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EXECUTIVE SUMMARY 

This report presents the results of the first fixed-wing aerial wildlife census of 
the Chitabe concession (NG 31), conducted during October 2009. The purpose of this 
survey is to provide information on the distribution and abundance of wildlife species in 
the concession.  Maps, tables and bar graphs illustrating the distribution and abundance 
of wildlife species in the concession are presented.  

 
During the survey we recorded 382 wildlife observations.  The total number of 

wildlife counted was 3,115 animals. The most abundant woodland species counted were 
impala (949) and elephant (913). The most abundant floodplain or water species 
counted were lechwe (231) and hippo (146). The most birds observed on the survey 
were yellow bill storks (50). Rare bird observations included two wattled crane. We 
counted four elephant carcasses during the survey.  

 
The number of animals counted and density (km2) of wildlife species recorded 

during Chitabe fixed-wing aerial survey in October 2009 are presented below. 
 

 Species Number 
Counted 

Density (km2) 

Woodland Sp   
Baboon 107 0.44 
Buffalo 258 1.06 
Elephant 913 3.74 
Giraffe 79 0.32 
Impala 949 3.89 
Kudu 26 0.11 
Tsessebe 47 0.19 
Wildebeest 64 0.26 
Zebra 153 0.63 
Wetland/Water Sp   
Crocodile 3 0.01 
Hippo 146 0.60 
Lechwe 231 0.95 
Reedbuck 5 0.02 
Waterbuck 1 0.00 
Warthog 42 0.17 
Bird   
Bateleur Eagle 2 0.01 
Ground Hornbill 3 0.01 
Ostrich 9 0.04 
Pelican 22 0.09 
Saddle Bill Stork 3 0.01 
Wattled Crane 2 0.01 
Yellow Bill Stork 50 0.20 
Total 3115 12.77 
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FIXED-WING AERIAL WILDLIFE CENSUS OF THE CHITABE CO NCESSION  
(NG 31) OKAVANGO DELTA, BOTSWANA  

  

Introduction 
 

This survey, flown in October 2009 (Oct09) is the first fixed-wing aerial census of 
the Chitabe concession (NG 31) in the Okavango Delta. The survey was flown by means 
of a total count, where the objective was to count all the animals in the concession. Large 
woodland mammals (elephant, buffalo, wildebeest, zebra and impala), wetland species 
(hippo and crocodile) and floodplain ungulates (lechwe, reedbuck, and waterbuck) were 
counted. Large birds (cranes, pelicans, storks and ground hornbill) were also recorded 
during the survey.   

 
This report provides data from the Oct09 survey over the Chitabe concession. The 

purpose of this fixed-wing aerial wildlife census is to provide the concession’s managers 
with important information to determine wildlife population estimates, evaluate wildlife 
distributions and densities in NG 31. These data further provide both the Department of 
Wildlife and National Parks (DWNP) and the Chitabe concession managers with 
important information to help them conserve and manage wildlife populations.  

 
Concessions such as Chitabe which adjoin Moremi Game Reserve (GR) are a 

critical part of the Okavango Delta ecosystem, and provide linkages and corridors for 
wildlife movement (Chase 2009). At a larger scale the survey will contribute important 
data to current conservation and development programmes’ such as the Okavango Delta 
Management Plan, Bio-Okavango and independent wildlife research projects. Flamingo 
Investments (Pty) Ltd, concession holder of the NG 31 (Chitabe South Site), has 
committed funds to do aerial surveys each year. These annual aerial surveys will help 
monitor wildlife population trends and provide valuable data to various stakeholders, 
including DWNP.  

Study Area 
 

The Chitabe concession (~ 245 km2) is a photographic non-consumptive wildlife 
management area. Situated in the southeastern part of the Okavango Delta in northern 
Botswana, the concession lies between the Gomoti and Santantadibe rivers. The Gomoti 
River forms the concessions eastern boundary separating the concession from the 
Moremi GR. Chitabe is bordered to the south by a Controlled Hunting Area (CHA), NG 
32, this boundary is determined by an old cut line/track which runs along the border of 
NG 32. The Santantadibe River forms the concessions western boundary. The northern 
and southern boundaries were determined, using the GPS coordinates provided by a 
survey conducted by the Tawana Land Board (Figure 1).  

 
The Gomoti and Santantadibe rivers are characterized by seasonal flooding and 

open floodplains. The Gomoti River had been dry from 1984, it began to flow again in 
1999, spilling onto the seasonal floodplains. While the concession is relatively small it 
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comprises a diverse mix of various habitats. The northwest parts of the concession are 
wetter, comprising of permanent wetland. The eastern part of the reserve comprises of 
drier savanna habitats (excluding the wetland habitats associated with the Gomoti River). 
North of the concession in the Moremi GR, the Mboroga River flows south, splitting into 
two channels. The east channel branches into the Gomoti River, the other branches into, 
the Santantadibe River that leads through lagoons and runs down this reserve’s western 
side. The southern parts of the concession are comprised of drier open plains and mixed 
acacia woodlands.  

 

Figure 1. Chitabe Concession (NG 31) in northern Botswana.  

 

Methods 
 
Fixed-Wing Aerial Survey 
 

The aerial survey was flown over two days, between 28 – 29 October 2009.  The 
survey was conducted during the peak hot-dry season when we expected increased 
visibility of wildlife.  To avoid double counting, we delineated the survey area into two 
survey blocks, by dividing the concession into two strata, named East and West Chitabe 
(Figure 2).  These two strata were also divided according to land cover differences 
(explained further under Habitat Mapping).  

MOREMI GR 
CHITABE  
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  For this survey, we used the methodology adopted by Chase (2007) to conduct total 
fixed-wing counts of wildlife.  The survey was flown by means of a total count. We attached two 
wands to each of the wing struts to delineate a 250 m interval for recording wildlife observations 
at an altitude of ~90 m.  We spaced transects 500 m apart, providing a 100% sampling coverage.  
We flew transects during the morning hours (~0730 - ~1000 hrs).   

 
Interval widths on each side of the plane were calibrated and confirmed prior to 

initiating a survey over each stratum. This was done by placing markers at measured 
distances on the airstrip and conducting flyover tests.  After repeated flyovers and photo 
verification, wands were adjusted to provide the designated interval widths at appropriate 
flight altitude.  The aluminum wands were semi-permanently attached to the struts for the 
duration of the survey. 

 
Transects were flown at an average speed of 90 knots using a Cessna single 

engine plane. Height above ground level was maintained using a Bendix King radar 
altimeter.  Flight transects were systematically flown along east/west axes, corresponding 
to the perpendicular gradient of the Gomoti and Santantadibe rivers.   

 
Prior to flying, all transects were incorporated into a digital map of the survey 

area with their beginning and end point coordinates.  This digital map was created using 
ArcView 3.2 (ESRI 2002) software and showed observable landmarks and boundaries.  
All transects were mapped as routes (Mapsource 2007) prior to flying and shown on the 
digital map with their beginning and end point coordinates.  We used GPS receivers 
(Garmin 12xl, Garmin 176c) and DNR Garmin software (Minnesota Department of 
Natural Resources, GIS Section) to navigate along transects.   

 
For all strata we used the standard methodology for transect sampling developed 

by Norton-Griffiths (1978). Observers recorded wildlife species inside the counting 
interval when they were as nearly perpendicular to the plane as possible.  Additionally, a 
mark was put on the plane window to help observers keep their eyes at a consistent height 
to maintain the same sighting angle for each observation.  This helped us to keep 
consistent interval widths for each observation and reduce double counting.  Any animals 
outside of the area delineated by these wands were not counted.  For each observation 
seen within the transect interval, the observer called out the numbers of species.  
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The pilot, data recorder and two observers were able to communicate efficiently 
through a four-way intercom headset receiver box. With each herd observation, a data 
recorder entered a waypoint on the GPS.  The recorder also kept a written data log for 
each observation including: the waypoint number and time, altitude from the radar 
altimeter, and number of individuals observed.  The start and end times for each transect 
were also recorded.  The same two observers were used throughout the survey, one on 
each side of the plane.  One of the observers had extensive previous aerial survey 
experience (LSO > 30 hrs) prior to this project. 

 
To verify herd size and the sighting of herds within the interval defined by the 

wands, two digital EOS 30D Canon cameras were used.  The components of the camera 
system consisted of two cameras with 20-mm wide-angle lenses, camera backs with time 
code generators, remote switches and two window camera mounts.  A camera was 
mounted on each side of the plane and the center of the lenses corresponded with the 
marks on the plane window that were used to help observers keep their eyes at a 
consistent height for each observation.  The cameras provided high-resolution photos so 
that animals could be more accurately counted during subsequent analyses.  Typically, 
observers took a picture with each wildlife observation > 20 animals.  A GPS time code 
and date were recorded to the second for every frame exposed.  
 
Habitat Mapping 
 

Mapping key vegetation types is helpful when determining wildlife distribution. 
Initial attempts to map the vegetation cover in NG 31 were done by attaching a digital 
camera (Nikon) to the wing strut of the plane. Flying at an altitude of 3000 feet the 
camera took a photo every second.  This was a preliminary attempt to determine if this 
method would be viable to map the vegetation types in the concession. I suggest a more 
comprehensive aerial survey, dedicated solely to habitat mapping would be a useful 
management tool in the future The photos will be geo-referenced with the time codes 
recorded on the GPS and subsequently verified with observations from the ground. These 
images, together with future ground observations and Google Earth imagery will help 
contribute towards compiling a vegetation classification map of NG 31.   For this report, 
the distribution of wildlife relative to vegetation (savanna grassland and woodland, 
floodplains, riparian woodland) and land cover (dry savanna, seasonal floodplains, 
inundated floodplains) are illustrated using Google Earth imagery (Figure 2).  
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Figure 2. Chitabe fixed-wing aerial survey strata determined by land cover, Oct09.  

 

 
*Google Earth Imagery (2007). 
 
Data Analyses 
 

Photo-Interpretation.  The number of individuals in the digital image of each herd 
was counted and compared to the observers’ counts. This method verified and/or 
corrected observers’ herd counts and determined whether animals occurred within the 
counting interval.  This method was especially helpful in counting large herds that are 
difficult to count from the air.  

 
Total Count.  The entire area was covered in adjoining transects which  

were 500 m apart, and the total number of animals counted is the total population for the 
counting area. 
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Results 
 
Sampling Effort 
 

For the 244 km2 survey area, 4 hours were flown totaling 469 km (Table 1 and 
Figure 3). Flight altitude averaged 90.5 m (range 82 - 126 m) for wildlife observations. A 
total of 58 transects (range 3 - 11 km) were flown in an east/west direction.  
 

Table 1. Summary parameters for Chitabe fixed-wing aerial survey, Oct09. 

 
Stratum         /         Strata Transect 

Spacing 
(m)

Av. Strip 
Width

Strata/Block 

Area (km2)

Total 
Transect 

Length (km)

Av Height 
(ft)

Time 
Taken 
(min)

Area 
Covered 

(km2)

Search 

Rate1 

(km2/min)
Chitabe (NG31)

Chitabe East 500 498 110 209 89 88 100.32 1.1
Chitabe West 500 492 134 260 92 127 130.52 1.0

Total 244 469 90.5 215 230.84  
 
1 A search rate of 1.5 is considered adequate for large animals, but 1 or less should be aimed at for other 
animals (Gasaway et al. 1986, Craig & Gibson 2002). 
 

Figure 3. Recorded track logs of flight paths during the fixed-wing aerial survey, Oct09. 
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Fixed-Wing Survey Results 
 

During the survey we counted 3,115 animals, the highest numbers (1,570) 
occurred in the East Chitabe stratum (Table 2). The highest number of woodland species 
counted were impala (949) and elephant (913). The most abundant floodplain or water 
species counted were lechwe (231) and hippo (146). The most birds observed on the 
survey were yellow bill storks (50). Rare bird observations included two wattled crane. 
We counted four elephant carcasses during the survey.  

Table 2. Wildlife numbers counted in each stratum, Chitabe fixed-wing aerial survey, Oct09. 

 
Strata/Block Species 

East 
Chitabe 

West 
Chitabe 

Total 
Counted 

Woodland Mammals    
Baboon 42 65 107 
Buffalo 21 237 258 
Elephant 526 387 913 
Giraffe 47 32 79 
Impala 675 274 949 
Kudu 10 16 26 
Tsessebe 23 24 47 
Wildebeest 34 30 64 
Zebra 13 140 153 
Floodplain/Water Sp    
Crocodile 2 1 3 
Hippo 80 66 146 
Lechwe 68 163 231 
Reedbuck  5 5 
Waterbuck  1 1 
Warthog 16 26 42 
Birds    
Bateleur Eagle 2  2 
Ground Hornbill  3 3 
Saddle bill stork 2 1 3 
Ostrich 7 2 9 
Pelican 2 20 22 
Wattled Crane  2 2 
Yellow bill stork  50 50 
Total 1570 1545 3115 

 



 9 
 

Wildlife Distribution 
 

During the survey wildlife was widely distributed throughout the concession. The 
wide occurrence of wildlife can be attributed to the diverse number of wildlife species 
and variable habitats which occur in the concession (Figure 4).  A total of 15 mammal 
species and 7 important bird species were counted. The western border of the concession 
comprises of permanent wetlands, were we observed fewer animals.  

 
Elephant and buffalo herds largely occurred in the center and southeastern portion 

of the concession (Figure 5). Buffalo observations mainly occurred along the rivers and 
adjacent floodplains (Figure 6). Giraffe were mostly observed in dry savanna habitat in 
the east of the concession (Figure 7). Hippo occurred along the main river channels, 
floodplains and lediba’s (lagoons) (Figure 8). Impala occurred throughout the dry 
savanna plains and woodlands which dominate the eastern areas of the concession 
(Figure 9). Lechwe were largely distributed adjacent to the rivers (Figure 10). Zebra were 
observed on the dry savanna grasslands, primarily south of Chitabe camp (Figure 11). 
Rare bird observations are illustrated in Figure 12a, while reedbuck and waterbuck were 
observed in the floodplains along the Santantadibe River (Figure 12b).  

Figure 4. Wildlife observations recorded during Chitabe fixed-wing aerial survey, Oct09.  
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Figure 5. Distribution of elephant, Chitabe fixed-wing aerial survey, Oct09. 
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Figure 6. Distribution of buffalo, Chitabe fixed-wing aerial survey, Oct09. 
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Figure 7. Distribution of giraffe, Chitabe fixed-wing aerial survey, Oct09. 
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Figure 8. Distribution of Hippo, Chitabe fixed-wing aerial survey, Oct09. 
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Figure 9. Distribution of impala, Chitabe fixed-wing aerial survey, Oct09. 
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Figure 10. Distribution of lechwe, Chitabe fixed-wing aerial survey, Oct09. 
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Figure 11. Distribution of tsessebe, wildebeest and zebra, Chitabe fixed-wing aerial survey, 
Oct09. 
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Figure 12. Distribution of birds (a) and wildlife (b), Chitabe fixed-wing aerial survey, Oct09.  

 
 

(a) 

(b) 
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 Herd Observations and Abundance 
 

During the survey we recorded 382 herd observations (Table 3). The number of 
herds observed between the right observer (204) and left observer (178) were similar (6 
% difference in observations). Impala (77), elephant (72) and giraffe (43) herds were 
observed frequently. Elephants had the largest average herd size (12.6), although one 
herd numbered ~90 elephants. The average impala herd size was 12.3, while the average 
herd size for lechwe numbered 7.7 animals. The average herd size for the 21 buffalo 
observations was 12.3, although one herd was estimated to number 60 individuals. 

 
A total of 3,115 head of wildlife/bird species were observed during the aerial 

survey (Table 3). The left observer counted 14 % less wildlife and the right observer 
(1,354 vs 1,769). For woodland species, impala occurred in the highest numbers (949). 
The right observer counted considerably more impala (671 vs 278), lechwe (156 vs 75) 
and zebra (142 vs 11) than the left observer. For larger species, such as elephant and 
hippo, the number of animals counted between the two observers was similar. A herd of 
90 elephants was the largest herd recorded on the survey, followed by a buffalo herd 
comprising of 60 animals.    
  

Table 3. Number of herds counted, average herd size, number of animals counted and 
minimum/maximum herd sizes according to L or R observer, Chitabe fixed-wing aerial survey, 
Oct09. 

 
Species

L R Total L R Total L R Total L R L R
Woodland Sp
Baboon 3 4 7 17.67 13.50 15.29 53 54 107 10 2 30 25
Baobab 4 4 1.00 1.00 5 5 1 1
Elephant Carcass 1 2 3 1.00 1.00 1.00 1 2 3 1 1 1 1
Buffalo 12 9 21 13.67 10.44 12.29 164 94 258 1 1 60 30
Elephant 39 33 72 12.51 12.88 12.68 488 425 913 1 1 40 90
Giraffe 19 24 43 2.32 1.46 1.84 44 35 79 1 1 11 3
Impala 33 44 77 8.42 15.25 12.32 278 671 949 1 1 30 60
Kudu 3 2 5 2.33 9.50 5.20 7 19 26 1 9 3 10
Tsessebe 5 9 14 2.60 3.78 3.36 13 34 47 1 1 5 9
Wildebeest 3 7 10 11.33 4.29 6.40 34 30 64 3 1 25 12
Zebra 3 14 17 3.67 10.14 9.00 11 142 153 1 2 5 30
Wetland/Water Sp
Crocodile 3 3 1.00 1.00 3 3 1 1
Hippo 21 17 38 3.71 4.00 3.84 78 68 146 1 1 23 30
Lechwe 13 17 30 5.77 9.18 7.70 75 156 231 1 1 25 50
Reedbuck 3 3 1.67 1.67 5 5 1 3
Waterbuck 1 1 1.00 1.00 1 1 1 1
Warthog 11 8 19 2.27 2.13 2.21 25 17 42 1 1 4 6
Bird
Batleur Eagle 1 1 2 1.00 1.00 1.00 1 1 2 1 1 1 1
Ground Hornbill 1 1 3.00 3.00 3 3 3 3
Ostrich 3 3 6 1.00 2.00 1.50 3 6 9 1 1 1 3
Pelican 2 2 11.00 11.00 22 22 2 20
Saddle Bill Stork 2 2 1.50 1.50 3 3 1 2
Wattled Crane 1 1 2.00 2.00 2 2 2 2
Yellow Bill Stork 1 1 50.00 50.00 50 50 50 50
Total 178 204 382 7.61 8.60 8.14 1354 1769 3123 1 1 60 90

Observer Herd Counts Max Herd SizeMin Herd SizeObserver Average Herd Size Number Counted
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The Chitabe concession has a remarkably high wildlife population density, estimated to 
number 12.8 animals per square kilometer. Elephants and impala occur in the highest densities, 
3.7 and 4 animals per square kilometer, respectively (Table 4 and Figure 13) 

 

Table 4. Number of animals counted and density (km2) of wildlife species, Chitabe fixed-wing 
aerial survey, Oct09. 

 
Species Number 

Counted 
Density (km2) 

Woodland Sp   
Baboon 107 0.44 
Buffalo 258 1.06 
Elephant 913 3.74 
Giraffe 79 0.32 
Impala 949 3.89 
Kudu 26 0.11 
Tsessebe 47 0.19 
Wildebeest 64 0.26 
Zebra 153 0.63 
Wetland/Water Sp   
Crocodile 3 0.01 
Hippo 146 0.60 
Lechwe 231 0.95 
Reedbuck 5 0.02 
Waterbuck 1  
Warthog 42 0.17 
Bird   
Bateleur Eagle 2 0.01 
Ground Hornbill 3 0.01 
Ostrich 9 0.04 
Pelican 22 0.09 
Saddle Bill Stork 3 0.01 
Wattled Crane 2 0.01 
Yellow Bill Stork 50 0.20 
Total 3115 12.77 

 

The concession also has a high number of giraffe (79) and hippo (146), species which are 
believed to be declining in Botswana (Fennessy 2009 and Chase 2009). Chitabe has valuable 
wetland habitats which may account for the high number of lechwe (231) in the concession. One 
water buck and five reedbuck were observed in the wetter regions in the west part of the 
concession. Bird observations occurred throughout the concession, although at relatively low 
densities. 
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Figure 13. Number of animals counted and density (km2) of wildlife species, Chitabe fixed-wing 
aerial survey, Oct09. 

 
    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

^ omitted species with < 4 observations 

Discussion 
 
Wildlife Distribution 
 

In 2009, the Okavango River reached its highest level since 1969, inundating 
most of the Okavango delta’s floodplains.  For this first time in 30 years the Okavango 
delta was connected (via the Selinda) to the Kwando-Linyanti and Chobe-Zambezi rivers 
(Chase 2009).  Similarly, the Savuti River is flowing for the first time since 1983. The 
record 2009 flood levels and high rainfall may have affected wildlife distribution and 
abundance during this survey and should be considered if the results are to be compared 
with future aerial surveys.   
 

It is also possible that species such as hippo, crocodile and lechwe may have 
moved further south of the concession along the Gomoti River. The wetter conditions 
(large pans will hold water throughout the year in high rainfall years) may have enticed 
wildlife to move out of the Chitabe concession.  
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The absence of previous survey data for the Chitabe concession makes it difficult 

to infer any solid conclusions about wildlife distribution. The majority of Chitabe’s 
wildlife populations occur along the Gomoti River, which borders Moremi GR and the 
savanna grasslands and woodlands which occur in the interior of the concession. The 
distribution of wildlife is likely to vary according to seasonal climatic conditions, the 
timing of the flood and the movements of animals. Hippo for example will move from 
one bank of the river to the other or disperse to newly flooded regions which are not 
covered by the aerial survey.   

 
While conducting this survey along the Moremi GR border (east of the Gomoti 

River) we observed large herds of buffalo (> 450 animals) grazing on the floodplains in 
Mormei GR (outside of our survey area), but which are known to frequent the concession 
(M. Holding, pers. comm.). Further, aerial surveys of wildlife in the region have shown 
that population levels can fluctuate in response to climatic conditions, human and 
environmental disturbances and that the intensity of the response can vary in time and 
space (Chase and Griffin 2009).  

 
Herd Observations and Abundance 
 
 Our survey estimated 12.8 animals per square kilometer, in the Chitabe 
concession.  This survey provides seminal baseline information from which future 
surveys can infer population trends.  
 
Variations in Wildlife Estimates between Observers  
 

The left seat observer used on this survey had less experience at counting animals 
from the air than the right seat observer. This may account for the differences in the 
numbers of animals counted between the observers. Total aerial counts rely on 
experienced observers. However, despite the experience of our observers in counting, 
observing and estimating wildlife numbers, observers inherently underestimate herd 
sizes, as such aerial surveys underestimate population densities (Chase 2009). Large 
herds of buffalo, elephant, hippo and flocks of water birds are common along rivers such 
as the Gomoti. Analysis of observer call-outs and photo verification by Chase (2009) on 
an aerial survey of the Caprivi River Systems reveals that when herds exceed 50 animals, 
observers underestimated animals, in the case of buffalo by as much as 60 % (Chase 
2009).  While we used digital cameras on this survey to help verify the numbers of 
animals seen by our observers, our two observers did not take many photos to infer any 
differences between observer call-outs and photos.  

 
Recommendations 
 
 Effective conservation management requires a good understanding of wildlife 
population dynamics and reliable estimates of population densities. This is especially true 
in many of Botswana’s concession areas, where ecotourism is the main source of income. 
To provide accurate estimates of population sizes of large animals ranging over extensive 
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areas, aerial surveys are often the only practical way to monitor wildlife trends. I suggest 
that future surveys should be conducted, which would provide critical information on 
wildlife distribution, abundance and trends.  
 

Ideally, three aerial surveys should be flown annually. The first survey should be 
flown during the hot-wet season (preferably Jan. - Apr.), the second survey conducted 
during the cool-dry season (and when the flood reaches the concession), and the third 
survey flown in the hot-dry season (Sept. - Oct.). These surveys will provide an 
opportunity to evaluate wildlife distribution, abundance and trend between surveys and 
compare changes over time. 
 
 Ground counts should be encouraged as these would provide more reliable 
estimates for those species which are difficult to count form the air (impala, lechwe and 
kudu). These counts would also be valuable in determining wildlife population trends.  

Conclusion 
 
This is the first aerial survey of the Chitabe concession. The results presented in this 
report provide valuable information on the distribution and abundance of wildlife in the 
concession. We counted 3,115 animals, impala and elephant occurred in the highest 
number. Future aerial surveys should be encouraged, which will help better understand 
wildlife distribution and trends in the concession. Although this is our first aerial survey 
of the Chitabe concession, Flamingo Investments (Pty) Ltd, concession holder of the NG 
31 Chitabe South Site, has committed to flying fixed-wing wildlife surveys on an annual 
basis. 
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