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1. OBJECTIVES 

Tacugama Chimpanzee Sanctuary (TCS) was requested by the Promoting Agriculture, Governance 

and the Environment (PAGE) program in Sierra Leone to undertake a large mammal survey in the 

Wara Wara Mountains to support the delineation and development of the Wara Wara Community 

Forest (WWCF).  

The field work took place from 10 – 18 May 2011. 

The following baseline biodiversity data was required:  

 Data on the presence and relative abundance of large mammal species  

 Locations of important areas for biodiversity conservation  

 Human impact observed   

 The threats to biodiversity within the Wara Wara Mountains  

 

2. SURVEY BOUNDARY DEFINITION 

In 1951 a forest reserve boundary was created in the Wara Wara Mountains north of Kabala, 

comprising approximately 8950 acres. This was followed by the declaration of a second forest 

reserve in 1960 of approximately 2,573 acres or 4.02 mi
2
 in the Dembelia Musaia and Wara Wara 

Bafodia Chiefdoms (Forestry (Wara Wara Hills Forest Reserve) Order, 1960) (fig. 1). Chiefdom 

residents were allowed access to the reserve and were allowed to continue to hunt all animal species 

in the reserve providing that fire was not used. 

However, by the start of the PAGE program in 2009, much of the eastern side of the 1951 reserve 

boundaries had been extensively encroached for agriculture, whereas hills outside of the designated 

reserves retained significant forest cover. Thus the PAGE program wished to survey the larger 

Wara Wara Mountains to determine potential boundaries for the creation of a community forest. 

The boundaries of the survey area were determined by taking into account several factors (figures 1 

and 2): 

 Existing forest reserve boundaries 

 Areas of intact forest cover from satellite image interpretation 

 Avoidance of heavily cultivated sites determined from site visits and interpretation of high-

resolution satellite images 

 Potential Touristic Viewing Sites, or Areas of Interest (AOI), determined by PAGE 

 Avoidance of a 1-km buffer around known villages and settlements 
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Fig. 1  Previous reserve boundaries A and B from PAGE 
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Fig. 2 Determination of the survey area using Areas of Interest and avoidance of existing farms and 

settlements 

 

 

The three villages or settlements inside the reserve were not known at the time of the survey design. 

Thus these were not taken into account in delimiting the survey area. The farm locations from 

satellite imagery were used to deselect areas with heavy human impact. This interpretation of the 

satellite data proved to be fairly accurate because farm density found on transects matched the farm 

locations shown in fig. 2. 

 

3. DESCRIPTION OF THE WARA WARA MOUNTAINS 

The Wara Wara Mountains are found in Koinadugu District, immediately northwest of the District 

capital of Kabala. 

The area is characterized by sharp hills reaching up to 1000 m in elevation (fig. 3). The natural 

vegetation of the area is characterized mostly by woodland savanna. The savanna is dominated by 

elephant grass (Pennisetum purpureum). The hills are covered with woodland savanna, short sub-

montane grassland, and bare rock. The slopes of the hills and the lowlands have riverine or gallery 

forests along streams and rivers (fig. 4).  
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Fig. 3 Topographic map of the survey area for the proposed WWCF 

 

 

Fig. 4 Aster satellite map of vegetation of the survey area (green represents forest or farmbush, 

purple is woodland savanna, and white is cleared areas or bare rock) 
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4. METHODS 

4.1. JUSTIFICATION FOR USE OF A RECONNAISSANCE (RECCE) SURVEY  

The aim of this survey was to determine the distribution and relative abundance of large mammal 

species in the Wara Wara Mountains and to characterize the vegetation. Given that the area to be 

surveyed was relatively small (around 75 km
2
 or 7,500 ha) and work from the 2010 national 

chimpanzee survey indicated that mammal density might be low, it was believed that within the 

time-frame allowed for the survey not enough observations could be made to determine absolute 

abundances of mammals. Therefore it was decided against the need for a line transect survey. Line 

transect surveys estimate the area surveyed and thus allow for determination of absolute 

abundances. Recce lines are not straight, and do not take into account the area surveyed, and thus 

can only give a relative abundance. This is called an Encounter Rate (ER), which is the number of 

observations per km walked. It was agreed with PAGE that recce methods were appropriate to meet 

the needs of the survey. 

Recces are walked along a given compass bearing, but observers can walk the path of least 

resistance. Bias can be introduced if the survey area is not equally covered, therefore the path 

walked should not vary by more than 40° from the north-south line. Trails cannot be followed. 

4.2. RECCE METHODS 

1.1.1. PROTOCOL 

Distance along the recces was measured with a hipchain or a GPS track log. There may be some 

bias with differing visibility in different habitats, so the perpendicular distance from the recorder to 

the observation was to be recorded so that observations could be limited post-hoc to a standard 

width. This way all observations could still be recorded. However, perpendicular distance was not 

consistently recorded for indirect sightings, thus all observations were used.  

Teams walked along predetermined recce routes at a speed of 1-2 km hr
-1

. Field teams consisted of 

at least four people, including two observers, one compass bearer and one or more local guides. One 

of the observers focused on the ground, looking for signs such as dung and feeding remains. The 

other observer focused on looking up for animals and other signs (such as chimpanzee nests). Using 

two such dedicated observers reduced the chance that signs were missed. All observations were 

recorded and the coordinates marked using a Garmin GPSmap 60CSx. 

 

1.1.2. SIGNS RECORDED 

On each transect, the following variables were recorded. 

Mammal Sign: Direct and indirect signs were recorded of all mammals or mammal signs 

encountered: visual sightings, feeding remains, dung, and vocalizations. 

Human Sign: Including signs of power-saw logging, hunting (hunters, snares, hunting camps, gun 

shells), human trails and farms. 
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Vegetation Type: Distance was marked at each point that the vegetation changed along the recce so 

that the percentage of each vegetation type could be estimated from the total distance. Vegetation 

was classified by habitat type (woodland savanna, swamp, forest, etc) and by disturbance 

(secondary forest, farmbush, etc). 

4.3. RECCE DESIGN 

DISTANCE (Thomas et al., 2006) and ArcView software was used to place the recces using the 

„„Systematic Random Sampling‟‟ design. Recces were placed across the survey area in a north-

south direction separated by 1 km. The start and end coordinates of each recce are given in table 1. 

A 13
th

 recce was also part of the Distance design output, but this recce was very short (311 m) at the 

periphery of the zone, and was not walked due to time constraints (fig. 5). Recce 9 was comprised 

of two lengths split by the survey boundary. As the distance between the two lengths was small, it 

was walked as one complete line and is thus presented here as one recce. The same applied to recce 

11. Thus the total straight-line distance of the proposed recce survey was 77.9 km. 

 

Table 1  Recce coordinates and lengths. Coordinates are in WGS 1984 UTM Zone 29 units 

Recce N Long N Lat S Long S Lat Direct distance 

(m) 

1 206820 1072042 206820 1066886 5156 

2 207820 1073016 207820 1066751 6265 

3 208820 1073667 208820 1067156 6511 

4 209820 1073976 209820 1067832 6144 

5 210820 1074015 210820 1068172 5843 

6 211820 1073836 211820 1069860 3976 

7 212820 1074126 212820 1067155 6971 

8 213820 1074440 213820 1067101 7339 

9 214820 1074112 214820 1065127 8985 

10 215820 1071423 215820 1063651 7772 

11 216820 1069921 216820 1061102 8819 

12a 217820 1063487 217820 1061172 2315 

12b 217820 1068158 217819.7 1066316 1842 

   Total length 77,938 

 

The straight line length represents the minimum distance, but actual walked distances on recce 

transects were greater because the path of least resistance was followed. 
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Fig. 5 Location of planned recces across the survey area 

 

 

5. RESULTS 

5.1. RECCE DATA 

The WWCF large mammal survey was carried out by two experienced wildlife survey teams from 

10-18 May 2011. All 12 of the recces were completed for a total length walked of 87.3 km (fig. 6). 

Problems with delivery and functioning of a second hipchain meant that only one team was able to 

measure distances directly in the field. Hipchain distances are given for recces 1, 3, 5, 7, 9, and 11. 

The GPS track logs were set to record location every 10 m, and these were added to get a total 

distance walked for the transect. However, due to memory storage problems on the GPS, track logs 

were not recorded for transects 11 and 12b. To estimate a distance for recce 12b, the distance 

between recorded waypoints on the recce was calculated. On average, this method underestimated 

the distance by 9%. Therefore, to make up for not having any reliable distance data for transect 12b, 

the waypoint-calculated distance plus 9% was used as the best available estimate of distance walked 

(table 2). On recce 5, the hipchain seemed to underestimate the distance walked, thus the tracklog 

distance was used.  
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Table 2  Total recce length data in meters (final lengths used for each recce are shown in bold) 

Recce Hipchain Tracklog Calculated* Straight^ Calculated +9% 

1 5702 5703 5318 5156  

2  8017 6803 6244  

3 7249 7125 6662 6511  

4  6963 6367 6148  

5 6284 6652 6041 5847  

6  4609 4093 3974  

7 7731 7644 7085 6970  

8  8145 7517 7330  

9 9656 9586 9067 8987  

10  8978 8041 7846  

11 9240  8470 8333  

12a  2538 2418 2329  

12b   1652 1527 1800 

Total 87,280 m 

 
* Total straight-line distance between observations along a recce 

^ Straight-line distance between recce start and end points 

 

Due to dangerous terrain at the north of recce 2, the route deviated substantially, adding over 1 km 

to the recce length. Although this largely missed an Area of Interest, data continued to be collected 

during the deviation (fig.6). 

 

Fig. 6 Actually recce GPS track logs (recces 11 and 12b are approximated from waypoint data) 
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In order to analyze and display the data at a higher resolution, all recces were broken into 1-km 

segments manually using ArcView. The 1-km segments were calculated as straight north-south 

distance, thus the actual distance walked within each segment was slightly longer. Where the last 

segment of a recce was less than 300 m, it was combined with the preceding segment to calculate 

encounter rates and vegetation percentages. Thus the 12 recces were broken into a total of 80 

segments, which are located on the following maps by their center points (e.g. fig. 7). 

5.2. VEGETATION 

The percentage of each vegetation type for all recces is shown in table 3. The length of each 

vegetation type per recce was calculated using the straight distance between each waypoint rather 

than the hip chain distance because hip chain distance was not available for all recces and therefore 

the distance walked to each observation could not be calculated.   

 

Table 3. Percentages of vegetation types along transects 

Vegetation type % of total recce length 

Woodland savanna 70.3 

Farmbush 12.1 

Farm 7.3 

Riverine forest 5.0 

Vine forest 2.1 

Swamp 1.4 

Grazed WLS 0.7 

Swamp farm 0.5 

Rock outcrop 0.3 

Secondary forest 0.2 

Forest 0.1 

 

The most abundant vegetation type in the survey area was woodland savanna, making up more than 

70% of the total recce length. Farms and farmbush made up over 19%, while undisturbed closed-

canopy forest was around 5% of the total length. The southwest of the survey area near the village 

of Semamaya had high percentages of farms and farmbush, as well as a corridor cutting across the 

southern half of the survey area. Most of the undisturbed vegetation was in the north of the survey 

area. 

Forest is more likely to be cleared for farming than woodland savanna, thus a significant part of 

dense forest cover (as opposed to woodland) has probably already been lost.  The percent of each 

vegetation type should only be taken as an approximation because recces are not straight and 

therefore may be slightly biased if teams were more likely to walk straighter in a given vegetation 

type.  
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Fig. 7 Interpolated map of survey area showing percent agricultural fields for each km of recce line 

 

 

5.3. DATA ON THE PRESENCE AND ABUNDANCE OF MEDIUM AND LARGE 

MAMMAL SPECIES 

Signs of 16 medium and large mammal species were encountered on the recce walks. The most 

abundant medium and large mammals (apart from humans) were bushbuck (Tragelaphus scriptus) 

and rock hyrax (Procavia capensis). A group of at least 20 hyrax was counted in the far west of the 

survey area (large circle in fig. 10) accounting for its greater encounter rate. Monkey feeding 

remains were among the more frequently recorded signs. Although species could not be identified, 

these are most likely from the more common spot-nosed guenon (Cercopithecus petaurista 

buettikoferi) or Campbell‟s monkey (Cercopithecus campbelli). 

The species which were recorded are all species that are adapted to high levels of human impact, 

including hunting and habitat loss (Brncic et al. in preparation). Despite this, most species occurring 

in WWCF were at lower densities than in the rest of the Koinadugu District, Loma Mountains, or 

Outamba section of Outamba Kilimi National Park (OKNP) (table 4). In comparison with other 

nearby woodland savanna habitats (Koinadugu District and Outamba), only rock hyrax, brush-tailed 

porcupine (Atherurus africanus), crested porcupine (Hystrix cristata), Olive or Guinea baboon 

(Papio anubis/papio), black duiker (Cephalophus niger), yellow-backed duiker (Cephalophus 

silvicultor), mongoose (spp unknown), and monkeys (spp unknown) occurred at similar or higher 

frequencies.  

No signs of the western chimpanzee (Pan troglodytes verus) or West African savanna buffalo 

(Syncerus caffer brachyceros), which might both be reasonably expected to be in the area, were 

detected. The locations of all records of mammal signs are shown in figures 15-17 in the Appendix. 
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Table 4  Encounter rate of species found in the WWCF and comparison with other sites   

surveyed in or near Koinadugu District. 

Species WWCF 
Koinadugu 

District* 

Outamba  

only
ɸ
 

Loma  

Reserve^ 

Human (not  incl. 

farming/grazing) 0.85 1.73 0.11 1.62 

Bushbuck 0.46 0.89 0.50 0.25 

Rock hyrax 0.41 

 

0.04 0.08 

Unidentified monkey 0.18 0.05 

 

0.13 

Brush-tailed porcupine 0.17 

  

0.15 

Cane rat 0.16 3.53 0.30 0.12 

Maxwell's duiker 0.15 0.97 1.23 0.5 

Crested porcupine 0.13 0.05 0.41 0.03 

Red river hog 0.11 0.42 0.82 0.28 

Bay duiker 0.10 0.21 0.24 1.02 

Baboon 0.08 0.08 0.28 0.05 

Black duiker 0.08 0.1 0.63 0.54 

Yellow-backed duiker 0.06 0.05 0.15 0.2 

Mongoose 0.05 

  

 

Giant rat 0.03 

  

 

Campbell's monkey 0.02 

 

0.02 0.54 

Red-flanked duiker 0.02 0.08 0.15  

Warthog 0.01 0.16 0.22 0.02 

Chimpanzee 

 

1.12 (all signs) 10.25 (nests only) 8.27 (nests only) 

Buffalo 

 

0.63 0.91 0.82 

Waterbuck 

 

0.16 0.11 0.02 

Spot-nosed monkey 

 

0.13 

 

0.05 

Aardvark 

 

0.1 0.15 0.03 

Civet 

 

0.03 0.07  

Giant pangolin 

 

0.03 

 

 

Red colobus 

 

0.03 

 

0.4 

Sooty mangabey 

 

0.03 0.04 0.32 

Elephant 

  

0.69  

Black & white colobus 

  

0.22 0.08 

Bongo 

  

0.04  

Giant hog 

  

0.02  

Diana monkey 

   

0.07 

Porcupine 

   

0.23 

* block center transects only (Kenema report) (Brncic et al. 2009a) 
ɸ
  Brncic et al. 2010 unpublished data 

^ Brncic et al. 2009b 

 

The maximum number of species detected in any segment was six. Four areas which had higher 

relative biodiversity have been designated as „Bio-diverse Areas‟. These stretched east-west across 

the middle of the survey area (fig. 8).  
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Fig. 8 Species diversity across survey area as calculated per 1-km segment and interpolated between 

segments. 

 
 

Only one monkey species (Campbell‟s monkey) was identified during the survey. Monkey signs 

were found on 12 segments. Monkey feeding remains were the most common primate sign 

encountered, followed by the direct sighting of six baboons in Bio-diverse Area C. Primates tended 

to occur where there was less agricultural disturbance (fig. 9).  

 

Fig. 9 Encounter rates of all primate signs (baboons, Campbell’s monkey, and unidentified monkey 

signs) and interpolated percent agriculture per segment. 
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Artiodactyl (incl. antelopes, hogs, and rock hyraxes) abundances are shown in fig. 10. Five species 

of duiker and two species of hogs were recorded during the survey, but at relatively low frequencies 

(see Appendix figures 15-17 for map of species observations). Although most observations were 

recorded in less-disturbed habitats, the higher encounter rates in areas with greater percentages of 

farms or farmbush are primarily due to the presence of bushbuck.  

The most common antelope signs recorded were from bushbuck. The higher encounter rate of 

bushbuck may be due to its adaptation to a variety of habitat types and ability to withstand fairly 

heavy hunting pressure.  

 

Fig. 10 Encounter rates of artiodactyls (yellow-backed duiker, bushbuck, bay duiker, black duiker, 

Maxwell’s duiker, red-flanked duiker, warthog, red river hog, and rock hyrax) and 

interpolated percent agriculture per segment 

 

 

Brush-tailed porcupine, cane rats, and crested porcupines were the most commonly encountered 

rodents. Brush-tailed porcupines and cane rats are very well adapted to human disturbance, and 

cane rats are a major crop pest, especially for rice. High reproductive rates mean that both can 

tolerate hunting to some extent. Cane rats also prefer woodland savanna to forest. However, all 

rodents occurred more frequently in areas with less agricultural activity (fig. 11).  
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Fig. 11 Encounter rates of rodent signs (Cane rat, giant rat, brush-tailed porcupine, and crested 

porcupine) and interpolated percent agriculture per segment. 

 

 

The areas of higher total mammal encounter rates (fig. 12) correspond to the Bio-diverse Areas 

outlined above (fig. 8).  

 

Fig. 12 Encounter rates of all mammal signs recorded on recces, interpolated between 1-km segments. 
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5.4. HUMAN IMPACTS 

Human signs encountered on the recces, including farms, farmbush, and grazing areas („Woreh‟), 

are shown in Table 9. The most common signs seen were vegetation changes due to farming, with 

0.84 farms per km walked. This was followed by trails and tree stumps from chainsaw logging. 

Three villages were encountered, all on recce 8 (fig. 6). Within the AOIs, the AOI adjacent to 

Kabala had the most human signs. 

Few signs of hunting, either by gun or snare, were detected during the survey.  

 

Table 5  Encounter rates of human signs in survey area 

Human sign ER 

(signs/km) 

Farms/FB/grazing 0.84 

Trail 0.60 

Tree stump 0.15 

Village 0.03 

Grazing “woreh” 0.03 

Gun shell 0.02 

Snare 0.02 

Fire Damage 0.01 

Motor road 0.01 

Total 1.72 

 

Fig. 13 Map of the survey area showing all human signs detected on transects overlaid on the 

interpolated map of percent farmed land (farm and farmbush per 1-km segment). 

 



2011_Brncic_Wara Wara final report Page 18 of 22 www.tacugama.com 

5.5. LOCATIONS OF IMPORTANT AREAS FOR BIODIVERSITY CONSERVATION  

The criteria for selecting Bio-diverse Areas and corridors were based on the interpolated map of 

species diversity (fig. 8), relative intactness of natural vegetation, the size of the Bio-diverse Areas, 

and overlap with the Areas of Interest. These areas and the corridors connecting them incorporate 

all of the areas of higher mammal abundance in the WWCF (figs 9-12).  

AOI 1, 2, and 3 had relatively low species abundance and diversity, but contained relatively intact 

natural vegetation. Therefore they could make up part of a corridor connecting the north of the 

survey area with Bio-diverse Areas A and B. AOI 4 and 5 are incorporated in Bio-diverse Area B, 

indicating that this area should be a priority for conservation and potential ecotourism activities. 

Furthermore, a Picathartes nest was found in AOI 5, which would increase its potential tourism 

appeal to birdwatchers. 

Bio-diverse Areas B and C are connected by a potential corridor incorporating AOI 6. It is possible 

that animals may utilize the hilltop area of AOI 6 during the wet season, and move down to seek 

water during the dry season, when this survey took place. Thus the value of AOI 6 as a corridor or 

potential Bio-diverse Area may be higher. 

Bio-diverse Area D is separated from the other Bio-diverse Areas by extensive agricultural lands. 

Although this might not be a barrier for many of the species detected during the survey, which are 

already adapted to heavy human disturbance, it means that establishing a corridor to other Bio-

diverse Areas may be more difficult. Again, the higher diversity in this area may be due to the 

seasonal movement of animals down from AOI 7 during the dry season. Although the vegetation 

between AOI 7 and 8 seems to have potential as a forest corridor because it appears relatively 

intact, it has heavy agricultural pressure on either side. Also, most signs of chainsaw logging were 

detected there along with very few mammal signs, suggesting that wildlife in the area has been 

depleted.  

AOI 8 near Kabala had few mammal signs and several human signs, suggesting that its potential for 

biodiversity conservation is low. However, its importance for cultural activities and tourism is very 

high because it is the focal point of New Year‟s Day celebrations and provides excellent scenic 

viewing near to Kabala.  
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Fig. 14 Important areas for biodiversity conservation and potential corridors in the Wara Wara 

Mountains 

 

5.6. THREATS TO BIODIVERSITY 

The largest threat to biodiversity in the WWCF is loss of natural habitat due to expansion of shifting 

agriculture. Already a large portion of the area has > 25% loss of natural vegetation (fig. 10). In the 

southern part between AOIs 7 and 8, logging is also a major threat (fig. 9). There were few signs of 

hunting in the area, perhaps because the forests are already so depleted of wildlife that little hunting 

takes place anymore. The low encounter rates of large mammals relative to other sites would 

suggest that this is the case (table 4).  

 

 



2011_Brncic_Wara Wara final report Page 20 of 22 www.tacugama.com 

6. CONCLUSIONS 

Although biodiversity in the WWCF is made up of disturbance-adapted species which tend to be 

found throughout Sierra Leone, areas have been identified in this report which, when connected 

with habitat corridors, offer the best protection for the remaining species in the Wara Wara 

Mountains.  

All the species found in the WWCF are classified as species of least concern by the IUCN Red Data 

List (IUCN 2010). No species classified as Vulnerable, Threatened, or Endangered which are 

known to exist in Sierra Leone were detected during the survey.  

However, endangered chimpanzees and the very rare West African savanna buffalo occur in many 

areas of Koinadugu District. If the WWCF is adequately protected, there is a possibility that these 

and other species might return to the area. Given the small size of the WWCF relative to the ranges 

of some larger species, it is also possible that these species may already move in and out of the area 

seasonally. 

The AOIs are primarily located on prominent rocky hills with few streams. This survey took place 

during the end of the dry season when even many of the large rivers dry up in the north of Sierra 

Leone. That most animal signs were recorded at the periphery of the AOIs suggests that animals 

may have moved down off the hills to search for water, and that a survey during the late wet season 

may reveal very different results in terms of species distributions. Given that the steep hills also 

offer protection against human encroachment, these areas should perhaps be re-surveyed during the 

late wet season before firm conclusions can be made about their biodiversity conservation value.  
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8. APPENDIX - MAPS OF MAMMAL SIGN RECORDS 

 

Fig. 15 Distribution of primate signs recorded on recces 

 

 

Fig. 16 Distribution of duiker, bushbuck, and hog signs recorded on recces 
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Fig. 17 Distribution of other mammals (and also Picathartes) recorded on recces 

 

 


