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Abstroct.

An investigation of the effects of commercial mechanised selective logging
on rain forest vegetation and mammals, was undertaken in the Lope Reserve,
central Gabon, between January 1989to July 1991. Vegetation in Lope is mostly
semi-evergreen lowland tropical rain forest, but there are some localised patches
of savanna., which are thought to be natural in origin, but which are maintained
today by regular fires started by humans. Study sites were established in areas
of forest logged 20-25, 10-15, and 3-5 years previously.. a fourth was logged
during the study, and a fifth remained unexploited. None of the study sites had
been subject to huntingin the recent past.

A line-transect five kilometres in length was cut across the drainage in
each site. Forest composition and structure was assessed along each transect, by
identifying and measuringtrees and lianes in botanical plots, counting stem density
of herbaceous vegetation in the families Marantaceae and Zingiberaceae, and by
measuring canopy cover at three heights. At total of 4885 trees and lianes of 327
species occurred in five 2.5 ha samples of plants greater than 10 cm dbh, whilst
1832 individuals of 137 species were found in five 25ha samples of trees greater
than 70cm dbh. There were marked differences in structure and species
composition bothbetween andwithin sites. A model was developed to attempt to
explain this variation, based upon the theory that much of Lope had been covered
by savanna vegetation during a previous cool., dry climatic phase, and that forest
structure and composition reflected recolonisation of the savanna by forest.
Physical features such as swamps, rocky outcrops and altitude were also
considered. Two types of multivariate analysis were applied to botanical data and
supported the model. The effects of logging on forest vegetation were assessed by
returning afterlogging to botanical plots established before exploitation. Damage
levels were low, compared to other parts of the World, resulting in about a 10%
reduction in canopy cover.

Patterns of fruit production were studied by counting fallen ripe and unripe
fruit on transects. Fruits encountered were classified on the basis of their
morphology and dispersal mechanism. There was a period of low fruit production
during the major dry season, when frugivores are likely to suffer dietary stress.

A number of plant species which did produce fruit at this time were identified as



species which might represent 'keystone' resources. Over 70%of fruit species
were animal-dispersed, demonstrating the the important role animals play in the
ecology of tropical rain forests.

Forest elephant (Loxodontaafricana cyclotis) diet, ecological role and
group structure were analysed. The bulk of the diet consisted of the bark and
leaves of trees, and some monocotyledons inthe families Marantaceae and
Zingiberaceae, butfruit was also important. Large-scale seasonal movements in
response to fruit availability were detected. Elephants were important seed
dispersers for many plant species, and were responsible for less than 1% of
natural tree mortality. The social structure of these forest elephants differed
from that of populations that have been studied in east and southern Africa.
Average group size was 2.8, and no groups of more than 10 individuals were
encountered.

Densities of primates, ungulates and squirrels were assessed using
standard line-transect censuses. Resolution was poor, but statistical differences
were detected between sites for some species. Chimpanzee, (Pant. troglodytes)
densities declined in logged forest, but no other species could be shown to decline
afterlogging. Some other differences betweensites were related to vegetation
composition. Biomass was high, estimated at up to 4692.6 kg km-2, but was
dominated by elephants, which made up 25-82%.

Conservationimplications of this study are discussed, and recommendations

made.
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Chapter 1 ___

Introduction.

Gabon is on the equator on the West Coast of Africa (3°N-3°S, 8°E-I5°E),
and covers 267,667 km2 (Figure 1.1). The human population of Gabonis low: an
official census in 1980 recorded 1,232,000 inhabitants (EDICEF, 1983), but
outside organisations estimate the population to be below one million (Pourtier,
1989; World Bank, 1986). About 50%o0f the population is urban, and as a result
of aresettlement programme inthe 1950's all villages are sited on roads or
navigable rivers (see EDICEF 1983, p. 49). Rural population density is below 2
inhabitants km=2, and vast areas of the interior are unpopluated. Limited numbers
of indigenous hunter-gatherers, the pygmies, maintain their traditional life-style
inparts of the north-east and south-west. Pourtier (1989) gives an excellent
review of Gabon's cultural and economic history.

The "red wood", Pterocarpus soyauxii, usedto colour paint, was probably
Gabon's first export, and wood dominated the economy until the mid-1960's
(EDICEF, 1983; Pourtier, 1989; Wilks, 1990). Annual production peaked at about
1.85 million m3year-'in 1972, but crashed in 1974to about 1 million m3 year-',
due to reduced demand from Europe, and has remained stable at this level ever
since. Wood exports were traditionally dominated by one tree species, Okoumé,

Aucoumea klaineana, which made up 90%or more of production, butin recent
years the industry has diversified somewhat, and in 1987, of 830,000 m3of wood

exported from Libreville, the major port, Okoumé made up 72%. A further 53
commercial species were exported, but only 14 accounted for 5,000 m3or more
(Wilks, 1990). Wilks (1990) estimated that in 1988, 46%of Gabon's forest had
been selectively logged at least once, and each year about 2,500 km? is logged,
60%o0f which has not previously been exploited. Less than 30%of production is

processed in the country.
Oil exports began in 1958 and rose throughout the 1960's to the mid-

1970's, replacing wood as the major part of the economy (EDICEF, 1983;
Pourtier, 1989), and in 1987 wood made up 11.9%o0f exports, compared to oil,
manganese and uranium (production of the latter two began in the early 1960's),
which accounted for 84% (Wilks, 1990). Inthe early 1980's, this mineral wealth

gave Gabon the highest per capita income in Africa south of the Sahara (Pourtier,



Figure 1.1. Location of Gabon in Africa.
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1989), and reduced the economic pressure on the forest.

Local demand for timber, which is limited, is satisfied by logging operations
close to major population centres, and most logging activities are geared towards
the export market. Gabon contrasts sharply with nearby Nigeria, which has
banned timber exports, and has become a net importer, because of high local
demand due to its large human population (e.g., Kio, 1983). The number of tree
species exploited in Gabon is determined by the fickle demands of the international
market for tropical timber. Due to the high per capita income and dependence upon
imports, cost of living (and hence both labour and transport costs) is high, and
this reduces the number of species that are commercially viable, especially inthe
interior of the country. These factors limit the intensity of commercial forestry.
Extraction rates are about 1.5trees ha-1(CTFT, 1974, cited in Wilks, 1990) and
result in about 10%canopy loss, but damage levels vary with location, being
higherin the coastal sedimentary basin (closer to the ports of Libreville and Port-
Gentil, where lower transport costs permit intensification of logging), and lower in
the interior (Wilks, 1990). Low human population has resulted inlow levels of
deforestation (Myers, 1989; Wilks, 1990) and Gabon is unlikely to lose a
significant proportion of its forests in the next 50 years (Barnes, 1990).

Gabon's forests are floristically diverse, with estimates of the total
number of plant species varying between 6,000-10,000 (Breteler, 1988; Floret,
1976; Hallé & Le Thomas, 1968; Lebrun, 1976). Over 22%of species recorded in
the ‘Flore du Gabon’ were endemic (Brenan, 1978) and there is a greater recorded
diversity of rain forest plant species and genera in Gabon, than the whole of West
Africa, even though collection has been less complete (Breteler, 1988). Reitsma
(1988) recorded the second most species diverse plot of rain forest found to date
inthe World, in the Monts de Cristales, northwestern Gabon. The diversity of
plantlife in Gabon has been attributed to the fact that it was the centre of a forest
refuge, during arid periods in the Pleistocene when savanna vegetation replaced
forest over much of its present range (see Hamilton, 1982; Kingdon, 1990; Maley,
1987; Reitsma, 1988).

The diverse fauna includes over 150 mammals, with at least 20 primates,
and 600 birds (Nicoll & Langrand, 1986; Wilks, 1990). Recent faunal surveys
illustrate the importance of Gabon for the conservation of African rain forest
wildlife: There are an estimated 35,000 western lowland gorillas, Gorillag.

gorilla and 64,000 chimpanzees, Pan i. troglodytes - there are more apes in



Gabon than any other- African country (Tutin& Fernandez, 1983%); Barnes et al.
(unpublished manuscript-) estimated the elephant population to number 87,000 - one
of the largest populations in Africa, and one of the few considered stable; and a
new primate species, the sun-tailed guenon, Cercopithecussolatus, was
discovered as recently as 1984 inthe “Foret des Abeilles” in the centre of the
country (Harrison, 1988a). Gabon is considered a high conservation priority (e.g.,
McShane, 1990; Oates, 1986) and McShane (1990) suggested that it represented a
rare opportunity to initiate a conservation programme ‘before the crisis’.

In the ‘oil boomyears' of the early 1980‘s many development projects
were undertaken within Gabon, the largest being the construction of the
“transgabonais” railway, completedin 1987, linking the capital Libreville, on the
coast, to Franceville, 650km inland. This opened up large parts of the country that
had previously beeninaccessible, and the government planned to grant logging
concessions over an area of 30,000 km2of previously unexploited forest, which
would be made commercially viable by the railway (Figure 1.2). Reduction of
commodity prices (principally oil) in the late 1980's reduced Gabon’'s revenues by
almost 50%,resulting in a budget deficit and pressure to boost other sectors of
the economy (Arnaud, 1987; cited in McShane, 1990; Pourtier, 1989). These
factors seemed likelyto resultin alarge increase in commercial logging and
hunting pressure on the forest. There are currently no protected areas in Gabon
within which logging is forbidden, nor have there been any detailed investigations
of the effectsof logging on forest vegetation and wildlife, uponwhich management
decisions could be based.

Logging has been shown to cause changes in densities (generally decreases)
of African forest primates (many examples in Johns & Skorupa, 1987).
Commercially valuable tree species in Africa are often important food plantsfor
forest animals (e.g., Martin & Asibey, 1979; Skorupa, 19882; Struhsaker,
1975),s0 logging may have aserious effect onwildlife at intensities lower than
can be supported inregions such as Malaysia, where animal communities appear to
be able to withstand particularly high damage levels (Johns, 1989). Leighton &
Leighton (1983) demonstrated the keystone role played by a limited number of
plant species, which produced fruit during an annual period of overall scarcity, and

suggested that were logging to focus on these species, the effects on frugivorous

1 - a shorter version was published in 1984
2 - a short summary was published in 1986

4



Figure 1.2:Gabon, showing the location Lope Reserve.
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animals might be out of proportion with the actual damage levels. Fruit production
in Lope i s seasonal and the major dry season (June-August) is a period of fruit
scarcity (Tutin et al., 1991a; Williamson, 1988),so0 if logging were to selectively
effect species that provide food at this time of the year, it might have adverse
effects onwildlife despite low damage levels.

Johns & Skorupa (1987ighlighted the lack of information available on the
effects of logging on primates (and other wildlife) inthe central African forest
block, which covers about 1.7 million km2 (FAO, 1981), and strongly recommended
that at least one community-level investigation be undertaken inthe region.
Biomass of mammals of the same, or closely related species, often varies
markedly indifferent areas. There are few data on biomass of rain forest mammal
communities, and determinants of biomass are poorly understood (e.g., Oates er
al., 1990; Terborgh, 1983). Factors that determine biomass in undisturbed
areas, and mechanisms for changes caused by logging will be closely related, and
any investigation of the effects of logging must take both into account.

This study was started inJanuary 1989,to investigate the effects of
commercial mechanised logging in the Lopé Reserve, Gabon, On rain forest

vegetation and mammalianwildlife, particularly apes andelephants.

The emphasis on gorillas, chimpanzees and elephants was because:

1) Gabon is a major sanctuary for these three species.

2)Ecological information on apes was available for Lopé Little is known
about the biology of forest elephants , Loxodontaafricanacyclotis (e.g., Dudley
etal., 1992), but Lopé was an ideal location to investigate their ecology, and

preliminary data had been collected at SEGC.

3) The three species were thought to respond differently to logging;
densities of chimpanzees were consistently lowerin logged forest (Struhsaker,
1975;Tutin & Fernandez, 1983;Skorupa, 1988);gorilla densities tended to be
higher in disturbed areas (Harcourt, 1981;Murnyak, 1981;Tutin & Fernandez,
1983);and Olivier (1978)ound increased densities of Asian elephants inlogged
rain forest in Malaysia, although no data are available for African forest

elephants.



4) Elephants land gorillas to some extent) are large-bodied animals and play
an important ecological role in the African rain forest (e.g., Jones, 1954;
Kortlandt, 1983; Western, 1989). In Kibale forest, Uganda, elephants interfere

with regenerationingaps created by logging (Kasenene, 1992).

Lope was chosen as the study area for several reasons:

1) There was a research programme underway inthe reserve at the
‘Station d'Etudes des Gorilles et Chimpanzés' (SEGC), established in 1983. The
SEGC main study area had been exploited far Aucoumea klaineana in the 1960's,
and was the ideal locationfor a study site to investigate the longer-term effects of
logging. There was a growing data base on the ecology of apes (e.g., Tutin et al,
1991a), which might enable informed ecological interpretations of any observed
changes in the populations of chimpanzees and gorillas in response to logging (cf.,
Skorupa, 1988). In addition, densities of apes calculated during this study could be
compared to those from long-termresidence records of known social groups within

the SEGC study area.

2) Lopé was a reserve within which hunting was illegal, and poaching was
not asignificant problem (C.E.G. Tutin & M. Fernandez, personal communication),
so it would be possible to investigate the effects of logging without the
complicating factor of hunting (cf. Johns & Skorupa, 1987). An independent
investigation of the effects of hunting on rain forest mammals was underway in

northeast Gabon, where there was no logging (Lahm, 1992).

3) Logging was underway close to SEGC, and it was possible to establish
five study sites within 25 km of one-another, in forest that had been logged 20-
25, 10-15 and 3-5 years previously, as well as in a site that would be logged

during the course of the study, and an unlogged control.

4) Rainfall inthe Lope area was about 1500mm year-', lower thanthe rest
of Gabon, and the presence of isolated patches of savanna suggested that forest

vegetation in Lope might be particularly sensitive to logging damage.



Johns (1989) showed that inter-site differences inprimate densities in
several sites inTekam Forest Reserve, peninsular Malaysia, were greater than
changes due to logging. He warned that only by monitoring an area through a
complete logging cycle, would it be possible to reliably assess changes caused by
logging. Such studies must be considered priorities if logged rain forests are to be
managed for wildlife conservation, but until they have been undertaken, the effects
of logging over time will have to be assessed indirectly. It was hoped that, by
selecting sites that had been logged at different stages inthe past, responses over
time of rain forest mammals to logging could be assessed, whilst work in an area
logged during this study would provide the basis for long-termmonitoring. Within

five study sites selected, the aims of this investigation were to:

1)analyse the structure and composition of rain forest vegetation and
attempt to explain any differences betweensites, and in particular, to test

whether proximity to the savanna edge influenced vegetation (Chapter 21,

2)monitor fruiting patternsin order to investigate which plant species
might fulfil a 'keystone' rale in Lopé, and whether they were targeted by loggers.

(Chapter 31;

3) undertake a vegetation study before, and return after logging, to directly
assess extraction rate and levels of incidental damage due to felling, and road and

skidder trail construction for extraction of logs (Chapter 4);

4) study the diet and investigate the ecological roles played by forest

elephants (Chapter 5);
5) undertake censuses to estimate the densities of large mammals along
line-transects located in each of the study sites, inorder to investigate any

differences caused by logging (Chapter 6);

6)estimate biomass of all mammals censused, and attempt to explain any

differences by reference to botanical data (Chapter 61;

7) setup sites where long-term monitoring of the effects of logging on



vegetation andwildlife could be monitored;

8) make management recommendations to the Ministére des Eaux et Foréts
in Gabon (Ministry of Water and Forests), which might also be applicable to other

central African countries (Chapter 7).

Field work was undertaken between January 1989 and July 1991.



