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During the last decades, the critically endangered Hooded Vulture Necrosyrtes monachus has strongly declined
across its African range. Although direct persecution has been suggested as a major cause of this decline,
little is known about the impact of humans on reproductive output in West Africa. We studied the impact of
human activities on the reproductive output of Hooded Vultures in the Garango area of Burkina Faso. Twenty
and 56 nesting attempts were monitored, respectively, during the breeding season in 2013/14 and 2014/15, to
determine reproductive success and identify causes of nest failure. Annual breeding success varied between
0.68 and 0.71 chicks fledged per breeding pair per year and productivity was assessed at 0.57 chicks fledged per
territorial pair in 2014/15. The main threats imposed by humans were poaching of eggs, chicks and collection of
nest materials, leading to 20% (13 out of 64 breeding attempts) of nest failures over the two years. An additional
important reason for nest failure was the pruning and (partial) cutting of nest trees. Despite this high level of human
interference, we found that Hooded Vulture nest success increased with proximity to human settlements, probably
because breeding vultures benefit from protection by people against persecution and disturbance.

Impact des activités anthropiques sur la reproduction du Vautour charognard Necrosyrtes

monachus au Burkina Faso

Au cours des derniéres décennies, le Vautour charognard Necrosyrtes monachus en danger critique d’extinction, a
fortement décliné a travers son aire de répartition africaine. Bien que la persécution directe ait été suggérée comme
une cause majeure de ce déclin, on en sait peu de I'impact de ’Homme sur la reproduction en Afrique de I'Ouest.
Nous avons étudié I'impact des activités de ’Homme sur le succés de la reproduction des Vautours charognards
dans la zone de Garango au Burkina Faso. Vingt et 56 tentatives de nidification ont été suivies respectivement au
cours des saisons de reproduction 2013/14 et 2014/15 afin de déterminer le succés de la reproduction et les
causes des échecs de ces tentatives. Le succés de reproduction annuel a varié entre 0.68-0.71 jeunes envolés par
couple reproducteur par an et la productivité a été évaluée a 0.57 jeunes envolés par couple territorial en 2014/15.
La principale menace provenant de I'activité de ’Homme est le braconnage des ceufs, des jeunes et la récolte des
matériaux de construction des nids, conduisant a 20% (13 sur 64 tentatives de nidification) d’échecs de reproduction
en deux ans. Une autre raison importante des échecs de reproduction est I’élagage et la coupe (partielle) des arbres
abritant les nids. Malgré ce niveau élevé de la pression d’origine anthropique, nous avons constaté que le succés de
reproduction du Vautour charognard augmente avec la proximité des habitations humaines, probablement grace a la
protection de la part des populations contre les persécutions et les perturbations.

Keywords: Burkina Faso, conservation, Hooded Vulture, human impact, reproduction

Introduction

Worldwide, 14 of the 23 species of vultures are threatened
with extinction, with the strongest recent declines reported
in Asia and Africa (Ogada et al. 2012). Contrary to Asia, the
African vulture crisis is characterised by a myriad of threats
to vultures, which vary in importance across the continent.
Similarly, the rates of decline differ between regions, with
vulture populations in West Africa showing the largest average
annual declines (Ogada et al. 2015), particularly outside
protected areas (Thiollay 2006a). The two main threats to

African vultures are believed to be poisoning and belief-based
use (Ogada et al. 2015). Poisoning targets all post-fledgling
age classes and is both intentional, such as when vultures
are killed by elephant poachers who want to escape detection
(Ogada et al. 2016), or unintentional, when vultures are
collateral victims to poisoning aimed at large carnivores.
Vultures are also killed for belief-based trade, especially in
West Africa (Buij et al. 2016) and southern Africa (McKean
et al. 2013), where vultures are sold in large numbers for
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their perceived value in treating a range of illnesses. Other
widespread or increasing threats to African vultures include
habitat loss and diminished carcass availability, and collisions
with energy infrastructure (Ogada et al. 2015).

Of all African vultures, the Hooded Vulture Necrosyrtes
monachus is the most closely associated with human
habitations (Mundy et al. 1992). This close association
with human settlements has been reported in the northern
part of the distribution range, from Senegal east to Ethiopia
(Ash and Atkins 2010; Buij et al. 2013a; Mullié et al. 2017),
but is absent further south (Mundy et al. 1992; Ogada and
Buij 2011). Possibly, the exploitation of human-dominated
habitats has favoured the species’ blossoming compared
with other vulture species in West Africa (Anderson 1999),
where it has historically been, and still is, among the
most common raptors (Thiollay 1977; Buij et al. 2013b;
Henriques et al. 2018). More recently, its proximity to
human habitations in West Africa may also have made
Hooded Vultures vulnerable to human exploitation, both as
a source of food and for belief-based use (often referred
to as ‘traditional medicine’; Anderson 1999; Sodeinde and
Soemu 1999; Adjakpa and Tchabi 2002; Buij et al. 2016).

In many parts of West Africa, such as in Dakar (Senegal)
and Edo State (southern Nigeria), Hooded Vultures have
dramatically declined (Mullié et al. 2017; Nosazeogie et al.
2018), although they remain among the commonest raptors
in other areas (Buij et al. 2013b; Henriques et al. 2018). In
Burkina Faso, Hooded Vultures declined by almost 77%
on average between 1974 and 2004 (Thiollay 2006b). This
decline occurred despite their protection by law and by local
populations. Indeed, as also recorded in Namibia (Craig et
al. 2018), Hooded Vultures are commonly recognised in
central Burkina Faso as being sacred, stimulating protec-
tion from persecution and poaching by local communities
(Daboné et al. 2016). The causes for such strong declines
remain unknown, and particularly whether persecution
affects post-fledging survival or reproductive rates, or both.
This study aimed to examine the influence of humans on
reproductive output of Hooded Vultures, by determining
their reproductive success near human settlements during
two breeding seasons (2013/14 and 2014/15) in central-
eastern Burkina Faso. More specifically, we investigated
whether proximity to humans positively influenced reproduc-
tive success, through apparent protection of nesting sites
as reported previously for this area (Daboné et al. 2016),
or whether this proximity to humans rather had a negative
impact due to nesting site disturbance or other forms of
persecution.

Methods

Study area

The study was conducted in Garango rural township
(0°33" W, 11°48' N), which is located in the province of
Boulgou, 180 km south-east of Ouagadougou (the capital
of Burkina Faso) and 20 km from Boulgou’s capital,
Tenkodogo. Garango is traversed by National Route 17
(Figure 1). We choose this area to study Hooded Vultures
because it supports many relatively easily accessible nests
at varying distances from human habitations. Garango
consists of a city centre surrounded by many small

agglomerations of houses (up to 10 km from the centre).
Houses in the centre of Garango are densely aggregated,
whereas houses in the peripheral areas are more widely
spaced and surrounded by agricultural fields with dispersed
shrubs and trees. Hooded Vultures here often breed in
large trees, in small patches of forest outside of town,
single trees in agricultural fields and often only 5-10 m from
houses in the city centre (Daboné et al. 2016).

Garango is located in the Sudano-Sahelian climate zone,
which has an annual rainfall between 600 and 900 mm
during 4-5 months (mostly from May to September). The
temperatures are on average 20-30 °C with extremes
between 18 and 39 °C (Dipama 2010). This area belongs
to the North Sudanese phytogeographical zone, where
savannas are agricultural landscapes dominated by
Adansonia digitata, Faidherbia albida, Lannea microcarpa,
Parkia biglobosa, Tamarindus indica and Vitellaria
paradoxa (Boussim 2010). The relief of Garango is
moderate and it has the highest hill of the province (420 m).
Garango’s population was estimated at 73 679 inhabitants
in 2006, mainly composed of the Bisa, Mossi and Fulani
ethnic groups (INSD/MEF 2008). Small-scale agriculture
and livestock farming are the main economic activities.

Nest surveys

We searched for Hooded Vulture nests by walking slowly
in areas of the township and village where we had seen
nests previously. These walking surveys were conducted
between 8:00 a.m. and 4:00 p.m. on foot using telescopes
or binoculars to scan for distant Hooded Vulture’s nests.
We used territorial behaviour, such as circling pairs, or birds
collecting nest materials as an indication of the potential
presence of a Hooded Vulture’s nest. We subsequently
approached the birds to confirm the presence of an active
nest and to take a GPS reading if we detected one. To
rapidly track down a larger sample of nests we elicited the
help of local populations including secondary school pupils
between 16 and 19 years old. Advantages of this approach
included the strengthening of youth education in terms of
the ecological value of vultures, and a lower probability of
missing out active nest sites. The pupils participated in the
study as part of their ecology course with the permission of
their teacher and parents, and were instructed to look for
Hooded Vulture nests in the vicinity of their homes. During
the two breeding seasons, the villagers and pupils led us to
22 Hooded Vulture nests. Subsequent nest monitoring was
conducted discreetly by the same observer in order to avoid
crowds and to minimize the effect of the monitoring activi-
ties on the reproductive success of the birds.

Breeding parameters

The Hooded Vulture’s breeding period in central West
Africa extends from October to April (Balancga et al. 2007;
Daboné et al. 2016), so we choose our monitoring period
accordingly. In order to determine their reproductive output,
during the first breeding season, 20 Hooded Vulture nests
were visited from 8 October 2013 to 15 May 2014. During
this first breeding season, nests were visited 294 times,
with 8 to 20 visits per nest (on average 16), between 06:00
and 18:00 from the start of breeding until fledging. In order
to minimise disturbance of breeding pairs, observations
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Figure 1: Study area and monitored nest locations. The coordinates are not given here to prevent this data being used for other purposes
(poaching). In most areas of high nest density, not all nest names appear on the map

of the nest were made from the ground with the help of a
telescope (Kowa TSN-601 60 mm Spotting Scope). When
the presence of an egg or of a chick was suspected, the
tree was climbed such that a mirror mounted on a stick
could be used to inspect the nest contents. Two more visits
to nest sites were made after fledging, one in July 2014 and
another visit in September 2014. Nest visits stopped once a
nest had failed.

During the second breeding season, 56 Hooded Vulture
nests were monitored using the same methods, which
included 45 newly discovered nest sites and 11 nests that
were also studied during the first year. We cannot confirm
that these 11 nests were used by the same breeding pairs
because birds were not individually recognisable. Six nests
from the first year were not in use in the second year, two
nests had vanished from the tree and one nest tree was cut.
The 56 nests in the second breeding season were visited
247 times from 1 October 2014 to 20 May 2015, on average
4 or 5 visits per nest. Mated birds detected repeatedly at the
same nesting site (nesting territory) during the pre-laying
season were designated as territorial pairs, whereas those
that laid eggs were defined as breeding pairs (sensu
Fernandez et al. 1998). A nesting attempt was defined
as any nest with adults attending and/or nest building; a
breeding attempt was defined as those nesting attempts
with at least one egg laid.

The following reproductive parameters were evaluated:
productivity (the number of chicks fledged divided by the
number of territorial pairs, in 2014/15), breeding success
(the number of chicks fledged divided by the number of
breeding pairs), hatching success (the proportion of eggs
hatched per number laid) and fledging success (the propor-
tion of chicks fledged per egg hatched). The nesting rate
was determined by the percentage of territorial pairs that
actually laid eggs (Cheylan 1981; Bildstein and Bird 2007).
These parameters were compared between the two years
of this study, and with the results from other studies.

We tried to assess the cause of nest failure during visits.
Signs of human activity, such as cut branches, indica-
tive of people climbing to the nest, the partial or complete
removal of nest materials from the nest and left-over on the
ground, as well as testimonies of people living in the vicinity
of nesting sites and having witnessed others climb the nest
tree, all helped us to determine the causes of nest failure.

Environmental and nest measurements

In order to determine the influence humans may have on
the Hooded Vulture’s reproduction, we recorded several
types of human activities, including persecution, agricultural
activities and livestock farming, within 25 m from the nest,
as well as destruction of nest trees by pruning or cutting
and rifle shooting. The proximity to roads and habitations
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was noted. In addition, several nest characteristics were
measured, during monitoring, including nest height and nest
thickness. All measurements and observations were carried
out by the first author during the two breeding seasons and
are given in Table 1.

Data analysis

A total of 13 variables were considered to potentially
influence reproductive success (Table 1). In an effort to limit
the analysis to those variables that seemed most relevant
from an ecological perspective, we pre-selected indepen-
dent variables that were thought to be most relevant.
We fitted a binomial logistic regression model in R 3.0.2
(R Development Core Team 2015) to the data on reproduc-
tive success to examine how nest height, distance to human
habitation, distance to the nearest breeding pair, and
number of trees over 10 m in height affected Hooded Vulture
reproductive success (response variable: 0 = breeding
attempt not successful, 1 = successful breeding attempt).
We removed consecutive breeding attempts on nest sites
used twice (n = 6) to avoid pseudo-replication. We used the
Moran’s I to check the presence of spatial autocorrelation in
the data set (Fortin and Dale 2005), by ascertaining whether
it was in fact likely to impact the planned analyses (Dormann
et al. 2007). To calculate Moran’s | (Moran’s | standard
deviate), we generated a matrix of inverse distance weights
using the R package ‘ape’ in R 3.0.2. (R Development Core
Team 2015). As the study locations were close together
and far from the poles, for simplicity, we treated the latitude
and longitude as values on a plane rather than on a sphere.
We hypothesised that height of the nest tree would reduce
the accessibility of the nest to potential nest predators
(carnivores and humans), thus increasing the odds of a
successful breeding attempt. Similarly, we expected nearby
habitation and trees surrounding the nest to provide a level
of protection, lowering detectability of the nest and therefore
enhancing breeding success. The distance to the nearest
breeding pair was thought to influence breeding success
as a consequence of either agonistic interactions between
breeding pairs or the benefits derived from social sharing of

information by breeding neighbours (cf. Fernandez-Bellon
et al. 2016). We also included the year of nest attempt as
a categorical variable in the model (for year 1 and 2). We
explored all possible subsets of combinations of explanatory
variables and examined the relative support for the role of
these different variables in influencing reproductive success.
We used the corrected Akaike information criterion (AIC,)
value to select the most parsimonious models (those that fit
the data best with the fewest parameters; i.e. with the lowest
AIC_; Burnham and Anderson 2002) and the top four AAIC,
of models as the cut-off criterion for delineating a set of
top models. We computed model-averaged parameters by
averaging over all models in the set of top models. We used
the dredge function in R (part of the package MuMIn 1.9.5,;
Barton 2013) to implement a model-averaging approach for
the top models to make robust parameter estimates and
predictions (Johnson and Omland 2004) and estimated the
relative importance of each variable, based on the sum of
Akaike weights. We subsequently evaluated the effect of
variables based on overlap of the 95% confidence intervals
(following Burnham and Anderson 2002).

Results

Nest characteristics

Hooded Vulture nests were situated in trees from 10 to
28 m tall. The nests were predominantly built in Parkia
biglobosa (71%), Faidherbia albida (12%) and Tamarindus
indica (8%) with fewer nests in Adansonia digitata, Ceiba
pentandra, Terminalia mantaly and Ficus gnaphalocarpa
(Table 2). Nests were generally placed at heights ranging
from 6 to 25 m above the ground. Based on our observa-
tions in Garango, the Hooded Vulture nests were rarely
exposed to the sun (6% of nests were exposed and
included those in deciduous trees, e.g. Adansonia digitata,
Ceiba pentandra and Terminalia mantaly). The mean
distance between nests was 334 m, the mean nest depth
was 21 cm and the mean nest thickness was 18 cm, but
these measurements varied substantially between nests
(Table 3).

Table 1: Environmental and nest measurements taken at each Hooded Vulture nest. Measurements were made by the first author

Variable

Description

Distance to human habitation
using a GPS

Distance to nearest neighbour
Hooded Vulture nest

Distance to road

Location of the nest

Nest tree species

Number of large trees

Number of medium-sized trees

Number of small trees

Nest height

Thickness of the nest

The distance (in m) between the Hooded Vulture nest and the nearest human’s house, measured
The distance (in m) between the Hooded Vulture nest and the closest neighbouring active

The distance (in m) of the base of the nest tree to the nearest (dirt) road

Town, village or small patches of savanna’s forest outside of town or village

The species of tree harbouring the Hooded Vulture nest (using Arbonnier 2002)

Number of large (>10 m) trees within a 25-m circle around the nest

Number of medium-sized (6—10 m) trees within a 25-m circle around the nest

Number of small (3—-5 m) trees within a 25-m circle around the nest

Height of the nest above the ground (in m) using measuring tape

The thickness of the built-up nest, measured as the distance (in cm) between the rim of the nest

and the fork of the tree on which the nest is built

Tree cover

Within a 25-m circle around the nest the summed projection of tree crowns on the ground in three

categories: <33% tree cover; 33-66% tree cover; >66% tree cover

Tree height

The height of the nest tree above ground level (in m) using a measuring tape
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Breeding parameters

A total of 20 and 56 nesting attempts were monitored
respectively in 2013/14 and 2014/15. In total, 64 eggs
(one egg per pair) were laid and 45 chicks successfully
fledged (Table 4). The fledging success (0.88 fledglings per
chick on average) was higher than the hatching success
(0.80 chicks per egg on average), thus more losses were
incurred before egg hatching than thereafter. In the
2014/15 breeding season overall productivity (0.57 chicks
per breeding pair) was lower than breeding success
(0.71 chicks per nests with eggs) and a high proportion of
non-laying pairs was recorded (Table 4). In 2013/14, 16 of

Table 2: Nest tree species used by Hooded Vultures in 76 breeding
attempts in the 2013/14 and 2014/15 breeding seasons

Nesting trees Number Percentage
Parkia biglobosa 46 70.7
Faidherbia albida 8 12.3

Tamarindus indica 5 7.6
Ceiba pentandra 2 3.0
Ficus gnaphalocarpa 2 3.0
Adansonia digitata 1 1.5
Terminalia mantaly 1 1.5
Total 65

19 eggs (84%) were laid between November and December
with late egg-laying on two nests in January and February,
in both instances on newly built nests. The latest recorded
fledging date was 9 May 2014. In 2014/15, 41 of 45 eggs
(91%) were laid before 8 December 2014. The latest
fledgling left the nest on 20 May 2015. During visits to nest
sites in July and September 2014, Hooded Vulture pairs
and their young of the year (fledged since April 2014) were
seen together, which suggests that fledglings remain with
parent birds at least up to 5-6 months after fledging.

Anthropogenic factors influencing reproductive success
Our models found most support for an influence of
proximity to human habitation on Hooded Vulture
reproductive success. All 11 plausible models included
the influence of distance to human habitation, whereas
nest height, number of large trees in the vicinity, distance
to the nearest breeding neighbour, and year of reproduc-
tion were of less importance (Table 5). The model-
averaged parameters of the top models (Table 5) strongly
supported the hypothesis that Hooded Vulture reproduc-
tion declined with increasing distance from human habita-
tion (Figure 2). The parameter estimates were comparable
when a single nest located at 1 700 m from human habita-
tion was excluded from the analysis. Based on Moran’s /

Table 3: Characteristics of 65 different Hooded Vulture nests in the Garango area during the 2013/14 and 2014/15 breeding seasons

Tree height (m) Nest height (m)

Season N

Nest depth (cm)

Nearest breeding

Nest thickness (cm) neighbour (m)

Min-max Mean + SD Min-max Mean+SD  Min-max Mean + SD Min-max Mean + SD Min—max Mean + SD
2013/14 20 10-28 15.8+5.0 8-25 13.1+55 9-60 28+7.7 10-30 22.0+8.1 30-700 205.6 £ 184.7
2014/15 45 12-23 144+23 6-17 11.56+2.2 7-40 16 +4.1 5-35 14.2+6.7 68-1115 390.7 +287.0
Total 65 10-28 14.8+34 6-25 13.0+ 3.6 7-60 21+8.3 5-35 17.9+9.3 30-1115 333.8+272.4

Table 4: Reproductive performance of Hooded Vultures in Garango area in 2013-2015. Nesting rate is the percentage of territorial pairs that
actually laid eggs; hatching success is the proportion of eggs hatched per number laid; fledging success is the proportion of chicks fledged
per egg hatched; breeding success is the number of chicks fledged divided by the number of breeding pairs and productivity is the number of
chicks fledged divided by the number of territorial pairs. ND = not determined

Breeding attempts/ Pairs with

Pairs with

Nesting Hatching Fledging Breeding

Season territorial pairs hatched eggs fledglings rate success success success Productivity
2013/14 19/ND 14 13 ND 0.74 0.93 0.68 ND
2014/15 45/56 37 32 0.80 0.82 0.86 0.71 0.57
Total 64/ND 51 45 ND 0.80 0.88 0.70 ND

Table 5: Effects of variables assumed to influence Hooded Vulture reproductive output in Burkina Faso in two years between 2013-2015,
with model-averaged parameter estimates for each variable in the 11 most strongly supported models, and the relative importance of

explanatory variables (n = 58 breeding attempts)

Variable

Parameter estimate (95% ClI)

Relative importance’

(Intercept)

Distance to human habitation

Year of attempt?

Height of nest

Number of large trees

Distance to nearest breeding neighbour

1.997 (-0.219 to 4.213)

-0.007 (~0.011 to -0.002) 1.00
0.584 (~0.944 to 2.111) 0.27
0.081 (-0.171 to 0.335) 0.25

-0.026 (-0.114 to 0.061) 0.24
0.000 (-0.002 to 0.003) 0.21

1 Calculated by summing Akaike weights across the top model set (Burnham and Anderson 2002). 95%
confidence intervals of the estimate not overlapping zero are indicated in bold

2 Reference year is 2013/14
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assessment, no spatial autocorrelation was detected in the
data set (Table 6).

Cause of breeding failures

Of the 64 breeding attempts during the two breeding
seasons, 19 failures were noted (Table 7). The 19
failures can be categorised into the following catego-
ries: indirect human activities (nest trees [Parkia biglobosa

1.0

e g b
S [ ®
T T T

REPRODUCTIVE SUCCESS
~
I

0.0

N T 1 1 \
0 500 1000 1500

DISTANCE TO HABITATION (m)

Figure 2: Plot of the modelled relationship between reproductive
success of Hooded Vulture and the distance to human habitation
as estimated by the top model. The black horizontal line represents
the model-predicted value and the shaded areas indicate 95%
confidence bands; the vertical ticks indicate the distance to
habitation of individual nest records

Table 6: Spatial autocorrelation in the data set given as Moran’s /
(significance level a. = 0.05)

Variable
Distance to human habitation
Year of attempt*

Moran’s / + SD Sig.
0.2073233 £ 0.0212766 ns
0.9917566 + 0.08536268 ns
Height of nest 0.6051053 + 0.08706677 ns
Number of large trees 0.1722465 + 0.08839771 ns
Distance to nearest breeding 0.20791784 + 0.09569098 ns

neighbour
ns = not significant

and Faidherbia albidal were cut or pruned by farmers
for firewood, or for feeding livestock: four cases), direct
human persecution (removal of the egg or the entire
nest including egg or young: 13 cases), and unknown or
non-anthropogenic causes (once a dead adult Hooded
Vulture was found at the nest, and one nest was most
likely destroyed by the wind). Overall, 27% of 64 breeding
attempts failed due to human activities. During field work,
local people approached us on occasion to demand nest
materials, such as sticks, and on two occasions we found
people gathering nest materials. Ten out of the 13 cases of
direct human persecutions occurred at nests further than 100
m from the closest habitation, whereas three cases occurred
at 5-100 m from the nearest houses (Pearson 2 test = 5.56,
df =1, p-value = 0.012). This points to a possible protective
influence of human habitations on nearby nesting sites.

Discussion

The results of our study suggest that human activities
had an important impact on Hooded Vulture reproduc-
tion in the Garango area in Burkina Faso, with more than
a quarter of 64 breeding attempts failing due to human
activities, mostly during incubation. The main negative
impact came from intentional human action directed at
the nest or its contents (20% of breeding attempts), most
likely related to harvesting for belief-based use. Previous
studies already established that eggs, vultures and nest
materials are often harvested for belief-based use in West
and South African countries, or for food, and this often
targets Hooded Vultures (Bamford et al. 2009; Saidu and
Buij 2013; Buij et al. 2016; Craig et al. 2018). Although
we have no firm evidence and rely mostly on hear-say in
this regard, we believe that harvesting of Hooded Vultures
could be explained by a progressive change in people’s
attitudes possibly stimulated by the decreasing availability
of vultures and the increasing profitability of the regional
vulture trade for belief-based use (Nikolaus 2011; Buij et
al. 2016). During our fieldwork and interviews throughout
Burkina Faso in 2015/16, we learnt of more than 10 cases
of intentional poisoning of Hooded Vultures, mostly in the
south-eastern part of the country. For example, more than
50 beheaded Hooded Vultures were found by agents of
the national veterinary service at the abattoir of Bittou,
a township ~80 km south of Garango in 2011 (Agence
de I'Information du Burkina 2012). At least some of the
poisoned vultures were to be exported to neighbouring
countries; officers of the ministry of environment were

Table 7: Table documenting the fate of failed nests, highlighting some important threats to breeding Hooded Vultures in Burkina Faso

Fate During During nestling Percentage of failed nests
incubation phase of total breeding attempts

Cutting of the entire nest tree 1 1 3.1

Pruning of the nest tree 2 0 3.1

Removal of the nest (the entire nest is removed: 4 5 141

nest materials with eggs or chicks)

Removal of eggs 4 0 6.3

Dead adult bird on the nest 1 0 1.6

Nest destruction (probably by the wind) 1 0 1.6

Total 3 6 29.7
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reported to have arrested a Nigerian lady and two
Burkinabe accomplices with more than 70 dead Hooded
Vultures destined to be exported to Nigeria in 2011
(Nabaloum 2012).

The increased reproductive output of Hooded Vultures
with decreasing distance to human settlements as reported
by us here is perhaps surprising in light of the above. In
general, the proximity of nest sites to human settle-
ments may make nesting vultures vulnerable to human
disturbance and persecution (Arroyo and Razin 2006;
Zuberogoitia et al. 2008), reducing their suitable habitat to
those areas far from centres of human activity (Bamford et
al. 2009). However, Hooded Vultures appear to be much
less sensitive to disturbance than other vulture species
(Mundy et al. 1992). Any positive effects of humans might
be due to suitable foraging conditions, such as greater food
provisioning closer to human settlements as reported for
human-commensal scavengers in India (Kumar et al. 2018).
In the present case, the incidence of nest disturbance was
higher further from habitation, suggesting that humans
provide some degree of protection from poachers and tree
cutters. Indeed, we previously found that people provide
local protection to this species in the present study area
(Daboné et al. 2016). According to elderly and fetish priests
in the vicinity of our known nest sites, the Hooded Vulture
is considered a sacred bird. These people claim that any
persecution of Hooded Vultures can inflict misfortune to the
culprit, his accomplices and their family (CD unpublished
data). Similar to fetish traditions dictating the use of vulture
body parts elsewhere in West Africa (Nikolaus 2006, 2011),
Hooded Vulture behaviour in Burkina Faso is interpreted
by fetish priests to predict future events. So rather than
harvesting vultures for belief-based use, most people in
Garango have traditionally been taught to protect this
species, and any action aimed to kill or ill-treat Hooded
Vultures, or harvest their eggs, is forbidden by tradition.
For this reason, nesting trees are habitually preserved from
pruning or cutting, particularly during the breeding period.
These traditions might explain why most of the raided nests
were out of sight of local people, at some distance from
human habitation, as well as the predominant failure of the
more remotely situated nests in the present study.

We found that nests failed not only due to harvesting
of nest contents but also, unintentionally perhaps in most
cases, due to the pruning and cutting of nest trees for
firewood or livestock fodder. During the dry season, when
Hooded Vultures breed, shepherds frequently use the
green leaves of Faidherbia albida and Tamarindus indica
to feed their livestock. Such tree pruning is often excessive,
altering the shape of trees throughout the Sahelian and
Sudan savannas of West Africa (Zwarts et al. 2009). We
observed that after the pruning of nest trees, Hooded
Vulture nests and their contents were often more exposed
to the sun, which may have reduced the future suitability
of such nest trees to breeding vultures. Given that in the
Garango area trees are often pruned every year, the
pruning and cutting of trees may contribute to a steady
reduction of available nest sites.

Despite high levels of human disturbance and persecu-
tion, the fairly high fledging success (0.88 chicks fledged
per egg hatched per year), also noted in Nigeria, in South

Africa and in Zimbabwe (Mundy et al. 1992; Monadjem et
al. 2016), indicates that nest losses after hatching are fairly
low. The breeding success over the present two-year study
period in Garango (0.68 and 0.71 chicks per nests with
eggs) is also higher than that recorded in north-eastern
South Africa in 2015 (0.23 chicks per nests with eggs;
Thompson et al. 2016), but within the range of records
elsewhere in that region in 2013/14 (0.44—-0.89 chicks per
nests with eggs; Monadjem et al. 2016). In Hwange National
Park in Zimbabwe, breeding success estimated across
multiple years was 0.54 chicks per nest with eggs (Hustler
and Howells 1988). We suspect that the relatively high
breeding success in the more agricultural Garango area
may at least be partly due to the relative scarcity of a range
of natural predators that may impact breeding success in
some of the more uninhabited savannas of southern Africa
(e.g. Chacma Baboon Papio ursinus and Martial Eagle
Polemaetus bellicosus; Thompson et al. 2017).

Productivity by Hooded Vultures in the Garango area of
Burkina Faso (0.57 chicks fledged per territorial pair per
year) was higher than that reported in Nigeria around the
town of Sokoto (0.34 chicks fledged per territorial pair per
year; Mundy et al. 1992). This difference might be partly
explained by the species’ local protection in Garango, and a
greater disturbance rate of nests in Nigeria, but this remains
speculative. In general, a large number of non-laying pairs
such as reported here (20% of 56 territorial pairs did not lay
during the 2014/15 breeding season) is not uncommon in
vultures (Mundy et al. 1992). A major factor influencing egg
laying is food supply and, in poor food years, many territo-
rial pairs may fail to lay eggs. Future longer-term monitoring
of Hooded Vulture productivity in Garango may help to
understand how its population responds to changing,
probably largely anthropogenic food supplies.

Vultures provide a range of ecosystem services to
humans, from the prevention of spread of disease through
rapid carcass disposal (Buechley and Sekercioglu
2016), to their considerable cultural and religious signifi-
cance attached to their role of disposing of human bodies
(Markandya et al. 2008), and for curing a range of illnesses
or preventing misfortune (Nikolaus 2011; McKean et al.
2013). In addition, other services have recently been
described, such as farmers making use of vultures to find
dead livestock in the field (Santangeli et al. 2016; Craig et
al. 2018). Of all African vultures, the ecosystem services
provided by Hooded Vultures are possibly the greatest,
because of their relatively large numbers, close associa-
tion with human settlements from West to north-east Africa,
and their largely anthropogenic diet in this region (Mundy
et al. 1992). To date, such services remain unquantified.
At the same time, the widespread harvesting of Hooded
Vultures for belief-based use is likely to be unsustainable
(Buij et al. 2016), negatively impacting their numbers and
their potential for ecosystem service provision. On the
other hand, we show here that cultural values attributed to
Hooded Vultures may also contribute to their protection.
Our results show that in the largely agricultural Garango
area of central Burkina Faso, Hooded Vultures have a
higher reproductive success closer to human habitations
thanks to the protection provided by traditional customs
and convictions, possibly aided by low natural predation
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pressure. Unfortunately, this positive effect appears to be
counteracted by the illicit harvesting particularly of eggs and
nest materials from nests located at some distance from
human habitation, most likely mainly for belief-based use.

Acknowledgements — This project is a joint initiative between the
University Ouaga 1 Professor Joseph Ki-Zerbo in Burkina Faso
and the University of Groningen in The Netherlands, which funded
and supervised this study. The NATURAMA Foundation in Burkina
Faso also provided support and assistance. We would also like
to thank the administration and pupils of the secondary school
(Groupe Scolaire Saint Clément de Garango) and the people of
Garango rural township, especially those of the localities Zala,
Bougoula, Tangaré, Pagou and Boura, for their participation and for
allowing us to undertake this work in their locality.

References

Adjakpa JB, Tchabi A. 2002. Contribution a 'inventaire des oiseaux
sauvages utilisés comme matiéres premiéres en pharmacopée
traditionnelle au Bénin. Nature et Faune 18: 14-22.

Agence de l'Information du Burkina. 2012. Un homme interpelé
a Bittou avec trois cadavres de vautours. aOuaga.com,
9 November. Available at http://news.aouaga.com/h/2333.html
[accessed 20 June 2018].

Anderson MD. 1999. Africa’s Hooded Vulture: a dichotomy of
lifestyle. Vulture News 41: 3-5.

Arbonnier M. 2002. Arbres, arbustes et lianes des zones seches
d’Afrique de I'Ouest (2nd edn). Montpellier: CIRAD.

Arroyo B, Razin M. 2006. Effect of human activities on bearded
vulture behaviour and breeding success in the French Pyrenees.
Biological Conservation 128: 276—-284.

Ash J, Atkins J. 2010. Birds of Ethiopia and Eritrea: an atlas of
distribution. London: Bloomsbury Publishing.

Balanga G, Cornélis D, Wilson R. 2007. Les oiseaux du complexe
WAP. Montpellier: CIRAD.

Bamford AJ, Monadjem A, Hardy ICW. 2009. Nesting habitat
preference of the African White-backed Vulture Gyps africanus
and the effects of anthropogenic disturbance. Ibis 151: 51-62.

Barton K. 2013. MuMIn: multi-model inference. R package version
1.9.5. Available at https://cran.rproject.org/web/packages/MuMin/
index.html [accessed 25 March 2018].

Bildstein KL, Bird DM. 2007. Raptor research and management
techniques. Blaine: Hancock House Publishers.

Boussim JI. 2010. Les territoires phytogéographiques. In:
Thiombiano A, Kampmann D (eds), Atlas de la Biodiversité de
I’Afrique de I'Ouest, Tome Il : Burkina Faso. Frankfurt: Goethe-
Universitat Frankfurt am Main. pp 152—155.

Buechley ER, Sekercioglu CH. 2016. The avian scavenger crisis:
Looming extinctions, trophic cascades, and loss of critical
ecosystem functions. Biological Conservation 198: 220-228.

Buij R, Croes BM, Gort G, Komdeur J. 2013a. The role of breeding
range, diet, mobility and body size in associations of raptor
communities and land-use in a West African savanna. Biological
Conservation 166: 231-246.

Buij R, Croes BM, Komdeur J. 2013b. Biogeographical and
anthropogenic determinants of landscape-scale patterns of
raptors in West African savannas. Biodiversity and Conservation
22: 1623-1646.

Buij R, Nikolaus G, Whytock R, Ingram DJ, Ogada DL. 2016. Trade
of threatened vultures and other raptors for fetish and bushmeat
in West and Central Africa. Oryx 50: 606—616.

Burnham KP, Anderson DR. 2002. Model selection and multimodel
inference: a practical information-theoretic approach. New York:
Springer.

Cheylan G. 1981. Il Coloque International sur les Rapaces

Mediterranees. Introduction. Annales du CROP 1: 3-5.

Craig CA, Thomson RL, Santangeli A. 2018. Communal farmers
of Namibia appreciate vultures and the ecosystem services they
provide. Ostrich 89: 211-220

Daboné C, Oueda A, Adjakpa JB, Buij R, Ouedraogo I, Guenda W,
Weesie PDM. 2016. Phénologie de la reproduction du Vautour
charognard Necrosyrtes monachus en zone soudano sahélienne
(Garango, Burkina Faso), 2013-2015. Malimbus 38: 38—49.

Dipama JM. 2010. Le climat. In: Thiombiano A, Kampmann D
(eds), Atlas de la Biodiversité de I'’Afrique de I'Ouest, Tome Il :
Burkina Faso. Frankfurt: Goethe-Universitat Frankfurt am Main.
pp 122-124.

Dormann CF, McPherson JM, Aratjo MB, Bivand R, Bolliger J,
Carl G, Davies RG, Hirzel A, Jetz W, Kissling WD, Kihn 1. 2007.
Methods to account for spatial autocorrelation in the analysis of
species distributional data: a review. Ecography 30: 609—-628.

Fernandez C, Azkona P, Donazar JA. 1998. Density-dependent
effects on productivity in the Griffon Vulture Gyps fulvus: the role
of interference and habitat heterogeneity. /bis 140: 64—69.

Fernandez-Bellon D, Cortés-Avizanda A, Arenas R, Donazar JA.
2016. Density-dependent productivity in a colonial vulture at two
spatial scales. Ecology 97: 406—416.

Fortin MJ, Dale MRT. 2005. Spatial analysis: a guide for ecologists.
Cambridge: Cambridge University Press.

Henriques M, Granadeiro JP, Monteiro H, Nuno A, Lecoq M,
Cardoso P, Regalla A, Catry P. 2018. Not in wilderness: African
vulture strongholds remain in areas with high human density.
PloS ONE 13: e0190594.

Hustler K, Howells WW. 1988. Breeding biology of the
Whiteheaded Vulture in Hwange National Park, Zimbabwe.
Ostrich 59: 21-24.

INSD/MEF (Institut National de Statistique et de la Démographie,
Ministére de 'Economie et de Finance, Burkina Faso). 2008.
Recensement General de la Population et de I’Habitation
de 2006. Resultats definitifs. Available at http://www.insd.bf/
documents/publications/insd/publications/resultats_enquetes/
autres%20enq/Resultats_definitifs_ RGPH_2006.pdf. html
[accessed 20 January 2016].

Johnson JB, Omland KS. 2004. Model selection in ecology and
evolution. Trends in Ecology and Evolution 19: 101-108.

Kumar N, Gupta U, Jhala YV, Qureshi Q, Gosler AG, Sergio F.
2018. Habitat selection by an avian top predator in the tropical
megacity of Delhi: human activities and socio-religious practices
as prey-facilitating tools. Urban Ecosystems 21: 339-349.

Markandya A, Arnold S, Cassinelli M and Taylor T. 2008.
Protecting coastal zones in the Mediterranean: an economic
and regulatory analysis. Journal of Coastal Conservation 12:
145-159.

McKean S, Mander M, Diederichs N, Ntuli L, Mavundla K, Williams
V, Wakelin J. 2013. The impact of traditional use on vultures in
South Africa. Vulture News 65: 15-36.

Monadjem A, Wolter K, Neser W, Bildstein K. 2016. Hooded
Vulture Necrosyrtes monachus and African White-backed Vulture
Gyps africanus nesting at the Olifants River Private Nature
Reserve, Limpopo province, South Africa. Ostrich 87: 113-117.

Mullié¢ WC, Couzi FX, Diop MS, Piot B, Peters T, Reynaud PA,
Thiollay JM. 2017. The decline of an urban Hooded Vulture
Necrosyrtes monachus population in Dakar, Senegal, over 50
years. Ostrich 88: 131-138.

Mundy P, Butchart D, Ledger J, Piper S. 1992. The vultures of
Africa. London: Academic Press.

Nabaloum. 2012. Tribunal de grande instance de Ouagadougou: lIs
tuent 71 vautours et écopent de 18 mois de prison. LeFaso.net,
19 January. Available at http://lefaso.net/spip.php?article 45939
[accessed 20 April 2018].

Nikolaus G. 2006. Where have the African vultures gone. Vulture
News 55: 65-67.



Ostrich 2019, 90(1): 53-61

61

Nikolaus G. 2011. The fetish culture in West Africa: an ancient
tradition as a threat to endangered bird life? In: Schuchmann
KL (ed.), Tropical vertebrates in a changing world. Bonn:
Zoologisches Forschungsmuseum Alexander Koenig.
pp 145-150.

Nosazeogie E, Tende T, Monadjem A. 2018. Hooded Vultures
Necrosyrtes monachus nearly extirpated from Edo State,
Nigeria: a report on the avian scavenger community. Ostrich 89:
265-273.

Ogada D, Botha A, Shaw P. 2016. lvory poachers and poison:
drivers of Africa’s declining vulture populations. Oryx 50:
593-596.

Ogada DL, Buij R. 2011. Large declines of the Hooded Vulture
Necrosyrtes monachus across its African range. Ostrich 82:
101-113.

Ogada DL, Keesing F, Virani MZ. 2012. Dropping dead: causes
and consequences of vulture population declines worldwide.
Annals of the New York Academy of Sciences 1249: 57-71.

Ogada DL, Shaw P, Beyers RL, Buij R, Murn C, Thiollay JM, Beale
CM, Holdo RM, Pomeroy D, Baker N, Kriger SC, Botha A,
Virani MZ, Monadjem A, Sinclair ARE. 2015. Another continental
vulture crisis: Africa’s vultures collapsing toward extinction.
Conservation Letters 9: 89-97.

R Development Core Team. 2015. R: a language and environment
for statistical computing. Vienna: R Foundation for Statistical
Computing.

Saidu Y, Buij R. 2013. Traditional medicine trade in vulture parts in
northern Nigeria. Vulture News 65: 4—14.

Santangeli A, Arkumarev V, Rust NA, Girardello M. 2016.
Understanding, quantifying and mapping the use of poison by

commercial farmers in Namibia — implications for scavengers’
conservation and ecosystem health. Biological Conservation
204: 205-211.

Sodeinde SO, Soewu DA. 1999. Pilot study of the traditional
medicine trade in Nigeria. Traffic Bulletin 18: 35—-40.

Thiollay JM. 1977. Distribution saisonniére des rapaces diurnes
en Afrique occidentale. L’Oiseau et la Revue Francgaise
d’Ornithologie 47: 253-294.

Thiollay JM. 2006a. The decline of raptors in West Africa:
Long-term assessment and the role of protected areas. Ibis 148:
240-254.

Thiollay JM. 2006b. Large bird declines with increasing human
pressure in savanna woodlands (Burkina Faso). Biodiversity and
Conservation 15: 2085-2108.

Thompson LJ, Davies J, Botha A, Bildstein KL, Murn C, Downs
C. 2016. Breeding biology of Hooded Vultures Necrosyrtes
monachus in South Africa. Poster presented at the 14th
Pan-African Ornithological Congress, Senegal, 16—21 October
2016.

Thompson LJ, Davies JP, Gudehus M, Botha AJ, Bildstein KL,
Murn C, Downs CT. 2017. Visitors to nests of Hooded Vultures
Necrosyrtes monachus in north-eastern South Africa. Ostrich 88:
155-162.

Zuberogoitia |, Zabala J, Martinez JA, Martinez JE, Azkona A.
2008. Effect of human activities on Egyptian vulture breeding
success. Animal Conservation 11: 313-320.

Zwarts L, Bijlsma RG, van der Kamp J, Wymenga E. 2009. Living
on the edge: wetlands and birds in a changing Sahel. Zeist:
KNNV Publishing.

Received 20 July 2017, revised 10 October 2018, accepted 22 October 2018

Associate Editor: Ara Monadjem





