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C H A P T E R  1

I N T RO D U CT I O N
You know you are truly alive when you’re living among lions.

— KAREN BLIXEN

In some ways the lion needs no introduction as our relationship with the species ex-
tends back for millennia. Our ancestors drew paintings of archaic lions on the walls 
of their caves, ancient civilizations portrayed lions as sphinxes (human- headed lions); 
griffins (half- lions, half- eagles); servants of the goddesses Ishtar and Parvati; and the 
vanquished foes of exalted Assyrian kings. Many of us grew up with the lion as a 
character in children’s literature (the Cowardly Lion from the Wizard of Oz, Aslan 
from The Lion, the Witch and the Wardrobe, Simba from The Lion King), and we often 
describe someone we admire as being brave as a lion, as having a leonine grace, as 
being lionhearted. But none of these portrayals tell us much about what it’s really 
like to be a lion. What it’s like to belong to an extended family of multiple mothers, 
aunts, cousins, and grandmothers, as well as fathers and uncles and sometimes even 
dad’s best friend. What it’s like to raise cubs in a world where the next big meal may 
not arrive in time. What it’s like to be surrounded by neighboring lions who would 
be perfectly happy to cripple you or kill your young. But most importantly, this long 
history doesn’t prepare us for the very real possibility that the lion may not survive in 
a world that is increasingly filled with humans.

The reality of the beast is far more engaging than the historical myths and the lit-
erary characterizations. Despite an ancient feline ancestry of habitual distrust toward 
others of their own kind, lions tackle most challenges as a group: they hunt together, 
raise cubs together, and defend a joint territory. Female pridemates are a sisterhood 
not only in terms of their genetic relationships but also in the idealized sense of a 
nonhierarchical feminism; males are comrades in arms to an almost gladiatorial ex-
tent.1 But are any of these behaviors truly cooperative, or do slackers parasitize the 
generosity of the rest? And if any of these behaviors is truly cooperative, what is its 
basis? Close genetic kinship? Some cold calculating form of scorekeeping? Or the 
warm comfort of mutual dependency? And, if all this cooperation is such a good idea, 
why haven’t tigers and leopards followed a similar path in their own evolution?

But not all aspects of lion behavior are admirable; lions also have their dark side. 
Family life involves prolonged periods of parental care— mostly by the mothers, but fa-
thers matter, too— and the very fact of extended care provides incentives for outsiders 

1 The Cowardly Lion needed a companion more than he needed a medal; Aslan could never have ruled Narnia 
alone; Scar would never have contrived to kill Mufasa.
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to try to eliminate any obstacles so as to speed up their own chances for reproduction. 
How do families protect themselves against this constant threat of disruption and in-
fanticide? And how do the potential consequences of infanticide extend to seemingly 
distant aspects of lion life, including the choices females make when seeking new 
mates or even to the defining characteristic of the mature male, the conspicuousness 
of his mane?

As impressed as we may be with the lions’ strength and size, they face the funda-
mental challenge of trying to capture an animal that doesn’t want to be eaten, and 
some prey species are more difficult to catch than others. How do the lions overcome 
these challenges? Is it always better to hunt together or should they sometimes revert 
to the ways of their solitary ancestors? What happens when the herds are out of reach 
for months at a stretch? Beyond the daily drama of catching their next meal, the back- 
and- forth between predator and prey plays out over a longer time scale in ways that 
may determine the number of lions that can live in a particular area. Hence, we might 
ask how many wildebeest does it take to feed a lion? Conversely, do too many lions 
ever threaten the future of their own food supply? Lions can be terrible, horrible, awful 
animals when it comes to their interactions with smaller carnivores. What happens 
to these species in a landscape filled with lions?

If we take a wide- angle view of the lion across the broad landscape of twenty- first- 
century Africa, we cannot ignore the dark clouds on the horizon. Successful lion con-
servation is in doubt even in many of the best- protected parks in Africa, and solutions 
are urgently needed. Geneticists have long warned about the consequences of close 
inbreeding, and many of the smaller parks and reserves host lion populations that are 
unlikely to remain viable in the long term. But how does this actually manifest itself 
in a species as robust and resilient as the lion, and is there any practical way to address 
the problem? Human populations have grown to such an extent that lion habitat now 
directly abuts livestock pastures and agricultural fields across much of their remaining 
range. What happens when lions leave the confines of a national park and come face- 
to- face with livestock herders? Is there any way to promote human- lion coexistence? 
Even worse is when lions become man- eaters— yes, man- eating lions still exist even 
in the twenty- first century. What leads to this sort of behavior? Can we predict when 
and where people will be most at risk? And at what point should we just give up on 
coexistence and erect physical barriers to protect people from lions and vice versa?

These are just a few of the questions that we addressed during our intensive studies of 
the Serengeti and Ngorongoro Crater lions. In the following pages, the initial chapters 
will focus on various aspects of lion behavior before broadening out to include eco-
logical issues and then expanding to cover lion conservation. But in first introducing 
the lions, I want to provide a picture of how we were able to keep track of everyone 
on a day- to- day basis. Though I will often describe lions in general terms such as 
“males,” “females,” or “cubs,” we recognized every animal as an individual. Some lions 
had telltale markings like conspicuous scars or broken tails, and almost every adult 
had a diverse collection of ear notches acquired from squabbles with its companions 
at kills. But most lions are difficult to distinguish as they lack the conspicuous black 
stripes or rosettes of a tiger or a leopard. We therefore relied on Pennycuick and Rud-
nai’s (1970) method of identifying individuals by the pattern of their whisker spots. 
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SB108
5 yrs

SB136
2.5 mos

SB135
2.5 mos

SB137
2.5 mos

BF68
6 mos

BF73
3 mos

BF72
3 mos

BF75
2.5 mos

FIGURE 1.1. Identification photos for eight Serengeti lions in the Simba (SB) and Barafu (BF) prides. Large boxes 
indicate the primary whisker spots used to recognize each individual; small boxes highlight the “between- row spots” 
of SB135 and BF73. SB108 is the mother of littermates SB135– 137; BF72 and BF73 are also littermates.
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The well- defined rows of vibrissae on either side of each lion’s face almost always 
include a few extra dots above the top row (figure 1.1), and these can be easily noted 
on an ID card. Whisker spots are distinct even in the smallest cubs and though these 
may become obscured by scars or age, the steady accumulation of additional markings 
keeps each animal unique throughout its entire life.

The daily monitoring required an inordinate amount of patience. The initial pulse 
of excitement at finding a group of lions was soon tempered by the fact that they 
have usually melted for the day and were unlikely to rise again until the cool cover of 
darkness (see figure 1.16a). But we needed to know who was there, who was mating 
with whom, who had just had babies, what species of prey they had obtained. Often, 
we found only two or three adults in a group, and the chores were fairly simple, but a 
bigger group with a large pile of cubs could be exhausting. Grant Hopcraft’s descrip-
tion of one particular sighting provides a sense of the challenge:

4- Dec- 1999 09:00. I identified each one of a group of 17 lions from the Masai Kopje 
(MK) pride as they meandered toward a nearby kopje [rocky outcrop]. The four 
adult females were easy. Each marking helped to tell them apart— a notched ear, 
scarred nose, or distinctive dilated pupil with a brown dot in the iris. The 13 cubs 
were the hardest to identify, yowling behind their mothers or ambushing their un-
suspecting sisters, and only differentiated from each other by a subtle whisker spot 
pattern. I spent nearly two hours, sometimes feeling like a rock climber clinging 
to an identification by my fingertips. An extra spot between the ordered rows of 
whisker spots is like a Christmas present as it distinguishes one cub from the next. 
The trick is to start with the easy ones and whittle down to the final few. Deductive 
logic, note taking, and a series of sketches helps keep track of each one before they 
disappear into a gully or kopje; any leftovers are listed as “unknowns” that at least 
provide an idea of the number of individuals in the group that day.

Though often tedious and laborious, these observations were the bread and butter 
of the long- term lion project, and, with 56,640 separate sightings like Grant’s encoun-
ter with the MK pride, we were able to assemble mosaic portraits of 5,309 known 
individuals in 111 prides.

To assure an accurate accounting of so many individuals over the fifty years of 
the long- term study, we gave each animal a unique name. Schaller had mostly used 
numbers (Female- 49, Male- 107) except for a few distinctive individuals (Brownmane, 
Blackmane, One- eye). Bertram also used numbers (S- 79, M- 22), whereas the Bygotts 
preferred Swahili words: Mbili (two), Miwani (eyeglasses), and Mwindaji (hunter), in 
one pride; Shida (trouble), Shika (hold), and Safi (clean), in another. Anne Pusey and 
I kept the names of animals that had been christened by our predecessors but then 
christened each new cub with a code beginning with the two- letter abbreviation of its 
natal pride (SM for the Sametu Pride; LL for Loliondo) either followed by the letters of 
the alphabet or by numbers. Hence, SB108 in figure 1.1 was the 108th cub born to the 
Simba (SB) pride and BF68 was the 68th cub in the Barafu (BF) pride after we joined 
the project. We weren’t averse to giving them longer names, but each name could 
only be used once, and so many cubs die before reaching maturity that there aren’t 
enough names to go around. On the other hand, the relatively small number of older 
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animals that immigrated into the study areas from elsewhere were far more likely to 
survive, so these received names that ranged from the sublime (Dorian and Gray) to 
the ridiculous (Twirp- 1 and Twirp- 2), but generally with a common theme indicating 
who had first been seen with whom.

A LION PRIMER

Before taking a deep dive into specific research topics, I first want to give a sense of the 
lions’ food supply in the Serengeti and Ngorongoro, introduce more lion- monitoring 
methodology, provide a few basics about the lion’s day (and night), and briefly describe 
their overall life course.

All Ecology Is Local

The Serengeti National Park is located two degrees south of the equator, just west of 
the Ngorongoro Crater highlands and east of Lake Victoria, and the Serengeti study 
area lies in the approximate center of the park (figure 1.2). Rain clouds moving off the 
Indian Ocean only surmount the Crater highlands for a few months each year, as the 
mountains produce a “rain shadow” that limits total rainfall over the open plains of 
the Ngorongoro Conservation Area (NCA) and the southern Serengeti, whereas Lake 
Victoria generates its own weather in the far west of the park (Sinclair and Norton- 
Griffiths 1979), thus, the Serengeti experiences a pronounced rainfall gradient from 
north to south and from east to west (figure 1.3). The seasonal rainfall patterns drive 
the annual migration of wildebeest, zebra, and Thomson’s gazelle as they seek out the 
nutritious grasses on the volcanic soils of the eastern plains each wet season then re-
treat to the north and west each dry season (figure 1.4). Rainfall is heavier in the wood-
lands portion of the lion study area, allowing grazing species, such as Cape buffalo, 
hartebeest, and warthog, to remain throughout the year, and the woody vegetation also 
supports resident browsers, such as impala and giraffe. In contrast, the 250- km2 floor 
of the Ngorongoro Crater is an island of open grasslands interspersed with swamps 
and marshes. The Crater receives substantially more rainfall than the Serengeti (figure 
1.3), and as the floods recede each dry season, the emerging vegetation remains green 
at the margins, providing a continuous supply of forage (Estes and Small 1981). Thus, 
the larger herbivores reside on the Crater floor all year round, except for a proportion 
of wildebeest that move to the Serengeti plains each wet season and about a third of 
the Cape buffalo that move up to the Crater rim each dry season (figure 1.5).

The Crater lions subsist almost entirely on three species: wildebeest, zebra, and 
buffalo, with wildebeest being the most common prey throughout the year (figure 
1.6a); zebra and buffalo are both taken somewhat more often in the dry season com-
pared to their seasonal availability, possibly reflecting lower body condition in the 
driest months. During the wet season, the lions on the Serengeti plains are regularly 
able to “feast” on the migratory wildebeest, zebra, and Thomson’s gazelle, but they 
are forced to subsist on a broader range of prey during the “famine” of the dry season 
(figure 1.6b). The lions in the woodlands study area mostly take wildebeest, zebra, and 
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FIGURE 1.2. Map of the greater Serengeti ecosystem. Dark green indicates forest, light green woodlands, and yellow 
open grasslands. The long- term Serengeti study area covers about 2,000 km2 and extends from the central woodlands 
to cover much of the open plains. The Ngorongoro Crater is located inside the Ngorongoro Conservation Area.
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FIGURE 1.4. Daily movements of A. three GPS- collared wildebeest and B. three collared zebra. Data from Boone 
et al. (2006) and Hopcraft et al. (2014).
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buffalo in the wet season, whereas wildebeest are replaced by Thomson’s gazelle in the 
dry season (figure 1.6c). Thus, the plains lions endure the greatest seasonal variation, 
while the woodlands lions’ diet is more similar to the Crater lions’ in the wet season 
and less harsh than the plains lions’ during the dry season.

Tabulating the number of prey animals in the lions’ diet ignores important differ-
ences in food intake, as larger individual prey animals provide far larger meals.2 A 
freshly caught male buffalo, for example, provides over 400 kg of edible biomass— 
enough food to sustain a large pride for several days— compared to only 10 kg from a 
female gazelle (see appendix). The Crater lions thus subsist almost entirely on buffalo, 
wildebeest, and zebra meat all year round (figure 1.7a). In contrast, lions on the Seren-
geti plains largely consume wildebeest, zebra, and eland during the wet season, and 
a more diverse diet during the dry season (figure 1.7b), whereas the woodlands lions 
rely heavily on buffalo, wildebeest, and zebra with the occasional giraffe during the 
wet season versus a continued high intake of buffalo in the dry season along with the 
three major migratory species and eland (figure 1.7c).

Tracking the Lions

The vast majority of the Serengeti and Ngorongoro lions live in stable pride territories 
that persist for decades. Figure 1.8 shows the movements of a GPS- collared female, 
K82, over a two- year period.3 K82 belonged to a pride that occupied a small stretch 
of the Ngare Nanyuki River at the northern edge of the Serengeti plains, and she 
generally centered her activities along the course of the riverbed in both the wettest 
and driest months of the year, returning repeatedly to the confluences of two small 
tributaries. As will be discussed in chapter 9, river confluences are the most import-
ant “real estate” within a lion pride’s territory, as they provide a relatively consistent 
supply of food and water as well as greater vegetative cover.

Despite their overall stability, pride territories in the Serengeti generally shift to 
the south and east each wet season as the lions respond to the seasonal migration 
out to the open grasslands: whereas prides in the largely nonmigratory Crater only 
move 1 to 2 km (and in no consistent direction) between seasons, the prides in the 
Serengeti woodlands shift 2 to 5 km to the southeast versus 5- to- 10- km shifts by the 
prides on the Serengeti plains (figure 1.9). The influence of the Serengeti migration is 
even more apparent in the case of nomadic males. After leaving their natal prides, most 

2 We almost exclusively monitored the lions during the daytime, so we undoubtedly underestimated the number 
of smaller prey animals captured during the hours of darkness. We did occasionally see the lions feed on animals as 
small as hares (2 kg) or spring hares (3 kg), but these were rare even during nighttime observations. The lion’s diet 
throughout Africa is dominated by species weighing 200 kg or more (Hayward and Kerley 2005), thus the contribution 
of these smaller species to the lions’ overall food intake is insignificant.

3 Beginning in 1984, we attached VHF radio collars to one or two females per Serengeti study pride. Each 
transmitter had a range of 2 to 5 km on the ground (depending on topography) and 5 to 20 km from the air. We fixed 
a directional antenna to the roof of each research vehicle and drove to the location of the signal during day- to- day 
monitoring. We also located every collared animal once each month from a light aircraft. Whereas we typically only 
tracked the VHF collars during daylight hours and usually obtained only a single data point per day, GPS collars 
transmitted multiple locations per day without our having to track the animals ourselves; however, our modest 
research budget only permitted the use of a limited number of GPS collars each year.
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subadult males move across large areas, as seen in figure 1.10, where the two- year- old 
male, CV37, traveled around a substantial swath of the Serengeti, remaining in the 
open plains during two successive wet seasons and moving deep into the central 
woodlands in the intervening dry season (figure 1.10). Because year- round residency 
is impossible on the short- grass plains to the south and east of our long- term study 
area, this featureless landscape provides a seasonal refuge among the migratory herds 
of wildebeest, zebra, and gazelle, thus allowing young nomads like CV37 a short- term 
reprieve before following the migration into the densely occupied woodlands during 
the dry season.

Fueling the Beast

Feeding lions engorge themselves to such an extent that their bellies often become 
obviously distended; conversely, their bellies become deeply concave if they have not 
fed in several days (figure 1.11). Bertram (1975b) developed a “belly scale” that ranges 
from 1.0 for maximum distension to 4.0 for hungry lions with protuberant ribs. We 
subdivided these scores in 0.25 increments and assessed their belly sizes whenever we 
saw their standing profiles. Female lions generally keep their belly size at around 2.50– 
2.85, and recent food intake has a strong effect on the lions’ subsequent feeding and 
ranging behavior: thinner lions are more likely to have fed by the next day, whereas 
the belly sizes of “fuller” lions typically shrink (figure 1.12a), and these patterns are 
still apparent four days later (figure 1.12b). Although females are similarly successful in 
maintaining consistent short- term food intakes in all three habitats, the lions on the 
Serengeti plains travel considerably further to do so: plains females move an average 
of about 4 km overnight when they are very thin versus 2 km when they are “full,” 
whereas Crater and woodlands females only move about 1 km per day regardless of 
belly size (figure 1.12c). After four days, plains females have typically shifted 5 km when 
thin versus 3 km when full, whereas Crater and woodlands females have only moved 
about 2 km (figure 1.12d).

At monthly time scales, food intake rates are virtually constant throughout the year 
in the Crater and the Serengeti woodlands, whereas the lions on the Serengeti plains 
enjoy the feast of abundant migratory prey during the wet season and suffer from the 
famine of prey scarcity in the dry season (figure 1.13a). The seasonal variation in food 
intake rates profoundly influences female reproductive rates on the Serengeti plains. 
Although lions give birth every month of the year in the Ngorongoro Crater and 
Serengeti woodlands, females in the plains show a striking birth peak in March and 
April and rarely give birth during the heart of the dry season (figure 1.13b). This peak 
occurs about two to three months after the plains females attain their largest average 
belly sizes, and the trough in reproduction follows a few months later (figure 1.13c). 
Gestation in lions is about 3.5 months, so fertility of the plains females is presumably 
triggered by the return of the migration in November or December (when their aver-
age belly size first reaches ~2.5 before peaking at ~2.4 in March– May) whereas their 
nutritional plane falls too low (~2.85) to maintain reproduction during the hardest 
months of the dry season.
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Across all three habitats, individual females that maintain higher belly sizes 
produce more milk (figure 1.14a),4 enjoy higher cub survival (figure 1.14b), and 
shorter interbirth intervals for mothers whose prior cubs reached their second 
birthdays (figure 1.14c). Brian Bertram (1975b) found that chest circumference 
was closely related to overall bodyweight (excluding current stomach contents) 
(figure 1.15a), so we used chest girth as our standard for body size,5 as lions are 
too difficult to weigh under most circumstances. Our belly size measures suggest 
that females do not translate better nutrition into more body mass: females that 
maintained larger belly sizes over the course of a year were no larger the follow-
ing year than were poorly fed females (figure 1.15b). In contrast, well- fed males 
had significantly larger chest measurements the following year (figure 1.15b). 
Taken together, these data suggest that females translate more food into greater 
fertility, more frequent litters, and better cub survival, whereas males translate 
more food into more bulk.

A Day in the Life

Lions have the reputation of being profoundly lazy, but most people encoun-
ter lions during the day, and lions are primarily active at night, as illustrated by 
the movements of K82, the female that wore a GPS collar for two years (figure 
1.16a). K82 traveled consistently farther each hour through the night than during 
the daytime, although her movements were highly sporadic: on a quarter of all 
days, she moved less than 30 m on average even during the most active hours 
of the night and less than 5 m during each hour of daylight. During the 1980s, 
we followed lions for ninety- six consecutive hours just before or after the day 
of the full moon (Packer et al. 1990), and most prey captures occurred during 
the hours of darkness; the few daytime kills were mostly juveniles (e.g., calves, 
fawns, foals, etc.) (figure 1.16b). Similarly, lions scavenged more carcasses during 
the night (figure 1.16c), stealing daytime carcasses mostly from diurnal species 
like cheetahs and vultures. Lions have far better night vision than their prey, 
but this advantage is reduced during nights of the full moon with a concomitant 
loss in hunting success (Van Orsdol 1984; Funston et al. 2001). Figure 1.17a shows 
that lions were thinnest in the days closest to the full moon— and this appar-
ently forced them to forage more during the daytime, with a greater incidence 
of daytime kills and scavenging in the days closest to the full moon (figure 1.17b). 
Given that our extended nocturnal observations were made so close to the full 
moon, the number of daytime feeding events illustrated in figure 1.16b and figure 
1.16c was no doubt higher than would have been observed during other times of 
the lunar cycle.

4 We immobilized eleven lactating females and injected them with 1 cc of oxytocin while they were apart from 
their cubs then extracted the milk by hand from a single anterior mammary gland (Pusey and Packer 1994a).

5 From Bertram’s data, y = 5.6554e0.0287x where y = weight in kg and x = chest girth in cm, but I will report chest 
girths rather than bodyweights throughout the remainder of the book.
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A Pride Is Not a Pack— the Fission- Fusion Nature of Lion Society

Lions are social, but they are mostly found in “subgroups,” and pride composition is 
only obvious after repeated observations (Schaller 1972). For example, figure 1.18a il-
lustrates the daily locations and associations of an adult female, Glossie, over a ten- day 
period. Glossie was a member of the Gol Pride, which at the time consisted of six adult 
females and a “coalition” of seven adult males. On the first day, Glossie was found with 
three of her five pridemates, and the group had moved 3 km by the following morning. 
On the third day, Glossie was alone with three of the resident males, one of which 
“guarded” her as if she were coming into estrus. She had reunited with her three initial 
companions by the fourth day, and the quartet was joined by a fifth female on the fifth 
day. Over the course of the ten days of observation, Glossie was eventually seen with 
every member of her pride, but they were never found in the same place at the same 
time. Thus, subgroups generally vary in size and composition from one day to the next, 
with each individual spending time alone and entire prides rarely being all together.

We defined two lions as being together in the same subgroup whenever they were 
found within 200 m of each other, but pridemates can spread out over considerable 
distances. We usually radio collared only one female per pride but sometimes collared 
multiple pridemates (either two females or one female and one male) and could thereby 
measure the extent of their spatial separation. When separate, collared females were 
typically located ≈2 km apart and even spent about 10 percent of their time >5– 6 km 
apart, depending on season and habitat (figure 1.18b) while females in neighboring 
prides typically remain 5– 9 km apart (figure 1.18b).

Keeping in Touch

Given that the lions’ fission- fusion social system often involves being separated from 
their companions, how do the pridemates communicate when they’re so far apart? 
Lions rely on long- range vocalizations, “roars,” to keep track of distant pridemates and 
members of neighboring prides (Schaller 1972). The lion’s roar (figure 1.19a) carries up 
to ≈8 km,6 and these vocalizations are individually distinctive: as shown in chapter 8, 
lions distinguish between the roars of friends and foes, and they can accurately count 
the number of unseen roaring individuals— an essential skill in a group- territorial 
species. Suffice it to say here that lions are far more likely to roar in response to distant 
roars when they are separated from most of their companions (figure 1.18c) and that 
lions mostly roar at night (figure 1.19b), when they are most active. Thus, roaring plays 
an important role in maintaining social cohesion despite being physically separated 
for varying periods of time— and it is noteworthy that pridemates spend the great 
majority of their time less than 6 km apart and, hence, well within earshot of each 
other, whereas neighbors generally remain close to the limits of the audible range of 
their rivals (figure 1.18b). Note, too, that while single- sexed groups of males most often 
roar in the hours before dawn, when sound is likely to carry farthest (see Larom et al. 

6 Schaller reported hearing roars from 3 to 4 km but suggested that they might be audible at 8 km, a distance we 
were able to confirm by sitting a known distance apart in two separate vehicles.
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1997, Wijers et al. 2021), female groups also show peaks at dusk and midnight, whereas 
mixed- sex groups roar most in the first hours after dusk (figure 1.19b).

A Life in Full

An animal’s body size, its age at maturation, its lifespan— these fundamental features 
of the lion’s natural history are summarized in figure 1.20. As is typical for mammals, 
female lions are smaller and live longer than males: females reach full body size be-
tween their second and third birthday, whereas males reach full size about a year or 
two later (figure 1.20a). Mortality is much higher in males than females at all ages, 
resulting in an average life expectancy of approximately 4.5 years for females versus 
about 2.5 years for males (figure 1.20b), and the oldest- known- aged female in our 
study reached 19.75 years versus 17.59 years for the oldest male. For most purposes, 
we classify females as “adult” once they reach their second birthday: since the typical 
interbirth interval is about 730 days (figure 1.14c), two- year- old females are capable 
of capturing their own prey, and they fully participate in territorial defense (chap-
ter 8). However, successful reproduction is highest in mothers between the ages of 3 to 
14 years (figure 1.20c), so I will sometimes consider only the reproductive performance 
of older females. We generally classified males as adults after their fourth birthdays, 
allowing for the extra time required to reach full body size as well as to complete mane 
development. DNA fingerprinting confirmed that resident males are the fathers of all 
the cubs conceived during their tenure (chapter 2), and the age structure of resident 
coalitions indicates that male reproductive rates are highest between the ages of four to 
fourteen years (figure 1.20c). Note that because so few males gain residence, per capita 
reproduction is higher for pride males than for females. Only a few individuals survive 
to advanced ages, so age- specific measures exaggerate the apparent contribution of 
older individuals, thus figure 1.20d shows the proportion of surviving cubs produced 
by adults of each age. At any one time, most cubs in the population have mothers that 
are three to eleven years old and fathers that are four to nine years old.

Both sexes show clear signs of physiological aging (senescence) (figures 1.20 and 1.21). 
Cub survival follows an inverted U– shaped relationship with maternal age (figure 1.21a), 
presumably because of the lack of experience in very young mothers and reduced physi-
cal capabilities at advanced maternal age (chapter 4). Litter size also declines to a single 
cub in the final years before the female lions’ equivalent of “menopause” (figure 1.21b). 
Because males must protect their prides from incursions by rival coalitions (chapter 3), 
cub survival declines linearly with paternal age as the fathers’ physical prowess fades to 
the point that they can no longer maintain pride residence (figure 1.21a).

KEY POINTS

 1. Though lions lack conspicuous coat patterns, their “whisker spots” persist until 
they are sufficiently tattered and scarred to become more readily recognizable. 
This made it possible to track thousands of lions in the Serengeti and Ngoron-
goro Crater throughout their entire lifespans over a dozen generations.



29

40

60

80

100

120

140

Females
Males

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8 10 12 14 16 18 20

Age (yrs)

0%

5%

10%

15%

20%

25%

Age (yrs)

Females
Males

A.

B. D.

0.0

0.5

1.0

1.5

2.0

Females
Males

M
or

ta
lit

y 
ra

te
 (µ

x)

850

769

719 658

602

546 481

423

370

309226

152

99
56 26

8

7

16

36

70

103
156

208

256
297

318

303

258

242

18 8

243

372

324

262

292

261

162
191

77
55

45
3 2 0 0 0

5

58

260

494

402

193

125

72
38

13 3 4 1

Ch
es

t g
ir

th
 (c

m
)

Su
rv

iv
in

g 
cu

bs
/in

di
vi

du
al

/y
r

Pr
op

. o
f s

ur
vi

vi
ng

 c
ub

s

Females
Males

367

C.

0 2 4 6 8 10 12 14 16 18 20

0 2 4 6 8 10 12 14 16 18 20

0 2 4 6 8 10 12 14 16 18 20

FIGURE 1.20. Age-specific rates of growth, mortality, and reproduction. A. Chest girth versus age. Data include 
occasional re-sampling of the same individuals. B. Age-specific mortality of males and females. The male curve treats 
disappearance of potential dispersers as right-censored; all other records are considered deaths. Polygons represent 95 
percent credible intervals of age-specific mortality; curves extend to the age where 95 percent of each sex are assumed 
to have died. Vertical dashed lines give the mean life expectancy of cubs when first seen (typically three months of 
age); widths indicate 95 percent confidence intervals. Redrawn from Barthold et al. (2016). C. Age-specific production 
of surviving cubs. Cubs with multiple “candidate” mothers or fathers are partitioned as described in chapter 4; error 
bars cannot be estimated for males. n = number of males/females at each age. D. Proportion of surviving cubs with 
parents of each age. n = cubs born to mothers/fathers of each age.



30

10%

20%

30%

40%

50%

60%

2 3 4 5 6 7 8 9 10 11 12 13 14 15

Cu
b 

su
rv

iv
al

Parents’ ages (yrs)

2 3 4 5 6 7 8 9 10 11 12 13 14 15

Mothers
Fathers

16

427

659

767
606 730

571

364

372

254

115

97

42

108
461

748
1006

909

606

409

294

141

64

47

26

A.

1

2

3

A
vg

. l
it

te
r s

iz
e

Mother’s age

5

53

76
71

51 61 43

39 36

29

14

16

B.

11

FIGURE 1.21. Age- specific reproductive performance. A. First- year cub survival versus parental age at birth. Mean 
parental age was calculated for cubs with multiple “candidate” mothers/fathers. The rise and fall with maternal age 
are both highly significant (p < 0.0001, n = 5020 cubs); the decline with paternal age is also significant (p < 0.0001, 
n = 4819 cubs). B. Age- specific litter size of females. Litter size data are restricted to cubs with known maternity; 
redrawn from Packer et al. (1998).

(continued...)



353

I N D E X

Terms refer to lions  unless other wise indicated.

age: classification of, 28; and co ali tion composition, 
109–10, 118–20; and conflict outcomes, 168; and 
fertility, 93, 95–96; and hunting, 312–14; and mating 
be hav ior, 110; and mortality, 24; of “trophy” lions, 314

aging, 28–30, 40–41, 93, 95–97
ala- mayo, 297–301
Approximate Bayesian Computation (ABC) modeling, 

293
associations

among lions: around kills, 155, 159; between adults 
and cubs, 34, 91–92, 94, 121, 129; between females 
and females, 25, 90 (see also crèches); between 
first- order kin, 35, 37; between males and females, 
71, 214, 217; between males and males, 118, 120, 
212, 214; between prides, 26, 183

interspecific: between lions and herbivores, 262, 264, 
266, 276; between lions and other carnivores, 
267, 269–70, 273–74, 288

Babesia parasite, 237–40, 249, 251, 255, 291
baby sitting, 88–94
Balme, Guy, 268, 271
be hav ior: activity patterns, 20, 23–24; leading/lagging, 

171–76; owner ship of consorts, 108–9, 137; owner ship 
of food, 38–39, 178; peri- partum, 76–79, 99; maternal 
protective (see baby sitting; takeovers); paternal 
protective, 70, 122–23

belly size, 16–24, 140–42, 157, 159, 180, 231, 277; intragroup 
variance in, 38–41; and mating, 113; and milk 
production, 21; of  mothers and cubs, 81, 88, 90–93, 
101, 103; in Ngorongoro Crater, 242–43

Bertram, Brian, xi, 4, 16, 20, 35, 43, 63, 73, 220
birth order effects, 97
birth synchrony, 68–69, 96–100, 104
body size: of lions (see belly size; chest girth); of prey 

species, 251–52, 335
Borrego, Natalia, 329n1
Botswana, 149, 212, 268, 318
bovine tuberculosis, 245, 291–94, 326–27
Bruce effect, 68
buffalo, 5, 11, 123, 150–64, 169, 195, 208, 214, 224–30, 

237–38, 240, 243, 251, 253, 255, 260, 263, 265, 275, 278, 
303, 326, 328, 330, 335; as a disease vector, 291–94

Burkhart, Jessica, 221, 223
bushmeat hunting, 315, 317
bush pig, 303, 305–8
Bygott, David, xi, 4, 53n5, 134n1, 154n7, 263, 265n4

camera traps: in study area, 261–65, 268, 270, 274; in 
South African reserves, 268, 273

canine distemper virus (CDV), 226, 232–41, 251, 255, 
282–91, 326–28; genome of, 290; impact of on host 
population ge ne tics, 248; transmission of, 287,  
289

Canney, Susan, 316
captive lions, 98–99, 140, 221–23
cave lions, 145, 147
cheetah, 20, 23, 88, 89, 154, 196, 230, 250–53, 265, 267, 

268, 270
chest girth, 20, 22, 29
chimpanzees, 114, 116, 164, 184, 221
citizen science. See Snapshot Serengeti proj ect
Cleaveland, Sarah, 283, 327
climate change (global), 325
co ali tions, 32, 49–58, 60–75, 107–31, 233; competition 

within, 40, 108–16, 137, 138; composition and size 
of, 54, 112–20, 192–93, 213; evolutionary context 
for, 212–22; extinction risk for, 180–81;  father– son, 
131; longevity of, 53, 56; loss of members from, 114, 
116; in Ngorongoro Crater, 245–47; and pride 
residence, 51, 117, 123–28, 182, 246; and reproductive 
per for mance, 52, 74, 110, 112–13, 115, 193, 212–14; 
size effects of, 124–25, 129; in study population ver-
sus other populations, 213–18

communication. See roaring
competition, 166–92, 195–208, 219; between cubs, 38–39, 

80–87; between co ali tion members, 40, 108–16, 
137–38; between lions and other carnivores, 265–81; 
intra versus intergroup, 221

conservation, 282–326; via community engagement, 247,  
300, 302; via culling, 250, 293, 294; and economic 
development, 321, 324–26, 330; via fencing, 265, 
267–68, 316, 318– 22; funding of, 320–21; via predator 
re introduction, 265, 267–68, 318; via regulation of  
hunting, 312–14; via translocation, 245, 247, 293–94; 
via vaccination, 251, 284–91; via wildlife corridor, 
247, 302

consortships, 63–71, 107–16, 122–23, 128–30, 137, 144–47, 
329; and owner ship be hav ior, 35, 109–11, 219–21; 
preferences for, 115, 146

controversy, regarding infanticide, 73–74
cooperation, xi, 1, 114–16, 195–222; in cub rearing, 43n3, 

47, 76–105; in fighting, 53, 167–76; in hunting, 149, 
154–64, 329

Craft, Meggan, 283, 286



Index354

crèches, 32, 38, 42, 68, 70, 74, 76–105; benefits of, 96, 166–67, 
195, 220;  fathers and, 122; takeover effects on, 74

cubs, 59–104; abandoned, 79, 99; and  fathers, 118, 121–25,  
129, 131; nursing be hav ior of, 38–39, 80–87; orphaned, 
95–96; survival  factors for, 21, 30, 40, 62, 68, 73, 81, 
88, 96–98, 100–105, 126, 143–44, 230, 232–33, 236, 
245–46, 314

Darwin, Charles, xi, 133, 219, 221
die- offs. See canine distemper virus (CDV)
diet, 5, 8–12, 16, 50, 123, 140, 149, 150–64, 169, 178, 180, 

195, 208, 214, 216–17, 224–31, 237, 238, 240–44, 
250–66, 274–78, 300, 303, 315–17, 335

DiMinin, Enrico, 320
disease, xi, 57, 80, 88, 224, 232–45, 248, 251, 255, 257, 260,  

275, 282–94, 316, 325; va ri e ties of (see Babesia para site; 
bovine tuberculosis; canine distemper virus (CDV); 
feline immunodeficiency virus; rabies; rinderpest)

dispersal, 32–36, 62, 102–4, 130, 144, 184–92, 247; female,  
43, 47–48, 53–56, 60, 63, 64, 128, 129, 184, 187–92, 196–98, 
206, 230; male, 29, 32, 34, 60, 104, 119, 192, 212, 245–46

DNA. See ge ne tics
dogs: domestic, 282–91, 296, 319, 326–28; wild, 149, 154, 

250–51, 265–69, 278, 281
dominance, 35–40, 42, 57, 156

ecosystem. See food web; study area
eland, 10–12, 260, 317, 335
elephant, 35, 195, 251–52, 255n1, 264, 318–22, 326
epizootic. See rinderpest
Etosha National Park, 149, 164, 208, 214–16
evolution, xi, 1, 40, 73, 75, 166–67, 204–10, 330; and group 

se lection, 219–22; and hunting be hav ior, 160–64; 
and interspecific competition, 265–78; and sexual 
se lection, 140–45

extinction: localized, 250; of prides and coalitions, 180–81

feline immunodeficiency virus, 237, 240
fencing, 101, 208, 265, 267, 268, 281, 316, 318–22, 328
fertility: female, 16, 19–20, 28–29, 68–73, 93–96; male, 141
fighting, 107–9, 133–45; between groups, 168, 170, 204;  

between individuals, 138–39; risks of, 38, 169. See also 
wounding

fission- fusion patterns: in co ali tions, 118, 212;  in 
prides, 25–26, 80, 150, 156, 160, 164, 216, 281

food intake: 11, 38–40, 101–2; and birth rate, 16, 19, 21; 
and body size, 20, 22; composition of (see diet); and 
cub survival, 21, 80; and group size, 154–60; and 
mane characteristics, 141–42; patterns of, 24, 142, 
209, 229; types of (see foraging, nursing)

food object  trials, 223
food web, 250–81
foraging, 20–24, 149–64, 250–81; hunting, 154–63, 179, 

197, 199–200, 209, 217; scavenging, 23, 279–80
Fosbrooke, Henry, 53n5, 236, 237n4
Fountain- Jones, Nick, 307
Fryxell, John, 257, 281

game theory, 99–101, 161–64
gazelle, 5, 9–12, 16, 150–51, 154–58, 164, 224–25, 230–31, 

253–54, 260, 263–65, 274–78, 335

ge ne tics: of canine distemper virus, 234, 290; of lions,  
28, 35, 36, 248; ge ne tic rescue, 293–94

giraffe, 5, 11, 160, 250–55, 335
Gir Forest, 40, 208, 214–18, 271, 311
GIS analy sis, 263, 266
grand mothers, 93–96
Grinnell, Jon, 53, 70, 171–72
grouping patterns. See associations
group se lection, 219–22
group territoriality, 47, 163, 167–76, 195, 204–10, 222,  

330

habitat. See study area
Hanby, Jeannette, xi, 53n5, 134n1, 154n7, 265n4
hartebeest, 5, 10, 12, 260, 317, 335
heat stress, 140–42
Heinsohn, Rob, 171, 174
hippopotamus, 251–52
Hluhluwe iMfolozi Park (HIP), 245, 268, 292–93
Hopcraft, Grant, 4, 196, 197
human–lion interactions: attacks on humans by  

lions, 302–9; retaliatory killing of lions by  
pastoralists, 294–302; sport hunting of lions, 
309–14. See also conservation

hunting: by  humans (see  human– lion relations); by lions 
(see foraging)

hyenas, x, 23, 35, 42, 50, 144, 234, 253; competition with 
lions, 154, 178, 180, 196, 251, 253, 261, 265–81; as 
disease vectors, 283–91, 328; and leopards, 271; 
human–wildlife conflict, 294–97; nursing habits 
of, 80, 82, 83, 86; predation on lion cubs, 88, 230

Ikanda, Dennis, 297, 302, 328
impala, 5, 250–54, 263–65
inbreeding, 102–4; and conservation efforts, 302; in 

Ngorongoro Crater, 2, 35, 57, 128, 141, 245–49, 257, 
260, 278; in South African lions, 292–93, 326

infanticide, 59–75, 88, 104, 123–24, 230; and fertility, 61, 
65, 69; in other Panthera, 68n2, 75, 166; and subadult 
survival, 62; and trophy hunting, 309, 312, 314; in 
zebra, 253

interbirth intervals, 20–21, 42, 52, 61, 65, 67, 96–97, 101–3
interpride encounters, 167–80
intersex lion, 122–23, 128
interspecies proximities. See associations
interspecific disease transmission, 282–91

jackals, 23, 251, 253, 283–91, 328
jaguars, 98, 145, 167, 204, 206, 212
Jansson, Ingela, 17, 169–70, 247, 300, 302

 Kenya: historic lion attacks in, 307, 309; Maasai Mara 
Reserve in, 232, 274, 297; pride size in, 208, 331; 
Tsavo National Park in, 140

kinship: and infanticide, 122; kin se lection, 1, 109–12, 
220; and mating, 112, 128–29; among pridemates, 
35–37, 82, 85, 86; and recruitment, 43, 131. See also 
nursing; paternity

Kissui, Bernard, 294, 302, 328
Kock, Richard, 236
Kosmala, Margaret, 204, 261, 293



index 355

Kruger National Park, 208, 250, 255, 260, 275, 278, 291–94
Kushnir, Hadas, 302–6, 310–11

leopards, 1–2, 47, 68n2, 75, 88, 98, 137, 144–45, 166–67,  
184–85, 189, 204, 206, 208, 212, 219, 251, 253, 265, 
281, 329; attacking  humans, 294–97, 307, 309, 311, 
326; competing with lions, 268–73; predation on 
lion cubs by, 88, 230

Lindi District, Tanzania, 302–10
Lion Guardians proj ect, 247, 300, 302
lions compared to: baboons, 111n3; cuckoos, 128; hyenas, 

35, 42–43, 80, 82–83, 86; extinct species, 145, 147, 
208;  humans, 221; other group- hunting animals, 
161–64; other group territorial species, 202; other 
litter- bearing animals, 86–88; other matrilineal 
animals, 35; other nursing mammals, 86–88; other 
Panthera species, 68n2, 75, 98–99, 106, 133, 137, 
145, 166–67, 184, 202–7, 212, 215, 219, 222, 307–11; 
primates, 35, 73, 145; rodents, 68, 86, 122

litters, 96–104; kinship within, 36; “lost,” 77, 99, 245, 246; 
sex ratio of, 103, 105; size of, 95, 98, 100; spacing of,  
61, 65, 67, 97, 103. See also crèches; nursing; pregnancy 
and birth

livestock predation by lions, 294–302
local resource competition/enhancement, 102–4
Loveridge, Andrew, 316
lunar cycle. See nocturnal activity

Maasai, 247, 275, 285, 294–302, 316n9
Maasai Mara Reserve and Conservancies, 232, 253–54, 

271, 274–75, 286, 321, 324
Macdonald, David, 202
man- eating lions. See  human– lion relations: attacks on 

 humans by lions
manes, 133–48, 325; characteristics of, 134, 136; growth 

of, 135; and fitness, 143; and heat stress, 142; lions’ 
preferences for, 146

mating. See consortships
McComb, Karen, 70, 171
meerkats, 35, 43
methods: of age estimation, 312n6; using camera traps, 

261–63; using dummies, 88, 145, 329n1; of estimating 
maternity, 42; of estimating per capita food intake, 
156; of individual identification, 2–4; of quanti-
fying mane quality, 133–34; of radio tracking, 11; 
using thermal cameras, 140–42. See also modeling; 
playback experiments

milk production, 20–21, 80–82, 86–87
modeling: of big-cat attacks on humans, 307–9; of disease 

transmission, 283–93; of lion carrying capacity, 316; 
of population dynamics, 257–63; of sociality, 204–8; 
of sport hunting, 309–14

morbillivirus. See canine distemper virus (CDV); 
rinderpest

mortality, 21, 28–29, 95, 241; for cubs (see cubs: survival  
 factors for); from disease, 230–49, 291–93; for dispersed  
subadult males, 60; for females, 48, 63, 100–102, 180–83; 
and inbreeding, 245–46; in population modeling, 
204–6, 309; by predation, 230, 232; and predator– prey  
dynamics, 259; for solitaries, 49, 176; and wounds, 139,  
177, 183. See also  human– lion relations; infanticide

Mosser, Anna, 180–84, 196, 204
Mozambique, 302, 306n3, 312–13, 315, 321
Munson, Linda, 232, 236–37, 327–28

Namibia, 149, 164, 208, 214–16, 321
National Cancer Institute, 327
National Science Foundation (NSF), xii, 283, 328
naturalistic experiments: lunar cycle observations, 263, 

266; predator removal, 250–55
natu ral se lection. See evolution
network modeling, 283–91
Ngorongoro Conservation Area (NCA), 5, 240, 247, 

297–98, 300–301, 313, 323
Ngorongoro Crater, data unique to, 9, 240–49, 255–56, 

260, 275–77
nocturnal activity, 16, 20–25, 27–28, 79, 149, 154, 156, 166, 

169, 263–66; attacks on  humans, 303–9; ranging, 16, 
79; roaring, 25, 28, 172, 218

nomadic males, 11, 15–16, 32–35, 49–53, 68–73, 107–8, 130,  
167–72, 221, 232–33, 300; radio tracking of, 309; versus 
resident males, 172–73. See also dispersal; takeovers

Normalized Difference Vegetation Index (NDVI), 229, 263
numeracy (ability to count), 25, 171–75
nursing, 38–39, 42, 77, 80–88, 102, 220

oribi, 252–54
orphans, 93–96, 143
oxytocin, 20n4, 221–23

Palmer, Meredith, 263
parasites. See Babesia parasite
paternity, 36, 62, 73, 109–14, 118–30, 214–16, 219n5, 245, 327; 

and  father– cub interactions, 118, 121, 122–23, 125, 129, 
131; skew in, 110, 112–13, 329; uncertainty of, 66, 68

philopatry: in leopards, 185; in lions, 184, 186, 206, 220
playback experiments, 53, 54, 70, 72, 144n4, 146, 171–76, 

221–23
poaching. See bushmeat hunting
population dynamics: density dependence, 240–43, 

255–56, 275–76; population cycling (for predators and 
prey), 255–61; population decline (for lions), xi, 232,  
240, 247, 260, 275, 282, 297, 312–13; source- sink dy-
namics, 144, 196, 198–99, 294. See also study population

predator removal experiment, 250–55
preferences: in consorts, 68, 111, 114–15, 128; in manes, 

146; in prey types, 158
pregnancy and birth, 16, 18, 21, 61–69, 76–78, 96–97, 101–3
prey, 150–60, 224–43, 250–66, 275–77; accessibility of, 

224–30, 244; be hav ior of, 261–65; body size of, 159, 
252; as a disease vector, 238, 292; impact of bushmeat 
hunting on, 315, 317; quantities of, 9, 12, 225, 228, 
256, 258, 266; ranging patterns of, 8

prides, 25, 55, 88–96, 154–60, 180–93, 195–213, 233; com-
position of, 36, 48, 190; encounters between, 167–80; 
evolutionary considerations regarding, 88–96, 202–8, 
219–22; longevity of, 53, 56, 181; proximity of pride-
mates within, 26, 77, 218; and reproductive success, 
44–46, 183, 193 (see also crèches); size and size effects 
of, 125, 158–59, 193, 210–11, 213; spatial distribution 
of, 26, 183, 189–91, 201

Pusey, Anne, xi, 4, 21, 50, 80, 150



Index356

rabies, 265n4, 286, 291
radio collar tracking, 76–78
ranging patterns: of cheetahs, 268, 270; of hyenas, 286, 

288; of leopards, 185; of lions, 13–18, 77, 79, 184–91, 198, 
201, 203, 215, 234, 257, 263; of wild dogs, 265, 268–69

recruitment: female, 32–35, 43, 47, 53, 63, 202–6, 210n4, 220; 
during conflicts, 166, 171, 182; male, 58, 114, 130–31, 
212. See also dispersal

reedbuck, 161
Rentsch, Dennis, 315
reproduction, 40–56, 59–75, 101–4, 192; cycle of, 32–33, 61,  

65; in lions compared to other felids, 215; reproductive  
be hav ior (see consortships); reproductive success fac-
tors, 29–30, 44–46, 52, 64, 193, 199, 259 (see also cubs:  
survival  factors for); reproductive synchrony, 69;  
sperm abnormality, 141. See also inbreeding; paternity

Resource Dispersion Hypothesis, 202–6
rhinoceros, 251–52
rinderpest, 224–30, 243, 251, 309
roaring, 25–27, 166–76, 217–18. See also playback 

experiments
Roelke, Melody, 232, 234, 327
Rosengren, Daniel, xii, 17, 76–77, 142, 182
Rufiji District, Tanzania, 303–11

sabretooth cats, 208
SaTScan modeling, 307, 309
Savannas Forever– Tanzania, 295, 324
Schaller, George, ix–xii, 4, 53, 58, 66, 88, 133, 154, 182, 

250, 268
Scheel, Dave, 154n2, 156–57, 180
scientific responsibility, 327–28
Selous, Frederick, 140
senescence. See aging
Serengeti Ecological Monitoring Program, 278
Serengeti Research Institute, 250
sexual se lection, 140–45
sex differences: in body size, 22; in cub sex ratio, 103, 

105, 193; in heat tolerance, 140–42; in hunting style, 
150, 154–55; in mortality and reproduction, 28–30, 
101–3; in roaring, 25, 27, 171, 173–74, 216–18; in  
social life cycle, 32, 33, 53; in wounding rates, 177. 
See also intersex lion

SimSimba population model, 309–14
Sinclair, Tony, 227
Snapshot Serengeti proj ect, 261–66, 271
sociality, 32, 163–67, 195, 202–12, 219–22, 249, 257–61, 265, 

277–81, 325, 329; female (see crèches; prides); male 
(see co ali tions); and population stability, 258–59, 281

solitary lions, 26, 47–50, 57–58, 99–100, 192, 331; feeding  
by, 151, 156, 162, 277, 279–80; roaring by, 172, 178;  
solitary males, 35, 53, 109, 114, 116, 119; solitary  mothers 
and cubs, 91, 100; vulnerability of, 176–180, 181

South Africa: conservation efforts in, 265, 267, 268, 277, 
316, 318, 328; lions in, 123, 185, 208, 221, 245, 250, 
273, 281, 291–93, 316, 319, 329–31

Southern Oscillation Index, 227–30
stochastic modeling, 286, 289
Stomoxys flies, 236–37
study area, 5–20; available biomass in, 12, 209, 335; 

carry ing capacity of, 319;  human impact on, 322; 

 human populations around, 295; hydrography of,  
199–200; maps of, 6, 79, 201, 255; rainfall in, 7, 229, 
231; wildfire in, 228

study population: co ali tions in, 58; prides in, 55; size 
of over time, 224–30, 240–44; versus other lion 
populations, 66, 101, 111n2, 123, 140, 149, 164, 208, 
213–18, 268, 271, 275, 291–94, 300, 313

subadults, 32, 43, 47, 60–64, 97, 122, 144; in conflicts, 
167–68, 174–75; feeding by, 38–39, 155–56; ranging 
by, 15–16, 184; survival of, 62, 192, 233; wounding of, 
137, 139. See also dispersal

Sukuma, 295, 306
survival. See mortality
Sustainable Development Goals, 321, 324n12, 330
Swanson, Ali, 261, 263

takeovers, 48, 60–75, 77, 80; and cub/subadult survival, 
62, 143, 192, 232–33, 242; effects of trophy hunting 
on, 309, 312, 314; and the reproductive cycle, 61, 65, 
67, 104–6, 122, 128; risks and consequences of, 74, 
219, 240, 318

Tanzania: hunting of lions in, 309–13, 326, 328, 330; 
lion attacks in, 304–5, 309, 311, 326–28; National 
Parks authority in, 250, 312–13

Tarangire National Park in, 294, 296–97
temperature sensitivity. See heat stress
Terio, Karen, 237, 328
territory, 11, 166–92, 195–208, 210n1, 212, 214, 219, 222, 

234n2, 278, 331; maps of, 190–91, 199–201, 203, 205, 
207. See also group territoriality; ranging patterns

testosterone, 122, 134–35, 141, 145
tick- borne parasite. See Babesia parasite
tigers, 1–2, 98, 133, 137, 145, 166–67, 204, 206, 212, 219, 

221n6, 271, 282, 307–9, 311, 316n9
topi, 10, 12, 250–55, 260, 263–64, 278, 317, 335
trophic cascades, 275–77
Tsavo, 140, 144, 307, 309, 327

U.S. Endangered Species Act, 313

vaccination, 251, 265, 283–91, 328
vibrissae. See whisker spots
vocalization. See roaring

warthogs, 5, 10, 12, 150–64, 224n1, 230–31, 253–60, 278, 
317, 335

waterbuck, 260, 317
West, Peyton, 88, 133, 140, 142, 144
whisker spots, 2–4
Whitman, Karyl, 309, 312
wildebeest, 5, 8–12, 16, 50, 140, 149, 150–58, 162, 178, 180, 

208, 214, 216, 224–31, 240, 243–44, 250–66, 274–75, 
278, 294, 300, 303, 315–17, 326, 335

wolves, 40, 43, 265, 275
wounding, 116, 133–34, 137, 139, 142–44, 169, 176–78, 182–83

Zambia, 157n3, 312–13, 315, 321, 324, 330
zebra, 5, 8–12, 16, 140, 150–62, 178, 180, 184, 214, 216, 

224–25, 230–31, 240–44, 250–66, 274–78, 294, 303, 
317, 326, 335

Zimbabwe, 60, 141, 312–13, 316, 321, 330




