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INTRODUCTION 

 

Monitoring of terrestrial and semi-terrestrial wildlife in forests is one of the most difficult 

programs to execute in the field. Many mammals and terrestrial birds are elusive due to rarity, 

shyness of humans, nocturnal habits, or some combination of the above. Some species occur at 

naturally low densities because of traits such as large body size or spatially dispersed social 

structures (Eisenberg 1981) and many have become rare due to hunting and habitat conversion 

(Robinson and Bennett 2000). As a result, standard methods of monitoring mammals and 

terrestrial birds in forests can become expensive, and logistically challenging (O’Brien and 

Kinnaird in press).  

 

The use of camera traps as a sampling tool to monitor elusive mammals has been gaining in 

popularity in recent years (Rowcliffe and Carbone 2008). Camera traps are considered passive 

proximity detectors consisting of a digital camera, incandescent or infrared flash, and a motion-

temperature sensor. The camera triggers when a warm body moves through the detection field of 

the motion sensor and stamps each photograph with a time and date. The devices can be left in 

the field for weeks at a time and are capable of storing thousands of images. Recent advances in 

sampling designs and analytical techniques (O’Connell et al. 2011) have greatly improved our 

ability to make valid inferences about population and community trends using data from camera 

traps.  

 

Laikipia County is a 9,667 km
2
 area in northern Kenya where wildlife populations remain 

healthy (despite declines elsewhere in Kenya) on private and state lands. We estimate that there 

are at least 76 species of terrestrial and semi-terrestrial mammal species (excluding small rodents 

and bats) occurring in Laikipia. There are no formal protected areas in Laikipia, although Kenya 

Wildlife Service recently designated Eland Downs Ranch as a national park. Mukogodo Forest 

Reserve is a 295 km
2
 indigenous forest block in Laikipia County and is managed by Kenya 

Forest Service (KFS) in cooperation with local communities. Rainfall is less than 500 mm/yr. 

The forest is a source of grazing, firewood, and non-timber forest products. Although there has 

been some inventory work cataloguing mammal and bird species occurring in Mukogodo, there 

has never been an inventory or systematic survey of the forest for birds and mammals. Rumuruti 

Forest Reserve is a 63 km
2
 forest block managed by KFS. Rumuruti Forest is surrounded by 

agriculture development to the south and pastoralist grazing areas to the north. Rainfall is greater 

than 500 mm/yr. The forest is a source of grazing, firewood and timber. Marmanet Forest 

Reserve (135 km
2
) is part of a 360 km

2
 network of forest reserves in western Laikipia County. 

Rainfall is greater than 500 mm/yr. Ownership of the forest reserves is contested and there has 

been extensive deforestation and conversion to agriculture. There is no monitoring program in 

place to track changes in wildlife populations over time in any of these forest reserves.  

 

In 2009, USAID contracted the Laikipia Wildlife Forum (LWF) to improve natural resource 

management and biodiversity conservation in Laikipia. LWF, in turn, sub-contracted Mpala 

Research Centre to develop and evaluate monitoring methods for birds and mammals in forests 

and rangelands of Laikipia. In this report, we describe the camera trap sampling that we 

conducted in three Laikipia County Forest Reserves, present some preliminary results, and make 

recommendations for use of camera trapping as a monitoring method.  

 



METHODS 

 

We conducted camera trap surveys in Mukogodo Forest between 10 August and 30 September 

2010, in Rumuruti Forest between 23 September and 20 October 2011, and in Marmanet forest 

between 26 October and 23 November 2011. In Mukogodo Forest, we arranged the 40 camera 

traps points in 3 sampling blocks covering a range of habitat types from grassy bushland to 

closed canopy forest and a range of elevations from 1,320 to 2,093 m (Table 1). Cameras were 

set at a density of 1 camera/km
2
 and left to operate in the field for 20-22 days. During sampling, 

one camera malfunctioned, resulting in no photographs, one camera was stolen and one camera 

was destroyed completely and the card was lost. The net effort therefore was 37 trap points and 

802.3 trapdays, or an average of 21.7 trapdays per point. In Rumuruti Forest, we set up a single 

block of 20 cameras at a density of 1 camera/km
2
 across a level elevation gradient of 2,020 to 

2,125 m. Most of the habitat was bush and wooded grassland. Cameras were left to operate for 

24-26 days in the field. The net sampling effort was 478 trapdays or 23.9 trapdays per point. In 

Marmanet Forest, we set up a single block of 20 cameras at a density of 1 camera/km
2
 across an 

elevation gradient of 2,071 to 2,398 m. Most of the habitat was cleared forest and bush. Cameras 

were left to operate for 24-26 days in the field. Three camera malfunctioned or were lost during 

sampling resulting in 17 useable points. The net sampling effort was 493 trapdays or 29 trapdays 

per point.  

 

Once cameras were picked up, the images were downloaded to a computer, EXIF metadata was 

read from the images (image number, date and time of photograph), and all images were 

identified or declared unknown. We also used species identification, time of photograph and 

location to determine independent photographic events following O’Brien et al. (2003). Two 

consecutive photographs were considered independent photographic events if they were 

consecutive photographs of: (1) different individuals of the same species; (2) same species taken 

>30 minutes apart; and (3) different species. The number of independent photographic events per 

100 trapdays was used as an index of relative abundance (RAI). Kinnaird and O’Brien (in press) 

have shown that in Laikipia County, this RAI tracks actual abundances of carnivores and large 

ungulates. We treat all photographs of humans, dogs and livestock as livestock-related activities 

but recognize that many of the human photographs are of wood collecting and other activities as 

well. 

 

 
Table 1. Sampling blocks, elevation, habitat, sampling effort number of mammal species and 
average number of independent livestock-related events per camera point. 

Block 
# 

points elevation Habitat 
# 

trapdays # mammals Livestock 

Mukogodo 1 19 1,596 Forest/Bush 407 24 8.4 

Mukogodo 2 8 1,912 Wooodland 173 12 3.2 

Mukogodo 3 10 1,930 Wooodland 222 13 6.5 

Mukogodo All 37 1,758 Woodland/Bush 802 29 7.1 

Rumuruti 20 2,066 Woodland/Bush 478 14 36.4 

Marmanet 17 2,232 Forest/Bush 493 13 18.1 

        



RESULTS 

 

We obtained photographs of 35 mammal species and five bird species. Mukogodo Forest 

possessed the highest observed diversity of mammals (29 species); more mammal species were 

caught in Block 1 (24 species in forest/bush habitat at lower elevation: Table 1) than in Blocks 2 

and 3 (18 species combined, woodland at higher elevations). Rumuruti and Marmanet Forests 

had similar observed mammal richness (14 and 13 species respectively) or a combined total of 

19 species. We also photographed humans, livestock and dogs in each sampling block. In 

Mukogodo, livestock-related activities were observed at 15 points (40%) and considered high at 

4 points (>20 independent events). In Rumuruti, livestock related activity was observed at 11 

points (55%) and considered high at 6 points. In Marmanet, livestock related activity was 

observed at 12 points (70%) and considered high at 7 points. There was a trend toward lower 

numbers of mammal species with increasing livestock-related activity (r = -0.64, p < 0.05).  

 

Five mammal species were observed that have not been encountered previously during camera 

trap surveys on 9 Laikipia ranches include giant pouched rat, savanna cane rat, suni, and black-

legged mongoose (Table 2). Black legged mongoose was observed in Mukogodo Forest, Giant 

pouched rat was observed in Mukogodo and Marmanet Forests. Savanna cane rat was observed 

in Marmanet forest. Syke’s monkey and Suni were observed in Rumuruti and Marmanet forests. 

Large carnivore species were rare or absent in all forests. Leopard, serval, spotted and striped 

hyena and wild dog were observed in Mukogodo, and spotted hyena was observed in Rumuruti. 

Among ungulates, bushbuck, Guenthers dik dik, elephants and bush pigs were most abundant in 

Mukogodo Forest. Bush duiker, bushbuck, Guenther’s dik dik and elephant were most abundant 

ungulates in Rumuruti Forest. Suni, bushbuck and bush duiker were the most abundant ungulates 

in Marmanet forest.  African buffalo, greater kudu, eland, zebras, and impala were all absent or 

not detected in the camera traps.  

 

We failed to detect many of the ground-dwelling forest/bush/woodland birds typical of Laikipia. 

We photographed a single Hildebrandt’s francolin, but no Crested francolin, Stone partridge or 

Yellow-necked spurfowl, though these species were observed in the bird point counts in at least 

one forest. Observed birds included von der Decken’s hornbill, dusky turtle dove, and a little 

rock thrush (to be confirmed). We did not photograph helmeted or vulturine guineafowl in any of 

the three forests.  

 

Camera trapping as a monitoring tool 

There are three primary advantages of camera trapping over other kinds of sampling methods to 

monitor large mammals in forests. First, camera traps may sit unobtrusively in the forest and 

sample 24 hours/day from deployment to pickup. This allows us to monitor diurnal, crepuscular 

and nocturnal mammals, as well as rare or uncommon species. In this preliminary forest survey, 

15 of 35 mammals were considered nocturnal. An additional 6 diurnal species were considered 

too rare to be monitored using other methods. Only four species (Elephant, Bushbuck, Lesser 

kudu and Warthog) are regularly encountered on the aerial surveys. Second, hilly terrain and the 

presence of elephants makes foot-based surveys logistically difficult and potentially dangerous. 

Finally, the wariness of most species found in this survey would preclude visual contact using 

foot-based surveys and would relegate most encounters to sign (footprints, feces, scrapes, etc.)  

 



Table 2. Species list for mammals observed in camera traps in Mukogodo, Rumuruti and 

Marmanet Forest Reserves.  RAI is the relative abundance index based on number of 

independent camera trap events per 100 trapdays. Star (*) indicates nocturnal mammal. 

Common Name Genus/species Mukogodo Rumuruti Marmanet 

Savanna cane rat Thryonomys gregorianus 0.000 0.000 0.406 

Giant pouched rat Cricetomys gambianus 1.745 0.000 0.203 

Striped ground squirrel Xerus erythropus  0.125 0.628 0.000 

Ochre bush squirrel Paraxerus ochraceus 0.000 0.000 0.811 

Crested porcupine Hystrix cristata 2.617 0.000 0.000 

Scrub hare Lepus saxatilis 1.122 2.511 0.608 

Dwarf Mongoose Helogale parvula 1.496 0.000 0.000 

Slender mongoose Galerella sanguinea 0.125 1.046 0.406 

White-tailed mongoose Ichneumia albicauda 0.374 0.000 0.000 

Black-legged Mongoose Bdeogale nigripes  0.872 0.000 0.000 

Zorilla Ictonyx striatus 0.000 0.209 0.000 

Honey badger Mellivora capensis 0.125 0.000 0.000 

Common genet Genetta genetta 0.374 0.209 0.811 

Blotched genet Genetta tigrina 0.499 0.000 0.000 

Leopard Panthera pardus 0.374 0.000 0.000 

Serval Cat Leptailurus serval 0.374 0.000 0.000 

Spotted Hyaena Crocuta crocuta 0.499 0.209 0.000 

Striped Hyaena Hyaena hyaena 0.249 0.000 0.000 

Wild dog Lycaon pictus 0.374 0.000 0.000 

Aardvark Orycteropus afer 0.499 0.000 0.000 

Bush pig Potamochoerus larvatus 2.368 0.418 0.000 

Warthog Phacochoerus aetheopicus 0.249 0.209 0.000 

Guenther’s dik-dik Madoqua guentheri 7.852 10.042 0.000 

Bush Duiker Sylvicapra grimmia 1.496 21.339 3.448 

Suni Neotragus moschatus 0.000 0.209 34.077 

Lesser kudu Tragelaphus imberbis 1.870 0.000 0.000 

Bushbuck Tragelaphus scriptus 12.713 11.925 4.057 

Klipspringer Oreotragus oreotragus 0.249 0.000 0.000 

Waterbuck Kobus ellipsiprymnus 0.000 0.000 0.203 

Bush hyrax Heterohyrax brucei 0.499 0.000 0.000 

Rock hyrax Procavia capensi 0.997 0.000 0.000 

Elephant Loxodonta africana 4.238 8.577 0.203 

Vervet monkey Cercopithecus aethiops 0.125 0.000 0.000 

Syke’s monkey Cercopithecus albogularis 0.000 2.301 10.751 

Olive Baboon Papio anubis 14.458 0.000 0.811 

     



that are notoriously difficult to identify to species. Camera traps allow a photographic 

documentation of species when present, as well as a count of individuals (usually). 

 

The disadvantages of camera trapping as a monitoring tool include high startup cost, equipment 

failure, incorrect setup, and damage, theft or vandalism. Camera traps cost from US$120 to 

US$550, though most camera traps considered adequate for monitoring purposes (fast trigger 

speeds, wide field of view) cost at least US$200/unit. A lock, rechargeable batteries and memory 

card add ~ US$55/unit. We recommend cameras in the US$200 range so the startup cost per unit 

is US$255 plus the cost of a charger (~US$15/unit). The most common cause of equipment 

failure is due to incorrect setup. Problems include forgetting to turn the unit on, camera trap is re-

positioned by animal or humans, batteries were not re-charged between deployments and fail in 

the field, card was not cleared before deployment and filled up. Motion due to wind moving 

leaves or grass causes triggers that fill the disc. These problems can usually be corrected by 

careful deployment procedures. To date, we have only had 4 failures of the sensor or the infrared 

flash. Damage by wildlife and damage or theft by humans is nearly impossible to control. Over 

the course of deploying 1323 camera traps throughout Laikipia County, we have lost 33 cameras 

(2.5%) due to wildlife and humans, and 19 (1.4%) cameras were damaged beyond repair. In 

forest deployments we lost only three cameras and had one camera damaged (5% of all cameras 

deployed). 

 

 

DISCUSSION 

 

Camera trapping appears to be an efficient method for monitoring large mammals and terrestrial 

birds in Forest Reserves of Laikipia County. We managed to photograph most of the large 

mammals known or believed to be resident in the forests and suffered very little camera loss due 

to theft or animal damage. Given the rugged terrain of much of the forests, line transect sampling 

would not be very easy to implement effectively. Line transect surveys or scout surveys would 

not have detected the 15 species that are primarily nocturnal, nor would they be likely to pick up 

rare diurnal species. Coverage of the forest from roads does not give adequate access to the 

forest to be considered representative sampling. Only four species recorded in the forest are also 

recorded in the aerial surveys so we can conclude that the aerial survey does not give results that 

are representative of the forest mammal community. Finally, the presence of elephants in the 

forest poses safety issues as well as logistical challenges for foot-based transect surveys.  

 

The drawback with camera traps is the high relatively high startup cost for camera units and 

accessories (US$250/unit). If the costs are amortized over time, however, camera trapping is 

usually cost-effective, samples larger communities of mammals, and is safer and logistically 

easier to implement than other sampling methods that focus on diurnal transect sampling on foot 

in forests and rely primarily on detecting sign rather than animals.  

 

Our surveys of the mammal communities of Laikipia County Forest Reserves have shown that 

mammals are sensitive to the presence of humans, dogs and livestock in the forest and that many 

species are absent or rare in locations where livestock activity is frequent. Although Mukogodo 

forest is relatively diverse (29 mammal species observed) we recognize that some expected 

species were not captured during our surveys. The high relative abundance of bush duiker, 



bushbuck, bush pig and olive baboon is associated with high levels of human activity and 

suppressed predator populations typical of group and fenced ranches elsewhere in Laikipia 

(Kinnaird and O’Brien in press). Lions, leopard, spotted and striped hyenas were either absent or 

very rare in the forests, possibly reflecting the heavy amount of livestock-related activity. Some 

missing species are hunted for bushmeat in other parts of Laikipia including eland, African 

buffalo and impala.  

 

In conclusion, we rule out foot-based surveys along transects for sampling mammal communities 

in forest habitats because they are logistically difficult, have associated safety issues, have low 

encounter rates with a very limited segment of the mammal community, and usually rely on sign 

that may be misidentified. We recommend camera trap surveys as the monitoring method of 

choice. 
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