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SUMMARY 

Forest elephants in Ghana and eastern Côte d’Ivoire live in small isolated populations and number fewer 
than 1,000 individuals in total. To ensure their long-term survival, a network of forest corridors needs to 
be established. Three possible wildlife corridors following deforested streamsides, each with an 
approximate width of 1.5 km, are discussed here. Some streamside villages have shown a strong interest 
in restoring the riparian forest since they faced water and fishing problems in the dry season. Other 
villages oppose entirely any reforestation options. In this paper we discuss the possibilities to work with a 
stepstone approach before reaching the continuum based on the concept of ‘shelterbelts’ already present 
in the region. These ‘shelterbelts’ are linear strips of forest presently actively used by elephants. A number 
of possible conservation measures allowing for the survival of forest elephants as well as improvement of 
rural livelihoods is recommended here. The main challenge will be to ensure vegetable NTFP harvesting 
of selected plant species attractive to both human beings and wildlife while hunting of the latter should be 
controlled or even prohibited. Establishing a forest network for forest elephants would require political 
will and trans-national co-operation among rural populations as well as forest and wildlife managers. 
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INTRODUCTION 

In West Africa c. 25% of the plant species and 20% of the vertebrate species in closed 
forest environments are endemic (Myers et al., 2000), but these environments are also 
some the most deforested areas in the tropics. Of the original moist forest zone of 31.3 
million ha that stretched from Guinea to Ghana at the beginning of the 19th century, 
only 8.7 million ha remain (Parren & de Graaf, 1995). Some animal species may have 
been extirpated (Oates et al., 2000) and others may go extinct in the coming decades 
(Holbech, 1998; Caspary, 1999).  

The African Elephant Database of the African Elephant Specialist Group (Barnes et 
al., 1999) estimated that the total number of forest elephants Loxodonta africana 
cyclotis in West Africa in 1998 was c. 3,000. These elephants live mostly in patches 
of forest in a matrix of cultivated land, except for those in extensive forests in eastern 
Liberia (Parren & de Graaf, 1995; Appleton, 1997). The elephants of the Côte d'Ivoire-
Ghana border area (Fig. 1), the total population of which numbered 685-855 in the late 
1980s (Table 1), are contained by the savannahs of the Dahomey Gap to the east and 
by the so called V-Baoulé, a savannah zone that penetrates into the moist forest zone, 
in Côte d’Ivoire to the west.  

The effective number of mature individuals required to ensure the long-term survival 
of a population has been estimated at 1,000-5,000, existing preferably as interbreeding 
sub-populations (Vucetich & Waite, 1998). However, the counterbalance of low local 
population levels by movement of animals over large areas is often no longer 
possible. Two options can be used to overcome these problems: reinforcement of 
populations with individuals from elsewhere; or the creation of corridors to aid 
movement, thus enlarging effective population sizes (Beier & Noss, 1998). Movement 
of elephants between forest fragments in the Côte d'Ivoire-Ghana border area would 
require the linking of the elephants’ present ranges with forest corridors, where a 
ccorridor is a linear feature of vegetation connecting at least two isolated habitat 
fragments that were once connected (Saunders & Hobbs, 1991).  ‘Shelterbelts’, strips 
of forests often not more than 1.5 km wide and up to 20 km long (Foggie, 1949), 
established in the mid-1930s in Ghana, provide examples of potential corridor design. 

A major obstacle to corridor creation forms the high human population density in the 
Côte d'Ivoire-Ghana border area. There are thousands of settlements with an important 
source of the population increases around the Bia reserve is migrants. Almost half of 
the entire population has migrated into the area in the last 15 years. The population 
increase is estimated to be 5.5% per annum, compared with the equally high national 
growth rate of 3.6%.  This puts serious constraints on the environment. 

In this paper we present the concept of forest network areas and the need for the 
creation of corridors for forest elephants in West-Africa. We report on the current 
status of the forest elephant populations in Ghana and eastern Côte d’Ivoire, based on 
literature research and a field survey. We assessed the use of the environment, 
livelihood needs and expectations by the local population. The required 
characteristics, possible locations and costs involved in corridor creation are 
presented. 
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METHODS 

Ground surveys were conducted to verify the present forest elephant home range, to 
assess the condition of the vegetation at potential corridor sites and to explore 
attitudes towards these plans among the local population and authorities. The 
following aspects were taken into account when considering the feasibility of 
corridors: distance and width of the proposed corridor, population pressure (number 
of villages and distribution of villages), land use practices and NTFP gathering 
activities, presence of rivers or streams, remaining forest cover, and the attitude of 
farmers towards tree planting (creation of forest corridors).  

Surveys in Côte d'Ivoire and Ghana were conducted in and around four potential 
corridor areas: Bettié area, Bossematié area, Goaso area and Bia area.  In Côte d'Ivoire 
the surveys were  done during January - March 1994 in (1) Forêt Classée (FC) 
Songan, in (2) FC Manzan, in (3) FC Diambarakrou, in (4) the intermediate zone 
between the southern border of FC Bossematié and the Comoé river, (5) between FC 
Béki and FC Bossematié, and (6) in the declassified zone between FC Songan and the 
FC Mabi border, formed by the same Comoé river, and (7) along the Bia river from 
FC Songan up to the Ghanaian border. In total 73 km of transects outside forest 
reserves and 32.5 km of transects inside forest reserves were assessed for vegetation 
cover and elephant presence. Observations were made using a step counter to measure 
the distance covered in each vegetation and land use type, and a tape recorder was 
used to record observations. The step length was calculated to be 0.75 m by counting 
steps five times on a known 1 km track. Elephant presence was noted in the forms of 
droppings, trails, wallow sites, footprints, and skeleton parts, and also by informal 
interviews with 7 foresters based at the regional forest office at Abengourou and 15 
farmers per village visited. At FC Diambarakrou and the transect walked towards FC 
Bossematié 3 villages were visited, around FC Bossematié 3 villages, at FC Manzan 1 
village and around FC Songan and the transect up to the border with Ghana 5 villages 
were visited.  

In Ghana similar surveys were made during February - May 1994. All forest reserves 
around Goaso and Bia and 23 surrounding villages were visited. Seven local Ghana 
Wildlife Division staff, eight Forest Services Division staff and some 15 farmers per 
village were interviewed for elephant presence and crop raiding problems. We 
investigated the extent of the elephant damage to farms by analysing the crop raiding 
reports for 13 forest reserves at the Wildlife Division in Goaso over the period 1976-
1993.  

RESULTS 

Vegetation status of potential corridors and elephant presence  

Bettié area. The only surviving elephant population in the Bettié area is that of FC 
Songan. Maybe the northern part of FC Tamin houses a small population as well, but 
that is not completely sure. FC Mabi and FC Yaya do not have an elephant population 
anymore. Because of the elephant trails and droppings seen and its restricted range we 
estimated a surviving population of 20-30 individuals. The degraded south-western 
zone of FC Songan bordering FC Mabi showed an almost 90% occupation by 
agricultural activities (Table 2). However, it offers a good opportunity for corridor 
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establishment since the distance to be covered is only 4 km in length and falls entirely 
under the jurisdiction of the forest service. The area separating FC Songan from the 
Ghana border along the Bia river  consisted for 50%  of coffee and cocoa plantations, 
and just 20% had closed forest cover (Table 2).  Along both sides of the riverbanks, 
however, a 200 m wide forest cover was still present, leaving hope for corridor creation.  

Bossematié area. Both FC Béki and FC Bossematié have an actual elephant 
population (Table 1). The most suitable zone for a corridor between the two areas 
only has 13% remaining forest cover (Table 2). This complicates the establishment of 
a forest corridor, although the Béki and Bossematié populations are only about 5 km 
apart. Between FC Bossematié and FC Diambarakrou only low forest cover was 
found (Table 2), leaving little hope for the creation of a corridor. FC Diambarakrou 
has been converted (illegally) into farmlands during the last 20 years as we found a 
forest cover of just 25% (Table 2).  These facts leave little hope for the creation of a 
corridor between these forests. 

Table 1. Estimated numbers of forest elephant populations in Ghana and eastern Côte 
d’Ivoire 

Country Area Pre-1995 
densities 

Post-1995 

densities 

Ghana Bia 200-2503 100-1506,7 

 Goaso 200-2501 200-5006 

 Kakum 100-1502 100-1502,6 

 Ankasa n.a. 606 

 Boin River 31 31 

Côte d’Ivoire Bossematié 35-555 60-808 

 Bettié 1504 20-30 

TOTAL  685-855 540-970 

Source: Densities for the 1970s to 1995 based on Dickinson (1990) 1, Dudley et al. (1992)2, Martin 
(1982)3, Merz & Hoppe-Dominik (1991)4 and Theuerkauf (1994)5. Late-1990s modifications were made by 
the authors and explained in text. Recent data for Ghana mainly based on the August 1998 data of the 
African Elephant Database by Barnes et al. (1999)6 of the African Elephant Specialist Group, Species 
Survival Commission, IUCN (The World Conservation Union) as well as Heffernan & Graham (2000)7 and 
for Côte d’Ivoire on Waitkuwait (1998) 8 

 

Table 2. Land use along transects walked inside and outside forest reserves (potential 
corridor locations) in Côte d’Ivoire 

The distance to cover by the potential corridors between forest reserves are presented in the first 
column. FC = Forêt Classée 

Area Corridor 
length 
(km) 

Transect 
length 
(km) 

Cash 
crops (%) 

Food 
crops (%) 

Fallow 
land (%) 

Closed 
Forest 
(%) 

Inside Forest Reserves 

FC Manzan  11 55.3 1.8 19.3 23.6 

FC Diambarakrou  9 45.3 12.3 16.8 25.6 

FC Songan  9.8 0 8 9 83 
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Outside Forest Reserves 

Diambarakrou – 
Bossematié corridor 

15 13.2 36.6 9.1 30 24.3 

Beki – Bossematié 
corridor 

5 10.5 45 12 30 13 

Songan – Mabi inter-
reserve corridor 

4 9.3 83 4 4 9 

Songan – Ghana border 
corridor 

15 24.5 49.4 7.5 25 18.1 

 

Goaso area. The largest elephant population in the region is confined to the forests of 
the Goaso area (Table 1). From our contacts with farmers and staff of the Wildlife 
Division we conclude that apart from Krokosua Hills Forest Reserve (FR) with a low 
elephant pressure all the other forest reserves show high elephant presence, with the 
highest concentration of elephants in the centrally located Ayum FR. The Goaso home 
range includes four shelterbelts: the Bia and Amama Shelterbelts, connecting two 
forest reserves each, and the Goa and Aboniyere Shelterbelts who are connected only 
at one side to a forest reserve. Elephants visit Aboniyere Shelterbelt (SB) but the 
elephants do not move further than 4-5 km into the shelterbelt, while in Goa SB no 
elephant presence is reported. Elephants to pass from one reserve to the other 
regularly use the Bia SB, which links Mpameso FR with Bia Tano FR. We observed 
elephant trails and droppings over the entire length of the shelterbelt, confirming 
Dickinson’s (1990) observation of the same movements some 10 years earlier. This 
shelterbelt is only 1.5 km wide and is even crossed by a road. During our field survey in 
the Amama SB, linking Asukese FR with Bosumkese FR, evidence of elephant 
presence was noticed at the Asukese FR side of the shelterbelt. This is surprising 
because in the Amama SB they were never reported to be present for the last decades. 

Bia area.  No signs of elephants were found in Bia NP during the fieldwork. Their 
presence was however confirmed at the eastern side of the Bia Game Production 
Reserve (GPR) by their regular visits to farms. In Bia North FR a very small 
population, most likely limited to one herd, lives in the central part of the reserve 
since farmers along the northern and eastern side of the reserve reported sightings of 
elephants during the early 1990s. Land pressure at the edge of the reserves is very 
high and farmers have a negative attitude towards creating more forest, as it means 
losing agricultural land. The possibilities to create corridors are restricted to 
connections along the Bia river from Subin FR towards Bia GPR. These areas also 
show intensive agricultural use, with many scattered villages. Almost the whole 
length of the Bia riverbanks was deforested and used as agricultural fields. Further 
downstream along the Bia river towards the border with Côte d’Ivoire the same 
pattern was found. In some villages the population was aware of the environmental 
degradation taking place effecting their livelihoods, and their people were in favour of 
restoring the vegetation along the riverbanks.  
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Table 3. Proposed ‘Transboundary Bia-Bossematié network area’: elephant ranges and 
conflicts  

Reports of elephant presence (none, few, regular), crop damage (none, frequent rare), human 
population pressure (- = low, + = high, ++ = many illegal farms inside reserve) are all dated 1994 if not 
stated otherwise. Key to sources: FC = Forêt Classée, FR = Forest Reserve, GPR = Game Production 
Reserve, NP = National Park, SB = Shelterbelt Forest Reserve 

 

Area Reports of 
elephant 
presence 

Crop damage Human 
population 
pressure 

Sources 

Ghana     

Bia area     

     Bia NP Few None + pers. obs. 

     Bia GPR Regular Frequent + Opoku 1988 

     Bia North FR Few Rare + Farmers, Forest Services 
Division, Elephant Control 
Unit crop raiding reports 

     Bia Tawya FR None None ++ pers. obs. 

     Sukusuku FR None None ++ pers. obs. 

     FC Diambarakrou None  None  ++ pers. obs. 

Goaso area     

     Asukese FR Regular Frequent + Farmers 

     Ayum FR Regular Frequent + Farmers, Elephant Control 
Unit crop raiding reports 

     Bia Tano FR Regular Frequent + Elephant Control Unit crop 
raiding reports 

     Bonkoni FR Regular Frequent + Farmers, Elephant Control 
Unit crop raiding reports 

     Bonsam Bepo FR Regular Frequent + Farmers, Elephant Control 
Unit crop raiding reports 

     Krokosua Hills FR Few Rare - Wildlife Division 1999 

     Mpameso FR Regular Frequent + Farmers, Elephant Control 
Unit crop raiding reports 

     Subin FR Regular Frequent + Farmers, Elephant Control 
Unit crop raiding reports 

     Aboniyere SB Few Rare + Wildlife Division 2000; pers. 
obs. 2000 

     Amama SB Few None + Farmers 

     Bia SB Regular  + Farmers; Dickinson 1990 

     Goa SB None  None  + Dickinson 1990 

Côte d’Ivoire     

Bossematié area     

     FC Béki Few None + W.E. Waitkuwait pers. 
comm. 2001 

     FC Bossematié Regular Few + W.E. Waitkuwait pers. 
comm. 2001 

     FC Besso None None Na W.E. Waitkuwait pers. 
comm. 2001 



 7 

     FC Manzan None  None ++ pers. obs. 

Bettié area     

     FC Tamin Few None ++ W.E. Waitkuwait pers. 
comm. 2001 

     FC Mabi None None + Lennertz 1993a,b; W.E. 
Waitkuwait pers. comm. 
2001 

     FC Songan Few None + W.E. Waitkuwait pers. 
comm. 2001 

     FC Yaya None  None - W.E. Waitkuwait pers. 
comm. 2001 

 

 

Agricultural practices and market potentials 

Cash crops cultivated in the areas are cocoa, oil palm and coffee in descending order. 
Interest in oil palm cultivation is low, due to poor marketing opportunities for the 
fruit. Cocoa and coffee with long economic lifetimes, are considered by farmers crops 
that guarantee them property for posterity. Yield from cocoa is relatively low. Cocoa 
farming should be discouraged since most of the lands are not suitable for cocoa, but 
are suitable for oil palm, rubber, and coffee, the focus of new farming activities needs 
to change to reflect this. Major food crops grown are roots and tubers (cassava, 
cocoyam and yams), cereals (maize and rice), plantains, and vegetables. Cocoa, coffee 
and plantains are most profitable. According to farmers, rainfall in the area is 
becoming less frequent and less heavy, resulting in scarcity of water sources and the 
water table of major streams such as the Bia river too have dropped dramatically. This 
environmental factor has led to some farmers having to carry water from their homes 
to their farms. Settlers who live in hamlets in remote areas have poor accessibility to 
markets for their produce. While social inhibitions constrain women from fully taking 
part in cash crop farming, by the existence of gender differences in on-farm activities. 
The main crops processed in the area are cassava and oil palm, out of which gari and 
palm oil are produced. Processed cassava adds 50% value. Processing of oil palm 
results in 50% value added. Processing is thus an important way of improving the 
incomes obtained and thus reducing the need to clear more land. 

Alternative land uses observed in the field included bee keeping, snail farming, fish 
farming and grass cutter domestication. Captive wildlife production of this nature is a 
new concept in these areas, practiced only on a minor level. Fish farming and bee 
keeping seem to be promising, but the viability of intensive grass cutter domestication 
and snail farming is rather poor unless they will be less intensive in order to reduce 
cost of feeding.  

Constraints to fish farming included high cost of pond construction, inadequate 
technical knowledge especially with regard to feeding, harvesting and population 
management. Corridor creation by restoring the riperian forests might give rise to 
increases in fish levels in streams and provide the necessary proteins from this source. 
Bee keeping constraints included high fixed costs and lack of nectar- and pollen-
bearing trees for production of honey by the bees which could be compensated by the 
right species choice in corridor creation. The lack of trees is as a result of 
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environmental degradation. At present however, the sweatings of cocoa have provided 
for manufacture of honey by the bees. With snail production, members of the 
community should be allowed to harvest annually from the reserves during the snail-
harvesting period but there should be monitoring of the sizes of snails picked.  

Access to bank credit is low and it are mainly cocoa farmers whose products were 
purchased by the produce buying companies who obtain bank credit. Bank credit is 
therefore available only to cocoa farmers. Loan size in these instances was considered 
by the farmers to be too small. The reasons for the small loan sizes were low capital 
base particularly of the rural banks, lack of skills of banks in dealing with farmers and 
lack of skills of farmers in the formal financial sector. There was also the problem of 
non-synchronisation of the seasons of inflow of income and expenditures in farming 
activities. Informal credit was usually for very short periods (one month) and at high 
interest rates (about 10% per month). 

Non-Timber Forest Products 

Forest fringe communities depend on NTFPs for most of their domestic needs 
whether for food or any other household needs. With increase in population, 
harvesting of NTFPs for domestic use increased to unsustainable levels. Coupled with 
that is the increased commercialisation of products such as pestles, cane and 
chewstick. In the Côte d'Ivoire-Ghana border area about one out of four harvesters 
depend on forest reserves. So the vast majority obtain these produce from farms, fallow 
areas and remnant forests in the agricultural landscape. In effect, in terms of domestic 
uses, only one out of every ten NTFPs is ‘collected’ from a reserved area. Suffice to 
mention that it is suspected that almost all the NTFPs bought from the markets might 
have been ‘illegally’ collected from reserved forests. Traders are likely to collect from 
reserves where products are concentrated. Interviews amongst primary NTFP traders 
and processors did not yield frank answers on their sources of supply for fear of 
prosecution. Only an insignificant few admitted entering into reserves to collect 
NTFPs. NTFP collectors spent either just about 30 minutes or six hours in order to 
walk to the NTFP collection points depending on the type of NTFP. The distances 
involved ranged from about 100 metres (corresponding to bushes behind houses) to 
eight kilometres in situations where NTFPs are collected from reserves and or far 
removed remnant forests. The factors influencing the collection distance were the type 
of product and its availability in desirable quantities within the locality and the 
location of the respondent’s settlement vis-à-vis the NTFP source. Since deforestation 
outside reserves is progressing the pressure on the remaining forests will increase so 
domestication of certain high valued NTFP species will have to take place and to be 
integrated in agroforestry systems.  

A special group of NTFPs are wildlife products, with an emphasis on bushmeat. The 
list of animals hunted for bushmeat certainly exceeds 100 species. Preferred species 
are rodents and antelopes, of which many are pests on farmland. Five species make up 
60-70% of the volume, and are, in order of importance, Cane Rat, Giant Rat, 
Maxwell’s Duiker, Brush-tailed Porcupine and Bushbuck. These are all associated 
with farmland and secondary forest. This may also reflect the historically high hunting 
pressure of large-sized bodied mammals in reserves which only persist at very low 
densities (McGraw 1998). Hunting is carried out at all times of the day and season of 
the year, and in all available habitats, by either shot gun, traps (mainly wire snares) or 
dogs. The yearly catch per hunter is estimated to be c. 1,050 kg, valuing c. $1,240. 
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The average daily bushmeat consumption per capita is estimated to be c. 0.18 kg. The 
Ghanaian bushmeat trade is estimated to have an annual turnover of $ 205 million 
(Davies 2002). According to hunters and bushmeat traders, the bushmeat trade in 
open markets and with outside retailers from urban centres in other regions of the 
country is collapsing, being overtaken by local chop bars. They attribute this collapse 
to the low bushmeat availability and a too restrictive Wildlife Division control of 
hunting and bushmeat trade activities. Although bushmeat activities are of major 
importance for the households and economy of the communities, neither hunting nor 
the bushmeat trade are organised or effectively regulated by any local by-laws or 
current national wildlife regulations. 

Competition between elephants and NTFPs collection in reserves is most likely for 
fruits of species such as Tieghemella heckelii which have a special attraction to both 
consumers (Bonnéhin, 2000). However, the forest food category had a low priority 
rating by local consumers. This is an indication that the communities themselves do 
not regard these items as playing any crucial role in the daily lives. Another 
interpretation may also be that with dwindling forests such products are becoming 
difficult to come by, hence the need to turn to other products with assured supplies.  

Crop raiding by elephants 

No crop raiding reports were available in Côte d'Ivoire, probably because of low 
elephant densities in the reserves. In Ghana crop raiding reports show that elephant 
disturbances were frequent during the dry season (November-March) when the 
elephants search for water. They empty waterholes and squeeze fruits such as 
plantains for their juice. Crop raiding is most frequent early in the rainy season (April-
June) before the peak fruiting of trees when food is still scarce. Out of the 13 forest 
reserves with crop raiding reports, four of them consisted of shelterbelt status (av. size 
32 km2) and nine of forest reserve status (av. size 215 km2). The size and form of 
reserves determines the length of the farm-reserve periphery, which for shelterbelts 
averaged 32 km (range 18-52 km), and for forest reserves 64 km (range 20-150 km). 
Most reports came from farmers around Bia Tano FR and Subin FR with 91 and 88 
crop raiding events respectively. Low report numbers for Bia North FR and Krokosua 
Hills FR may be underestimates of real raids because farmers from these remote areas  
do not always report the damage because of the great distance to the Wildlife Division 
office in Goaso. Excluding the latter two reserves, the average annual number of crop 
raids for forest reserves range between 1.8 – 6.1  and for shelterbelts between 0.1 – 
0.6 . The same differences were found for farm-reserve periphery, 0.9 – 2.3 visits for 
forest reserves versus 0.1 – 0.2 visits for shelterbelts.  

DISCUSSION 

Current status of elephants  

Some of the original forest elephant density estimates for Ghana and eastern Côte 
d’Ivoire are based on censuses made in the 1970s and 1980s and are not  reliable as 
estimates of current densities. Barnes (1999) showed that during the last century the 
Ghanaian elephant population doubled every 25 years. As a result culling operations 
after crop damage conflicts were quite common in Ghana up to the late 1980s (Opoku, 
1988), suggesting that the density limits of peacefully coexisting human and elephant 
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populations has been reached (cf. Hoare & du Toit, 1999). In Côte d’Ivoire this is 
aggravated by the fact that most forest reserves are for a considerable part occupied by 
farmers (see Table 2). Also logging activities took place in all current elephant home 
ranges, starting in the early 1970s and lasting till the 1990s, at both sides of the border. 
Especially, the Bia and Bettié elephant populations, who formerly counted among the 
largest ones, have been seriously affected by Ivorian elephant hunters (W.E. 
Waitkuwait, pers. comm.) at the end of the twentieth century. At present we estimate 
the population at 540-970 individuals (Table 1). 

Characteristics of a successful elephant corridor 

Corridors should be designed to attract forest elephants into them. Important aspects 
to take into consideration are the presence of food plants, availability of water, and the 
size and structure of the corridors.  

Food. Forest elephants feed opportunistically on certain fleshy fruits when these are 
available and rely upon less nutritious foods during periods of fruit scarcity. In Ghana 
and east Côte d'Ivoire the period of fruit scarcity is from May to October, during the 
rainy season. In that period elephants will be tempted to leave the forest and raid 
cultivated crops (Merz, 1986), like plantain. Favourite forest tree species are Parinari 
excelsa, Balanites wilsoniana, Duboscia viridiflora, Panda oleosa, Sacoglottis 
gabonensis and Tieghemella heckelii (Sachtler, 1968; Martin, 1991; Hawthorne & 
Parren, 2000). In Ghana, elephant migrate from Bia GPR in the late wet season/early 
dry season when the peak fruiting of T. heckelii  comes to an end, to Bia NP for the 
massive fruiting of P. excelsa in the dry season (Martin, 1982; Short, 1983). Dudley et 
al. (1992) linked a sharp reduction in crop depredation to the fruiting of T. heckelii in 
the Kakum-Asin Atandaso area. Also, in the wet season, when few trees are fruiting 
within the forest, elephants move to the periphery of the reserve using the dense forest 
on the boundary as a base to raid neighbouring farms and to feed on the more 
accessible vegetation of the secondary forest. Planting T. heckelii and S. gabonensis 
trees as well as other preferred fruit trees in corridors (Alexandre, 1978; Merz, 1981; 
Short, 1981; Lieberman et al., 1987; Hawthorne & Parren, 2000), or enriching forests 
close to the entrance of corridors could attract elephants and increase the chance that 
they use these corridors.  

Water. In the moist forests of West Africa many elephant favoured tree species fruit in 
the dry season (Taylor, 1960; De la Mensbruge, 1966; Alexandre, 1980). However, 
the water provided by the fruits is not enough as in this season elephants come out of 
the forest in search of water. Artificial waterholes could be created in forest elephant 
range reserves to ensure they stay within the reserve boundaries. This has already 
been successfully done inside FC Bossematié (Waitkuwait, 1992). Corridors on 
riverbanks, such as the Bia river corridor, would have the advantage of providing 
drinking water for the elephants. 

Form and structure. At present elephants use four shelterbelt forest reserves in the 
Goaso home range. The 1.5 km wide Amama Shelterbelt probably is recolonized 
(Mann & Plummer, 1995), a unique situation. Shelterbelts even incur fewer crop 
raiding reports than forest reserves, even though the surface to boundary ratio is 
higher for the shelterbelts. This shows that 1.5 km wide linear corridors have the 
potential to be used as passage by large mammals such as elephants in Ghana. 
Elephants and logging activities seem to be compatible, even within shelterbelts, since 
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the easily available fruits and foliage at logging sites attract the animals. In general, 
elephants appreciate a more open forest where pioneer species and shrubs are 
abundant (Short, 1981; Martin, 1982; Dudley et al., 1992; Hawthorne, 1993) as long 
as a diverse fruit resource is available. On the other hand, logging can also chase 
elephants out of the forests. 

Proposed corridors: the ‘Transboundary Bia-Songan network area’ 

Based on population size, condition of the remaining forest, local people’s attitude 
and distances, the most suitable elephant populations to be connected  by forest 
corridors (or shelterbelts) (Fig. 2) are: (A) the populations of the Bia area with the 
Bettié area along the Bia river, including the Boin River FR population; (B) the 
populations of the Bia area with the Bettié area via FC Diambarakrou; and (C) the 
population in FC Songan of the Bettié area with suitable habitat in FC Mabi. These 
encompass all available options for Côte d'Ivoire at the border with Ghana, and only 
the ones surrounding the Bia and Goaso populations in Ghana, since the Ankasa and 
Kakum populations in Ghana are separated by some 100 km from their nearest 
populations (Fig. 1). 

Bia river corridor. To connect Bia GPR with Dadiaso FR (both in Ghana) with FC 
Songan in Côte d'Ivoire, a so-called boundary-corridor continuum (cf. Puth & Wilson, 
2001) could be created, by following the Bia river for about 50 km. The northern edge 
of Dadiaso FR is located at the point where the river Bia crosses the border with Côte 
d’Ivoire. This is one of the best-preserved forests of Ghana (Hawthorne, 1996). It is 
likely that this forest forms a suitable habitat for elephants and it is connected to the 
Boin River FR, which contains a small elephant population (Dickinson, 1990). A 
forest corridor along the Bia river would connect the Bia with the Boin elephant 
population and the Songan with the Bia and the Boin populations. At the same time it 
would link the Bia population with that of Goaso. The Krokosua Hills FR touching 
almost the Bia riverbanks forms a natural barrier which cannot be easily crossed, but 
elephants have been reported crossing between Bia GPR and Krokosua Hills FR by 
Wildlife Division staff in Asempanaye. 

In general, in Côte d’Ivoire more forest cover is found outside the reserves than in 
Ghana. Increase in forest cover at the Ghanaian side is feasible because local people 
are currently favouring forest development. The people in the area face water 
problems in the dry season (which rarely happened in the past, see Dixon et al., 1996) 
leading to the use of poor quality water. This results in diarrhoea and other diseases 
and also in a low fish stock. The farmers associate the present water situation with the 
deforestation along the riverbanks and for that reason they support afforestation, 
hoping that the forests bring back higher water levels and thus fish. The fact that 
farmers are eager to plant trees along riverbanks is an important aspect when 
considering the creation of corridors.  

Diambarakrou corridor. Forest restoration of FC Diambarakrou, a forest almost 
touching the most extreme western tip of Bia GPR in Ghana, offers new opportunities 
for corridor establishment between FC Songan and Bia GPR. Although the distance is 
long  (about 50 km) the Diambarakrou corridor is an interesting option. Firstly, more 
than half this distance covers reserved forest area. Secondly, the potential corridor 
could follow a stream that flows from FC Diambarakrou to FC Songan where the 
local human population is sparse (S. Bamba and M.N.P. Gbanzaï, pers. comm.). An 
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additional advantage is that the Ivorian forest service, Société de Developpement des 
Forêts (SODEFOR) has a good relationship with the local population at the site of the 
potential corridor (M.N.P. Gbanzaï, pers. comm.).    

Songan – Mabi corridor To assure the survival of the elephant population in the FC 
Songan, the elephants need access to FC Mabi in order to enlarge their potential range 
area from 35,000 ha to around 135,000 ha of closed forest (Fig. 3). This intra-reserve 
corridor, a northeast - southwest connection, leads from the present elephant home 
range to the most southwestern corner of the FC Songan. Major advantages are that 
the whole corridor leads through reserved area, and is adjacent to the southern, best 
preserved part of the FC Mabi. The Ivorian forest service integrated this corridor idea 
into their most recent management plan for FC Songan (SODEFOR, 1999). The 
required surface was estimated to be 2,119 ha, of which more than half consisted of 
illegal small-scale plantations. Also FC Mabi and FC Yaya should be included into 
this network, as the area holds excellent elephant habitat with only 10% agricultural 
encroachment (Lennertz, 1993a,b). An effort should be made to repopulate these 
forests with elephants. This can be reached by linking them with nearby FC Songan, 
FC Diambarakrou and along the river Bia with populations in Ghana. 

The corridors proposed here would require a number of actions and guidelines to be 
effective and to improve the possibility of effectiveness. These guidelines logically 
result from the considerations given. Firstly, the corridors need to be at least 0.5 km 
wide, but preferably 1.5 km. A one hundred meter wide protection zone along all 
streams and rivers within the Transnational Bia-Bossematié network area should be 
preserved, as these watershed management measures will, along with the prevention of 
erosion, provide the sorely needed corridors and niches for all kinds of fauna. Secondly, 
the corridors should have sufficient numbers of for elephant’s attractive fruiting trees, 
like Tieghemella heckelii, Parinari excelsa, Balanites wilsoniana, Panda oleosa and 
Klainedoxa gabonensis. Logging of these species should be banned in the corridor 
areas. Thirdly, artificial waterholes should be provided in the areas. Fourthly, 
agricultural activities within existing forest reserves should be avoided except for 
legally admitted farms within the reserve boundaries. Small-scale collection of non-
timber forest products (e.g. small game animals, fruits) during fixed periods is an 
important incentive for conservation to the local population. Regulation of hunting 
within all protected areas should be sought in co-operation with the surrounding 
population (see next section). Hunting pressure should be reduced, but not completely 
forbidden. Hunting of large game such as elephants and primates should be 
completely banned and adhered to.  And lastly, monitoring of elephant passage and 
age structure will be essential to prove whether corridors provide connectivity (Beier & 
Noss, 1998; Lindenmayer, 1999). 

Community Resource Management Area (CREMA) 

In Ghana, the Wildlife Division of the Forestry Commission is in the process of 
developing a community based wildlife management programme that could 
dramatically change the status of wildlife and other resources outside reserves. The 
CREMA programme is a homegrown solution based on the experiences of other 
African countries adapted and developed for Ghana’s own situation and needs. It is a 
programme that if successfully implemented could serve as a model for other 
countries in West Africa. While the CREMA programme has focussed on wildlife 
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resources, the implementation of this programme will have long-term significant and 
positive implications for a wide range of resources other than wildlife. 

The greatest threat to wildlife is not through over-exploitation by hunting but by the 
ongoing conversion of habitat used by wildlife. Wildlife and environmental security is 
threatened as people clear land and convert habitat for agricultural activities or often 
just to secure tenure over land for some future use. The attitude is that un-cleared land 
is unused land. It has no value and cannot be secured by the individual until it is 
cleared. Besides the current legislation does not provide sufficient incentive for 
farmers to care for and protect wildlife on their properties. The result is that wildlife, 
for most farmers, is considered a pest that in many cases is directly competing with 
their agricultural activities. In addition to this the responsible authority for wildlife 
(the Wildlife Division) is limited in financial and personnel terms to adequately 
enforce current legislation. Environmental security is often overlooked as being the 
key to ensuring rural development, stimulate economic growth and reduce rural 
poverty in the long term. Environmental security can only be achieved when policy 
and legislation recognise that the key is providing the incentive to farmers for proper 
land management and the sustainable use of natural resources. 

The CREMA approach is to create a financial incentive for farmers to use and 
sustainably manage natural resources by devolving management rights and 
responsibilities to them. If farmers realise financial benefits from natural resources 
they will look after them. The challenge is how this can be done where farms are 
small, resources are unevenly distributed and the resource in the case of wildlife is 
mobile and often not confined to a single land holding. In addition to this there may 
also be complicated land tenure relationships that have a direct bearing on land 
management. So an organisational structure that is based on existing decision-making 
structures (such as the Odikro) and is consistent with local land tenure relationships is 
developed. In developing the organisational structure of the CREMA the constituent 
members develop a constitution. The constitution has two very important functions. 
Firstly it establishes the function of the organisational structure and clearly states the 
rules and responsibilities of the members. Secondly, the constitution establishes the 
farmers via the structure of the CREMA as a “body corporate” that the Wildlife 
Division is able to recognise, devolve authority to and hold accountable. The CREMA 
concept is based on the establishment of areas where wildlife management is 
incorporated into existing land use. Experiences so far has shown that the 
deforestation process has been slowed down or even halted in the agricultural 
landscape of farms, fallow areas and remnant forests. These forest fragments are no 
longer converted in other land uses but preserved as a breeding area of wildlife forming a 
source for game in the agricultural landscape. At the end, preserving and managing these 
forest fragments provide higher annual income than coversion into other land uses. 
Monitoring mechanisms are still to be developed on production, trade and pricing, 
population trends of wildlife species, human structures and organisation, and regulation 
compliance (see Murphree 2000, 2001). However, the programme looks very promising 
so far since both local communities and the environment will benefit from it and 
ultimately the State will better govern its remote areas. 

Costs of corridor creation 

For forest corridor establishment farmers would have to be compensated for loss of 
land. Cocoa plantations in the Abengourou region in Côte d’Ivoire yield on average 
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610 kg ha-1 at a trade price of 240 FCFA per kg (Anon., 1992; 1993; Ballo, 1992). 
Coffee yields on average 1,500 kg ha-1 at a trade price of 100 FCFA per kg (A. 
Agbatou, pers. comm.). Both would produce an annual gross profit of about 300 US$ 
per ha (100 FCFA = 0.20 US$). Compensation would need to cover at least three 
production years since cocoa produces after three years. This would mean 
compensation of 900 US$ per ha. Since cash crop plantations cover half of most 
designated corridor areas this works out to a minimum of 50,000 US$ per km² of 
corridor to be established. In addition to this, the afforestation costs have to be 
incorporated, like seed collection, nursery activities and tree planting. Per ha up to 
1600 seedlings need to be planted, requiring 16 man-days per ha with an additional 24 
man-days per ha for weeding operations during the first three years (M. Vroom, pers. 
comm.).  

CONCLUSIONS 

The approximately 1.5 km wide shelterbelts in Ghana used by elephants as a passage 
demonstrate that corridors can work; other evidence indicates that 0.5 km wide 
corridors may also work, thus reducing costs. Their effectiveness for channelisation 
and movement sensu Haddad (1999) is herewith demonstrated. We suggest that 
corridors along stream- and riverbanks should have priority since they have 
disproportionately large influences on landscape functions (e.g., population, 
community, and ecosystem processes) beyond what their relative area on the 
landscape would suggest (cf. Puth & Wilson, 2001; Heartsill-Scalley & Aide 2003). 
The Bia river in Côte d’Ivoire has an almost intact 200 m wide forest zone along the 
riverbanks but might have to be widened to a zone measuring over 500 m wide, while 
at the same time conserving all remaining forest patches up to 1.5 km from the 
riversides. A similar forest zone should be encouraged in the forest restoration process 
on the Ghanaian side. However, current transnational co-operation is not very 
intensive although the current wildlife policy of Ghana aims at transnational corridors 
(Anon., 2001). Such transnational corridors must be surveyed and a protocol agreed 
between the countries involved which includes an understanding on law enforcement 
across the border. The use of corridors (such as shelterbelts) by elephants and other 
animals and the effect of (controlled) hunting should be monitored to be able to 
improve corridor design and plan further network areas (see Haddad et al., 2003). 
Even though the costs of creating corridors are rather high (see above), corridors can 
provide more services than just conservation of biodiversity. As farmers along the Bia 
river suggest, corridors can be beneficial for the water level and water quality, and 
produce useful (non-) timber forest products. The latter could form the key to local 
participation in forest restoration, wildlife management and monitoring such as 
developed by the CREMA programme.  

The CREMA concept is very appropriate for corridor designs since it enpowers local 
communities in resource utilisation and opts for its sustainable use. Corridor creation 
deals with the rural landscape and touches upon the preservation of existing forest 
fragments in a wider zone than the corridor strictu sensu, the sustainability of farming 
by integrating more tree components in agricultural practices in the corridor’s 
bufferzone, next to the reforestation of degraded areas within the planned corridor 
zone (see also Smeding & Joenje, 1999). A mosaic of forests scattered over the rural 
landscape is envisaged with the corridor meandering as a ribbon (along the river) in 
between. The mostly secondary nature of these forests will provide many useful 
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NTFPs (as we have seen before) and is also the preferred environment for elephants. 
However, to make sure that elephants will make use of these corridors as a way of 
passage we have to ensure that human intervention in the corridor zone strictu sensu 
is well regulated with restrictions in time and space for harvesting. It is also known 
that roads do not form barriers for elephants to cross, and likewise footpaths to have 
assess to riversides should not form much of a problem. The biggest human-elephant 
problem might be formed by the elephant’s crop raiding activities. A community-
based, low-tech approach to deter elephants from raiding agricultural fields in the 
corridor’s transition zone seems to be the most sustainable solution (see Osborn & 
Parker, 2003 for an overview) to mitigate the direct costs involved in loss of primary 
food and cash resources, and the indirect ones through a variety of social costs that 
can even lead to a complete failure of corridors functioning as a way of passage. In 
that case the corridors risk to become a sink for elephants instead of a source between 
isolated populations. Community involvement by offering them the chance to improve 
their livelihoods through better agricultural practices and wiser utilisation of the forest 
resources is the key to success, while at the same time shifting the responsibility for 
crop protection to farmers and provide them with the tools to repel animals seems to 
be the way to go. So improved livelihoods should guarantee long-lasting solutions to 
the functioning of corridors as a way of passage for elephants and other wildlife.  
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