Bird Conservation International (2012) 22:260–269. © BirdLife International, 2012
doi:10.1017/S0959270911000505

Seasonal variation in breeding Rüppell’s
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Summary
Vulture populations have been declining globally and regionally within Africa. Rüppell’s Vulture
Gyps rueppellii is currently listed as ‘Near Threatened’ and numbers of the species, along with
African White-backed Vultures G. africanus, have declined by 52% in and around the MaraSerengeti ecosystem. A large breeding colony of Rüppell’s Vulture at Kwenia, southern Kenya,
was monitored between 2002 and 2009. Around 150–200 adults were present on each visit, with
up to 64 simultaneously active nests. The date of egg-laying differed considerably between years,
with two discrete breeding attempts in some years. Nests were not positioned randomly across
the cliff face and the number of active nests was related to rainfall in the previous year. The large
ungulate migration of the Mara-Serengeti provides a vital foraging ground for the species.
Conservation implications of the loss of vultures are discussed.

Introduction
There is currently global concern about vulture population declines across the Old World.
Catastrophic declines of populations of Gyps vultures have been recorded in south Asia (Gilbert
et al. 2002, Prakash et al. 2003). Three species of Gyps vultures breed in sub-Saharan Africa, and
all have declining populations; regional declines have been reported for West Africa (Thiollay
2006a,b), southern Africa (Bamford et al. 2007, Boshoff et al. 2009) and Kenya (Ogada and
Keesing 2010, Virani et al. 2011). The Cape Vulture G. coprotheres is listed as ‘Vulnerable’, while
the African White-backed G. africanus and Rüppell’s Vultures are listed as ‘Near Threatened’
(BirdLife International 2011).
As a result of local concern (Virani and Muchai 2004), ongoing research on vultures in East
Africa is highlighting new information about their population sizes, behaviour, mortality and
movement patterns, critical in ensuring that conservation strategies are based on sound science
(Ogada and Keesing 2010, Ogada and Buij 2011, Virani et al. 2011, Kendall et al. Unpubl. data).
Current studies suggest declines in both the range and numbers of various vulture species as
a result of compound threats including poisoning (Otieno et al. 2010) and changes in land-use
practices (Ogada and Keesing 2010, Virani et al. 2011, Ogada and Buij 2011). Rüppell’s Vulture
was formerly widely distributed throughout Kenya, although breeding has always been restricted
to a relatively small number of cliffs scattered in the south and north of the country (Lewis and
Pomeroy 1989). Although its breeding biology has not been reported for Kenya, Houston (1990)
documented two breeding seasons of a subset of a large colony exceeding 1,000 nests in the Gol
Mountains of northern Tanzania. In each year, breeding was synchronised within the colony, but
the timing of egg-laying varied considerably between the two years (Houston 1990).
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Knowledge of the nesting activity of the species would assist development of a long-term
conservation plan for Kwenia, which currently does not enjoy any legal protection. The aim of this
paper is to report on the inﬂuence of seasonal variation, particularly rainfall, on the number of
Rüppell’s Vultures roosting and nesting at Kwenia, which represents the largest breeding colony
of this species in southern Kenya.

Methods
Study site
Kwenia (1°46’38.21”S and 36°31’5.24”E) is situated in Kajiado district, southern Kenya
approximately 80 km south of Nairobi (Figure 1). Most of Kajiado District is semi-arid with
poorly developed and shallow soils (vertisols) with high clay content. Rainfall is bimodal with
annual average of 600 mm, increasing with elevation from 500 mm in the plains to 1,250 mm in
the highlands. Temperatures also vary with altitude and range from 12°C in the highlands to
34°C in plains (Gichuki et al. 1998). The predominant land use in the area is pastoral herding of
goats and cattle.
The cliffs at Kwenia are west-facing and approximately 2 km in length and on average about
140 m high. Despite the large size of the colony at Kwenia, this site was not surveyed prior to this

Figure 1. Map of Kenya and the position of Kwenia on a digital elevation model (showing
altitude). Also shown are the known nesting sites (black circles) of Rüppell’s Vultures in Kenya.
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study, although it is mentioned by Pennycuick (1983) as having a “large colony” with possibly
several hundred nest sites.

Data collection
Kwenia was visited at irregular intervals from October 2002 to May 2009. An attempt was made to
visit Kwenia at least twice per year, but during 2002, 2003, 2007 and 2008 it was visited just once.
Our vulture surveys had two objectives: 1) to count all adult and immature Rüppell’s Vultures
present on the cliffs, and 2) to record all active and occupied nests on the cliffs at Kwenia. Vulture
counts commenced at ﬁrst light (around 06h30) and were completed within two hours
(before adult birds had left the cliffs). At least two observers were present during each count.
Cliffs were scanned with a telescope starting from one end and gradually proceeding to the other.
The cliff face was divided into eight unequal sections based on prominent landmarks (such as
cracks or crevices) plus the amount of whitewash present. Nests were identiﬁed by the
accumulation of nesting material or if a vulture was observed incubating. Each of the eight
sections of the cliff face was photographed using a digital camera, and potential nesting ledges and
conﬁrmed nest sites were marked with a unique alpha-numeric code on a printed copy of the
image. Conﬁrmation of an occupied and/or active nest was based on the following: 1) bird
(or birds) standing on nest and no chick seen, 2) bird sitting on nest and no chick seen, and
3) conﬁrmed breeding – chick seen. The ﬁrst two behaviours indicated an occupied nest, while the
third an active nest (Postupalsky 1973). Thus an active nest will be occupied while an occupied
nest may not necessarily be active. In addition to recording the presence of chicks on the nest,
juvenile (recently ﬂedged) birds on the cliffs were also recorded.
Rainfall data were obtained from the Magadi Soda Company located about 20 km from Kwenia
(http://www.magadisoda.co.ke).

Data analysis
Spearman’s rank correlation was conducted to test for associations between variables. Values are
presented as means 6 SD.

Results
The number of adult Rüppell’s Vultures counted on the cliff face at Kwenia between 2003 and
2009 ranged from a high of 254 birds in March 2005 to a low of 81 birds in September 2005
(Figure 2). Between March 2005 and September 2005 there was a considerable decline in the
number of adult vultures at Kwenia, with numbers slowly increasing between May 2006 and
March 2008. Between October 2002 and October 2004, and again between March 2008 and May
2009, numbers of adults were stable at between 150 and 200 birds (Figure 2). The mean number
of birds per year between 2002 and 2009 was 168.9 6 18.2) while the mean number of active/
occupied nests per annum during this period was 47.6 6 11.6).
The maximum number of nests that were active per annum varied only slightly between years
(Figure 3) and was not correlated with either the number of adults present that year or the
previous year (r 5 -0.054 and -0.324, respectively, P . 0.05 for both analyses). However, there
was a signiﬁcant inverse relationship between the number of active nests and rainfall in
the previous year (r 5 -0.818, P 5 0.025, n 5 6).
The timing of nesting varied from year to year (Figure 4). In October 2002, when the study was
initiated, there were no actively nesting adult birds at Kwenia. A year later in October 2003,
a small proportion (less than a quarter) of the adults present were incubating (Figure 4). By
January 2004, the proportion of incubating adults had increased and chicks were also visible in
nests. Five months later in June 2004 there were no incubating adults, but there was a chick in each
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Figure 2. Number of adult Rüppell’s Vultures present at each visit on the cliff face at Kwenia
between October 2002 and May 2009.
active nest (Figure 4). This suggests that in 2003 and 2004 the vultures had laid eggs in September
and/or October. In 2005, however, the majority of adults were incubating in late July, with a small
number of chicks present suggesting that eggs were laid in June of that year. Similarly, all the
adult birds were incubating in May 2006 (Figure 4) suggesting that eggs were laid in April or May.
A small number of adult birds were incubating again in November (Figure 4), indicating that the
vultures had two breeding seasons in 2006. The vultures also bred twice in 2009. Hence, laying
dates varied signiﬁcantly between years (Table 1).

Figure 3. Mean number of adult Rüppell’s Vultures present on the cliff face at Kwenia, together
with the maximum number of active nests present in each year.
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Figure 4. Numbers of active nests, incubating adults, and chicks of Rüppell’s Vultures at Kwenia
between October 2002 and May 2009.
There was signiﬁcant variation in the location of occupied/active nests at the Kwenia cliff face
(Table 1). Sections 3, 5, 8 and 9 supported most of the occupied/active nests, while section 1 only
had a single active nest in the seven-year study period.
Table 1. Estimated date of egg-laying in Rüppell’s Vultures at Kwenia between 2002 and 2009, based on data
presented in Figure 4 and number of active nests at each of the eight sections of the Kwenia cliff face, on each
of the 15 visits between October 2002 and May 2009. Also shown are the total and mean number of active
nests and standard deviation (SD) for each site.
Year Estimated
date of egg
laying

Sections

1
2002 Unknown
2003 Sept/Oct
2004 Oct
2005 Jun

2006
2006
2007
2008
2009
2009

Apr/May
Oct/Nov
Apr/May
Feb/Mar
Jan
May

2
0
0
1
1
1
0
0
3
2
5
0
2
0
0
0

3

5

6

0
9
10
2
2
0
7
10
7
11
0
6
11
10
9

0
9
11
4
0
0
0
11
7
13
0
8
11
10
10

0
1
1
1
14
9
3
6
3
4
0
3
6
4
2

7
0
8
0
1
1
0
0
2
1
5
1
2
6
3
2

8
0
10
3
3
3
8
0
10
10
10
3
13
14
9
8

9

Total

0
0
5
0
8
3
0
5
12
12
4
10
16
8
6

0
38
31
12
29
20
10
47
42
60
8
44
64
44
37

12-Oct-02
12-Oct-03
06-Jan-04
10-Jun-04
14-Oct-04
16-Mar-05
29-Apr-05
25-Jul-05
18-Sep-05
01-May-06
28-Nov-06
28-May-07
07-Mar-08
21-Jan-09
09-May-09

0
1
0
0
0
0
0
0
0
0
0
0
0
0
0

Total
Mean
SD

1
15
94
94
57
32
104
89
486
3.80
2.13
6.93
5.93
0.07
1.00
6.27
6.27
0.2582 1.4639 4.2840 5.0209 3.7645 2.4162 4.5429 5.0351
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Discussion
Based on the number of adults and occupied/active nests observed, Kwenia is probably the most
important breeding location for Rüppell’s Vulture in southern Kenya (Lewis and Pomeroy 1989).
The only other site in Kenya that has been surveyed for this species is Hell’s Gate National Park
(about 150 km east of Kwenia), where approximately 15–20 pairs breed per annum (Iwhagi,
M. Virani unpubl. data). Hence, the Kwenia colony is at least an order of magnitude larger than
that at Hell’s Gate. The cliffs at Mount Ololokwe in northern Kenya are known to support large
numbers of Rüppell’s Vultures (S. Thomsett pers. obs.); however, the birds and nests at this site
have not been studied systematically. The most important breeding site in East Africa appears to
be the Gol mountains in northern Tanzania, but no surveys have been conducted there since
those undertaken in 1969–1970 Houston (1976) and 1973 (Pennycuick 1983). Houston (1976)
estimated that the colony comprised about 1,000 pairs, but did not provide any details of how this
ﬁgure was derived. Pennycuick (1983) estimated a total of 1,500–3,000 pairs in Tanzania based on
aerial surveys using a light aircraft. Although the total number of pairs breeding in Kenya is still
unknown, it is probably an order of magnitude smaller than the Tanzanian ﬁgure.
It is not known what caused the drop in numbers of adult birds from July 2005 to May 2006.
One plausible explanation that cannot be discounted at this stage is direct mortality through
poisoning as has been documented on other vulture species (Margalida et al. 2008, Hernández and
Margalida 2009). Major poisoning incidents by use of carbamate pesticides were reported for the
ﬁrst time in 2004 where 187 vultures of three species (African White-backed, Rüppell’s and
Lappet-faced Aegypius tracheliotos) were poisoned near the Athi-Kitengela plains (Otieno et al.
2010) just 60 km north-west of Kwenia. Based on movement studies, this area appears to be
frequented by Rüppell’s Vultures nesting in Kwenia (C. Kendall and M. Virani unpubl. data). An
alternative explanation is that Kwenia acts as a major roosting site for non-breeding adults that
may have temporarily moved away to a different location (perhaps due to scarcity of food in that
region of Kenya). In this regard, wing-tagging and tracking adult Rüppell’s Vultures may be
important for understanding their movements in response to changing conditions as well as to
obtain more accurate mortality rates.
Considering the size of the Kwenia colony, we suggest that Kwenia may act as an important
focal point for Rüppell’s Vultures in southern Kenya and northern Tanzania. In Namibia,
satellite-tagging of the closely related Cape Vultures (Johnson et al. 2006) showed that they
ranged over large areas, with adults covering a mean of 21,320 km2 and juveniles 482,276 km2
(Bamford et al. 2007). Past radio-tracking of two Rüppell’s Vultures in Tanzania indicated that
they moved between the Gol cliffs and the Serengeti plains; a distance in excess of 100 km
(Pennycuick 1983). In 2009, a GSM-GPS (cell phone) tracking device attached to an adult
Rüppell’s Vulture trapped in the Masai Mara showed it frequently roosting at Kwenia. Its
movements showed that vultures roosting or nesting at Kwenia range widely using Masai Mara
National Reserve in Kenya and Serengeti National Park, Maswa Game Reserve, and Ngorongoro
Conservation Area, Tanzania (C. Kendall and M. Virani, unpubl. data). This same individual
travelled an average of 65 km per day with a total range size of 71,990 km2over a 10-month
period. Gyps vultures are capable of moving long distances between roosting/nesting sites and
foraging grounds (Pennycuick 1983, Bamford et al. 2007) and thus Rüppell’s Vultures using
Kwenia likely range across much of East Africa and probably beyond its northern borders in the
Sudan and Ethiopia where suitable cliffs occur.
Similar numbers of nests were occupied/active in different years of the study, suggesting that
the breeding population was stable. The maximum number of occupied/active nests in a year was
not related to the number of adult birds in the population, pointing to a variable number of nonbreeding adults. The inverse relationship between the number of occupied/active nests and rainfall
in the previous year may be related to greater food availability for scavengers in dry or drought
years, stimulating breeding in the following season (Mduma et al. 1999, Ogutu et al. 2008). A
similar inverse relationship between rainfall and nesting activity was reported for Lappet-faced
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Vultures breeding in Namibia (Bridgeford and Bridgeford 2003). In addition, like other large
birds, vultures rely on thermals for soaring ﬂight and thus their ability to search for carrion may
also be limited by rainfall (Pennycuick 1972, Monadjem and Bamford 2009). Although the
impacts of climate change on rainfall in East Africa are debated (Williams and Funk 2010), if
rainfall increases as originally predicted by Christiansen et al. (2007), food availability and
soaring ability of vultures would be likely to decrease, leading to declines in breeding activity
and population dynamics as has been documented for European vultures (Margalida et al.
2010, 2011).
In this study, the date of egg laying by Rüppell’s Vultures at Kwenia varied from year to year,
an observation also made by Houston (1976). In contrast, the Cape Vulture Gyps coprotheres in
southern Africa has a clearly deﬁned breeding season with egg-laying commencing in April/May
(Mundy et al. 1992). The African White-backed Vulture also does not vary its egg-laying date
between years in southern Africa (Mundy et al. 1992). In East Africa however, the breeding of
this species is bimodal with nesting in April/May and December/January (Ferguson-Lees and
Christie 2001), with a peak in laying between March and May (Houston 1976). Nesting in
Rüppell’s Vulture may be triggered by rainfall and geared to producing ﬂedged young at the end
of the dry season (July–October) when carrion is most abundant (Houston 1976).
Different sections of the Kwenia cliff supported considerably different numbers of occupied/
active nests. Clearly Rüppell’s Vultures do not treat the cliff face as being a uniform feature,
preferring some parts of the cliff over others. Colonial seabirds often exhibit signiﬁcant
differences in breeding success between peripheral nests (on the edges of the colony) and central
nests (in the middle of the colony) (Forster and Phillips 2009). Some nests on Kwenia, particularly
the central cliffs, had guano deposits that were at least 2 metres in height which have probably
been around for centuries (Houston and Nager 2009). This suggests that speciﬁc sites have been
strongly chosen over millennia and implies that there is strong selection pressure for only a very
few places. Future studies at Kwenia should focus on measuring a limited number of variables
that might inﬂuence this choice, such as ledge size, shape, shelter, aspect and cliff features
(Newton 1979).
Despite the many threats – poisoning, reduced food availability, disturbance, and climate
change – and the recent evidence that populations of Gyps and other vultures in the nearby Masai
Mara ecosystem have declined by 52% in the last thirty years, which is likely to be the same
population as the Rüppell’s Vultures using Kwenia, based on ﬁndings from telemetry (C. Kendall
and M. Virani unpubl. data), nesting activity at Kwenia has remained remarkably stable. In
addition, comparisons of current and historic carcass counts provide evidence that the proportion
of Rüppell’s Vultures has increased relative to African White-backed Vultures, suggesting that
currently Rüppell’s Vultures are not declining as rapidly as other scavengers (Kendall et al. In
review). Reasons for these possible differences in the level of decline among avian scavengers are
currently being explored. However, continued monitoring of Rüppell’s Vultures at key nesting
and foraging sites, such as Kwenia and Masai Mara, is critical given the existing threats.
The Rüppell’s Vulture colony at Kwenia is the most important for the species in southern
Kenya. Results of our study may be beneﬁcial for any initiative attempting to provide Kwenia
with some form of legal protection to safeguard this vital breeding stronghold. We recommend
that Kwenia be considered for development into a wildlife conservancy with a community-based
ecotourism venture that would bring economic beneﬁts to the local community similar to other
community projects in the region (Honey 2009).
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