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INTRODUCTION

The principal objective of the Global Environment Facility project being formulated for the Republic of Congo is to assist in the establishment of a system of ecosystem preservation through the protection and management of a nationwide reserve system.  The system should be set up to protect sizable areas of the principal ecosystems in the country.  Until now,  the north of the country has been neglected as far as the creation of reserves is concerned.  The only reserve north of the equator at present is Odzala National Park, which was created because of a small lion population in the southern savannah habitat of the park.  No protected areas currently exist east of the Sangha River, neither in forest reserves or national parks.

At 8,984,749 hectares, the exploitable surface area of forest in northern Congo, is enormous.  The northern forests are divided into 21 Unités Forestières d'Aménagement (UFA's), 9 west of the Sangha River (5,254,750 ha) and 12 east of the Sangha River (3,729,999 ha), averaging 427,845 ha.  Of these, 10 have been attributed to logging firms -- 3 in the west accounting for 2,435,200 ha and 7 in the east accounting for 1,920,895 ha.  Two other UFA's in the east, containing an additional 852,112 ha, will probably soon be attributed, making a total of 2,773,007 ha, or 75% of the exploitable surface east of the Sangha River.  
           In past ten years eight major logging companies have started large scale mechanized logging operations in the region.  The entire north of the country faces imminent, large scale forest exploitation that will have a major impact on the watersheds, forest ecology, animal populations, and human population density.  Currently there is no regional plan for the conservation of this vast forest resource. 


It has been demonstrated (Fay and Agnagna 1989a, 1990) that northeastern Congo holds some of the most important wildlife populations left in west Africa, including elephants (Loxodonta africana cyclotis), western lowland gorillas (Gorilla gorilla gorilla), chimpanzees (Pan troglodytes), bongo (Tragelaphus euryceros, buffalo (Syncerus caffer nanus) and leopard (Panthera pardus).  Forest exploitation and its related activities permanently change the integrity of the mammal populations as well as watersheds, forest ecology, and human demographics.

The creation of a series of protected areas in the currently undisturbed forest is essential for long term preservation of northern ecosystems. An added benefit of the creation of a reserve system is diversification of development opportunities for the north.  Amidst increasing awareness worldwide of the necessity for conservation, and fast increasing reluctance to support logging in tropical forest, or even to purchase tropical hardwoods, substantial resources are now being made available by developed nations for the implementation of environmental programs in developing countries.   Besides achieving conservation goals, these programs are designed increasingly to aid in long term development through mechanisms such as tourism and more novel ideas such as trust funds. 


In 1991 Wildlife Conservation International signed a contract with the government of the Congo to create the first reserve in the far north of the country and the first east of the Sangha River, the Nouabale-Ndoki Reserve.  If all goes according to plan, a reserve of 448,000 ha will be created in the Nouabale UFA northeast of Ouesso.  While this reserve represents a big first step in assuring the survival of northern ecosystems, it contains only about  five percent of the total exploitable surface area and about two percent of the overall area of northern Congo.  It is imperative that in the near future other conservation projects be identified in the north of the country.  


Two areas identified by Phillippe Hecketsweiler (1990): the Lac Telle area west of the Oubangui River and  the extreme northwest of the country in an area centered around the village of Garabinzam have considerable potential for reserve status.   This report summarizes the findings of a biological survey of the Garabinzam region commissioned by the World Bank for assessment as a natural reserve. 
OBJECTIVES

The present work was commissioned by the World Bank to assess the possibilities for including the Garabinzam area in the national reserve system.  There have been no previous reports from the area other a few prepared by mineral survey companies that worked in the area in the early 1980's.  The detailed objectives of the study were: 1) To carry out preliminary studies on the mammal densities in the interior of the area. 2) To gain a broad understanding of the overall biological diversity  3) To provide an overview of the human impacts now affecting the area. 4) To investigate possibilities for infrastructure development and tourism.

The results of this work will be used for future planning with various interested parties in formulating a national conservation strategy (which includes the creation of new reserves) and in the search for future funding in conjunction with the Global Environment Facility Project slated for the Republic of Congo.
PERSONNEL
The mammal survey was carried out by a team of three wildlife biologists, M. Agnagna (Ministere de l'Economie Forestiere, Peches et de l'Environnement), J.M. Fay (Wildlife Conservation International), et A. Wilkinson (Consultant).

The botanical survey was carried out by a field team of four botanists: R. E. Gereau (Missouri Botanical Garden), D. J. Harris (Oxford University), J.-M. Moutsambote (Ministere de la Recherche Scientifique), and D. W. Thomas (Consultant).  P. Sita (Consultant) coordinated the herbarium studies.
STUDY SITE
           The Garabinzam Site as described by Hecketsweiler (1988) comprises an area is a panhandle bounded on the north by Cameroon and on the west and south by Gabon.  The geographical limits of the study area were defined as 1o12'N,13o08'E-1o20'N,14o15'E-2o09'N,14o15'E- 2o09'N,13o20'E which covers an area of ca. 10,000 km2 (IGN Feuille NA 33-VIII, 1:200,000 and Feuille NA33-34, 1:1,000,000).  Administratively this area is within the Sangha Region and the Souanke District.  It has no protected status at present and is part of the domaine forestiere. Administration of the forest resource is the responsibilty of the regional direction in Ouesso.  The area is contained almost entirely in the Ivindo River basin which empties into the Oogoue.   
PHYSICAL ENVIRONMENT.  

Climate.  The climate is equatorial, 1600-1800 mm rainfall with no distinct dry season.  At Souanke the annual precipitation is 1679 mm (21 years of observation) with an annual mean temperature of 23.6o.  

Topography.
The area has varied topography, including hills, well-drained undulating lowlands, and a large wetlands basin.  There are two watersheds; to the south and west, there is a large wetlands basin, forming part of the Ivindo headwaters.  To the north and east, drainage is towards the Dja/Sangha, with undulating topography descending eastwards, with few wetlands.  To the southeast, outside the study area, similar topography occurs in the headwaters of the Mambili/Likouala.  One of the most significant features is the size of the hills, which reach almost 1,000 m elevation, and are high for the Congo.  These hills form the highest points of a plateau which is mostly at 500 - 650 m elevation.  The main hills (over 800 m elevation) are the Monts Avima (13o20'E, 1o54'N), Mont Badondo (13o14'E, 1o32'N), Mont Nabemba (13o59'E, 1o50'N), and the ridge which extends about 85 kms south from Sembe (14o28'E, 1o42'N to 14o29'E, 0o55'N).

Geology.  The geology of the area is characterized by an eroded Precambrian formation with a granito-gneiss base.  The elevated areas are constituted by a metamorphosed volcanic sedimentary (amphibolites-ectinites, itabirites, schisto-gres quartzite) formation emerging from a granite base.

Soils.  Soil types noted in the area include ferralitic red clay soils in undulating topography, with yellow clay and sandy clay in valley bottoms.  Wetlands have a variable depth of organic material overlying a sandy substrate.

ACCESS ROUTES AND ITINERARY

Because of the deteriorated road infrastructure in the region it was necessary to start the survey in the town of Souanke. There are three principal thoroughfares out of Souanke, one leading north into Cameroon, one leading east to Sembe and on to Ouesso, and a third that goes west along the border with Cameroon.  The road that goes to the west bifurcates at a village called Bellevue 25 km to the northwest of Souanke;  the southern route leads to the village of Garabinzam on the Iye River (map Garangoua), and the northern one proceeds along the border with Cameroon for ca. 70 km and stops at the village of Mamma.    

The survey team travelled up to Bellevue then proceeded down the south road.  The botanical team remained at 50 km at a place where access to Mt. Nabemba was made.  The mammal survey team continued south to Garabinzam.  At Garabinzam the Iye River was crossed to the north and the team proceeded on a compass bearing of ca. 315o  to Mount Avima.  From Mt. Avima the team proceeded east to the gold camps of Bata Poumba.  At Bata Poumba the main trail to the north was followed to the village of Mamma.  From Mamma, the team returned east along the road  back to Souanke.


To reduce the time spent moving camps and materials, the botanical team located a base camp at Bessie village, two days walk from Souanke (55 km) on the Garabinzam road, from which site examples of most of the area's vegetation types were accessible, including wetlands, lowland forest, and submontane transition forest.  Herbarium specimens were dried at Bessie and then transported to Brazzaville.  Smaller camps were made at Mont Nabemba, Lac Manangoya, and Nkoul.
METHODS
Botanical Survey    

Floristics
Plants were collected in all habitat types throughout the botanical study area centered around Bessie village following standard herbarium practice.  These included all fertile plants and pteridophytes encountered.  Plants were pressed with duplicates of several sets, one sample of each was deposited in the national herbarium in Brazzaville and the remaining samples were shipped to the Missouri Botanical Garden for distribution to specialists and for exchange.  

Identifications were made in the national herbarium in Brazzaville using various published  floras (FWTA, Flore du Cameroun, Flore du Gabon, Flore de l'Afrique Centrale).  One duplicate of most collections was also sent to a specialist for confirmation of the determinations.

Vegetation  
At each site, field notes were made on the vegetation types and dominant species in each.  Quantitative data were collected at two localities.  All trees measuring over 10 cm diameter were enumerated.  Vegetation was sampled  using....  A total of 0.5 ha were enumerated in semi-deciduous forest on red clay soil, and 0.4 ha were enumerated in evergreen forest on seasonally high water table.

Mammalian Inventory

Foot surveys using line-transects were carried out at varying distances from the starting point at Garabinzam.  These were run on a compass bearing with a minimum of two observers and a maximum of five.  Transect lengths varied due to forest density and logistics.  In general, because of time constraints, transects were run in the direction of travel of the group.  Fewer days of transects were done in the north because of the number of heavily travelled human trails that were encountered.  For the most part, the vegetation encountered in the area was extremely dense, further hampering efficient work.   The route taken was meant to stratify the census data at varying distances from human population.  In general the transect direction travelled along the watershed crest.  This was because the area surveyed has a large amount of swamp in the river bottoms and during the wet season it would have been impossible to advance to the north if we travelled through river bottoms.  Distance along the transect was recorded using topofils (Hip-chain), which measure exact distance along transect lines.

Vegetation

For the purposes of the mammal survey the vegetation was classed into four broad categories: Terra firma, Swamp, Secondary and Malapa (Gilbertiodendron dewevrei) Flooded Forest as described below.  Along transects a continuous tally of vegetation type was recorded.

Elephants

Census - The methods of Barnes et al (1989) for censusing elephants in African forests were employed.  Along transects all elephant spoor were noted including dung piles, tracks, trails, feeding and rubbing sites and water holes.  Only those dung piles seen by the principal observers from the transect line were counted.  Dung of all ages was counted even if at an advanced stage of degradation.     


Density - Elephant dung densities are estimated by extrapolation from a linear correlation demonstrated by Barnes et al. (1989) between actual dung density and the number of 0.5 km sectors along a transect in which one records dung.  This relationship is linear for transects with less than or .75 of sectors with dung present.  For transects with greater than .75 of sectors with dung present, those sectors with at least 3 dung piles are tallied in estimating dung density; this relationship is linear for all dung densities.  In calculating dung densities for our transects we use two different equations depending on the percentage of sectors found to contain dung as follow: D = 6 + 703p, for those transects with less than or .75 of 0.5 km sectors containing dung, and D = 110 + 1576p for those transects with greater than .75 of 0.5 km sectors containing dung, where D is dung density and p is the proportion of sectors containing at least one or three dung piles respectively.  These equations were derived from data collected in Gabon (Barnes et al. 1989).  We believe that the dung degradation processes in Gabon are similar to Congo because of geographical proximity and similar vegetation and climate.


In order to extrapolate elephant density from dung density a conversion of 0.0018 is used (Barnes et al. 1989).  This is based on the assumption of a dung decay rate of .03 (Barnes and Jensen 1987) and a defecation rate of 17/elephant/day (Wing and Buss 1970).  Three numbers are estimated in calculating elephant density: dropping density, mean number of droppings produced per elephant per day, and mean decay rate of droppings.  Barnes et al. (1989) suggest that these estimations probably introduce a margin of error in elephant density calculations of ca. 25%.  Elephant density estimates using this method should therefore be viewed as mere extrapolations in lieu of more accurate density data.

Gorillas

Census - The methods for quantitative census of gorilla populations used in this study were modified from Tutin and Fernández (1984).  These were based on fixed transect width of 20m.  Along transects all sign of gorillas was recorded, including feeding sites, tracks, trails, dung and nests.  When a nest group was encountered on a transect age class of nest, height of nest, nest group size, plant species used in construction, and construction type were recorded (after Tutin and Fernández 1984).  If more than half of the nests in a group fell outside the strip width, the group was not included in the census.


Density - The formula used in calculating nesting gorilla (ng) density was: (no. nests/area sampled)/mean nest life span.  We believe that the nest degradation processes in Congo are similar to Gabon because of geographical proximity, similar vegetation and climate.  Thus we employed mean nest degradation rates for the different categories of nest construction types in each vegetation type as outlined by Tutin and Fernández (1984).  Density calculations reflect the average degradation rate based on the ratio of nest types noted in the transects for each vegetation type.  In density calculations 100% observer efficiency is assumed.  No attempt was made to account for non-nesting individuals.  The density figures presented, because of the error involved in the methods, should be considered as broad estimates. 

Chimpanzees

Because chimpanzee nests are easily overlooked along transects, no attempt was made to estimate the density of this species in this study.  Results are presented in raw form only.

Other Diurnal Primates

Observations and vocalizations for other diurnal primates were recorded along the transects by species and estimated number of individuals.  The utility of vocalizations is limited because there was no way to distinguish with confidence lone individuals from groups, and the relative abundance of vocal species (e.g. Cercopithecus nictitans) is overestimated.  Vocalizations are included in the results to show the more general distribution of rarer species (e.g. the apes).  

Other large Mammals

All signs of other large mammals, including sightings, tracks, dung, and feeding sites, were recorded when encountered on the transects.  These data are presented simply as number of records per km transect and provide a general idea of abundance. 

RESULTS
BOTANICAL INVENTORY
Vegetation.  The area is heavily forested and vegetation types not dominated by trees are of very limited extent.  Apart from farmed areas, there are emergent marshes in areas where hydric conditions limit the development of forest.  There are also extensive wetland areas where the forest canopy is low and scrubby.  It is possible to define several types of forest, though these intergrade to a considerable extent.  Well drained soils at 500 - 700 m elevation support semi-evergreen forest with a discontinuous emergent layer composed of various large tree species which tend to be briefly deciduous.  In wetter areas, the emergent layer is sparse, and the forest is dominated by evergreen species. 
Vegetation types
     Semi-evergreen forest -- closed canopy.  This forest type, described by Letouzey from Cameroon, occurs on well-drained soils in the Souanke-Garabinzam area.  It is characterized by a diverse canopy of large trees,  including important timber species such as Triplochiton scleroxylon, Terminalia superba, Entandrophragma spp., and Celtis spp., which are briefly deciduous during the dry season.  An evergreen species, Polyalthia suaveolens, often dominates the canopy below the crowns of the emergents.  The shrub layer characteristically has high densities of a straggling spiney climber, Haumania dankelmaniana.    The results of the enumeration show that this forest type is fairly species-rich, with 59 tree species recorded (Table x).

     Semi-evergreen forest -- sparse canopy.  This type of forest was common in the western area surveyed by the mammal team amd an aerial survey revealed that it covered extensive areas towards the southern end of the Souanke-Garabinzam area, where it apparently forms an east-west belt across the northern Congo, extending into neighboring Gabon, Cameroon, and the Central African Republic.  The tree flora contains the same species which occur in the closed-canopy forest, but the shrub layer is very dense and dominated by several Marantaceae species including Haumania danckelmaniana, Hypselodelphus poggeana, Megaphrynium macrostachyum, Sarcophrynium spp. and Trachyphrynium braunianum.  

     Evergreen forest.  There is no clear distinction between the semi-evergreen and evergreen forest types.  However, in low-lying areas, often on gleyed sandy clays with a seasonally high water table, there is a strong tendency for the dominants to be evergreen species.  Several different plant associations were noted, and there are undoubtedly others in the region which we did not encounter.  One widespread type was dominated by several species of  Uapaca, a Coelocaryon, Pentaclethra macrophylla, various Olacaceae, and a species of Cola; a second type had Didelotia unifoliolata, Lasiodiscus marmoratus and Crotonogyne giorgii, while Gilbertiodendron dewevrei and Coula edulis cover large areas forming monodominant stands.  Raphia species dominated some areas with seasonal inundation and permanently saturated soils.  Plot enumeration of 0.4 ha in the Uapaca forest (Table x) showed that diversity is probably lower than in the semi-deciduous forest, with both fewer species and fewer individuals.  As the water-table increases, diversity of woody plants falls sharply.    

     Lowland/ submontane transition forest.  At higher elevations on Mont Nabemba, the semi-deciduous nature of the forest is less pronounced; the canopy is rich in Caesalpiniaceae and other evergreen trees such as Symphonia globulifera and an unidentified Burseraceae (DJH 3208).  In the shrub layer Haumania danckelmaniana, typical of semi-deciduous forest, is replaced by a species of Salacia, as occurs in some submontane transitions in Cameroon.

     Submontane edaphic scrubland.  This vegetation was found on the summit of Mont Nabemba on very thin soil over ironstone.  Shrubs and small trees form a discontinuous canopy with rather few species present.  Dominants include Maytenus undatus, Garcinia sp. and Rinorea ?elliotii.  The herb layer is rich in ferns and orchids, with many species which are normally epiphytic.  On aerial photographs, this community was easily identified on Mount Nabemba, but does not occur on other mountains.

     Swamp forest.  This forest, with a permanently high water-table, is very species-poor.  The main trees are Raphia palms and Mitragyna stipulosa, with robust, large-leaved herbs, including ferns, Cyrtosperma senegalensis and Halopegia azurea.  The swamps are very extensive, and need further botanical inventory in the dry season, when access is easier.  Aerial photographs show that the wetlands of the upper Ivindo are mostly forested with low canopy scrubby forest and Raphia.  In contrast to the Likouala, emergent (herb-dominated) marshes are reltively scarce, and were not seen during this survey.

Diversity.  Diversity is best discussed in terms of "between site" (beta) diversity, and "within site" (alpha) diversity.  Beta diversity is limited by the paucity of cover types limited for the most part to evergreen and semi-deciduous forest.  The major factor distinguishing types of forest is probably water table, and to a lesser extent, slope and elevation.  Alpha diversity is fairly high on well-drained soils, and apparently declines as the water table increases.  Overall, the area shows high diversity of forest plants, particularly large trees, though not as high as in evergreen forests nearer to the coast.  There is a high diversity of species often associated with late second growth forest.   These second growth forests indicate that the human population density may have been significantly higher in the region in the not so distant past.  The high diversity and abundance of fern species suggests a year-round moist climate, with an absence of severe water-stress during the dry season.  

Rare, threatened and endangered plants. No threatened or endangered plant species were encountered during the survey, though subsequent research on the herbarium collections may reveal some unusual, new or disjunct taxa.  The area surveyed is very large and very poorly-known biologically, so we cannot accurately predict what the area may hold in the way of endemics.  Rare or endemic plant species are most likely to occur in habitats that are of limited extent;  the most limited vegetation type is the lowland/ submontane transition zone, found near the tops of the hills above 700 m elevation.  The Congo is a low-lying country, with no point exceeding 1,000 m elevation; dense forest above 700 m elevation is found only in small areas in the Mayombe and in the Sounke district.   


The wetlands of the upper Ivindo apparently lack narrow endemics, though further inventory is needed; endemic species are known to occur further downstream in the Ogooue River in Gabon.


Overall, the Souanke-Garabinzam area was found to have a fairly rich forest flora, but is not an important center for rare and narrowly endemic plant species.
MAMMAL SURVEY
Elephants

A total of 86.0 km of line transects (n=15 transects, x=5.7 km, s=1.85) was completed during the survey.    Dung was recorded in 100 of 172 0.5 km sectors.  The overall elephant dung density was estimated to be 415 piles/km2 (x=598, s=545xx).  This dung density yields an extrapolated elephant density of 0.75 elephants/km2 (Table 1). 


When elephant dropping density is plotted against distance from the nearest village for each transect (Fig. 4) a significant negative linear correlation results (r=-.62, p<0.01, Y=1719.61+-44.05*x).  When elephant dropping density is plotted against distance from a gold camp a positive relationship is detected (r=.66, p<0.01, Y=-249.44+57.23*x).  When elephant dung density is plotted against distance from the nearest village or gold camp the relationship is more positively correlated (r=.80, p<0.01, Y=-849.35+116.38*x) 


A total of  50 km of  trails were travelled in quite isolated areas leading from the gold camps from Bata Poumba to Mamma (n=3 segments, x=16.6 km, s=7.6).   Dung was recorded in  2 of 100 0.5 km sectors.  The overall elephant dung density was estimated to be 20 piles/km2 (x=21, s=35.9xx).  This dung density yields an extrapolated elephant density of 0.04 elephants/km2 (Table 2). 


On the footpath from Souanke to Garabinzam, a distance of 117 km, only two elephant dung piles were encountered.  On the footpath from Mamma to Bellevue, a distance of 50 km, no elephant dung was encountered.


In a total of 303 km of trail and transect we did not encounter elephants on a single occasion.  

     In the northern sector of the transect survey, to the south of Mt. Avima the density of Gambeya lacourtiana trees is very high.  The bark from this tree is a preferred elephant food.  The quasi-totality of the trees in this area were heavily scarred with tusk marks that have healed over in the past five to ten years.  There is little or no evidence of current feeding activity on these trees and very few tracks or dung of elephants.  This indicates that there was a very large population of elephants in this area in the past which is now locally extinct.

Gorillas

A total of 86.0 km of line transects was completed during the survey.  The overall density calculated for all transects was 0.45 ng/km2.  

Gorillas were heard vocalizing once during the survey and never heard chestbeating.  Gorillas were not  observed on the transects,  but observed twice off transects.


A summary of feeding observations is found in Table 3. 


In general gorillas are common throughout the area that we traversed.  Even in areas where there has been very heavy poaching with guns near the gold camps there are still gorillas.  The vegetation throughout the area is generally quite good for gorillas.  In the terra firma forest the densities of canopy trees over large areas is extremely low.  Very often the canopy cover over many kilometers is only 10-20%.  Consequently the density of terrestrial herbaceous vegetation is very high.  In these areas the population density of gorillas is high.  In flooded forest areas, the density of nests is low but gorillas probably use this vegetation type frequently.   Many of the termite feeding sightings were in this vegetation type.  

Chimpanzees

A total of 25 chimpanzee nests was observed from 6 to 25 m in trees.  The average nest group size was 2.3 (s=.5).  A single chimpanzee was seen on the transects.  This individual was called in using a duiker call after we heard pounding on a nearby tree.  The sound was reminiscent of when chimpanzees use a stick to break into bee hives.
Other Diurnal Primates

A total of 8 species, with 19 observed species groups, of diurnal primates was recorded in the survey (Table 5).  Additional species recorded off the survey lines were mandrills,  black and white colobus monkeys, and de Brazza's Monkeys. The most common species were Cercopithecus nictitans (42.1% of observations) and C. albigena (27.7% of observations).  A total of 10 mixed troops was observed (Table 6).  The most common assemblage was C.  nictitans  with C. albigena.  The maximum number of species in a single group was three (Table 6).  
Other large Mammals

It is difficult to assess the relative abundance overall of other large mammals.  It was quite evident that the most abundant species were the various duikers, especially Peter's and bay.  In the following we summarize the status of the species present in the study area.
Leopard

Tracks and urine holes were seen on numerous occasions in the southern part of the survey area up to Mt. Avima.  We were offered fresh leopard skins many times in the villages and gold camps that we passed through on the way to Garabinzam and near Bata Poumba.  One particular skin was enormous.  The skull of this individual measured 10.25 x 6.25 inches.  In one village a women complained that a leopard had killed three goats in the fields that evening.  They said that the leopard carried off all three carcasses.  While leopards are snared frequently and the skins seem in abundance, populations are high in the southern part of the survey zone.

Other predators

While no sightings were made, it seemed that there was a good number of golden cats, genets and civets in the study area.  We saw many genet skins and a single fresh golden cat skin drying in a village.  When asked the villagers said that these species were abundant.
Buffalo  


We saw very few signs of buffalo.  Only one dung pile was noted on the transects to the south of Mt. Avima.  The porters noted that the buffalo were concentrated on the small savannahs and large marshy clearings dotted throughout the study area.  Buffalo are classified as rare in the area surveyed.

Sitatunga

On a few occasions we noted sitatunga tracks near marshy clearings, especially south of Mt. Avima.  Nowhere did they appear to be abundant but there is a large surface area of good habitat that we did not survey.  Sitatunga are classified as common in the area surveyed.

Bongo

While no sign of bongo were noted during the survey, two skulls from this species were seen in Goulmelen and Poumba Ekom (two villages along the Bellvue-Garabinzam Road).  Both measured 27 inches and appeared to be very old.  The owners said that pygmies had killed both animals and brought them the skulls.  One gets the impression that there are very few in the area.  In our experience bongo have very patchy distributions.  There are probably a few small areas where they occur, but should be considered rare in the area overall. 

Duikers

In many areas north of the flooded forest north of Garabinzam and Mt. Avima there was a hyper-abundance of duiker tracks, especially in upland forests.  The most abundant species are the Peter's and bay duiker.  Yellow-backed duiker tracks were quite abundant in some areas.  Blue duikers seemed to be particularly abundant around Mt. Avima.   Tracks of the black-fronted duiker were seen on several occasions in the flooded and swamp forest areas.  They are relatively abundant in this habitat.  The presence of the white-bellied duiker was not noted.


Along with monkeys, the duikers constitute the major source of protein for the local population.  Hunting is particularly intense in areas close to gold camps.  For example, the porters indicated that when Bata Poumba was operating at its height there were about 800 people there and anywhere between 300 and 600 shotguns.  Snares are also used heavily by the local population.  This combination of guns and snares represents a formidable killing force.  Areas that have been exploited heavily for gold have lost a large percentage of their duiker populations.  Overall duikers can be classified as abundant over the entire study area except in areas within ca. one day's walk from a village or gold camp. 

Suidae

Sign of red forest hogs were common throughout the zone.  There were no sightings during the survey however and one gets the impression that they are very secretive throughout and nocturnal.  Because this species is a preferred meat it probably has been subjected to a great deal of hunting pressure and has changed its behavour accordingly.   No tracks or sign of giant forest hogs were noted during the survey.

HUMAN IMPACT

Taking the entire Garabinzam panhandle as the study area (1o20'Nx14o10'E to 2o20'Nx14o10E' to 2o20'Nx13o20'E to 1o20N'13o20E) there are six major sources of human impact: Cameroon, Melen Road, Gabon, Garabinzam Road, Souanke-Sembe, and semi-nomadic Bangombe Pygmies.  There are five major activities linked to these sources: prospecting for gold, hunting for ivory, hunting for meat, villages, and semi-nomadic hunting and gathering camps.  In the past, prospecting for iron ore affected the area and has the potential for large scale impact on the zone in the future.  We first review the various sources and then the activities.  

Cameroon

There are three principal access routes taken by Cameroonians that have an impact on the study area.  (1) The Ivindo River, which forms the border between Gabon and Congo in this area is a large, deep river that reaches Cameroon.  Using this route, Cameroonian pirogue operators, both motorized and not, can easily reach the entire western flank of the study area.   The Congolese interviewed in the area cited two major activities carried out by the Cameroonians: fishing and ivory hunting and dealing. (2) Another common way for Cameroonians to reach the study area is to cross  anywhere over 90 km of uncontrolled border with Congo.  In principle this area is under the supervision of the police in Souanke, but it is too remote for them to have any impact at all.  Local villages have very close ties with the Cameroonians, many of whom have relatives just across the border.  The border is not only pervious but there is a relatively high density of population on either side and a great deal of cross-border activity.  Most of this is trading either gold or ivory from Congo for manufactured goods brought in from Cameroon. (3) A road from Lomie, Cameroon reaches the border near the village of Ntam  ca. 50 km from Souanke.   Ntam is a major regional import-export point.   Much of the merchandise for Souanke comes in through the village.  It is also a major export outlet for gold, ivory, leopard skins and anything else of value that can be exported.  There is even a certain amount of cacao that goes to the Cameroon market through this point.  Trucks can reach Yaounde from Ntam in a single day.

Melen Road

This road was, during the colonial times, a major thoroughfare for activities linking Yaounde and Ouesso.   Today the road has reverted to a foot path but there is still a great deal of activity on it.  The village of Melen is now abandoned.  The last village on the road is Mamma, which is split into two villages on either side of a creek and numbers ca. 20 huts.  Mamma is also a major stepping off point for gold prospectors going to gold camps in the interior.  Most of the activity in the village consists of growing crops for the gold diggers.  In the past it was based on Cocao, the principal cash crop in the region.  With the crash in the cocoa market these plantations have been largely abandoned.  

      There were at least four stores owned by Moslem merchants.  Most of these individuals are from northern Cameroon, many from Maroua.  These merchants purchase all of the gold and any other product of value including ivory and leopard skins, and control most of the commerce that goes into the gold camps.   They build up the debts of gold prospectors and then use them to corner the market on the gold.  Mamma is the regional base for hundreds of gold diggers and is where the major trail into the gold zone originates.  Most of the foodstuffs for the gold camps come through Mamma.  While high, prices in the village are about 30 percent of  what people pay for the same item out in the gold fields.


Proceeding toward Souanke there are a large number of villages.  We counted 23 villages between Mamma and Bellevue, a distance of 70 km, with a total of 233 huts.  These villages are for the most part based on subsistence agriculture, hunting for local consumption and trade in the three major products in the area: gold, ivory and leopard skins.  Gold probably accounts for 80 percent of the cash economy.  Ivory was probably a much more important item when the prices were high and the elephant population abundant.  Leopard skins are only a minor item of commerce and are not particularly profitable.  We were offered several for less than 10,000 CFA each.  

Gabon 

There are three major impact points that come in from Gabon, all of which originate in Makoukou.  Makoukou is the regional  center and a transshipment point for many goods that originate in Gabon's northeastern frontier that then travel to Libreville.  These include gold, ivory, bushmeat, smoked fish and Irvingia seedcake.   Motorized pirogues can navigate quite easily year round on the Djoua (known locally as Eyeye), the Karangoua (known locally as the Eye), and the Ivindo rivers.  Most of the fish caught in the region is transshipped to Makoukou and usually on to Libreville.  The economy of Garabinzam (ca. 200 km by boat from Makoukou) and many of the villages on the road to Bellevue are supplied through Gabon.  Once again, ivory, gold and other products find ready clients in Makoukou.  Much of the trade in Makoukou is controlled by Cameroonian merchants.

In the late 1980's, a proposal was made to exploit iron in the hills along the Ivindo River.   A large base was built in Belinga, Gabon, which is ten kilometers from the Congolese border.  This project was never actualized (see below) but it brought a lot of activity into the area for a period of about five years and served to open previously very isolated forest.  It also served to bring in a large number of people on the Gabonese side who are now exploiting gold, ivory, fish and game meat from the area.   More recently, two expatriates set up a gold prospecting operation in the Belinga region.  They are not only operating two heavy machines with dump trucks but are also buying gold from the artisanal exploiters.  This will certainly encourage increased hunting and gold prospecting in adjacent Congo.

Garabinzam 


The road from Souanke to Garabinzam stretches for 117 km and dates from the colonial era.  The reasons for the creation of the road were two-fold strategic and economic.  During the early colonial period, the Germans controlled much of the area and built small tracks throughout the region while battling with the French during the First World War for control.  One such track originated in Cameroon, traversed the frontier near Melen and proceeded straight south to Garabinzam.  From Garabinzam the road proceeded northeast towards Souanke.  This road system travels through several tens of kilometers of swamp and flooded forest and must have been a formidable task to build.  Often the dike is one meter high and two meters wide.  Most of the dike from Garabinzam to the north is still intact but no longer used.  It has trees up to 70 cm in diameter on it and has reverted for the most part to forest very similar to the surrounding primary forest.  The second, economic interest, was based in gold, ivory, animal skins and some cash crops to the north near Bellevue.   


On the main road from Souanke to Garabinzam there was a large cocoa plantation in Bellevue and old gold mines at the village of Poumba, at about 30  km from Bellevue.  This is where the French colonial road ended.  At Poumba there was an airstrip and several mine shafts with ore railroads leading from the shafts.


The road has not been maintained since independence and at present  is a footpath along its entire length.   It is interesting to note that the survey team contained the first "Europeans" to have travelled on the road since some time in the 1960's.  Many of the young people, especially women who had never ventured out of the area, had never seen a white man before.  This gives some indication of the present isolation of this road.  There are still several sections that are maintained but most of it is kept open for foot traffic only.  Despite the isolation of this road there are still quite a few villages and people living on it.  Thirty 30 settlements with over 300 huts were encountered.  The majority of the villages are concentrated toward Garabinzam but there are settlements along the entire length.  There are probably well over 1000 inhabitants along the road to Bellevue.  There are also many villages between Bellevue and Souanke.  


The present economy along the road is based primarily on hunting and gathering and on a low level of subsistence agriculture.  Most of the villages possess many firearms, in particular 12-gauge shotguns, but there are also many rifles.  Shotgun shells cost ca. 300-400 CFA along the road and are readily available.  Cable snares, too, are a very popular means of hunting.  A roll of 12 yards costs ca. 15,000 CFA.  One roll will provide the material for about 50 snares.  These of course can be used many times.  Most of the meat is consumed in the village of origin but some makes it out into the gold camps.  Very little makes it down the river to Gabon.  One village chief, who said that he had 17 children, told the team that he personally had 300 snares out in the forest.   In general, it seems that people do not have to venture too far from the village for hunting success.  On several occasions, villagers were encountered who had left in the morning and returned before noon with two or three duikers or monkeys.


In most of the villages traversed by the survey team there was abundant sign of hunting.  Villagers were completely ignorant of game laws and in most cases made no distinction between hunting a gorilla or a blue duiker. In most villages there were several gorilla skulls used as fetishes in the village meeting place.  These were usually accompanied by mandrill skulls.   Leopard skins were offered for sale in at least five villages.  Elephant tusks and gold were proposed on several other occasions.  The cash economy of the road revolves principally around these three items with the following prices:

                       Gold          1800-2200 CFA/gram

                        Ivory          1000-2500 CFA/kilo depending on size

                        Leopard  skins  7500-10000 up to 15000 for a skin of exceptional quality    


In other parts of Congo and surrounding countries the market for skins seems to have died down.  Throughout the Garabinzam region they are still considered to be items of value and special efforts are made to hunt them.  Ivory sellers seem to find a ready market in Cameroon, albeit at a very low price. 


Goulmelen is a typical village in the area.  The survey team arrived at a village farm about 5 km from the village and found an extremely large leopard skin drying on the smoking rack.  The farmers said that the leopard was coming very close to the farm at night and that they had shot it for security reasons.  When the team arrived in the village itself there was a collection of four gorilla skulls in the first communal hanger: two males and two females.  These skulls appeared to be quite old.  In the second communal hanger there was an enormous pile of bush meat over the fire.  Enquiry revealed that this was gorilla meat.  It was explained that a silverback male and two females had been coming into fields near the village and so were shot.   Wandering around the village revealed several more pieces of gorilla skin from other individuals.  Gorilla hunting was obviously a common occurrence in this village.  There were also several pieces of elephant hide around the village.  It appeared that the most desirable piece of skin to have was the ear.  These made very nice mats to sit on.  Several of these were seen in the village.  


Many of the men in the village are involved in gold prospecting and were absent during the team's visit.  Gold digging seems to be a major preoccupation in the area and is practiced by most people at one time or another.  A certain amount of cash is necessary in the villages and gold is the easiest way to obtain it.  Ivory is the second easy source of income and it seemed that there were many people involved in this trade also.   In fact several of the villages along the Garabinzam route are well known for their elephant hunting.  While a high-powered rifle is preferred (275 of 458 respondents [Mike?]) most of the hunting is done with a 12-gauge shotgun with a spear inserted in the end, which is shot into the elephant at close range.  One of our porters had returned recently from a hunt of this kind.  They had fired on seven elephants and retrieved none of them.


Prices of basic commodities in the villages are high and will force people to continue to seek means to make a living.  A list of basic prices is provided below:

Item


Garabinzam 


Brazzaville

Kerosene    

500 CFA/l


170 CFA/l

Batteries 

200-250 CFA                      100 CFA

Sugar      

1000 CFA/kilo                     375 CFA/kilo

Matches      

25 CFA/pack                        10 CFA/pack

Cigarettes   

500/pack
                       200-250 CFA/pack

Sardines     

300 CFA/can                       125 CFA/can


It is fairly evident when walking through the villages that they have decreased considerably in size in recent years.  Judging from the abandoned fields, size of the village sites, and conversations with local people, many of them probably had more than 100 huts at one time.  Because there is no access to outside markets, the population along the road does not over-exploit the fauna, except perhaps for elephants.  Most subsistence hunting appears to be done within 5 km of the village. 

Most of the goods that are imported into the area come from Makoukou, Ntam or Souanke.  This depends for the most part on availability and distance.  Villages near Garabinzam get most of their goods from Gabon, while those near Bellevue get their goods either from Ntam or Souanke.   There are also a number of merchants based in the villages along the road.  There are three stores in  Bellevue and two in Garabinzam.  There are also many merchants that come in from these three locations to trade goods along the road.  The majority of the merchants are Moslems from Maroua, Cameroon.  They trade for the most part for gold, but also for ivory and leopard skins.  

Souanke-Sembe

While these two towns are quite isolated, they are also quite large, with ca. 5,000 inhabitants each (i.e. approximately 30 percent of the population of the Sangha Region).  Despite their isolation the two towns have quite vibrant commercial centers.  The markets and stores are well stocked with goods and there is a large number of Moslem merchants in each town.  In Sembe there are probably 30 stores and in Souanke ca. 20.  They are the typical boutiques selling a variety of food stuffs, household goods and clothing.  In each town there is a quite substantial administration with police, sous-prefet, post office, etc.  The road to Ouesso is the principal transport outlet for the region.  The road is in bad repair but is open year round.  In the wet season it takes about 20 hours in a four-wheel drive vehicle to reach Souanke from Ouesso, a distance of 279 km.  There is a  road that goes to Molondou in Cameroon from Sembe.  There are boats at this point that will carry goods to Ouesso and vice versa.  In Souanke there is an airport with a grass strip of 1.5 km.  There are weekly flights by the Lina-Congo Twin Otter with service to Ouesso  (11000 CFA) and Brazzaville (26000 CFA).  There are several trucks that make the trip to Sembe quite frequently and also to Souanke occasionally.  The price for a single ticket from Souanke to Ouesso is 7500 CFA. 


There are four principal sources of revenue in these two centers : gold, ivory, bushmeat, and agricultural products.  All of these have a direct impact on the natural resources of the study area.  It can be safely said that the majority of able-bodied men in these two centers are involved in gold prospection and the bushmeat trade.  There are a certain number of people that specialize on ivory.  Agriculture in the region depended to a large extent on cocoa for a long period of time.  The soils are heavy lateritic oxisols that are relatively rich compared to the areas to the east.  There were a large number of individual plantations of 1 to 2 hectares.  These were very profitable for a long time.  With the collapse of the cocoa market and the deteriorated road infrastructure this domain has ceased to exist.  Today, very few people even bother to maintain their plantations or harvest the fruits.  Some people have turned to growing manioc and plantains to support the gold camps, but for the most part the agricultural sector has collapsed.  With the collapse of the agricultural sector most people have turned to gold and bush meat for their cash needs.


The vast majority of men that were interviewed in Souanke were involved in gold prospecting and the bushmeat trade.  There are three sites in the study area that are particularly affected by the population of Souanke: Mt. Nebemba-Elen, Bata Poumba,  and Supporte la Peine.  These are the three major gold camps in the region (discussed below).  The majority of workers in these camps come from Souanke and surrounding villages.  When there is a new find and lots of gold then a large number of people go to the camps.  With them they bring guns and snares for subsistence hunting.  When not out in the gold camps most adult males in the town of Souanke have a snare line.  These are used to provide food for the family and as a source of income.  Most individuals operate about 100 snares.  Depending on the area, they can easily kill ten or twenty duikers in a week.  Usually the snares are set and visited once a week.  The animals are dressed, smoked and transported back to Souanke.   In addition to snares, there are a large number of firearms in Souanke.  There are many rifles and probably hundreds of twelve-gauge shot guns.  These guns are used primarily at night for jack-lighting duiker and other small game.  When larger game is encountered it is always fired upon.  Because of the intensity of hunting activity in the area over the years in the Souanke area it becomes more and more difficult to shoot or trap game close to town.  Most people interviewed indicated that it is normal for hunters to venture 30 km from Souanke and up to 50 km to do subsistence hunting.  One particular hunting area that was said to be very popular was the Dja River in Cameroon, about 50 km from Souanke.  Several hunters were seen who had success at lesser distances but game is sparse near Souanke. 

Bangombe Pygmies

The race of Pygmies in the study area is the Bangombe.  This race of Pygmies extends from the Sangha River over to Gabon and covers southeastern Cameroon.  These are the Pygmies commonly referred to as the Aka, which is a general word meaning Pygmy in the Pygmy language.  There are three Pygmy races in the region, the other two located to the east of the Sangha River.  When the team arrived in Souanke several Bangombe were hired for the walk to Garabinzam.  There is quite a large community of Pygmies in Souanke.  Most of the villages encountered on the march down to Garabinzam had a population of Pygmies.  Down river from Garabinzam toward Mvadi there was said to be a very large Pygmy settlement not associated with a Bantu village.  On the Melen road as well there are a number pygmy settlements.  While Pygmies do maintain close contacts with the Bantu population there did not seem to be the strong patronage system that exists between the Bambendjele Pygmies and the Bantu east of the Sangha River.   In general, Bangombe Pygmies seem to be quite independent.


Throughout the transects that the team walked it was evident that the forest was very well travelled by Pygmies.  A total of over 15 camps was encountered  on what was a rather random sample through the forest.  There were abundant signs everywhere of people cutting trees for honey, digging for aardvarks, camps, digging for yams,  and machete cuts.  Porters accompanying the party said that the Pygmies in the region are very comfortable travelling from Cameroon right down into Gabon.  It was said that one of their primary activities was hunting elephants.  Most of the guns were said to come from Cameroon.  These were given to Pygmies with shells with the understanding that they bring the tusks and gun back to the proprietor.  In turn they are paid in kind for their services.  It is probable that many of the camps encountered were also traditional camps for hunting and gathering.  Three principal products that the Pygmies extract from the forest are Irvingia  spp. and Coula edulis seeds, and honey.  Nowhere else in Congo have we observed such high density of sign of Pygmies in the forest. 
Activities having an effect on ecosystems in the study area

There are five activities practiced throughout the study area which have a negative impact on the natural resource base: gold prospecting, ivory poaching, meat hunting, hunting and gathering, and general activities surrounding villages.  Gold is without doubt the factor which creates the most impact on the natural ecosystems in the study area, where it has been exploited since colonial times.  At that time, Poumba was a gold camp with a large infrastructure supporting it.  This operation lasted into the 1960's.  Since then, gold exploitation has been artisanal.  Most of the camps consist of individuals seeking to make money.  Because of the prices miners are forced to pay for basic commodities in the camps, many end up spending years there just to pay off their debts.  Most of the gold ultimately ends up in the hands of the Cameroonian merchants placed at the periphery of the camps or in camps where there is a lot of gold around.  


At present there are three major gold camps in the area: Bata Poumba, Supporte la Peine and Mt. Nabemba-Elen.  These consist typically of a loose band of huts made of Raphia shingles.  In areas where people have been around for several years, there are usually fields with some mud huts.  In general, to extract gold several men band together and dig a hole of about 4-8 m2 .  The hole is dug near a stream into the alluvial gravel, its contents passed through a number of sieves, and finally swilled in a pan for final extraction of the gold.  It appeared that most miners were getting a very small amount of gold out of the camps, but the team was told that they occasionally hit a richer vein and may extract kilograms of gold in a short amount of time.  This is probably an extremely rare event.  In general,  people spend long periods of time in the camps, apparently mostly to pay for debts accrued with the merchants.  In most cases all of the gold, at least at the present time, goes for purchasing needed items such as manioc, sardines, cigarettes, alcohol, etc.  The worldwide decline in the price of gold has had a large impact on gold prospecting in the region.  Buyers were paying twice the current rate in the camps when gold was $600 per ounce on the world market.   


The price paid for a gram of gold is more than it brings in bartered goods.  The team estimated that a miner gets a maximum of 2000 CFA per gram of gold in trade goods.  The prices on some common goods are as follow:

                    Manioc stick                     600 CFA

                    Can of sardines                500 CFA   
                    Cigarette (1 pack)           1000 CFA

                    Glass of alcohol                500 CFA


On a typical day, a miner may consume three manioc sticks, two cans of sardines, a pack of cigarettes and a couple of glasses of alcohol.  Barring luxuries such as batteries, plantains, peanuts, and sugar, a miner can easily use 5000 CFA worth of goods a day just for subsistence, or two and a half grams of gold a day.  Under these conditions, only the occasional lucky individual can make any money digging gold. 


The largest problem associated with gold prospecting is that it brings large numbers of people into the forest from distances of 100 km or more.  While there is no guarantee of profit, certainly the chance of it exists which is the major attraction.  People subsist entirely off the bounty of the forest for their protein needs.  Because there is little to eat and snares and shotgun shells are relatively cheap,  people tend to eat large quantities of meat in the gold camps.  Ten people could quite easily consume a red duiker of 23 kg in a day.  Consequently the hunting pressure in gold camps is intense and often the fauna for many kilometers radius around the camps becomes depleted.  In addition there are always ivory hunters associated with the camps, as well as people who come exclusively to hunt.

Bata Poumba

In the mid 1980's, this camp complex was very large with about 800 people with several camps over a distance of 15 km.  The series of camps was located  in the drainages along a long ridge to the east of Mt. Avima.  It is estimated that there were 300-600 firearms in the Bata Poumba area when it was working at full capacity.  The camp is two days' walk from Mamma and four to five days from Souanke.  Most of the miners there are from Souanke and surrounding villages.  There is also access to Bata Poumba along the Iye River from Garabizam.  People can reach the stepping off place in one day from Garabinzam and arrive in Bata Poumba the next day.  This is the route taken by people from the villages along the Garabinzam road.  


When Bata Poumba was at its height there were several Moslem traders in the camp , as well as bars, beer, prostitutes and a great deal of money.  It is little wonder that the fauna in this area has suffered greatly.  For several kilometers around the camp there is little if any mammal spoor.  Apparently villagers were travelling up to a kilometer at a time to find firewood.  Currently there are only three active camps with under 100 people.  They will probably be abandoned in the coming year and most probably the fauna will start to return to the area.  

Supporte La Peine

This camp was discovered in 1990 by the same individual that started Bata Poumba.  It is located on the south side of Mt. Avima only a few kilometers from the Ivindo River.  The exact location of the camp was not determined and the survey team did not visit the camp.  Its existence was discovered when the team crossed a very large trail that came through the forest to the southwest from the direction of Bata Poumba.  The trail had been cut very wide and was obviously heavily travelled.  Along it,  the density of animal spoor dropped dramatically.  It was also at this point that  elephant dung density started to decline precipitously.


There are apparently ca. 100 people in the camp at present but the number is going up very fast.  The camp's location is very far for the people of Souanke (ca. 120 km).  It takes six days to reach the camp and food is said to be about 50 percent more expensive in Supporte la Peine than in Bata Poumba.  Apparently a manioc stick can sell for 1000 CFA in this camp.  Judging from the state of the fauna where the trail was encountered, at least 10 km from the camp, it is safe to say that the camp has already had a profound effect on the fauna.  If this camp is good for gold there could conceivably be several hundred people there by the end of the year.  Many miners trying to repay their debts from Bata Poumba have already made the move to Supporte la Peine.  Because access along the Ivindo River from Gabon is easy, the capacity for this camp to grow to very large proportions in a short amount of time is great.

Mt. Nabemba-Elen

This camp has existed for quite some time and seems to be more of a subsistence type operation. If people along the Garabinzam Road need money they travel to this camp to dig gold for a limited amount of time.  The camp was not visited so data are sparse.  It is to the south of Nabemba mountain.  It was said that people from the Madjingo road, southwest of Souanke, come to exploit gold there.  The team had the impression that the camp had existed for quite a long time and is on the decline. 

Ivory hunting

From  interviews with local people it is evident that ivory poaching has been widespread in the area for a long period of time.  Once again, the people in this area speak very openly about hunting for elephants.  Most of the poaching originates in the villages along the Melen and Garabinzam roads and in Cameroon.  The greatest damage to elephant populations was said to be caused by Bangombe Pygmies paid to hunt by Cameroonians.  Apparently, there was few poaching incursions from Gabon.  It is probable however that many of the tusks produced in the area left through Gabon and were sold in Libreville.  Two artisanal methods of hunting elephants opened the way for anyone with a 12-gauge shot gun to shoot elephants quite easily.  One is the introduction of spears into the barrel of a 12-gauge.  A wooden or metal spear shaft is crafted with a wide elephant tip on the end.  The cartridge is then double or triple charged and wadding put in at the end of the cartridge.  The spear serves as a deadly projectile when shot at an elephant at close range and is a common method used throughout central Africa.  This method is not very efficient, one tracker noted that he had shot seven elephants with these spears and not recuperated a single tusk.  The second method, which was unknown previously to us,  involves driving large 14 cm nails through boards and then spreading them at intervals along elephant trails.  When an elephant steps on the nail it penetrates the foot pad and makes walking virtually impossible and probably very painful.  They are also unable to remove the deeply embedded board.  When poachers follow up the trails, they can easily find a "nailed" elephant and shoot it with a spear-loaded 12-gauge.  According to many of  the local population this method is efficient and led to the demise of the elephants in the area.  The other factor often cited by people in Souanke was the Bangombe from Cameroon.  They said that Pygmies would kill large numbers of elephants on a single hunting foray from Cameroon and that during the ivory boom there were many guns circulating in the area simultaneously.  The survey team had the impression that  many people were involved in the ivory trade until the mid-late 1980s, when hunting and prices were good.


The data that the team was able to collect indicate that elephant poaching was extremely intense in the area for a long period and that elephant populations have plummeted in certain sectors of the study area as a result (see below).

Meat hunting

While there are a large number of domestic animals in the villages both on the Garabinzam and Melen roads, these are rarely consumed by the local population.  Most often they are sold to Moslem merchants.  The local Bakouele, Njem and Bangombe tribesmen subsist entirely off the indigenous wildlife.  As explained above, the majority of men are actively involved in snare hunting.  Most of the meat is consumed locally except when camps are in proximity to Souanke where the meat is transported back into town.  There is a limited amount of meat that is transported down the Iye, Iyeye and Ivindo rivers to Makoukou.  Most of this meat originates within 50 km of the border.  Garabinzam, for instance, is not a major transshipment location for meat being transported down the river.  In the gold camps, meat hunting is having a major impact on wildlife populations locally.  In the village context, there is a certain perimeter around the village that has a very low density of animals, but for the most part villagers indicated that they do not have to go more than a half a day's walk to reach reasonable hunting grounds.
Villages

Village density and populations have decreased significantly in the region over many decades.  This is due to several reasons.  When the region was colonized people were moved out along the roads to work on plantations etc.  Subsequently, during the socialist era, there was an effort to regroup villages into larger more cohesive units.  This program was carried out on the Melen road and possibly also along the Garabinzam road.  The more gradual process of urban flight has also occurred throughout the region.  Many people have moved into Souanke, Sembe, Sengmelima, Makoukou, Ouesso and other more distant places.  It appeared that most of the villages visited had become considerably smaller in recent history.  There are a disproportionate number of old people, women and children in the villages.   Many of the young men are either in the towns or in the gold camps.


The team predicts that, if the economy of the region continues to lag and the transport infrastructure continues to deteriorate, villages will continue to get smaller until most  people are concentrated close to Souanke and in other locations.  Certain villages will remain such as Garabinzam, which is close to a river linked to a major population center (albeit across the border in Gabon).

Hunting and gathering camps
        As mentioned above, the number of Pygmy camps in the forest surveyed is high.  In general hunting and gathering activities do not have a significant negative effect on the fauna in the long term.  It is the ivory poaching principally that makes these camps particularly harmful.  

Iron 

One other complicating factor from a socioeconomic standpoint is the presence of two mountains in the area,  Mts. Avima and Nabemba, with extremely high-grade iron ore.  In the mid 1980's a prospection team led by the consulting firm BERGM made a detailed study of these two mountains.  On Avima 26 bore holes were sampled and on Nabemba 8 boreholes.  Exploitation of the iron was to be done in cooperation with Gabon across the border, where are similar mountains with rich ore also occur.  A large complex was built in Belinga, Gabon in the mid 1980's and production would probably started were it not for the economic crisis in both countries.  The evacuation of ore would have been accomplished by barge to Belinga, then by rail to the processing site.  This development would have quite obviously changed the entire face of conservation prospects for the entire region.   The fact remains that the iron ore is still there, and there is no reason why the exploitation plan would not eventually be executed. 

DISCUSSION
Botanical Inventory
Large Mammals

Elephants

The data obtained in this study are interesting in that they have added a new variable into the equation that is normally used to predict elephant populations in northern Congo.   Normally the distance from the nearest village is a good predictor of elephant density in unexploited forest in the region.  When the distance from Garabinzam, which was the nearest village to all transects, was used, a correlation was obtained that was opposite  to the normal tendency.   The distance from the nearest gold camp (either  Bata Poumba or Supporte la Peine) was then plotted and a positive correlation obtained (r=.66).  There were still a few outliers on this plot, however, which were opposite the trend.  When a plot was made of the distance to the nearest village or gold camp the correlation was relatively good (r=.80).  In fact this correlation is almost exactly the same as that found in other parts of the Congo.  It is interesting however  that if one takes the equation obtained from four previous sites in Congo (Y=-32.27+16.5*x) and uses the mean distance from a village or gold camp in this study (12.43 km) one would predict a mean dung density of 173 piles/km2.  In fact a figure of 415 piles/km2 was obtained, more than twice what one would have predicted.  One explanation for this is that the elephants are limited as to where they can seek refuge in the area.  They are concentrating as far as possible from contact with humans.  Most of the western and southern flanks of this population are limited by rivers and human population.  To the north and east they meet relatively high human population density.  There are three supporting pieces of data to support this hypothesis. 1) The individual transects show very high standard deviation.  This indicates that this population of elephants has a clumped distribution, concentrating where they find refuge.  2) In areas with high dung density most of the dung was of one age class.   This indicates that the elephants move in large groups in unison,  perhaps exploiting areas where they find temporary refuge. 3) In the north of the study area, where informants indicated the major poaching pressure originated, extremely high densities of trees were found with tusk scars that have healed over completely.  This indicates that, in areas where poaching pressure has been intense and constant, elephants have abandoned the zone of greatest danger. 


The area of greatest elephant density in the study area was north of the Iye River.  A brief walk to Lake Manangoya indicated that the density of elephants there was high and most of the dung relatively fresh.  This is an area in the swamp forest that would provide good refuge for elephants.  Considering the data obtained during this study, we would predict that high elephant densities should be found to the south of the Garabinzam Road to the Iyeye River, as well as in certain locations due west of Garabinzam, to the south of where the present data originate.  Several localities in these two areas are over 30 km from a village and over 50 km from a gold camp.  One would predict elephant densities of over one individual per square km in these areas.  

The overall figure of 0.8 elephants obtained should be regarded with extreme caution.  Because of the clumped nature of the elephant population a large sample size (transect  distance) is needed to obtain a reliable general figure of density.  If transects by chance  passed through an area of high density then elephant numbers may be grossly overestimated for the study area.  A second important source of error comes from the possibility of saturation of the sampling method due to intense clumping of elephants.  If there are consistantly more than three dung piles per 0.5 km sector the sampling method becomes saturated and on a local scale elephant densities are underestimated.  Only more extensive sampling can give us a better estimate of overall elephant density in the region.


Gorillas 

The gorilla density recorded in this study was high compared to some other areas surveyed previously in the Congo (Fay and Agnagna 1991)(Table 10).  As previously documented in Congo (Fay and Agnagna 1992) and by others (Schaller 1963, Sabater-Pi 1977, Tutin and Fernandez 1985, Calvert 1985, Carroll 1988b, Fay 1989, Fay and Agnagna 1989c, Fay et al. 1990) it was determined that the density of herbaceous ground vegetation is very important in determining the density of gorillas in an area.  The vegetation in this study area is very interesting.  The region is a very large plain punctuated by ferric mountains.  The plains are dominated by terra firma forest frequently with a very low density of trees, with abundant understory herbs, and flooded forest with high densities of trees, in particular Gilbertiodendron dewevrei . The mountains have a high density of trees with a generally sparse understory.  The major concentrations of gorillas were found in the plains in openterra firma forest.  Gorillas venture into the G. dewevrei forests frequently but do not often nest in them.  


While gorillas are hunted heavily by people in villages, their populations do not seem to have dropped dramatically in these areas.  Many of the villagers talked about gorillas coming into quite close proximity to villages.   Even in areas around Bata Poumba that were heavily hunted, gorillas seemed to be in fairly high densities. 


Certainly this area, overall, contains a large number of gorillas, further supporting evidence that Congo has the highest gorilla population in Africa rivaling that of Gabon (Fay and Agnagna 1991).   


Chimpanzees

Based on the number of nests discovered by the team during the survey, the chimpanzee density in the study area appeared to be high, which was surprising considering the number of hunters in the region and the fact that the vegetation does not seem totally appropriate for the species.  Chimpanzees are by no means threatened over the study area.


The single individual that was called in came quickly to a duiker call.  This is interesting in that when hunting pressure is great they do not usually respond to the duiker call.  This particular individual was tapping on a tree when we noted his presence.  This usually indicates that the chimpanzee is opening a bee hive.  This behavior has not been recorded this far to the west in the range of Pan t. troglodytes .


Other Diurnal Primates

The monkey fauna in the area in general is the same assemblage as to the east, with the appearance of two additional species: the black colobus and the mandrill.  East of the Sangha River the red colobus is present but completely absent to the west.  It is not known how far the range of the black colobus extends to the east.  It is unusual that these two species are not found further to the east.  We did not note them on the Mbomo-Sembe survey.  Both the mandrills and black colobus were noted near Mt. Nabemba.  The porters in our employ said that both species are common up to Souanke.  The botanical team that worked on Mt. Avima did not note the presence of mandrills but did find black colobus.  Along the road to Melen and Garabinzam mandrill skulls are common ornaments in the community meeting places.  It is interesting to note that in Gabon mandrills do not extend east of the Ivindo River.  Yet to the north in Congo and in Cameroon they are found well to the east.  It  is unusual that they have not penetrated to the south along the Ivindo River into Gabon and farther east toward the Sangha River.  


Monkey densities are low in areas near the gold camps but otherwise monkeys are fairly common.  The number of troops noted per kilometer, .21, was not much less than in the Ndoki site of .29 troops/km transect. In many areas the canopy is so sparce that one would not expect an abundance of monkeys.

Other Large Mammals

This study revealed areas with extremely high densities of duikers.  On the upland, clay soils where productivity is higher the track density was higher than any other study site in Congo.  In areas where hunting is heavy the densities are much lower.


The absence of bongo in the study area should not be regarded as unusual.  There are several areas in Congo where this species does not exist.  Two species that were expected to be found and were not were the white-bellied duiker and the Bate's pygmy antelope.  These species may well exist in the area.


While leopard poaching is heavy in the study area, and there are lots of skins for sale, it does not appear that the species is by any means threatened.

RECOMMENDATIONS   

The results of this mission show that northwestern Congo is very important and interesting from a bio-diversity point of view.  In general, ecologically the region is intact.  The watersheds, vegetation and fauna persist in a natural state.  Only the elephant population has suffered relatively long term disturbance which has significantly altered densities and behaviour.  Because of the complex human factors affecting in the area (mineral exploitation, high density of villages and semi-nomadic pygmies, and poaching for elephants) that would need to be taken into consideration in the Garabinzam area if a conservation project were to be instituted, our primary recommendation is further study of the biological resources and socioeconomics of the area.  This survey was very short and gave only a glimpse into the biological and social complexity of the area.

1)  More detailed survey of the fauna and flora of the area

The preliminary results presented in this report have shown that the Garabinzam area possesses a very rich and abundant ecosystem.  The mammal survey team was able to penetrate deep into one of the central zones of the study area,  and the botanical team intensively surveyed the Mt. Nabemba area.  Three major zones were not surveyed -- to the south and east of the Garabinzam-Souanke Road, to the west of Garabinzam (north of  the Iye River), and the large swamp forest area to the west of Goulmelen in the lake Manangoya-Malamankoue basin.  These areas are, for the most part, outside the area affected by gold prospectors and it is probable that the wildlife populations there are relatively intact.  While the vegetation is similar in different areas the surveys conducted thus far were quite cursory.  

Further biological surveys should be carried out over a period of two years.  They should be executed by an international NGO and should be financed in full as a package.  

A) Botanical Survey -- Further botanical survey should follow methods used in this survey and should concentrate on sampling from a wide variety of habitats and geographical areas within the region, particularly those cited above.  The botanical investigations should include floristics, quantitative vegetation sampling and vegetation mapping.  

         a) Floristic Inventory--Collections should be made over a wide area at different times of the year to assess the florisitic diversity of the area.  This survey revealed a number of interesing species and some peculiar habitats that were not collected.  The floristic inventory should proceed over a period of two years.  Florisitic inventory in the region would be carried out in close collaboration with CERVE and a cooperating international botancal institution.  A goal of several thousand collections from the area should be the goal.  

         b) Quantitative vegetation sampling--A series of plots should be sampled to assess both alpha and beta diversity in a quantitative way and also to investigate aspects of the vegetation physiognamy which has been shown to be quite interesting in the region and to have an important impact on mammal density.

         c) Mapping -- A general vegetation map of the region should be produced localizing the various vegetation zones distinguishable in the quantitative analyses.

 B)  Mammal Inventory -- Mammal inventory using the same methods used in this survey should be employed to survey several other sites in the region.  It is quite important to locate the densest and most diverse populations of wildlife for future reserve proposals.  This study would include more detailed analysis of human impact on mammal populations and possible management schemes which would lead to stable populations.

2)  Socioeconomic studies -- It is important to collect much more detailed data on the import and export of goods from the area and what impacts these will have on the establishment of a future reserve.  There should be a complementary study assessing the amount of cooperation or resistance a reserve proposal would generate among the indigenous villages.  A more thorough study of pygmy ranging and subsistance patterns would also have to proceed a reserve proposal.  This study would include a thorough analysis of the possibility or probability of mineral extraction throughout the area.  Minerals of interest are uranium, gold and iron.

2)  Possibilities for a national reserve in the study area

Certainly the area is of great interest from the standpoint of biological diversity and ecosystem diversity.  There are several biotypes and many species found here and nowhere else in Congo.  The mountain environments of Avima and Nabemba were not found to be particularly unique, but further study would probably reveal a large number of species that occur on these mountains and nowhere else in Congo.  On the other hand, there are a large number of well- established villages, mineral deposits and a large Bangombe Pygmy population that will complicate the establishment of any reserve in the area.  Certainly, with a proper analysis of all of the human, mineral resource and biological factors involved, a sensible project for the conservation of biological diversity could be established.  It would have to be a reserve that would provide integral protection for a number of small core zones containing key habitats and wildlife populations and a general management scheme for the entire area.  


It is unlikely that the situation vis a vis the forest and fauna of the Garabinzam region will change in the coming two years.   Detailed studies of all areas and careful consideration of all compromising factors are the main criteria to be used in future actions in this area.  Logging is not a concern in northwestern Congo, at least in the forseeable future, as the entire area has been deemed unexploitable. 

GEF funding for the region:


GEF should not fund any project-oriented activities in this area.  It should allocate ca. $500,000 for future studies over two years.  This funding should be allocated to an  NGO that would be committed to carry out the surveys and socioeconomic studies.  The  NGO would be required to submit a proposal detailing program with a budget. 


These studies would be presented in the form of a management proposal for the entire area considered in the present study.  From this document, concrete project proposals could be drawn up and submitted for subsequent GEF funding, or funding from a separate donor agency. 
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Table 1.  Raw data for all elephant survey transects,

          Garabinzam site, northern Congo.   

____________________________________________________________________

____________________________________________________________________

Tran Date  Location     Length No .5 km  p  Dung  El.    Dist.  Dist. 

No.                     Trans  Segments     Dens  Dens   Vill.  Gold

                               w/ Dung                          Camp

_____________________________________________________________________

1    13-11 N. Garabizam  6.0       7    .58  416   .8    11     27.0   

2    14-11 N. Garabizam  4.0       4a   .50  898  1.6    13     24.0 

3    15-11 N. Garabizam  4.0       8a  1.00 1686  3.0    15     22.5

4    16-11 N. Garabizam  8.5      16a   .94 1593  2.9    19.5   20.5

5    17-11 S. Etoukyemay 6.5       7a   .53  958  1.7    24.0   18.0

6    17-11 S. Etoukyemay 8.0      11a   .69 1194  2.1    26.0   17.0

7    17-11 S. Etoukyemay 5.0       7    .70  498   .9    26.5   14.0

8    18-11 Etoukyemay    6.5       9    .69  493   .9    26.5   12.0

9    19-11 N. Etoukyemay 9.0       2    .11   84  0.2    26.5   12.5

10   20-11 N. Etoukyemay 4.5       4    .44  318  0.6    28.0   10.5

11   21-11 Mt. Avima     3.5       1    .14  106  0.2    32.0   10.0

12   21-11 Mt. Avima     6.0       2    .17  123  0.2    34.0   10.0

13   21-11 Mt. Avima     4.5       3    .33  240  0.4    34.0   10.0

14   22-11 Mt. Avima     3.0       0    .00   00  0.0    32.0    8.0

15   23-11 Avima east    7.0       7    .50  357  0.6    34.0    6.0

____________________________________________________________________

                        86.0     100                          

                     x   5.7                 598         25.5   14.8

                     s   1.85                545          7.67   6.35

                pooled                  .58  415   .75   

a 0.5 km sectors w/ 3 or more dung piles.                     

Table 2.  Gorilla feeding site records for transect data 

from the Garabinzam Site in northern Congo.

_____________________________________________________________

_____________________________________________________________

Food Species              Garabinzam Site

_____________________________________________________________

Haumania dankelmaniana           26                        

Aframomum spp.                   16                           

Cubitermes sp.                   16                            Megaphrynium macrostachyum        8          

Palisota sp.                      1

Sarcophrynium schweinfurthianum   2

Duboscia macrocarpa               1

Ataenidia conferta                2

Marantochloa filipes              1   

_____________________________________________________________  

Table 3.  Anthropoid primate observation and vocalization records

from transect surveys from the Garabinzam site in northern Congo.

________________________________________________________________

                                      Obser.        Vocal.                                                                          

Cercopithecus nictitans                 8            23           

C. albigena                             5            14                                 

Cercopithecus cephus                    2             2                        

C. pogonias                             2             2                           

Colobus polyus                          1             3                          

C. guereza                              0             3                      

Pan. t. troglodytes                     1             1                        

Gorilla g. gorilla                      0             1                        

________________________________________________________

Total                                   19           49                                                    

Total distance surveyed (km)            89.0                           

Groups/km transect                    .21                                  

Table 4.  Composition by species of primate groups encountered 

in transect surveys of Garabinzam in Northern Congo.

____________________________________________________________

One species - 73.7%a
NICb 14, ALB 8, CEP 3, POG 0, GRZ 1, BLC 2

Two species - 21.1%

NIC-ALB 3, NIC-POG 2, NIC-GRZ 1, ALB-GRZ 1, NIC-BLC 1

Three species - 5.2%

NIC-CEP-ALB 2

__________________________________________________________________

a percentage counting polyspecific troops as single troops 

b Species codes: NIC, Cercopithecus nictitans; ALB, 

Cercocebus albigena; CEP, Cercopithecus cephus; POG, 

C. pogonias; GRZ, Colobus guereza; 

BLC, C. polyk. 
Table 5.  Estimated forest elephant densities 

          for different study sites in northern Congo 

          (Fay and Agnagna 1992, This Study).

________________________________________________________________

________________________________________________________________

      Location            Density          ________________________________________________________________

    Mbomo-Sembe             0.9           

    Lake Mboukou            0.3                   

    Likouala North          0.6                                      Ndoki                   0.9

    Garabinzam              0.8                     

_________________________________________________________________

Table 6.  Forest elephant densities reported 

          for different parts of Africa.

________________________________________________________________

________________________________________________________________

       Location            Density          Reference

________________________________________________________________

     Bia Park, Ghana         0.3    Short 1983

     Kibale Forest           0.8    Wing and Buss 1970 

     Tai National Park       0.2    Merz 1986 

     Korup, Cameroon         0.2    WCI 1989a

     SE, Cameroon            0.2    WCI 1989a

     Extreme SE, Cameroon    1.8    WCI 1989a 

     SW, CAR                 0.6    Carroll 1988a, Fay 1991

     SE, CAR                 0.3    Fay 1991

     S, Equatorial Guinea    0.1    Alers and Blom 1988

     NE, Gabon               0.4    WCI 1989b

     N Congo                 0.6    Fay and Agnagna 1992   

     Salonga Park, Zaire     0.2    WCI 1989a

     Ndoki study area        0.9    Fay and Agnagna 1992

     Garabinzam              0.8    This study

________________________________________________________________

Table 7.  Gorilla density for four sites in northern Congo.

______________________________________________________________

______________________________________________________________

Vegetation   km transect      km2     nest   x nest  gorilla

                                     count duration  density (/km2) 

________________________________________________________________

Mboukou         63.0         1.26      90   60.3       1.4

Likouala N     141.5         2.82      17   54.5       0.1

Mbomo           95.5         1.91      66   59.7       0.7

Ndoki          101.0         2.02      23   46.8       0.2 

Garabinzam      89.0         1.72      42   54.3       0.5     

________________________________________________________________

Appendix .  Vascular plant list for the Souanke/ Mont Nabemba area, alphabetical by family.  Collection numbers are Roy Gereau (REG), David Harris (DJH), Duncan Thomas (DWT).  Preliminary determinations (names) by Roy Gereau, David Harris, Jean-Marie Moutsambote, Paul Sita and Duncan Thomas.

ACANTHACEAE

Asystasia macrophylla (T. Anders.) Lindau; DWT 8964, JMM 4842

Asystasia vogeliana Benth.; DWT 8837

Brillantaisia vogeliana (Nees) Benth. ; DWT 9005,JMM 4572

Elytraria marginata M. Vahl; DWT 8828

Eremomastax speciosa (Hochst.) Cuf.; DWT 9006

Justicia extensa T. Anderson; DWT 8804
Phaulopsis imbricata (Forssk.) Sweet; DWT 8868

Thomandersia hensii De Wild. & Th. Dur.; DWT 8778

Whitfieldia elongata (P. Beauv.) De Wild. & Th. Dur.; DWT 8836

ADIANTACEAE

Pteris acanthoneura Alston; DWT 8827, 8921

Pteris ?atrovirens Willd.; DWT 8923, 8940

Pteris burtoni Baker; DWT 8839

Pteris communata Kuhn; DWT 8925, 8938

Pteris ?linearis Poiret; DWT 8924

Pteris ?marginata Bory; DWT 8914

Pteris ?togoensis Hieron; DWT 8922

Pteris sp.; DWT 8999

AMARANTHACEAE

Cyathula prostrata  (L. ) Blume var. pedicellata (C. B. Cl.) Cavaco; REG 4476

ANACARDIACEAE

Mangifera indica L.

Trichoscypha acuminata Engl.

Trichoscypha oddonii De Wild.; DJH 3161

ANCISTROCLADACEAE

Ancistrocladus ealaensis Leonard; DWT 8871

ANNONACEAE

Annonaceae ; JMM 4715


Anonidium mannii  (Oliv. ) Engl. & Diels var. brieyi (De Wild.) R. E. Fries; DWT 8889 

Anonidium le-testui Pellegr. ; JMM 4824 

Artabotrys aurantiacus Engl. & Diels; DWT 8894

Artabotrys rufus De Wild.; REG 4484

Friesodielsia engliana (Diels) Verdec ; JMM 4707

Isolona ; JMM 4666

Isolona hexaloba (Pierre) Engl. &  Diels JMM 4737

Isolona pilosa Diels ; JMM 4634

Neostenanthera myristicifolia (Oliver) Exell; DWT 8769, 8966, JMM 4587 

Pachypodanthium staudtii (Engl. & Diels) Engl. & Diels; DWT 8877

Polyalthea suaveolens Engl. & Diels; DWT 8890 ; JMM 4620

Popowia cauliflora Chipp ; JMM 4751

Uvariastrum sp. ; JMM 4649

Uvariastrum insculptum (Engl. & Diels) Sprague & Hutch.; DWT 8887
Xylopia acutiflora (Dunal) A. Rich; DJH 3231

Xylopia aethiopica (Dunal) A. Rich ; JMM4819

Xylopia hypolampra Mildbr. ; JMM 4814

Xylopia le-testui Pellegr. var . longipilosa le Thomas JMM 4714

Xylopia parviflora (A. Rich.) Benth. ; JMM 4815

Xylopia rubescens Oliv. var. klaineana Pellegr.; DWT 8905, JMM 4807

Xylopia rubescens Oliv. var. rubercens 

Xylopia sp. ; JMM 4716

APOCYNACEAE

Alstonia boonei De Wild.

Alstonia congensis Engl.; DJH 3179

Anthoclitandra robustior (K.Schum.) Pichon ; JMM 4668
Baissea malchairi K. Schum. ; JMM 4688

Baissea ?tenuiloba Stapf; DJH 3183

Baissea sp. ; JMM 4752

Funtumia elastica (Preuss) Stapf 

Holarrhenia floribunda (G. Don) Th. Dur. & Sching

Pleiocarpa pycnantha var. tubicina (Stapf) Pichon; REG 4497

Pycnobotrya nitida Benth. ; JMM 4683

Rauvolfia macrophylla Stapf

Rauvolfia mannii Stapf ; JMM 4595

Rauvolfia vomitoria Afzel.

Tabernaemontana crassa Benth. 

Tabernanthe iboga Baill ; JMM 4739

Tabernanthe iboga Baill. ; DJH 3216

Voacanga africana Stapf; DWT 8967 ; JMM 4868

Voacanga thouarsii Roem. & Schult. DJH 3182

ARACEAE

Anubias lanceolata N. E. Br.; DWT 8968

Rhektophyllum camerunense Ntepe-Nyami; DWT 8951

Cercestis sp. ; JMM ; 4898

Cercestis sp. ; JMM 4568

Culcasia mannii (Hook, f. ) Engl. ; JMM 4617

Lasiomorpha senegalense (Schott) Engl.

Rhektophyllum cameroonensis Ntepe-Nyame

ARECACEAE

Ancistrophyllum secundiflorum
Calamus deeratus Mann & Wendl.
Elaeis guineensis  Jacq.
Eremospatha spp.;  DJH 3172, DWT 8944

Raphia spp.

ARISTOLOCHIACEAE

Aristolochia ringens Vahl

Pararistolochia sp.

ASCLEPIADACEAE
Tylophora camerooniana   N. E. Br.; DWT 8965

ASPIDIACEAE

Lastreopsis fulensis (Baker) Tardieu; REG 4480

Lastreopsis nigitiana (Baker) Tind.; DWT 8919

Lastreopsis vogelii (Hook.) Tind.; DWT 8918, REG 4494

Tectaria ?magnifica (Bonap.) C. Chr.; DWT 8928

Tectaria sp.; DWT 8909

ASPLENIACEAE

Asplenium africanum Desv.; DWT 8941

Asplenium anisophyllum Kunze; REG 4478

Asplenium ?biafranum Alston & Ballard; DWT 8908

Asplenium brausei Hiern; REG 4479

Asplenium buettneri Hiern ex Brause; REG 4482

Asplenium cancellatum Alston; DWT 8841, 8937

Asplenium gemmascens Alston; DWT 8962

Asplenium unilaterale Lam.; DWT 8910

Asplenium vagans Baker; DWT 8942

Asplenium sp.; DWT 8824

Bolbitis sp.; DWT 8826

Bolbitis acrostichoides (Afzel ex Sw.) Ching

Bolbitis auriculata (Lam.) Alston; DWT 8912, 8913

Bolbitis gemmifera (Hiern) C. Chr.; DWT 8879, 8907

Bolbitis heudelotii (Bory ex Fee) Alston; DWT 8823, 8880

Ctenitis protensa (Afzel. ex Sw.) Ching; REG 4453, 4495

Ctenitis sp.; DWT 8920

Lomariopsis congensis Holttum; DWT 8822

Lomariopsis hederacea Alston; DWT 8825, 8939

Lomariopsis rossii Holttum; DWT 8814, REG 4494

ASTERACEAE

Acmella uliginosa (Swartz) Cassini ; JMM 4727

Ageratum conyzoides L.; DWT 8789

Crassocephalum crepidioides (Benth. ) S. Moore ; JMM 4606

Conyza sumatrensis (Retz.) E. Walker; DWT 8788

Elephantopus mollis Kunth; DWT 8786, JMM 4603

Emilia coccinea (Sims) G. Don ; JMM 4601

Melanthera scandens (Schum. et thonn. ) Roberty subsp madagascariensis (Bak.) Wild.; JMM 4867

Synedrella nodiflora Gaertn.; DWT 8787

Triplotaxis stellulifera (Benth.) Hutch.; DWT 8790
Vernonia brazzavillensis Aubr ; JMM 4675

Vernonia conferta Benth. ; JMM 4854

Vernonia titanophylla Brenan ; JMM 4591, 4820

ATHYRIACEAE

Diplazium welwitschii(Hook. ) Tard ; JMM 4637

BALANOPHORACEAE

Thonningia sanguinea Vahl ; JMM 4735
BALSAMINACEAE

Impatiens claeri N. Halle ; JMM 4565 

Impatiens niamniamensis Gilg
Impatiens sp.

BEGONIACEAE

Begonia eminii Warb.; DWT 8809

Begonia quadrialata Warb. ; REG 4456

BIGNONIACEAE

Fernandoa ; JMM 4758

Fernandoa sp,; DWT 8888

Spathodea campanulata P. Beauv.

BOMBACACEAE

Ceiba pentandra (2.) Gaertn.

BORAGINACEAE

Cordia aurantiaca Baker

BURSERACEAE

Canarium schweinfurthii Engl.

Dacryodes edulis (G. Don) H. J. Lam

Dacryodes pubescens (Vern.) Van.

Santiria trimera (Oliver) Aubrev ; JMM 4676

Santiria sp.; DJH 3208

BRYOPHYTES

Bryophytes sp. ; JMM 4732

CAESALPINIACEAE

Amphimas ferrugineus  Pierre ex Pellegr

Amphimas pterocarpoides Harms

Anthonotha macrophylla  P. Beauv.; DWT 8885 ; JMM 4678

Cassia alata L.

Cassia siamea Lam.

Copaifera mildbraedii Harms; DWT 8993, JMM 4855

Crudia gabonensis Pierre ex Harms; DJH 3219, JMM 4753

Dialium guineese Willd.; DWT 8896

Dialium eurysepalum Harms; DWT 8959

Dialium sp.; DJH 3215

Didelotia unifoliolata J. Leonard; DWT 8991, JMM 4626

Erythrophloeum guineense G. Don ; 4718

Gilbertiodendron dewevrei (De Wild.) J. Leonard

Isomacrolobium isopetalum (Harms) Aubr. & Pellegr. isopetalum; DWT 8864

Isomacrolobium isopetalum (Harms) Aubr. & Pellegr. var. macranthum J. Leonard DWT 8860
Leonardoxa africana (Baill.) Aubrev.; DWT 8863, JMM 4644

Monopetalanthus sp.; DWT 8860

Oxystigma buchholzii Harms ; JMM 4579

Oxystigma mannii (Baillon) Harms ; JMM 4579

Swartzia fistuloides Harms ; JMM 4839

Tessmannia sp. ; JMM 4726

Tessmannia anomala (Micheli) Harms ; JMM 4677

CAPPARIDACEAE

Buchholzia coriacea Engl ; JMM 4580

Buchholzia sp.

CELASTRACEAE

Maytenus sp.; DWT 8873

CHRYSOBALANACEAE

Maranthes glabra (Oliv.) Prance; DJH 3212

Parinari excelsa Sabine ; JMM 4593 

CLUSIACEAE

Clusiaceae sp. JMM 4832

Allanblackia floribunda Oliv ; JMM 4849

Garcinia ; JMM 4664

Garcinia chromocarpa Engl.; DWT 8855

Harungana madagascariensis Lam. ex Poir.; REG 4474

Symphonia globulifera L. f. 

COMBRETACEAE

Combretum sp. JMM 4614

Terminalia superba Engl. & Diels

COMMELINACEAE

Aneilema sp.; DJH 3163, 3169

Buforestia imperforata C.B. clarke ; JMM 4604

Commelina capitata Benth ; JMM 4852

Commelina longicapsa C. B. Cl.; DWT 8961

Commelina sp.; DJH 3152, 3153, 3170, 3207, 3248

Floscopa africana (P. Beanv. ) C. B. Clarke ; JMM 4589

Floscopa sp.; DJH 3162

Murdannia simplex (M. Vahl.) Brenan; DJH 3157

Palisota ambigua (P. Beauv.) C. B. Cl.; DJH 3250, JMM 4721

Palisota barteri Hook. f.

Palisota brachythyrsa Mildbr.

Palisota hirsuta (Thunb.) K. Schum.

Palisota mannii C. B. Cl.

Palisota sp.; DJH 3154, 3233, 3245, 3246, 3251, 3267, 3268

Pollia condensata C. B. Cl.; DWT 8806, JMM 4624

Pollia mannii C. B. Cl.; DJH 3279

Polyspatha paniculata Benth.; DJH 3190, DWT 8803, JMM 4795

Stanfieldiella imperforata (C. B. Cl. ) Brenan ; JMM 4686

Stanfieldiella sp.; DJH 3158, 3159, 3191, 3192, 3194, 3205, 3206

CONNARACEAE

Byrsocarpus viridis (Gilg) Schellemb ; JMM 4696

Roureopsis obliquifoliolata (Gilg) Schellenb.; DJH 3249

CYATHEACEAE

Jaundea ; JMM 4813

CONVOLVULACEAE

Convolvulaceae ; JMM 4566
Ipomoea involucrata P. Beauv ; JMM 4575

Ipomoea sp. ; JMM 4594

CRASSULACEAE

Kalanchoe crenata ; JMM 4607

CUCURBITACEAE

Momordica foetida Schum. & Thonn ; JMM 4862

CYATHEACEAE

Cyathea camerooniana Hook. DWT 8915

Cyathea sp. ; DWT 8916

CYPERACEAE

Cyperus diffusus Vahl ; JMM 4690

Cyperus fertilis Boedseler; DWT 8829

Hypolytrum heteromorphum Nelms ; JMM 4831

Mapania amplivaginata K. Schum ; JMM 4865

Mapania mannii C. B. Clarke ; JMM 4659

Scleria boivinii Steudel; DWT 8801

DAVALLIACEAE

Arthropteris palisotii (Desv.) Alston; DWT 8911

Nephrolepis biserrata (Sev.) Schott; DWT 8758, 8794

Nephrolepis undulata (Afzel. ex Sw.) J. Smith; REG 4488

Oleandra distenta Kunze; REG 4459, 4493

DICHAPETALACEAE

Dichapetalum altescandens Engl.; DWT 8812

DILLENIACEAE

Tetracera potatoria Afzel. ex G. Don

DIOSCOREACEAE

Dioscorea baya De Wild. var. baya ; JMM 4596

Dioscorea minutiflora Engl ; JMM 4684

Dioscorea praehensilis Benth ; JMM 4780

Dioscorea preussii Pax ; JMM 4564, 4872

Dioscorea  pynaertii De Wild. ; JMM 4873

Dioscorea sagittifolia Pax var. lecardii (De Wild. ) Nkounkou ; JMM 4723

Dioscorea sp.

EBENACEAE

Diospyros sp.; DJH 3218, JMM 4633

Diospyros canaliculata De Wild.; DWT 8882

Diospyros crassiflora Hiern ; JMM 4652

Diospyros iturensis (Gurke) letouzey et F. White ; JMM 4781

Diospyros mannii Hiern; DWT 8849

Diospyros suaveolens Gurke ; JMM 4747

EUPHORBIACEAE

Alchornea cordifolia (Schum. & Thonn.) Muell. Arg.

Alchornea floribunda Muell. Arg.

Alchornea hirtella Benth.; DWT 8997
Antidesma laciniatum Muell. Arg.; DWT 8901

Antidesma vogelianum Muell. Arg.; DWT 8852

Bridelia sp.; DWT 8996

Centroplacus paniculatus (Pax) Gilg ; JMM 4706

Croton sp.

Crotonogyne impedita Prain Jmm 4843

Crotonogyne manniana Muell. Arg. ; DWT 8843

Crotonogyne manniana Muell. Arg.subop. congolensis J. Leonard ; JMM 4635 

Crotonogyne giorgii De Wild.

Dichostemma glaucescens Pierre

Drypetes gilgiana (Pax) Pax & K. Hoffm ; JMM 4771

Drypetes gossweileri S. Moore

Drypetes occidentalis (Muell. Arg.) Hutch.; DWT 8900

Drypetes gossweileri S. Moore ; JMM 4770

Elaeophorbia drupifera (Thonn. ) Stapf ; JMM 4821

Klaineanthus gaboniae Pierre ex Prain; DWT 8850, 8883, 8895

Macaranga barteri Muell. Arg.; DWT 8957

Macaranga monandra Muell. Arg.

Macaranga ?paxii Prain; DWT 8995

Macaranga saccifera Pax; DWT 8845

Macaranga schweinfurthii Pax; DJH 3229

Maesobotrya barteri  var. sparsiflora (Scott Elliot) Keay; DWT 8811

Maesobotrya dusenii (Pax) Hutch.

Mallotus oppositifolius (Geisel) Muell. Arg ; JMM 4875

Maprounea membranacea Pax & K. Hoffm ; JMM 4599

Manihot esculenta Crantz

Manniophyton fulvum Muell. Arg.

Mareya brevipes Pax; DWT 8874, REG 4450, jmm 4802

Plagiostyles africana (Muell. Arg.) Prain

Ricinodendron heudelotii (Baill.) Pierre & Pax

Sapium ellipticum (Hochst.) Pax

Tetrorchidium didymostemon (Baill.) Pax & K. Hoffm.

Tragia spatulata Benth.; DWT 8810

Tragia volubilis L.; DWT 8819

Uapaca guineensis Muell. Arg.; DWT 8847

Uapaca togoensis Pax; DWT 8848

Uapaca vanhouttei De Wild.; DWT 8846, 8948

FLACOURTIACEAE

Barteria fistulosa Mast.

Caloncoba glauca (P. Beauv. ) Gilg ; JMM 4621

Caloncoba welwitschii (Oliver) Gilg

Camptostylus mannii (Oliver) Gilg; DWT 8813

Homalium longistylum Mast.; DWT 8954

Homalium sarcopetalum Pierre; DWT 8998

Lindackeria ?dentata (Oliver) Gilg

GLEICHENIACEAE

Gleichenia ligularis (Burm) C. B. Cl. ; DWT 8759

Gleichenia linearis (Burmann) Clarke; DWT 8759

GNETACEAE

Gnetum africanum Welw ; JMM 4639

Gnetum buchholzianum Engl ; JMM 4645

HERNANDIACEAE

Illigera pentaphylla Welw ; JMM 4610

HIPPOCRATEACEAE

H ippocrateaceae ; JMM 4797

Loeseneriella sp.; DWT 9000

Salacia erecta (G. Don) Walpers ; JMM 4691 

Salacia sp.
HUGONIACEAE

Hugonia batesii De Wild.; DWT 9009

Hugonia obtusifolia C. H. Wright; DWT 8872, 8934, 9003

HYMENOPHYLLACEAE

Trichomanes erosum Willd. var. erosum; DWT 8950

ICACINACEAE

Leptaulus daphnoides Benth.; DWT 8869, JMM 4773

Leptaulus zenkeri Engl. var. Zenkeri ; JMM 4680

Rhaphiostylis beninensis (Hook. f. ex Planch. ) planch. et Benth ; JMM 4746

IRVINGIACEAE

Desbordesia glaucescens (Engl.) Van Tiegh.; DJH 3257, JMM 4567

Irvingia excelsa (author?)

Irvingia gabonensis (Aubry-Lecomte ex O'Rorke) Baill.; DJH 3247

Irvingia grandifolia (Engl.) Engl.

Irvingia robur Mildbr. ; DJH 3199, 3273, JMM 4725

Irvingia wombolu Vermoesen; DJH 3274

Klainedoxa gabonensis Pierre ex Engl.; DJH 3221, 3223, 3224, 3244

Klainedoxa microphylla (Pellegr.) Gentry; DJH 3150, JMM 4708

Klainedoxa trillesii (author?); DJH 3235, 3241, 3242, 3243, 3259

IXONANTHACEAE

Octhocosmus africanus Hook. f.; DJH 3195, 3202, JMM 4745

LAMIACEAE

Lamiaceae ; JMM 4759

Achyrospermum oblongifolium Baker; REG 4451, JMM 4702

Hoslundia opposita Vahl ; JMM 4876

Plectranthus decurrens (Guerke) J. K. Morton ; JMM 4656

Solenostemon latifolius (Hochst. ex Benth.) J. K. Morton; REG 4471

Solenostemon monostachyus (P.Beauv. ) Briq ; JMM 4640

Solenostemon repens (Guerke) J. K. Morton; DWT 8867, JMM 4785

LEACEAE

Lea guineensis G. Don ; JMM 4592 

LECYTHIDACEAE
Napoleonea leonensis Hutch. & Dalz.; DWT 8992

Petersia africana Welw. ex Benth. & Hook. f.

LEPIDOBOTRYACEAE

Lepidobotrys staudtii Engl.

LILIACEAE

Chlorophytum macrophyllum (A. Rich. ) Aschers ; JMM 4763

Chlorophytum orchidastrum lindl ; JMM 4611  

Chlorophytum sp.; DWT 8805

LOGANIACEAE

Anthocleista obanensis Wernham; REG 4486

Mostuea hirsuta (T. Anders. ex Benth.) Baill ; JMM 4791

Mostuea hirsuta (T. Anders. ex Benth.) Baill. ex Baker. ; DWT 8817
Strychuos camptoneura Gilg et Busse ; JMM 4790

Strychnos floribunda Gilg ; JMM 4720

Strychnos phaeotricha Gilg ; JMM 4627

Strychnos usambarensis Gilg ; JMM 4779

Strychnos sp. ; JMM 4811

LORANTHACEAE

Agelanthus ogowensis Engl. ; DWT 8757, JMM 4804

Viscum congolense De Wild. DJH 3160, JMM 4803

LYCOPODIACEAE

Lycopodium cernuum L.; DWT 9004

MALVACEAE

Hibiscus rostellatus Guillemin & Perrottet; DWT 8781

Sida rhombifolia L.; DWT 8784

Urena lobata L.; DWT 8782

MARANTACEAE

Afrocalathea rhizantha (K.Schum. ) K. Schum ; JMM 4700, 4817

Ataenidia conferta (Benth.) M.-Redh.; DWT 8833, JMM 4602

Halopegia azurea (K. Schum.) K. Schum.

Haumania danckelmaniana (J. Br. & K. Schum.) M.-Redh ; JMM 4827

Hypselodelphys zenkeriana (K. Schum.) M.-Redh.; DJH 3232

Marantochloa congensis (K. Schum.) J. Leonard; DJH 3239

Marantochloa holostachya (Bak.) Hutch.; DJH 3155, 3167

Marantochloa leucantha (K. Schum.) M.-Redh.; DJH 3278

Marantochloa mildbraedii Loes. ex J. Koech.; DJH 3198, JMM 4857

Marantochloa purpurea (Ridley) M.-Redh.; DJH 3264, JMM 4619, 4628

Marantochloa sp.; DJH 3164, 3238, 3265

Megaphrynium macrostachym (Benth) Milne-Redh ; JMM 4744

Megaphrynium trichogynum J. Koechl.; DJH 3270

Megaphrynium velutinum (Bak.) J. Koechl.; DJH 3230

Sarcophrynium brachystachyum (Benth.) K. Schum. ; DJH 3175, JMM 4618

Sarcophrynium prionogonium (K. Schum.) K. Schum. ; DJH 3237

Sarcophrynium prionogonium (K. Schum.) K. Schum. var. puberulifolium Schnell ; JMM 4743

Sarcophrynium schweinfurthianum (O. Ktze.) M.-Redh. DJH 3174, 3197, JMM 4719

Sarcophrynium schweinfurthanum (O. Ktze) K. Sch.var. puberulifolium J. Koech ; JMM 4742

Thalia welwitschii Ridl.

MARATTIACEAE

Marattia fraxinea J. Sm.; DWT 8760

MELASTOMATACEAE

Calvoa monticola A. Chev. ex Hutch. & Dalz.; DWT 4477

Calvoa orientalis Hook. f ; DWT 8775, JMM 4612

Calvoa sapinii De Wild. ; JMM 4826

Dicellandra glandulifera (Pellegr. ) Jacq-Felix ; JMM 4674

Dichaetanthera corymbosa (Cogn.) Jacq.-Fel.; DJH 3181

Dinophora spennoroides Benth. ; JMM 4569

Dissotis multiflora (Sm. ) Triana ; JMM 4571

Heterotis decumbens (P. Beauv. ) Jacq-Felix ; JMM 4800

Medinilla mirabilis (Gilg) J. -Fel. JMM 4705

Memecylon viride Hutch. et Dalz ; JMM 4641

Tristemma demeusei De Wild.; DWT 8838, REG 4472

Tristemma mauritianum J. - Felix ; 4573, 4574

Warneckea macrantha J. - Felix ; JMM 4661

Warneckea pulcherrima (Gilg) Jacq.-Fel.; DWT 8842

MELIACEAE

Carapa procera DC

Entandrophragma angolense C. DC.; DWT 8958

Entandrophragma candollei Harms ; JMM 4816

Entandrophragma utile (Dawe & Sprague) Sprague

Guarea glomerulata Harms; DJH 3193, REG 4464

Guarea thompsonii sprague et Hutch ; JMM 4754

Trichilia gilletii De Wild.; DWT 8884
MENISPERMACEAE

Anisocycla jollyana (prierre) Diels ; JMM 4765  

Kolobopetalum auriculatum Engl.; DWT 8807

Triclisia louisii Troupin ; JMM 4733

MIMOSACEAE

Acacia pennata (L.) Willd.
Albizzia zygia (DC. ) J. F. Macbr ; JMM 4694

Albizzia sp. ; JMM 4793
Calpocalyx sp.

Cylicodiscus gabunensis Harms ; JMM 4847

Entada gigas (2. ) Fawatt et Rendle JMM 4833

Entada pursaetha  

Fillaeopsis discophora Harms

Newtonia duparquetiana (Baill.) Keay ; JMM 4840

Pentaclethra macrophylla Benth.

Piptadeniastrum africanum (Hook. f.) Brenan

Tetrapleura tetraptera (Schum. & Thonn.) Taub.

MORACEAE

Dorstenia lujae De Wild. var. batesii (Rendle) M. Hijman ; JMM 4829

Dorstenia psilorus Welw. ; JMM 4658

Dorstenia sp.; DWT 9007

Ficus asperifolia Miq. JMM 4669

Ficus sp.

Milicia excelsa (Welw.) Berg

Musanga cecropioides R. Br.

Myrianthus arboreus P. Beauv.
MYRISTICACEAE

Coelocaryon sp.

Pycnanthus angolensis (Welw.) Warb.

Staudtia stipitata Warb.

MYRTACEAE

Syzygium guineense (Willd. ) DC. ; JMM 4787

Syzygium rowlandii sprague ; JMM 4699

OCHNACEAE
Campylospermum elongatum (Oliver) VarTieg.; DWT 8952, JMM 4655

Campylospermum reticulatum (P. Beauv. ) Farron var. turnerae (Hook. f. ) Farron ; JMM 4801

Campylospermum sp. ; JMM 4648 

Ochna multiflora DC; DWT 8903

Lophira alata Banks ex Gaertn.

Rhabdophyllum affine (Hook. f. ) Var Tiegh ; JMM 4629

Rhabdophyllum sp. ; DWT 8818

OLACACEAE

Coula edulis Baill.

Diogoa zenkeri (Engl.) Exell & Mendonca

Heisteria parvifolia Sm.

Olax gambecola Baill. ; JMM 4786

Olax mannii Oliver; REG 4470, JMM 4841

Olax subscorpioidea Oliver; REG 4458

Ongokea gore (Hua) Pierre ; JMM 4685, 4837

Strombosia grandifolia Hook. f. ex Benth.

Strombosia pustulata Oliver

Strombosiopsis tetrandra Engl.

OLEACEAE
Jasminum pauciflorum Benth.; DJH 3213

Jasminum sp. ; JMM 4767

OPHIOGLOSSACEAE

Ophioglossum reticulatum L.; DWT 8946

ORCHIDACEAE

Angraegum birrense ; JMM 4776

Angraegum eichleranum Kraengl ; JMM 4766

Corymborkis corymbosa Thou. ; JMM 4703

Diaphananthe bidens (Sw.) Schlt ; JMM 4777

Diceratostele gabonensis Summerh. ; JMM 4741

Eulophia sp. ; JMM 4769

Habenaria sp.; DJH 3204

Manniella gustavii Reichb. f; DWT 8834

Microcoelia sp. ; JMM 4834

Polystachya sp. ; JMM 4764

Polystachya sp.; REG 4490, 4498

Solenangis scandens (Schltr. ) Schiltr . ; JMM 4762

OXALIDACEAE

Biophytum sp.; DJH 3200

PANDACEAE

Microdesmis puberula Hook. f . ex planch ; JMM 4631

Panda oleosa Pierre

PAPILLIONACEAE

Angylocalyx pynaertii De Wild. ; JMM 4823

Crotalaria sp.

Dalbergia louisii Cronquist ; JMM 4625

Desmodium adscendens (Sw. ) DC. ; JMM 4672

Indigofera sp. ; JMM 4877

Millettia sanagana Harms ; JMM 4789, 4810

Millettia laurentii De Wild.; DWT 8898

Millettia macroura Harms; DWT 8891

Rhynchosia mannii Baker; DWT 8774

PASSIFLORACEAE

Adenia cissampeloides (Planchon ex Benth.) Harms; DWT 8830

Adenia mannii (Masters) Engl.; DWT 8821

Adenia reticulata (De Wild. et th. Dur. ) Engl. var. reticulata ; JMM 4860

Passiflora foetida L. ; JMM 4576

PHYTOLACACEAE

Hilleria latifolia (lam.) H. Walt ; JMM 4638

PEDALIACEAE

Sesamum radiatum Schum. & Thonn ; JMM 4609

PIPERACEAE

Peperomia arabica Miq. ; DWT 8875, 8935,  JMM 4738

Peperomia pellucida (L. ) h. B. & K. ; JMM 4775

Piper guineense Schum. & Thonn. ; JMM 4647

Piper umbellatum L.

POACEAE

Axonopus flexuosus (Peter) C. E. Hubb. ex Troupin; DWT 8768

Bambusa vulgaris Schrad. ex Wendel.

Commelinidium mayumbense (Franch.) Stapf ; JMM 4632

Isachne kiyalaensis Rendle ; JMM 4687

Leptaspis comorensis A. Camus ; JMM 4755

Megastachya mucronata (Poiret) P. Beauv. ; DWT 8770
Microcalamus sp.; DWT 8936, JMM 4701

Olyra latifolia L.; DWT 8820, JMM 4636

Panicum brevifolium L.; DWT 8791

Paspalum conjugatum (Schult.) Bergius; DWT 8793

Paspalum paniculatum L.; DWT 8792

Setaria barbata (Lam.) Kunth; DWT 8767

Streptogyna crinita P. Beauv ; JMM 4736

POLYGONACEAE

Afrobrunnichia erecta (Asch.) Hutch. & Dalz.

POLYPODIACEAE

Drynaria laurentii (C. Chr.) Hier.

Microgramma owariensis (Desv.) Alston; REG 4489

Microsorium punctatum (L.) Copel.; DWT 8840

Phymatodes scolopendria (Burman) Ching; DWT 8832

Platycerium angolense Welw. ex Hook.

Platycerium stemaria (P. Beauv.) Desv.; DWT 8831

RHAMNACEAE

Gouania longipetala Hemsl ; JMM 4869

Lasiodiscus mannii Hook. f.; DJH 3228

Lasiodiscus marmoratus C. H. Wright; DWT 8990

RHIZOPHORACEAE

Anopyxis klaineana (Pierre) Engl. JMM 4724

Cassipourea sp.; DWT 8953

Poga oleosa Pierre ; JMM 4734

RUBIACEAE

Rubiaceae ; JMM 4651

Rubiaceae ; JMM 4760
Aidia micrantha (Schumann) F. White; DWT 8779, 8862, REG 4449

Aidia micrantha (K.Schum.) F.White var. micrantha F. White ; JMM 4850 

Aulacocalyx lujae De Wild. var. subulata  N. Halle ; DWT 8897

Bertiera aethiopica Hiern ; DJH 3201

Bertiera capitata De Wild. ; JMM 4615

Bertiera letouzei N Halle ; JMM 4679

Bertiera racemosa (G. Don) K. Schum. ; DJH 3166

Bertiera sp.; DWT 8861

Cephaelis peduncularis K. Schum. ; JMM 4670

Coffea brevipes Hiern ; JMM 4796

Coffea sp.; DWT 8854, REG 4492

Corynanthe mayumbensis (Good) N. Halle; DWT 8902, JMM 4818

Corynanthe pachyceras K. Schum. ; JMM 4750

Dictyandra involucrata (Hook. f.) Hiern; DWT 8866

Diodia scandens Sw.; DWT 8777

Gaertnera longivaginalis (Schweinf. ex Hiern) Petit; DJH 3176
Geophila afzelii Hiern; DWT 8776, REG 4460, JMM 4730

Geophila sp. ; JMM 4729

Hymenocoleus hirsutus (Benth.) Robbrecht; REG 4465

Ixora brachypoda DC. ; DJH 3177, JMM 4792
Lasianthus repens Hepper; REG 4468

Leptactina ? surongaensis De Wild.; REG 4473

Massularia acuminata (G. Don) Bullock & Hoyle ; JMM 4600

Mitragyna stipulosa (DC.) O. Ktze 

Morinda lucida Benth.; DWT 8956

Mussaenda chippii Wernh. ; JMM 4577

Nauclea diderrichii (De Wild. & Th. Dur.) Merrill

Otomeria micrantha Schumann ; DWT 8857

Oxyanthus unilocularis Hiern. ; DJH 3171

Oxyanthus ? subpunctatus (Hiern) Keay; DWT 4483

Pauridiantha majumbensis (R. Good) Bremek ; JMM 4788

Pauridiantha pyramidata (Kr. ) Bremek. ; JMM 4642 

Pausinystalia johimbe (Schumann) Pierre ex Beille; DWT 8960

Pavetta hispida Hiern; DWT 8870

Pavetta ?ixorifolia Bremek.; REG 4466

Pavetta urophylla Bremek. ; DWT 8856, JMM 4794

Pseudosabicea floribunda (Schumann) Halle; DWT 8893

Pseudosabicea proselita N . Halle; DWT 8892

Psychotria ; JMM 4657

Psychotria bifaria Hiern var. bifaria; REG 4462

Psychotria ?brassii Hiern; REG 4454, 4463

Psychotria ?gabonica Hiern; REG 4455

Psychotria multinervis De Wild. DWT 8947

Psychotria sp. ; JMM 4671

Psychotria sp. ; JMM 4782

Psychotria sp. ; JMM 4805
Rothmannia hispida (K. Schum. ) Fager ; JMM 4845

Rothmannia sp.; DWT 8876

Rytigynia gracilipetiolata (De Wild.) Robyns; DWT 8859
Rytigynia sp.; DJH 3203

Sabicea africana (P. Beauv. ) Hepper ; DJH 3178, JMM 4663

Tricalisia elliotii (K. Schum.) Hutch. & Dalz. var. centrafricana 

Robyns ; JMM 4605

Tricalisia oligoneura K. Schum.

Virectaria sp. ; JMM 4608

RUTACEAE

Citrus sp.

Fagara macrophylla Engl.

Fagara welwitschii Engl ; JMM 4717

SAPINDACEAE

Allophylus africanus P. Beauv.

Blighia sp.

Cardiospermum grandiflorum Sw. forma elegans (Kunth) Radlk ; JMM 4861

Pancovia floribunda Pellegrin; REG 4481

Paullinia pennata L. ; JMM 4863

Placodiscus glandulosus Radlk.; DWT 8904

SAPOTACEAE

Baillonella toxisperma Pierre ; JMM 4856

Gambeya africana (G. Don) Pierre

Gambeya lacourtiana (De Wild. ) Aubr. & Pellegr. ; JMM 4749

Gambeya subnuda (Bak. ) Pierre ; JMM 4809

Manilkara fouilloyana Aubr. & pellegr. ; JMM 4616

Omphalocarpum elatum Miers ; JMM 4756

Omphalocarpum sp.; DJH 3236

SCHIZAEACEAE

Lygodium sp. ; DWT 8808

SCROPHULARIACEAE

Torenia thouarsii (Cham. & Schlechten.) Kuntze; REG 4475

SELAGINELLACEAE

Selaginella molliceps Spring; DWT 8932

Selaginella myosurus (Sw.) Alston; DWT 8800, 8969 ; JMM 4597

Selaginella versicolor Spring

Selaginella sp.; DWT 9001

SIMAROUBACEAE

Odyendya gabonensis (Pierre) Engl ; JMM 4689
SMILACACEAE

Smilax kraussiana Meisn. ; JMM 4870
SOLANACEAE

Nicotiana tabacum L. ; JMM 4866

Solanum torvum Sw.; DWT 8780

STERCULIACEAE

Chlamydocola lastoursvillensis (Bod. et Pellegr.) N. Halle ; JMM 4590

Cola acuminata (P. Beauv.) Schott et Endl. ; JMM 4583

Cola verticillata (thonn. ) Stapf ex A. Chev ; JMM 4581

Eribroma oblonga (Mast.) Bod.

Leptonychia batangensis (C. H. Wright) Burret ; JMM 4784

Leptonychia multiflora Schumann; DWT 8844, REG 4461

Octolobus spectabilis Welw. ; JMM 4798

Scaphopetalum thonneri De Wild. & Th. Dur. ; JMM 4650

Triplochiton scleroxylon K. Schum.

STYRACACEAE

Afrostyrax lepidophyllus Mildbr. JMM 4848

THELYPTERIDACEAE

Cyclosorus oppositifolius Tardieu; DWT 8795

Cyclosorus striatus (Schum.) Ching; DWT 8761

Thelypteris ?microbasis (Baker) Tardieu; REG 4487

THYMELEACEAE

Dicranolepis disticha Planch. ; JMM 4772

Dicranolepis laciniata Gilg ; JMM 4622

Dicranolepis pulcherrima Gilg

Dicranolepis ?vestita Engl.; DWT 8865, REG 4469

TILIACEAE

Corchorus olitorius L.

Desplatsia subericarpa Brocq. ; JMM 4667, 4836

Duboscia macrocarpa Brocq. ; JMM; 4835

Glyphaea brevis (Spreng.) Monachino

Grewia coriacea Mast.

Grewia oligoneura Sprague; DWT 8802, 4578, 4697

Triumfetta cordifolia A. Rich. ; JMM 4570

Triumfetta rhomboidea Jacq. ; DWT 8785

ULMACEAE

Celtis brieyi De Wild. ; JMM 4643

Celtis mildbraedii Engl.; DWT 8955

Celtis prantlii Engl. ; JMM 4828

Holoptelea grandis (Hutch.) Mildbr.; DWT 8906

Trema guineensis (Schum. & Thonn. ) Fical. ; JMM 4844

URTICACEAE

Boehmeria platyphylla G. Don ; JMM 4673

Urera cameroonensis Weddell ; DJH 3168, JMM 4585

VERBENACEAE

Clerodendron sp.; DWT 9008, JMM 4598

Vitex rivularis Guerke; DWT 8899

VIOLACEAE

Rinorea elliotii Engl.; REG 4452

Rinorea sp.; DWT 8853, JMM 4630

VITACEAE
Cissus barbeyana De Wild. & T. Durand ; JMM 4871

Cissus barteri (Bak. ) Planch. ; JMM 4778

Cissus leonardii Dewit,  ; JMM 4665

Cissus oreophila Gilg & Brandt ; JMM 4874

Cissus planchoniana Gilg ; JMM 4586

Cissus populneri Guill & Perr ; JMM 4709

Cissus rubiginosa (Welw. ex Bak. ) Planch. ; JMM 4761                     Cissus sp. ; JMM 4710   
VITTARIACEAE

Vittaria schaeferi Hier.

Vittaria sp.

ZINGIBERACEAE
Aframomum giganteum (Oliver & Hanb.) Schumann; DWT 8797

Aframomum limbatum (Oliver & Hanb.) Schumann; DWT 8798

Aframomum sp.; DJH 3169, 3266, 3281, DWT 8799

Aframomum sp. ; JMM 4681

Costus albus A. Chev. ex J. Koechl.; DJH 3211

Costus sp.; DJH 3165

Renealmia congoensis Gagnep. ; JMM 4704
Renealmia macrocolea K.  Schum. ; DWT 8815, 8818

Appendix II

Useful plants and economic potential for forest products.
Introduction.
The forests of the Souanke area are fairly diverse, and contain a large number of useful species.  Forests of the area provide the inhabitants with important products for subsistence, many with economic potential: wild food plants, animal protein from wildlife and fish, palm alcohol, traditional medicines, timber and building poles, firewood, rattans for basketwork, and wood ash to fertilize shifting cultivation.  Most of these forest products had subsistence use only, while a few were sold locally on a small scale.  The main limitation to the economic development of forest products is the lack of access to larger markets.  Our conversations with the villagers revealed that the region is now very depressed economically, and many forest products which used to be sold on a small scale are now used for subsistence only.  The main non-timber plant products are described below and a list of useful plants is given in Table3.

Medicinal plants.  Local uses of medicinal plants are very numerous, but generally only small quantities of plant material are used.  Many medicinal uses were recorded during our survey, but the only species with much economic potential are Strophanthus, Pausinystalia johimbe, and Voacanga africana, all of which can be exported for the manufacture of pharmaceuticals. 

Edible seeds and vegetable oil.  Most of the important forest food plants are in this category.  Most vegetable oil probably comes from the oil palm, Elaeis guineensis, planted around villages and occuring subspontaneously in second growth.  Compared to other parts of western Africa (e.g. eastern Zaire, southern Cameroon) use of palm oil in cooking appeared to be low  -- vegetable oil generally appears to be less important than elsewhere.  Oil is extracted from two forest trees, Baillonella toxisperma and, to a lesser extent, Poga oleosa.  These oils are only sold on a very small scale, unlike in southern Cameroon, where Baillonella oil is produced as a high-priced luxury item.


Most important of the edible seeds are three Irvingia species (bush mango, "manguier sauvage"), which are used extensively in the preparation of sauces, and which contain up to 70% fat by dry weight.  All three are tall forest trees, locally common in the area.  Seeds are ground up and cooked in sauce to provide a prized mucilaginous consistency ("sauce gluante"), or grilled and pounded to make a seedcake called "pain de dika", which can be stored for several months before consumption.  Seeds and seedcake are still sold occasionally, and probably have considerable economic potential if they could be marketed.  A second type of nut with economic potential is the "noisette" from  Coula edulis, a tree which forms single-species dominated clumps.  The seeds formerly sold at 100 francs cfa for about 250 gms.


Other forest trees producing edible seeds include Panda oleosa, Klainedoxa gabonensis and Ricinodendron heudelotii (which is economically important in Cameroon).

Other foods.  Several spices are obtained from forest plants, and these may have some economic potential.  The most important are probably Afrostyrax lepidophyllus, Piper guineensis and Xylopia aethiopica.  


The most important green vegetable from wild plants is the leaves of a small vine called Gnetum.  The vegetable, called "koko", is very widely eaten, and the plant may have some economic potential.


Edible tubers of some wild Dioscorea (yam) species are harvested from the forest by the pygmies.  These are used for subsistence only. 


A number of wild fruits are harvested, though these have little economic potential.  The most important species are Anonidium mannii, Gambeya lacourtiana, Irvingia gabonensis (also harvested for seeds), Myrianthus arboreus and Trichoscypha acuminata.

Alcohol.  Palm wine is probably the most important and widespread alcoholic drink in the area.  Production comes from a species of Raphia (c.f. hookeriana) which is common in swamps.  In view of the abundance of both swamps and Raphia, the area has some potential for alcohol production.

Construction materials.  Besides planks from timber trees, poles are used for construction purposes (houses and furniture).  Building poles and tool-handles are made from saplings and small trees of many species; of particular importance for minor construction purposes and furniture are poles from Bambusa vulgaris (an introduced species) and the leaf stalks of Raphia.  Thatches for roofing and also for wall construction are made from Raphia leaflets.  All these forest products and items manufactured from them would be of local economic importance if market conditions were favorable.

Rattan products.  Rattan species (climbing palms) in the area include Ancistrophyllum secundiflorum, at least two species of Eremospatha, and Calamus deeratus.  These rattans are locally abundant; they are mainly used for baskets.  There appears to be high potential for small industries selling rattan or rattan products, should markets become accessible.

Gums and latex.  At the present time, gums and latex only have minor subsistence uses in the area, in medicines and for firelighters.  Formerly, latex was harvested commercially from wild Funtumia elastica trees to make rubber.  There are plentiful sources of wild rubber, aromatic resin and copal-type resins, but these resources would be hard to develop.
