered was taken, and these are lodged at herbariain Libreville,
Gabon and Missouri, U.S.A., as well as at SEGC and with the author. All trees >70
cm dbh (minimum legal diameter for commercial exploitation for most species) ina
50 metre strip, 25m either side of the transect, were measured (giving a sample
of 25 ha), identified and labelled in the same way. In addition, specimens were
collected opportunistically from all plant species encountered fertile during the
study in any of the study sites, irrespective of size and location. Heights of all
trees were estimated visually to the nearest metre.

Canopy cover at three heights (<10m, 10-20m, >20m) was estimated along
the length of the transect using a point quadrat method (Greig-Smith, 1983): As
most crowns of trees in the Gabonese rain forest do not exceed 5m in diameter
(Reitsma, 1488) a sighting clinometer was used to look up vertically at five metre
intervals along the length of the transect, and canopy cover was scored as present
or absent in each of the three height classes depending 0N whether or not a point in
the sight projected upon vegetation. Thus 1000 points were recorded at each
height along each 5000m transect.

Density of herbaceous vegetation of the families Marantaceae and
Zingiberaceae was assessed by counting stem densities for each species presentin
areas of 1m2,displaced one metre off the transect (to avoid any effects of cutting
the transect) at five metre intervals along each transect (cf. Rogers & Williamson,
1987). These families were chosen because they were abundant, relatively easy
to identify from vegetative material, species composition and abundance varied

between habitats, and they were a major component of the diets of gorillas and
chimpanzees (cf. Rogers & Williamson, 1987). Other herbs, shrubs, and trees
<10cm dbh were not sampled systematically, but collections were made whenever
they were encountered with flowers or fruits.

The locations of notable physical features (e.g., streams, marshes, rocky
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outcrops, old roads, ridges) were recorded, and average gradient was measured
for each 50m portion of each transect using a clinometer.

During the course of the study, an attempt was made to identify easily
recognised vegetation types, which could be characterised by their species
composition, and structure and general appearence. Some of these had been
described previously, such as marshes dominated by Marantochloa spp.
(Marantaceae) (Rogers & Williamson, 1987) and were easily recognised. With
experience more subtle variation in vegetation became apparent, and was often
associated with particular physical conditions in the area (e.g., rock outcrops,
proximity to the savanna edge), butclassification of the forest into vegetation
categories inthis way was subjective, and often based on intuition.

Two types of multivariate analysis were applied to botanical data in order
to substantiate these field classifications: Two-way Indicator Species Analysis
(TWINSPAN) (Hill, 1979a) and Canonical Community Ordination (CANOCO) (Ter
Braak, 1988- an extension of DECORANA [Hill, 1979b]). Programmes to process
the data were written by C. Legg, who also ran data through TWINSPAN and
CANOCO. TWINSPAN wasrunfortrees > 10 cm dbh, trees > 70 cm dbh, a
combination of these two data sets, and for all three sets of data in combination
with herb data (using 100m segments of transects as the sample unitin all cases,
although 500m segments were also tried for trees >10and >70). Stem density
was the unit of abundance adopted in all cases, and cut levels for pseudospecies
were at zero, two, four, and seven individuals, adding 12 as the last cut when
herb data was added. CANOCO was run on data for trees >10cm, >70cm, these
two data sets combined, and for herb data in 100msegments. It was then re-run
incorporating environmental data: altitude; slope angle; canopy cover at <10m,
10-20m, >20m and overall; proximity to permanent water; proximity to seasonal
streams or gulleys which act as water courses during periods of heavy rain;
proximity to rocky outcrops; nearest logging road; and distance to continuous
savanna vegetation. Finally combinations of trees >10and >70and herbs (using log
of stem density as unit of abundance) were processed with environment data. The
indirect gradient analysis (DCA) option was selected, using 2" order polynomials
for detrending, and down-weighting rarities. Both programmes were runfor all
species, and for only those species which occurred in at least three 100msamples.
TWINSPAN uses reciprocal averaging to divide the data set into two groups, and

then continues to further divide the resulting sub-groups until they become too
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small to divide further, or a pre-determined number of divisions have been made.
Itforms a divisive hierarchy, giving an output in the form of an ordered two-way
phytosociological table of species and transect segments. Being divisive, itis
proneto mis-classification of borderline points, since there is no ecological basis
for making divisions, nor for determining a sensible point at which to stop.
Interpretation of the ecological ‘sense’ (or otherwise) of the output restswith the
field observer. CANOCO, on the other hand, performs an ordination of the data,
giving an output inwhich plots and species are ordered continuously interms of
similarity with respect to one another, which canbe displayed graphically. In
addition, it canincorporate environmental variables, and display these as
gradients of increasing correlation inthe graphical output. TWINSPAN groupings
can be superimposed upon the CANOCO output, and ifthe clarity of the groupings is
maintained this objectively substantiates the two analyses. The merits and pitfalls
of these techniques have been widely discussed (e.g., Gauche, 1982; Hill & Gauche,
1980; Kershaw & Looney, 1985).

Results.

Speciescompostition.

Trees >10 cm dbh.

A total of 4885 trees and lianes > 10crn dbh, of 327 species, were
encountered on transects. Inall, 181 (55%)pecies were fully identified, a
further 54 (17%) could be identified to genus, 44(13%) to family, and 48 (15%)
could not be identified. Interms of individuals, 4449 (91%)were fully identified,
277 (6%) could be identified to genus, 82 (2%)to family and 77 (2%) could not be
identified. Appendix 2.1 lists all plant species >10cm dbh encountered on
transects, and gives the number of each species in each site. Appendix 2.2 lists
plants not encountered un transects, which were identified to species level from
fertile collections made in the five sites, and in savanna close to Site 1.

There were marked differences in species composition both within and
between sites, which could be used to classify several vegetation types. Table 2.1
lists all plant species > 10cm dbh rankedinthe “top 10”for basal area and/or

number of stems, on at least one transect (it summarises Appendix 2.1 for the
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Table 2.1: Species ranked in the ‘top 10’ for basal area or number of stems on at least one transect.

Species Family Site 1 Site 2 Site 3 Site 4 Site 5

a b a h a b a b a b

£

Aucainas Aisinesns BURSERACEAE 204 61 6.0 14 99 21 .8 16 22.0 96
Augouarais Jelestd CAESALPINIACEAE 3 b6 34 18 20 4.2 40
L alhe penlands BOMBACACEAE

EBRORIECNS Flaveings PANDACEAE 1.1 95 g8 37

{ale lizee STERCULIACEAE 0.4 7
LOnCayaite sieans EUFPHORBIACEAE 23103 45210

Coile adtilis OLACACEAE 6.5 23 35 23 5.2
ELICOOTSONS GaRNISNSIS MIMOSACEAE 2.3
Recryasas Huatlnary BURSERACEAE 6.2 29 3.9 g 2
DECIaas K18 nashs BURSERACEAE 1.6 40 1.9 38
Peshardasis Glsucascans IRVINGIACEAE 20 22 23 15 1.1
LR EITUT SOYEHNTT CAESALPINIACEAE 0.2 700 4 2.1
fiaspires 8ange EBENACEAE <01 1 0.2 14 0.1
EFaSERIres AOlYSTaTIed EBENACEAE 0.7 il 0.4 8 0.1
ERaSEIra S FankerT EBENACEAE 0.1 3 <0
Friaeaglinir ey oo g SAPINDACEAE <01 1 0.1 3 0.2
GEA e Flasnt e SAPINDACEAE

LECINT S SImasiimSi GUTTIFERAE <Q.1 3 0.5 26

AU GaBRGI O GO GEISE CAESALPINIACEAE 0.8 4
RUpagamiinis FeHReHF LAURACEAE

£ anfire 8i5ls OCHNACEAE

PEOICUIREE TG EHE06E EUFPHORBIACEAE 0.1 3 <01 1
Famiaclatirg aalyeliossns - MIMOSACEAE 0.3 1 0.7 4

Farl 7 alirs mecramiiiis MIMOSACEAE 3.4 7 4.7 16
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Tahble 2.1: Species ranked in the “top 10° for basal area or number of stems on at least one transect / continued.

Species Family Site 1 Site 2 Site 3 Site 4 Site 5
a b a b a b a b a b
FUCAERIAUS 8IGoIERSIS MYRISTICACEAE 1.8 4 0.9 2 0.2 1 1.3 3 1.0 3
SECOFIAL IS GRS HUMIRIACEAE 4.5 6 0.1 2
Satiris rimars BURSERACEAE T 6143 6.5121 3.1 534 0.1 1
SCal LEiIE CorTseas FLACOURTIACEAE 0.2 4 1.8 23
SCUORACERAGI TN 0acHes MYRISTICACEAE 1.0 3 3.4 10 8.4 23 0.6 1
Singeransis je-teslil CAESALPINIACEAE 2.9 3 1.4 3 4.1 11
EP 8T K ETEIUnSaISIS MYRISTICACEAE 0.6 1 2.9 21
SISUTLIG gabanensis MYRISTICACEAE 1.3 6 3.3 18 0.5 3
Strommbasia T 2enkeri CLACACEAE 0.1 1 06 20 3.5 068
SPromtiasiansis Lelrsnars OLACACEAE 1.7 20 3.0 38 306 49 0.1 6
Freciirg ahavaidas MORACEAE 0.6 29 0.2 3
Frrehiiis of . peiginmasns MELIACEAE Q.4 11 <01 1 0.9 28
FrICROSCHYRSE BOMINGLs ANACARDIACEAE 0.4 N 09 32 07 13 0.1 3 0.2 12
Auianis spiianics AMNONACEAE 0.3 21 0.1 1 ¢.4 3 06 36 <01 3
Auianis aunaismars ANNONACEAE 0.9 16 0.3 2 0.3 2 <0 1 0.9 il
Airigris guintasiy ANNONACEAE 0.8 38 0.2 &) 0.5 19 0.1 5 2.3 935
Sum of values for "top 10" spp. 56.1 528 523 531 494 617 596 494 581 687
Top 10 as £ of total 76 69 63 356 60 593 60 51 71 67

B = total basal area on transect; b = number of individuals on transect. Values emboldened = species in top 10,



more important species, but does not supersede it). Some species were relatively
common in all study sites, notably Aucoumea klaineana, Dacryodes buettneri,
Pentaclethra macrophylla Other species tended to be restricted to, or more
abundant in Sites 2, 3 & 4, or Sites 1 & 5, notably: Augouardia letestui,
Centroplacusglaucinas, Coulaedulis DQesbordesiaglaucescens, Santiria
trimera Scyphocephaliumochocae, Sindoropsisle-testui, Staudtiagabonensis
and Strombosiopsistetrandrain Sites 2, 3& 4; and Colalizae, Hylodendron
gabunense Hypodaphnis zenkeri, Laphiraalata, Trichiliacf. prieureana and
Xylopiaquintasii in Sites 1& 5. However some species characteristic of Sites 2,
3 & 4 occurred at low density in Site 5 (e.g., Centroplacus glaucinas, Santiria
trimera, Scyphocephaliumochocoa, Strombosiopsis tetrandra). Some species
were common inonly one site (e.g, Sacoglottisgabonensisin Site 2), or were
restricted to any two of Sites 2, 3& 4 (e.g., Concevaiba africana, Dacryodes
klaineana, Garciniasmeathmannii Treculia obovoidea). The top ten species in
Sites 1& 5 contributed a greater proportion of the total basal area and number of
stems than inthe other three sites, showing they were less species diverse.

Table 2.2 summarises the vegetation data for species > 10cm dbh and lists
all families ranked inthe “top 15” interms of basal area in at least one site.
Burseraceae was the dominant family in all five sites, followed by the Leguminosae
(separated into sub-families: Caesalpiniaceae, Mimosaceae, Papilionaceae).
Families in Sites 1 & 5 obtained similar ranks, as was the case for Sites 2, 3 & 4,
but there were some marked differences between these two sets of sites:
Olacaceae, Myristicaceae and Euphorbiaceae were more important in Sites 2, 3&
4; whilst Sterculiaceae, Ochnaceae Sapindaceae and Ebenaceae were more
important in Sites 1& 5. Sites 2-5 had at least 37-39 families, but Site 1 was
less diverse, with 31 families present.

Sites 1 & 5 and Sites 2, 3& 4respectively could be separated intotwo
sub-unitsintermsof species composition. Burseraceae dominated Sites 1& 5in
terms of basal area, and trees of the Sterculiaceae were most numerous.
Aucoumea klaineana accounted for the majority of the stems and basal area of
Burseraceae, whilst Cola lizae was the only Sterculiaceae inthe >10cm dbh
samples. Aucoumea klaineana, Col,lizae and Laphiraalata together represented
44% and 45%o0f basal area and 39% and 36%o0f individuals in Sites 1 and 5
respectively. The abundance of Colalizaeis particularly worthy of noteasitisa

species with alimited distribution that was unknown to science until collected at
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Table 2.2: Dominant families »10 cm dbh

Family* Site 1 Site 2 Site 3 Site 4 Site 5
a b C a b C a b C a b C a b C

BURSERACEAE 2 72 8958 (1) 6 243 988 (1) 7208 936 (1) 5 105 985 (17 4 121 1053 (1)
CAESALPINIACE AE 7 36 245 {4) 12 73 463 (2) 7 56 407 (4) 19 t16 603 (2) 6 22 113 (8)
OLACACEAE 2 4 034(19) 7 53 384 (3 7 102 435 (2) g 185 566 (3) 3 11 082010}
MIMDSACEAE 6 32 347 {3) 3 9 172 (7 4 24 284 (5) 5 22 317 (5) 4 41 300 (3)
MYRISTICACEAE 1 4 0.74010) 4 12 153 (@) s 51 415 (3) 4 40 458 (4 2 4 062(12)
IRYINGIACEAE 5 18 145 (5) 5 53 209 (4) 5] 30 210 () 5 24 103 (7) S 41 158 (6)
STERCULIACEAE 2 180 382 (20 2 13 0.10(23) 3 18 0.21(23) 2 5 003(35) 2 195 334 (2)
EUPHORBIACEAE 5 25 054(11) 6 155 185 (5) 2 243 273 {6) 13 88 129 (6) 9 22 0.80011)
ANNONACEAE 8 90 092 (9) 9 53 087 {9) g 52 093 (9) 7 62 058(10) 8 148 165 (5)
EBENACEAE 5 72 135 (6} 4 19 0.39{15) o 53 0.76010) 7 22 035(17) 8 111 131 (7)
OCHNACEAE 1t 62 131 (7 0 0 000 (-} 1 1 0.00(40) 0 0 000 (=) 1 73 282 (4)
RUBIACEAE 8 37 0.45(12) 6 20 022(17) 3] 35 0.44(13) 7 45 083 (93 9 18 0.21018)
HUMIRIACEAE 0 0 000 (-} 1 6 1.80 (6) 0 0 000 (-} 0 0 000 (-) 1 2 00331
SAPINDACEAE 6 14 117 (8) 2 7 0.07(268) 5 8 0.08(27) 1 7 007(30)y 3 25 037015
ANACARDIACEAE 4 15 0.44(13) 2 43 0.47(12) 4 19 0.30(19) 3 9 0.15(24) 4 17 0.31018)
CHRYSOBALANACEAE 1 2 0.12(21) 1 1 0.07(25) 3 g 093 (&) 4 10 052(13) 0O 0 0.00 (-}
SAPOTACEAE 0 0 000 (=) 2 2 0.20{19) 3 6 0.47(12) b g 08B (B8) O 0 000 (-}
GUTTIFERAE i 1 0.15(17) 6 13 0.21(18) 5 40 0.43(14) Z 18 05312 1 2 0.19(20)
FLACOURTIACEAE 2 13 015018 1 1 0.02(30) 3 3 0.08(29) 2 6 0.03(31) 6 33 110 (9)
PANDACEAE Q O 000 (-} 1 55 0.42(13) 1 37 033018) 1 68 0.46{158) 2 6 0.09(27)
LAURACEAE 2 20 0.37(14) 4 7 0.19(20) 3 9 Q22(22) 3 13 03001B)Y 3 13 0.11(29)
SCYTOPETALACEAE O 0 000 (-} T 20 0B7(10) 3 16 0.38(16) i 6 0.08(29) 1 6 0.14(23)
MELIACEAE 1 16 0.16(16) 4 5 0.09(24) 3 7 0.19(25) 1 15-0.18(21) 3 35 050(14)
YOCHYSIACEAEL G 0 000 (-) 1 2 0.24{186) 1 g 0.66(11) 1 1 0.16(23) © 0 Q00 (-
PAPILIONACEAE 1 2 0.10{23) 1 1 0.01(36) 3 10 0.40015) 2 13 0.18(22) o5 g 0.19(19)
[XONANTHACEAE o 0 000 (-) 1 11 0BO(t1H) 1 7 0.20(24) V] 0 000 (-} © o 000 (-)
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Table 2.2: Dominant families > 10 cm dbh / continued.

Family* Site 1 Site 2 Site 3 Site 4 Site 5
a b C b C b b C b c

LUXEMBURGIACE AE 1 1 0.10(22] §] 0 0.00 0 0 1 4 055(11) 1 1 0.11(24)
BOMBACACEAE 0 0 000 (=) 0 0 0.00 g 0 0 0 0.00 (=) 1 2 062013}
LULMACEAE 0 0 Q00 (=) Q 0 0.00 1 1 2 6 0.49(14) 0 0 000 (-)
LECYTHIDIACEAE Q 0 000 (=) 0] 0 0.00 0 g 2 7 047(19) © 0 000 (-}
DIPTEROCARPACEAE © 0 0.00 (-] i 3 0.40(14 0 0 4] 0 000 (-} Q 0 000 (=)
Undetermined 3 3 0.18 19 28 22 022 i) 1.02
Total far

top 15 families 65 BE1 28.24 808 3114 926 740 I6.43 65 886 3018
Dverall total g4 7a0 29.59 956 33.21 1169 Q74 3997 108 1026 3267
Top 15 - & of total 77 90 95 g9 79 76 a1 o6 g2
No. families identified 3 34 38 39 37
Shannon Weaver Index 3.35 381 397 414 3.48
Simpson’'s Index 008 0.05 003 Q.03 Q.07
Evenness 0.75 078 Q.78 083 0.75
Modified Hills Ratio Q.42 0.46 035 0.59 .45
Mo. indivs. / No. spp. 8.4 7.5 7.1 6.9 g.Aa

E = humber of species in 2.5 ha sample; b = number of individuals in 2.5 ha sample; C = average basal area {m?2 ha~" - with rank

* - ranked in terms of overall average basal area.



SEGC in 1984 (Halle, 1987).
in Sites 2, 3 & 4 species distributionwas less skewed towards a few

dominant species, as illustrated inTable 2.1, and by the measures of evenness
presented in Table 2.2. Aucoumea klaineana was still mostcommon interms of
basal area but other species attained comparable values (e.g., Dacryodes
buettneri, Santiria trimera, Scyphocephaliumochocoa). Santiria trimera was
common inall three of these sites, but parts of Site 2, and particularly Site 3,
were characterised by the abundance of Conceveiba africana.

The number of individuals varied between sites, from a minimum of 760 in
Site lupto 1169in Site 3. Total basal area varied between sites, between
extremes of 29.59 m2ha-'in Site 1 and 39.97 m2 ha-1in Site 4. The total number
of species ineachsite varied from 84 in Site 1to a maximum of 164in Site 3.
This isillustrated graphically in Figure 2.4, which shows a species-area plot for
all species > 10cmdbh in each of the five sites. All five curves are still increasing
at 2.5 ha, although this is most marked for Sites 2, 3 & 4. This figure suggests
that plant diversity was highest in Site 3 and that Sites 4, 2, 5 and 1 were
successively less diverse.

Variation in the number of individuals / unit area (site) can mask
differences in species diversity (Reitsma, 1988). The ratio of individuals to
species given inTable 2.2 demonstrates this, showing Site 5 to have been the least
diverse interms of the number of species representedin a given number of
individuals, whilst Site 4 was the most diverse. The percentage of species,
individuals and basal area accounted for by the top 15 families is a similarindex of
diversity, and suggests that Site 1 was the least diverse la greater proportion of
the total are within the top 15families) ,butis less clear for the other sites. Two
widely usedindices of diversity are presented in Table 2.2: the Shannon Weaver
index (Shannon & Weaver, 1949)and Simpson's index (Simpson, 1949). Both
indices rank the sites in a similar order, with Site 4 being most diverse and Cites
5 and 1 ranked fourth and fifth respectively, but Sites 2 and 3 receive different
ranks, with Site 3 ranked second by Shannon Weaver, und third by Simpson's index
(and vice versa for Site 2). Two measures of species evenness are presented in
Table 2: J’ of Pielou (1975, 1977) and the Modified Hill's Ratio (Alatalo, 1981;
cf. Hill, 1973). Both suggest that evenness is greatest in Site 4, but give

conflicting information about the other sites.
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Figure 2.4: Species-area plots for species »10 cm dbh.
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Inall, 327 plant species > 10cm dbh occurred on the five transects, of
which 176 were present inone site only, and 76, 36, 12 and 27 occurred in two,
three, four and five sites respectively. Table 2.3 lists the percentage overlap of
species between each of the sites. This shows that Sites 1 and 5 had many species
in common, as did Sites 2, 3 and 4. Table 2.4 gives the Czekanowski coefficient of
similarity (Bray & Curtis, 1457) for the five sites, which takes into account both
the number of species in common, and their abundance in each paired comparison.
Fromthis table the sites can be ranked interms of their overlap, with Sites 1 and

5 being most similar, and Sites 1 and 2 most divergent.

Table 2 2. & species overlap between sites for species »10 cm dbh.

Site 1 Site 2 Site 3 Site 4 Site 5
Site 1 --- 41 48 47 68
Site 2 27 --- a9 45 32
Site 3 25 46 - 43 28
Site 4 29 41 50 --- 32
S5ite 5 54 38 43 42 -

Table 2 4. Czekanowski coefficient for trees > 10cm dbh.

Site 1 Site 2 Site 3 Site 4 Site 3

Site 1 - 0.16 .20 023 0.69
Site 2 063 0.36 0.18
Site 3 0.44 023
Site 4 0.19

Freas » FO0crm ghé

A total of 1832 trees » 70 cim dbh, of 137 species, were encountered an
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transects. Inall, 109 species (30%)were fully identified, a further five (4%Xo
genus, 14 (10%) to family, and nine (7%)could not be identified [Appendix 2.1).
Of the individuals, 1797 (98%)were fully identified, a further eight (0.4%)to
genus, 16 (1%) to family, and 11 (0.6%)could not be identified.

Large trees were less useful for quantifying vegetation categories, but
some species did show differences within and between sites, as was observed for
trees >10cmdbh. Table 2.5 lists all trees > 70cm dbh ranked inthe top 10for
basal area on at least one transect. The number of trees differed little in
proportion from basal area and so is not shown. As for smaller trees, some
species were common in all sites, notably Aucoumea klaineana Dacryodes
buettneri Lvingiagabonensis Bentaclethramacrophylla, Pycnanthus
angolensis Other species were characteristic of Sites 2, 3& 4, notably Coula
edulis, Paraberliniabifoliolata, Sindoropsisle-testui,or were more common in
these three sites (e.g., Desbordesia glaucescens, Klainedoxa trilasii),whilst
some species were characteristic of, or more commonin Sites 1& 5, notably
Ceiba pentandra, Ganophyllum giganteum, Lophira alata, and Pterocarpus soyauxii
to some extent. The proportion of the basal area accounted for by the top 10
species was greatest in Site 5, and least in Site 3.

Table 2.6 summarises the vegetation data for trees > 70cm dbh and lists all
families rankedinthe top 10interms of basal area inat least one site.
Burseraceae was the dominant family in eachsite, followed by the Leguminosae.
Family ranks were more consistent than for small species, but again some families
were more common in Sites 2, 3 & 4 (e.g., Caesalpiniaceae, Myristicaceae) orin
Sites 1& 5 (e.g., Ochnaceae, Sapindaceae), or occurred inonly one or two sites
(e.g., Humiriaceae, Chrysobalanaceae). The number of families present per site
varied between 19 (Site 5) and 24 (Site 3).

In Sites 1 & 5 Aucoumea klaineana was the dominant large tree,
representing 40%and 48%of basal area inthe two sites respectively. Lophra
alata, Pterocarpus soyauxii and Dacryodesbuettneri were also common. In Sit'es
2, 3 & 4 Aucoumea klaineana was the commonest large tree, but represented only
20%, 27%and 21%of the respective basal areas. Dacryodes buettneri and
Scyphocephalium ochocoa were common in all three sites, Sindoropsis le-testui
was common in Sites 2 & 4, and Sacoglottis gabonensis and Paraberlinia
bifoliolata were common in Site 2. Species overlap between sites was more

uniform for large trees than for plants >10cmdbh, but similar trends emerge.
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Table 2.5: Species >70 cm dbh in 'top 10 for basal area gn at 1east one transect.

Species Family Basal Area'

Site 1 Site 2 Site 3 Site 4 Site S
AuCannes K einaans BURSERACEAE 86.3 65.8 81.1 51.2103.4
{Bitis peniancrs BOMBACACEAE 0.6 4.3
Lol aeiis OLACACEAE 14.3 34 8.3
Decryogas bvat tnery BURSERACEAE 11.3 33,5 322496 14.2
Dashordasis grsucascens IRVINGIACEAE 1.4 84 93 7.4 1.8
GBI T T GIeE BT SAPINDACEAE 4.3 3.6
My aaanding GERuGEsa CAESALPINIACEAE 6.2 1.1 1.3
AVigIe GetvieHsis IRVINGIACEAE 34 38 30 06 4.1
KTBInERINE JERANERSTS IRVINGIACEAE 5.8 2.7 10.9 5.7
Aisinegare lrilesiy IRVINGIACEAE 05 7.3 80 40 1.1
Lanhire /518 DCHNACEAE t4.0 0.9 1.7 14.2
HMeranthes glats CHRYSOBALANACEAE 5.4 9.4
Foratariinig Giraliaist s CAESALPINIACE AE 28,8 7.7 4.1
Fentaciatire mecrapiy/fie MIMOSACEAE 5.0 120 11.0 5.8 2.3
Fiptsdanigsivi afviceintyyy MIMOSACEAE 6.7 2.1 1.4 35 3.7
FLErararpitis el sunt’ PAPILIDNACEAE 223 70 56 4.1 11.0
FYenentiiis &gelansis MYRISTICACEAE 7.2 63 106 36 8.3
SECOGIaL IS GoIIeRsIS HUMIRIACEAE 39.2
Scypracenieiiung achaces  MYRISTICACEAE 20.5 18.8 2 1.7
Sindaransis fa-tasiui CAESALPINIACEAE 17.7 6.6 t16.1
Total bhasal area for “top 10" species 169.1 2495 196.2 185.7 174.2
Top 10 as a £ of total 79 77 65 75 81

1 - m?in 25 ha sample. Emboldened species in top 10.
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Table ¥ 6: Dominant families »70 cm dbh.

Family* Site 1 Site 2 Site 3 Site 4 S5ite 5
a b c a b C a b C a b C a b C

BURSERACEAE 3137 396 (1) 4 142 415 (1) 3 148 471 (1) 2181 416 (1) 32 189 475 (1)
CAESALPINIACEAE 727 066 (3) 0 66 209 (2] 4 46 132 (4) 16 45 130 (3) B 13 042 (6)
MYRISTICACEAE i g 029 (7) 4 45 114 (4) ba] 57 143 (2) 2 580 1323 (2) 2 17 040 (7)
IRVINGIACEAE S 18 054 (§) 6 36 099 (5} t 45 1.33 (3) 4 16 051 (8 5 22 054 (4)
MIMOSACEAE 6 23 062 (4) 6 27 073 (6) 8] 29 093 (5) B 25 066 (4) 6 24 057 (2)
PAPILIONACEAE 1 21 089 (2) 1 9 0.28{(10) 1 6 022 (9) 2 6 0.19 (3) 1 12 0.44 (5)
OCHMACE AE 1 21 056 (5) 0 0 000 (-) 1 1 0.04(16) 4 21 047 (7) 1 24 057 (3]
HUMIRIACEAE Q 0 000 (=) 1 32 157 (33 0 0 000 (=) 0 0 o000 (-} O 0 000 (=)
OLACACEAE 2 6 020 (8) 2 26 065 (7) 3 18 0.44 (6) 0 0 000 (- 1 3 0.07014)
SAPOTACEAE 2 2 010012 3 S 033 (8) a] 12 038 (7) 3 4 o 11011y 2 2 0.09{12)
CHRYSOBALANACEAE 1 0.02(22) 0 0 Q00 (-) 3 12 031 (8) 3 20 048 (B) 0 0 000 (-}
AMNONACEAE 4] 0 000 (=) 2 11 029 (9) 1 1 0.04015) 0 0 000 (=) 1 1 0.02018)
SaPINDACEAE 1 6 018 (93 0 0 000 (=) 0 0 000 (=) ¢] 0 000 (-) 1 4 014010)
MORACEAE 2 2 0.04{15) 0 0 000 (-} 0 0 000 (=) 1 I 002020y 2 3 018 (8)
RUBIACEAE 2 2 0.06(14) 1 1 0.02{22) 4] 0 000 (-) 3 6 015 (9 0 0 000 (-}
ULMACEAE 1 4 0.07(13) 1 2 0.05(16) 1 1 0.02(227 1 7 013010 0 0 000 (-}
VYOCHYSIACEAE 4] 0 000 (-) 1 2 0.06(12) 1 7 017010} 1 2 00416y 0 0 000 (-}
BOMEBACACEAE i 1 0.02019) 0 0 0.00 (-) 1 1 0.02(24) 0 0 000 (=) 1 2 017 (9)
EUPHORE IACEAE 4 6 0.15(10) 1 2 0.06(14) 2 6 0.16(11) 1 1 002020y 2 4 010113
Undetermined 2 3 Q.05 1 1 .02 3 3 Q.08 i 1 Q.03 2 2 0.04
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Table 2.6: Dominant families >70 cm dbh / continued.

Site 1 Site 2 Site 3 Site 4 Site 5
a 1] c a b C a b C a b C a b C
Total for
top 10 families 31 273 8.05 39 399 1222 50 381 11.24 46 347 938 30 311 8.19
Overall total 47 297 8.61 53 427 129 70 408 12 62 370 997 42 330 .65
Top 10 - % of total 66 92 g3 71 93 93 71 Q3 04 74 94 94 71 94 a5
Mao. families identified 20 25 24 23 18
Shannon Weaver Index 2.64 3 327 2.99 2.26
Simpson’'s Index 0.18 0.00 0.08 0.1 027
Evenness Index 0.69 0.75 Q77 Q.72 061
Modified Hills Ratio 0.35 058 0.45 0.48 032
Mo. indivs. / No. spp. 6.3 7.8 5.6 6 7.9

E = humber of species in 25 ha sample; b = number of individuals in 25 ha sample; ¢ = average basal area {m? ha™% - with rank
* - ranked in terms of overall average basal area



As for transects of smaller trees, the number of individuals, species and
total basal area, for trees >70cm dbh, differed in the five sites, indicating that
there were differences in vegetation structure as well as composition. Sites land
2 hadleast and most individuals, with 297 and 427 respectively, and were also
ranked last and first respectively interms of total basal area. Site 3 had most
species, and Site 5 had fewest, with 70 and 42 respectively. Figure 25, showing
species - area plots for the five sites, illustrates the differences inspecies
number between sites. Curves for Sites 2, 3 and 4 continue to increase, whilst
those for Sites 1 and 5 seem to be levelling out. Diversity of large tree species
was highest in Site 3, with Sites 4, 2 and then 1 and 5 together, successively less
diverse.

The ratio of individuals to species was lowest (most diverse) for Site 3,
and highest for Cite 5. The percentage of species, individuals and basal area
accounted for by the top 10 species are relatively uniforminthe five sites.
Shannon Weaver and Simpson’s indices ranked the sites inthe same order for
diversity: Site 3 most diverse, with Sites 2, 4, 1 and 5 following in order of
decreasing diversity. The two evenness indices ranked Sites 1 and 5 as fourth and
fifth (least even) respectively, but gave conflicting ranks for the other three
sites. Measures such as these, which try to take both the number and abundance of
species into account, are prone to such inconsistencies (Greig-Smith, 1983).

Of the 137 tree species > 70cm dbh encountered, 71 were presentin one
site only, and 29, 13, 9 and 15 were present in two, three, four and five sites
respectively. Table 2.7 lists the percentage overlap of species between each of
the sites, showing a similar patternto that observed for small transects, with
Sites 1 and 5, and Sites 2, 3 and 4 having most species in common. Table 2.8
gives the Czekanowski coefficient of similarity for the five sites. Overlap
rankings were similar tu those far smaller transects, with Sites 1& 5 again most

similar although Sites 1 and 4 were most dissimilar.
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Table 2. 7. 8 species gverlap between sites for species »70 cm dbh.

Site 1 Site 2 Site 3 Site 4 Site 5
Site 1 --- 43 49 51 60
Site 2 36 --- 65 a1 43
Site 3 32 51 --- al 36
Site 4 39 45 58 -- - 39
Site 3 67 a2 60 57 ---

Table 2.8 Czekanowski coefficient for trees » 70cm dbh.

Site 1 Site 2 Site 3 Site 4 Site 5

Site 1 - 0.60 0.47 0.44 0.75
Site 2 0.69 067 0.46
Site 3 0.66 051
Site 4 0.43

Forast Sirwciire

Differences in the number of individuals per unitarea inthe five sites have
already been illustrated, and these indicatedthat there were distinct differences in

forest structure between the sites, singling out Site 1 as being particulary
different from the others. Table 2.9 gives the percentage canopy cover recorded

along the five transects. Cite 1 differed markedly from the other sites, with low

canopy cover at <10mand 10-20m, high cover >20mand a low overall value.
Values for the other four sites were similar, except those for Site 2 at 10-20m

and >20m,which were slightly below the other three sites.
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Table 2.9: % canopy cover at different heights

Study Site Canopy Cover (%)
< 10m 10 -20m >20m Overall
1 29.3 48.7 68.2 84.0
2 643 69.3 56.9 933
3 63.6 776 B35 95.0
4 61.4 71.8 635 Q3.7
b 61.7 738 63.4 943

Figure 2.6 shows the proportion of trees >10cm dbh in each site in
diameter categories increasingin steps of 10cm The distribution of trees
between diameter classes was strongly skewed towards small trees, with trees
<20cm dbh making up 47-53g of the samples, but there were no obvious
differences between the sites, except a slightly lower proportionof individualsin
to 10-20cmglassin Site 4.

Figure 2.7 shows the distribution of tree heights for the five sites, which
was negatively skewed. Average heights were 17m, 15m, 13m, 15m and 15m for
Sites 1-5respectively, ranging from 3-57m. There were no obvious differences
between sites. Figure 2.8 shows the distribution of heights of trees >70cm dbh.
Average heights of large trees were 34m, 36m, 34m, 33m and 36m for Sites 1-5
respectively. Trees 30-45m represented 57-81%of this sample and constituted
the upper canopy (cf., Richards, 1952),and scattered emergent individuals 45-
60m in height rose above this. Site 1 had a greater proportion of trees in the 30-
39m classes, with few emergent individuals above 44m compared to the other

sites
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Harfisreaus vagetstion

Table 2.10 gives densities for herbaceous species enumerated along the five
transects. Halopegia azurea and Marantochloa spp. (not M filipes) were found in
marshes and along water courses, whilst the remaining species occurred on dry
land. Marshes contained either Marantochloa spp. or Halopegiaazurea, but not
both. Haumanialiebrechtsiana and Megaphrynium spp. were numerically the most
common species, and were more abundant in Sites 1 and 5 than the other sites.
Most taxa proved to be more abundant in Sites 1 and/or 5, with the exception of
Halopegia azurea, which was presentinlarge numbers in marshy areas in Site 4,
and Marantochfilipes and Costus spp. which were not common in any of the
sites. The common Aframomum sp.in Cites 1 & 5 is probably an undescribed
species (J.M. Lock, personal communication), and did not occurin Sites 2, 3 or 4.

Inparts of Sites 1& 5 herbaceous vegetation formed dense thickets which
carpeted the ground and rose to 5m or more intangled climbing towers. Inthese
areas tree density and canopy cover were low, and the forest had a characteristic
open appearance (Plate 2.3). In Sites 2, 3 & 4 ground vegetation was sparse, and

is described by Reitsma (1988)

Table 2.10; Stem densities for Marantaceae and Zingiberacease.

Family / Species Stem density {(stems / hectare)

Site 1 Site 2 Site 3 Site 4 Site 5

MARANTACEAE
Aisanigie spp. 20 0 4 36 758
HEIaRagis SIires 174 24 32 974 0
HEranis fielvecnisiars 3006 1480 1030 724 2492
Aupsaiagelinfys spp. 740 68 44 56 g4,
Hiasrantoeiifas 1ilinas 116 76 62 120 150
flarantacilas spp. 932 0 4] Q 122
Hlegan it iy spp. 4186 380 136 0 1892

ZINGIBERACEAE

AT ERGIRNIT SPD. 854 3486 24 7B 56
fastis spp. 208 52 2 0 0
Kenasinig spp. g2 20 24 72 326
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Friaols of gistudencs

Sites 1,2 and 4 had been logged at different times before the study
commenced, whilst Site 3 was logged after vegetation enumeration had been
completed. Logging in Site 3 reduced overall canopy cover to 59.9% (a reduction
of 5.1%), and the reductions in cover at <1Om, 10-20m and »>20m were 5.0%,
6.2% and 6.7% respectively. Site 2, and Site 4 to some extent, had slightly lower
canopy cover at 10-20m and >20m, compared to Site 3 (before logging), which
may reflect previous logging damage. The number of major roads, detectable
skidder trails and cut stumps suggested that logging intensity was similar in the
three sites exploited previously, and in Site 3 after it had been logged. Chapter 4
describes changes caused by logging in Site 3 in detail.

Several species of tree were characteristic of areas that had been damaged
by loqging: Aylapis sethionics, Meprounes memivensces and iscagiynrainins
ealonawys occurred at increased densities in Sites 1 and 4 close to logging damage,
Noucies digdaricsi7 was comman along old logging roads in Site 4, and Ascsrsa6s
spp. occurred in Sites 2 and 4, Mecerssgs mansngrs forming almost pure stands in
places along logging roads in Site 2. Other species observed in areas damaged by
logging, but not recorded in increased numbers on transects, included
Anthacleista spp., FeuToisning spp., Fsarasperamam spp. and Farlersndis
&ieastss

Yegetation and topsoil were cleared in a strip 10-20m wide on either side of
major logging roads. Once these roads were abandoned the strip was colonised by
a mixture of species including the trees mentioned above, as well as many herbs
and lianes (e.q., Asuwmsnis lalrachlsions, Arremamiim sSpp., Kemesinié spp.,
Lostus SpP., Hypoastas varlicifieris, Cissws Spp., Lominalunr Spp., Hinnocrsiss
spp.), in addition to some grasses and ferns, more characteristic of savanna

vegetation.

Vegatstron calegoiias.

During the course of the study it became apparent that there were distinct
differences in forest structure and composition both between and within sites, as

illustrated by the results noted above. With experience it became possible to
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subjectively assign plots to vegetation categories, on the basis of structure and
composition. Initially classification was rudimentary, distinguishing between Sites
1& 5, and Sites 2, 3 & 4, principally on the basis of the density of Marantaceae,
the most obvious difference to an inexperienced observer. With practice a more
detailed picture was obtained by incorporating species compositioninto the
judgment.

Once enumerations on the transects had been completed the data was
inspected by dividing it into 50m plots, with a view to fine tuning vegetation
categories identified in the field. Foreach 50m plot, location, topography and
species composition were evaluated, and plots considered similar were lumped
together. Species generally found in association were identified, and plots were
assigned to one or more of a set of 20 vegetation categories. Come of these
vegetation categories were determined by physical factors (e.g., proximity to
permanent water) which were easily identified, but often only affected a section of
any 50m plot. Other vegetation categories occurred in areas that did not seem to
differ physically, and for these it was sometimes difficult to distinguish exactly
which category a given plot belonged to. Come categories were related, and
probably represented different stages of a succession (see below). The categories

were as follows:

1) Savanna, dominated by grasses, with shrubs patchily distributedin some

areas (as described above). This vegetation type occurs inthe north and east of
the reserve. Muchis presently maintained by regular burning of the savanna, but

isolated patches occur where colonisation by forest species seems to be underway.
Large continuous areas of savanna are restricted to low altitude areas, whilst
small isolated patches occur either around these zones, or on hill tops with altitude
of about 250-450m.

la) Fern savannas, dominated by Gleichenia linearis,which generally
occur on steep hillsides. Gleichenia linearis colonises bare earth besides roads and
landslides elsewhere in Gabon. In Lope it colonises roadsides, and landslides may

also be a factor in Lope, as most existing fern savannas were on steep slopes.

2) Forest which occurs adjacent to savannas, dominated by Aucoumea

klaineana and Lophiraalata, both of which are able to establish in savanna
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conditions. Colonising individuals are generally small {compared to those of the

same species in the forest), twisted and often branch Tow. Ground vegetation is

dominated by grasses.

3) Forest dominated by dwcowmes Kiginaans and Langire &/8f& but with
other characteristic species (e.q., AVsinedaxe gelienansis). Many individuals are
crooked or branch Tow and most are smaller than is usual for their species. Ground
vegetation is sparse, but some herbs may become established, notably

A rrEnamnr ianginatialatun and  Aageoi it spp.

4) Marantaceae forest, which is more diverse and structurally complex.
aphire s/ets becomes less commaon, and Awcownas dAlsinssns and {o/5 /icse
dominate. Trees are better formed, canopy cover is increased and ground
vegetation is more diverse, and is characterised by Aswmnsenia /rebrechisisns,

Afremamunr sp. Tnov and Megaphvyniiar spp. (Plate 2.3)

5) Marantaceae forest, again dominated by Aucawnes kisinasns and Lals
/iz&& but a greater number of other species are present, adding to the structural
complexity and species diversity of the forest. Herbaceous vegetation is
abundant, especially Aewmnania Hehrechisiens Arremamius sp. 7noy,
Hupselagaiphys spp. and Aagaphryniviy SPP. Heumsnis Jietreciisrans in
particular is abundant, covering the ground to a height of up to about two metres,
and forming dense tangles and vine towers on some trees, which reach a height of

Sm ar more.

6) Mixed forest, more diverse, with decreased relative importance of
ducaumas #iainesse and fa/e Fizse and characteristic species including Sawiirrs
trimers and Scytapelsiiurr sp. Stocking density of trees is higher than for (5},
and canopy cover is increased resulting in decreased densities of Marantaceae and

Zingiberaceae.

73 Bare rocks which occur both out in the savanna and within the forest.

8) Forest dominated by small trees, rarely exceeding 40cm dbh, including

rasnpres spp., ickspelsium sp., LECEITAGISCUS CUpSIGIOES and, in some areas,
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Cassipoureacongoensis. This vegetation is associated with rock outcrops, and
probably represents a colonisation process which proceeds as organic matter

accumulates, especially in crevices (Plate 2.41.

9) Forest characterised by Hylodendron gabunense and Scottelliacoriacea
in addition to those seen in (8) which occurs on deeper soil from which some large

rocks emerge.

10) More diverseforest with Hylodendrongabunense, Heisteria
parvifolia, Trichiliacf,prieureana and ganophyllumgiganteum , againcloseto

rocky outcrops or perhaps on thin soil.

11) Swampy areas introducing added variation to vegetation samples by
supporting hydrophilispecies (e.g., Mitragynaciliata)as well as characteristic

Marantaceae (e.g., Marantochloa spp., Halopegiaazureal.

12) Seasonal water courses and dry gulleys, which channel rainfall down
slopes increasing water availability, have characteristic species (e.g., Antidesma

laciniatum, Hexalobuscrispiflorus Thomandersiahensii 1

13) Riverine vegetation, which occurs where streams and rivers provide a
habitat with increased water availability in which some tree species (e.g.,
Pseudospondias microcarpa, Myrianthus arboreus, Marquesia excelsaland

Marantaceae (e.g., Trachyphryniumbrownii) occur principally, or exclusively.

14) Disturbed vegetation with increased abundance of some secondary
species (e.g., Maprouneamembrenacea, Xylopia aethiopica), and sometimes
increased density of herbaceous vegetation. It occurs naturally (e.g.,light gaps
due to tree-fall), but most disturbance detected inbotanical plots had resulted

from past loggingactivities.

15) Areas at elevations above about 400-450m where certain species are
found exclusively, or are more common (e.g., Treculia obovoidea, Symphonia
globulifera). Opportunistic collections in areas higher than occurred on transects

(up to 678m) revealed many species not found elsewhere, including one species,
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Ocotea gabonensis, characteristic of montane floras at about 1,000m (Maley et
al, 1990), which was found on a peak at about 650m, close to the end of the
transect in Site 4 (Appendix 2.2).

16) Forest resembling (6)but with many additional species, often species
associated with more ancient (mature) forest (e.g., Coulaedulis, Sindoropsis le-
testui, Desbordesia glaucescens) (cf. de Saint Aubin, 1963). Densities of

Marantaceae and Zingiberaceae are further decreased (Plate 2.4).

17) “Sacoglottisorest’ characterised by a forest type resembling (16)

but where Sacoglottis gabonensisis one of the dominant upper canopy trees.

18) ‘Paraberliniaforest’ characterised by a forest type resembling (16)

but where Paraberliniabifoliolata was recorded.

19) ‘Conceveibaforest’ at SOFORGA, resembling (1 6) but containing large

numbers of the understorey tree Conceveibaafricana

20) Vegetation characterised by increased abundance of trees of the
Caesalpiniaceae, Olacaceae and Myristicaceaeand sparse understorey vegetation.
Many species represented here are characteristic of mature rain forest (e.g.,

Gilbertiodendron spp., Strombosiopsis sp. ?nov) (cf. de Saint Aubin, 1963).

Figure 2.9 shows the number of plots falling into each vegetation category
ineachsite [when a plot was considered to be intermediate betweentwo or more
categories the appropriate fraction was assigned to each). Sites 1 & 5were
dominated by vegetation categories 3 - 5, and Sites 2, 3& 4 by categories 16 -
20.
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Elate 2.3

‘Marantaceae forest’ - note the general open appearence, and the lack of canopy coverin

the middie storey.
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Figure 2.9: Distribution of S0m segments of the five transects into vegetation
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Multivariate analyses

Figures 2.10 and 2.11 summarise data from TWINSPAN analyses of trees
>10cm dbh and >70cm dbh respectively (after trial runs, only species which
occurredin at least three 100mplots were included). For plants >10 cm dbh the
first division gave an almost perfect separation of plotsin Sites 1 & 5, from those
in Sites 2, 3& 4, on the basis of the presence of Colalizae and Lophira alata in
the former, and Santiria trimera in the latter grouping. This division can be
recognised in the field, and separates forest with dense Marantaceae and
Zingiberaceae from forest with sparse undergrowth (i.e., it separated forest from
categories [2]-[6] above, from those in [16]-[20]). Plots in Sites 1 and 5 were
spread almost equally over the second division, which distinguished between Cola
lizae (at densities of at least four individuals per plot) and Diospyros polystemon
([4]1-[6] above), andplots with Lophira alata, Aucoumea klaineana Klainedoxa
gabonensis, Barteria fistulosa and Diospyrosdendo ([2] & [3] above, with the
influence of rocky areas complicating the division). Again, this division iseasily
recognised in the field, as were many of the successive divisions on this side of
the classification. Plotsin Sites 2, 3 & 4 tended to be separated from one another
on the other side of the classification, initially onthe basis of Conceveibaafricana
and Dacryodes klaineana ([19] above) and again, many of the divisions could be
identified in the field, andfitted into one or more of the above vegetation
categories. However, effects of disturbance and water, which were generally
localised within a portion of any 100m section, tended notto influence divisionsin
any consistent manner.

Data for trees >70cm dbh were divided in a similar fashion to that >10 cm
dbh, although the division between sites was less clear-cut. All butone of the
plotsin Site 1, and the majority in Cite 5, were in the category characterised by
Aucoumea klaineana and Lophira alata (again separating [2]-[6] from [16]-[20]).
This divisionis one that can easily be made inthe field, butthe ecological
significance of most of the further divisions was less clear. When the two data
sets were combined the divisions were little altered from those obtained
considering only trees >10 cm dbh, and few of the large trees were classed as
indicators. Adding herbs to the analysis for trees >10 cm dbh had little effect on
the final classification, but many of the herbs were chosen as indicatorsin the

early divisions.

50



Figure 210 TWINSPAN vegetation categories for plants >10 cm dbh
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Figure 2.11; TWINSPAN

vegetation cateqgories for plants >70 cm dbh.
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Figure 2.12 shows the CANOCO output for axes 1 and 2, for trees >10cm
dbh which occurred in at least three 100m samples. The symbols used correspond
to different groups from the equivalent TWINSPAN analysis, and tend to occur in
clumps, demonstrating that the two analyses detected similar patterns. An
environment ‘biplot’ is overlayed onto the species distribution. Moving away from
the origin, these axes represent increasing correlation between the species in that
part of the ordination and the environmental variable. Speciesinthe bottonright
of the plot are positively associated with rock outcrops. Those inthe top left with
high canopy cover at <10mand 10-20m, and so on.

Figure 2.13 is a plot of the same output showing species names. Although
this figure is cluttered, those species of most interest are the outliers, which can
be distinguished. Many of the species cited as being characteristic of vegetation
categories which are visible in the field, appear on the edge of the ordination.
Throughout the CANOCO analyses, certain species groups tended to be clustered
together as outliers. This was most consistent for a group including Cassipourea
congoensis, Lecaniodiscus cupanioides DRichapetalum sp, and several Diospyros
spp., amongst others (groups [8]-[10] above). These species ‘were known to be
characteristic of areas where rock outcrops occurred, so an ecological
interpretation of this part of the analysis seemed safe, and was confirmed by the
environment biplot. Species considered characteristic of areas further from the
outcrop itself were located progressively closer to the centre of the ordination.
Savanna colonisers, and species characteristic of categories [3]and [4]tended to
be inthe top right of the plot. This isconfusing, as the environmental biplot
indicates that species characteristic of areas close to the savanna edge should
occurto the left of the ordination. However, proximity to the savanna edge was
complicated by location with respect to geomorphological sub-regions (see below).
The centre of theplotis difficult to interpret, although most species generally
found at higher altitudes are towards the far left of the ordination. These groups

were consistently on the periphery of other CANOCO plots, and some of the
ordinations also picked out a mixedgroup of species characteristic of disturbance
and water. Figure 2.14isaplot of the output for 100m samples (as opposed to
species) from the same analysis. It shows acleardivision between Sites 1 & 5,
and Sites 2, 3 & 4, as was indicated by the descriptive data presented above, but

within these two groups there was considerable overlap.
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Figure 2.12: CANOCO plot for plants >10 cm dbh (for species occurring in at least

3 % 100m samples, showing environment biplot, and TWINSPAN categories).
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Eigure 2.13: CANOCO plot for plants >10 cm dbh (species in at least 3 ¥ 100m

samples only, see Appendix 2.1 for full species names).
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Fiqure 2.14: CANOCO plot for 100m samples of trees >10 cm dbh (species in at

least 3 x 100m samples only).
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Discussion.
Comparison with other areas

There was considerable variation between, and indeed within sites, interms
of forest composition and structure. Sites 1& 5 could be distinguished from the
other three sites interms of tree species composition and density of herbs. Site 1
stood out from all other sites as having adifferent structure interms of stocking
density of trees and canopy cover. Sections where herbaceous vegetation was
particularly dense in Site 5 were comparable, although overall this site resembled
the other three. Letouzey 119681 described similar forest in Cameroun as " foréts
clairsemées a strate inférieure de Marantacées" and comparable formations occur
in Congo Ide Foresta, 1990)and Central African Republic (D.Harris, personal
communication). In Lopé, as in Cameroun and Congo, these forests are closely
associated with patches of savanna Ide Foresta, 1990; Letouzey, 1968) and are
thought to reflect fairly recent colonisation of savanna by forest vegetation Ide
Foresta, 1990).

Williamson (1988) recorded 138 species of at least 32 familiesina4-ha
sample of trees >10 cm dbh enumerated along transects and trails in 'Marantaceae
forest' closerto the savanna edge at SEGC. She found 54 speciesina 1-hasample
along aline transect, which is comparable to Sites 1 and 5, as would be expected.
Reitsma (1988) enumerated four square 1-ha plotsin different areas of Gabon, and
recorded 69 - 131 species present of dbh >10cm. The lowest figure was for a
plot at SOFORGA, located (by chance) about 100m from the transect in Site 2, and
the highest was for forest in the 'Monts de Crystal', which is thought to have been
a Pleistocene forest refuge (Bourliere, 1973). Reitsma suggested that species
diversitywas lowestin his Lope plot because the regionhas lower rainfall and
poorer soil quality compared to his other study sites. The higher number of
species in Sites 2, 3& 4 comparedto Reitsma's Lope plot could partly be because
a line transect, rather than a square plot, was used to sample vegetation (Reitsma,
1988). However, Reitsma's plot cannot be considered representative of
vegetation in Lope as a whole (see below).

Unlike other parts of Gabon, Burseraceae (not Caesalpiniaceae) was the
dominant family in Lope (cf. Reitsma, 1988). Tree species diversity was

comparable to other areas in Gabon (e.g., Aubréville, 1967b; Hladik, 1978, 1982,
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1986), and was higher than for rain forest in other parts of Africa (e.g., Gartlan
et al., 1986; Hopkins, 1974; Jones, 1954,1955; Newbery et al.,, 1986; Richards,
1952; Struhsaker, 1975).

Studies inthe Neotropics and southeast Asia have often revealed higher
tree species diversity: Nicholson (1965) found 198 tree species >10 cm dbh in a
0.5 ha sample in Borneo; Gentry (1987) found about 300 species in a sample of
600 individuals >10cm dbh (for areview, see Reitsma 1988). However, there is
a great deal of variation between sites and Hladik (1986) found that species
diversity in Gabon was comparable with many Neotropical sites. Newbery at al.,
(1992) warned that comparisons between sites should only be made with caution,
especially when considering studies in small areas, when criteria for site choice
are not made clear. Reitsma (1988) also enumerated sub-plots of vegetation in all
size categories, and found the second mast species-rich plot recorded anywhere in
the World, in his Monts de Cristales study area. For trees >70cm dbh species
diversity compared favourably with 74-90 species >60cm dbh / 40 ha found in
large-scale inventories in North-East Gabon (Hladik, 1986).

Basal area in this study was 29.6 - 40.0 m2ha-1for trees >10 cm dbh,
which is comparable to, or higher than other African forests, but islower than
that recorded for some Neotropical and southeast Asian forests, although again
there is a great deal of variation between sites within geographical regions
(Reitsma, 1988). Reitsma (1988) noted that Gabonese forests tend to have
relatively high basal areas, especially in high diameter classes. Rollet (1974)
gave a pan-tropical average basal area of 7 m2ha-1for trees >60cm dbh, so the
figure of 12.1m2ha-1for trees >70cm dbh for this study is above average. There
were 304 - 468 trees >10cm dbh ha-’, which is lower than in many other sites in
Gabon (Aubréville, 1967b; Hladik, 1978; Reitsma, 1988). Figures for Neotropical
forests are 167 - 1947individuals > 10cm dbh (Gentry, 1982) and Proctor €t al.
(1983) recorded 0 mean density of 678 trees >10cm dbh ha-1in Malaysia.
Therefore, tree density should be taken into account when comparing species
densities between areas (Reitsma, 1988).

Overall canopy cover inundisturbed forest, in Sites 3 (before logging) and
5, was 94-95%. There are few comparable data, but Skorupa (1986) gave figures
of 87%and 72%cover above 9m and 15m respectively for undisturbed forest in

Kibale, Uganda.
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In Lopé dry season savanna fires are lit in the evening, so that cool conditions prevent them
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Forest history inLopé.

Composition and structure of the forest differed inresponse to several
environmental factors: proximity to savanna; drainage (distance to standing water
or a stream); altitude; proximity to rocky outcrops; and past disturbance, due
either to natural tree-fall, or logging. Savanna vegetation in much of Lopéis
maintained by regular fires (Plate 251, which result in sharp boundaries between
forest and savanna, and prevent colonisation by forest plant species. However, in
some more isolated areas fires are rare, and forest vegetation seems to be
colonising the savanna (Plate 2.2). Around SEGC the principal colonising tree
species are Aucoumea klaineana and Lophira alata but in parts of SOFDRGA,
Sacoglottis gabonensis colonises in pure stands.

Itis generally accepted that there is alonghistory of expansion and
contraction of forest and savanna zones in Africa, inresponseto climatic
fluctuation between glacial maxima (see Hamilton 1982; Livingstone, 1975; Maley
1991). There is good evidence for East Africa that during the last glacial
maximum, aridity increased and resultedinreductionin forest coverin favour of
more open habitats, whilst lowertemperatures depressed the lowland-montane
vegetation boundary, allowing montane species to survive at altitudes
approximately 900m below their current limits (e.g., Hamilton, 1988). Maley
(1990a, 1991) reviewed datafor Central Africa and concluded that from the
Present to about 30,000 6P the principal climatic phaseswere similar to those in
East Africa.

Gabon was the centre of a forest refuge during arid climatic phases
(Hamilton, 1976, 1982; Kingdon, 1980; Maley 1987). Gradients of decreasing
biotic diversity can be identified moving away from such refugia in various parts
of Africa (Hamilton, 1976, 1982; Kingdon, 1990). As noted above, there has been
some debate about the origins of savannaswhich occur within the forest zone of
west and central Africa, but the consensus is that some at least are of
paleoclimatic origin. They appeared during an arid climatic phase, and have not yet
beenrecolonised by forest, although the prevailing climate could support forest
vegetation (Aubreville, 1967; de Foresta, 1990; Maley, 1990b; Nicolas, 1977;
Schwartz et al, 1990).

Maley et al. (1990) found patches of forestinisolated pockets of savanna

inthe Massif du Chaillu, Congo, where remnant populations of montane flora
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survive at about 650m, including Podocarpus latifolius, a tree which does not
generally occur below 1,500m, and Ocotea gabonensis,generally found at about
1,000m.They interpreted this as evidence that montane vegetation was able to
become established at this altitude during periods of depressed temperature. De
Foresta (1990) cited botanical evidence that forest colonises savanna in the
Mayombe, Congo, where "foret clairsemée a Marantaceae" {clear forest with
Marantaceae) forms behind an advancing forest front. Similar formations have
been documented in Cameroun (Letouzey, 1968, p. 224) in association with
savannas, and descriptions, photos and botanical data leave no doubt that these
forests correspond to vegetation in Sites 1 & 5.

Considering climatic information and the present distribution of savanna and
forest the following scenario, much along the lines of that presented by Aubreville

(1968), seems likely in Lope:

Due to its locationinrespect to the surrounding mountain ranges, Lope
experiences arain shadow effect which reduces rainfall (Nicolas, 1977). In
addition, there is a narrow corridor of low rainfall along the Ogooué river
(Nicolas, 1977). Therefore, Lope would be more adversely affected than other
areas of Gabon by water stress in arid periods, especially in areas either side of
the Ogooué Forest vegetation would have receded away (north and south) from
the area of water stress and would have been replaced by savanna. Decreased
temperatures would have enabled montane forest to become established on higher
hilltops. The presence of Ocoteagabonensis at 650m, suggests that relict
populations of montane flora may exist in Lope, as found in Congo (cf. Maley et al.,
1990). Once the climate became warmer and wetter, forest vegetation would
have been able to re-establishin savanna. Forest would have expanded from
refugia thought to have existed to the northeast and southeast (Maley, 1987), and
from montane forest on hilltops. A succession would have occurred away from the
savanna edge, where forest would have been dominated by colonising species, back
towards the refugia, where species characteristic of mature forest would have
been more common.

Modern savanna distribution in Lopé supports this scenario. The extensive
low lying areas in geological Sub-Region 4, close to the Ogooué, would have become
savanna, and would have been the last to be re-colonisedby a forest front

advancing from north and south. Hilltops covered by savanna would be the last
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areas to be re-colonised, so would persist as isolated patches after other areas
had been colonised. These would have been the last areas to have been cleared of
forest by humans, were the savannas anthropic in origin. Hilltops above a certain
threshold altitude, which had supported montane forest, would maintain a forest
cover, and perhaps still have remnant populations of montane flora today.

Neither TWINSPAN nor CANOCO is arigid statistical technique. Data input
into both can be manipulated to (subjectively) 'improve' the ecological significance
of the outputs, or alternatively, to massage results to better conformto a
hypothesis. They should be used to develop, ratherthan test hypotheses
concerning vegetation pattern and process (C. Legg, personal communication).

The classifications presentedin Figures 2.9 - 2.14 are consistent with the
vegetation categories listed above as being visible in the field. Separation of sites
between vegetation categories recognised in the field (Figure 2.9) was similar to
that in the CANOCO ordination {Figure 2.14). Figure 2.15 presents a schematic
diagram of the succession from savanna to mature forest, using the vegetation
categories to represent stages in the succession. This was developed in Lope and
was refined after data analysis, and has since been checked by workers inthe
field, who have found it of use (C. E. G. Tutin & R. Ham, personal cornmunication).

Figure 2.16 shows the CANOCO output fortrees >10cm dbh (as 2.12 &
2.13). Species named are those considered to be indicators for the vegetation
categories presented above. Indicator species tend to be grouped together, and are
arrangedin a clear pattern. Figure 2.17 is the same CANOCO plot, with indicator
species of each category given different symbols. Indicator species are aligned on
two axes, inthe order predicted by Figure 2.15, as shown on the overlay plot,
providing independent support for the validity of the succession model.

Following this scheme, colonisation of savanna would proceed as follows:

Lophiraalata and Aucoumeaklaineana have wind dispersed seeds, which
are able to establish in savanna conditions. They form anearly colonising forest
providing shade, which moderates the extremes of temperature and humidity
experienced in open savanna. Early colonising individuals have low, round canopies
and branch low down, but successive generations of seedling grow taller and
branch higher to escape from the shadow of their predecessors. As more
individuals become established canopy coverincreases, and thereis a

correspondingincrease inrelative humidity and rates of organic deposition, whilst
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Figure 2.15: Model for succession from savanna to mature forest in Lope (Unbroken
arrows indicate direction of successions. Broken arrovws indicate that the vegetation type
in question can occur at any point in the succession).

17)

1)

12)

13)

14)

)

GRASS SAVANNA

Colonising savenna 1a) FERN SAVANNA k) BARE ROCKS
in pure stenas (7 an old lendsitdes) (‘n the fcresy)
2) COLOMISING FOREST
MATURE SACOGLOTYIS FOREST Loohrs olots
Sucowmeo k12118008 -many individusty crooked, 8) ROEX COLONISERS
Barterse tistutose with low branching
\ iSacagiottis gobonensis) Some grasses rematn. L10504ros SoD.
iBerlinia bract acss) (8sp gende & zenwer?)
Licnapetolum sp
SWAHNPY AREAS LACaRIONSTYS CUDEIIETRS|
4= == Euonymus congolensIs
111tragyrs cilista 3) POST-COLONISING FOREST LOSSIDOW BO COnYD; ansIS
Houcles son —— — Jiomalum letastur
Anthocteists oo Loomrs elste ZoAMROLON IS COnDANSIS
ucovmnes k1o1neans -many Indlviduals crooxed
- with characteristic THV: AI2inadoNe gaDonensIs and low brenching. l
r18rontocklon purpures Errocos/um macrocorpum Hertaceous vegetetion with
# cordifohe Slbornardta 073 eyl regaprryniom spp 9) ROCKY FOREST
Halopegr2 ozuwres L&108 pontonars Arramamim 1engipeti 0lotinn
Colo lizoe Siospyros son
Didltum sp. “nov Slcopetolum sp
ORY GULLEYS Ayloole sop G = — — Scottellia coriarss
Fouridionthe efrerste Hylogeparon gepurense
Anticesma jociniatum Yvarrastrum plorrsominm Lols lizse
POXBIODUS TrISPI IoruS Yo08cs quineensis Coryanthe meoyumsonsrs
Fricnoscyphs petans
Stoudtre godonensis —— >
Nouciee qroaricht . 4) MARANTACEAE FOREST |
Thomondersie hensit 10) MATURE ROCKY FOREST
Pogs areoss Cols Jizoe
Aucownes k)arnesns - Trees detter farmed Hylodeadron gesuranse
Tricailta of. pricursens - herbs incrzasing, especially: LOISINNTO pOrVIFolis
Catorophors excelse Houmenis /1eorech!5iéne G — TN 7 prreureone
STREAMNS / RIVERS Ayloore sop Alremomun so Znoy SUCOWIED Llareons
Genopnyllum giganteun Hegaparymium spp. PYaodapnnIs 2enken
FSOUOOIDONTIOS MICrocorpe Eloers guneensis
Barline orocteose 1VInglo gancn ensts
vepecs spn Pantacietprs eatveldesns
milettio sp Dacryooes buet tneri
IS aroorsus Laltis tesmonnti
Neucles spn
Rinorts spa -
120rguesie avcalse S) MARANTACEAE FOREST |l
Bariinre swricviote
Bal/scnmiears spp. Fenmtociethrs macroonylie
Lols sp 1rvingle gromat1olle - herts ebundant, especially:
AntAonotse macropiyllo Fycnonthus angolensts Houmanta 1/atvectsions
~Lryplosapne i Stouatl) FPlotocaniostrivm ofricanunm Arromaomun sp 7nov
* streams close to sevanna Plernceorpus soyouxily Hyppeslodalphis sen
Emmtie chicronthe Hagaphrymium spp.
severs! characteristic Moranteceae spp.: Coryontne mayumbensts
Trochyonrynium drovwnlf Tastuies gotonensts
Atsentara conrerts Tricnoscyphe scuminats
Holooegls azwes Folyolinis susveolens
1arontochlos spp Rlainecoxe (rilest!
Ploglostyles arricane
F¥arnandes o
DISTURBANCE
- decreased Cole and Aucoumes.
1Taprownes memprenoces ~ 7 role of elephants in succession.
DiIscogluprenwe colonewo 6) MIXED FOREST 20) MATURE CLOSED FOREST
Ay/opfe son
Fortaranale tlsdentrs [ > Scyprocepnalivm ochaces - incressed conopy cover Stromposiaosts sp Prov
Fourtdrantho spnr. Santirie trimeve - gecreesed herd densities SUromposiapsis tetrwmdre
HKouclaa araerichr Laslonmthers srricone Stromposie spp
Hacorange son Scytopstalum sp. s
Dantelire kislmeons Gamoeys son
~ increased Zingtberaceae Newlorle /aicocorpe srarontnes gloors
& Marentacsae. Cantroplacys gloucinas Tricnoscyans abut
S{rompos/opsis tetrsndre 18)  MIXED CLOSED WITH PARABERLINIA Glibertroosnaron spp
HIGHER ALTITUDES &y /e spo
Tetraveritnts o1folr0tats
Tracuiio ovovoloss L ? Scarvooptiavs Tenker!
Sympnante glodul 1are = — D w!6) PIXED CLOSED FOREST Tiaghemells atricsna
LT D /52 Ampnimas 1rruginsus
Fentooesms sp. “nov Caula aduils Fater macr > PEIme PO
“SCORPODAL S I DI CKST Cantroplocus gloucinas Gorcinte son
gehtpocosmus cf sessiltfiorvs Scypmocepnelium ochocos Cylicodiscus arricamym
GIreInie smeothmonntt Sontirte (rimee Docryoces spo. ~ Increased Coessipiniaceos,
Dtospyros melocarpe Sindaropsis /e-testur Dosdordesia glavcescons Otacaceee & Caessipintaceae
rramkars routlloyers Strombosiopsts tetrondrs  Augoverdis Jetestul -~ low hervaceous densities
Ftareyopsts longifolte Caelocaryon oreysit Botllenelle toxisperme
Nmrsapnylias sp LITW 04 S¢ 4 £r7s 5 avsu)
Flycopetalum petiolatum
Staugtra komerunensts

® - al30 Iower on steep slopes

19)

63

MIXED CLOSED WITH CONCEVEIBA



Fiqure 2.16: CANOCO plot for plants >10 em dbh (species in at least 3 »x 100m

samples, species labelled are those considered to be indicators of vegetation types

in Figure 2.15).
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Fiqure 2.17: CANDCO plot for plants >10 cm dbh {species present in 3 x 100m
samples, species considered characteristic of different vegetation types have
different symbols. Overlay plot shows the centre of each group of species, and

arrows indicate the direction of the succession model).
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Figure 2. 17. CANOCO piot for plants >10 cm dbh (species present in 3 x 100m

samples, species considered characteristic of different vegetation types have
different symbols. Overlay plot shows the centre of each group of species, and

arrows indicate the direction of the succession model).
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soil temperatures come to resemble those found within the forest. Soil quality
improves, and new species are able to become established forming a post-
colonising formation. Increased shade reduces the competitiveness of grasses and
new species of herbs and shrubs appear.

As the process continues and more species establish, conditions become
favourable for the growth of herbs such as Haumanialiebrechtsiana: Marantaceae
forest, characteristic of many savannal/forest areas (de Foresta, 1990; Letouzey,
1968) develops. Haumania liebrechtsianadensities increase until itformsa
tangled carpet smothenng the ground and climbing up to 5m or more in dense vine
towers, which can engulf small trees. This formation may persist for long
periods, as the ground coverinterferes with establishment of the next generations
of trees. Marantaceae forests have characteristic low stocking densities of
trees, especially medium sized trees whose crowns form the middle canopy (de
Foresta, 1990; Letouzey, 1968),giving them an open appearance (see photos in:
de Foresta, 1990, p. 335; Letouzey, 1968, p. 225; Plate 2.3) and there are
sometimes extensive areas (up to about lha) with few or notrees at all (de
Foresta, 1990).

Marantaceae forests in Lope have elevated elephant densities [Chapter 5)
comparedto more mature forest formations, with year-round densities averaging
over 2 individuals km-2, compared to more characteristic densities of about 0.3
km-2in Lop6 and elsewhere (e.g., Fay, 1991). Marantaceae are animportant
component of forest elephant diet inLop6 (Chapter 5)which may explain the
elevated densities. It has beensuggested that elephants play an importantrole in
determining the structure and composition of African forests (e.g., Jones, 1954;
Kortlandt, 1984; Western, 1989),and elephants may prevent forest regeneration
after logging (Kasenene, 1992). Itis possible that elephants contribute to the
structure of Marantaceae forest by pushing over trees up to 40cm dbh during
feeding, and by stimulating growth of Marantaceae and Zingiberaceae, some of
which may show increased productivity when grazed (Bullock, 1981). However;
elephants also, on occasion, clear patches of up to about 100m2in Marantaceae
thickets, within which tree seedlings may be better able to become established, so
theirrole inthe succession is not necessarily a negative one.

There is a gradual build-up of canopy cover in Marantaceae forest, which
would result in a decrease in herb densities, and new tree species invade which are

characteristic of mixed forest. As these become established the succession
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proceeds towards the most mature phase recorded inthis study, characterised by
increased dominance of the Caesalpiniaceae, Olacaceae and Myristicaceae. There
are two anomalies in the latter stages of the proposed succession:

Firstisthe occurrence of forest resembling mixed closed forest (16) but
with Paraberlinia bifoliolataas one of the common upper storey trees. Itis not
clear whether Paraberlinia bifoliolata is an early member of mixed closed forest
which tends to disappear inlater stages, butits absence from plots classified as
mature closed forest suggests this is the case. Caesalpiniaceae often have patchy
distribution, occurringin scattered dense pockets (C. Wilks, personal
communication) so their distribution patterns may be difficult tointerpret.

Second is mixedclosed forest with Conceveiba asacommon
middle canopy tree. Conceveibaafricana is the commonest tree in Cites 2 & 3,
attaining densities comparable to Colalizae in Cites 1 & 5. Itis most dense in
lower altitude areas, and may reflect more recent colonisation of these areas than
the adjacent mountains, which may have been high enough to have supported
montane forest. However, dominance of single species of Euphorbiaceae in the
understorey of mature rain forests has beenreported elsewhere, and has yet to be
explained (Newbery et al., 1992).

The above scheme covers the main succession from savanna to forest, but
in parts of SOFORGA, north of Sites 2 & 3, Sacoglottis gabonensis colonises
savanna in pure stands. As for Lophiraalata and Aucoumea klaineana, colonising
individuals generally branch low and have rounded canopies. Sacoglottis
gabonensis is commonin the coastal sedimentary basin of west and central Africa
(Letouzey, 1968; de Saint Aubin, 1968)but was only recently found in Lope
(Reitsma, 1988; Williamson, 1988), about 120km east of the sedimentary basin.
It has also beenreported inthe Chaillu mountainregion (Gloriod, 1974)and is
known to colonise savannas and old plantations elsewhere in Gabon (Aubréville,
1967b). InSite 2 some plots contained large individuals of Sacoglottis gabonensis,
which dominated the canopy in places, but there was no regeneration under the
closed canopy, suggesting that itwas arelict population of mature and senescing
individuals, left overfrom a savanna colonisationinthe past.

A second succession was observed in areas where the topsoil was thin and
rock outcrops occurred. The starting pointis a situation where bare rockis
present within the forest. This may be aresult of severe erosion characteristic of

savanna (cf. Maley et al., 1990),which removed topsoil when forest cover was
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lost, revealing the substrate; or to changes in the course of forest streams that
have exposed rocks. Organic material accumulates in rock crevices enabling plants
to become established. Organic matter is deposited upon the rocks and a shallow
topsoil is formed, on which a characteristic community of trees (e.q., Fasayrs
gande , ehenelsiwn sp., Lessiamyes cangalansis) become established. With
time, soil becomes deeper (ar, close to the outcrop, soil removal was less
complete) and different species appear, until mature rocky forest becomes
indistinguishable from the dominant forest type in the area. In this study rocky
areas rarely occupied an entire plot, although these forest types were found to
cover areas of a hectare or more off transects.

In addition to their position in the succession from savanna or bare rock to
mature forest, the composition of plots was influenced by several other factors,
as shown in Figure 2.15. Water availability had a significant effect on botanical
composition, and some tree and herb species were associated with swamps,
perennial rivers and streams, or seasonal streams and dry gulleys which became
water courses during rainfall. Some species characteristic of rocky areas also
occurred secondarily close to streams, presumably because rocks are exposed by
the water and deviations in the water course can then leave these dry. Altitude
was also important, with some species restricted to higher areas, perhaps because
they required cooler conditions, or benefited from frequent mists, which caused
increased refative humidity and hence water availability. Finally, many plots had
been subject to disturbance, mostly due to logging activity at some stage in the
past, and several species were good indicators of this.

Fires have influenced rain forest vegetation in many regions {e.g., Beaman
a? &7, 1983; Hawthorne, in press(a); Sanford &7 &/7., 1985). Hawthorne {in
presslal) demonstrated that fire has a profound infiuence on the structure and
composition of vegetation aver most of Ghana, West Africa, maintaining savanna
areas that would otherwise be recolonised by forest, and altering forest
vegetation throughout the dry semideciduous zone (cf. Hall & Swaine, 1951).
Fires were more common in logged forest and fire was considered to be the
greatest threat to the long term productivity, genetic wealth and general health of
about half of the remaining forest in Ghana {see also Uhl & Buschbacher, 1985). A
type of ‘Marantaceae forest’ develops in areas that have been affected by fire,
with the same general appearance as that at Lopé (M. D. Swaine, personal

communication). The possibility that fire has played a part in the development of
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Marantaceae forest in Lope cannot be ruled out, although there at-e no records of
forest fires inthe area. Inforest affected by fire in Ghana, there was a decrease
inthe proportion of trees insmaller girth classes (Hawthorne, in pressfa]), and
the bases of larger trees often have scars reflecting the passage of flames at some
time in the past CM. D. Swaine, personal communication). None of these indicators
were observed in Lopé, suggesting that the forest has not burnt inthe recent past.

Timber extraction in Gabonis low intensity and a typical logging operation
resultsin the loss of 5-10%o0f canopy cover. Within the forest, gaps are created
when large trees are felled, and access roads are constructed t o extract cut
timber. These roads are generally about 5-10m wide, with a band of 10-25m on
either side deforested to allow sunshine to dry out the road surface during the wet
season. By removing forest cover the loggers mimic climatic changes, especially
along roads where large clearings are created for log parks (areas where logs are
loaded onto lorries), and where erosion similarto that seen in some savanna areas
is possible (see Plate 4.2 - p. 134). This can result ininvasion by savanna species
(e.g., many species of grass) and effectively set the succession back to stage one
in small isolated patches. Where road construction results in extensive patches of
bare soil on slopes, orinlandslides, Gleichenialinearis often colonises, forming
areas of ‘fern savanna'. Sacoglottis gabonensis seeds were observed germinating
along an abandoned logging road that crossed Site 2, but seedlings were not found
inthe forest under closed canopy conditions.

Hence, the composition of any plot from the botanical sample could be
explained by its place in the succession from savanna to open mature forest,
and/or the succession from bare rock, as well as reflecting the influence of any
other factors outside of these successions (11-15). Conversely, knowing its
composition, itis possible to predict a plot’s positioninrelation to the savanna,
rocky outcrops, water, high altitude and past disturbance. The majority of plots
fall within the main succession from savanna to open mature forest, but there are
marked differences inthe proportion of each category between the sites. InSites
1 and 5 early successional stages dominate, whilst inthe other sites later stages
dominate. Site 4 has the greatest proportion of open mature forest. This scenario
would account forthe differences inthe botanical structure and composition of the
five sites, and therefore, the sites provide support for the theory that the Lopé
savannas were indeed formed naturally, and that they would probably disappear in

the course of time, if not maintained by humans.
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How old are the savannas ? Maley et al. (1990) and Schwartz (1992),
traced the origins of comparable savannas in Congo to at least 3,000 BP,when an
arid period affected the region, but were unable to confirm that it was this and not
a previous more severe arid period that was responsible. Datation of clay
Sediments from an ancient extension of the Ogooué river inthe north of the Lope
Reserve, together with an analysis of a pollen core, dates vegetation dominated by
grasses backto 1610 +50 years BP, and savannas probably date back to at least
2500-2000 years BP (J. Maley, personal communication). One scenario for the
history of vegetation in the Lope area (J. Maley, personal communication) would
be: After the last major dry climatic phase around 18,000 years BP (e.g.,
Hamilton, 1982; Maley, 1991),when much or all of the area might have been
savanna, forest vegetation would have started to re-colonise around 12-13,000
years BP, Maximum extension of the forest occurred inthe middle Holocene (7-
4,000 BP),at which pointthe Lope savannas would probably have been much
reduced, or almost entirely re-colonised. Savannas probably then re-opened
between 3-4,000 BP,expanding during a marked arid phase between 2500 - 2000
BP (Maley, 1992), when they were probably more extensive than today. The
return of more humid conditions between 1900 - 1400 BP (Maley, 1992) would
have initiated a new phase of forest re-colonisation, which may be what we see
underway today in Lopé, in places where fire does not interfere with the
succession.

An advancing forest front colonising savanna Cor a retreating forest front)
would be a rapidly changing environment where species able to adapt would be
likely to flourish. Insuch a situation rapid speciation might occur (e.g., Gentry,
1989) and the distribution and abundance of Colalizae provides some evidence to
suggest that this has beenthe case in Lope. Inaddition to Cola lizae, Aframomum
sp. ?nov, the dominant Zingiberaceae in the Lope Marantaceae forest, which has a
similarly restricted range, may be a new species (J. M. Lock, personal
cornmunication), as is the case for the Dialium species found most commonly close
to the savanna edge IF. J. Breteler, personal communication). These three common
species, with restricted range, which occur inthe Marantaceae forests fringing
the present forest-savanna boundary, are perhaps the strongest evidence for
suggesting that environmental flux has playeda vital role in determining the

present structure and composition of vegetation in the Lope Reserve.
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Appendix 2.1: Plant species > 10 and >70 cm dbh on transects.

FAMILY / SPECIES

Site 1

Mumber of Individuals
Site 2 Site 3 Site 4 Site 5

107010701070 >10:70 10270

ACANTHACEAE
TG e sig fHensif

ANACARDIACEAE
Aptrocaiian ATSINaSNT
FREUTOEHGITIOR T O 8InE
Seningais Cof . Jugiendiraiis
Seyindars sp. LUTW 5550
7 smingeirs sp. LITW 410
FITCHaschyniie atird
FIICHaschyniia soumingt s
Frichasciypnhs sihares
FIicfraschynie el ens

ANNONACEAE
EREtIe CHlorant e
Hexaialis crispifioris
Falyslthls susyaalans gelianics
Falysitiie s suavealens
imyaris sp. LJTW 553
R EITES LT RIEr T aaIH
Auanis sEIRIGRICS
Auianie Alnalemnee
Auianis pilaldnes
AUiGEr s Uil &S
Auiapis s1ainar iy
?Auionis sp. LJTW 4308
? Ayiania sp. LUTW 600
LITw 413
LATw 499

APOCYNACEAE
LJTw 300
LJTw 556
*LJTwW 0B3

BIGNONIACEAE
e wbaulaia feevis

BOMBACACEAE
L BitE petanar s
? Khadagnanssion sp. LUTW 188

—_

11

21
16

28

71

3 14
1 1
1 2 1
1
2
1 2
32 12 3 12
1
11 5
9 12 b} 21
3 10 1
14 6 12 6
5]
1
3 8
1 3 36 3
2 2 1 6 1
8
6 19 2 95
14 4 2
1
1
1
Z
1
1
1
2 2



Appendix 2. 1: Plant species >10 and >70 cm dbh on transects / continued.

FAMILY / SPECIES
S5ite 1

Number of Individuals
Site 2 Site 3 Site 4

1070210270 3>10>702>10>70

Site 5
>103>70

BURSERACEAE

Aweenes Aeinesis 61119
LBRBITUTT SO EIF AT 2
Decryadas birat tngry g 16
LECIHaTEs BOUITS

DECIIeeas 1Gagangs 4
Dacryadas Kisinesns 40
DECrOGEs nayInsndrs 3 13
Lacryadas sp. LITW 591

SEReIriE Lrimens 143

CAESALPINIACEAE
Arzafie sp. LITW 450
AmnRIES FErTaIets
Aprhanoing rarrugines
ARERonalie MECIGRALIIS 6
Augruadia letasiy 34
Beriinis Surictiat s
Berdigis frsol 8055 g 2
P OrBChyStagie i ohsadiy
LBlipacsigy Aising
DEraiiis kisinasns 2
Pel BTl msciaes iy 2
LB R GHW IS0 1
LHEIFLT QN SERHETT
LHEFFNTE AECIOIT Tt
LFETFITT SQNBNTT 7

S

r&fiten sp.
Lrsiiir sp.
il sp.
Lrairiym sp.
Lafien sp.
DISTamanaiiveg Hal s smus

“nov

LJTW 115
LJTwW 390
LJTw 5866
LATw 601

Eurtnal 87 an Hatasty

Giftertiadandiar sp. LUTW 336

il I e Ceimrelsiy
iy s afie
Gl s s sy

Ryl adangr i Getiinanas

HLReRastaqis sp.

Hypmanostagis sp. LUTW 130

[N
o

72

14 86 21

3

29 52 9

8

38

1 8
1

121

20

AT 3 I N S % T N

—y

94
2
47

4

—_ Ry I

16 78

29 68

54

—_ ] P

40

16

)
NGV N

—

u—

96 166

18 20

—



Appendix 2.1: Plant species »10 and :70 cm dbh on transects / continued.

FAMILY 7 SPECIES Number of Individuals
Site 1 Site 2?2 Site 3 Site 4 Site 5
Y1070 3>10:70 1070 >10>70 10370

CAESALPINIACEAE / continued.
lrar nergie rial 1 2 1 | I
Neacheysiieragdengrar stapienii 6 1
FEralictTinis Qifaliaist s g 39 2 11 B
SCarnoaniiioaus fenkary
Srcaransis ig-iasiui 2 19 3 10 11 17
EW&TIIG FIRaraas 2 4 1 1 3 1
LJTw 395 1
LIJTWw 466 . 1
LITw 474
LATw 572 1
*LJUTW 596 1
LATWw 602 1

sl
]

CELASTACEAE
EUERHRUS CORTAIRISIS 3 3

CHRYSOBALANACEAE
MNaranthas sulireyiiiar 1
Maranthas geliinansrs 2 1 1 4 3
Hlarantias granrsd 4 9 3 17
Farinari exNcelss 2
FErinsiT HBURecsyses 1 3
LITW 533 1

—_—
—,

COMBRETACEAE
*® fepmdretiyr sp. LJTW 531 1 1

CONNERACEAE
*LJTW 470 1
*LJTw 59309 4

DICHAPET ALACEAE
* Dichanalaiinn sagelense 1
Dichanetsium sp. LITwW 287 = 1 7
FBrir s fitagiisl 18mns 17

DIPTEROCARFIACEAE

NEFGUaSIE exealiss 3 6
EBENACEAE
LFOEGIOE CHIIEREITHE al Z 1
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Appendix 2.1: Plant species >10 and >70 cm dbh on transects / continued.

FAMILY / SPECIES Number of Individuals
Site 1 Site 2 Site 3 Site 4 Site 5
1070310701070 >10>70 10370

EBENACEAE / continued.

DFaSfLes GaNTe 29 1 14 6 24
LFaSHns KEmerinensi s i
LOSRNGE FRaINF 2 7
LFORAGIOS MEiacsTs 6

LR asniras pFECEI TS 1 p 2 7
LHasSaes poiist e 28 & B 4 26 1
FOSHLG8 SUSYEGIBNS 7 19 1

Nasains virigicsns 2 1 1 1
iasgyres Tentery 7 1 40

iasptres sp. LUTW 409 1

ERYTHROXYLACEAE
ErY e Ty sy 1 2

EUPHORBIACEAE
Al igesg I8 G T 2 2 5
At FGasms vageiismiT 1
? {ieistanifus sp. LITW 546 1
Loneayarig sriicens 102 210
Lrolanagyneg srgentas 2 93
? ictasienyns sp. LUTW 288 1
LHECagiLaremng colanai s 2 1 7
LNURaIas B/ ESCENS 5
L IgRasgrs Inapingl s 1 7
fressars sp. LUTW 5957
K7EInasnifiug Gehamiss 17 S 1
Lingelshainig sp. LJTW 127 1
Hecerangs eiiary 6
BB ENGE I ENar s 15
Measanalrys of. gumsarii 1
HEOUEE TR anscas 17 3 1 23 d
FIErBYS ICrET NG 3
rereyansis Fongiioiis 14
Fragiaslylas alricsins 31 12 12 1 18 3
LB GTFIRE T 1 1
LERECE FUIEEISIS 13
Lransea etaefal iy 3 2 1 i 1
dlanscs aff. lagoansis 1
drmnaca sp. LAUTW 612 1
LATw 243 2
LJTw 2595 1

—
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Appendik 2.1: Plant species »>10 and >70 cm dbh on transects /# continued.

FAMILY 7 SPECIES Number of Individuals
Site 1 Site 2 Site 3 Site 4 Site 5
Y1070 3>10>7F0>10>7F0>10>70 1070

EUPHORBIACEAE / continued.
LJTw 526 2
LJTw 543
LT 548
LJTw 551
LJTw 558
LJTw 567 1

Ry — b2 I

FLACOURTIACEAE
EBTmICnng gietes
Lempasiyies mannii
L ase6re8 heriary 5 1 1
Hearmalign fgtestr 1
ESrattaiing corisces B 2
Septieiiie sp. LJTwW 453 1

VNN

T (a] = PN

GUTTIFERAE

L& E BTl 1 4 7

BEICHIG CONEUEHE 4

(ECTRIE SIaE LTI T 3 26

&ereimg sp. LATwW 1593 6 3

farcinie sp. LJTW 4595 1

fsmnas SHTesns 1

Faial 8aasme Suiyysees 1 1 1 2
Fentedesms 5p. Tnov 1 1
SLATAOIT G QOO T ars 1 3 10

HUACEAE
Afrnsiyiey Janicanaiiivg 1 2

HUMIRIACEAE
SECTIOL TS GSGIERSTS 6 32 2

HYPERICACEAE
Fot s naaTHaT e I ariiem 2
Faorpanermiar sp. LUTwW 431 2 1
Fearoanesim sp. LJTwW 370 1

ICACINACEAE
L BSIGRTHEHE SFITCENnE 4 2
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Appendix 2.1: Plant species >10 and >70 cm dbh on transects / continued.

FAMILY / SPECIES

Site 1

Number of Individuals

Site 2 Site 3 Site 4 Site 5
F10>70 2107021070 >10>70 »10370

IRVINGIACEAE

DasharGasis Gl ascens

Lryvingle QeLensis
Hyingls g anaiieiis

Lvingie Fotar

A7 EINERINE JaRIEHSTS
Aigrmagaxe Lrifesiy

IKONANTHACEAE

fiohtharosmus of . aessififiors

LAURALCE AE

BEilaChimardrs con jfaisng

Feilsriniaqis filve
LJTw 37

Faifachnargls sp.
FEFFaehmeiais sp.
feiisntineldis sp.
Heiiselmieais sp.
Farfacimiadis sp.
Hefisafimiadis sp.
arfachmrasis sp.
Heilsafimiadi& sp.

LJTW
LT
LT
LT
LdTw
LJTW
LATw

Runamaniinis sankery

LECY¥THIDACEAE

Napalaoia HRgaiieliis
Falarsianlius mecracsinus

LOGANIACEAE

4:9
937
436
230
587
288
611

Anttociaisis sp. LUTW 373
Aaihacieists sp. LITW 404

LUXEMBURGIACEAE

FESNNES GeNeHaISIS

MELASTOMATACEAE

FIamaiyl afr GF it inriim

MELIACEAE
LBB0E QREerE

L BREGRATEGME CEnAY al

76

22
17

T

11

[Vin U R N I 7%

— T = h T N

o}

13

14
12

]

e}
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Appendix 2.1: Plant species >10 and >70 cm dbh on transects / continued.

FAMILY / SPECIES

S5ite 1

Number of Individuals
Site 2 Site 3 Site 4 Site 5

P10>7F0 107010701070 10570

MELIACEAE / continued.
it endontysgns wtile
Ausres sp. LJTW 1038
Lavos LiTehiliniges
Frichiifis monscelans

Frichilie of . grisurasns

Frrchiiie sp. LJTW SB81

MIMOSACEAE

LUTICOFISENs Gahanensis

FIl8eansTs giscaniars
el e ol & F@irearsrps
Farkig ticaiar

Farkis rificaigas

Fantacietine eglveloasns
FaREC alirs mecramiylis
FHTE BOERIES Lt BF YT CEHHT

T SEmEnas Tant aniii i

Fatrapiawrs telraplens

MORACEAE
LRlaraniors aNeeliss
Ficus of . Grorsnasiul s
FIOUS FECHVETS
Freculis ahavaidaes

MYRISTICACEAE
EaBlarariian freyssy
FUCHERTIS FIGOIET5TS

SCHTRaCERNETIIT OCRacas

Sloudire galnnensis
SESTIE R ETIEIINanSIS

MYRTACEAE
Spmigiver sp. LITW 31

Sprigrane sp. LUTW 468

OCHMACEAE
Lanfire s5ials
Guratas c8lamiyiis

16

62 21

77

11
31
2

b

10

21

B

1

2
28
2
1
2 i
i 2
1
3 18 3
121 11
4 1 6
i
1
12 2
1
7 3 14
43 1 3
2 75 24



Appendix 2.1: Plant species »>10 and >70 cm dbh on transects / continued.

FAMILY 7 SPECIES Number of Individuals
Site 1 Site 2 Site 3 Site 4 Site 5
1070 >10:70 1070107010370

OLACACEAE
(s aRifrs 23 22 23 7 44 15
EHagas TRk ery 3 1
HETST ST E fStyiralis 2 1T 11
ERaokes Gord 2 4 2 3 2
Flyohiopal 87nm pat iolsiivg
Slramtiasts mistuiets 2 1
LEramiins i Y Farnkery 1 20 6
Strambasie sp. LUTwW 279
Sermembiasiansiasp. Tnoy 7 9
SEromtiasiansis telrsnars 20 38 49 a]

\N]
[S]

]
B (w1 R L AW ]
I

PALMAE
E78ais JUinasnsrs a 4

PANDACEAE
CBIIaRISONs GIECTRGS 55 37 64 bal
Fence aieass 1

PAPILIONACEAE
FHTeIE"Y S818G555 1 1
Midietis sp. LUTW 329 i
Midtelis sp. LUTW 565 1
P Miielie iGurentii 1
Y Aetig sp. LATwW 568
* Fleiysansiwn sp. LITW 478
Flariosipns S S 1 21 9 1 6 5 3 13
* L JTw 433 1 1
*LJTw 484 1
*LJTw 522 1
*LJTw 538 2
*LJTw 593 g

M bS

P&SSILFORACEAE
berieris f7siifass 12 1 5 g 14

EHIZOPHORACEAE
Amisanieiies sp. LJTW 524 2 2 1
Arapiysis AI8inesns 3
EBSRIOOES COMRIOETETE 9
Fags aiaass 2 1
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Appendix 2.1: Plant species >10 and »70 cm dbh on transects / continued.

FAMILY /7 SPECIES Number of Individuals
Site 1 Site 2 S5ite 3 S5ite 4 Site 5
10701070 »10:70>10>70 310370

RUBIACEAE
LBt g METISNEnsis 13 14 21 21 4
FIES SIS SCtminst s 1
freguns Ciligls 3 1 32 4 1
Neueies digarToliv 1 1 1 12 1
NFuoias venoarguailiv 1 1 1 13
FEGTEIERTRE I TarEls 7 4
FEtdianthe Flarifinas 5 3
FEUSTAysisiie Jalimbea 1 1 4
Fayel s plutaritit 1
Y Fevelis sp. LUTW 536 2
P aranais Clsa8rins ] 1 | 1
Jricslysis sp. LUTwW 559 1
LITw 140 2
LJTw 387 1
LJTw 514 1
LATw 528 1
LJTw 540 1
LJTw 550 |
LIT'w 566 1
LJTw 571 2

RUTACEAE
FEGEFE L EESMST 1 1 1 1
LJTw 353 1 2

SAPINDACEAE
Fricaaiym V RETISCUTIE T 1
EFTOCOETIT RSO ES T 4 1 3 7 23
Friccaaiumr sp. LATw 132 1
Fricgooeiunr sp. LUTW 187 1
Frigeaaiunr sp. LATw 304 1 1
Feraeaginr sp. LJTwW 544 1 1
BN T LT LGOI G T 3 6 1 4
L BCENTGTISONS DUTETIGioas 4 1
FERCeyia Fiaritimas ] 2
LdTw 523 1 1

SAPOTACEAE
FEFTaneilie ayiamarins 1 3 1 1 1
GBINGYE BIFTCERE 3 t1 5 1 2
GETINEYE SUIITE 1 2 1 1
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Appendix 2.1 Plant species >10 and >70 crn dbh on transects / continued.

FAMILY 7 SPECIES Number of Individuals
Site 1 Site 2 S5ite 3 Site 4 Site 5
10370310370 310>70>10>70>10:70

SAPOTACEAE / continued.
£ BLESTNE T TS SITE 1 1
HMEgiikare Youiiiaysrs 1 1
Fiaghamalis 8rricsns 1
LJTw 112 2
LUTw 237 1
LJTw 425 1 4
LATw 471 1
LJTw 361 1
LJTw 563 1
LJTw 564 1
LJTw 394 1

SCYTOPETALACEAE
KHEOT ARt iy SInGa anse 1 4
Syt anal 8l KBTS 12 4 1
Soiitanaraiym 5p. LATW 227 o 10 G 5]

STERCULIACEAE
{ale Jizee 179 4 7 194
fig sp. LATW 346 1 1
Nesagortains REFSYErTIene 1
Legrianatsivm Heck i 12 11 4
SPBrCUITE LrEGEOEE 1 1 1
LJTw 496 1

TILIACEAE
UBascTa MECrarEmE 1 1 4 3 1
GrEnNig Carifees 20 10

ULMACEAE
L/ Pia P aRsrmeymiiT 4 2 i 5 7
£gftis sp. LATw 200 1
LEftim sp. LUTW 444 1

VERBENALCEAE
Vites Y yiviieiTas 1 1 1

VIOLACEAE
Fingrie sp LUTW 457 1
Ainaiig sp. LUTwW 380 3
Aiaarig sp. LUTW 440 i
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Appendix 2.1: Plant species »>10 and >70 _cim dbh on transects / continued.

FAMILY / SPECIES Mumber of Individuals
Site 1 Site 2 Site 3 Site 4 Site 5
107031070 1070107010270

VIOLACEAE / continued.
Aiaaria sp. LATW 491 1

VITACEAE
LATw 482 2 1

YOCHYSIACEAE
LT amEaeiniiis gy sy 2 2 9 7 1

kS

FAMILY UNKNOWN
LJTw 131 1
LdTw 199 3
LJTw 283 1
LJTw 302 1
LiTw 334 2
LJTw 340 12 1
LdTw 342 1
LJTw 348
LdTw 351
LJTw 354
LJTw 353
LJTw 360
LiTw 411 1
LTw 414 1
LiTw 432 1
LITw 433
LJTw 442 2
LJTw 469 1
LJTWw 472 1
LJTw 479
LJTw 492 1
LJTw 494 1
LJTw 497 1
LJTw 493 7
LJTw 204 1
LJTw 506 1
LJTw 207 1 1
LJTw 209 1
*LJTW 512 4
*LJTW 513 1
*LJTwW 315 1
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Appendix 2.1: Plant species »>10 and >70 cm dbh on transects / continued.

FAMILY 7/ SPECIES Mumber of Individuals
Site 1 Site 2 Site 3 Site 4 Site 5
1037031070 5>10>70>10>70>10>70

FAMILY UMKNOWN / continued.
LJTw 527 1
LJTw 532 9
LT w 541
*LJTwW 542
LATw 543
LJTw 549
LATw 552
LJTW 554
LJTW 562 1
LJTw 569 1
LJTw 573
LJTw 574
LJTw 375
LJTW 576
LT 577
LJTWw 578
LJTw 579
LJTw 580
*LJTw 584
LJTw 589
LJTw 590
*LJTwW 592
*LJTW 595
*LJTW 598 1
*LJTw 600 1
*LJTW 608 1

S

—_ s - ]

* = liane
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FAMILY Species Life-form' Site?
ACANTHACEAE

* dsusissrs gengelics h 1

HyRaesise yarliciiioris h 1

SLICTE 18hEiie h 3

Feeuaarantinenmigg Licalinr h 1,4
BIGNONIACEAE

ERSIAEEE COMOEHIIST S t 1
CAESALPINIACEAE

£ ORBIEre i idlysadiy 1 4

* (BASIE WIHIRS GRS h 1
CELASTRACEAE

SBIECIE IMESNHRNERASIE 1 4
CLUSIACEAE (GUTT)

Visinms guinaansis s 1

COMBRET ACEAE

L@l flant Iy ] 1
COMMEL INACEAE

Canymaling canilals h 1
COMPOSITAE

* daniiis SFITCENE h 1
CONNERACEAE

{nestis oo rieiiat s 1 1

{Rastis Farugines t/1 1

SERROOrE GURST el IsnE 5 4
CONVOLVULACEAE

*® lnanaes bianhernniyiie h 1
CYPERACEAE

*® LIBaRIIrS oF GENSS 1= 1

* SeiBas il rs IATCans se 1

® FIm ISl s oF getiiis se 1
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Appendix 2.2: Supplementary list of plant species collected / continued.

FAHILY Species Life-farm Site!

CY¥PERACEAE / continued

* Fiml s lnlis pilass se 1
EUPHORBIACEAE

* Fuphorlig gniiaire h 1

FISTIGOSY L oy FLiving 1 1

ManEIIalEN TS CORGaSRETE t 1

tapaca vanioutiar t 5
FABACEAE

Mgenans Imireses 1 4
FLACOURTIACEAE

® fnchahs frechiyeniiers t 1
GENTIANACEAE

* Newrnifors neseliaidas h 1
GRAMINAE

* dpdranageg F8stIgietus

* NGRS CONBS SIS

*® LrECHIEITE FUBSlE

fantatfiecs Jenpeces

* L ani T REWEORTT

* Hungrihanis Ginianars

* Bunsrrenie Femiiisris

(s 7etifaiie

Lo SR o I o e RN o [N ¥ s SN on [N £ oo S & e S ¥ o {

Lniismanis B alive

* Fapicunt of. welense

*® FERICUITT GIEGE SN
FEEOGIHTI ST LGN

*® Fapisalinm folyst SCion
* Ferplis indica

® SOOFOOOIS DUrenieeirs

[/ B e S e ¢ o SR v o SR o B ¥

Slranl aguis crinils
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Appendix 2 2: Supplementary list of plant species collected / continued.

FAMILY Species Life-form Site!

HIPPOCRAT ACEAE

Hianacyr8Eas w7 snlig 1 1
[XONANTHACEAE

AL BOCOSITINS COMGAIEISIS t 1
LAURACEAE

Jeates gabanensis 1 4
LECYTHIDACEAE

Nepaieans of . leonansis s/t 4
LOGANIACEAE

Sy ehnas melscaissas 1 5

MALPIGHIACEAE

AerTaRCE RIS Iongiraiivs st 4
MALYACEAE

GIG8 riamli i i s h 1
MORACEAE

Darstenis aff. sariary h 3

Freus Rimianransis 1
MYRTACEAE

FIgrinT GUINeanse 5 1
OCHNACEAE

Gurstes of . mprioanew s 5 4

furaites 17evs ]

OXALIDACEAE

* Biapiylim Daleraisiu h 1

Sianhytum 18/hatii h 1
PaPILIONACEAE

DElhateias 87riCans 1 3

* DESITIGTTHT FOIMASTSSITHNT h
* DESIafy i SOGRRGS h 1
h

® Hrarie picld
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FAMILY

Species

Life-form

Site!

PAPILIONACEAE / continued.

® e I8 E

PTERIDOPHYTE

RUBIACEAE

RUTACEAE

* Frluragramms c8lomealenas

A lraciagune Geieiii
Bariiers sEtiionics
Hertiars hetasiy

*® Barrarie I8liraiis

* B iE pisiiie

LT8G TEIE HEICUIET S
el ie s1TeliV

Heinsie ainats

i amiariting of. srnaiaisns
* MIFECEITE SoElar
Msssands of. lamiliarg
*® (HOeniantis Coriiess

*® i ganiangrs isnciralis
FBh i antig coliicapaigas
Favelis fispiss
Feaudassliicas milorsediy
Faratng I8siarscinsg

* FERNTOSIE I es
Fricalysrs of . olrganatnrs
Friceiysis of . patians

FrICcHast 8oys Ses

vamrs of . faursiy

SAPINDACEAE

A lanffius Y ayemensis
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Anpendix 2.2: Supplementary list of plant species collected / continued.

FAHMILY Species Life-form Site!

SAPINDACEAE / continued.

BHgi s wel Wi sciy t 1
SIMARDUBACEAE

Lhsssie slricsns 5 2,3
SOLANACEAE

® SOAWEHCRTE SIRETOENS h 1
THYMELACEAE

S BIIENIS BRI 5 4
TILIACEAE

Frignial s cardiiairs s 1
VERBENACEAE

il EN GanighRs t 1,4
VIOLACEAE

* RS LIS GTEE RIS h 1
VITACEAE

Lissus aff. fsertery 1 4

Lissus drinkiogal 1 1

LTSRS FUGIasTCsrns ] 2

* - collected in savanna adjacent to Site 1.

! -t = tree; s = shrub; h = herb; 1 = liane; g = grass; f = fern; se = sedge.
1 - gite from which fertile collections were obtained - species are not
necessarily restricted to this site.
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