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The dynamics of the warthog (Phacochoerus africanus ) in the northern part of 
Senegal is very little known even though it is the only wild Suidae existing 
there. This study reported the density of warthogs populations in this 
Sahelian affinity local area and provide information about the age and sex 
groups. Linear transect of warthogs in the Djoudj National Park and the 
Gueumbeul Wildlife reserve confirms both the actual presence and density 
of the species in the Senegal River Delta. Estimating populations at the PNOD 
and RSFG gives IKA respectively of 2.1 and 11.3 individuals per km in 2014 
and IKA 2.5 and 10.25 in 2015; IKC 0.93 and 2.4 contacts per km in 2014 and 
IKC 2.5 and 1.29 in 2015 to densities of 12.05 and 36.10 individuals per km² 
in 2014 and 13.03 33.33 individuals per km² in 2015. The predominance of 
older than 3 years is the most represented while younger than 1 year are the 
least represented. In both study sites, the sex-ratio is biased in favor of 
females. 
 
Key words: Warthogs, Phacochoerus africanus, wild suidae, pedestrian count, age 
and sex group, Djoudj, Gueumbeul, Senegal River Delta, Sahelian. 

 
INTRODUCTION 
 
Little research has been carried out on Warthog 
(Phacochoerus africanus) in the Senegal River Delta even 
though it is one of the most frequently encountered species 
in protected areas (MEPN, 2005). In terms of population, 
the warthog and the baboon are the only two mammalian 
species whose population exceeds thousands in certain 
national parks (DEFCS, 2003). It is the most abundant 
species of wild ungulates in the region (Bourlière et al., 
1976). The species has been identified in several wildlife 
counts (Galat et al., 1992). However, taking several 
elements into account this species deserves special attention 
to its conservation as well as with its exploitation. It is the 
subject of intense poaching (ALE GONH- GOH, 2001) 
because of its meat which is appreciated by certain 
category of the population, especially non-Muslims. 
Besides, it is the most hunted mammal, as it also plays an 
important role in hunting activities (ALE GONH-GOH, 
2001). 

The only study that was carried out at the Djoudj National 
Park bird sanctuary (PNOD) for this species was done in 

1985. Thus, the data which exist relate mostly to 
generalities. Now, to better monitor and know the 
characteristics of a species conservation area, special 
emphasis should be placed on the study of the most 
representative species which as is today, the warthog in the 
northern part of Senegal. 

It is in this context that this study is being undertaken 
aimed at producing data on the population, age and sex 
classes in order to improve knowledge of the species in this 
part of the country. A regular inventory of warthogs will 
track changes in its headcounts and to update the databases 
required for the layout of the area and the preservation of 
the species (Agoussounou et al., 2011). 

This study presents the results of two successive years of 
counts made in the Djoudj National Park and in the 
Gueumbeul Wildlife Reserve; two protected areas in 
northern Senegal; in a phytogeographical area with 
Sahelian affinities. It provides information on indices of 
abundance and density as well as headcounts, age and sex 
groups. The estimate of the density of  animal  populations is  
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Map 1: Location of the PNOD and the RSFG in the Senegal River Delta 

 
 
 
crucial in ecology. It is the basis of dynamic studies between 
and within populations, and the origin of all major resource 
management plans and conservation of living heritage 
Varaillon (1997). 
 
 
MATERIALS AND METHODS 
 
Study site 
 
In this study, the focus was on two protected areas located 
in the Delta of the Senegal River in the north of the country 
(Map 1) where warthogs’ concentrations appear to be the 
most important: the Djoudj National Park and the 
Gueumbeul Wildlife Reserve. 
 
The Djoudj National Park (PNOD) 
 
It is located in the lower delta of the Senegal River, about 15 
km from Ross-Béthio and 60 km northeast of Saint Louis, 
between 16° 30'N and 16 ° 10'W. The initial area classified 
was 120 km² which was increased to 160 km² in 1975 
including 90 km² inundated during the flooding of the river. 
This expansion was accompanied by the relocation of 
villages and mobile home to populations that were within 

the park. It is bordered to the north and northwest by a 
peripheral dam, to the south by the Lake of Gorom and the 
east by that of Rhad. 

The Park, located entirely in the deltaic ecosystem of the 
Senegal River appears as a set of lowlands (Map 2). The 
relief of the Park is generally flat and its watershed is 
marked by relatively high areas (lifted and deltas) and 
depressions (basins). 60% of the area consist of ponds 
(Tantalus, Diensah, Khoyoye), oxbow lake (Diar, Gorom, 
Djoudj, Khar, Tiguet, Diolar ...) and lakes (Grand Lake, 
Lamentin, Khar); fresh or brackish water and 40% of flat 
clay soil and sand dunes. This complex contigus land and 
swampy ecosystems is very interesting as it serves a range 
of habitats for warthogs (Adjin et al., 2011). 

The semi-arid tropical climate (Figure 1 and Table 1) is 
characterized by a transition from the influences of a 
continental Sahelian area and a coastal area. Consequently, 
the air masses of seasonal winds are according to their 
provenance; either wet or dry, cold or hot.  

The vegetation is of Sahel-Sahelian type resulting in low 
rainfalls on saline soils with shrubby savannah with 
Tamarisks, Acacia and Balanites (PDMAS, 2008). In flooded 
areas, stands of Typha australis, Sporabolus robustus, 
Phramites vulgaris, Nymphea lotus, etc., are noted and are 
represented well in the great swampy extents of the park.  
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Map 2.The main ecozones of the Djoudj National Park 
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Figure 1.Ombrothermic diagram of Saint-Louis. 
Source: www.meteo.visoterra.com 

 
 
 
The exposed area are covered with grasses such as 
Sporobolus, Cyparaceae and Gramineae sp; Nymphea sp, 
Vossia cuspidata, Pistia, Typha and Phragmites australis 
vulgaris grow in the semi-permanent lakes, temporary 

ponds and oxbow lakes (DPN, 2010). Annual species 
constitute 3/5 of the flora of Djoudj among which 50% are 
xerophyte and 10% hydrophyte (Noba et al. (2010). 

The fish fauna is represented by   92 species in  26   families,  
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Table1.Main climatic data of the Delta of the Senegal River 
 

Variable Value 

Minimum temperature 13°C (January) à 25°C (August) 

Maximum temperature 30°C (February) à 39°C (May) 

Annual rainfall 200 à 250 mm/year 

Minimum monthly rainfall 0 mm/month (April) 

Maximum monthly rainfall 130 mm/month (September) about 90 % in August and September 

Potential evapotranspiration 3 500 mm/year on average 

Prevailing trade winds Speed of 7 m/s from January 

Sandstorms Speed exceeding 15 m/s in May 
 

Source: DPN (PAG PNOD, 2005). 

 
 
 
of which the most diversified are Cichilidae (14 species), 
Characidae (12 species) and Bagridae (9 species); 337 
species of birds have been identified; among the most 
frequently encountered reptiles are the Nile crocodile 
(Crocodylus niloticus), Nile monitor lizard (Varanus 
niloticus), Seba Python (Python sebae); while for mammals, 
warthogs, red monkeys and chacales are the three 
dominant species DPN (2010). 

A riverside population of about 7,094 inhabitants was 
established in 7 villages (Débi, Diadiam I, II Diadiam, 
Diadiam III Fourarate, Rone and Tiguet) located just 
outside of the National Park. The main socio-cultural 
groups are the Wolofs, Moors and Fulani and the main 
activities are agriculture and livestock breeding. 
 
The Gueumbeul Wildlife Reserve (RSFG) 
 
It was created by Decree No. 83-550 of May 30th, 1983. It 
covers a surface of 7.2 km² with a fence of which 2 km² 
consists a lake (the bowl of Gueumbeul). It is located 12 km2 to 
the South of Saint-Louis. It is aimed at protecting a sample 
of the brackrish lagoons or / and salt marshes of Gandiolais 
and at rehabilitating a savannah with acacias widely 
damaged by human pressure. The reserve is known to also 
be the experimental enclosure of several species of 
mammals (Gazelle dorcas, Gazelle dama mohr, Oryx 
algazelle, Addax e.t.c) which have disappeared from the 
Sahel borders for decades.  
 
The warthog 
 
The warthog is a very common animal in Africa (Spinage, 
1983; O'donoghue, 1984; Frame et al., 1990; Jachmann, 
1987; Child et al., 1968; Herbison, 1987; 1988; 1990; 
Bonkoungou, 1989; Poda, 1995). It is of the superorder 
ungulates, in the order Artiodactyls, of the sub-order 
Suiformes, of the Suidae family Phacochoerinae Subfamily 
(Roure et al., 1962; Poda, 1995; Baubet, 1998; Clough and 
Hassam, 1970). It is recognizable by its barrel-shaped gray 
body and its broad and heavy elongated head with a long 
mane that descends from the spine to the middle of the 
back (Child et al., 1968; Mason, 1984; Frame, 1990; 

Monfort, 2009). It differs from other Suidae by his 
enormous head with two pairs of warts which it carries on 
the cheeks between the eyes and tusks (Agassounon et al., 
2010). It presents a marked sexual dimorphism; the height 
at the withers is 55 cm in females and 85 cm in males, and 
weight of 50-75kg for females and 110 kg for males 
(Agassounon et al., 2010); the litter size is 2 to 3 weighing 
0.8 to 1.2 kg at birth. It is a gregarious species (Yameogo, 
2012; Somers et al., 1995; Fradrich, 1965; 1974; Bradley, 
1968; Monfort, 1974; Cumming, 1975; Rodgers, 1977; 
1984; Kingdon, 1979; Mason, 1982; 1990; Radke, 1990) 
that lives in family groups of 1 male + female and small 1 or 2 
litters (Agassounon et al., 2010). The warthog is essentially a 
mixed herbivore (grazer, burrower) and frugivorous but 
may also feed on insects, lizards, and fish; it can easily adapt 
and follow an omnivorous diet or feed on carrion (Ale 
Gonh-Goh, 2001; Agassounon et al., 2010). It has a wide 
geographic distribution covering the West, East and South 
of Africa, its home range is 2 to 4 km² (Lavieren, 1976). 
 
METHODOLOGY 

 
Data Collection 
 

Animals counting on foot 
 

Census by walk appeared to be the appropriate approach in 
the context of this study, by adapting it to environmental 
conditions. The methodology used is the "linear transects" 
of which precision is a function of number of animal contact 
(Belemsobgo,1995; Burnham et al., 1980; Agassounon, 
2010); Ahokpe, 2005; 2007. We opted for the fixed-width 
transects. During the period of inventory, vegetation allowed 
for great visibility. Accordingly, we considered a strip of 150 
m on either side of the transect (Bouchė, 2008) that is, 
sampling along a linear transect. The count of warthogs 
here is based on the definition of transects equidistant of 
0.7 km and 1.4 km according to year and site as widely and 
successfully used by many other researchers who have 
worked on the savannahs ecosystems of Africa (Van 
Lavierien  and Bosch,  1976;  Cornelis,  2000;  Belemsobogo, 
1995; Ouédraogo, 2005. 
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Figure 2.Principle of the linear transect and distances involved. 
 

ri = distance observer – animal ; xi = perpendicular distance; ai = angle of observation of the animal from the line of march;  li =  distance 
covered. 

 
 
 
Counts were carried out in May 2014 and 2015 which was at 
the end of dry season. This period is very appropriate to 
perform a count due to the easily flooded character of the 
Djoudj in pluvial period which starts generally in July. The 
drying up of the main watercourses during this period 
allows access to a larger space and good visibility of the 
animals. Transects were identified during an exploratory 
mission in the sites which allowed definition of a plan of 
transect, delimit courses and to use GPS to obtain the 
coordinates of entry and exit of every transect. The 
counting was done from 6:30 a.m to 1:30 p.m. in the 
morning and from 3:30 p.m. to 7:30 p.m. in the afternoon 
with a walking speed of about 1.5 km / h by a team of 3 people 
(a secretary, two observers) who collect and defer all the 
observations on an index card were prepared beforehand. 
When an animal is detected, the distance between the line 
and the object is estimated (Figure 2). The various 
information collected throughout the course are noted on 
index cards. The main data collected are: GPS coordinates 
of the contact points, radial distance, angle of observation, 
number of individuals, sex, class and type of habitat. The 
equipment used during the enumeration consists of a GPS, 
two pairs of binoculars, collection sheets and a camera. 
 
Dung collection 
 
A study of the structure of age groups for greater certainty is 
essential for planning in wildlife management. Spinage 
(1983) opted for coupling of the direct method based on 
the use of data from pedestrian inventory and indirect 
method by sampling indices, specifically dung. This process 
involves undertaking the counting and measurement of 
dungs in previously sampled plots. For the study of the 
structure of age, only the quite distinct and well-formed 
dungs were used (Poda, 1995; Jachmann and Bell, 1984; 
Pieter et al., 2009). On each listed dejection, 6 
undecomposed and non-deformed dungs were taken and 
their diameter measured using a slide caliper. The 
maximum and minimum diameter were measured 
separately upon which the average diameter was 

determined. 
 
Dung collection plots 
 
For the collecting of dung, twenty collection stations were 
set up at Djoudj (Map 3) and 10 collection stations at 
Gueumbeul (Map 4) as it has a much smaller area than the 
Djoudj. Only accessible parts of the two sites were covered. 
On a map, the Djoudj was divided into 100 plots numbered 
1 to 100 of 800 m aside. Then, 20 plots were randomly 
chosen. In each square of 800 m, a plot of collection of 600 

m2 (20 m × 30 m) was randomly chosen. The same 
approach was adopted for the Gueumbeul where 10 plots 
for dung collection were randomly chosen (Maps 3 and 4). 

A visit schedule of all stations was thereafter established. 
All stations on the same site were investigated on the same 
day and each site was visited once in a fortnight. Dungs 
were counted, measured and analyzed while the remaining 
were destroyed to avoid double counting. 

 
Slaughtered animals 

 
Data was collected for over a period of 3 years on subjects 
slaughtered by hunters in game-hunting areas on the 
national park periphery. To do this, the help of owners of 
some hunting camps, who called us whenever a warthog 
was slaughtered by customers who took only the trophies 
was sought. We collaborated with 4 camps (Bango, Diama, 
Mirador, Taweh). The study was based on the criteria 
established by Mason (1984) including the method of 
eruption and tooth wear. Between 2013 and 2015, a total of 
79 slaughtered warthogs were studied. 79 upper jaws were 
collected, cleaned with water, dried in the sun and then 
labeled. The examination of the tooth crowns and the 
estimation of age finally made it possible to determine the 
structure of the age groups of slaughtered animals. Well-
formed droppings were taken and measured and the 
relationship was made using logarithmic regression models 
between PM3 size and age and, between the diameter of the  
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Map 3: Dungs collection device in the DjoudjNational Park (collection plots are represented by red dots). 

 
 

 
 

Map 4. Dungs collection device in the Gueumbeul Reserve (collection plots are  
represented by red dots). 
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Table 2. Number of warthogs observed according to the transects during the 2015 census in the Djoud National Park 
 

Variable T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 

L(km) 4.8 4.09 3.9 3.8 3.75 4.2 4.72 5.37 5.72 5.44 5.3 1.59 2.27 1.28 1.08 2.89 

S(km²) 1.44 1.23 1.17 1.14 1.12 1.26 1.42 1.61 1.72 1.63 1.59 0.48 0.68 0.38 0.32 0.87 

NC 8 4 6 2 3 6 7 6 7 4 7 2 4 2 3 7 

N 17 5 12 5 9 10 12 12 12 7 8 11 8 5 4 14 
 

L : length ;  S : surface ; NC : number of contacts ;  N : total number ; T1 to T16 : transect. 

 
 

Table 3. Number of warthogs observed according to the transects during the 2014 census in the Djoud National Park 
 

Variable T1 T2 T3 T4 T5 T6 T7 T8 T9 

L (km) 4.8 3.9 3.75 4.69 5.76 5.06 2.27 1.08 2.89 

S (km²) 1.44 1.17 1.125 1.407 1.728 1.518 0.681 0.324 0.867 

NC 3 1 4 1 4 9 3 2 7 

N 10 3 10 2 7 17 6 4 13 
 

L : length ;  S : surface ; NC : number of contacts ;  N : total number ; T1 to T9 : transect. 

 
 

Table 4. Number of warthogs observed according to the transects during the 2015 census in the Gueumbeul Reserve 
 

Variable T1 T2 T3 T4 T5 T6 T7 T8 T9 

L (km) 0.91 0.566 0.375 0.465 0.298 0.517 0.458 0.593 0.51 

S (km²) 0.273 0.169 0.112 0.139 0.089 0.155 0.137 0.178 0.153 

NC 3 2 4 3 2 3 1 2 3 

N 7 3 8 6 7 5 5 2 4 
 

L : length ;  S : surface ; NC : number of contacts ;  N : total number ; T1 to T9 : transect. 

 
 

Table 5.Number of warthogs observed according to the transects during the 2014 census in the Gueumbeul Reserve. 
 

Variable T1 T2 T3 T4 T5 T6 T7 T8 T9 

L (km) 0.91 0.566 0.375 0.465 0.298 0.517 0.458 0.593 0.510 
S (km²) 0.273 0.1698 0.1125 0.1395 0.0894 0.1551 0.1374 0.1779 0.153 
NC 2 1 1 2 2 1 0 2 0 
N 8 1 2 12 14 2 0 12 0 

 

L : length ;  S : surface ; NC : number of contacts ;  N : total number ; T1 to T9 : transect. 

 
 
 
droppings and age of each animal. 
 
 
RESULTS 
 
Data collection was done over two successive years, 2014 
and 2015 (Tables 2 to 5). At the Djoudj National Park, 09 
distant transects of 1.4 km were covered in 2014 (Map 5) 
and 16 transects in regular interval of 0.7 km covered in 
2015 because of the insufficient number of observations 
recorded in 2014. The total distance is 60.2 km and 34.2 
km, respectively in 2015 and 2014. In the Gueumbeul 
reserve, 09 distant transects of 0.7 km were covered in 
2014 and 2015 representing a walk distance of 4.582 km. 

Considering the enumeration period, state of the vegetation, 
size of the species to count and performance of observation 
equipment, a strip of 150 meters on either side of the 
transect was retained. In these conditions, the supposed 
surface swept for PNOD and RSFG is, respectively, 18.06 
km² (that is a sampling rate of 11.62%) and 1.41km² or a 
sampling rate of 19.55%. However, generally more reduced 
effective band “ESW” is 90.4 m on each side of the line 
transect in the Djoudj and 79.85 m in the Gueumbeul. 
However, the real sampling rate for this count is only of 
3.40% for the Djoudj and 5.20% for the Gueumbeul. 

 From the analysis of two counts made in Djoudj, it 
appears that 34 contacts were recorded for 72 warthogs 
observed during the 2014 census and 78  contacts for  151  
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Map 5: Location of transects covered in the Djoudj National Park. 

 
 

Table 6. Density and abundance of warthogs in the DjoudjNational Park according to the 2014 census 
 

Parameter ofvariation Pointestimate Standarderror % 95% confidence interval 

DS 0.53377E-01 0.15636E-01 29.29 0.28440E-01 0.10018 
E(S) 2.2588 0.24924 11.03 1.8048 2.8270 
D 0.12057 0.37742E-01 31.30 0.62741E-01 0.23170 
N 1929.0 603.84 31.30 1004.0 3707.0 

 
 

Table 7.Density et abundance species of warthogs in the Djoudj National Park according to the 2015 census 
 

Parameter 

Of variation 
Pointestimate Standard error % coefficient 

95% percent 

Confidence interval 

DS 0.70495E-01 0.14221E-01 20.17 0.47410E-01 0.10482 

E(S) 1.8486 0.13160 7.12 1.6046 2.1299 

D 0.13032 0.27878E-01 21.39 0.85705E-01 0.19816 

ESW 90.397 18.13 75.00 63.178 129.34 

N 2085.0 446.02 21.39 1371.0 3171.0 

 
 
 
individuals observed in 2015. In the Gueumbeul, 11 
contacts for 51 individuals were recorded in 2014 and 23 
contacts for 47 individuals observed during the 2015 count. 

Results obtained from data analysis using the Distance 
software for Djoudj were taken into account (Tables 6 and 
7). The number of contacts (11) recorded in 2014 and 23 in 
2015 in Gueumbeul is weak and below the average obtained 
for analysis with Distance software. 

For the Djoudj sector, we chose the Uniform cosine model 
with 5% right truncation. This model has the best value of 
AIC = 323.39 and one delta AIC = 0. However, most 
important is the Kolmogorov-Smirnov test result (Figure 3) 

which shows a relatively high goodness of fit (Global/K-S 
GOF Test; p = 0.69). Moreover, the probability of the greatest 
chi-square values are p= 0.82, p = 0.89 and p = 0.06, 
respectively for the three tests showing their importance for 
the model (Buckland and al., 2001; Anderson and al., 2001). 

Overall in 2014, there were 34 contacts in Djoudj National 
Park for a total of 72 warthogs, a kilometric index of contact 
(IKC) of 0.99 contacts per km and 1 km abundance index 
(IKA) 2.1 Individuals per km. In 2015, 78 contacts were 
recorded for 151 warthogs counted equivalent to an IKC of 
1.29 and IKA of 2.5. In the Gueumbeul reserve, there were 
11 contacts for a total of 51 warthogs counted in 2014  with  
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Figure 3: Detection function curve of the warthogs in the Djoudj National Park 

 
 

 
 

Figure 4: Average frequency of the age groups depending on the site 

 
 
 
a kilometric index of contact (IKC) of 2.4 contacts per km 
and a kilometric index of abundance (IKA) of 11.3 
individuals per km. In 2015, 23 contacts were recorded and 
47 individuals observed, with IKC of 5.01 and IKA of 10.25 
individual per km. The average density of warthogs in the 
Djoudj Reserve calculated with Distance software is 12.057 
individuals per km ² for an average population of 1929 
animals in 2014 and 13.032 individuals per km² in 2015 for 
an average population of 2085 animals. 

In addition, the determination of the structure of the age 
groups per sample of the dejections or indirect method was 
done over two years; 2013 and 2014. For Djoudj Reserve, 
approximately 7527 dungs of 1254 non-degraded 
dejections were collected and measured against 6417 
dungs of 1068 dejections for the Gueumbeul Reserve. The 
average diameters were between 1.2 cm and 5.85 cm for 
Djoudj and between 1.2 and 5.9 for Gueumbeul. Their 
frequencies by class-interval of diameter are shown in 
Tables 11 and 12. 

In the Gueumbeul Reserve, the diameters of collected 
dungs were between 1.2 and 5.9 cm; 81% of the dungs 
collected had a size of between 2.1 and 3.6 cm 
corresponding to a population age of between one and four 
years if one refers to the classification made by Nazingha 
(1995) with dungs of subjects of known-age; 13% of the 
dungs collected correspond to a population age of over 4 
years against 6% of young under the age of 1 year (Figures 
4 and 5B). 

For the Djoudj Reserve, 88% of collected dungs were 
between 2.1 cm and 3.6 cm in size corresponding to a 
population with ages between one and four years where 
5% corresponds to youngs under one year and 7%, adults of 
over four years (Figures 4 and 5C).  The diameter class of 
between 2.8 and 3 cm represents the largest number of 
dungs. 

Between the 2012-2013 and 2014-2015 surveys, a sample 
of 79 warthogs slaughtered by hunters (Table 13) were 
studied to  estimate  age  classes according  to Mason (1984)  
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Figure 5: Comparison of the number of dungs collected in the two sites according to age group. 
 
 

  

 
Figure 6 : Proportion of age groups in the population of wart hogs of the PNOD (A) and of the RSFG (B) 
according to the size of dropping collected between 2013 and 2014 

 
 

Figure 6. Proportion of age groups in warthogs population of the PNOD (A) and the RSFG (B) according to the 
size of dropping collected between 2013 and 2014. 
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Figure 7:Comparison between the age groups obtained from teeth reading and those from size of 
the droppings in Djoudj National Park. 

 
 
 
criteria for teeth reading ( Tables 14 ; Figure 8) and those of 
Poda (1995) on droppings diameter (Figures 6, 7, 8 and 9). 

Mason (1984) criteria was established in Zululand and is 
used for determining the age of warthogs of   up  to 12 years.  
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Figure 8.Relationship between size of M3 and age on 79 warthogs slaughtered between 2013 and 2015 

 
 

 
 

Figure 9: Relationship between size of droppings and age of warthogs 

 
 
 
 
The author observes that the replacement of the milk 
premolars and the eruption of the molars tend to occur on 
the upper jaw. He then based his observations on the upper 
left jaw (Photo 1) and his conclusions provides enough 
information on the age of the warthogs. The dental formula 
of the warthog according to Souron (2012) is: 1/3I, 1/1C, 
3/2P, 3/3M permanent teeth. 

According to Dagnelie (1973), the relationship between 
the average diameter of droppings and the age of 

individuals is a parabolic equation of the form y = axb or 
y'=a'+bx' with: y' = log y ; a’=log a ; x’=log x 

A linear regression model is used to find a and b by defining 
the averages (Figure 9). The coefficients a' and b are given 
by: 
 

 
 
The regression of the logarithm of age as a function of the 
logarithm of the average diameter of droppings gives:  a'= -  
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Photo 1: Upper left jaw of a 3-4 year old warthog.  
Source: Mason (1984). 

 
 
 

0.434 and b = 1.969. Hence 𝒚 =  𝟎. 𝟔𝟒𝟖𝒙𝟏.𝟗𝟔𝟗 

The regression between average diameter of dropping of 
slaughtered subjects and age showed a strong correlation 

(R2 = 0.87655).  
For the Djoudj Reserve, of the 43 adults and 18 sub-adults 

which were counted in 2014, only the sex of 1 adult and 3 
sub-adults could not be determined. Of the 95 adults and 28 
sub-adults counted in 2015, the sex of 1 adult and 3 sub- 
adults could not be determined. We were also unable to 
determine the sexes of young individuals. In the case of the 
RSFG, only the sex of 2 adult individuals and 4 sub-adults 
could not be determined in 2014 and in 2015, the sex of an 
adult individual could not be determined. 

In terms of group size, the loners and the group of 3 
individuals are the most representative of the Djoudj 
Reserve with frequencies of 41% and 32%, respectively. 
The groups of over 4 individuals are the less representative 
of Djoudj Reserve with a frequency of 0.02% (thirty 
counted groups). By contrast, in the Gueumbeul, the group 
of 1 individual and those of 4 and over 4 individuals are the 
most represented (Figure 10, 11 and 12). 

The most important band observed in the Djoudj Reserve 
during our inventory is that of 5 individuals (1 male, two 
adult females and two sub-adult females). However, the 
most important band observed in the Gueumbeul consists 
of 13 individuals of 7 adults (3 males and 4 females). Very 
few bands representing an adult couple (male and female) 
were observed during the inventory. The groups only made 

 
 
 
 
up of young subjects (sub-adults and young) represent one-
third of the observations in the two sites (35.29% in the 
Djoudj and 36.36% in the Gueumbeul). Groups with 2 
individuals and those over 4 individuals are the most 
represented. 
 
 
DISCUSSION 
 
In addition, the number of phacochères counted in the of 
Gueumbeul Reserve during various counts (51 phacochères 
in 2014 and 47 in 2015) is significantly higher than that 
which was obtained during the 2013 count of 14 
phacochères. This variation observed may mainly be 
attributed to a difference in methods. Indeed, the 2013 
results were obtained from the use of non-standardized 
methods. It should be noted that neither the abundance 
indices nor the densities were calculated during the 2013 
count. 

The densities obtained at the Djoudj, 12.06 individuals 
per km² in 2014 and 13.06 individuals per km² in 2015 are 
significantly below the 66 individuals per km² obtained in 
1985 (Samb, 1985). The densities obtained in this study 
have taken into account the entire area of the protected 
area, including water courses. It is thus clear that if only the 
terrestrial part where the warthogs are usually 
encountered (which is one-third of the total surface) were 
considered, one would obtain higher densities. It should be 
added that the 1985 inventory was done in a systematic 
way on tracks skirting the waterways, therefore in the 
zones supposed to shelter the greatest concentrations of 
warthogs. In addition, desertification phenomena observed 
in the Sahelian zone, related to the climate change with 
periods of recurrent drought, lower rainfall, prolonged dry 
season which lasts for nearly 10 months and the reduction in 
the flow of rivers have had a considerable impact on 
biodiversity and ecosystems among other consequences 
such as destruction of vegetation cover, habitat loss and 
drying up of ponds which constitute an essential element in 
the choice of habitats by warthogs (Agassounon et al., 
2011). In addition, these densities are slightly higher than 
those observed in southern Africa as they vary between 1 
and 10 individuals per km² in the protected areas 
(Cumming, 1999). Apart from this study, the 1985 census 
remains the only one carried out on warthogs at the Djoudj 
National Park. In fact, the Djoudj National Park is a 
protected area for ornithological vocation where the large 
wild mammals are not the subject of monitoring. 

The abundance indices calculated for Gueumbeul (IKC = 
2.1 and 5.01, IKA = 11.3 and 10.25 in 2014 and 2015, 
respectively) are significantly higher than those obtained in 
Djoudj (IKC = 0.99; IKA = 2.4 in 2014 and IKA =2.5; IKC = 
1.29 in 2015). This difference can be advanced as the main 
reason for the small size and closed space which 
characterizes the Gueumbeul Reserve unlike the Djoudj 
National Park. The warthogs of the reserve of Gueumbeul 
live in a small enclosed entirely fenced area of 720 ha. This 
limits their migration to other  areas. The   animals  are   thus  
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Table 8. Structure of age groups of the warthogs counted in the Djoudj National Park 
 

Sex 

Adult  Sub-adult  Young 

2014 2015 
Average  

2014-2015 
 2014 2015 

Average 2014-
2015 

 2014 2015 
Average 2014-

2015 

Male 17 43 30  6 9 7.5  - -  

Female 25 51 38  9 16 12.5  - -  

Unknown 1 1 1  3  1.5  11 31 21 

Total 43 95 69  18 25 21.5  11 31 21 

 
 

Table 9.Structure of age groups of the warthogs counted in Gueumbeul Reserve. 
 

Sex 

Adult  Sub-adult  Young 

2014 2015 
Average 

2014-2015 
 

2014 2015 
Average 

2014-2015 
 

2014 2015 
Average 

2014-2015 

Male 4 13 8.5  3 2 2.5  - -  

Female 9 15 12  6 3 4.5  - -  

Unknown 2 1 1.5  4  2  23 13 18 

Total 15 29 22  13 5 9  23 13 18 

 
 

Table 10. Frequency (%) of age groups warthogs counted in both sites in 2014 and 2015 
 

Age group 
Djoudj  Gueumbeul 

2014 2015 Average  2014 2015 Average 

Adults 59.72 61.72 60.72  29.41 61.70 45.55 

Sub-adults 25 18.18 21.59  25.5 10.64 18.07 

Young 15.28 20.13 17.7  45.09 27.66 36.37 

 
 

 
 

Figure 10: Relationship between age and the number of warthogs counted 
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Figure 11: Comparison of the results of the different methods 
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Figure 12: Average size of the groups of warthogs observed during the census in the two sites 

 
 
 
confined to a small area thus increasing the probabilities of 
encounter with an IKC of 2.4 contacts per km. By contrast, 
Djoudj is much vast with an open space of 16 000 ha with 
frequent displacements apart from the protected area. As a 
result, the densities and probabilities of encounter are 
lower. 

Although the indices of abundance calculated at the 
Djoudj National Park are significantly lower than those of 
the of Gueumbeul reserve, they are however important 
compared to those obtained in the Niokolokoba National 
Park in1995 which are of the order of 2.52 individuals per 
km² (Varaillont, 1997); as well as densities of 1.835 
individuals per km² and 3.59 individuals per km² obtained 
in the Pendjari National Park in Benin in 2002 and 2012, 
respectively. 

As per the age groups, a predominance of adults older 
than 3 years is observed specially during the censuses 
(Table 10) as well as less than 1 year which are the least 

represented all confused method (Figure 11). The highest 
proportions of adults (88.41%) are seen in slaughtered 
animals (Figure 7). Concerning animals aged between 1 and 
3 years, using the size of droppings method gives the most 
important proportions whereas young animals less than 1 
year are almost observed during the pedestrian count of 
the  warthogs (Figure 12). 

Concerning the sex ratio in warthogs, which is expressed as a 
percentage of female, and contrary to the trend of parity in 
both two sexes (1/1) observed in many vertebrates, 
Caughley (1977), we find a sex ratio of the warthogs of the 
two sites biased in favor of females (Tables 8, 9, 15, and 16). 
The 2014 census gives a higher preponderance of females in 
the Gueumbeul compared to the Djoudj (0.68 ± 0.198 / 0.6 
± 0.13). However, in 2015 the preponderance of females is 
slightly higher than in the Djoudj and Gueumbeul (0.091 ± 
0.56 / 0.54 ± 0.173) reserves. The chi- square test of 
probability  is  3.84 while the values in 2014  and  2015  are  
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Table 11. Diameter class frequencies (interval 0.1cm) of dungs of warthogs collected in 2013-2014 in Gueumbeul 
Reserve 

 

Diameter class 

 (0.1cm) 
Frequency 

 Diameter class 
(0.1cm) Frequency 

 Diameter class 
(0.1cm) Frequency 

1.2 - 1.3 2  2.7 -  2.8 325  4.2 -  4.3 32 

1.3 - 1.4 0  2.8 -  2.9 296  4.3 -  4.4 37 

1.4 -  1.5 4  2.9 – 3 294  4.4   - 4.5 34 

1.5 -  1.6 7  3 - 3.1 281  4.5   - 4.6 10 

1.6 -  1.7 9  3.1 -  3.2 259  4.6   - 4.7 7 

1.7 - 1.8 62  3.2 - 3.3 195  4.7 -  4.8 18 

1.8 -  1.9 108  3.3 - 3.4 177  4.8 -  4.9 8 

1.9 - 2 207  3.4 - 3.5 219  4.9 - 5 4 

2 - 2.1 324  3.5 - 3.6 234  5 - 5.1 4 

2.1 -  2.2 382  3.6 - 3.7 153  5.1 -  5.2 2 

2.2 - 2.3 446  3.7 - 3.8 147  5.2   - 5.3 0 

2.3 -  2.4 401  3.8 - 3.9 120  5.3 -  5.4 3 

2.4 -  2.5 469  3.9 – 4 105  5.7 -  5.8 3 

2.5 -  2.6 423  4 - 4.1 88    

2.6 -  2.7 453  4.1 – 4.2 65    

 
 

Table 12. Diameter class frequencies (interval 0.1) of warthogs dungs collected in 2013-2014 in the Djoudj National Park 
 

Diameter class 

(0.1 cm) 
Frequency 

 Diameter class 
(0.1 cm) Frequency  

Diameter class 
(0.1 cm) Frequency 

1.2 - 1.3 7  2.4-2.5 467  3.6-3.7 167 

1.3 - 1.4 5  2.5-2.6 507  3.7.- 3.8 129 

1.4 - 1.5 5  2.6-2.7 488  3.8- 3.9 105 

1.5 - 1.6 22  2.7-2.8 572  3.9-4 68 

1.6 - 1.7 61  2.8-2.9 628  4-4.1 65 

1.7 - 1.8 53  2.9 -3 617  4.1-4.2 26 

1.8 - 1.9 41  3- 3.1 576  4.2-4.3 10 

1.9- 2 55  3.1 - 3.2 487  4.3-4.4 14 

2- 2.1 142  3.2 - 3.3 417  4.4-4.9 8 

2.1-2.2 227  3.3- 3.4 388  4.9- 5 5 

2.2 - 2.3 310  3.4- 3.5 285  5.7- 5.8 3 

2.3-2.4 321  3.5- 3.6 246    

 
 

Table 13. Slaughtered warthogs studied during the last 3 hunting years 
 

Year Number of slaughtered animals sampled 

2012 - 2013 17 

2013 - 2014 34 

2014 - 2015 28 

Total 79 

 
 
 
0.4875 and 0.0318, respectively all of which are below 3.84. 
Therefore, there is no significant difference between the 
two sites regarding the preponderance of females. 

Based on the size of droppings collected in both sites, it 
can be observed that there are very few young under 1 year 

(less than 3%), unlike results provided by the pedestrian 
count where percentage of young is 17.7% in the Djoudj 
and 36.37% in the Gueumbeul on the average. This could be 
explained by the fragile nature of the young animal's 
dejections, subjected    to    a     relatively    rapid     rate     of  
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Table 14. General data on the dentition of warthogs slaughtered between 2013 and 2015 in the Senegal River 
Delta based on observations made on the left upper jaws. 

 

Variable M3 M2 M1 PM4 PM3 

N 79 74 43 58 51 

Min (cm) 1.6 0.9 0.6 0.7 0.7 

Max (cm) 5.6 2.7 1.6 1 0.9 

Mean (cm) 3.978481 1.739189 1.046512 0.8396552 0.7745098 

Std. error 0.1053105 0.04633225 0.04456618 0.01012315 0.01078966 

Variance 0.8761336 0.1588541 0.08540421 0.005943739 0.005937255 

Coeff. var 23.52707 22.91672 27.92515 9.181822 9.948691 

 
 

Table 15.Structure by sex of warthog groups counted in the Djoudj National Park. 
 

Age group 
Number of animals  Number of females  Frequency  IC to 95 % 

2014 2015  2014 2015  2014 2015  2014 2015 

Adult 42 94  25 51  0.59 0.54  0.15 0.1024 

Sub-adult 15 25  9 16  0.6 0.64  0.25 0.192 

Total 57 119  34 67  0.6 0.56  0.13 0.091 

 
 

Table 16. Structure by sex of the warthog groups counted in the Gueumbeul Reserve 
 

Age group 
Number of animals Number of females Frequency IC to 95 % 

2014 2015 2014 2015 2014 2015 2014 2015 

Adult 13 28 9 15 0.69 0.53 0.256 0.188 

Sub-adult 9 5 6 3 0.66 0.6 0.314 0.192 

Total 22 33 15 18 0.68 0.54 0.198 0.173 

 
 
  
degradation. In terms of consistency, it is often soft, 
malformed droppings that are not taken into account 
during sample collection. 

The study revealed a predominance of 5-year olds in 
slaughtered subjects with 34.17% compared to 11.39% in 
young individuals of less than 3 years. The high rate of 
adults in the slaughtered subjects (88.41%) was related to 
governing hunting rules authorizing slaughter of adult 
males. There is also the fact that hunters are generally 
interested only in the trophies. As a result, adult animals are 
the priority targets. 
 
 
Conclusion 
 
Globally, warthogs are present and well represented at 
both sites. Their presence is shown on the entire zones 
covered. However, their favorite haunts remain marshy 
areas. Also in terms of population abundance, the study 
found relatively high densities especially at the Gueumbeul 
Reserve where the results of the count show warthogs 
densities of 37.10 per km² three times higher than the 
densities in the Djoudj which fluctuate between 12 and 13 
individuals per km². The densities observed in the Djoud 

still remain high compared to those obtained in other areas 
of Senegal such as Niokolokoba with densities of 2.52 in 
1995. 

The warthog population of the Djoudj park also seems to 
have experienced a regression in recent years when the 
results of this study are compared to those of 1985 when 
the density was estimated at 66 individuals per km². A 
situation that would be attributable to degradation of the 
ecological conditions and the use of different inventory 
methods 
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