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Abstract 

Considerable changes in the abundance and demography of Serengeti National Park 

giraffes (Giraffa camelopardalis) provide insight into the drivers of ungulate population 

dynamics. When last systematically studied in the 1970s, the giraffe population was 

growing at a rate of 5–6% per year, in response to an increase in the biomass of palatable 

browse species. During three field seasons (2008–2010), I collected data on a 

significantly reduced population on giraffes: 5–7 times smaller than the 1970s peak. 

Interestingly, this drop in abundance corresponds to an increase in the density and cover 

of woody vegetation across the Serengeti.  

Using the Serengeti giraffe population as a case study, I explore the role of food 

supply, predation, parasites, and poaching on population dynamics. This investigation is 

facilitated by contemporary field studies, including vegetation surveys, aerial counts of 

giraffes, and regular observations of >900 individually identified giraffes. Recent 

observations are compared to results from the 1970s and combined with a range of other 

long-term data from the Serengeti (including data on lion kills from a >40-year dataset 

and data on poaching) to provide a multifaceted picture of the giraffe population and its 

environment. (I also devise a novel technique of studying lion claw marks on the skin of 

live giraffes as a measure of predation attempts.)  

My population estimates confirm that giraffe abundance has fallen significantly 

since the 1970s. Moreover, I find that recruitment and adult survival are lower now than 

in the 1970s. The data suggest that giraffe abundance in the Serengeti is currently limited 

by poaching and by a reduction in the relative dominance of palatable plant species 

brought about, in part, by the giraffe’s own browsing behavior. Using a population 

model, I investigate how survival and fertility affect giraffe population growth and find 

evidence that population growth is most sensitive to adult survival. I recommend 

reducing the targeted poaching of adult giraffes as a conservation measure.  
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General Introduction 

 

Dissertation topic  

 This is a study of the ecology of the Masai giraffe (Giraffa camelopardalis 

tippelskirchi) in the Serengeti National Park, Tanzania. The giraffe is the largest ruminant 

(adults weigh ~800–1200 kg), a pure browser that meets its large energetic needs by 

feeding on Acacia trees and broad-leaf woody plant species. In this dissertation, I aim to 

understand the mechanisms that drive giraffe population dynamics and to build a more 

complete picture of the giraffe’s role in shaping woodland structure and composition.  

 

Motivation 

 What limits giraffe abundance in the Serengeti? Although the density and cover of 

woody vegetation in the Serengeti increased dramatically between the 1980s and 2000s 

(Packer et al. 2005, Sinclair et al. 2007, Sinclair et al. 2008), giraffe abundance did not 

increase over this period. Rather, census data suggested periods of decreasing abundance 

(see Fig 3., Ch. 4). This observation begs several questions. Could predation or some 

other factor be limiting Serengeti giraffes below the carrying capacity determined by their 

food supply? Is illegal harvesting of giraffes for meat or other products occurring at an 

unsustainable rate? Or, is a cursory appraisal of the giraffe’s food supply, based on 

woody plant density and cover, misleading?  

 In answering these questions, this dissertation addresses a fundamental question in 

ecology: what drives fluctuations in animal abundance? Population size is a function of 

the vital rates: birth rate, death rate, and movement (emigration and immigration). Vital 

rates vary in response to intrinsic drivers (e.g., social behavior, space needs) and extrinsic 

drivers (e.g., food supply, disease, predation). In this dissertation, I consider giraffe 

abundance, age-specific vital rates, and population structure in relation to several 

extrinsic drivers hypothesized to limit giraffe abundance including food supply, 

predation, parasites, and poaching. 

 Each of these population drivers has been shown to influence other Serengeti 

ungulates over the last half century. The viral disease rinderpest, for example, caused 
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high juvenile mortality and limited the abundance of Serengeti wildebeest (Connochaetes 

taurinus) and buffalo (Syncerus caffer) until its elimination in 1963 (Sinclair 1977, 

Sinclair & Norton-Griffiths 1982, Hilborn et al. 2006). At high densities, intra-specific 

competition for food rather than predation limited Serengeti wildebeest (Dublin et al. 

1990, Mduma, Sinclair & Hilborn 1999) and buffalo in the Mara (Dublin et al. 1990). 

Poaching caused declines in buffalo abundance in the Serengeti during the 1980s 

(Hilborn et al. 2006, Metzger et al. 2010). High foal mortality, possibly due to predation, 

appears to limit the Serengeti zebra (Equus burchelli) population (Grange et al. 2004). In 

a more general analysis of ungulate limitation, Sinclair, Mduma, and Brashares (2003) 

have suggested the following rule of thumb: ungulates weighing less than 150 kg are 

likely to be limited by predation rather than food supply.  

 Tropical vs. temperate ungulates. Studies of tropical ungulate population dynamics 

are vastly underrepresented compared with those of temperate ungulates (Gaillard et al. 

2000, Owen-Smith & Mason 2005). The study of what influences giraffe population 

dynamics in Serengeti will contribute to and extend the valuable body of knowledge on 

tropical ungulates.  

 How do giraffes affect woodland composition and structure? During a 

comprehensive study of the giraffe and its food resource in the Serengeti, Pellew (1981, 

1983b, c, 1984a, b) established that the giraffe was a critical component of the woodland 

production-consumption system. He demonstrated that giraffe browsing dramatically 

reduced the vertical growth of Acacia species and that giraffes, at high densities of 1.47 

individuals/km2, were removing up to 85% of the new production of some Acacia species 

(Pellew 1984b). Based on quantification of seasonal giraffe diet selection and browse 

production, Pellew predicted long-term changes to woodland species composition and 

structure in the Serengeti. For example, he predicted that Acacia robusta, a species 

avoided year-round by giraffes, would thrive in the next generation of woodland, 

increasing its dominance relative to the woodland dominant Acacia tortilis (Pellew 1981). 

Despite Pellew’s findings and more recent studies corroborating the growth-retarding 

effect of giraffe browsing in another ecosystem (e.g., Birkett 2002, Birkett & Stevens-

wood 2005), many other studies continue to overlook the giraffe as an architect of 
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savanna woodland dynamics. Thus, a second motivation for this research is to test 

Pellew’s predictions and assess the significance of the giraffe in the woodland 

production-consumption system. 

 Conservation significance. The charismatic giraffe is the national symbol of 

Tanzania and a species of high value for Tanzania’s important ecotourism industry. 

Understanding the mechanisms that drive animal abundance is essential to effectively 

manage and conserve wildlife populations. Thus, I hope the research in this dissertation 

provides a solid foundation for the management and conservation of giraffes in the 

Serengeti and other regions.  

 

Study site and general methods  

 The Serengeti National Park is a 14,700 km2 protected area within the greater 

Serengeti ecosystem (Fig. 1). Home to one of the world’s great animal migrations, 

Serengeti is one of the most well-studied tropical ecosystems. Rainfall is seasonal, with a 

June–October dry season. Animal diversity, geology, landscape characteristics, and 

vegetation are described in detail elsewhere (e.g., Herlocker 1976, Sinclair & Norton-

Griffiths 1979). Pellew (1981, 1983a, b, c, d, 1984a, b), noted above, studied the giraffe 

population and its food resource from 1974–9. His rigorous study provides key baseline 

data for this analysis. He quantified the giraffe’s food resource and described the giraffe 

population (vital rates, abundance, population structure) during a period of high density 

and increasing abundance.  
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Figure 1. The Serengeti National Park (outlined in black) within the greater Serengeti 
ecosystem.   
 

 In this dissertation I combine long-term data, field studies, and modeling. I carried 

out fieldwork in the Serengeti National Park each August–October of 2008, 2009, and 

2010 in three ~200 km2 areas of central, western, and northern Serengeti (see Fig. 1, Ch. 

4). To draw direct comparisons with the baseline data collected during Pellew’s 1970s 

study, I employed many of the same methods. For example, both Pellew and I measured 

giraffe abundance and population structure with total aerial counts and regular ground 
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sightings of individual giraffes (Fig. 2). I studied woodland composition and structure in 

central Serengeti using the point-centered quarter method, permitting an assessment of 

woodland change between 1978 and 2009. I employed newer techniques as well. For 

example, mark-recapture methods are increasingly being used to estimate animal 

survival, population size, and other population parameters. Here, I use mark-recapture 

models to estimate giraffe survival.  

 
Figure 2. Locations of 750 giraffe herds sighted in Seronera, central Serengeti during the 
dry seasons of 2008–2010. Woodland and grassland are delineated by green and yellow, 
respectively. Roads are marked with solid brown lines. The Seronera River and its 
tributaries are in blue. (GIS base layers courtesy of www.serengetidata.org and Grant 
Hopcraft.) 
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Dissertation overview 

Chapter 1 – Much of the work contained in this dissertation is based on the 

monitoring of individually recognized giraffes. During the course of this study, I 

identified over 900 individual giraffes using giraffe coat markings. I checked my 

identifications using Wild ID, recently developed photographic pattern matching software 

for giraffes (Bolger et al. 2012). To enable comparison with prior studies on giraffes, 

each individual was aged as a calf (0–1 year), subadult (1–5 years) and adult (≥5 years).  

However, the characteristics of each age class are not consistently defined in the 

literature. For example, the umbilical cord stump, sometimes used as a defining 

characteristic of a newborn, is reportedly retained for anywhere from 4 weeks (Pellew 

1981) to 5 months (Savoy 1966). In Ch. 1, Umbilical cord stump retention and age 

estimation of newborn giraffes (Giraffa camelopardalis), I use data on individually 

monitored giraffes to estimate umbilical cord retention time in Masai giraffes. Additional 

material I developed on age estimation for Masai giraffes is presented in Appendices 1 

and 10. I anticipate that these appendices will be very useful for future studies and for 

wildlife managers working with populations of Masai giraffes. 

Chapter 2 – Studies in some areas, such as Kruger Park, South Africa (e.g., 

Owen-Smith & Mills 2008) suggest that lions are a major cause of giraffe mortality. 

Lions are also presumed to be the primary cause of the high estimated rate of giraffe 

mortality in the first year (Dagg & Foster 1982). Yet, direct observations of lion attacks 

on giraffes are rare, even from long-term studies of lions, such as the >40 year research 

project on Serengeti lions. In Ch. 2, Using claw marks to study lion predation on giraffes 

of the Serengeti, I introduce a new tool to study lion-giraffe interactions: lion claw marks 

visible on the skin of living giraffes. I use the prevalence of lion claw marks to test 

patterns of lion predation on giraffes. Results of this chapter are revisited in Ch. 4.  

 Chapter 3 – In Ch. 3, Elephants and giraffes mediate change in the prevalence of 

palatable species in an Acacia woodland, I quantify changes in woodland structure and 

composition in a study site in central Serengeti and elucidate the role of the giraffe and 

another large browser, the elephant (Loxodonta africana), in mediating this change. I also 

establish changes in the quantity and quality of the giraffe’s food resource. These results 
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are important for addressing the questions posed in Ch. 4.   

 Chapter 4 – Building on the work presented in the first three chapters, Ch. 4, Food 

supply and poaching limit giraffe abundance in the Serengeti, examines changes in 

giraffe population dynamics in relation to ecological and anthropogenic population 

drivers. I address several questions. First, how has giraffe demography and abundance 

changed over space and time? Second, how do food supply, predation, parasites, and 

poaching limit the Serengeti giraffe population? Third, which vital rate and life stage is 

giraffe population growth most sensitive to?  
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CHAPTER 1 

Umbilical cord stump retention and age estimation of newborn giraffes (Giraffa 

camelopardalis) 
 

Published as: Strauss, M.K.L. 2013. Umbilical cord stump retention and age estimation 

of newborn giraffes (Giraffa camelopardalis). African Journal of Ecology doi: 

10.1111/aje.121171 
	  
Introduction 

The umbilical cord stump is a conspicuous characteristic used to identify recently 

born giraffes (Giraffa camelopardalis) (Foster & Dagg 1972, Langman 1977, Leuthold & 

Leuthold 1978, Pratt & Anderson 1979, Pellew 1981, Dagg & Foster 1982). However, 

there is surprising disagreement over the length of time that the umbilical stump remains 

attached, with reports varying from about four weeks (Pellew 1981, Serengeti, Tanzania: 

subsp. tippelskirchi) to six weeks (Leuthold & Leuthold 1978, Tsavo East, Kenya: subsp. 

tippelskirchi) to 60 days (Langman 1977, Timbavati, South Africa: subsp. giraffa) to 2–3 

months (Dagg & Foster 1982, Nairobi Park, Kenya: subsp. tippelskirchi) to up to four 

months (Hall-Martin, Skinner, & van Dyk 1975) and to even five months (Savoy 1966, 

hand-reared captive calf, born to mother of subsp. reticulata). Here, we present 

compelling evidence from the observation of 64 Serengeti giraffes indicating that the 

umbilical stump of wild Masai giraffes (subsp. tippelskirchi) is retained for at least 2–3 

months, and we briefly note the significance of this finding. 

 

Materials and methods 

We studied Masai giraffes in Tanzania’s Serengeti National Park for three 

sessions: August–October 2008, August–October 2009 and August–early November 

2010. Giraffes were sighted and photographed regularly in a 240 km2 area of central 

Serengeti surrounding Seronera and catalogued using their unique coat markings (Foster 

1966). We estimated the age of calves (0–1 year) at first sighting using a combination of 
                                                
1 The formatting of Chapters 1–2 has been modified slightly from publication format to 
make it consistent with the remainder of this document. 
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morphological and behavioral characteristics (see Langman 1977, Pratt & Anderson 

1979, Pellew 1983a) and by comparing calves to photographs of known-aged individuals 

(all known-aged individuals were first observed at <2–3 weeks of age; see Appendix 12). 

Tracking individually known giraffes over several months permitted us to establish a 

minimum time limit before umbilical stump separation. We also sighted giraffes in a  

210 km2 region of western Serengeti near the Kirawira airstrip. 

 

Results and discussion 

Calves with an umbilical stump 

Of 137 calves observed (85 in Seronera, 52 in Kirawira), 39 (28.5%) possessed an 

umbilical stump at first sighting (Seronera: 36.5%, Kirawira: 15.4%) (see Appendix 23). 

The estimated ages of these calves at first sighting ranged from <1 week to 10–14 weeks; 

however, most individuals (n = 30, 76.9%) were first observed before one month of age. 

All calves re-sighted up to two months of age retained an umbilical stump. Seven 

calves still possessed an umbilical stump at 2.5–3 months of age (see, e.g., Fig. 1). 

Although each sampling session was only 3 months in duration, we did observe umbilical 

stump loss in six calves. In two of these cases, the interval between sightings was short 

enough to permit reliable estimation of umbilical stump retention time, which we 

observed to be at 9–10 weeks of age and 12 weeks of age, respectively. 

 

Young calves with no umbilical stump 

We estimated that a further 25 calves with no umbilical stump were as young as 

2–3 months of age at first sighting. None of the calves that we estimated to be >3.5–4 

months old had an umbilical stump attached, although the precision of age estimates 

decreases above three months. These observations suggest that the umbilical stump of 

Serengeti Masai giraffes remains attached for at least 2–3 months and for no more than 

3.5–4 months. 

 

                                                
2 Supplemental Information, Figure S1 in the published paper. 
3 Supplemental Information, Table S1 in the published paper. 
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Figure 1. A male giraffe calf with umbilical cord stump visible, pictured at 
approximately 1 week and 13–14 weeks of age. 
 

Implications 

Assigning an age of one month to a giraffe with a true age of three months (or 

vice versa) can significantly change inferences about population ecology. In particular, 

such error can bias conclusions about seasonal birth/conception patterns, obfuscate 

investigations into the timing and causes of calf mortality, and affect calculation of 

calving interval, an important reproductive parameter, which is often used to derive 

calving rates (e.g., Pellew 1983a). Thus, where precise age estimation of very young 

calves is necessary, our finding reinforces Hall-Martin, Skinner & van Dyk’s (1975) 

suggestion that it is important to use characteristics besides the umbilical cord stump. 

Pratt & Anderson (1979) and Langman (1977) provide the most detailed descriptions of 

the morphology and behavior of newborn giraffes and Foster & Dagg (1972), Pellew 



 

  11 

(1983a), and Dagg & Foster (1982) have published age-height curves for young males 

and females. We found it useful to establish a photographic record of known-aged 

individuals to which individuals observed infrequently could be compared (see  

Appendix 1).  
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CHAPTER 2 

Using claw marks to study lion predation on giraffes of the Serengeti 

 
Published as: Strauss, M.K.L. and Packer, C. 2013. Using claw marks to study lion 

predation on giraffes of the Serengeti. Journal of Zoology 289, 134-142. 
 
Summary 

Although lions (Panthera leo) are the main predators of the giraffe (Giraffa 

camelopardalis), interactions between these species are rarely observed directly. As a 

consequence, little is known about the effects of lions on giraffe mortality and behavior. 

We test patterns of lion predation on Masai giraffes (Giraffa camelopardalis 

tippelskirchi) using a new methodology: lion claw marks observable on the skin of live 

giraffes. We studied 702 individually known giraffes in three non-neighboring areas of 

Serengeti National Park, Tanzania between August 2008 and November 2010. Lion claw 

marks were observed on 13% of giraffes older than one year. Claw marks were most 

frequently detected on giraffe hindquarters and flanks, revealing that non-lethal lion 

attacks occur most often from the rear. No claw marks were observed on calves (0–1 

year), suggesting that calves rarely survive lion attacks. In the adult age class (>5 years), 

claw-mark prevalence was significantly higher among females than males. We observed 

substantial variation in claw-mark prevalence across study areas, indicating that lion 

predation risk may be heterogeneous within Serengeti. We find that claw marks are an 

important source of data on interactions between lions and giraffes. 

 

Introduction 

The lion (Panthera leo) is the most important predator of the giraffe (Giraffa 

camelopardalis) (Berry 1973, Dagg & Foster 1982), yet the relationship between these 

species has been rarely studied. Lions may be the primary cause of death for giraffe 

calves (Dagg & Foster 1982), which suffer an estimated 58–73% mortality in the first of 

year of life (Foster & Dagg 1972, Leuthold & Leuthold 1978, Pellew 1983a). 

Although giraffe mortality drops off substantially after one year of age (Pellew 1983a), 

lion predation remains a significant mortality factor for subadults and even for adults 
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(e.g., Hirst 1969, Pienaar 1969), which weigh 800–1200 kg (Owen-Smith 1988) and 

reach heights of up to 4.5–5.5 m for females and males, respectively (Dagg & Foster 

1982, Pellew 1983a).  

Direct observations of lion attacks on giraffes are rare. In a three-year study of 

Serengeti lions, Schaller (1972) observed only ten such attacks, none of which led to a 

kill. Consequently, little is known about the effects of lions on giraffe mortality and 

behavior. What is known is largely anecdotal or inferred from short-term studies of 

giraffe demography or from carcass records. If the majority of attacks are occurring in 

conditions not conducive to direct observation, such as at night or in dense vegetation, 

then alternative sources of data will be required.  

In this paper, we examine lion predation on giraffes by applying a novel 

methodology that has been used primarily in marine biology: predation marks on live 

animals. Underwater predation is difficult to observe directly (Bertilsson-Friedman 

2006); thus, predation marks visible on surfacing animals are an important source of data 

on predator-prey interactions. While predation marks cannot be used alone to estimate 

predation rates, they can be used to identify predatory species (e.g., Corkeron, Morris, & 

Bryden 1987, Cockcroft, Cliff, & Ross 1989), to elucidate attack behavior, to infer which 

age-sex classes of prey are better able to evade predation (e.g., Corkeron et al. 1987, 

Heithaus 2001), and to examine variation in predation risk over space and time (Heithaus 

2001, Bertilsson-Friedman 2006). 

Similarly, the predation-mark method can increase the sample size of lion 

predation events on giraffes. Only a portion of lion attacks are fatal (Schaller 1972, 

Funston, Mills, & Biggs 2001) and surviving prey may incur bite wounds or claw marks. 

Lion claw marks are distinctive and can be differentiated from marks inflicted by other 

predators (Figs. 1, 2). Claw marks are observed on giraffe carcasses (Schaller 1972) and 

on live giraffes (Fig. 2). Interpretation of claw marks, however, requires caution. For 

example, an absence of claw marks in an age-sex class could indicate that all attacked 

individuals die, that no individuals are attacked, or that too few individuals were sampled. 

Claw-mark patterns provide meaningful data when supplemented with other 

observations. 
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Figure 1. Examples of lion (Panthera leo) claw marks. (a) Fresh claw marks and 
lacerations on the rumps of two live zebras (Equus burchelli) illustrating the parallel 
incisions diagnostic of lion attack. (b) Claw marks on an eland (Taurotragus oryx) 
carcass visible on the rump and flank, anterior to the anogenital region. Marks are also 
inflicted post-mortem during feeding. Predation marks can easily be distinguished from 
wounds/scars caused by disease or wire poaching snares. Photographs in (a) were 
provided by P. Jigsved and that in (b) was provided by D. Rosengren. 
 

a

b
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Figure 2. Examples of lion (Panthera leo) claw marks observed on Serengeti giraffes 
(Giraffa camelopardalis). Healed claw marks on a giraffe (a) hind leg, (b) rump, and (c) 
flank-rump area. Multiple parallel marks are present in each of these cases, but in contrast 
to the images in Fig. 1a, lion claws rarely cause severe lacerations on giraffes and healed 
marks can be difficult to detect. Partial tail amputation (d) was always accompanied by 
claw marks on the tail, hind leg and/or rump, suggesting lions, rather than spotted hyenas 
(Crocuta crocuta), were responsible for missing tail tips. Tail amputations may affect the 
giraffe’s ability to swat tsetse flies and other insects or to dislodge Acacia thorns from the 
skin. 
 
 

a b

c d
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 Lions are a clear threat to giraffes. Observational studies indicate that giraffes 

alter their behavior in the presence of lions. A typical vigilance posture is shown in 

Appendix 34. When lions are nearby, giraffes avoid waterholes (Valeix et al. 2009a), 

where they are particularly vulnerable (Dagg & Foster 1982, Périquet et al. 2010), and 

favor open grasslands over denser vegetation (Valeix et al. 2009b). Females with young 

calves spend a disproportionate amount of time in open habitats, sacrificing browse 

availability for improved ability to detect and evade predators (Young & Isbell 1991). 

Calves often remain in open areas in crèche groups, while mothers travel to feed 

(Langman 1977, Leuthold 1979, Mejia, in Moss 1982). 

Carcass records from southern Africa reveal that lions kill more male than female 

giraffes (Hirst 1969, Pienaar 1969, Owen-Smith 2008) and that predation on giraffes is 

highest in the mid- to late dry season (Hirst 1969, Owen-Smith 2008). However, it can 

take years to acquire a reasonably sized carcass sample and these records suffer from the 

underrepresentation of rapidly consumed calves (Hirst 1969, Dagg & Foster 1982, Owen-

Smith & Mills 2008). The mechanics and frequency of lion attacks and the circumstances 

in which giraffes are able to evade attacks remain unclear. Easily collected claw-mark 

data reduce these gaps in knowledge. 

We used lion claw marks on Masai giraffes (Giraffa camelopardalis tippelskirchi) 

living in Serengeti National Park, Tanzania to elucidate lion attack behavior and 

predation patterns. Specifically, we studied relationships between claw marks and giraffe 

age, sex, herd size, height, and study area, and we used supplemental carcass data from 

the Serengeti Lion Project to examine seasonal effects. We integrate our findings with 

results from prior studies on lion-giraffe interactions. 

 

Materials and methods 

Study area 

Serengeti National Park forms part of the 25,000 km2 Serengeti ecosystem, a 

region of northern Tanzania and southern Kenya that supports large numbers of resident 

                                                
4 Supporting Information, Figure S1 in the published paper. 
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and migratory ungulates and, consequently, high numbers of predators, including lions 

(Sinclair & Norton-Griffiths 1979). Giraffes were sampled in three non-neighboring areas 

of Serengeti during each dry season between August 2008 and November 2010 (study 

areas first described by Pellew 1983a): (1) Seronera (240 km2); (2) Kirawira (210 km2); 

(3) Bologonja (175 km2, sampled only in 2010). 

Study area comparisons focus on the well-sampled areas of Seronera and 

Kirawira. While giraffe density is similar in these areas (Strauss, unpubl. data), Kirawira 

has a lower lion density than Seronera (Packer 1990, Mosser et al. 2009, A. Kittle, pers. 

comm. 2012) and high year-round densities of preferred lion prey such as wildebeest 

(Connochaetes taurinus) and topi (Damaliscus lunatus). Kirawira is characterized by 

seasonal drainages and patches of low scrub thicket interspersed with flat open grassland, 

whereas Seronera is characterized by riverine areas, woodland, and sloping hills. With a 

lower lion density, a high density of other prey, and better visibility, we expected lower 

lion predation in Kirawira. 

 

Data collection 

Giraffes were photographed and later identified using the coat markings unique to 

each animal (Foster 1966). Individual identifications, done by eye, were double-checked 

using Wild ID pattern-matching software for giraffes (Bolger et al. 2012). No individuals 

were observed in more than one study area during the sampling period. Most giraffes 

were sighted multiple times. 

Using a suite of physical characteristics, including body shape, relative length of 

the neck and legs, ossicone (horn) characteristics, and height, giraffes were categorized 

into 3 age classes: calf (0–1 year), subadult (1–5 years) or adult (>5 years). For a more 

fine-scale analysis, subadults were aged to ± 1 year by comparing each individual with a 

sample of known-aged giraffes of the same sex. Height measurements were compared 

against age-height curves for Serengeti giraffes (Pellew 1983a). We measured height with 

a Haglöf electronic clinometer (Haglöf Company Group, Långsele, Sweden) (accuracy of 

± 0.1 m), calibrated by the distance from the observer to the giraffe, which, in turn, was 

measured with a Bushnell range finder (Bushnell Corporation, Overland Park, KS, USA) 
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(accuracy of ± 1 m). Height, from the ground to the top of the ossicones, was measured 

with the giraffe standing in an upright posture. Height measurements were only taken 

when a giraffe could be approached closely and remained still long enough for an 

accurate reading. 

We recorded the size and composition of giraffe herds, defined as individuals 

feeding, socializing, and/or moving together (solitary individual equals herd size of one). 

Herd members could be dispersed over 1 km, but were usually within close proximity. 

For each giraffe, we calculated that individual’s “mean herd size”—a measure of social 

behavior. For example, if individual with identification code SF1 was observed in five 

herds of sizes 1, 5, 10, 5, and 2, SF1’s mean herd size would be equal to 4.6. 

 

Predation mark analysis 

A total of 917 individual giraffes were identified during this study. Photographs 

of 702 giraffes (132 calves, 187 subadults and 383 adults) were inspected for predation 

marks. These data were used to calculate predation-mark prevalence. Individuals (n = 

215) with unsatisfactory photographs were excluded. Calves were rarely excluded and 

males were excluded slightly more often than females because some males were seen 

infrequently or only at a distance. 

Two classes of predation marks were recorded: unambiguous lion claw marks and 

ambiguous marks. We defined unambiguous claw marks as sets of parallel 

incisions/scars, or as long scars extending over multiple, usually adjacent, body regions. 

Figure 1 illustrates the appearance of lion claw marks on two herbivore species, zebra 

(Equus burchelli) and eland (Taurotragus oryx), and Fig. 2 illustrates lion claw marks on 

Serengeti giraffes. Ambiguous marks were typically single, short scars usually located on 

only 1 body region and could not be reliably attributed to lions. Because 9.5% (n = 67) of 

individuals were not photographed on both sides, we applied a correction factor to take 

into account the probability that some individuals may have predation marks on the 

unphotographed side of the body. The location of each mark on the body was recorded, 

including body side and region (Fig. 3). 
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Additional data 

To supplement predation-mark data, we examined the season and age of death of 

52 giraffe carcasses presumed killed by lions between 1966 and 2011. The data are from 

a continuous long-term study of lions in the central woodlands and southeastern plains of 

Serengeti. Means are reported as ± SD and significance was α = 0.05. 

 

Results 

Claw-mark prevalence 

Results presented here focus on marks convincingly attributable to lions. An 

estimated 10.6% of giraffes (13.1% of giraffes >1 year old) show evidence of surviving 

at least one lion attack. The estimated prevalence of claw marks was significantly higher 

among adults (17.6%) than subadults (3.7%) (χ2 =21.34, degrees of freedom (d.f.) = 1, P 

<0.0001). Of the seven subadults observed with claw marks, one was a yearling, one was 

a two-year-old and five were estimated to be between ages three and five years at first 

sighting. No claw marks were observed on calves. 

We found a highly significant relationship between sex and claw-mark 

prevalence, with estimated prevalence higher among females (14.1%, n = 379) than 

males (6.5%, n = 323) (χ2 = 10.69, d.f. = 1, P = 0.001). This result is caused by sex 

differences among adults (adult females (22.0%) vs. adult males (12.0%), χ2 = 5.83, d.f. = 

1, P = 0.016; subadult females (5.4%) vs. subadult males (2.1%), P = 0.27, 2-sided 

Fisher’s exact test). 

Predation-mark prevalence for each study area is presented in Table 1. Across 

age-sex classes, claw-mark prevalence was found to be lower in Kirawira than in 

Seronera, the two well-sampled areas. For giraffes of both sexes >1 year old, estimated 

claw-mark prevalence was 1.3% for Kirawira (n = 177) compared with 18.3% for 

Seronera (n = 311) (χ2 = 29.14, d.f. = 1, P <0.0001). This result is attributable to the 

difference in claw-mark prevalence among adults. Figure 4 summarizes age-sex trends in 

claw-mark prevalence for Kirawira and Seronera.  
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Table 1. Estimated predation-mark prevalence among giraffe (Giraffa camelopardalis) 
age-sex classes for three non-neighboring areas of Serengeti National Park. Predation-
mark prevalence is presented two ways: (1) “Mark” represents the percentage of 
individuals observed with either unambiguous lion claw marks or ambiguous marks that 
may have been due to lions. (2) “Claw mark” represents the percentage of individuals 
observed with marks that could be convincingly attributed to lions. Claw-mark 
prevalence among Seronera and Kirawira giraffes was compared using either the chi-
squared test of independence or the two-sided Fisher’s exact test. P-values are presented. 
	  

 Seronera  Kirawira  Bologonja 

 

H0: S = K 

            
n Mark 

(%) 
Claw 
mark 
(%) 

 n Mark 
(%) 

Claw 
mark 
(%) 

 n Mark 
(%) 

Claw 
mark 
(%) 

P 
 
 

              
Females:              
Calf 34 0.0 0.0  24 0.0 0.0  4 0.0 0.0  - 
Subadult 45 11.1 8.9  36 8.3 0.0  11 9.1 9.1  0.125 
Adult 123 35.8 26.0  57 18.3 4.0  45 53.1 31.7  0.001 
              
Males:              
Calf 44 0.0 0.0  21 0.0 0.0  5 0.0 0.0  - 
Subadult 40 7.5 5.0  45 2.2 0.0  10 0.0 0.0  0.219 
Adult 103 35.4 18.4  39 24.2 0.0  16 31.3 0.0  0.002 

 

 

Claw-mark characteristics and location 

We observed fresh claw marks, evidenced by dried blood, on one subadult 

female. All other claw marks appeared healed or were too superficial to cause bleeding 

(Fig. 2). No injuries appeared severe, but subcutaneous damage could not be assessed. 

Giraffes with hind leg marks did not have any visible reduction in leg motion. We 

observed no instances of hamstringing. 

Claw marks were most frequently detected on the rump, followed by the hind leg, 

and flank (Fig. 3). Hind leg marks occurred both above and below the hock. We observed 

partially amputated tails on 6.8% (n = 5) of individuals with claw marks (n = 74) (Fig. 

2d). Marks were rarely detected on the neck, chest, or forelegs. For subadults, no marks 

were observed on the chest, neck, forelegs or withers. We found no significant difference 

in the number of claw marks observed on the left versus right sides of giraffes (χ2 = 0.43, 
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d.f. = 1, P = 0.51). There was no significant sex difference associated with the number of 

claw-marked body regions (pooled for n = 2–5 body regions; χ2 = 1.40, d.f. = 1, P = 

0.24); however, only females had marks on four or more body regions (Table 2). 

Only two re-sighted giraffes—one male and one female—appeared to have 

acquired claw marks during the study, both as adults. The female had marks from an 

earlier lion attack and thus had survived at least two contact attacks. This suggests that 

some other individuals observed with several sets of claw marks may also have survived 

multiple attacks. 

 

 
Figure 3. A histogram of the relative frequency of claw marks observed on eight giraffe 
(Giraffa camelopardalis) body regions defined in this study. (No marks were observed on 
the head.) The histogram is based on all individuals with claw marks that were 
photographed on both sides (n = 72). The photograph of the giraffe side profile was 
provided by P. Jigsved. 
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Figure 4. Age–sex patterns in claw-mark prevalence among giraffes (Giraffa 
camelopardalis) in the Seronera (bars) and Kirawira (markers) study areas. Sample size 
is presented above each data point for Seronera/Kirawira. Note that the adult age class 
includes all individuals between ages 5 and 25. 
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Table 2. A tabulation of the number of male and female giraffes (Giraffa 
camelopardalis) with lion (Panthera leo) claw marks on one or more body regions, for 
individuals with claw marks that were photographed on both sides. 
 

No. of body 
regions with  
claw marksa  

No. of 
males 

No. of 
females 

1 11 19 
2 7 20 
3 3 10 
4 0 1 
5 
6+ 

0 
0 

1 
0 

Total 21 51 
 

aBody regions are illustrated in Fig. 3; the maximum number of regions is eight. Multiple 
sets of claw marks in one body region count as one region. For example, an individual 
with marks on both the left and right flanks and on the tail is recorded as having marks on 
two body regions. 
 

Herd size effects  

We computed mean dry-season herd size for each individual from Seronera (n = 

378) and Kirawira (n = 189) that was photographed on both sides. Individuals in Kirawira 

were commonly observed in larger herds. In Seronera, the “average mean herd size” (we 

calculated the mean herd size for each individual and then averaged over all individuals) 

was 7.99 ± 3.95 compared with 21.99 ± 9.49 for Kirawira—a highly significant 

difference (t = -19.45, Satterthwaite’s d.f. = 221.13, P <0.0001, independent two-sample 

t-test assuming unequal variance). For Seronera, we found no difference in mean herd 

size between individuals with claw marks (n = 57) and those with no marks (n = 292) (t = 

0.97, d.f. = 347, P = 0.33). 

 

Height effects 

We measured the height of 83 individual giraffes. Analysis focused on the 48 

adults measured (males: n = 15; females: n = 33). The mean height of adult males was 

5.08 ± 0.32 m (range: 4.40–5.55 m) and the mean height of adult females was 4.30 ± 0.20 

m (range: 3.95–4.70 m). We found no difference in the height of adult giraffes with claw 
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marks versus those with no marks (z = -1.06, n1 = 20, n2 = 28, P = 0.29, two-sided Mann–

Whitney U-test). Ideal height measuring conditions were met more often with females, 

and only four males with claw marks were measured. Restricting the analysis to adult 

females did not affect the result (z = 0.11, n1 = 16, n2 = 17, P = 0.91, two-sided Mann–

Whitney U-test). 

 

Seasonality of predation 

Long-term data on presumed lion kills from Serengeti showed a significant 

increase in the number of giraffes dying during the dry season (χ2 = 4.23, d.f. = 1, P = 

0.04). Calves made up 14% of carcasses versus 86% for subadults/adults. 

 

Discussion 

Biases in the data 

Marks meeting criteria for unambiguous claw marks could be reliably attributed 

to lions; however, lions probably inflicted some of the ambiguous marks and reported 

claw-mark prevalence is therefore conservative. Moreover, some marks were inevitably 

missed due to varying photographic conditions. Claw marks were hardest to detect on 

mature adult males, whose coat markings darken with age (Brand 2007, Berry & 

Bercovitch 2012), sometimes to an almost black shade (Dagg 1968, Berry 1973). The 

giraffe has very thick skin (Dimond & Montagna 1976, Sathar, Ludo Badlangana, & 

Manger 2010), so some contact attacks may leave no evidence. Fine marks may fade with 

time. Marks on young animals may also heal differently than those on older individuals. 

However, all marks that were observed at the start of this two-year study, including those 

on subadults, were still visible at the end. 

 

Lion attack behavior 

Factors affecting lion-hunting success include prey size, the number of lions 

participating in the hunt, time of day, and the amount of cover (Schaller 1972, Funston et 

al. 2001, Hopcraft, Sinclair, & Packer 2005). Although solitary lions can attack adult 

giraffes (Pienaar 1969), groups of lions are more successful at bringing down large prey 
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(Schaller 1972). During this two-year study, we observed few lion-hunting attempts on 

giraffes, and none that resulted in contact. Coupled with the small number of claw marks 

acquired during the study, this suggests that attacks with contact are infrequent. 

We expected to find claw marks on giraffe hindquarters because lions regularly 

attack large prey from the rear, grasping with their forepaws (Schaller 1972). Consistent 

with this, claw marks were predominantly located on giraffe rumps, hind legs, and flanks, 

suggesting that most non-lethal attacks also occur from the rear. This finding also 

supports the hypothesis of Sathar et al. (2010) that thicker skin on the upper flank and 

rump of giraffes may protect against lion-inflicted wounds. Lions kill with a bite or hold 

to the nose or throat of their prey (Schaller 1972) and are able to seize hold of the neck of 

a standing adult giraffe. Two adult females in our sample had claw marks on the upper 

neck region. A giraffe would be extremely vulnerable if brought to the ground, so these 

females presumably were not. Lions rarely attack their prey from the front (Schaller 

1972), consistent with our finding that few giraffes had claw marks on the chest, neck, 

and forelegs. Giraffes defend themselves with front and rear kicks (Schaller 1972, Dagg 

& Foster 1982), capable of maiming or even killing a lion, and lions risk significant 

injury during attacks on giraffes. 

 

Patterns of lion predation 

The giraffe is not a preferred prey species of lions in Serengeti (Scheel & Packer 

1991), where smaller prey like zebras and wildebeest are abundant (Sinclair & Norton-

Griffiths 1979). Nevertheless, the giraffe’s size means that it can provide a large quantity 

of meat. Schaller (1972) estimated that although lions killed few giraffes, giraffes made 

up 27.5–32.5% of the lion’s annual diet in Serengeti in the late 1960s. Since then, 

wildebeest numbers in Serengeti have doubled (Mduma, Sinclair, & Hilborn 1999), while 

giraffe numbers have declined (Strauss, unpubl. data). Today, giraffes probably 

contribute substantially less to the lion’s diet. 

The lack of claw marks among giraffe calves suggests that calves are highly 

unlikely to survive attacks where contact is made. Carcasses of calves were found in 

proportion to their availability in the giraffe population (Pellew 1983a, Strauss, unpubl. 
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data). However, calves are quickly consumed so we expect lions kill more calves than 

observed. We found few claw marks on subadult giraffes, and younger subadults appear 

to be more vulnerable than older, larger subadults (Fig. 4). 

Claw-mark prevalence increased steeply from the subadult to the adult age class. 

Although size appears to be an important factor in escape probability, claw-mark 

acquisition also depends on other variables, as suggested by our height analysis and by 

the fact that subadult males reach the height of adult females at 3–4 years of age yet 

display a lower claw-mark prevalence. Bleich (1999) proposed inexperience as a cause of 

higher rates of fatal coyote (Canis latrans) attacks on young mountain sheep (Ovis 

canadensis). Likewise, older and more experienced adult giraffes may be most successful 

at surviving lion attacks. In addition, the maximum age of giraffes is c. 25 years, so adults 

are exposed to attacks over a substantially longer period than subadults. In support of 

this, the majority of adults with claw marks (92.5%) were fully mature. 

The observed sex difference in claw-mark prevalence in adults but not subadults 

requires explanation. Male giraffes suffer higher mortality from lion predation in 

southern Africa (Hirst 1969, Pienaar 1969, Owen-Smith 2008), so we expected a similar 

pattern in Serengeti. Lower claw-mark prevalence among adult males may indicate 

increased male vulnerability to lethal attacks as has been observed in other ungulates, 

including Kongoni (Alcelaphus buselaphus) (Rudnai 1974) and Thompson’s gazelles 

(Gazella thomsonii) (FitzGibbon 1990). A possible explanation for this pattern in giraffes 

is that adult males tend to be more solitary (Foster & Dagg 1972, Leuthold 1979, Pratt & 

Anderson 1985, van der Jeugd & Prins 2000, Bercovitch & Berry 2010), and solitary 

ungulates have been shown to be at higher risk of predation (Fitz-Gibbon 1990). Also, 

adult males habitually spend more time than females in densely vegetated areas (Foster 

1966, Foster & Dagg 1972, Young & Isbell 1991, Caister, Shields, & Gosser 2003) that 

offer good cover for lions (Hopcraft et al. 2005). 

As expected, Serengeti lions killed more giraffes in the dry season, coinciding 

with the decrease in preferred migratory prey. This is also a period when giraffes are 

nutritionally stressed (Hirst 1969, Hall-Martin & Basson 1975, Owen-Smith 2008). 

During the Serengeti dry season, browse availability in midslope and ridgetop woodland 
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areas declines (Pellew 1983b) and giraffes shift habitat use to valley bottom and riverine 

areas (Pellew 1984a), prime ambush areas for lions (Hopcraft et al. 2005). The diet of 

adult male giraffes is nutritionally poorer than that of females (Pellew 1984a) and 

malnourished adult males may be particularly vulnerable to predation (Owen-Smith 

2008). 

In contrast to adult males, adult female giraffes, especially mothers with young, 

are frequently observed in large herds (e.g., Foster & Dagg 1972, van der Jeugd & Prins 

2000) and in open areas or areas with short vegetation (Foster & Dagg 1972, Young & 

Isbell 1991), a pattern consistent with our observations in Serengeti. Bercovitch & Berry 

(2010) suggested that in open terrain, increasing herd size does reduce predation risk for 

giraffes. In mountain sheep, similar behavior is observed: females and offspring occupy 

areas where they can detect and evade predation, while males occupy high-risk areas 

where they are more likely to encounter predators (Bleich, Bowyer, & Wehausen 1997). 

Consistent with this idea, claw marks were rarest in Kirawira, where giraffes commonly 

gather in large herds in open grassland areas. Although we did not find any relationship 

between an individual’s mean herd size and claw-mark presence in Seronera, mean 

individual herd size may not be a useful measure if individuals are only likely to be 

attacked when temporarily alone. 

If adult females generally behave in less risky ways, then why do they have the 

highest claw-mark prevalence? High claw-mark prevalence in adult females could be 

partially explained by marks acquired during calf defense. In a study of bottlenose 

dolphins (Tursiops truncatus), Corkeron et al. (1987) observed fresh predation marks on 

a relatively high number of females with calves, and they suggested that female–calf 

pairs are more vulnerable to predation. Giraffe calves are an attractive target for lions. 

Mothers protect their calves by positioning them between their legs and by chasing or 

kicking at predators (Pratt & Anderson 1979, Dagg & Foster 1982). Lions have been 

observed lunging at nursing females to distract them from their calves, and this may be 

when they inflict superficial claw marks. In support of this hypothesis, we found a 

substantial jump in the prevalence of claw marks among females at age 4–5 years, 

coincident with the onset of first parturition (Fig. 4a). Injuries incurred during calf 
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defense could also explain why only adult female giraffes were observed with marks on 4 

or more body regions. In addition, the only observation of an individual surviving more 

than 1 non-lethal attack was that of an adult female. Observations of fresh claw marks on 

nursing females would provide additional support for this hypothesis. 

Adult females may be most susceptible to lethal lion attacks in the last weeks of 

pregnancy and just after parturition, when females behave more like mature males: 

pregnant females spend more time browsing in dense vegetation to meet nutritional needs 

(Young & Isbell 1991). Females also become solitary shortly before giving birth (Foster 

& Dagg 1972, Strauss, pers. obs.) and keep their neonates relatively isolated from other 

giraffes for up to three weeks postpartum (Langman 1977, Pratt & Anderson 1979, Mejia, 

in Moss 1982), thereby forgoing the vigilance benefits of additional herd members. 

 

Index of predation risk 

Studies of marine mammals suggest that predation-mark prevalence can be a 

useful index of predation risk (Heithaus 2001, Bertilsson-Friedman 2006). For example, 

in bottlenose dolphins (Tursiops spp.), predation-mark prevalence varies widely among 

populations, from 0 to >70% (Corkeron et al. 1987, Cockcroft et al. 1989, Bearzi 

Notarbartolo-di-Sciara, & Politi 1997, Heithaus 2001). 

Likewise, lion claw-mark prevalence is one way to assess spatial and temporal 

patterns in predation risk for giraffes. We speculate that the low claw-mark prevalence 

observed in Kirawira is an indication of low lion-predation risk. With high densities of 

preferred prey available, lions probably target Kirawira giraffes infrequently. In addition, 

Kirawira giraffes benefit from high visibility due to low vegetation. Kirawira giraffes 

also aggregate in large herds, which reduces each individual’s risk of predation due to 

increased likelihood of predator detection and a dilution effect (Hamilton 1971, Pulliam 

1973, Bercovitch & Berry 2010). Giraffe recumbency during the daytime was observed 

frequently in Kirawira but rarely in Seronera and further supports our hypothesis of low 

lion-predation risk in Kirawira. Further research is needed to explain large herd sizes 

typical of Kirawira. 

The giraffe is an important food source for lions in some regions, including 
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Kruger National Park, South Africa (Pienaar 1969, Owen-Smith & Mills 2008) and 

Hwange National Park, Zimbabwe (Loveridge et al. 2006). Where giraffes are a large 

component of the lion’s diet, we might expect even higher claw-mark prevalence than 

observed in Serengeti. Alternatively, claw-mark prevalence could be lower if lions in 

these areas are more successful giraffe hunters or if giraffes are less adept at surviving 

attacks.  

In summary, predation marks demonstrate that nature is indeed “red in tooth and 

claw”, even for the largest prey. Our results support prior published data on giraffe 

predation, suggesting that young giraffes are most vulnerable to predation and that lethal 

attacks increase in the dry season. We find evidence to suggest that while adult males are 

more vulnerable to lethal attacks, females are also likely to incur nonlethal attacks during 

calf defense. Our results also suggest that there is significant spatial variation in predation 

risk within Serengeti.  

Overall, we find that in the absence of direct observation, claw marks provide an 

important source of data on lion predation attempts on giraffes. Unlike carcass data, 

claw-mark data can be collected on a large sample of individuals over a relatively short 

amount of time, with prompt analysis aided by continuing advances in digital camera 

technology and pattern-matching software. Thus, we recommend the use of claw marks 

to increase the sample size of lion predation attempts on giraffes. Claw-mark studies may 

also prove useful for other lion prey species.  
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CHAPTER 3 

Elephants and giraffes mediate change in the prevalence of palatable species in an 

Acacia woodland  
 

With: C. Packer 
 

Introduction 

Elephants (Loxodonta africana) and giraffes (Giraffa camelopardalis) have 

different impacts on woody plants. Elephants break branches and stems, strip bark, and 

uproot mature trees, at times causing considerable damage. In contrast, giraffes strip 

leaves and unlignified shoots from stems, the main impact of which is to retard plant 

growth (Norton-Griffiths 1979, Pellew 1983c, Ruess & Halter 1990, Birkett 2002, Birkett 

& Stevens-Wood 2005). Elephant damage and its consequences have been widely 

discussed, see, for example, Beuchner and Dawkins (1961), Lamprey et al. (1967), Laws, 

Parker, and Johnstone (1970), Croze (1974a), Caughley (1976), Dublin, Sinclair, & 

McGlade (1990), Dublin (1995), Sinclair (1995a), Baxter and Getz (2005), and Mapaure 

and Moe (2009). Giraffe damage, on the other hand, is largely underestimated or ignored, 

partly because it is less conspicuous than ring-barked and uprooted trees. However, a 

handful of studies indicate that giraffe impacts can be significant. 

For example, Acacia species can grow vertically 2.5–4.8× faster in areas protected 

from giraffe browsing. This growth-retarding effect is most pronounced in height classes 

browsed heavily by giraffes (Pellew 1983c, Birkett 2002, Birkett & Stevens-Wood 2005). 

Giraffes in the Serengeti may remove up to 85% of the new shoots produced by Acacias 

(Pellew 1984b, at a giraffe density of 1.47/km2). Giraffes may also reduce plant 

fecundity. For example, giraffes in Kruger National Park, South Africa prey heavily on 

the flowers of Acacia nigrescens (Fleming et al. 2006). Heavy giraffe browsing can slow 

overall plant growth and increase plant susceptibility to fire, drought, and other mortality 

factors (Pellew 1983c, Bond & Loffell 2001, Birkett & Stevens-Wood 2005). Giraffe 

browsing, in combination with fire, can reduce woody cover (Norton-Griffiths 1979, 

Pellew 1983c, d). 



 

  31 

As a consequence of their impact on woody plants, elephants and giraffes can 

reduce the quantity and quality of their own food resource. A clear example is elephants 

knocking down trees and reducing woody cover. A less well-studied consequence of 

herbivore browsing pressure is an increase in the relative dominance of chemically 

defended, unpalatable species relative to palatable species (see Augustine & McNaughton 

1998). For example, by browsing on more palatable competitors, moose (Alces alces) on 

Isle Royale, Michigan, may have led to increases in the relative abundance of white 

spruce (Picea glauca) (McInnes et al. 1992). And in Burkina Faso, heavy elephant 

browsing suppressed palatable shrub species to the competitive advantage of unpalatable 

species (Jachmann & Croes 1991). The role of giraffes in suppressing palatable species 

has been suggested (Pellew 1981) but not confirmed. 

In this study we examine elephant and giraffe impacts in the Seronera woodlands, 

the central tourist zone of Serengeti National Park, Tanzania. Elephant and/or giraffe 

impacts were previously studied in the 1960s (Lamprey et al. 1967), 1970s (Croze 1974a, 

Pellew 1981, Pellew 1983b, c, d), and again in 1982 (Ruess & Halter 1990) in response to 

management concerns about the destruction of scenic mature canopy woodland. 

Management measures were taken to stem tree loss, including elephant culls (Norton-

Griffiths 1979, Pellew 1983c, d). However, by modeling the combined effects of fire, 

elephants, and giraffes on Acacia tortilis dynamics in the Seronera woodlands, Pellew 

(1983c) predicted that the long-term recovery of mature trees would be best achieved by 

reducing giraffe browsing impact, which, in combination with frequent dry season fires, 

can suppress the escapement of regenerating Acacias into the mature height classes. 

Detailed studies of elephant and giraffe feeding habits within the Seronera Acacia 

woodlands in the 1970s and ‘80s indicate that most of the principal tree species such as 

the woodland dominant, Acacia tortilis, are utilized roughly in proportion to their 

availability (Croze 1974a, Pellew 1984a, Ruess & Halter 1990). Notably, however, two 

relatively common woody species are avoided: 1) Acacia robusta (synonym: Acacia 

clavigera E. Mey), a medium-sized Acacia with lush foliage and relatively short stipular 

spines and 2) Commiphora trothae, a Burseracid, with pungent foliage. Giraffes avoid A. 

robusta year-round and consume C. trothae only during its short foliated phase (Pellew 
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1981, 1984a). Elephants consume these plants infrequently, stripping the bark of A. 

robusta and consuming the bark and roots of C. trothae (Lamprey et al. 1967, Croze 

1974a, b, Ruess & Halter 1990). In contrast, the preferred species, Acacia senegal, has 

been subject to heavy browsing pressure, especially from elephants (Croze 1974a, b, 

Pellew 1984a, Ruess & Halter 1990). Thirty years after the last systematic studies of the 

Seronera woodlands, how might these contrasting browse pressures have affected the 

prevalence of unpalatable and palatable species in the woodlands? In order to investigate 

the impacts of elephant and giraffe browsing on the Seronera woodlands, we carried out a 

survey in 2009 of the same areas first studied in the 1970s. There are three main goals for 

the present work.  

First, we evaluate how woodland structure and composition have changed in 

response to the combined effects of elephant and giraffe browsing. We test the hypothesis 

that unpalatable species have increased in relative dominance while preferred species 

have decreased. Specifically, we test Pellew’s (1981) prediction of an increase in the 

relative dominance of the avoided species, A. robusta, in the next generation of 

woodland. Likewise, we expected an increase in the relative dominance of another 

unpalatable species, C. trothae. We also test Pellew’s (1981) prediction that the relative 

dominance of the preferred species, A. senegal, would decrease. We also expected a 

decrease in another heavily browsed species, A. xanthophloea. Being neither a preferred 

nor avoided food species, we expected that A. tortilis should remain a dominant species.  

If giraffe browsing has contributed to the suppression of palatable species, then 

giraffes may have reduced the quality of their own food resource, which could explain a 

reduction in giraffe density in Seronera compared with the 1970s (see Ch. 4). Thus, the 

second aim of this paper was to reassess the quantity and quality of the giraffe’s food 

resource, by comparing data from 2009 with an earlier assessment of the food resource 

made in 1978 (Pellew 1983b).  

Finally, the third aim of this paper was to assess the predictive power of Pellew’s 

woodland dynamics model, mentioned above. The model predicts the number of mature 

A. tortilis trees in the Seronera woodlands as a function of elephant and giraffe impact 

and fire frequency. As fire frequency increases the number of mature A. tortilis trees 
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decreases. The mature tree population also decreases with increasing giraffe or elephant 

impact. The data collected during the 2009 survey offer the opportunity to qualitatively 

evaluate the predictions of this model.  

 

Methods 

Study area and background information  

The Serengeti ecosystem is a 25,000 km2 area of northern Tanzania and southern 

Kenya, loosely bounding the path of the migrating wildebeest (Connochaetes taurinus) 

herds (Sinclair 1979a). The area is subject to seasonal rains with a June–October dry 

season. Annual rainfall is highest in the northwest (>1000 mm/year) and decreases along 

a gradient toward the southeastern plains (500 mm/year) (Sinclair 1979b). Fire is a 

critical driver of woodland-grassland dynamics in the Serengeti (Norton-Griffiths 1979, 

Pellew 1983c, Dublin et al. 1990, Dublin 1995, Shaw et al. 2010). Rainfall increases the 

biomass of standing grass, which, if left standing in the late dry season, can fuel intense 

fires capable of damaging and killing trees. Small trees <3 m are most susceptible to fire 

(Herlocker, in Norton-Griffiths 1979, Pellew 1983c). By reducing the biomass of 

standing grass, grazers such as wildebeest can reduce fire intensity and frequency (e.g., 

Norton-Griffiths 1979). The relationship between grazer abundance and fire frequency 

was demonstrated following the removal of the rinderpest virus in the early 1960s, when 

wildebeest numbers shot up from <300,000 to over one million in just over a decade 

(Sinclair & Norton-Griffiths 1982). Heavy wildebeest grazing reduced fires and 

permitted a pulse of Acacia regeneration in the 1970s and ‘80s. The destruction of mature 

trees by elephants opened the canopy and further fostered the regeneration of shade 

intolerant Acacia seedlings (Pellew 1983c, Sinclair et al. 2008).  

The Seronera woodland survey area, (c. 120 km2), comprises the Seronera 

catchment area, bounded by the Seronera River in the west, the Sangere River in the east, 

and the Serengeti plains in the south (Croze 1974a, Pellew 1983b, Ruess & Halter 1990). 

Rainfall averages ~800 mm/year (Pellew 1983b). Pellew (1983b) defined four woodland 

types in Seronera based on vegetation characteristics and position in the drainage catena, 

which we retain to permit direct comparison: 1) ridge-top and upper slope woodland, 2) 
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mid-slope woodland, 3) korongo woodland (seasonal watercourses and banks), and 4) 

riverine woodlands (perennial watercourses and banks). Open grassland (< 1% canopy 

cover) is excluded.  

The Seronera woodlands are also home to several small and medium-sized 

browsers including dikdik (Madoqua kirkii), eland (Taurotragus oryx), impala 

(Aepyceros melampus), Grant’s gazelle (Gazella granti), and Thomson’s gazelle (G. 

thomsoni). Some of these species occur at low densities (e.g., eland) and others utilize the 

area only seasonally (e.g., migrant Thomson’s gazelles). These browsers consume 

vegetation below 1.5 m. Giraffes are obligate browsers. Giraffes feed on woody 

vegetation from the herbaceous layer up to heights of 5–5.75 m for adult females and 

males, respectively (Pellew 1983b), but they concentrate browsing on the 2–3 m height 

class (Pellew 1983c). The maximum reach of a bull elephant is approximately 6 m (Croze 

1974b).  

The relative densities of elephants and giraffes in Serengeti have fluctuated over 

the last several decades. Following the first observations of elephants in the Serengeti in 

1955 (Lamprey et al. 1967), elephant density in Serengeti National Park increased 

rapidly, reaching ~0.2/km2 in the early 1970s (Norton-Griffiths 1979). From 1977–86, 

poaching drastically reduced the elephant population inside the National Park to 

<0.04/km2 (Dublin 1995). However, the elephant population has since recovered, 

approaching 1970s density (Sinclair et al. 2008). Bull elephants were first reported in the 

Seronera woodlands in 1963–4 (Lamprey et al. 1967, Croze 1974b) and cow groups 

entered the area several years later (A.R.E. Sinclair, pers. comm.). From 1975–7, 

elephant density in the Seronera woodlands was 0.2 ± SD 0.16/km2 (Pellew 1983c). Early 

studies of elephant-tree interactions in Seronera focused on the damage bulls were 

inflicting on mature trees (Lamprey et al. 1967, Croze 1974b). In the 1970s, giraffe 

density in the Serengeti was very high (1.47–2.64/km2) and increasing at a rate of 5–

6%/year in response to the dramatic increase of Acacia regeneration (Pellew 1983a). 

Such high densities were not supported for long. The giraffe population has since shown 

a downward trend, possibly beginning in the 1980s. In Seronera, giraffe density reached 

1.47/km2 in 1975–6 (Pellew 1983a) but is now 0.28/km2 (see Ch. 4).  
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Woodland structure and composition measurements   

To enable direct comparison with previous studies, we sampled the woodlands 

using the point-centered quarter method (Cottam & Curtis 1956, Heyting 1968, Croze 

1974a, Pellew 1983b, Ruess & Halter 1990). Sample points were spaced at even intervals 

along transects of fixed direction. At each sample point, a cross was placed on the 

ground, dividing the area into four quarters and the distance from the center of the cross 

to the nearest tree or shrub in each quarter was recorded with a Haglöf DME measuring 

unit. Distance measurements were used to calculate woodland density for each transect, 

and transects within each woodland type were averaged to produce mean values. We 

included all woody perennials >0.5 m tall. Additional measurements included plant 

species, total plant height, canopy diameter (the mean of two measurements taken at right 

angles), and canopy depth. (The canopy diameter and depth measurements excluded 

canopy above 5.75 m, outside the maximum reach of an adult male giraffe.) The 

suitability of the point-centered quarter method and analysis methods are described in 

detail elsewhere (Croze 1974a, Pellew 1981, Pellew 1983b, Ruess & Halter 1990).  

Transects were sited to overlap as closely as possible those surveyed in 1978 

(Pellew 1983b, R. Pellew, pers. comm.), and were near to areas sampled in 1971 by 

Croze (1974a) and in 1982 by Ruess and Halter (1990). For each transect, the first sample 

sample point was sited randomly. Intervals between sample points were approximately 

40–50 m for ridge-top and mid-slope areas and 25 m for the more species-rich riverine 

and korongo woodlands. We sampled approximately 28 points in ridge-top and mid-slope 

woodland types and 35 points in the korongo woodland. In riverine sample areas the 

number of points varied from 17–28 because some areas that were wooded in 1978 have 

since converted to open grassland.  

We compared plant density, available canopy cover, canopy volume, and species 

composition results with 1978 results (from Pellew 1983b).  We compared tree 

population structures with results from the 1971, 1978, and 1982 surveys (data from 

Croze 1974a, Pellew 1983b, and Ruess & Halter 1990).  
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Figure 1. Acacia robusta (synonym: Acacia clavigera E. Mey) is a dominant tree in the 
Serengeti National Park, occurring on a variety of soil types and topographic sites. (a) An 
area of dense woodland in central Serengeti with patches of A. robusta, and (b) a close-up 
of a dense, even-aged stand of A. robusta, pictured in the deciduous phase. Individual 
trees may sustain severe elephant damage (c), as indicated by this specimen with broken 
stems and stripped bark. All photographs were taken between 2008–10. 
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Elephant and giraffe usage of Acacia robusta  

 To estimate current elephant and giraffe usage of A. robusta relative to other 

Acacia species, we assessed elephant and giraffe browsing/damage to A. robusta, A. 

tortilis, and A. drepanolobium (a species favored by giraffes) on trees with a canopy 

bottom >1.5 m from the ground, which excludes browse damage from smaller herbivores 

such as impala. Browsing assessments were performed simultaneously with other 

measurements on trees in the point-centered quarter survey. In addition, we visited nine 

even-aged stands of A. robusta and five even-aged stands of A. drepanolobium in several 

locations across the Serengeti. At each location we set up circular plots with a 10 m 

radius and recorded browsing/damage to trees. Surveys were completed in the dry season 

when the majority of sample trees were in a deciduous phase or producing few shoots. 

Thus, we recorded evidence of both old and recent browsing, representing at least several 

seasons of use. We sampled only living trees, which tends to underestimate the impact of 

elephants. Even-aged stands of A. robusta are extremely dense, often covering large areas 

(Figs. 1a, 1b). We established plots both on the inside of stands (n = 4) and on stand 

edges (n = 5) to examine edge effects. We calculated the proportion of trees of each 

species with evidence of elephant or giraffe browsing but did not assess the severity of 

browsing. Elephant usage includes browsing of leafy material and damage due to bark 

stripping or branch breaking.  

 

Results  

Summary of changes in Seronera woodland structure and composition  

Table 1 compares woody plant structure in 1978 and 2009. On the whole, the 

same plant species were encountered in the 1978 and 2009 surveys. However, Hibiscus 

spp. and Aspilia mossambicensus—small woody perennials—were encountered 

frequently in the riverine and korongo areas in 2009 yet were not reported in 1978. 

Herbarium samples and giraffe foraging surveys (Pellew 1981) indicate these species 

were present in the 1970s, and it is possible they were not encountered during the 1978 

survey (R. Pellew, pers. comm.). Changes in species composition are summarized in 
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Table 2 and Fig. 2. (Complete data on species composition, by woodland type, are 

available in Appendix 4.) 

 Woody plant density in the composite Seronera woodlands has decreased from 

255 plants/ha to 147 plants/ha (Table 1). This is largely due to a highly significant 

decrease in plant density in the ridge-top woodland type, which in 1978 supported 

extremely dense thickets of regenerating Acacia seedlings. The 1978 regeneration has 

either died or been recruited into more mature height classes and has not been replaced 

by new growth. Significant increases in density in the korongo and mid-slope woodlands 

and an increase in the extent of mid-slope woodland have been insufficient to replace the 

loss of density in ridge-top areas.  

Canopy cover has decreased throughout the woodlands due in part to the 

substantial decrease in A. tortilis regeneration thickets (Table 1). Stems of young A. 

tortilis grow laterally and individual plants have a high canopy area to height ratio. 

Despite these changes, canopy volume has remained comparable to 1978 values, with the 

exception of the riverine sample area, which has experienced especially heavy elephant 

impact (Table 1). The significant decrease in canopy volume in the riverine area reflects 

the loss of regenerating and mature A. xanthophloea trees and the increase in the relative 

density of smaller shrub species. 

Species composition has shifted throughout the woodlands (Table 2, Fig. 2). For 

example, in the korongo woodland type, smaller woody shrubs are now numerically 

dominant to the Acacias. In the riverine sample area, located near Downey’s Dam on the 

Seronera River, elephants have decimated the A. xanthophloea population (the previous 

riverine dominant) and smaller shrubs, like A. mossambicensus and Hibiscus spp. are 

now common.  

Changes observed in the relatively sparsely treed mid-slope woodland, which 

accounts for 55% of woodland area, contrast with those observed in the other woodland 

types (Table 1, Table 2). Woody plant density in the mid-slope woodland increased 

significantly (P <0.001, Table 1). The relative densities of the principal woody species 

remained almost identical to the 1978 values, with the notable exception of A. senegal, 

the preferred browse species. All principal species (as defined in 1978) aside from A. 
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senegal have increased in absolute density by a factor of 5–7. Additionally, the total 

number of species encountered in the mid-slope woodland has almost tripled. Notably, in 

the 1970s giraffe-browsing pressure in the mid-slope woodland was low, even at high 

giraffe densities. Giraffes favored the ridge-top woodland in the wet season and the 

korongos and riverine areas in the dry season (Pellew 1981, Pellew 1984a). 

 

Changes in key woody species 

Across the woodlands, preferred and heavily utilized species have been reduced 

and unpalatable species have thrived. The unpalatable species A. robusta has increased in 

dominance relative to A. tortilis (Table 1) and the relative canopy volume of A. robusta 

has increased by a factor of 3.6 (Table 2). Figure 3d indicates that the increase in A. 

robusta canopy volume is due to a dramatic shift in the population from mostly small 

trees to mostly mature trees, which have large canopies. The fluctuation of the A. robusta 

population between a phase with a high proportion of mature trees and a phase dominated 

by regeneration is consistent with pulsed growth. (Similar changes in structure have been 

observed in the A. tortilis and A. senegal populations; Figs. 3a, b.) 

In 1978, the unpalatable species, C. trothae, and the preferred species, A. 

senegal, occurred at densities of 22 trees/ha and 34 trees/ha, respectively, and in each 

species, >90% of the population was vulnerable to fire (i.e., <3 m tall) (Table 2, Fig. 

3). Strikingly, C. trothae has not only persisted, but has increased in density and 

become codominant with A. tortilis. (In the ridge-top woodland, C. trothae has more 

than tripled in relative dominance whereas the density of all other principal species has 

decreased.) In contrast, A. senegal, once a principal species in the ridge-top woodland, 

has been reduced to a handful of specimens in the sample areas. Another preferred 

species, A. hockii, has also become rare. A dominant in the korongo woodland type in 

1978, A. hockii has decreased in density by 96% (Table 2). 

We have already noted that elephants have severely reduced the population of A. 

xanthophloea trees along the upper Seronera River. In 1978, A. xanthophloea constituted 

~90% of total canopy volume in the riverine woodland. In 2009, its contribution had 

shrunk to a mere 6% (Table 2). In an earlier analysis, Ruess and Halter (1990) noted a 
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30% decline in the density of A. xanthophloea along the river from 1971–1982. Many of 

the small A. xanthophloea specimens in the area today are the coppicing remnants of 

once larger trees. Interestingly, despite the dramatic reduction in the density of A. 

xanthophloea trees along the Seronera River, the height structure of the A. xanthophloea 

population has remained relatively stable (Fig. 3c).   

The absolute density of A. tortilis has been halved due in part to thinning and 

maturation of the once-dense stands of A. tortilis regeneration observed in the 1970s. 

However, A. tortilis remains the woodland dominant. The density of mature A. tortilis 

(>6 m) in the Seronera woodlands has increased by a factor of 1.6 (Table 2). Figure 4 

shows that the population structure of A. tortilis is now more evenly distributed among 

height classes in contrast to a bimodal structure observed in 1971. 

 

Elephant and giraffe usage of Acacia robusta vs. control species 

In the point-centered quarter sample of A. robusta plants (n = 74), 23% of 

plants had evidence of giraffe browsing and 86% had evidence of elephant 

browsing/damage. This is similar to results from even-aged stands of A. robusta, 

where 32% of plants (n = 330) had evidence of giraffe browsing and 95% had 

evidence of elephant use. There was no difference in the proportion of A. robusta trees 

browsed at edge versus inside plots for giraffes (z = 0.72, P = 0.47) or for elephants (z 

= 0.82, P = 0.41). In the A. tortilis sample (n = 179), 65% and 57% had evidence of 

giraffe and elephant use, respectively. In the A. drepanolobium sample (n = 114), 84% 

and 73% respectively had evidence of giraffe and elephant use. The data suggest that 

giraffes still avoid browsing on A. robusta, but that elephants actually utilize a high 

proportion of A. robusta trees (mostly bark-stripping). Elephant damage to A. robusta 

trees was occasionally severe (Fig. 1c). 

 

Changes in the giraffe’s food resource  

Canopy volume is a useful proxy for the food supply. Table 1 shows that overall 

canopy volume in the Seronera woodlands decreased from ~1800 to ~1400 m3/ha 

between 1978 and 2009. This decrease has been particularly marked in the ridge-top and 
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riverine areas. In the dry season, biomass production slows in the ridge-top woodland and 

the riverine and korongo areas become critical food refuges for giraffes, providing much 

of the browse biomass (Pellew 1983b, 1984a). Canopy volume available to giraffes has 

dropped by two thirds in the riverine woodland, mostly due to a >97% reduction in A. 

xanthophloea. Another important change in the food resource is the dramatic reduction, 

throughout the woodlands, in the absolute density and volume of preferred species, such 

as A. senegal, A. hockii, and principal browse species, such as the broad-leaf Grewia 

species. The broad-leaf species have dense foliage and provide a much higher biomass of 

food/m3 than compound-leaf Acacias (Pellew 1981). The two Grewia species, which 

dominated korongo canopy volume and giraffe dry season diets in the 1970s (Pellew 

1981, Pellew 1983b, Pellew 1984a), have approximately halved in density and decreased 

in volume by >96%. However, canopy volume in the korongo woodland has not 

significantly declined due to an increase in A. tortilis, which produces few shoots (i.e., 

low edible biomass) in the dry season.  

The total canopy volume of A. tortilis, the principal wet season food (Pellew 

1981, Pellew 1984a), has remained stable. However, the preferred species A. senegal and 

A. hockii previously contributed 172 m3/ha but now contribute only 14 m3/ha. Moreover, 

a significant proportion of the available biomass is unpalatable. A. robusta has tripled in 

absolute volume and now contributes 26% of total canopy volume, up from 7% in 1978. 

Large, dense, mono-specific stands of A. robusta were a notable feature at the periphery 

of some sample areas. Thus, A. robusta may contribute even more to the canopy volume 

of the woodlands. The C. trothae population is made up of mostly small trees. Thus, 

despite an increase in density, C. trothae actually contributes less to canopy volume now 

than in 1978. Together, the unpalatable species A. robusta and C. trothae contribute 31% 

of canopy volume in 2009 vs. 22% in 1978 (see Table 2). Overall, there is evidence of a 

reduction in both the quantity and quality of food for the Seronera giraffe population.
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Table 1. A comparison of the mean structure of the Seronera woodlands in 1978 and 2009, with 95% confidence limits (1978 data 
from Pellew 1983b). Canopy measurements include only foliage/stems below 5.75 m, the maximum height of an adult male giraffe. 
To estimate the percent total area of each woodland type in 2009, we compared Pellew’s woodland type map to recent aerial 
photographs and high-resolution satellite imagery (Google Maps 2013), with the assistance of a Geographic Information System 
(ArcMap10). P-values are a test of the null hypothesis that woodland structure in 2009 is equivalent to 1978. *P  <0.05, **P  <0.01, 
***P  <0.001. 
 
 

Woodland Type Sample 
areas 

No. sample 
points 

% total area of 
Seronera 

woodlands 

Woody plant 
Density 

(plants/ha) 

Absolute canopy 
cover density 

(%) 

Available canopy 
volume (m3/ha) 

        
1978        
 Ridge-top 8 243 34 591 ± 99 23.4 ± 3.1 3078 ± 444 
 Mid-slope 4 112 51 13 ± 8  5.4 ± 2.8 438 ± 236 
 Korongo 4 155 6 518 ± 136  26.4 ± 7.2 5039 ± 1177 
 Riverine 5 136 9 179 ± 23 30.7 ± 3.1 2627 ± 312 
 Composite    100 255 15.1 1809 
        
2009        
 Ridge-top 8 224 32 154 ± 25*** 7.7 ± 1.2***  2096 ± 224*** 
 Mid-slope 4 112 55 81 ± 12***  3.4 ± .7 774 ± 137* 
 Korongo 4 140 6 716 ± 142*  17.0 ± 4.4* 4342 ± 1005 
 Riverine 5 120 7 146 ± 33 4.5 ± 1.4*** 815 ± 208*** 
 Composite   100 147 5.7 1414 
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Figure 2. Changes in absolute density (trees/ha), relative canopy cover (%), and available 
canopy volume (m3/ha) from 1978 (gray bars) to 2009 (green bars; error bars are ± SD) 
of four tree species highlighted in this study: Acacia tortilis, the woodland dominant, 
Acacia senegal, a preferred species, and the two avoided species, Acacia robusta and 
Commiphora trothae. RT = ridge-top woodland, M = mid-slope woodland, K = korongo 
woodland, RV = riverine woodland, and SW = Seronera woodlands, weighted by the % 
area of each woodland type. Although A. tortilis has decreased in density (a), its overall 
contribution to canopy cover (b) and volume (c) is similar to 1978. A. senegal has been 
decimated in the study area, in all measures, (d), (e), and (f). A. robusta has decreased in 
density (g), but increased its contribution to canopy cover (h) and volume (i). In contrast 
to other species, C. trothae has increased in density (j). However, the contribution of C. 
trothae to canopy cover (k) and volume (l) has decreased.

0!

100!

200!

300!

RT! M! SW! RV! SW!
0!
2!
4!
6!
8!

10!

RT! M! SW! RV! SW!

0!
200!
400!
600!
800!

1000!

RT! M! K! RV! SW!
0!

10!

20!

30!

40!

RT! M! K! RV! SW!

0!

5!

10!

15!

RT! M! K! RV! SW!
0!

20!
40!
60!
80!

100!

RT! M! K! RV! SW!

0!

20!

40!

60!

RT! M! K! RV! SW!

0!
20!
40!
60!
80!

100!

RT! M! SW! RV! SW!

0!

100!

200!

300!

RT! M! K! RV! SW!
0!

20!
40!
60!
80!

100!

RT! M! K! RV! SW!
0!

500!

1000!

1500!

2000!

RT! M! K! RV! SW!

Density (trees/ha)! Relative canopy cover (%)! Canopy volume (m3/ha)!

Ac
ac

ia
 to

rti
lis
!

Ac
ac

ia
 s

en
eg

al
!

Ac
ac

ia
 ro

bu
st

a!
C

om
m

ip
ho

ra
 tr

ot
ha

e!
A! B! C!

D! E! F!

G! H! I!

J! K! L!

0!

200!

400!

RT! M! K! RV! SW!



 

  44 

Table 2.  Comparison of 1978 and 2009 structure and composition values for the Seronera woodlands (1978 data are from Pellew 
1981, Pellew 1983b). Table entries are means (± SD in 2009) for the four woodland types (ridge-top, mid-slope, korongo, and 
riverine). The “composite” section combines all habitat types, weighted by the % area of each. Data are organized in decreasing order 
of 1978 density. A “-” represents species not encountered/not reported in one of survey years. 
 
 Woody plant density (plants/ha) Relative canopy cover (%) Available canopy volume (m3/ha) 
 1978 2009 1978 2009 1978 2009 
Ridge-top woodland type:       

Acacia tortilis 288.5 (48.8) 48.5 ± 4.9 (31.6) 67.4 50.7 ± 6.1 1500.1 (48.7) 906.5 ± 74.8  (43.3) 
Acacia senegal 98.2 (16.6) 0.5 ± 0.3 (<1.0) 8.9 0.3 ± 0.3 324.2 (10.5) 4.7 ± 4.7 (<1.0) 
Commiphora trothae 53.3 (9.0) 55.0 ± 5.5 (35.8) 7.3 10.8 ± 1.4 527.6 (17.1) 139.5 ± 19.2 (6.7) 
Acacia hockii 44.2 (7.5) 0.3 ± 0.2 (<1.0) 2.9 0.02 ± 0.01 79.6 (2.6) 0.1 ± 0.02 (<1.0) 
Acacia robusta 43.5 (7.4) 21.6 ± 2.6 (14.1) 7.2 30.8 ± 4.4 296.0 (9.6) 856.2 ± 73.5 (40.9) 
Grewia bicolor 2.8 (<1.0) 0.5 ± 0.3 (<1.0) 2.1 0.05 ± 0.04 210.7 (6.8) 0.3 ± 0.15 (<1.0) 
Grewia fallax 1.4 (<1.0) 0.2 ± 0.17 (<1.0) 0.6 0.02 ± 0.02 64.1 (2.1) 0.1 ± 0.0 (4.8) 
All other species (12, ≥18) 59.5 (10.1) 26.9 (17.5) 3.6 7.4 76.1 (2.5) 188.2 (9.0) 
Totals 591.4 (100.0) 153.5 (100.0)  100 100 3078.4 (100.0) 2095.6 (100.0) 

       
Mid-slope woodland type:       

Acacia tortilis 5.3 (39.6) 37.7 ± 3.9 (46.5) 66.0 75.9 ± 9.7 174.6 (39.8) 555.6 ± 63.7 (71.8) 
Commiphora trothae 4.1 (30.6) 25.2 ± 2.9 (31.1) 17.3 8.5 ± 1.5 178.8 (40.8) 44.8 ± 12.1 (5.8) 
Acacia senegal 1.3 (9.7) 0.7 ± 0.4 (<1.0) 1.7 0.2 ± 0.2 21.5 (4.9) 1.0 ± 0.9 (<1.0) 
Balanites aegyptica 0.7 (5.2) 3.6 ± 0.9 (4.4) 4.2 2.2 ± 0.9 35.9 (8.2) 19.5 ± 9.8 (2.5) 
Acacia robusta 0.5 (3.7) 2.9 ± 0.8 (3.6) 4.4 6.9 ± 2.5 7.9 (1.8) 83.3 ± 24.4 (10.8) 
All other species (4, ≥20) 1.5 (11.1) 11.0 (13.6) 6.4 6.3 19.6 (4.5) 69.6 (9.0) 
Totals 13.4 (100.0) 81.1 (100.0) 100 100 438.3 (100.0) 773.8 (100.0) 
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Korongo woodland type:       
Acacia hockii 91.2 (17.6) 3.8 ± 2.2 (<1.0) 7.6 2.3 ± 1.6 340.5 (6.8) 190.2 ± 85.5 (4.4) 
Acacia robusta 68.4 (13.2) 20.4 ± 5.5 (2.9) 13 11.2 ± 3.8 426.1 (8.5) 806.0 ± 171.8 (18.6) 
Acacia gerrardii 64.3 (12.4) 26.8 ± 6.5 (3.7) 6 7.9 ± 2.9 285.6 (5.7) 319.8 ± 84.9 (7.4) 
Dichrostachys cinerea 31.7 (6.1) 34.5 ± 7.5 (4.8) 1.1 3.0 ± 1.0 24.6 (4.9) 78.9 ± 32.5 (1.8) 
Acacia tortilis 29.7 (5.7) 43.5 ± 8.7 (6.1) 15.1 24.7 ± 9.9 200.0 (4.0) 1035.1 ± 400.7 (23.8) 
Commiphora trothae 28.0 (5.4) 66.5 ± 11.4 (9.3) 1.7 5.9 ± 1.4 65.8 (1.3) 177.9 ± 58.1 (4.1) 
Phyllanthus sepialis 24.9 (4.8) 107.4 ± 16.0 (15.0) 2.2 1.4 ± 1.0 54.6 (1.1) 14.0 ± 18.2 (<1.0) 
Grewia fallax 19.2 (3.7) 5.1 ± 2.6 (<1.0) 11.2 1.0 ± 0.9 1089.3 (21.6) 38.0 ± 35.9 (<1.0) 
Grewia bicolor 15.3 (3.0) 10.2 ± 3.8 (1.4) 10.8 2.1 ± 1.3 1072.9 (21.3) 59.1 ± 37.9 (1.4) 
Cordia ovalis 13.4 (2.6) 20.4 ± 5.5 (2.9) 4.5 8.4 ± 3.7 480.4 (9.5) 475.9 ± 200.6 (11.0) 
Aspilia mossambicensis - 122.7 ± 17.7(17.1) - 5.6 ± 0.9 - 66.5 ± 8.1 (1.5) 
All other species (23, >27) 132.0 (25.5) 254.4 (35.5) 26.8 26.5 999.5 (19.8) 1080.8 (24.9) 
Totals 518.1 (100.0) 715.7 (100.0) 100 100 5039.3 (100.0) 4342.2 (100.0) 

       
Riverine woodland type:       

Acacia xanthophloea 135.5 (75.9) 7.9 ± 1.8 (5.4) 87.8 12.0 ± 6.3 2359.0 (89.8) 51.7 ± 25.9 (6.3) 
Phyllanthus sepialis 13.4 (7.5) 20.1 ± 3.4 (13.8) 0.5 3.4 ± 0.7 15.5 (<1.0) 11.5 ± 1.6 (1.4) 
Acacia tortilis 10.1 (5.7) 31.0 ± 4.7 (21.2) 7.2 65.4 ± 14.2 35.8 (1.4) 660.5 ± 102.0 (81.1) 
Acacia sieberiana 6.3 (3.5) - 1.7 - 46.5 (1.8) - 
Grewia fallax 1.0 (<1.0) - 1.4 - 85.1 (3.2) - 
Hibiscus spp. - 33.1 ± 5.0 (22.7) - 2.2 ± 0.4 - 6.7 ± 0.6 (<1.0) 
Aspilia mossambicensis - 19.8 ± 3.4 (13.6) - 2.6 ± 0.5 - 7.0 ± 0.7 (<1.0) 
All other species (17, 16) 12.3 (6.9) 34.0 (23.3) 1.4 14.4 85.2 (3.2) 77.5 (9.5) 
Totals 178.6 (100.0) 145.9 (100.0) 100 100 2627.1 (100.0) 814.9 (100.0) 
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Composite of Seronera woodlands:       
Acacia tortilis 103.4 (40.6) 41.0 (27.9) 58.1 55.1 614.3 (34.0) 704.0 (49.8) 
Acacia senegal 34.2 (13.4) 0.6 (<1.0)  3.9 0.2 121.4 (6.7) 2.1 (<1.0) 
Commiphora trothae 22.0 (8.6) 35.4 (24.1) 11.4 8.5 274.6 (15.2) 80.0 (5.7) 
Acacia hockii 20.9 (8.2) 0.5 (<1.0) 1.7 0.4 50.1 (2.8) 11.5 (<1.0) 
Acacia robusta 19.2 (7.5) 9.7 (6.6) 5.5 17.7 130.2 (7.2) 368.2 (26.0) 
Acacia xanthophloea 12.3 (4.8) 1.5 (1.0) 7.9 1.3 212.5 (11.7) 13.2 (<1.0) 
Acacia gerrardii 4.4 (1.7) 1.8 (1.2) 0.4 1.7 18.2 (10.1) 23.9 (1.7) 
Balanites aegyptica 2.2 (<1.0) 3.4 (2.3) 2.4 1.5 33.1 (1.8) 24.2 (1.7) 
Grewia fallax 1.9 (<1.0) 0.7 (<1.0) 1.4 0.2 137.1 (7.6) 3.1 (<1.0) 
Grewia bicolor 1.9 (<1.0) 0.9 (<1.0) 1.4 0.4 100.4 (5.6) 3.7 (<1.0) 
Cordia ovalis 1.6 (<1.0) 3.5 (2.4) 0.4 1.9 36.0 (2.0) 31.6 (2.2) 
All other species (23, ≥36) 30.8 (12.1) 48.0 (32.7) 5.5 10.9 81.1 (4.5) 148.4 (10.5) 
Totals: 254.8 (100.0) 146.9 (100.0) 100 100 1809.0 (100.0) 1413.8 (100.0) 
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Figure 3. Temporal patterns (1971–2009) in the population structure of (a) Acacia 
senegal, a preferred species, (b) Acacia tortilis, the woodland dominant, (c) Acacia 
xanthophloea, the riverine dominant, and two avoided species, (d) Acacia robusta, and 
(e) Commiphora trothae in the Seronera woodlands. Data were not available from 1971 
for (d) and (e), and the sample size for 2009 was trivial in (a). Mature trees >5 m tall are 
lumped into a single height class. Height classes in orange/yellow are most vulnerable to 
fire, although A. senegal is more tolerant than A. tortilis at small sizes and A. 
xanthophloea can remain fire vulnerable up to a height of 7 m (Herlocker 1976). 
Populations of A. senegal, A. tortilis and A. robusta show pulsed growth—periods with a 
high proportion of either mature or young trees. In contrast, the population structures of 
A. xanthophloea and C. trothae have remained more stable. Data are from Croze (1974a), 
Pellew (1983b), Ruess and Halter (1990), and the current study.  
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Figure 4. Temporal changes in the Acacia tortilis population of Seronera from 1971–
2009. A. tortilis is the dominant tree of the Seronera woodlands and a dominant species 
throughout the Serengeti National Park. For 1982, trees >5 m tall are lumped (hatched 
bar). The persistence of attractive mature trees, especially those >10 m, was a 
management priority in the 1970s. The mature canopy suffered heavy elephant damage 
from 1963 through the early 1980s, as evident in the comparison of the 1971 and 
1978/’82 population structures. By 2009, the population of A. tortilis trees had become 
more evenly distributed among height classes and showed signs of a recovering mature 
canopy.  
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Discussion 

Elephant and giraffe impacts 

In this paper, the first detailed study on Seronera woodland composition and 

structure since 1982, we show that the Seronera woodlands have undergone substantial 

changes over the last 30–40 years. Some of the observed changes can be closely linked 

to the activities of two megaherbivores: elephants and giraffes. For example, elephants 

have clearly caused major damage to A. xanthophloea trees along the Seronera River. 

Through selective browsing, elephants and giraffes have also altered species 

composition, not unlike changes observed in other savanna woodlands. For example, 

in northwestern Zimbabwe, elephant browsing likely drove a switch in the dominant 

woodland species from Brachystegia boehmii to Pseudolachnostylis maprouneifolia 

(Mapaure & Moe 2009). In a South African game reserve, the interaction of heavy 

giraffe browsing with species tolerance also led to shifts in species composition (Bond 

& Loffell 2001). 

 

Evidence for elephant- and giraffe-mediated decrease in the prevalence of palatable 

species 

Consistent with Pellew’s predictions, there has been a clear shift toward 

species that are unpalatable to elephants or giraffes and a corresponding decrease in 

species that have been preferred or heavily utilized. Pellew (1981) predicted that 

giraffe avoidance of A. robusta would cause an increase in the dominance of A. 

robusta relative to A. tortilis. Our data confirm this. In the ridge-top woodland, where 

the vast majority (80%) of A. robusta trees were encountered, the ratio of A. robusta to 

A. tortilis has increased threefold, from 0.15 to 0.45.  

Although earlier studies suggested that elephants utilize A. robusta trees 

infrequently, we observed elephant damage (broken stems, stripped bark) on 86–95% 

of A. robusta trees (excluding uprooted/dead trees). Ruess and Halter (1990) observed 

that 63.9% of A. robusta trees had herbivore damage, suggesting that elephant impact 

on this species has increased.  
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A second species unpalatable to giraffes and elephants, C. trothae, has also 

increased in dominance. In contrast to the maturing A. robusta population, the cohort 

of C. trothae trees is young and remains vulnerable to fire.  

In the early 1970s, the preferred species A. senegal was considered a principal 

species in parts of Seronera (Croze 1974a, Herlocker 1976). Pellew (1981), however, 

predicted that the combined activity of elephants and giraffes would rapidly reduce the 

dominance of A. senegal and indeed our data show that the density of A. senegal has 

been reduced from 34.2 trees/ha in 1978 to a mere 0.6 trees/ha in 2009. It appears that 

much of the destruction of A. senegal occurred from the latter half of the1970s to the 

early ‘80s. In 1982, Ruess and Halter (1990) observed that the frequency of mature A. 

senegal >5 m had dropped 89% since 1971. They found that sites with a high 

frequency of A. senegal had high levels of elephant damage and uprooted trees. 

Browsing pressure from giraffes and small herbivores such as impala would have kept 

any small A. senegal plants vulnerable to fire and drought while limiting recruitment 

into the mature height classes. As a result of these various impacts, A. senegal has not 

been able to replace itself in the current generation of woodland.  

As expected, A. tortilis remains the woodland dominant. One factor that likely 

contributes to the persistence of A. tortilis in the woodlands is that this species is 

browsed roughly in proportion to its availability in the environment. A. tortilis trees 

are heavily defended—the dense stipular spines of young A. tortilis trees reduce 

elephant browsing pressure (Croze 1974a). Although giraffes, with their well-

protected mouth linings (Croze 1974a), are less deterred by thorns, giraffes browse on 

each individual A. tortilis tree for only 1–10 minutes, thus distributing damage across 

plant tissues (Appendix 5). Another factor that likely contributes to the dominance of 

A. tortilis in the woodlands is that A. tortilis trees have a high tolerance to tissue loss 

and an ability to produce new tissue in spurts (Pellew 1984a). 

 

Reduction in the quantity and quality of the giraffe’s food resource 

We have observed a reduction in both the quantity and quality of the giraffe’s 

food resource in the Seronera woodlands. The canopy volume of important dry season 
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species, such as the broad-leaf Grewia spp. has been greatly reduced. In addition, 

giraffe-browsing behavior has almost certainly contributed to the increase in the 

relative dominance of the unpalatable species, A. robusta, which is now widespread 

throughout the Serengeti. Giraffes are still avoiding A. robusta despite the relative 

increase of this ostensible food source. Only 23–32% of A. robusta trees exhibit 

evidence of giraffe browsing compared with 84% of the preferred food species, A. 

drepanolobium. During field observations of giraffes, browsing on A. robusta was 

rarely observed. A typical foraging bout on an A. robusta tree lasted several seconds 

up to a minute whereas a foraging bout on the commonly browsed A. tortilis lasted for 

2–10 min (Appendix 5). A. robusta plants with evidence of browsing usually had only 

several browsed shoots, whereas giraffes may remove almost all new shoots from a  

2 m tall A. tortilis tree.  

A. robusta is similar in apparent digestible protein and total digestible nutrient 

content to other Acacias (Pellew 1981) and giraffe avoidance of this species may be 

due to a chemical defense (Pellew 1984a). Unpalatable plant species often contain 

secondary metabolites, e.g., condensed tannins or essential oils, which have anti-

nutritive effects such as inhibition of rumen microorganisms and organ toxicity (e.g., 

Oh, Jones, & Longhurst 1968, Reed 1995).  

Giraffe density in Seronera has decreased significantly since the 1970s and the 

possible link between giraffe density and the food supply is explored in detail in Ch. 4.  

 

Qualitative evaluation of Pellew’s woodland dynamics model 

Pellew’s woodland dynamics model is often employed as a framework by other 

authors (Dublin et al. 1990, Ben-Shahar 1996, Birkett 2002, Holdo, Holt, & Fryxell 

2009). The initial conditions, describing Seronera in the 1970s, are often used as a 

starting point. The model has been used to describe, for example, the woodland 

component of woodland-grassland dynamics in the Serengeti (Holdo et al. 2009). 

However, there has been little effort made to test the validity of the model. While a 

precise quantitative statistical test is beyond our present scope, we endeavor to ascertain 

if the model provides a qualitatively accurate description of A. tortilis population 
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dynamics. Based on data from the 1980s and 2000s (Stronach 1989, Dempewolf et al. 

2007, Strauss, pers. obs.) we estimate that the fire return interval in the majority of 

Seronera sample areas between 1978–2009 was roughly 2–8 years. Over this time, 

elephant and giraffe numbers have dropped from 1970s abundance5 by about 30–75%. 

Given these inputs, Pellew’s model predicts a modest growth in the population of mature 

A. tortilis trees (see Pellew 1983c). For example, if elephants impact falls by 50% and the 

fire return interval is 8 years, then the population of mature A. tortilis trees increases by 

~50%. This is in qualitative agreement with our observation of a ~60% increase in mature 

A. tortilis trees, lending support to the hypothesis that Pellew’s model is a useful 

predictor of A. tortilis dynamics. Holdo et al. (2009) have suggested improvements to the 

model, such as incorporating a dynamic feedback between herbivores and vegetation, 

which seems advisable given results presented here.  

 

Park-wide dominance of Acacia robusta  

Total woody cover in the Serengeti National Park has increased over the last 30 

years (Packer et al. 2005, Sinclair et al. 2007, Sinclair et al. 2008) in contrast to the local 

decrease we observed in Seronera. Much of this landscape-level increase can be 

attributed to the pulse of A. robusta regeneration, which began in the late 1970s and early 

1980s (Sinclair et al. 2008), although other Acacias also increased in density over this 

period (e.g., Shaw et al. 2010). A. robusta appears to regenerate in pulses, leading to 

dense even-aged stands (Figs. 1a, b), with densities of up to 3000–5000 stems/ha 

(Stronach 1989, Sinclair 1995a). A prior period of A. robusta regeneration occurred 

around 1900–1920. Pulses of growth coincide with periods of low fire prevalence, for 

example, following the wildebeest population eruption and reductions in fire frequency in 

the 1970s (Sinclair 1995a). However, factors aside from fire may be equally important in 

driving pulses of regeneration. A. robusta was already widespread in the Serengeti in the 

early 1970s, occurring in valley bottoms, mid-slopes and ridge-tops throughout the park. 

Mature stands were observed in the western corridor, and the central and northern areas 

                                                
5 Elephant numbers have recently rebounded to their 1970s level (Sinclair et al. 2008). 
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of Serengeti supported young regenerating populations of A. robusta (Lamprey et al. 

1967, Herlocker 1976).  

We posit that elephants and giraffes have mediated the park-wide increase in A. 

robusta dominance. The current pulse of A. robusta vegetation coincides not only with 

wildebeest increase but also with a maximum density of giraffes (1.47–2.64/km2 in the 

mid 1970s, Pellew 1983a), and with the decimation of the elephant population due to 

poaching (~80% reduction, Dublin 1995). This combination of heavy giraffe browsing on 

competitor species and reduced elephant damage may have contributed to the 1970s/’80s 

pulse of A. robusta regeneration across the Serengeti National Park. A. robusta is now a 

dominant tree in the Serengeti, along with A. tortilis (Sinclair et al. 2008, Shaw et al. 

2010).  

 

Future changes to the Seronera woodlands  

We find compelling evidence in support of the hypothesis that elephants and 

giraffes are mediators of woodland change in Serengeti. In combination with fire, they 

have driven increases in the relative dominance of unpalatable species over a period of 

several decades. Other biotic drivers of woodland dynamics have not been addressed 

here. Impala and other small herbivores impact seedling survival and growth (Belsky 

1984, Prins & van der Jeugd 1993, Sharam et al. 2006, Moe et al. 2009, O’Kane et al. 

2013). Beetles and rodents are important seed predators, and can greatly reduce seedling 

survival (Pellew & Southgate 1984, Shaw, Keesing, & Ostfeld 2002, Goheen et al. 2004). 

Wildebeest horning can severely damage up to 24% of small trees/shrubs inside 

woodland areas (Estes, Raghunathan, &Van Vleck 2008). Woodland dynamics in 

savannas results from highly complex combined interactions of these biotic drivers with 

abiotic factors such as fire, rainfall, soil characteristics, and topography (e.g, Norton-

Griffiths 1979, Sinclair 1979b, Pellew 1983c, Reed et al. 2009, Sankaran et al. 2005), 

making predictions about future changes to the structure and composition of the Seronera 

woodlands difficult. 

Nevertheless, we note a possible scenario. While giraffe density and, therefore, 

browsing pressure, remains relatively low, and controlled early burns prevent frequent 
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hot fires, we might expect a continued increase in the number of mature A. tortilis trees. 

The C. trothae population is young and will likely remain co-dominant with A. tortilis in 

the Seronera woodlands. With little regeneration to replace the aging population of A. 

robusta, elephants and natural mortality will create openings in A. robusta thickets over 

the coming decades. These thickets (Fig. 1b) block out shade intolerant Acacia seedlings 

(Herlocker 1976), even those of A. robusta. Thus, other Acacia species will have a 

chance to colonize openings. If new regeneration is substantial in quantity and quality, it 

could once again drive an increase in the giraffe birth rate, as observed in the1970s when 

Acacia regeneration flourished. 

Our findings reinforce those of Norton-Griffiths (1979), Pellew (1981, 1983a, c), 

Birkett (2002), Birkett and Stevens-Wood (2005) and Bond and Loffell (2001) that 

giraffes are an important, if often overlooked, driver of savanna woodland dynamics. 

Giraffe impacts should be monitored over the long-term and incorporated, in addition to 

elephant impacts, as a variable in models of savanna woodland dynamics.  



 

  55 

CHAPTER 4 

Food supply and poaching limit giraffe abundance in the Serengeti 
 

With: M. Kilewo6, D. Rentsch7, and C. Packer 
 
Introduction 

An important question in population ecology is: what drives changes in ungulate 

population dynamics? Population drivers can act from the bottom-up and affect the birth 

rate, such as food supply, or from the top-down and affect the death rate, such as 

predation or illegal harvesting. The population dynamics of the giraffe (Giraffa 

camelopardalis) has received little study, despite the giraffe being an important architect 

of the African savanna woodland (Norton-Griffiths 1979, Pellew 1983b, c, see Ch. 3) and 

a species of major value to the ecotourism industry (Fennessy 2004). Shrinking giraffe 

populations are now largely confined to protected areas such as the Serengeti National 

Park in northern Tanzania, which is home to one of the largest remaining populations of 

Masai giraffes (G. c. tippelskirchi). Long-term ecological monitoring in Serengeti makes 

this a useful system to study giraffe population dynamics in relation to ecological and 

anthropogenic factors.  

Giraffe abundance in the Serengeti has fluctuated since monitoring began in 1971. 

The population exhibited an increase of 5–6% per year in the 1970s, reaching high 

densities of 1.47–2.64/km2 (Pellew 1983a). This population increase was attributed 

proximately to an increase in the food supply, but it may also have been a continued 

response to release from the viral disease rinderpest, eliminated in 1963 (Pellew 1983a). 

The 1970s increase in giraffe abundance mirrored increases in two other Serengeti 

ruminant populations limited by rinderpest, wildebeest (Connochaetes taurinus) and 

buffalo (Syncerus caffer) (Sinclair 1977, Sinclair & Norton-Griffiths 1982, Hilborn et al. 

2006). Abundance of these species also peaked in the mid 1970s. The wildebeest 

population stabilized around a new high of ~1.3 million (Mduma, Sinclair & Hilborn 

                                                
6 Tanzania National Parks, Arusha, Tanzania. 
7 Frankfurt Zoological Society, Serengeti Community Outreach Programme, Fort Ikoma, 
Tanzania. 
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1999). In contrast, buffalo abundance subsequently dropped in the 1980s and 1990s due 

to the combined effects of poaching and drought (Dublin et al. 1990, Hilborn et al. 2006, 

Metzger et al. 2010). Although monitoring of the giraffe population was less regular, the 

available census data suggest that giraffe abundance did not stabilize but began to 

decrease sometime in the 1980s (Fig. 3). This trend has not been closely studied so far. 

However, it is intriguing because it may provide insight into the relative importance of 

bottom-up vs. top-down factors affecting Serengeti ungulate populations.  

 A priori there are four hypotheses, which may explain the recent giraffe 

population trend in the Serengeti. Change in food supply is a bottom-up driver, while 

predation from lions, parasites, and poaching are all possible top-down scenarios. In this 

study, we investigate these possible extrinsic population drivers in turn in order to 

determine how each driver impacts giraffe abundance and demography and which 

driver(s) are most important for the Serengeti giraffe population.  

 This study has two parts. In the first part, we document historical and recent 

change in giraffe abundance and demography in the Serengeti using records from long-

term ecological monitoring, published data, and contemporary field studies in three 

sample areas of the Serengeti. We find that giraffe density is now <25% of its 1970s 

level. We outline significant changes in recruitment, survival, and population structure. 

In the second part, we evaluate the relative influence of food supply, predation, 

parasites, and poaching on giraffe population dynamics. We present new data on 

predation, parasites, and poaching. To tease apart the importance of each of these factors, 

we present a decision table, which lists predictions about how a giraffe population is 

likely to respond to different drivers (Table 1). For example, compared with animals in a 

food-rich environment, a food-limited population may have low reproductive output and 

a high ratio of adults to juveniles. In addition, we construct a female-based matrix model 

(Caswell 2001) of giraffe dynamics to evaluate the response of population growth rate to 

age-specific changes in survival and fertility. We determine that the Serengeti giraffe 

population is now most likely limited by food supply and poaching and that reducing 

adult mortality from poaching could lead to an increase in population growth. 
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Table 1.  This decision table shows the predicted response of a giraffe population to a set of extrinsic population drivers, including 
food supply, predation, parasites (macro- and micro-parasites), and snare poaching. The table permits pairwise comparisons of giraffe 
populations separated by time and/or space. Each row corresponds to a population driver while the columns correspond to measures of 
giraffe abundance, demography, and body condition. The inequalities represent predicted relationships between two hypothetical 
populations, A and B. If population A has more/higher levels of food supply, predation, parasites, or poaching than population B, then 
the inequalities should be read as displayed. (For example, if population A is exposed to a higher level of snare poaching than 
population B, we might expect lower adult survival in population A.) However, if population A has less/lower levels of food supply, 
predation, parasites, or poaching than population B, the predicted relationships in the table should be reversed. When no relationship 
between A and B is predicted, the cell is filled with a dash. Population drivers may act synergistically. AD = adult, SA = subadult, CA 
= calf, AM = adult male, AF = adult female. C : 100 AF = number of calves per 100 adult females. EPG = parasite eggs per gram of 
feces. 
 
 Reproductive output, recruitment, and population 

structure: 
 

Survival: Condition: Density: Population 
growth 

rate: 

Population driver  
Mean 

calving 
interval  

C : 100 
AF AD % SA % CA % AM : AF A 

survival 
SA 

survival 
C 

survival EPG Giraffes/km2 λ 

1. Food supply A < B A > B A < B A > B A > B A ≅ B A > B A > B A > B A ≤ B A > B A > B 
2. Predation A ≤ B A < B A ≥ B A ≤ B A < B A ≅ B A ≤ B A ≤ B A < B A ≥ B A ≤ B A ≤ B 
3. Parasites  A > B A < B A > B A < B A < B –– A ≤ B A ≤ B A < B A ≥ B –– –– 
4. Snare poaching A ≅ B A ≅ B A < B A > B A > B A < B A < B A ≤ B A ≅ B A ≥ B A ≤ B A ≤ B 
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Methods 

Study area and past research on giraffe abundance/demography 

Serengeti National Park is a 14,700 km2 protected area within the greater  

25,000 km2 Serengeti ecosystem (Fig. 1). The area is described in detail elsewhere 

(Sinclair & Norton-Griffiths 1979) but we note a few facts salient for this study. Rainfall 

is seasonal (dry season runs from June–October), occurring along a gradient from the 

NW (>1000 mm/year) to the southeastern plains (~500 mm/year) (Sinclair 1979b). The 

vegetation is predominantly woodland-grassland savanna, with grassland plains in the SE 

and small sections of riverine forest along the perennial rivers.   

The giraffe is a woodland resident. In East Africa, giraffe home ranges are 

relatively small, averaging 5–160 km2 in woodland savannas (Foster & Dagg 1972, 

Leuthold & Leuthold 1978, van der Jeugd & Prins 2000). Males range over larger areas 

in search of females in estrus (Leuthold & Leuthold 1978). Males spar to establish a 

dominance hierarchy, using their necks and heads as clubs. High-ranking mature males 

are thought to achieve the most mating success (Pratt & Anderson 1982, Pratt & 

Anderson 1985, Simmons & Scheepers 1996, Brand 2007). Giraffes exhibit fission-

fusion social organization and females may form long-term associations, lasting upwards 

of several years (Shorrocks & Croft 2009, Carter et al. 2012, Bercovitch & Berry 2013, 

Vanderwaal et al. 2013). Giraffe social behavior is influenced by ecological conditions. 

For example, in the Serengeti, the scrub thicket/open grassland areas of the western 

corridor have historically supported large herds, numbering up to ~250 individuals, 

whereas the denser woodland areas of central and northern Serengeti support smaller 

herds of about 5–10 (Pellew 1983a, Strauss & Packer 2013, Table 2).  

From 1975–77, Pellew (1981, 1983a) studied giraffe abundance and demography 

in three representative woodland areas of the Serengeti (Fig. 1). These non-neighboring 

areas are separated from each other by >45–90 km. Seronera (240 km2) is an 

Acacia/Commiphora woodland located in central Serengeti, surrounding the Park 

Headquarters and central tourist zone. Seronera is also the site where giraffe food supply 

was quantified in 1978 (Pellew 1983b) and again in 2009 (see Ch. 3). Kirawira (210 km2) 

is a mosaic of woodland scrub thicket and grassland in the western corridor. Kirawira 
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borders the Grumeti Game Reserve, a protected buffer area between the Park and local 

villages. Bologonja (175 km2) is a woodland area adjacent to the Masai Mara National 

Reserve in northern Serengeti. Tourist presence is lower in the Kirawira and Bologonja 

areas. The Kenyan border, abutting the Bologonja area has remained closed since 1977 

(Sinclair 1995b). The Kirawira and Bologonja areas lie in regions of the Serengeti that 

have historically been exposed to higher levels of poaching (Campbell & Borner 1995). 

 

 
 
Figure 1. A map of the 14,700 km2 Serengeti National Park (outlined in black), within 
the greater Serengeti ecosystem. Giraffe abundance and demography were studied in the 
Seronera, Kirawira, and Bologonja areas (in gray). 
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Assessing changes in giraffe density 

 We used time-series census data to assess large-scale trends in giraffe density in 

the Serengeti National Park. Resident ungulates, including giraffes, were irregularly 

surveyed in the Serengeti for twelve years between 1971 and 2010. (For a description of 

methods and statistical analysis, see Sinclair 1972, Grimsdell 1979, Campbell & Borner 

1995, Tanzania Wildlife Research Institute 2008, 2010). Data from more recent counts is 

spatially referenced. For 1971–2006 we extracted trends in giraffe density for three strata 

(central, western, and northern Serengeti) used in the early counts (Fig. 3). Each of these 

strata contains one of the three woodland sample areas displayed in Fig. 1 (central 

stratum: Seronera, western stratum: Kirawira, northern stratum: Bologonja).  

Pellew (1983a) carried out aerial total counts of giraffes in Seronera, Kirawira, 

and Bologonja in 1975–6. We repeated these aerial counts in the 2009 and 2010 dry 

seasons and in the 2011 wet season to evaluate local changes in giraffe density. A fixed-

wing Cessna 182 aircraft was flown at a height of 300 feet and speed of 140–175 km/hr 

along East-West transects spaced at 1 km intervals. An observer on each side of the 

aircraft counted all giraffes visible in each ~500 m wide strip. Giraffes in open areas are 

highly conspicuous but some individuals in heavily wooded or broken terrain are 

undoubtedly missed (Pellew 1983a). We applied Pellew’s (1983a) undercounting error of 

10% for Seronera and Kirawira and 19% for Bologonja. We validated this undercounting 

error for Seronera with ground checks of herds spotted from the air immediately 

following aerial counts. We also completed ground counts within a day of three aerial 

counts and compared the count totals.  

 

Population dynamics 

We took advantage of the giraffe’s unique coat markings (Foster 1966) to study 

giraffe population dynamics. Data were collected each dry season (~August–October) 

from 2008–2010. In total, we photographed and identified 516 individuals in Seronera, 

286 in Kirawira, and 115 in Bologonja. (The number of new giraffes observed tapered off 

after 2–3 seasons of fieldwork; Appendix 6). All giraffes were aged and sexed. Age 

categories were defined as calf (0–1 year), subadult (1–5 years), or adult (≥5 years), and 
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aging was based on a combination of published age-height curves (Pellew 1983a) and 

physical characteristics (see Appendices 1 & 10). Population structures were averaged 

over the three field seasons.  

 

Measures of reproductive output 

Calving interval and recruitment were used as measures of reproductive output. 

Giraffes in the Seronera area were observed regularly. We calculated an average calving 

interval for females that calved twice during the study period. In our estimate, we only 

include calves whose births could be estimated to within ± 1–2 months. We defined 

recruitment as the number of calves observed per 100 adult females per field season.  

 

Survival estimates 

We employed mark-recapture methods to estimate survival of calves, subadults 

and adults in the Seronera and Kirawira areas. In mark-recapture studies, individuals are 

captured, marked, and released back into the population for subsequent recapture. 

Capture histories of individuals can be used to derive estimates of population size, 

survival, and several other population parameters. In our case, giraffes were already 

uniquely marked and “capture” histories consisted of sightings of individual giraffes in 

the Seronera and Kirawira study areas (see Appendix 9 for more details). 

Capture histories were analyzed using the software program MARK (White & 

Burnham 1999), a sophisticated interface for the analysis of mark-recapture data. In 

MARK, we used the robust design models (Pollock 1982, Kendall 2001, Kendall et al. 

1995a, Kendall et al. 1995b, Kendall et al. 1997), which permitted us to estimate annual 

apparent survival probability over the intervals 2008–09 and 2009–10. We modeled 

several survival effects including sex, age, study area, and time. We used Akaike’s 

Information Criterion (AIC) (Burnham & Anderson 2002) to select among models. To 

account for model selection uncertainty, we derived model-averaged parameter estimates 

over a subset of the top-fitting models (Burnham & Anderson 2002).  

Although robust design models can account for temporary emigration from the 

study area, permanent emigration is confounded with mortality. Thus, our estimates are 
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of “apparent survival.” The methodology, a list of estimated parameters, analysis, and 

model selection results are detailed in Appendix 9.   

 

Giraffe population model 

To investigate the importance of giraffe life history stages on population growth 

rate (𝜆), we constructed a three-stage (calf, subadult, adult) Leslie matrix (Caswell 2001) 

population model for female Seronera and Kirawira giraffes (Fig. 2). The model is time-

invariant. We estimated survival with capture-recapture analysis described above. 

Because we were interested in modeling both Seronera and Kirawira females, we input 

the apparent survival values from our best fitting model with study area, age, and sex 

effects (see Model 7, Table 2, Appendix 9). We calculated fertility by multiplying adult 

female survival by the number of female calves born per annum, which is derived from 

the mean calving interval. Female giraffes reach sexual maturity around age four, 

generally producing their first offspring at age five (Pellew 1983a). Thus, we assumed an 

average age at first parturition of five. Lack of long-term data precluded inclusion of a 

post-reproductive stage. 

 

 
Figure 2. A life cycle graph for the giraffe and the corresponding projection matrix. The 
Ni  nodes represent stages: N1 = calf (0–1 year), N2 = subadult (1–5 years), and N3 = adult 
(≥5 years). The Gi represent the probabilities of surviving and growing to the next stage, 
the Pi represent the probabilities of surviving and remaining in stage i, and the Fi 
represent fertilities. 
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To examine how temporal variation in vital rates and different ecological 

conditions may affect population growth, we also input vital rates into our model from 

published studies on two additional giraffe populations (see Table 5). The first of these 

was the 1970s giraffe population of Seronera (Pellew 1981, Pellew 1983a). The second 

was the 1970s giraffe population of Tsavo East National Park, Kenya, hypothesized to be 

decreasing in response to reduced food supply (Leuthold & Leuthold 1978).  

Initial population vectors were derived from published population structure and 

abundance estimates. For the Tsavo population, insufficient data was available so we 

used the initial population vector for the 2000s Seronera population. For all populations, 

we tested the effect of initial conditions by simulating 10 randomly generated initial 

populations of the same size, but with varying proportions of calves, subadults and adults.  

We projected populations over 10 years and 50 years, with a projection interval of 

1 year, to examine short and long-term dynamics and stable stage distributions. To 

examine the effects of perturbations to the vital rates on 𝜆  we calculated the elasticity of 

the matrix elements, a measure of the proportional contribution of each matrix element to 

λ (see Caswell 2001).  

 

Estimating predation pressure   

The Serengeti Lion Project has collected data on lion kills since 1966. From 

1966–2011, 52 giraffe carcasses presumed killed by lions have been documented. A 

previous assessment of these kills showed a significant increase in giraffe deaths in the 

dry season (Strauss & Packer 2013, Ch. 2). Here, we looked at temporal patterns in kills 

and examined the relationship between annual number of giraffes killed by lions and lion 

population size.  

 

Fecal parasite sampling 

As a preliminary measure of giraffe health, we examined feces for parasite ova. 

We collected 83 samples from giraffes of all ages in the Seronera and Kirawira areas 

during the dry season of 2009–10. An average egg count was calculated for individuals 

sampled repeatedly (n = 12). The age and sex of all but one individual were known. Fresh 
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feces were collected and examined immediately in the field or refrigerated and examined 

within 24–48 hours. Samples were prepared by adding feces to 26 ml of saturated salt 

solution for a total volume of 30 ml. A 2-chambered McMaster slide (Chalex Corp.) was 

charged with mixed fecal solution (0.15 ml per chamber). The number of eggs visible 

under 100x power was recorded and multiplied by 25 to obtain eggs per gram (EPG).  

 

Estimating poaching pressure  

Because it is difficult to quantify the impact of poaching on wildlife populations 

(Knapp et al. 2010) we employed several sources of both previously published data and 

new data to estimate poaching pressure on the giraffe population: 1) inferences based on 

changes in giraffe abundance, demography and population structure, 2) surveys of 

household bushmeat consumption patterns (data and methods described in Rentsch 2012, 

Rentsch et al., in press), and 3) reports of live, snared animals, a novel dataset described 

below.  

Wire snares are the most commonly used poaching tool in Serengeti and are set in 

woody thickets. Snares set low to the ground indiscriminately catch species inhabiting or 

moving through woodland areas, including non-target species such as lions (Panthera 

leo), spotted hyenas (Crocuta crocuta), and aardwolves (Proteles cristatus) (Hofer, East, 

& Campbell 1993), and also giraffes. The Serengeti National Park (SENAPA) Veterinary 

Unit collects reports of live animals observed with wire snares attached to a body part or 

with injuries consistent with snaring. Each report includes the species of animal observed, 

date and time the animal was reported, location of the animal, location of the snare(s) on 

the body, and, if available, age and sex of the animal. When possible, veterinarians 

attempt to treat snared animals. However, not all animals can be located and many cases 

are not followed up due to lack of information, equipment, or staff availability. Because 

multiple reports of a snared animal can be received, we used criteria such as sighting date 

and location to remove as many duplicates as possible from the dataset. An example 

duplicate record is two reports of an adult male giraffe with a neck snare seen one day 

apart in Seronera.  
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The cleaned dataset contained 430 snare cases, reported between January 1997 

and the end of 2010. Since the dataset consists of snare survivors, it is not a direct 

measure of poaching offtake. However, interpreted with caution, this data nonetheless 

provides insight into poaching methods and the susceptibility of different animals to 

snaring.  

 

Decision table  

A priori we created a table of predictions about how a giraffe population is likely 

to respond to changes in food supply, predation, parasites, and poaching (Table 1). We 

use these predictions and the data presented in the Results section to identify the 

population driver(s) that may be acting on Serengeti giraffes. For example, if food supply 

has decreased in Seronera between the 1970s and today, we may expect longer calving 

intervals, lower recruitment, a higher proportion of adults in the population, and a 

decrease in the growth rate. 

The predictions can also be used to compare the Serengeti giraffe population to 

other declining or stable populations. In Table 2 we provide demographic data from two 

populations of Masai giraffes from Kenya. The first of these is the 1970s population of 

Tsavo East National Park, mentioned previously. This population appears to have been in 

decline in the 1970s, likely due to food limitation (Leuthold & Leuthold 1978). The 

second is the 1960s–’70s giraffe population of Nairobi National Park. Giraffe abundance 

and population structure in Nairobi National Park remained relatively constant over a 

period of seven years and this population was considered to be stable (Foster & Dagg 

1972).  

 

Results 

Giraffe density, population structure, reproduction, and survival 

Density. Long-term censuses of resident ungulates suggest that giraffe density 

reached a peak in the mid 1970s (Fig. 3) but has since declined. Giraffe decline is more 

marked in the northern Serengeti.
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Figure 3. Giraffe population trends (density estimate ± SE) in the northern, central, and western census strata of the Serengeti, 1971–
2006. Data from: Sinclair (1972), Grimsdell (1979), Campbell & Borner (1995), Tanzania Wildlife Research Institute (2008), and 
Tanzania Wildlife Research Institute (unpubl. data), compiled with the assistance of H. Kija and K. Metzger.

Central 
stratum

Western
stratum

Northern
stratum

0!

0.2!

0.4!

0.6!

0.8!

1!

1.2!

1960! 1970! 1980! 1990! 2000! 2010!

0!

0.5!

1!

1.5!

2!

1960! 1970! 1980! 1990! 2000! 2010!

0!

0.2!

0.4!

0.6!

0.8!

1!

1.2!

1960! 1970! 1980! 1990! 2000! 2010!

G
ira
ffe
s/
km

2 !



 

  67 

Repeat aerial counts in the Seronera, Kirawira, and Bologonja sample areas 

indicate a highly significant drop in local giraffe densities. (Appendix 7 shows yearly 

variation in density, by sample area.) Mean giraffe density in these areas is now 0.28–

0.36/km2 (Table 2, top half), less than a quarter of reported densities from 1975–6. A 

mean of 66 and 75 giraffes were present each day in the Seronera and Kirawira areas, 

respectively. Yet, the total number of individuals identified in each area was 516 and 286. 

This discrepancy likely reflects the occasional use of these areas by giraffes with core 

home ranges in adjacent areas. The observed local decrease in giraffe density has been 

largest in Kirawira, which previously supported significantly more giraffes per unit area 

than Seronera and Bologonja. Kirawira in the 1970s also supported huge herds of almost 

250 giraffes. Current herd sizes, although greatly diminished, are still higher in Kirawira 

than in the other areas (Table 2). We observed no seasonal difference in giraffe density in 

Seronera and Kirawira but there was a significant seasonal difference in Bologonja (t = 

3.47, d.f. = 5, P = 0.018). 

If the sample areas are representative of other woodland areas of Serengeti, then a 

reasonable estimate of the total number of giraffes in the Serengeti National Park is 3520 

(± SE 224) (weighted mean density of 0.32/km2 × ~11,000 km2 of woodland; 5.7% 

sampling intensity). This number is substantially different than the giraffe estimate of 

5886 (± 1221 SE) (12,930 km2 survey area) from the 2010 resident ungulate census but 

closer to the 2006 estimate of 2589 (± SE 292) (11,655 km2 survey area) (Tanzania 

Wildlife Research Institute 2008, 2010). The unlikely doubling of the giraffe population 

between the 2006 and 2010 ungulate censuses suggests that some source of bias was 

unaccounted for in one or both of these censuses.   

Population structures, compared with the 1970s (Tables 2–3). The proportion of 

calves in the Seronera, Kirawira, and Bologonja populations has decreased. In Seronera, 

the adult proportion increased from 52% to 66% and subadult/calf components decreased. 

In contrast, in Kirawira the adult and calf components decreased while the subadult 

proportion increased from 31% to 40%. The ratio of adult males to adult females 

increased in Seronera but decreased in Kirawira and Bologonja, the two areas historically 

exposed to heavier poaching.
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Table 2. Giraffe abundance and demography in the Seronera, Kirawira, and Bologonja study areas of Serengeti National Park, 
compared with giraffe populations of Tsavo East and Nairobi National Parks. 
 

Sources: Foster (1966), Foster & Dagg (1972), Leuthold & Leuthold (1978), Leuthold (1979), Pellew (1981), Pellew (1983a) 
a Assumed same as for Seronera (Pellew 1983a) 
b Female survival 
c Includes juveniles up to 18 months old (Leuthold & Leuthold 1978) 
d Mean of data sets 1, 4, and 5 from Table 1 of Leuthold (1979)  
e The estimate of 0.27 is likely biased low (Dagg & Foster 1972) 
g Includes juveniles up to 18 months old, based on data sets 1, 2, and 4 from Table 1 of Leuthold & Leuthold (1978) 
h Derived from data from 1967 and 1970 in Foster & Dagg (1972)

 Seronera, Serengeti NP 
(240 km2) 

Kirawira, Serengeti NP  
(210 km2) 

Bologonja, Serengeti NP 
(175 km2) 

Tsavo East NP 
(4150 km2) 

Nairobi NP 
(114 km2) 

 1975–77 2008–10 1975–77 2008–10 1975–77 2008–10 1969–75 1965–68, ‘70 
Population stats:         

Population estimate (± 95% CL) 352 (± 129) 66 (± 14) 554 (± 90) 75 (± 26) 248 (± 72) 58 (± 24) 750 (± 250) 70–125 
     Giraffes/km2 (± 95% CL) 1.47 (± 0.54) 0.28 (± 0.06) 2.64 (± 0.43) 0.36 (± 0.12) 1.42 (± 0.41) 0.33 (± 0.14) 0.18 (± 0.06) 0.72 
     Wet season density (± 95% CL)  1.32 (± 0.42) 0.28 (± 0.07) 2.69 (± 0.34) 0.39 (± 0.32) 1.45 (± 0.39) 0.56 (± 0.06) – – 
     Dry season density (± 95% CL)     1.71 (± 0.58) 0.28 (± 0.08) 2.57 (± 0.51) 0.35 (± 0.15) 1.34 (± 0.49) 0.24 (± 0.11) – – 

No. aerial counts (dry,wet) 18  7 (5,2) 7  7 (5,2) 4 7 (5,2) – – 
     Mean herd size 9 4.3 17 12.7 7 9 3.8d  
     Maximum herd size 77 38 239 61 62 51 35 18 
         
Reproduction/recruitment:         
     Mean calving interval (± SD) 18.8 (± 1.9) 21 (± 2) 18.8a – 18.8a – 22.6 20 
     Calving rate AF-1 year-1 0.64 0.57 0.64a – 0.64a – 0.53 0.60 
     Ratio C : 100 AF 49.7 : 100 26.3 : 100 49.1 : 100 36.6 : 100 49 : 100 29.2 : 100 17–27 : 100c 37 : 100h 
         
Population structure:         
     A proportion (%) 51.7 65.6 53.1  49.1 57.3 55.7  – 56h 
     SA proportion (%) 32.2 24.6 31.4 39.7 28.1 32.2 – 32.5h 
     C proportion (%) 16.1 9.8 15.5 11.2 14.6 12.2 – 11.5h 
     Ratio MC : 1 FC 1.08 : 1 1.28 : 1 0.94 : 1 1.0 : 1 0.96 : 1 1.33 : 1 1.59 : 1g 1.07 : 1 
     Ratio AM : 1 AF 0.60 : 1 0.76 : 1 0.68 : 1 0.61 : 1 0.92 : 1 0.33 : 1 0.32–3.35 : 1 0.81 : 1 
         
Survival:         
     A survival probability 0.949 0.84b – 0.89b – – ~0.90 – 
     SA survival probability ~0.92 0.79b – 0.85b – – ~0.90 – 
     C survival probability 0.42 0.57b – 0.67b – – 0.33 0.27e 
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Adult sex ratio was female biased across sample areas, a pattern typical of giraffe 

populations, possibly reflecting sampling methodology (e.g., Foster & Dagg 1972, 

Leuthold & Leuthold 1978, Fennessy 2004). In our sample of individually recognized 

calves, sex ratio was not statistically different from parity (𝜒2 = 0.986, n = 146, P = 0.32) 

and we found no difference in calf sex ratio in Kirawira (higher poaching risk) vs. 

Seronera (lower poaching risk) (Table 2). However, in a contemporaneous study of 

Serengeti giraffes in overlapping areas, Marealle et al. (2010) report a highly female-

biased calf sex ratio of 0.45 male calves : 1 female calf  in high-risk poaching areas and 

0.62 : 1 in the lower-risk central Serengeti. The difference in these results could be due to 

statistical fluctuations, or alternatively to pseudo-replication or errors in sexing in the 

non-individually recognized sample of Marealle et al. (2010).  

 
Table 3. Mean structures of giraffe populations in Seronera, Kirawira, and Bologonja in 
the 1970s and 2000s. 
 
 Seronera Kirawira Bologonja 
 1975–6 2008–10 1975–6 2008–10 1975–6 2008–10 
       
Adult males (5+ years) 19.3 28.3 21.5 18.5 27.5 13.9 
Adult females (5+ years) 32.4 37.3 31.6 30.6 29.8 41.7 
5th year males & females 6.7 5.7 7.1 6.3 6.6 5.2 
4th year males & females 7.5 6.4 7.4 10.1 6.8 6.1 
3rd year males & females 8.4 6.8 8.1 11.9 7.1 8.7 
2nd year males & females 9.6 5.8 8.8 11.4 7.6 12.2 
Male & female calves (0–1 year) 16.1 9.8 15.5 11.2 14.6 12.2 
       
 

Measures of reproductive output (Table 2). Reproductive output has declined 

since the 1970s, suggesting that females may now be food limited. For eight individually 

known females that calved twice, we were able to estimate the inter-birth to within 1–2 

months. The average calving interval of these females was 21 ± SD 2 months. This is a 

small, but perhaps biologically significant change from the average of 18.8 ± SD 1.9 

months observed in the 1970s. The interval between calf births is positively correlated 

with survival of the first calf (Pellew 1983a), thus higher calf survival in 2008–10 (Table 

2, bottom half) may partly explain the increase in calving interval. However, recruitment 

suggests that calving rate has indeed declined. The number of calves per 100 adult 
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females has markedly decreased in Seronera, Kirawira, and Bologonja from highs of 

~49–50 calves per 100 adult females in the 1970s (Pellew 1983a) to ~26–37 per 100 adult 

females in the late 2000s. Although we only sampled in the dry season, the presence of 

previously unsighted calves in the 2009 and 2010 dry seasons confirms that giraffes are 

still breeding year-round in Serengeti. 

 Apparent survival estimates (Table 4). The full set of candidate models and model 

rankings is available in Appendix 9. Our top supported model of survival, with 50.9% of 

the support in the data, had survival that differed by sex with an additive time effect. 

Model-averaged annual apparent survival estimates for females and males were 0.81–

0.96 and 0.61–0.89, respectively (Table 4). (Biases in terminal survival estimates may 

partly account for the difference in the 2008–09 and 2009–10 estimates; see, e.g., 

Langtimm 2009, Peñaloza, Kendall, & Langtimm 2013.) Our finding that female survival 

is higher than male survival (Seronera 2008–09: P <0.01, Kirawira 2008–09: P <0.05) is 

consistent with other published figures. For example, also using mark-recapture methods, 

Bolger et al. (2012) report an annual apparent survival of 0.91 and 0.52 for adult female 

and male giraffes in Tarangire, Tanzania. They attribute low male survival to permanent 

emigration confounded with mortality (Bolger et al. 2012, Suppl.). Because males older 

than three years (particularly mature adults) range over substantially larger areas than 

females, and because our study areas are small, we suspect male survival is indeed 

underestimated.  

 
Table 4. Model-averaged estimates of apparent annual survival probability and standard 
errors (SE) for female and male giraffes in the Seronera and Kirawira study areas. The * 

indicates that estimates for 2008–09 and 2009–10 are statistically different at P <0.05; NS 
indicates that estimates over these intervals are consistent. (Averaged over Models 1–2 in 
Table 2 of Appendix 9; these models had 72.59% of the support in the data.)  
 

    Female (SE)  Male (SE)  
      
Seronera 2008–09 0.809 (0.049) } * 0.605 (0.052) } *  2009–10 0.952 (0.053) 0.878 (0.119) 
      
Kirawira 2008–09 0.844 (0.067) } NS 

0.622 (0.065) } *  2009–10 0.963 (0.046) 0.886 (0.113) 
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Of the survival effects we modeled, there was poor support for survival differing 

by age class. However, previous studies have found that giraffe survival probability is 

lowest in the first year of life (0.27–0.42: Foster & Dagg 1972, Pellew 1983a), increases 

in the second year (0.88–0.93: Pellew 1983a, Foster & Dagg 1972) and remains high 

thereafter. Estimates of annual adult giraffe survival range from 0.89–0.95 (0.91, adult 

females, Bolger et al. 2012; 0.89 and 0.91, Owen-Smith & Mason 2005; ~0.90, adult 

females, Leuthold & Leuthold 1978; 0.949, Pellew 1983a). Our best-supported model 

with age, study area, and sex effects gave apparent annual survival estimates of 0.57, 

0.79, and 0.84 for female calves, subadults, and adults respectively in the Seronera area. 

These estimates differ substantially from prior published results (see also Table 2). 

Although our estimates may be biased toward smaller values due to permanent 

emigration, our estimate of calf survival is much higher than previously reported. 

 

Matrix model results and perturbation analyses  

Table 5 summarizes survival and fertility input values and resultant population 

growth rates (λ) from population projections for the 1970s Seronera, 2000s Seronera, 

2000s Kirawira, and 1970s Tsavo giraffe populations. Although models of survival with 

age, sex, and study area effects were not the top-supported of the survival models in our 

candidate set, the estimates from these models provide a reasonable starting point for 

analysis. The effects of perturbing survival ± 10% are shown in Fig. 4.  

Irrespective of initial conditions, all populations converged on a stable age 

distribution within 10 years (Appendix 8). Of the four populations modeled, only the 

1970s Seronera population was projected to have positive growth, at 3% per annum. This 

is lower than the 5–6% per annum growth estimated by Pellew (1983a). The 2000s 

Kirawira population behaved most like a stable population. In fact, a look at the 

population structure and recruitment of the 2000s Kirawira population shows it to be 

demographically similar to the stable Nairobi National Park population (Table 2).  

We find that adult survival has the greatest influence on population growth rate, 

followed by subadult survival, and lastly calf survival/fertility (Fig. 5). Perturbation 

analysis suggests that an increase in adult female survival of 10% could lead to positive 
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growth of the 2000s Kirawira and 1970s Tsavo populations. A slightly higher increase in 

adult female survival would be necessary for positive growth in Seronera. Model results 

suggest that the observed increase in calf survival in the Seronera and Kirawira 

populations cannot compensate for observed reductions in adult survival.  

 

Studies of population drivers 

 Predation pressure. Lion abundance in the central Serengeti woodlands has 

increased since the 1960s, notwithstanding a die off due to canine distemper virus in 

1994 (Packer et al. 2005). Notably, the abundance of preferred lion prey such as 

wildebeest and zebra (Equus burchelli) has also increased over this period and we found 

little evidence of a significant increase in lion predation on giraffes. During yearly 

monitoring of ~50–300 lions in 5–30 prides (Mosser & Packer 2009), the number of 

giraffe carcasses found was small, only 0–6 per year. There was no temporal pattern in 

killed giraffes (relative to the number of lion sightings) between 1966–2011. Further, we 

found no relationship between number of giraffes killed annually and lion population 

size.  

Giraffe calf mortality is largely ascribed to predation, with survival in the first 

year previously estimated at just 27–42% (Foster & Dagg 1972, Leuthold & Leuthold 

1978, Dagg & Foster 1982, Pellew 1983a). Carcasses of calves are consumed rapidly and 

are undoubtedly underrepresented in carcass datasets. Following the death of a one-year-

old giraffe calf, killed by lions, lions and hyenas destroyed almost all evidence of the 

carcass within ~24 hours (see Strauss & Muller 2013). Having said that, we observed a 

large increase in calf survival in Seronera compared with the 1970s (survival estimates of 

0.57 vs. 0.42), even though the ratio of lions to giraffes is now 7-fold higher (from ~0.3 : 

1 in the mid 1970s to ~2 : 1 today). Estimated calf survival probability in Kirawira was 

even higher, at 0.67. Assuming calf mortality is largely due to predation, this is consistent 

with the finding of Strauss and Packer (2013) that lion predation on giraffes is lower in 

Kirawira.
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Table 5. Vital rates used as inputs in matrix population models and resultant population growth rates (λ). 
  
Location (year) Mean calving 

ratea 
Fertilityf Calf 

survival 
Subadult 
survivalf 

Adult 
survival 

λ Source 

Seronera, Serengeti 
(1975–7) 

0.32 0.30 0.42d 0.92e 0.95d 1.03 Pellew (1983a) 

Tsavo, Kenya 
(1969–75) 

0.27 0.25 0.33d 0.90 0.91 0.97 Leuthold & Leuthold (1978) 

Seronera, Serengeti 
(2008–10) 

0.26, 0.29, 0.32b 0.22, 0.24, 0.27 0.57 0.79 0.84 0.92, 0.93, 0.93g This study 

Kirawira, Serengeti 
(2008–10) 

0.26, 0.29, 0.32c 0.23, 0.26, 0.28 0.67 0.85 0.89 0.99, 0.99, 1.00g This study 

 
a Assuming a 50:50 sex ratio at birth, number of female calves produced per female per annum = (0.5/mean calving interval)*12 months 
b Low, mean, and high calving rates 
c Assumed the same as for Seronera 
d Separate male and female values were not available so this assumes equal survival of the sexes 
e Approximated from survival estimates reported in Pellew (1983a)  
f Fertility = mean calving rate × adult survival rate 
g Values of λ correspond with low, medium, and high fertility values
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Figure 4. Response of population growth rate, λ, to perturbations (± 10%) in the fertility 
(F) and survival (SC = calf, SSA = subadult, SA = adult) of the four modeled giraffe 
populations: (a) 1970s Seronera, (b) 2000s Seronera, (c) 2000s Kirawira, and (d) 1970s 
Tsavo. These plots show that λ is most sensitive to changes in adult survival, followed by 
subadult survival, and lastly calf survival and fertility.

A! B!
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Figure 5. (a) Structure of the projection matrix (see also Fig. 2): G1 = probability of calf survival and growth to subadult stage, P2 = 
probability of surviving and remaining a subadult, G2 = probability of subadult survival and growth to adult stage, P3 = probability of 
surviving and remaining an adult, F3 = adult fertility. Elasticity values for (b) 1970s Seronera, (c) 2000s Seronera, (d) 2000s Kirawira, 
and (e) 1970s Tsavo giraffe populations. Elasticities within each matrix sum to 1 and represent the proportional contribution of each 
matrix element to population growth rate, λ, e.g., a 1% increase in adult survival in matrix (c) corresponds with a 0.669% increase in 
lambda. Elasticities indicate that λ is most sensitive to changes in adult survival.
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Parasites. We found generally low levels of parasite ova among giraffes (n = 70, 

median eggs per gram of feces (EPG): 62.5, interquartile range (IQR): 100). Most 

common were Strongyle-type ova, followed by Strongyloides spp. We also observed ova 

belonging to the genera Nematodirus, Trichurus, Eimeria (Kirawira only), Moniezia and 

Fasciola. Several ova of unknown taxa were also observed. The Strongyle-type 

Haemonchus spp. have been observed in captive giraffes (Young, Jensen, & Craig 2000, 

Garretson et al. 2009) and in wild giraffes in Etosha, Namibia (Krecek et al. 1990) and 

East Africa (Sachs, Gibbons, & Lweno 1973). Although we observed generally low 

levels of parasite infection, one individual that was not sampled was observed with 

edema under the jaw that could be due to severe infection with Haemonchus parasites. 

Haemonchus infection can also result in anemia and weakness, but it is common for only 

a small proportion of infested individuals to develop sub-mandibular edema. 

 We observed no association between giraffe age and parasite load, but females 

had higher EPG than males (Females: n = 43, median EPG: 100, IQR: 125; males: n = 

26, median EPG: 50, IQR: 75) and EPG was also higher in Seronera than Kirawira 

(Seronera: n = 50, median EPG: 87.5 IQR; 125; Kirawira: n = 20, median EPG: 25 IQR: 

56.25).  

Giraffe poaching in the Serengeti. We examined data on living, snared animals 

reported to SENAPA from 1997–2010. This dataset contains animals that are abundant in 

the Serengeti such as wildebeest and zebra, large animals such as the giraffe, buffalo, and 

elephant (Loxodonta africana), and animals popular with tourists such as the cheetah 

(Acinonyx jubatus), hyena, and lion. Reports of giraffes make up the majority (45%) of 

all snare reports (Fig. 6a). This is likely due to a combination of factors. First, the data 

suggest that a snared giraffe is more likely to break free and survive than many other 

species. In the process of escaping, a tightening snare may cause life-threatening injuries. 

However, the powerful giraffe typically sustains minor wounds, particularly when snared 

around the neck. Although animals with gruesome injuries (often elephants, zebras, 

hyenas, and lions) have a decent likelihood of being noticed and reported when they enter 

a high-traffic tourist zone or ranger-patrolled area, many animals have only a loose wire 
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snare around the neck or leg. Of these, a snared giraffe, standing still and browsing is 

much more conspicuous than a snared zebra, in the middle of large, moving herd. 

The number of snared giraffes reported per annum was highest in 2002–03 and 

2008–10, with ~30 reports per annum in 2009–10 (Fig. 6c). Reports came in from 

Seronera (where tourist presence is high), the western corridor, the north, and the 

southwest. Because giraffe home ranges are small, this implies that snare poaching is 

occurring throughout the Park, even in the central tourist zone, which has previously been 

considered low-risk (Marealle et al. 2010). A large number of reports of snared giraffes 

were centered around Banagi, a densely wooded area north of Seronera, along the heavily 

trafficked main road to Fort Ikoma. 

Giraffes are slow moving, easily approachable animals and thus are particularly 

vulnerable to poaching with firearms. Giraffes are also one of few ungulates that can be 

selectively snared. Poachers can target giraffes by placing snare lines in the tree canopy, 

above the reach of other species. This has recently been observed in Serengeti, where 

hundreds of snares may be found in the canopy of a small woodland area. The SENAPA 

Veterinary Unit snare data indicate that most giraffes are snared around the neck (Fig. 

6b), suggesting that tree canopy snares are effective at catching giraffes. Although we 

have insufficient data to estimate giraffe escape likelihood, Georgiadis (1988) reports that 

12.2% of snared wildebeest escape from snares. We suspect that giraffe escape 

probability, particularly from tree snares, is likely closer to the probability of 25–62% 

estimated for hyenas (Hofer et al. 1993). As noted above, snared giraffes can escape with 

minor injuries. Assuming the snare can be removed (avoiding future injuries), these 

animals have a good chance of long-term survival.  

Data on the extent of giraffe poaching in Serengeti are somewhat contradictory. 

Antipoaching patrols report only 3–18 giraffe carcasses confiscated from poachers 

annually (SENAPA anti-poaching patrol records, 2001/2–2009/10). Surveys of bushmeat 

consumption in villages surrounding Serengeti (see Rentsch 2012, Rentsch et al., in 

press) suggest that only a small fraction of bushmeat-consuming households, ~2%, 

consume giraffe meat. In contrast, a group of just six hunters working in the Serengeti 

area claims to have taken ~200 giraffes in a period of two years (B. Harris, pers. comm.).  
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Because the giraffe is the national symbol of Tanzania, killing one is illegal, and 

poachers can face fines and jail time, reports of giraffe poaching and consumption may 

be underestimated. However, in villages bordering the Serengeti, giraffe meat is sold for 

a low price (Table 6), and there is little evidence that it is a favored or frequently 

consumed type of bushmeat. Rather, we suggest that poachers catching giraffes 

incidentally may be selling the meat locally whereas poachers targeting giraffes may be 

supplying an external market, where giraffe meat/products fetch a higher price. This 

remains largely speculative and additional research is required to substantiate this claim. 

The frequency of reports of live, snared giraffes and the presence of snare lines 

set in the tree canopy suggest that targeted giraffe poaching is substantial and possibly 

increasing. If 25–62% of snared giraffes escape death and 30 of these animals are 

reported to SENAPA yearly, then at least 48–120 giraffes are snared annually, of which 

18–90 die. This would represent 0.05–2.6% of the estimated population of 3520 giraffes. 

This offtake is undoubtedly biased low because only a small proportion of snare escapees 

will be observed and reported.8 It is more likely that annual offtake numbers in the 

hundreds of giraffes. This is consistent with an estimate of annual offtake of 164–770 

giraffes by Rentsch et al. (in press), based on the number of carcasses found by anti-

poaching units, scaled by the number of buffalo and wildebeest killed. 

If we assume that errors in reported age/sex data are balanced, several interesting 

patterns emerge. Reports of live, snared male giraffes outnumber reports of females by 

>2×, a highly significant difference (assuming an equal sex ratio: 𝜒2 = 17.6087, d.f. = 1, 

P <0.0001). A large male bias in reports was also found for elephants and lions. Previous 

studies have suggested male-biased poaching of wildebeest (Georgiadis 1988), impala 

(Aepycerus melampus) (Setsaas et al. 2007), and other species (Holmern et al. 2006). In 

giraffes, higher snare rates among males may be related to characteristically male 

behavior. Male giraffes spend more time in dense woodland areas (Foster 1966, Foster & 

                                                
8 Additionally, a second team from the TAWIRI-Messerli Foundation Wildlife 
Veterinary Programme began snare removal operations in 2004, at times working 
alongside the Serengeti National Park (SENAPA) team. Only snare reports/attended 
cases that overlapped with those in the SENAPA files are reported here. SENAPA 
handled the bulk of incoming reports. 
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Dagg 1972, Young & Isbell 1991, Caister, Shields, & Gosser 2003), where snares are set. 

Second, while females tend to browse on the 2–3 m high vegetation class (Pellew 1983c), 

adult males browse on taller trees (Young & Isbell 1991), increasing their vulnerability to 

snares set in the canopy. 	  

Snaring of giraffe calves/young subadults appears to be rare; 96% of snared 

giraffes reported were adults, significantly different than would be expected if snaring 

affected all age classes equally (using age-structure from Seronera: 𝜒2 = 78.9708, d.f. = 2, 

P <0.0001). Giraffe carcasses recovered by anti-poaching patrols are predominantly 

adults (SENAPA Resource Protection Dept., pers. comm.). 

 

Table 6. Price of bushmeat per kg in Tanzanian Shillings (TSh; In 2008, 1 US dollar 
≅1200 Tsh) for villages along the northwestern Serengeti border.  
 

Species No. observations Mean price per kg (TSh) SD 
    
Antelope 118 402.1 271.9 
Buffalo 29 1188.7 1687.7 
Eland 35 659.4 518.6 
Giraffe 9 506.3 159.5 
Topi 36 1051.9 1420.4 
Wildebeest 299 616.0 868.7 
Zebra 90 511.5 648.8 
    
 

Emigration/immigration. Using Wild ID photographic pattern matching software 

for giraffes (Bolger et al. 2012) we found no evidence of giraffes moving between 

Seronera, Kirawira, or Bologonja, areas separated by at minimum 45–90 km. Giraffes are 

not known to make long-distance migrations. In addition, giraffe numbers have also 

shown declines in adjacent areas, such as the Mara (Ottichilo et al. 2000, Ogutu et al. 

2009, 2011). Thus it seems implausible that the observed drop in giraffe abundance in 

Serengeti can be attributed to movement into adjacent areas.
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Figure 6. (a) Number of live, snared animals, by species, reported to SENAPA from 1997–2010. (b) The vast majority of snared 
giraffes reported to SENAPA were snared around the neck, followed by the leg. (c) Temporal patterns in the number of live, snared 
animals reported. The red dashed line indicates when the first cell phone tower became operational near Park Headquarters in 
Seronera.
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Discussion 

Giraffe population change and factors limiting giraffe abundance in the Serengeti 

We have demonstrated a decline in the giraffe population compared with the mid- 

to late 1970s, when the population was increasing. Matrix model projections using data 

on survival and fertility suggest a finite growth rate, λ, of 0.93 in Seronera 

(R  =  –0.07, λ  =  1  +  R  = er). Growth remains negative even if we assume a 10% negative 

bias in our estimate of adult female survival. The change in estimated giraffe abundance 

offers independent confirmation of this declining trend, which, on a Park-wide scale, 

appears to have occurred gradually. The total giraffe population of the Serengeti 

woodlands was estimated at 10,750 individuals in 1975–77 (Pellew 1983a), 6673 in 

1988–91 (Campbell & Borner 1995), and 3520 in 2008–10 (this study). However, as  

Fig. 3 demonstrates, declines in some areas, particularly the northern Serengeti, have 

occurred more rapidly than in others.  

The 77–86% reduction in giraffe density in the Seronera, Kirawira, and Bologonja 

sample areas from 1975–6 to 2008–10 mirrors the 68%–85% decline in giraffe 

abundance observed in the adjacent Masai Mara National Reserve (Fig. 1) and pastoral 

ranches between 1977 and 2009. Mara areas currently support densities of 0.1–0.3 

giraffes/km2 (Ogutu et al. 2011). The substantial drop in Mara giraffes has been 

attributed fundamentally to human influences, including high rates of poaching along the 

Serengeti border, and displacement by livestock, but also decreased woodland cover 

(Ogutu et al. 2009, 2011).   

Pellew (1983a) recorded peak giraffe densities of 1.47–2.64 giraffes/km2 in the 

Seronera, Kirawira, and Bologonja sample areas in 1975–6. In the 1970s, the giraffe’s 

food supply was expanding. Regenerating Acacia thickets, checked at low heights by 

giraffe browsing and fire, provided plentiful, accessible food (Pellew 1981, 1983c). The 

giraffe population responded rapidly to this increase in food supply. High fecundity and 

low mortality in the 1970s indicated that the population was in an upswing and that 

effects of density-dependent regulation were not yet apparent (Pellew 1983a). The 

cessation of monitoring of individual giraffes in 1979 and a gap in ungulate censuses in 

the early 1980s make it difficult to establish if density-dependent regulation occurred or 
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if density-independent forces came into play. However, overexploitation of the food 

resource could have occurred in the 1980s. Giraffes were already removing up to 85% of 

the production of some Acacia species in the late 1970s (Pellew 1984b). Density-

dependent regulation is proposed to affect vital rates in a sequence: an increase in 

juvenile mortality, followed by lower reproductive rates, and lastly increases in adult 

mortality (Eberhardt 1977, Eberhardt 2002). However, density-dependent mortality in 

adults appears to have stabilized both Serengeti buffalo and wildebeest populations in the 

late 1970s (Sinclair et al. 2007). 

At present, the Seronera, Kirawira, and Bologonja sample areas support densities 

of only 0.28–0.36 giraffes/km2 (Table 2, top half). We examined several extrinsic 

population drivers that may account for this drop in density, including food supply, 

predation, parasites, and poaching. Intrinsic factors such as social behavior and space 

needs, although potentially important, have not been considered. Based on the data 

presented here, two factors, acting in combination, appear to be limiting Serengeti giraffe 

abundance, the first of which is food supply.  

Present giraffe density in the Serengeti is on the low end for giraffe densities 

observed in woodland savannas (see Table 8 in Foster & Dagg 1972, Table 6 in Pellew 

1983a, Appendix 6 in Fennessy 2004). Reported giraffe densities range from 0.01 

giraffes/km2 in arid regions such as northern Namibia (Fennessy 2004) to ~4 giraffes/km2 

in more heavily wooded areas like Arusha National Park, Tanzania (Pratt & Anderson 

1982). This suggests that carrying capacity in Serengeti has been reduced and/or that 

some other population driver is holding the giraffe population below food-limited 

carrying capacity.  

Food limitation is the likely driver of the low reproductive output we observe 

today. A comparison of the 1970s Seronera and 2000s Seronera populations (see Table 2) 

with the predictions in Table 1 strongly supports the assertion that Seronera giraffes are 

food limited. Giraffe calving interval is longer, recruitment has dropped substantially 

despite increases in calf survival, adult/subadult survival has dropped, and population 

growth is negative. The 2000s Seronera population has lower recruitment and a higher 

adult proportion compared with the stable Nairobi National Park population (Foster & 
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Dagg 1972) (Table 2). Moreover, the 2000s Seronera population is demographically 

similar to the 1970s Tsavo giraffe population, which it has been suggested was also food 

limited (Leuthold & Leuthold 1978) (Table 2).  

Given that woody density and cover in the Serengeti increased dramatically 

between 1980s and 2000s (Packer et al. 2005, Sinclair et al. 2007, Sinclair et al. 2008), 

the explanation of food limitation may at first seem counterintuitive. However, in a study 

documenting changes in the giraffe’s food supply in Seronera, we describe a reduction in 

the quantity of edible food for giraffes (see Ch. 3). We find that the available volume of 

favored species has been substantially reduced and that unpalatable species have thrived. 

One of the dominant woodland species in Serengeti, Acacia robusta, has substantially 

increased in density and cover since the 1970s and 1980s but is avoided by giraffes at all 

times of year, likely because of a chemical defense (Pellew 1984a). Thus, a substantial 

portion of the potential food supply in Serengeti is inedible (see Ch. 3). This suggests that 

assessments of giraffe food supply should take into account food accessibility and 

palatability because measures such as woody plant density or precipitation may be 

misleading. Heavy giraffe browsing in the 1970s contributed to a decrease in the 

prevalence of palatable species in Seronera (see Ch. 3), suggesting that the observed 

fluctuation in giraffe density may be evidence of a feedback loop between the giraffe and 

its food resource. 

Our result is consistent with the suggestion of Sinclair, Mduma, & Brashares 

(2003) that food supply limits Serengeti herbivores weighing >150 kg. The effects of 

food limitation are likely to be most significant in the late dry season period (Sinclair 

1995c). There is some evidence that tall adult males (with high metabolic needs) and 

juveniles (competing for browse with smaller browsers) are particularly vulnerable to 

periods of reduced food supply (Mitchell, van Sittert & Skinner 2010). Following a 

drought in Bubye Valley Conservancy, Zimbabwe, Mitchell, van Sittert & Skinner (2010) 

found that two-year-old giraffes at heights of <3 m and mature adults (mostly males), 

weighing ≥1200 kg were overrepresented in the sample of carcasses. Recently weaned 

1–2 year-old giraffes, standing at heights of 2.7–3.4 m, are probably particularly 

vulnerable to intra- and inter-specific competition for resources during the dry season.  
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A second factor that may have played a role in giraffe population fluctuations in 

Serengeti is poaching. Human population density is highest at the Serengeti’s western 

and northwestern borders and poaching has long been considered a serious threat to 

wildlife populations (Sinclair 1995b, Campbell & Hofer 1995, Metzger et al. 2007, 

Rentsch et al., in press). Black rhinoceros (Diceros bicornis), elephant, and buffalo 

populations, have all shown periods of significant decline due to poaching (Dublin et al. 

1990, Hilborn et al. 2006, Metzger et al. 2007, Sinclair et al. 2007, Metzger et al. 2010, 

Rentsch et al., in press). Current estimates suggest that bushmeat hunters remove ~50,000 

wildebeest per year, ~3% of the population (Rentsch et al., in press). Poaching of giraffes 

has been a persistent threat and Sinclair (1995c) has previously suggested poaching as a 

driver of giraffe decline in Serengeti. Campbell and Hofer (1995) estimated an annual 

offtake of ~30% of the giraffe population in the late 1980s/early 1990s, an unsustainable 

rate. Rentsch et al. (in press) suggest that annual giraffe offtake is at present in the 

neighborhood of 2–10%. 

Current giraffe offtake, if indeed  <10%, could be compensatory if offtake was 

spread evenly among age-sex classes. However, our analyses suggest that poaching 

targets adults and that giraffe population growth is particularly sensitive to changes in 

adult survival. Assuming permanent emigration is low and that our apparent survival 

estimates are close to true survival, then survival of adult females in Seronera has 

dropped by >10% compared with the 1970s. In populations of long-lived vertebrates 

exposed to little human impact, annual adult female survival probabilities are typically 

>0.95 (Eberhardt 2002). Our observed apparent adult female survival estimates of 0.84–

0.89 are more in line with estimates from human-influenced populations of long-lived 

vertebrates including seals, caribou, and brown bears (Eberhardt 2002, Table 1).  

Poaching impact in Serengeti was particularly high from 1977–86 (Hilborn et al. 

2006). Poachers harvested ~13% of the buffalo population per year from 1979–84, 

reversing the growth rate, and poaching continues to limit the buffalo population of 

northern Serengeti (Metzger et al. 2010, Rentsch et al. in press). Changes in the northern 

giraffe population (Fig. 3) mirror those observed in the buffalo population. Changes in 

the structure of the Kirawira and Bologonja populations provide additional evidence of a 
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more significant poaching impact in these areas compared with Seronera. Adult giraffes, 

particularly males, seem to be most vulnerable to snaring. The proportion of adult 

giraffes has increased in Seronera yet decreased in Kirawira. Moreover, the ratio of adult 

male to female giraffes decreased in Kirawira and Bologonja yet increased in Seronera.  

Although removal of breeding females will have more immediate and pronounced 

effects on population dynamics, the effects of male-biased harvesting may still be 

consequential. For example, there is evidence of reduced female fecundity or delayed 

breeding in highly female-skewed populations of some species (e.g., impala, moose 

(Alces alces); Ginsberg & Milner-Gulland 1994, Mysterud, Coulson & Stenseth 2002, 

Solberg et al. 2002). Effects of male-biased harvesting may be more deleterious in 

species with synchronized breeding (Ginsberg & Milner-Gulland 1994). The giraffe 

breeds year-round. However, only males high on the dominance hierarchy, usually 

mature adults, achieve mating success. These males, as we have already noted, are 

particularly susceptible to tree canopy snares. Long-term male-biased harvesting may 

thus lead to an increase the relative abundance of low-ranking males, with unknown 

consequences for fecundity. Monitoring of the giraffe population would be prudent, 

although at present there is no evidence that lower fecundity is due to lack of mature 

males. 

Disease, as we have noted, has played a significant role in limiting the abundance 

of some Serengeti ungulates. Microparasites (e.g., viruses, bacteria) and macroparasites 

(e.g., ticks, nematodes) can effect age of sexual maturation, decrease birth rate, increase 

vulnerability to predation, and increase mortality (e.g., Scott 1988, Albon et al. 2002). 

Parasites may affect segments of a population asymmetrically. For example, rinderpest 

caused high juvenile mortality in Serengeti wildebeest, limiting population growth 

(Sinclair 1979a). Parasites may even cause cyclic changes in the abundance of some 

species (e.g., the Trichostrongylus tenuis nematode in red grouse populations, Hudson, 

Dobson, & Newborn 1998).  
Giraffes sampled in this study had low fecal parasite levels. However, the 

historical and potential future impact of disease on the giraffe population is largely 

speculative. Giraffes can be infected with rinderpest (Plowright & McCulloch 1967), 
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anthrax (Lembo et al. 2011), infectious otitis (Mlengeya et al. 2002), leptospirosis 

(Twigg et al. 1970), papillomavirus (van Dyk et al. 2011), mange/scab-like lesions 

(Sachs & Debbie 1969), and an emerging condition labeled giraffe skin disease 

(Mlengeya & Lyaruu 2003). An anthrax outbreak near Sopa Lodge, in central Serengeti, 

in 1998 reportedly affected some giraffes (M. Kilewo, unpublished data). Some of the 

>900 unique individuals photographed in the Serengeti had mild clinical signs of giraffe 

skin disease and, rarely, otitis (not confirmed in the laboratory). That giraffe population 

growth following the elimination of rinderpest virus mirrors that of wildebeest and 

buffalo (species highly susceptible to rinderpest virus) suggests that disease may be an 

important limiting factor for giraffe populations. Thus, additional study of disease 

prevalence and impacts should be a research priority. Parasite burden is usually higher in 

the wet season (Turner & Getz 2010) so we recommend year-round monitoring of 

parasite levels. 

Given the large difference in calf and adult survival observed today compared 

with the 1970s, future research is also needed on temporal variability in giraffe vital rates 

and its role in population dynamics.     

 

Conservation implications  

Perturbation analyses of matrix projection models are a useful tool for 

management and conservation (Caswell 2000, Heppell et al. 2000). Our models suggest 

that giraffe population growth is particularly sensitive to changes in adult survival. 

Elasticity of adult survival rate and fertility were 0.64–0.73 and 0.05–0.08, respectively. 

This same pattern of high elasticity for adult survival and low fertility elasticity is typical 

of modeled populations of “slow” mammals—mammals that produce few offspring 

(Heppell et al. 2000)—and is common among temperate and tropical ungulates (Sæther 

1997, Gaillard et al. 1998, Grange et al. 2004). However, in monitored populations, 

temporal variability in adult survival is often low compared with variability in calf 

survival or fecundity (Gaillard et al. 1998, Gaillard et al. 2000).  

Among Serengeti giraffes, it appears that calf survival has increased and adult 

survival has decreased. We did not observe widespread evidence of adult starvation and 
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giraffe carcasses were rarely encountered during fieldwork, suggesting that poaching 

rather than food supply may be responsible for increased adult mortality. We recommend 

that efforts to increase giraffe population growth in Serengeti focus on increasing adult 

survival. In theory, a reduction in giraffe poaching (leading to a 10–20% increase in adult 

female survival) may be sufficient to increase population growth to a level supported by 

the food supply. Alternatively, increases in poaching of giraffes could lead to a faster rate 

of population decline.  

The targeted poaching of giraffes in Serengeti is concerning and there is a 

pressing need for more research on the local and commercial market for giraffe meat, 

skin, tail hairs, and other products. Local newspapers (e.g., Arusha Time Reporter 2004, 

Nkwame 2008) report that giraffe bone marrow and other body parts are being sold as a 

cure for HIV/AIDS. Given the potentially dire consequence of this spreading myth, there 

is an urgent need for additional research on giraffe poaching in East Africa. Additionally, 

if poachers in Serengeti are removing giraffe bones for sale as medicinal products, this 

might partly explain the low numbers of carcasses reported by anti-poaching patrols. 

Previous research suggests that mitigating poaching will require a multifaceted approach 

including increasing access to alternative protein sources, increasing household income, 

and anti-poaching enforcement (Loibooki et al. 2002, Rentsch 2012, Rentsch & Damon 

2013).  
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Concluding Remarks 

 

The giraffe is the tallest land mammal, a graceful and charismatic animal recognized and 

revered around the world. Thus, when I first started reviewing the literature for this 

dissertation, I was surprised that despite key studies in the 1960s, ‘70s, and ‘80s there 

were substantial gaps in our knowledge of giraffe ecology and behavior. A new cohort of 

giraffe researchers is actively working to fill these gaps, identify threats to giraffe 

persistence, and develop strategies for management and conservation of the nine 

currently recognized subspecies of giraffes. In the course of this research, I identified 

over 900 individual giraffes based on their coat markings. This large dataset facilitated 

investigations of giraffe population dynamics. I also studied the giraffe’s impact on its 

own food supply. In the following paragraphs I highlight key results and note new 

questions that have arisen during the course of this study. 

In Ch. 3, I confirm Pellew’s observation that giraffes are a significant player in 

savanna woodland dynamics. Testing Pellew’s (1981, 1983c) insightful predictions, I 

present compelling evidence that through selective browsing giraffes have mediated an 

increase in the relative dominance of unpalatable woodland species, such as Acacia 

robusta. Because these changes occurred on a timescale of several decades, long-term 

monitoring of giraffe density and woodland structure/composition is necessary to better 

understand this relationship. However, it is already clear that models of woodland 

dynamics should take into account the impact of giraffes in order to improve their 

predictive power. 

Another conclusion of Ch. 3 is that plant quantity in and of itself is not always a 

good measure of the giraffe’s food resource. Some food may be unpalatable or even 

toxic. Despite a dramatic increase in the relative availability of A. robusta (now a 

dominant species in the Serengeti), giraffes continue to avoid browsing on this species. 

Pellew (1984a) proposed that this was due to a successful chemical defense. To 

investigate this possibility further, I am conducting ongoing work with colleagues in the 

Department of Horticultural Science at the University of Minnesota. We have grown a 

garden of three-year-old Acacia trees in a greenhouse using seeds I collected in the 
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Serengeti. Preliminary analyses of leaf tissue with mass spectrometry and follow-up 

assays have identified some promising differences between A. robusta and the other 

Acacia species. For example, A. robusta appears to have a significantly higher total 

polyphenol content than other species tested. Continued analysis will hopefully lead to 

specific hypotheses about the chemical properties that make A. robusta unpalatable to 

giraffes.  

In Ch. 4, I provide substantial evidence that food supply is limiting the Serengeti 

giraffe population. Poaching of giraffes for meat and possibly other products also appears 

to be limiting the population. While these factors are important in the Serengeti, other 

factors may limit giraffe populations elsewhere. Further study of giraffe diseases and 

possible intrinsic population drivers would be particularly worthwhile. With matrix 

projection models, I have found that giraffe population growth is most sensitive to 

changes in adult survival. However, my results also suggest that calf survival can be 

highly variable. A useful next step in the study of giraffe population dynamics would be 

to monitor temporal variability in calf, subadult, and adult survival and consider the 

impact of such variability on giraffe population dynamics.  

In Ch. 2, I developed a new index of lion predation attempts on giraffes. With the 

benefits of digital photography, it is easy to photograph giraffes and look for claw marks. 

I am especially interested to see this index applied widely, to giraffe populations exposed 

to varying levels of lion predation. Some questions remain. Based on the data from 

Serengeti, I suggest that the high prevalence of claw marks on adult females is related to 

calf defense. This hypothesis requires further testing. In addition, although it is widely 

presumed that lions are the main cause of giraffe calf mortality, the data to back up this 

assertion remain elusive. Disease, starvation, abandonment/death of the mother, and other 

possible causes of calf mortality require further investigation.  

 Giraffe numbers have declined by >40% in the last decade alone, and fewer than 

80,000 giraffes are estimated to remain in the wild (Fennessy & Brown 2010). The Masai 

giraffe, described in this dissertation, is the most populous subspecies, and likely 

numbers <37,000 (Giraffe Conservation Foundation 2013). Numbering >3000 

individuals, Serengeti giraffes make up one of the largest remaining populations. 
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Maintaining this relatively large population at its ecological carrying capacity is thus of 

conservation significance. Although within a protected area, Serengeti giraffes are subject 

to targeted poaching. As noted in Ch. 4, poaching, particularly of adult giraffes, can pose 

a serious threat to giraffe populations. Thus, it is critical to curb poaching of giraffes and 

management action should be initiated as soon as possible. As noted in Ch. 4, a 

multifaceted approach combining anti-poaching enforcement, improved access to 

alternative protein sources, and poverty reduction is likely to be most effective. 

Throughout East Africa, additional research is urgently needed on the local and 

commercial markets for giraffe products. 

 It is also critical to protect the giraffe’s natural habitat. As I have shown, giraffe 

abundance is closely tied to the food resource and protection of wooded areas is therefore 

an essential component of any viable giraffe conservation strategy. However, feedbacks 

between giraffe abundance and vegetation, as observed in the Serengeti, are a natural part 

of ecosystem dynamics. Thus, negative population growth may not always indicate a 

conservation problem. 
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Appendix 19 
 

A sample photographic guide for age estimation of Serengeti Masai giraffe calves, age 0–
14 weeks. Each unique giraffe that appears in the guide has been assigned a letter from A 
to T so that readers can follow an individual’s age progression. Individuals included in 
the guide were first sighted at an estimated age of <2–3 weeks. We have included a 
limited description of morphological characteristics we found useful for age estimation. 
Some traits, for example ossicone (horn) shape and size, vary significantly among 
individuals. We note that it would be essential to validate this guide before applying it to 
other giraffe populations, especially for giraffes of a different subspecies. 

                                                
9 Figure S1 in the published paper. 
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Figure S1: Age estimation guide 
for Masai giraffe calves: 0 – 14 

weeks!
Megan Strauss!

University of Minnesota!
Serengeti Giraffe Project!

strau102@umn.edu!
July, 2013!
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1!

Note:!

This is a sample photographic guide for age estimation of Serengeti 
Masai giraffe calves, age 0–14 weeks. Each unique giraffe that 
appears in the guide has been assigned a letter from A to T (in no 
particular order) so that readers can follow an individual’s age 
progression. Individuals included in the guide were first sighted at an 
estimated age of <2–3 weeks. We have included a limited description 
of morphological characteristics we found useful for age estimation. 
Some traits, for example ossicone (horn) shape and size, vary 
significantly among individuals. We note that it would be essential to 
validate this guide before applying it to other giraffe populations, 
especially for giraffes of a different subspecies.!
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Ossicones (horns) lie flat against 
the skull, are oriented forward, 
and are covered with a small tuft 
of black hair!

Tail is slightly curved, covered with a ridge of 
fuzzy hair; terminal tail hairs are short!

Eyes and ears are 
disproportionately 
large!

Coat is fuzzy, markings 
are light in color!

Belly is flat!

< 1 week!

A! I!

2!
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Neck and legs are 
relatively short, ventral 
side of neck has 
accordion-like skin folds!

Height – roughly as tall as 
the base of the mother’s tail!

Gait is awkward, hocks 
and knees appear large!

< 1 week continued!

O!

P!

P! R!

3!
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1-2 weeks side!
Ossicones stand erect, are 
oriented up!

Coat remains fuzzy!

Belly remains quite flat!

1-2 weeks!
D!K!

4!
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1-2 weeks continued!

D!J! N!L!

5!
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1-2 weeks continued!

D!J! N!L!

5!
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1-2 weeks continued!

G!J!K!

6!
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Ossicones are growing longer, are now oriented 
up or slightly backward!

Belly slightly rounded!

Withers slightly raised !

2-3 weeks!

Terminal tail hairs are 
growing longer!

C! Q!

7!
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2-3 weeks continued!

B!F! Q! H!

8!
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2-3 weeks continued!

K! S!

T!

9!
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3-4 weeks!

Tail retains ridge of fuzzy hair; 
terminal tail tuft is fuller and 
terminal hairs are longer!

Neck has 
lengthened, 
broadened at 
base, and 
developed more 
curvature!

D!

I!

10!

Withers more 
prominent; mane 
comes to a point at 
withers!
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3-4 weeks continued!
K! M

I!

11!
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3-4 weeks continued!

K! MM

12!
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4-5 weeks!
C!B!

Neck and legs continue 
lengthening!

Eyes and ears still appear 
disproportionately large, but 
face is beginning to fill out!

13!
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4-5 weeks continued!

K! N!N!

14!
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4-5 weeks continued!

M M

15!
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5-6 weeks!
M A!A!

16!
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6-7 weeks!

K! M

Face is more filled out and eyes 
and ears appear more 
proportionate !

17!
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7-8 weeks!

D! Q!

18!
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7-8 weeks continued!

M Q!

Belly is rounded and body 
continues to fill out!

19!
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8-9 weeks!
L!L!

20!
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2 months!

L! L!

8-9 weeks continued! 21!
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11-12 weeks!
M M

Face continues to fill out!

Body is filling out!

Ossicones are prominent by 2-3 months of age !

22!
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E! E!

11-12 weeks continued!

M

23!
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13-14 weeks!
E! K!

Neck and legs continue to 
lengthen!

24!
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E!

13-14 weeks continued!

E!K!

Coat is becoming smoother; 
in some individuals, coat 
markings begin to darken!

25!
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26!

See also:!

DAGG, A.I. & FOSTER, J.B. (1982) The Giraffe: Its Biology, Behavior, and Ecology. 2nd edn. 
Malabar, FL: Krieger Publishing Company.!
!
FOSTER, J.B. & DAGG, A.I. (1972) Notes on the biology of the giraffe. Afr. J. Ecol. 10, 1–16.!
!
LANGMAN, V.A. (1977) Cow-calf Relationships in Giraffe (Giraffa camelopardalis giraffa). Z. 
Tierpsychol. 43, 264–286.!
!
PELLEW, R.A. (1983) The giraffe and its food resource in the Serengeti. I. Composition, 
biomass and production of available browse. Afr. J. Ecol. 21, 241–267.!
!
PRATT, D.M. & ANDERSON, V.H. (1979) Giraffe cow-calf relationships and social 
development of the calf in the Serengeti. Z. Tierpsychol. 51, 233–251.!
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Appendix 210. Table of sighting histories and age estimates for Serengeti giraffes observed with an umbilical cord stump.  

 
No. Sex* 

 
Study 
area** 

 

Estimated age 
at first sighting 

(weeks) 

Dates observed with umbilical stump  Date first 
observed after 

umbilical stump 
separation*** 

Minimum length 
of umbilical 

stump retention 
(weeks) 

1 F S 6 8/1/09, 8/25/09 8/27/09 9–10 
2 F S 6–8 10/2/08, 10/9/08 - 6–8 
3 F S 3–4 8/12/09 - 3–4 
4 F S <1 8/17/09, 9/27/09 - 6–7 
5 F S 10–12 8/27/09 9/9/09 10–12 
6 F S 2–3 9/11/09, 9/14/09, 9/19/09, 9/27/09, 9/29/09 - 4–5 
7 F S 2–3 9/27/09, 10/15/09, 10/21/09 - 5–6 
8 F S 4–6 9/27/09 - 4–6 
9 F S 1 8/12/09, 8/27/09, 8/28/09, 9/29/09, 9/30/09, 10/8/09 - 9–10 

10 F S 1 8/1/10, 8/18/10, 10/20/10, 10/29/10, 11/1/10, 11/2/10 - 14 
11 F S 3–4 8/1/10, 11/1/10, 11/2/10  11/1/10 3–4 
12 F S 2 8/11/10 - 2 
13 F S 2–3 11/1/10, 11/2/10 - 2–3 
14 F S 10–14 10/17/08 - 10–14 
15 F S 1 10/12/09 - 1 
16 M S 3 10/20/08 - 3 
17 M S 4–5 8/8/09, 9/11/09, 9/14/09 9/11/09 4–5 
18 M S 2–3 8/8/09 - 2–3 
19 M S 10–14 8/14/09 9/5/09 10–14 
20 M S 3–4 9/5/09, 9/14/09, 9/16/09, 9/18/09, 9/19/09, 9/27/09, 9/29/09 - 6–7 
21 M S <1 9/24/2009, 10/15/09 - 3 
22 M S  1–2 9/27/09 - 1–2 
23 M S  4–6 10/30/09 - 4–6 

                                                
10 Table S1 in the published paper. 
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24 M S <1 8/1/10, 8/5/10, 8/6/10, 8/10/10, 8/18/10, 8/23/10, 8/25/10, 9/12/10, 
10/20/10, 10/25/10, 10/27/10, 11/1/10, 11/2/10 

- 13–14 

25 M S  3–4 8/6/10, 8/16/10, 8/28/10 9/24/10 6–7 
26 M S  1–2 8/18/10, 8/28/10, 9/2/10, 9/4/10, 9/5/10, 10/6/10 - 8–9 
27 M S 2–3 8/1/10, 8/5/10, 8/6/10, 8/16/10, 8/18/10, 8/23/10, 8/25/10, 8/28/10, 

9/2/10, 9/4/10, 9/5/10, 10/6/10 
- 11–12 

28 M S  1–2 9/24/10, 10/18/10  - 4–5 
29 M S  3–4 10/20/08 - 3–4 
30 U S <1 8/8/10 - <1 
31 U S <1 8/14/09 - <1 
32 F K 2–3 9/25/08 - 2–3 
33 F K 6–8 8/12/2010, 9/21/2010 - 11–13 
34 F K 2–3 9/21/10, 10/26/2010 - 7–8 
35 M K <1 8/21/09 - <1 
36 M K 2–3 9/21/10 - 2–3 
37 M K 2 10/26/10 - 2 
38 M K 2 10/26/10 - 2 
39 M K 2–3 10/26/10 - 2–3 

 
*Male = M, Female = F, Unknown = U 
**Seronera = S, Kirawira = K  
***Within one sampling session (sampling sessions were August-October 2008, August-October 2009 and August-early November 2010)
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Appendix 311. Male giraffes displaying a classic alert posture after detecting lions 
nearby. This vigilance behavior is usually accompanied by the suspension of foraging or 
other activities. Giraffes will turn to gaze at nearby lions, and some individuals may 
advance toward predators for a closer look (Dagg & Foster, 1982). This behavior is 
observed in solitary individuals as well as members of single-sexed and mix-sexed herds. 
However, not all individuals in a herd will assume an alert posture, and some may seem 
indifferent to lions (Mejia, in Moss, 1982; Strauss, unpubl. data). Photograph taken in 
Serengeti National Park by P. Jigsved.  

                                                
11 Figure S1 in the published paper. 
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Appendix 4. Species composition of the Seronera woodlands in 2009, by woodland type. 
 
Ridge-top woodland: 

Species 

Woody plant density Relative 
canopy 
cover 

density 

Canopy volume* 

Plants/ha % m3/ha % 
      
Commiphora trothae 55.0 35.8 10.8 139.5 6.7 
Acacia tortilis 48.5 31.6 50.7 906.5 43.3 
Acacia robusta 21.6 14.1 30.8 856.2 40.9 
Hibiscus spp. 5.1 3.3 0.2 1.0 <0.1 
Ormocarpum trichocarpum 5.0 3.2 0.1 0.8 0.0 
Balanites aegyptica 3.3 2.1 1.7 38.6 1.8 
Ocimum suave 2.4 1.6 0.1 0.2 <0.1 
Solanum dubium 2.4 1.6 <0.1 0.1 <0.1 
Dichrostachys cinerea 2.1 1.3 0.3 3.7 0.2 
Cordia ovalis 1.5 1.0 0.2 2.6 0.1 
Acacia mellifera 1.0 0.7 4.5 138.3 6.6 
Albizia harveyi 1.0 0.7 0.1 0.3 <0.1 
Indigofera arrecta 1.0 0.7 <0.1 0.1 <0.1 
Acacia drepanolobium 0.9 0.6 0.2 2.1 0.1 
Acacia senegal 0.5 0.3 0.3 4.7 0.2 
Grewia bicolor 0.5 0.3 <0.1 0.3 <0.1 
Acacia hockii 0.3 0.2 <0.1 0.1 <0.1 
Boscia angustifolia 0.3 0.2 <0.1 <0.1 <0.1 
Abutilon spp. 0.2 0.1 <0.1 <0.1 <0.1 
Croton megalocarpus 0.2 0.1 <0.1 0.1 <0.1 
Grewia fallax 0.2 0.1 <0.1 0.1 <0.1 
Maerua parvifolia 0.2 0.1 <0.1 0.2 <0.1 
Maytenus senegalenis 0.2 0.1 <0.1 <0.1 <0.1 
Unidentified spp. 0.2 0.1 <0.1 <0.1 <0.1 
      
Total 153.5 100.0 100.0 2095.6 100.0 
 
* Canopy measurements excluded canopy above 5.75 m, outside the maximum reach of an adult 

male giraffe.  
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Mid-slope woodland: 

Species 

Woody plant density Relative 
canopy 
cover 

density 
(%) 

Canopy volume* 

Plants/ha % m3/ha % 
      
Acacia tortilis 37.7 46.4 75.9 555.6 71.8 
Commiphora trothae 25.2 31.0 8.5 44.8 5.8 
Balanites aegyptica 3.6 4.5 2.2 19.5 2.5 
Acacia robusta 2.9 3.6 6.9 83.3 10.8 
Ormocarpum trichocarpum 2.7 3.3 0.2 0.4 <0.1 
Albizia harveyi 1.3 1.6 0.1 0.3 <0.1 
Maerua parvifolia 1.3 1.6 0.4 1.3 0.2 
Cordia ovalis 0.9 1.1 0.5 2.4 0.3 
Acacia senegal 0.7 0.9 0.2 1.0 0.1 
Dichrostachys cinerea 0.7 0.9 0.2 0.4 0.1 
Cadaba farinosa 0.5 0.7 0.1 0.2 <0.1 
Grewia fallax 0.5 0.7 0.1 1.4 0.2 
Acacia gerrardii 0.4 0.4 0.9 8.6 1.1 
Aspilia mossambicensis 0.4 0.4 <0.1 <0.1 <0.1 
Boscia angustifolia 0.4 0.4 <0.1 <0.1 <0.1 
Solanum dubium 0.4 0.4 <0.1 <0.1 <0.1 
Acacia drepanolobium 0.2 0.2 <0.1 <0.1 <0.1 
Acacia hockii 0.2 0.2 <0.1 <0.1 <0.1 
Acacia mellifera 0.2 0.2 3.6 53.6 6.9 
Capparis tomentosa 0.2 0.2 0.1 0.7 0.1 
Grewia bicolor 0.2 0.2 <0.1 0.1 <0.1 
Hibiscus spp. 0.2 0.2 <0.1 <0.1 <0.1 
Indigofera arrecta 0.2 0.2 <0.1 <0.1 <0.1 
Ehretia coerulea 0.2 0.2 <0.1 0.1 <0.1 
Unidentified spp. 0.2 0.2 <0.1 <0.1 <0.1 
      
Total 81.1 100.0 100.0 773.8 100.0 

 
* Canopy measurements excluded canopy above 5.75 m, outside the maximum reach of an adult 

male giraffe.  
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Korongo woodland: 

Species 

Woody plant density Relative 
canopy 
cover 

density 

Canopy volume* 

Plants/ha % m3/ha % 
      
Aspilia mossambicensis 122.7 17.1 5.6 66.5 1.5 
Phyllanthus sepialis 107.4 15.0 1.4 14.0 0.3 
Commiphora trothae 66.5 9.3 5.9 177.9 4.1 
Acacia tortilis 43.5 6.1 24.7 1035.1 23.8 
Dichrostachys cinerea 34.5 4.8 3.0 78.9 1.8 
Acalypha fruticosa 33.2 4.6 1.2 14.7 0.3 
Albizia amara 28.1 3.9 1.1 23.8 0.5 
Acacia gerrardii 26.8 3.8 7.9 319.8 7.4 
Cadaba farinosa 25.6 3.6 3.9 59.0 1.4 
Abutilon spp. 24.3 3.4 0.5 8.6 0.2 
Acacia robusta 20.4 2.9 11.2 806.0 18.6 
Cordia ovalis 20.4 2.9 8.4 475.9 11.0 
Hibiscus spp. 17.9 2.5 0.4 4.6 0.1 
Ocimum suave 16.6 2.3 1.0 30.9 0.7 
Acacia xanthophloea 15.3 2.1 3.7 158.9 3.7 
Ormocarpum trichocarpum 14.1 2.0 0.3 2.6 0.1 
Indigofera arrecta 11.5 1.6 0.2 2.4 0.1 
Maytenus senegalensis 11.5 1.6 1.9 18.9 0.4 
Grewia bicolor 10.2 1.4 2.1 59.1 1.4 
Ehretia coerulea 10.2 1.4 0.2 2.4 0.1 
Capparis tomentosa 8.9 1.3 2.0 47.2 1.1 
Grewia fallax 5.1 0.7 1.0 38.0 0.9 
Lantana sp. 5.1 0.7 0.1 0.8 <0.1 
Maerua parvifolia 5.1 0.7 0.2 2.2 0.1 
Acacia hockii 3.8 0.5 2.3 190.2 4.4 
Pavetta subcana 3.8 0.5 8.2 665.4 15.3 
Acacia brevispica 2.6 0.4 0.2 4.6 0.1 
Balanites aegyptica 2.6 0.4 0.2 5.9 0.1 
Boscia angustifolia 2.6 0.4 0.2 2.8 0.1 
Commiphora spp. 2.6 0.4 0.1 0.8 <0.1 
Albizia petersiana 1.3 0.2 0.1 2.1 <0.1 
Rhus sp. 1.3 0.2 0.1 1.2 <0.1 
Solanum dennekense 1.3 0.2 0.1 1.9 <0.1 
Trichilia emetica 1.3 0.2 <0.1 0.1 <0.1 
Commiphora africana 1.3 0.2 0.2 2.9 0.1 
Lonchocarpus eriocalyx 3.8 0.5 0.1 2.4 0.1 
Ziziphus mucronata 1.3 0.2 <0.1 0.2 <0.1 
Unidentified spp. 1.3 0.2 0.4 13.3 0.3 
      
Total 715.7 100.0 100.0 4342.2 100.0 

* Canopy measurements excluded canopy above 5.75 m, outside the maximum reach of an adult 
male giraffe.  
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Riverine woodland: 

Species 

Woody plant density Relative 
canopy 
cover 

density 

Canopy volume* 

Plants/ha % m3/ha % 
      
Hibiscus spp. 33.1 22.7 2.2% 6.7 0.8 
Acacia tortilis 31.0 21.3 65.4 660.5 81.1 
Phyllanthus sepialis 20.1 13.8 3.4 11.5 1.4 
Aspilia mossambicensis 19.8 13.5 2.6 7.0 0.9 
Acacia xanthophloea 7.9 5.4 12.0 51.7 6.3 
Abutilon spp. 5.2 3.5 0.2 0.8 0.1 
Capparis tomentosa 5.2 3.5 6.8 32.6 4.0 
Pavetta subcana 5.2 3.5 0.8 2.8 0.3 
Vernonia sp. 3.0 2.1 2.4 11.9 1.5 
Ocimum suave 3.0 2.1 0.2 0.4 <0.1 
Cordia ovalis 2.7 1.9 1.9 13.3 1.6 
Balanites aegyptica 2.4 1.7 1.1 10.5 1.3 
Indigofera arrecta 2.4 1.7 0.1 0.3 0.0 
Hibiscus calyphyllus 1.8 1.3 0.4 1.2 0.2 
Acalypha fruticosa 0.9 0.6 0.1 0.3 <0.1 
Acacia hockii 0.6 0.4 0.1 0.2 <0.1 
Commiphora trothae 0.3 0.2 <0.1 0.1 <0.1 
Flueggea virosa 0.3 0.2 0.1 0.5 0.1 
Maerua parvifolia 0.3 0.2 0.0 0.1 0.0 
Phoenix reclinata 0.3 0.2 0.2 2.5 0.3 
Sesbania sesban 0.3 0.2 <0.1 <0.1 <0.1 
      
Total 145.9 100.0 100.0 814.9 100.0 

 
* Canopy measurements excluded canopy above 5.75 m, outside the maximum reach of an adult 

male giraffe.  
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Appendix 5. Length of giraffe feeding bouts on Acacia tortilis and Acacia robusta trees 
in the Seronera woodlands. A feeding bout was defined as the time in seconds from first 
to last bite on a single tree. We sampled both male and female giraffes, primarily adults 
(ages 5+) and subadults (ages 1-5).  
 
 Number of 

giraffes 
sampled 

Total number of 
feeding bouts 

Range of browse 
times (sec) per 

tree  

Average browse time 
(sec) per tree ± SE  

     
Acacia tortilis 20 96 10 - 908 142.8 ± 18.3 
Acacia robusta 10 16 1 - 202 55.8 ± 15.2 
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Appendix 6. Cumulative number of unique giraffes sighted (males, females, and “all individuals”—including a handful of giraffes of 
unknown sex) in (a) Seronera and (c) Kirawira from 2008-10, plotted against search effort. Giraffe sightings were collected each dry 
season, between August and October. The number of new individuals entering the study population drops off after the 2nd field season 
in both the Seronera and the less heavily sampled Kirawira areas. New males and females are encountered at a similar rate. Plots of 
the cumulative number of adult giraffes (≥5 years old) entering the (b) Seronera and (d) Kirawira populations. Mature adult males 
(>10 years old) range more widely in search of estrus females and are also plotted separately.
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Appendix 7. Variation in mean giraffe population estimates (± SE) for Seronera, 
Kirawira, and Bologonja, 2009-2011.  
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Appendix 8. Stable age distributions for the (a) 1970s Seronera, (b) 2000s Seronera, (c) 
2000s Kirawira, and (d) 1970s Tsavo giraffe populations. Stability is achieved in <10 
years, assuming survival and fertility remain constant.  

A! B!

C! D!
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Appendix 9. Details of mark-recapture analysis 
 
Background 
Capture history acquisition   

Giraffes were surveyed each August–October of 2008–10 in two non-neighboring 
areas: Seronera in central Serengeti (240 km2) and Kirawira in western Serengeti (210 
km2). Each giraffe has a unique coat pattern, which permitted us to photographically 
“capture” giraffes with minimal disruption to the animals’ behavior. Systematic 
photographic “captures” were carried out biweekly in Seronera and monthly in Kirawira, 
using road networks and off-road tracks (particularly in Kirawira). In Seronera, additional 
giraffe sightings were regularly collected between capture-recapture surveys. For this 
analysis, we pool all Seronera sightings into approximately two-week periods (range 5–
21 days, mean 14.33 days ± SD 4.22 days), with each period containing one full-day 
capture-recapture survey. In total, we conducted 9 one-day-long surveys in Kirawira and 
15 two-week-long surveys in Seronera. Each giraffe captured was aged as a calf (0–1 
year), subadult (1–5 years) or adult (≥5 years). 

 
Analysis of capture-recapture data  

Capture histories were analyzed with robust design models (Pollock 1982, 
Kendall 2001, Kendall et al. 1995a, Kendall et al. 1995b, Kendall et al. 1997) with the 
Huggins (1989) parameterization in program MARK (White & Burnham 1999), using the 
RMark (Laake 2013) interface. In a robust design, each primary sampling occasion 
contains multiple secondary sampling occasions spaced close together in time. While 
primary occasions are open to gains and losses (through birth, death and movement), 
secondary occasions are assumed closed to such changes. Open population models were 
used to estimate survival (S) and temporary emigration (γ), or the probability of being 
unavailable for capture, over the open intervals. Closed population models were used to 
estimate probability of initial capture (p) and recapture (c) within each primary occasion. 
Abundance (N) was a derived parameter.  

Our three primary sampling occasions were separated by one-year intervals, thus 
apparent survival estimates are annual probabilities. Each primary occasion contained 
five two-week-long secondary occasions (the sampling scheme for Seronera). To 
investigate study area effects, we pooled capture histories from Seronera and Kirawira 
and added dots (“.”) to Kirawira capture histories to code for “missing” sampling 
occasions.   

Based on the biology of the giraffe, we were interested in models with study area, 
sex, age class, and time effects on survival, that included temporary emigration, and that 
allowed us to model heterogeneity in capture probabilities. We investigated several 
sources of variation in capture probabilities described in Otis et al. (1978), including time 
(Model Mt), behavioral response (Model Mb – does initial capture affect likelihood of 
capture in subsequent occasions?), and individual heterogeneity (Model Mh), and 
combinations of these models. We modeled Mh with a two-mixture–i.e., two capture 
probability–model (see Pledger 2000), which introduces an additional parameter, π, the 
proportion of animals with capture probability A. We allowed mixtures to vary by time, 
study area, and sex.  
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 We followed a step-down model selection approach (Lebreton et al. 1992). First, 
a global, highly parameterized model was selected based on the biology of the species. 
Next, one parameter was allowed to vary while the others were held constant and at high 
dimensionality. Models were ranked using Akaike’s Information Criterion for small 
samples (AICc) (Burnham & Anderson 2002) and the model with the lowest AICc value 
in the candidate set was selected. This model became the new starting model and the 
process was repeated, one parameter at a time, to select a parsimonious model. We first 
fit p and c parameters, followed by γ and lastly S–the parameter we were most interested 
in estimating. A list of candidate models was selected a priori and included simple effects 
as well as additive effects (e.g., sex + time) and interactions (e.g., sex × age class).  
 To account for model selection uncertainty, we derived model-averaged 
parameter estimates over a subset of the top-fitting models (Burnham & Anderson 2002). 
Models with small ΔAICc were considered to have high support in the data (Burnham & 
Anderson 2002). 
 Although robust design models can account for temporary emigration from the 
study area, permanent emigration is confounded with mortality. Thus, survival estimates 
are of “apparent survival.” 
 Goodness of fit (GOF) tests are not available for the robust design. We collapsed 
our capture histories into three occasions (data pooled within each primary occasion) and 
performed GOF with methods for open population models. In MARK (White & Burnham 
1999) we estimated the variance inflation factor, ĉ, with the Bootstrap GOF and Median ĉ 
tests. In U-CARE (Choquet et al. 2009) we performed TEST 3.SR, the test for transience. 
Transients are individuals that permanently emigrate after capture and their presence can 
negatively bias the survival estimate of residents. 
 
Results  

We captured 760 individuals (summarized in Table 1) and 754 individuals (386 
females, 368 males) were included in capture-recapture analysis. We excluded six calves 
of unknown sex. 
 
Table 1. Summary of sex and age at first capture of giraffes in the Seronera and Kirawira 
areas, August 2008–October 2010 (F=female, M=male, U=unknown).  
 
 Calf: F/M/U Subadult: F/M Adult: F/M Total (F/M/U) 
 
Seronera 

 
35/45/4 

 
53/62 

 
152/133 

 
484 (240/240/4) 

Kirawira 25/22/2 45/55 76/51 276 (146/128/2) 
Total (F/M/U) 133 (60/67/6) 215 (98/117) 412 (228/184) 760 (386/368/6) 

 
 
GOF results – Bootstrap GOF and Median ĉ tests on model ϕ(sex × age × area + t) p(t + 
area + sex) (ϕ  = apparent survival, t = time) revealed some overdispersion in the data (ĉ 
= 1.325 and 1.168, respectively). We used the conservative value of ĉ = 1.325 to adjust 
AICc and used the resulting quasi-likelihood AICc (QAICc) for model selection. TEST 
3.SR in U-CARE showed that the data exhibited transience in model ϕ(t) p(t) (N = 3.79, p 
< 0.001); model ϕ(t × area)p(t × area) revealed the transient effect in the Seronera data (N 
= 4.77, p < 0.0001) but not in the Kirawira data (N = 0.16, p = 0.87). To account for 
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transience, we added a time-since-marking (TSM) effect (Pradel et al. 1997), which 
differentiates individuals that have survived only one interval since marking from those 
that have survived over multiple occasions–for the latter group, survival estimates are 
considered unbiased for residents.  
 
Model selection results – The data did not support a saturated global model with fully 
interacting effects in all parameters, but highly parameterized general models with some 
additive effects could be fit to the data. It is not currently possible to use full-likelihood 
estimation with models that incorporate both emigration and heterogeneity in capture 
probabilities (e.g., the mixture models) (Kendall et al. 1997). Thus, we fit two general 
models (one that allowed mixtures but did not incorporate emigration and one that 
incorporated emigration with no mixtures). We performed model selection on each of 
these general models. Full model selection is shown at the bottom of this document. 
 
Models that allowed a mixture of capture probabilities (p) were a substantially better fit 
to the data than those with simple sex and study area effects in p (Table 2: Models 1–9 
vs. 10–14). We also found strong support in the data for heterogeneity in p from time, 
and some support for a behavioral response. However, models with multiple sources of 
heterogeneity in p could not support a transient effect (TSM) in survival. Our top 
supported model of survival, with 50.94% of the support in the data, had survival that 
differed by sex with an additive time effect (see Model 1 in Table 2). Model averaged 
survival and abundance estimates are presented in Tables 3 and 4, respectively. 
 
Table 2. A subset of robust design models of survival (S), temporary emigration (γ: γ'' = 
the probability of temporarily emigrating from the study area, γ' = the probability of 
staying off the study area given that the individual has temporarily emigrated) and 
capture (p, c) probabilities fit to the data, in descending order of QAICc. K is the number 
of parameters and ∆QAICc is the difference in QAICc between each model and Model 1, 
the top supported model. Model weight indicates the amount of support in the data for a 
given model. Zero emigration: γ'' = γ' = 0, random emigration: γ'' = γ'.  
 
No. Model  K QAICc ∆QAICc Weight 

1 
 
S(sex + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 

 
21 

 
5946.25 

 
0.0000 

 
0.5094 

2 S(area × sex + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 23 5947.96 1.7115 0.2165 

3 S(sex) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 20 5949.99 3.7425 0.0784 

4 S(sex × age + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 25 5950.95 4.7014 0.0485 

5 S(sex × age + area + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 26 5950.98 4.7359 0.0477 

6 S(sex × area) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 22 5951.49 5.2490 0.0369 

7 S(sex × age + area) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 25 5952.20 5.9572 0.0259 

8 S(sex × age) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 24 5952.41 6.1640 0.0234 

9 S(sex × age × area + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 31 5955.93 9.6853 0.0040 

10 S(tsm + area + sex) γ''= γ'(area) p=c(s × t + area + sex) 23 6098.96 152.71 0.0000 
11 S(tsm + area + sex + adult) γ''= γ'(area) p=c(s × t + area + sex) 24 6100.44 154.19 0.0000 
12 S(tsm + sex) γ''= γ'(area) p=c(s × t + area + sex) 22 6104.40 158.15 0.0000 
13 S(tsm + area) γ''= γ'(area) p=c(s × t + area + sex) 22 6105.40 159.15 0.0000 
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14 S(sex × age + area) γ''= γ'(area) p=c(s × t + area + sex) 26 6106.35 160.10 0.0000 
      
 
Table 3. Estimates of annual apparent survival probability (S) and standard errors (se) 
over the intervals, 2008–09 and 2009–10. Estimates were averaged over the subset of top 
models with ΔAICc <2 (Models 1 and 2 in Table 2), which had 72.59% of the support in 
the data.  
 
  Female (se) Male (se) 
 
Seronera 

 
2008-09 

 
0.809 (0.049) 

 
0.605 (0.052) 

 2009-10 0.952 (0.053) 0.878 (0.119) 
Kirawira 2008-09 0.844 (0.067) 0.622 (0.065) 
 2009-10 0.963 (0.046) 0.886 (0.113) 

 
 
Table 4. Model averaged estimates of giraffe abundance and standard errors (in 
parentheses) for Seronera and Kirawira study areas, by year, age class (C = calf, SA = 
subadult, A = adult), and sex. (Model averaged over Models 7–24 in Full Model 
Selection section below; Models 16 and 19 were dropped because they contained 
unidentifiable parameters.)  
  
  Seronera    Kirawira   
 Year C SA A C SA A 
        
Females 2008 17.06 (2.99) 41.23 (4.47) 160.65 (14.96) 20.50 (4.25) 58.09 (7.04) 100.81 (12.55) 
 2009 25.73 (3.22) 48.75 (4.30) 131.35 (8.93) 18.30 (3.62) 43.25 (5.53) 56.55 (6.84) 
 2010 30.23 (5.59) 42.67 (6.22) 151.13 (17.55) 31.16 (7.37) 50.34 (8.92) 88.69 (14.52) 
        
 Males 2008 25.59 (3.84) 48.34 (4.90) 122.26 (11.91) 22.21 (4.46) 54.68 (6.74) 63.22 (8.87) 
 2009 31.15 (3.59) 43.33 (4.03) 96.15 (7.20) 18.30 (3.62) 48.24 (5.82) 24.95 (4.28) 
 2010 44.45 (7.16) 51.56 (6.79) 90.68 (11.81) 26.37 (6.68) 55.13 (9.31) 43.15 (9.00) 

 
 
Violations of model assumptions – Secondary sampling occasions spanned a 10-week 
period, during which limited births, deaths and movement did occur. Giraffes breed 
throughout the year and deaths are not highly seasonal, so while the closure assumption 
was violated, it is unlikely that our parameter estimates are heavily biased. We have tried 
to account for lack of fit in the data by adjusting the variance inflation factor and by 
modeling sources of heterogeneity in capture probabilities.
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FULL MODEL SELECTION, MODELS 1–65 
 
Parameters in the robust design models (see Pollock 1982, Kendall 2001, Kendall et al. 1995a, Kendall et al. 1995b, Kendall et al. 
1997) – For primary trapping session i and secondary ocassion j, pij = probability of initial capture, cij = probability of recapture; for 
models with a mixture of two capture probabilities, A and B, capture probabilities are pij,A and pij,B, (and cij,A, cij,B) with π probability of 
being in mixture A (see Pledger 2000). For intervals between trapping sessions, Si = survival probability, γi = temporary emigration 
probability (γi'' = the probability of temporarily emigrating from the study area, γi' = the probability of staying off the study area given 
that the individual has temporarily emigrated). Here, abundance, N, was a derived parameter. 
 
Notation for factor variables and effects – sex = male or female; age = calf (0–1), subadult (1–5), or adult (≥5); area = study area: 
Seronera or Kirawira; t = time-varying; “.” = constant; s = session: 2008, 2009, or 2010, mixture = two capture probabilities: A and B.  
 
Models are listed in descending order of QAICc. K is the number of model parameters. ∆QAICc is the distance of each model in the 
candidate set from the top model. Model weight indicates the amount of support in the data for each model in the candidate set. 
 
GENERAL MODEL 1: S(sex × age × area + t) γ'' = γ' = 0 p(s × t + mixture + c) 
Full-likelihood estimation of temporary emigration is not available for models that use mixtures to account for heterogeneity in 
capture probabilities (Kendall et al. 1997). Thus, all models in this candidate set have zero emigration (γ'' = γ' = 0). 
 
Fit p’s and c’s while holding S,  γ'', and γ' constant – 
Model No. Model  K QAICc ∆QAICc Model weight 

1 S(sex × age × area + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 31 5955.93 0.00 0.6372 
2 S(sex × age × area + t) γ'' = γ' = 0 π(.) p(s × t + mixture) 30 5957.06 1.13 0.3628 
3 S(sex × age × area + t) γ'' = γ' = 0 π(.) p(s + mixture + c) 19 6084.02 128.09 0.0000 
4 S(sex × age × area + t) γ'' = γ' = 0 π(.)  p(mixture + c) 17 6100.65 144.72 0.0000 
5 S(sex × age × area + t) γ'' = γ' = 0 π(.) p(s + mixture) 18 6140.019 184.09 0.0000 
6 S(sex × age × area + t) γ'' = γ' = 0 π(.)  p(mixture) 16 6150.267 194.34 0.0000 
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Lastly, fit S – 
Model No. Model  K QAICc ∆QAICc Model weight 

7 S(sex + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 21 5946.25 0.00 0.5094 
8 S(area × sex + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 23 5947.96 1.71 0.2165 
9 S(sex) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 20 5949.99 3.74 0.0784 

10 S(sex × age + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 25 5950.95 4.70 0.0485 
11 S(sex × age + area + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 26 5950.98 4.74 0.0477 
12 S(sex × area) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 22 5951.49 5.25 0.0369 
13 S(sex × age + area) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 25 5952.20 5.96 0.0259 
14 S(sex × age) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 24 5952.41 6.16 0.0234 
15 S(sex × age × area + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 31 5955.93 9.69 0.0040 

16* S(t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 20 5956.50 10.26 0.0030 
17 S(area + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 21 5956.73 10.48 0.0027 
18 S(sex × age × area) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 30 5958.77 12.53 0.0010 

19* S(area × age + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 25 5958.83 12.58 0.0009 
20 S(age + t) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 22 5959.09 12.85 0.0008 
21 S(area) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 20 5961.21 14.97 0.0003 
22 S(.) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 19 5961.82 15.58 0.0002 
23 S(age) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 21 5962.23 15.98 0.0002 
24 S(age × area) γ'' = γ' = 0 π(.) p(s × t + mixture + c) 24 5963.16 16.92 0.0001 

* These models had some unidentifiable parameters.
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GENERAL MODEL 2: S(sex × age × area + time) γ''= γ'(area × sex) p=c(s × t + area + sex) 
These models incorporate random temporary emigration (constrained as γ'' = γ'), but do not allow a mixture of capture probabilities. 
When emigration was not held constant, but included study area and/or sex effects (e.g., γ''= γ'(area x sex)), fitting models with an 
additive behavioral effect (p + c) resulted in unidentifiable parameters. Thus, the models in this set have the constraint, p = c. 
 
Fit p’s and c’s while holding S,  γ'', and γ' constant – 

Model No. Model  K QAICc ∆QAICc Model weight 
25 S(sex × age × area + t) γ''= γ'(area × sex) p=c(s × t + area + sex) 34 6117.96 0.00 0.8628 
26 S(sex × age × area + t) γ''= γ'(area × sex) p=c(s × t + area) 33 6121.74 3.78 0.1303 
27 S(sex × age × area + t) γ''= γ'(area × sex) p=c(s × t + sex) 33 6127.95 9.99 0.0058 
28 S(sex × age × area + t) γ''= γ'(area × sex) p=c(s × t) 32 6131.37 13.41 0.0011 
29 S(sex × age × area + t) γ''= γ'(area × sex) p=c(s + area) 21 6289.25 171.29 0.0000 
30 S(sex × age × area + t) γ''= γ'(area × sex) p=c(s + sex) 21 6294.87 176.91 0.0000 
31 S(sex × age × area + t) γ''= γ'(area × sex) p=c(area + sex) 20 6296.86 178.90 0.0000 
32 S(sex × age × area + t) γ''= γ'(area × sex) p=c(s) 20 6298.19 180.23 0.0000 
33 S(sex × age × area + t) γ''= γ'(area × sex) p=c(area) 19 6300.49 182.53 0.0000 
34 S(sex × age × area + t) γ''= γ'(area × sex) p=c(sex) 19 6306.35 188.39 0.0000 
35 S(sex × age × area + t) γ''= γ'(area × sex) p=c(.) 18 6309.63 191.67 0.0000 

 
Next, fit γ’s – 

Model No. Model  K QAICc ∆QAICc Model weight 
36 S(sex × age × area + t) γ''= γ'(area) p=c(s × t + area + sex) 32 6114.57 0.00 0.39624937 
37 S(sex × age × area + t) γ''= γ'(.) p=c(s × t + area + sex) 31 6115.40 0.82 0.26247834 
38 S(sex × age × area + t) γ''= γ'(area + sex) p=c(s × t + area + sex) 33 6116.63 2.06 0.14161034 
39 S(sex × age × area + t) γ''= γ'(sex) p=c(s × t + area + sex) 32 6117.33 2.75 0.09999302 
40 S(sex × age × area + t) γ''= γ'(area × sex) p=c(s × t + area + sex) 34 6117.96 3.39 0.07284474 
41 S(sex × age × area + t) γ''= γ' = 0 p=c(s × t + area + sex) 30 6119.96 5.39 0.02682419 
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Lastly, fit S – 
To model transience, a time-since-marking (tsm) effect was added, which distinguishes individuals that survive over one interval from 
those that survive >1 interval. In models with a tsm effect, “adult” allows a difference in survival between adults and calves/subadults.  

Model No. Model  K QAICc ∆QAICc Model weight 
42 S(tsm + area + sex) γ''= γ'(area) p=c(s × t + area + sex) 23 6098.96 0.00 0.5983 
43 S(tsm + area + sex + adult) γ''= γ'(area) p=c(s × t + area + sex) 24 6100.44 1.47 0.2866 
44 S(tsm + sex) γ''= γ'(area) p=c(s × t + area + sex) 22 6104.40 5.44 0.0395 
45 S(tsm + area) γ''= γ'(area) p=c(s × t + area + sex) 22 6105.40 6.44 0.0240 
46 S(sex × age + area) γ''= γ'(area) p=c(s × t + area + sex) 26 6106.35 7.39 0.0149 
47 S(tsm + sex + adult) γ''= γ'(area) p=c(s × t + area + sex) 23 6106.41 7.44 0.0145 
48 S(sex × area) γ''= γ'(area) p=c(s × t + area + sex) 23 6107.49 8.53 0.0084 
49 S(sex x age + area + t) γ''= γ'(area) p=c(s × t + area + sex) 27 6108.40 9.44 0.0053 
50 S(area x sex + t) γ''= γ'(area) p=c(s × t + area + sex) 24 6109.52 10.55 0.0031 
51 S(sex)Gamma''(~studyarea) γ''= γ'(area) p=c(s × t + area + sex) 21 6111.48 12.52 0.0011 
52 S(sex x age) γ''= γ'(area) p=c(s × t + area + sex) 25 6112.47 13.51 0.0007 
53 S(tsm) γ''= γ'(area) p=c(s × t + area + sex) 21 6112.56 13.60 0.0007 
54 S(sex x age x area) γ''= γ'(area) p=c(s × t + area + sex) 31 6112.57 13.60 0.0007 
55 S(area) γ''= γ'(area) p=c(s × t + area + sex) 21 6112.82 13.85 0.0006 
56 S(sex + t) γ''= γ'(area) p=c(s × t + area + sex) 22 6113.45 14.49 0.0004 
57 S(age x area) γ''= γ'(area) p=c(s × t + area + sex) 25 6113.49 14.53 0.0004 
58 S(sex x age + t) γ''= γ'(area) p=c(s × t + area + sex) 26 6114.51 15.55 0.0003 
59 S(sex x age x area + time) γ''= γ'(area) p=c(s × t + area + sex) 32 6114.57 15.61 0.0002 
60 S(area + t) γ''= γ'(area) p=c(s × t + area + sex) 22 6114.85 15.89 0.0002 
61 S(area × age + t) γ''= γ'(area) p=c(s × t + area + sex) 26 6115.50 16.53 0.0002 
62 S(age) γ''= γ'(area) p=c(s × t + area + sex) 22 6119.31 20.34 0.0000 
63 S(.) γ''= γ'(area) p=c(s × t + area + sex) 20 6119.57 20.61 0.0000 
64 S(age + t) γ''= γ'(area) p=c(s × t + area + sex) 23 6121.33 22.37 0.0000 
65 S(t) γ''= γ'(area) p=c(s × t + area + sex) 21 6121.56 22.60 0.0000 
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SECTION 1 
Background!
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Aging giraffes 
This is a guide for estimating the age of Masai giraffes (Giraffa camelopardalis 
tippelskirchi) with noninvasive methods. !
!
Giraffes are commonly categorized into three age classes: calf (0 – 1 year), 
subadult (1 – 5 years) and adult (> 5 years). This categorization, though somewhat 
arbitrary, has its origins in giraffe life history. After birth, calves remain with their 
mothers for 12 – 18 months. Age at first reproduction varies but is usually around 
4 – 5 for females and 7 for males. Maximum longevity is thought to be 22 – 30. 
This guide adheres to this age categorization, but it also enables age estimation at 
a finer scale. Calves are pictured at several stages, and subadults are broken 
down into year-long age classes. Adult females are assigned to two maturity 
classes and adult males are assigned to three classes. Male giraffes can be aged 
more reliably than females due to conspicuous secondary sex characteristics (this 
is especially true for subadults and adults) .!
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This guide focuses on age estimation using physical traits. Key traits used include 
ossicones (parietal horns), skull ossification (in particular, addition of secondary 
bone), body size and shape, relative length of neck to legs, and marking 
coloration. These are traits that are observable on live or photographed animals. 
Here, they are described qualitatively. Age-height values for Serengeti giraffes are 
also presented at the end of this guide for those able to obtain height data. 
Physical traits that would require sedation or a postmortem to evaluate, such as 
tooth wear, are not discussed here. !
!
Giraffe subspecies display substantial morphological variation. For example, the 
median horn of female Reticulated giraffes is more prominent than that of female 
Masai giraffes. This guide is intended to be used for Masai giraffes only, especially 
populations in northern Tanzania. Data was collected in Serengeti National Park 
from 2008 – 2010. The breakdown of calves and subadults into finer scale age 
classes was achieved by extrapolating from known-aged individuals. The author is 
solely responsible for any errors in the material. !
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How to use this guide 
For each age class, Section 2 provides 
a short description of key traits for a 
“typical” individual, followed by a 
photographs of a sample of males and 
females. Variation among individuals is 
evident in these photographs. Traits 
most useful for age estimation, some 
illustrated at right, vary by age and sex 
so different traits may be emphasized 
throughout this guide. In the text, useful 
traits are highlighted in bold font. 
Photographs of females and males are 
distinguished by the colored bars:!

Females! Males!

Ossicone!

Withers!

Coat markings!

Belly!

Median horn!
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Section 3 includes photographic records 
of age progression in a sample of 
known-aged giraffes (see example at 
right). Photographs span a maximum of 
2 years. Height values for these 
individuals are displayed where known. !
!
Section 4 presents data on the average 
height of Serengeti giraffes in each age 
class, up to age 5. !

References and additional 
recommended sources on age 
estimation and morphological variability 
of giraffes are provided at the end of this 
guide.!
!

2 years!

3 years!

4 years!
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SECTION 2 
Descriptions and photos!
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CALF, 0 – 1 year 
!
A newborn is roughly as tall as the base of its mother’s tail. The ossicones, 
cartilaginous at birth, are flattened against the head and may be oriented forward. 
The ossicones tips are entirely covered in a tuft of black hair; this hair is usually 
splayed but sometimes tapers to a point. The neck is short relative to the legs. 
The skin of the neck may appear slightly folded or wrinkled. The eyes and ears 
are large relative to the face. The leg joints are pronounced, giving the calf a 
comical appearance. The coat is fluffy. The body shape of males and females is 
similar. Sexes can be discriminated using genitals.!
!

& males:!Females!
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A stump of the umbilical cord remains attached for at least 2-3 months. (The 
length of the umbilical cord varies among individuals; use caution to avoid 
mistaking the cord stump of very young females for a penis sheath.) As the calf 
ages the ossicones quickly begin to protrude from the skull. The neck begins to 
lengthen relative to the legs. !
!
By 6 months of age, the neck has noticeably grown in length relative to the legs. 
(This marked change in relative length of neck to legs continues throughout the 
subadult years.) The coat is still slightly fluffy, but beginning to become smooth. In 
some individuals coat markings will appear darker as the fluffier coat hairs are 
shed. By 6 months, it is common for the tufts of hair at the ossicone tips to taper 
to a point, especially in males. The male penis sheath is fluffy & small. The testes 
are very small and difficult to see with the naked eye. The body shape of males 
and females remains similar in appearance. !
!

10 
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SUBADULT, 1 – 2 years 
At about age 1 the coat becomes smooth. The neck has lengthened relative to 
the legs. The ears and eyes are smaller relative to the head. The withers, or area 
between the shoulder blades, are low but beginning to gain definition.!
!
!
A notable change in female body shape is an increasing roundness of the belly. 
Belly roundness is a characteristically female trait that becomes more pronounced 
in older age classes. The ossicones have grown in size but remain small and 
retain all of the black hair at their tips. !
!
!
Male body shape is still somewhat “feminine” in appearance and at a distance it’s 
easy to mistake young males for females. The tuft of black hair at the tips of the 
ossicones is still full (no bone is visible) but the hairs have begun splaying. The 
penis sheath is small. The testes are small and sit close to the body.!

Females:!

Males:!
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SUBADULT, 2 – 3 years 
!
The most visible changes at this age are a continued lengthening of the neck 
relative to the legs and a broadening at the base of the neck. There is a slight 
increase in the height of the withers. !

Ossicones have started to thicken at the base. The tuft of black hair at the tips 
of the ossicones is splayed further and in some individuals, a small patch of bone 
may be visible. Body shape has become slightly more male in appearance, with a 
flattening of the belly. The neck is becoming broader, with more definition at the 
withers. Males will begin to hold the neck in a more erect posture. The penis 
sheath is larger and more noticeable, but the testes remain small.!

Females:!

Males:!
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SUBADULT, 3 – 4 years 
!
The neck has continued lengthening relative to the legs. A slight curvature of the 
neck may be present, especially noticeable during a walking gait. The neck is 
broader, with more height at the withers. The head is similar in shape to that of an 
adult, with smaller ears and eyes relative to the rest of the face. The belly is much 
rounder and fuller.!
!
!
A notable change at this age is the dramatic increase in the size of the testes, 
which now hang away from the body. The penis sheath is substantially larger. 
The body shape appears more “masculine”: the body is larger, and the neck is 
broader and often carried in an erect posture. The tuft of black hair at the 
ossicone tips has worn slightly so that a ring of bone is visible. The height of the 
median horn has changed little, typically appearing flat in profile. The base of 
each ossicone has broadened, giving the area between them a “v-like” shape. !

Females:!

Males:!
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SUBADULT, 4 – 5 years 
!
At age 4-5, the neck of the female has almost reached its full length. The female 
now looks much more like an adult, but she can be differentiated by her shorter 
stature and more youthful looking face and coat. The coat is smooth and typically 
unblemished, displaying no wrinkles. The area around the median horn may 
show slight growth. Females start reproducing at about age 4 – 5 so females may 
now be pregnant. Small nipples may also be visible. A small vaginal opening can 
be used to distinguish some females of this age class from adults; the vaginal 
opening stretches and appears larger after first parturition and after subsequent 
births. !

Females:!

32 
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!
The most conspicuous changes at this age are an increase in the height and size 
of the median horn and an increase in body size, neck size and size of the 
testes and penis sheath. However, males still retain a youthful, subadult 
appearance. The base of the neck is not as broad as that of males > age 5 and 
the withers are still relatively low. The ossicones have further thickened, 
especially through the mid to top sections, so that the area between the ossicones 
has lost the “v-like” shape observed in younger subadult males.!

Males:!
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ADULT FEMALES, 5+ years 
!
Young adults are females aged about 5 – 7. These females have reached their 
minimum adult stature of about 4 m. The head and face have a more mature 
appearance. Compared with mature adults, young adults have a smoother, less 
blemished coat and firm, tight skin on the face and jaw areas. Young adult 
females are generally either pregnant or lactating. The withers of adult females 
are higher and more defined than the withers of subadults. !

!
Mature adult females are often taller relative to young adult females. Additional 
signs of maturity include wrinkled skin, blemishes on the coat, sagging of the skin 
on the face, and sagging of the neck in the mid-section (neck may appear 
curved). After multiple births, the vaginal opening may appear large and loose. 
Very old females may have some of these traits: cloudy eyes, worn skin on the 
legs and worn hooves. !

Young:!

Mature:!
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ADULT MALES, 5+ years 
Several traits that are particularly useful markers of adult male maturity are height, 
body and neck mass, skull ossification (i.e., addition of secondary bone), and 
coloration of the coat markings. Here, adult males have been broken into 3 
maturity classes: young, mature and very mature. Males typically gain rank in the 
dominance hierarchy as they mature, and the largest, most vigorous males are 
considered to be prime. !
!
!
These are males aged approximately 5 – 7. A young adult male has reached the 
minimum adult stature of 4.6 m. The median horn is present, but small. The 
head has a youthful appearance and there is relatively little additional 
ossification of the skull anterior to the median horn or elsewhere. The mane is 
smooth, in good condition and not curly. The testes are large and oval-shaped. !

Young:!

39 
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!
!
These males are taller than young adult males but may not have reached 
maximum height. Mature males carry themselves with an erect posture. The neck 
is broad and the withers are high. The coat is darkening, but the background 
color usually remains light. (Note: there is substantial individual variation in the 
color of Masai giraffe coats, with some individuals having dark markings from a 
young age while others remain very light well into adulthood.) The median horn 
has grown substantially in size. There is additional ossification anterior to the 
median horn, visible in side profile. The mane may have developed some slight 
waviness, but is not yet curly. The testes are large but not pendent in shape. !
!

Mature:!
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Very mature males are likely older than age 10. These males have very broad 
necks and very high withers. The coat markings have darkened greatly, 
sometimes to an almost black shade. As males become more mature, coat 
background color may also become muddied or darkened. Very mature males 
display considerable skull ossification. The median horn is often very large and 
bone may protrude through the skin. Additional ossification can be seen, for 
example, anterior to the median horn and at the occiput. This ossification may give 
the eye a small, sunken appearance. The mane of very mature males is often 
curly. The testes are large and pendent in shape, sometimes with teardrop-like 
protrusions. The hair on the ossicones is heavily worn on the top, fully exposing 
the bone.  !

Very mature:!
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Same male!



 

  205 

SECTION 3 
Examples of growth in known-aged young giraffes!
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5 – 6 weeks!

< 1 week! Exactly 12 months!
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0 months! 6 months! 1.5 years! 2.5 years!
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2 – 4 months! 1 year! 2 years!

SF130!
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2 years! 3 years! 4 years!

3.8 – 3.9 m!

2 years!

3 years!

4 years!
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2 .5 – 3 years! 3.5 – 4 years! 4.5 – 5 years!

3.5 m! 3.9 m!
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SECTION 4 
Age-height data for Masai giraffes!
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Serengeti giraffe height 
Height is a useful tool to estimate 
giraffe age, assuming one can obtain 
the data. Average heights of subadults 
and minimum adult heights presented 
here are derived from R. Pellew’s age-
height curves for Serengeti giraffes. 
Maximum recorded adult heights are 
based on data collected by M. Strauss, 
also in Serengeti. The height of adults 
varies considerably, particularly among 
males. Caution should be used when 
applying this data to other subspecies. 
The method used to measure height 
can also affect results.  !
!
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Female! Male!
Age! Height (m)!  Height (m)!
0! 1.8! 1.9!
1! 2.7! 3.0!
2! 3.3! 3.7!
3! 3.7 ! 4.1!
4! 3.9! 4.4!
5! 4.0! 4.6!

Max. 
height!

4.5 – 4.7! 5.5 – 5.55!
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SECTION 5 
References & additional sources!
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