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ABSTRACT 

Large carnivores are in decline throughout their range primarily due to anthropogenic influences. 

This is a concern because these species have high social, economic and ecological value. African lion 

(Panthera leo) populations are in decline in most parts of the continent and this has been attributed 

largely to habitat loss, habitat fragmentation, wire snare poaching, black market trafficking in lion 

parts, retaliatory killings, and poorly regulated trophy hunting. In order to implement effective lion 

conservation actions, the effect of each factor on lion demography or population dynamics must be 

well understood. In the past, most studies have used indirect methods to quantify the effects of 

hunting on lion demography. The temporary ban on lion hunting in Zambia allowed me to study 

directly how removing a key source of mortality, for males in particular, changed the demography.  

Using data collected from 2008-2015, I studied how the lion population in and around South 

Luangwa National Park, Zambia responded to a 3-year moratorium on lion trophy hunting 

implemented in 2013. For the duration of the study ban, I monitored 386 known individuals in 19 

prides and 15 male coalitions. Reproductive activity as represented by cub production appeared to 

improve after the hunting ban and the number of individually identifiable lions in the study area 

steadily increased from 88 in 2008 to 197 in 2015. Using a Cormack-Jolly-Seber model, I found that 

apparent annual survival increased in the absence of hunting for all adult male age classes.  The 

temporary ban on hunting was lifted in 2016 and I recommend that quotas remain conservative in 

order to allow more time for the population to recover, particularly in the adult male age classes. 

Better monitoring protocols should also be implemented to promote compliance with hunting 

regulations. 
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Chapter 1- Primary Factors Affecting Lion Distribution and Abundance in Africa, with  

1.1. Conservation status and distribution of Lions  

African lions (Panthera leo) are in decline continent-wide and this is a concern because of their 

economic value (Lindsey et al 2012b) and the important role they play in influencing ecosystem 

composition, structure and function through trophic cascades (Ripple et al. 2014, Creel et al. 2015). 

Across Africa, current populations are expected to further decline by 50% by 2035, while local 

population extinctions are expected in many areas (Bauer et al. 2015). At present, populations are 

stable in only a few countries (Riggio et al. 2013, Bauer et al. 2015). Because of these declines, lions 

in east and southern Africa have been listed as threatened while those in west and central Africa are 

considered endangered by the US Fish and Wildlife Service (United States Fish and Wildlife Service 

2015).  

In Zambia, where lion abundance has decreased in some areas, data remain scarce for most parts of 

the country (Chomba et al. 2014, Rosenblatt et al. 2014, Bauer et al. 2015).   A 2002 report by 

Chardonnet estimated 4000 lions. In 2005, Bauer et al estimated between 1000 and 2000 lions from 

3 main populations. At present, most of the data on Zambian lions come from 3 main areas, namely 

South Luangwa, Kafue and Lower Zambezi National Parks and they have an estimated combined 

population size of 1200 individuals (Becker et al. 2013b). Comparing 2002 estimates to those in 2013 

represents a 70% decline in lion population over a period of 13 years but considerable uncertainty 

surrounds this trend.  

The largest lion population is found in the Luangwa Valley in eastern Zambia and this area is 

considered one of the last 10 remaining strongholds for the species in Africa (Riggio et al 2013). The 

population here has been male depleted for a while apparently due to the combined effects of 

trophy hunting, wire-snaring and prey depletion (Yamazaki 1996, Becker et al. 2013a). A study 
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conducted between 2008 and 2012 also showed that the population had low cub recruitment, few 

sub adult females and a large proportion of old females (Rosenblatt et al. 2014). Thus, even in this 

lion stronghold with large tracts of protected land, lions appear sensitive to anthropogenic impacts.  

The Kafue population is perhaps the second largest in Zambia and also may have regional 

significance because the area it occupies is part of a transfrontier conservation area spanning five 

southern African countries. A significant portion of the Kafue population is made up of adults and 

the males observed were normally solitary (Becker et al 2013b). The other significant lion population 

is in Lower Zambezi where adult females here make up 50% of the population.  

There are a few formerly depleted ecosystems where lion populations are reported to be recovering. 

Conservation actions that favor recovery of large ungulate prey populations may be facilitating lion 

recovery in these areas (Kasanka Trust Ltd 2009). One such area is Lavushi Manda National Park, 

where only anecdotal lion sightings exist, but this is nevertheless in sharp contrast to decades 

without any sign of lions (Kasanka Trust Ltd 2009). Lions have never been completely extirpated 

from Liuwa Plain National Park in western Zambia, but the population appeared to be reduced to a 

single adult female by 2009 possibly due to overharvesting, wire snaring and conflict with humans 

(Chomba et al. 2014). There have since been 5 lions reintroduced to the park and 3 of them suffered 

human-induced mortalities. Nevertheless, in 2014, lions started breeding in the park, resulting in the 

first cubs in over a decade. Zambia may hold additional opportunities for recovery of stable 

populations because nearly 31% of the total area has been set aside for conservation in the form of 

national parks and game management area (GMA) networks (Becker et al. 2013b, Watson et al. 

2014). 

Despite a few bright spots of lion recovery in Zambia and elsewhere, in most places lion populations 

are in decline. This is happening even in protected areas and despite multiple lion conservation 

efforts in place to protect and recover the species. Here, I review the recent literature on lion 
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population ecology and summarize the primary factors thought to most influence lion population 

growth rates and lion distributions with an emphasis on lion populations in Zambia.  I used Web of 

Science to locate recent analyses, searching on terms [“lions” OR  “Panthera leo”] AND  [“Africa” 

OR “Zambia”] AND [“survival” OR “mortality” OR “population” OR “conservation”].  I also use 

the literature cited from the studies identified in this search to locate additional articles on lion 

conservation.  Based on the literature review from this search, I categorized the factors identified as 

threatening lion survival or reproduction into six categories: (1) encroachment/habitat loss, (2) 

retaliatory killing, (3) snaring and prey depletion (4) hunting, (5) poaching for black market sale of 

lion parts, and (6) fencing. I discuss how these factors may affect lion populations and strategies that 

are being used to mitigate their impacts.  

1.2. Primary factors associated with lion mortality, low density, and reduced reproduction 

Overwhelmingly, the primary threats lions face are anthropogenic in nature (Loveridge et al. 2007, 

Groom et al. 2014, Rosenblatt et al. 2014).  Most of the literature is composed of articles focusing 

on a singular factor, making it difficult to make relative comparisons of biological significance (Table 

1.1).   Effects of hunting on lion density or mortality rates is the best documented anthropogenic 

effect, perhaps because this effect is regulated, documented, and results in direct mortality of lions.  

Other factors include anthropogenic effects that are less regulated or illegal, making them difficult to 

quantify and link to lion demography or population dynamics.   Factors vary in how they are 

thought to influence lion populations and strategies to mitigate them.  I review these factors below.  
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Table 1.1 . A summary of literature documenting anthropogenic effects on African lion mortality, reproduction, or density. 

Encroachment Retaliatory Killing 

Snaring & Prey 

Depletion Hunting 

Poaching for 

Black Market Lion 

Parts Fencing 

Woodroffe & Ginsberg 1998 Bourn & Blench 1999 Kasanka Trust Ltd, 2009 Caro 1998 Lindsey et al. 2012a Boone & Hobbs 2004 

Becker et al. 2013a Chardonnet et al. 2010 Lindsey et al. 2013 Chomba et al. 2014 Williams et al. 2015 Creel et al. 2013 

Kasanka Trust Ltd, 2009 Hazzah et al. 2014 Loveridge et al. 2010 Creel et al. 2016  Durant et al. 2015 

Lindsey et al. 2014 Khorozyan et al. 2015 Ripple et al. 2014 Di Minin et al. 2016  Kiffner et al. 2012 

Watson et al. 2013 Manoa & Mwaura 2016 Rosenblatt et al. 2014 Edwards et al. 2014  Lindsey et al. 2011 

Watson et al. 2014 Ogada et al. 2003 Rosenblatt et al. 2016 Hunter et al. 2013  Mbaiwa & Mbaiwa 2006 

 Patterson et al. 2004  IUCN/PACA 2009  Miller et al. 2013 

 Valeix et al. 2012  Lindsey et al. 2006  Packer et al. 2013 

 Woodroffe & Frank 2005  Loveridge et al. 2007  Trinkel et al. 2010 

 Woodroffe et al. 2007  Loveridge et al. 2016a  Wilkie et al. 2001 

   Loveridge et al. 2016b  Woodroffe et al. 2014 

   Nelson et al. 2013   

   Packer et al. 2011   

   Rosenblatt et al. 2014   

   Whitman et al. 2004   

   Yamazaki 1996   
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1.2.1.   Encroachment/Habitat loss 

Sub-Saharan Africa has one of the fastest population growth rates for humans in the world (Gerland 

et al. 2014, Bradshaw and Brook 2014). Because lions are wide ranging species that require large 

areas of fairly intact habitat, the growing human population competes with existing lion populations 

for space.  This is problematic because relatively few lions can occupy large areas, population 

processes, such as gene flow, can occur on a continental scale, and a single lion pride’s territory that 

contain many resources used by humans.  In Namibia, males have been known to occupy territories 

up to 2000km2 in size, while in East Africa young males have dispersed to areas up to 200km away 

from their natal pride’s territory (Stande 1991, Funston et al. 2003).  Landscape conversion for 

previously lion habitat (Kasanka Trust Ltd 2009, Becker et al. 2013a, Lindsey et al. 2014, Watson et 

al. 2014). In many parts of Zambia where the borders of protected areas and their buffer zones are 

not well secured, encroachment is happening at a rapid pace (Becker et al. 2013a, Chomba et al. 

2014). In the Luangwa, encroachment due to habitat conversion for agriculture and charcoal burning 

results in the loss of 18 hectares of land per daylight hour (Watson et al. 2013). This has contributed 

to habitat fragmentation, which may lead to the reduction of the effective size of the protected areas 

through edge effects (Woodroffe and Ginsberg 1998).  

Given the impact of human encroachment on lion-occupied areas, there have been several calls to 

implement viable land use plans, based on lion population biology (Watson et al. 2013, Lindsey et al. 

2014, Watson et al. 2014).  For example, understanding lion territorial behavior and space use may 

lead to the identification of key areas that should be a priority for conservation. Future human 

settlements could be planned with the protection of these areas in mind. In places where habitat is 

threatened by fragmentation, maintaining connectivity between key lion areas may ensure that 

dispersal patterns are maintained. Large tracts of high quality habitat typically support larger prides 
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which in turn leads to more dispersing animals and the formation of new prides that could 

contribute to lion population stability on a regional scale (Van der Waal et al. 2009). 

1.2.2.    Snaring by-catch and prey depletion 

The illegal bush meat trade is widespread imnn many parts of Africa (Lindsey et al. 2013, Ripple et 

al. 2014). In rural areas, bush meat provides a cheap, readily available source of protein and in urban 

areas it is sold as a delicacy at nearly twice the price of beef per kilogram (Lindsey et al. 2011). In 

Zambia’s capital city, a kilogram of dry bushmeat costs ~$12, which is double the cost of the same 

amount of beef (K. Mwale, personal communication). As more people encroach into areas with 

dense wildlife, poaching has been seen to increase (Lindsey et al. 2012, Becker et al. 2013a). 

Ungulates are frequently targeted by snaring, thereby reducing the prey base available to large 

carnivores (Loveridge et al 2010, Lindsey et al. 2014). Lindsey et al (2014) reported that due to 

human encroachment and associated snaring, coupled with weak enforcement, Kafue National Park 

in central Zambia, more than twice this size of Yellowstone National Park, currently holds only 29% 

of its potential carrying capacity in terms of total prey biomass. The same has been observed in 

South Luangwa National Park and its Game Management Areas (16% and 11%, respectively) where 

wire snare poaching is high (Becker et al. 2013a, Lindsey et al. 2014). Prey depletion due to poaching 

was not seen as having a major impact on the density lions and other carnivores, but recent studies 

show that large carnivores are potentially being affected (Lindsey et al. 2014, Rosenblatt et al. 2016).  

Poaching further negatively impacts lion populations because poachers use non-selective wire snares 

and foot traps to trap small antelope, their preferred prey (Becker et al. 2013a, Lindsey et al. 2013).  

Lions get caught in snares leading to serious injuries or even death (Figure 1.1). Because male lions 

cover large distances patrolling their territories (Lehmann et al. 2008), they have a higher risk than 

females of being snared especially if their home range is near human settlements or near the 
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boundary of a protected area (Becker et al. 2013a).  Table 1.2 below shows snaring incidents I 

recorded for South Luangwa National Park and Lupande GMA between 2008 and 2015. Here, 

snared animals that were detected were chemically immobilized and their wounds treated (Table 

1.2).  Twenty-eight lions were observed carrying snares over 8 years in a population estimated to be 

approximately 95-125 lions (Rosenblatt et al. 2014).  In only 25% of those cases, did the snare 

remove on its own (Table 1.2).  

Table 1.2. Lions reported snared in and around South Luangwa National Park 2008-2015 

Year Lion reported snared De-snared Snare fell off 

2008 1 0 1 

2009 4 3 1 

2010 6 4 2 

2011 4 4 0 

2012 2 1 1 

2013 4 3 1 

2014 4 3 1 

2015 3 3 0 

TOTAL 28 21 7 

 

In the Luangwa Valley, prides occupying territories spanning both protected areas and game 

management areas face greater threat of recurring injuries from snares.  In one Game Management 

Area Pride, 5 out of 7 lions were de-snared over the course of 6 years with one lioness being rescued 

twice. In another pride, which occupies territory along the park boundary, a lioness (shown below) 

suffered fatal injuries from snares despite being de-snared twice. 
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Figure 1.1 . (a). Hotsprings pride lioness, ELI-258F being de-snared in 2013. (b). Hotsprings Pride 

lioness, ELI-258F was snared again in 2016. The lioness suffered a decapitated back left foot and 

fatal neck injuries.  

To address snaring, regular anti-poaching patrols are conducted by wildlife agencies (Lindsey et al. 

2013).  Regular patrols are costly and protected areas are underfunded in many African countries 

(Lindsey et al. 2014).  Various non-profit organizations also supplement government efforts by 

employing wildlife rangers and providing aerial support to reduce illegal activity. In 2015, law 

enforcement NGO Conservation South Luangwa (CSL) spent US $ 637,717 on protecting wildlife 

in and around South Luangwa National Park (CSL Annual Report, 2015) while snared lions were 

still being detected. National Geographic’s Big Cat Initiative through the Zambian Carnivore 

Programme, has supported anti-snaring efforts in eastern and central Zambia to help minimize 

snaring in key lion areas (M. Becker, personal communication). 

Additional initiatives have been undertaken to reduce poaching by wire snaring. Near South 

Luangwa National Park, one safari operator offers 2kgs of maize meal for every snare collected. An 

area that needs more research and experimentation is in providing alternative, culturally acceptable 
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livelihoods to discourage people from engaging in illegal activities. Concentrating on community 

economic empowerment to reduce poverty, conservation education to increase environmental 

awareness and anti-poaching efforts to reduce illegal activity in high risk areas have the potential to 

reduce snaring, thereby improving survival and promoting higher reproductive success for large 

carnivores (Lindsey et al. 2013, Becker et al. 2013a, Hazzah et al. 2014).  

1.2.3.    Retaliatory killings for livestock predation 

Livestock production has been occurring in sub-Saharan Africa for at least 1000 years and it is likely 

that human-lion conflict due to livestock depredation has been occurring for just as long (Cumming 

1982, Bourn and Blench 1999, Chardonnet et al. 2010).  Throughout much of sub-Saharan Africa, 

livestock are grazed on open, unfenced communal rangelands with shepherds and then put in 

holding pens at night (Patterson et al. 2004). Patterson et al (2004) found that lions attack livestock 

both during the day while the animals are grazing and at night when they are in kraals or holding 

pens. Although systems where lions and pastoralists co-occur with little conflict still persist (Ogada 

et al. 2003, Schuette et al 2013), livestock depredation likely worsens when wild prey are scarce 

because livestock presents a more convenient source of food (Patterson et al. 2004, Chardonnet et 

al. 2010, Valeix et al. 2012, Khorozyan et al. 2015).  

In Zambia’s Luangwa Valley, livestock production has been small because of persistent 

trypanosomiasis from dense tsetse fly (Glossina spp.) infestation. Clearing of bushes for subsistence 

agriculture, infrastructure development and human settlement has reduced habitat for the tsetse fly 

(Ducheyne et al. 2009). People are now able to keep livestock and this has increased human-lion 

conflict (L. Mwenya, personal communication), increasing the potential for retaliatory killing to 

become more significant in western Zambia.  Indeed, sanctioned, lethal control of problem animals 

reported to be attacking people or livestock by the Department of National Parks and Wildlife 
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appears to be occurring more commonly (T. Simpamba, personal communication). Between 2012 

and 2016, at least 5 lions have been controlled in the Lupande Game Management Area for livestock 

depredation, but few records of such control exist prior to 2012.  

Studying how resident lion prides and coalitions use the landscape may lead to the design and 

implementation of informed conservation decisions (Woodroffe and Frank 2005, Becker et al. 

2013a).  In areas where pastoralism has changed little, traditional practices may favor minimal 

conflict with resident lions (Ogada et al. 2003, Schuette et al. 2013).  In Kenya, where Maasai 

pastoralists have been in constant conflict with lions over livestock predation, conservation solutions 

using knowledge of territorial behavior are being implemented (Hazzah et al. 2014). The Lion 

Guardians Program in Kenya uses scientific field research techniques and local knowledge to allow 

for territorial behavior and space use patterns of local lion prides and coalitions to guide livestock 

movements.  This method has been reported to have led to a significant reduction in the number of 

livestock that is killed by the lions as well as eliminated the need for retaliatory killings through 

spearing and poisoning by the local community (Hazzah et al. 2014). Additional animal husbandry 

practices thoughtful of lion behavior have also been found to reduce livestock depredation and the 

subsequent retaliation (Ogada et al. 2003, Woodroffe et al. 2007).  

1.2.4.   Poaching lions (for bones or other parts – black market) 

Tiger (Panthera tigris) bones have been used in traditional East Asian medicine in the belief that their 

consumption strengthens bones and improves overall health (Williams et al. 2015).  However, in 

recent years tiger bones have become scarce and there has been a growing demand for lion bones to 

be used as substitutes (Williams et al. 2015).  Licenses for exporting bones have been issued mostly 

for South African captive bred lions since 2008 (Williams et al. 2015). However, there is concern 

that wild lions will be targeted to meet the demand for bones (Lindsey et al. 2012a, Williams et al. 
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2015). A full lion skeleton is reportedly worth about $2000 on the South African market and even 

more in Asia, giving poachers an economic incentive (Williams et al. 2015).  

Given the emerging threat that the legal trade in lion bones poses to wild populations, experts 

suggest strengthening regulatory measures at each stage of the supply chain in order prevent the 

export of illegal bones from wild populations (Lindsey et al. 2012, Williams et al. 2015). There are no 

reliable methods of differentiating between bones from wild sources and those from captive lion 

breeding operations. Williams et al (2015) recommend transparency in issuing export permits and 

transportation of wildlife cargo. They also suggest that cargo inspectors and freight handlers be 

trained how to distinguish between lion and tiger skulls and that reporting of hunting and export 

records should be standardized to avoid discrepancies (Williams et al. 2015). Additional research is 

needed to understand the extent to which the lion bone trade may be affecting populations and 

collaborate to control the trade in lion bones (Lindsey et al. 2012a, Williams et al. 2015). 

1.2.5.   Fencing/Habitat Fragmentation 

Due to sharp, continent-wide declines in lion populations in the past 30 years and the growing 

threats the species is facing, fencing protected areas and core lion habitat has recently been proposed 

as a principle conservation measure to protect the species (Packer et al. 2013). Packer et al. (2013) 

argue that fences have the potential to increase the lion carrying capacity of protected areas because 

they may reduce human encroachment into lion, lethal control of problem animals due to livestock 

predation, snaring and other threats faced by lions inhabiting unfenced ecosystems. By eliminating 

or reducing the threats mentioned above, fencing may be instrumental in preventing local 

extirpation in many places and promote persistence across most of the species’ current range 

(Packer et al. 2013).  
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Although fences can be a valuable management tool in conservation (Kiffner et al. 2012), there are a 

variety of social, ecological and economic issues associated with fencing wildlife areas that are often 

raised. The initial cost for erecting fences is very high and most governments cannot afford to cover 

these costs (Wilkie et al. 2001, Creel et al. 2013). Packer et al (2013) report that $3000 would be 

required to erect a 1km stretch of fence, but predator-proof fences can cost up to $7250/km to 

construct (Lindsey et al. 2011). In addition to the initial set up costs, there are also maintenance 

costs that are estimated at ~$320/km per year (Lindsey et al. 2011). The material making up the 

fence is also of primary concern. The most common material used is steel and barbed wire and this 

has been found to provide poachers with materials for making snares, potentially countering any 

conservation benefits of fencing (Lindsey et al. 2011). 

From an ecological standpoint, fences have been found to disrupt natural ecological processes such 

as the migration of ungulates (Mbaiwa and Mbaiwa 2006, Lindsey et al. 2011, Woodroffe et al. 

2014). Fences may deprive animals of key hunting and breeding sites because animals may not be 

able to move back and forth across landscapes they have previously had access to (Boone and Hobb 

2004, Mbaiwa and Mbaiwa, 2006, Durant et al. 2015).   Fences may also disrupt the dispersal 

patterns of animals from source populations to new areas (Lindsey et al. 2011).  Without direct 

human intervention, fences may reduce gene flow between different populations, which may 

decrease genetic diversity and increase potential for inbreeding depression (Caughley 1994, Hayward 

et al. 2007, Trinkel et al. 2010). Fences are also likely to lead to the isolation of small populations. 

This is a concern because small, isolated populations are known to be more sensitive to 

environmental and demographic stochasticity (MacArthur and Wilson 1967, Caughley 1994). For 

instance, small populations are inherently prone to extinction in the event of an epidemic or extreme 

weather conditions (Miller et al. 2013) 
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Taking into account the economic and ecological costs of fencing protected areas, other scientists 

are of the view that better strategies should be explored for the management of vulnerable lion 

populations (Creel et al. 2013, Durant et al. 2015).  For example, working with communities to 

develop better animal husbandry techniques has been found to significantly reduce mortalities due 

to retaliatory killings and problem animal control (Groom et al. 2014, Manoa and Mwaura 2016). 

Developing land use plans that promote sustainable community development and the maintenance 

of lion habitat may also minimize the human-lion conflict that comes from encroachment. 

1.2.6. Trophy Hunting 

Trophy hunting occurs in 23 countries in sub-Saharan Africa, and a significant portion of land (~1.4 

million km2) in these countries is designated for this purpose (Lindsey et al. 2006, Lindsey et al. 

2012b). It is often argued that hunting is an important conservation tool which allows large tracts of 

land to be set aside for conservation, protecting habitat for many species (IUCN/PACA 2009, 

Lindsey et al. 2012b, Di Minin et al. 2016). As a land use form, trophy hunting is viewed as less 

destructive when compared to other land-uses such as commercial agriculture, which may result in 

habitat loss and fragmentation (Lindsey et al. 2006, Lindsey et al 2012). In addition, some hunting 

operators fund or conduct anti-poaching operations, which reduces the frequency of poaching and 

snaring (IUCN/PACA 2009). Trophy hunting may allow wildlife-based economies to occur in 

places where infrastructure and wildlife densities may not support photographic tourism (Lindsey et 

al. 2006, Di Minin et al. 2016). Furthermore, hunting may help build local support for conservation 

because of the economic incentives it provides and its potential to help reduce human-wildlife 

conflict through problem animal control (Lindsey et al. 2006).  

There is disagreement among NGOs, governments and conservation agencies regarding the 

economic benefits of hunting (Lindsey et al. 2006). A report by the IUCN stated that as a land-use 
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form, hunting makes an insignificant contribution to the GDP of most countries where it occurs 

relative to the land area that is designated to the activity (IUCN/PACA 2009). For example, in 

Zambia, where 21% of the country is occupied by hunting areas, trophy hunting contributes only 

about 0.05% to the national GDP (IUCN/PACA 2009). However, a higher portion of the hunting 

revenue is more likely to remain in the countries where hunting occurs when compared to photo-

tourism. For instance, 33% of hunting revenue in Tanzania remained with government agencies, 

while only 8% of photo-tourism revenue went to the state (Lindsey et al. 2006). Similarly, in 

Botswana, only 27% of photographic safari revenue remain in the country, whereas 75% of hunting 

revenues do not go overseas. Lindsey et al. (2006) also state that, while hunting usually generates 

high revenues from relatively fewer operators than photographic tourism when compared on a per 

client basis, the latter brings in more income and employment opportunities to local people.

The role of hunting in achieving conservation goals may be undermined by several factors. For 

example, hunting quotas are often set with limited demographic data on hunted populations (Di 

Minin et al. 2016).  Quotas are preferable hunting management strategy from the market’s 

standpoint owing to the predictability and consistency they represent for operators in forecasting 

operational costs and profitability.  However, quotas may lead to negative impacts on populations 

when harvest exceeds recruitment rates (Lindsey et al. 2006, Di Minin et al. 2016).  Corruption and 

inadequate monitoring threaten the ability to correctly implement even sound harvest management 

plans that, on paper, appear to minimize the risk of overharvest (Caro 1998, Lindsey et al. 2012b, 

Chomba et al. 2014, Di Minin et al. 2016) 

1.2.6.1. Trophy hunting and its impacts on lion populations 

In most parts of Africa, only males are harvested outside protected areas or on private reserves. In a 

few systems where trophy hunting is well-regulated and monitored, mostly private reserves and 
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communal conservancies in southern Africa, lion populations appear stable (Hunter et al. 2013, 

Nelson et al. 2013, Edwards et al. 2014). Poorly regulated hunting, where quotas are higher than 

recruitment rates, has been linked to population declines, male depletion and an increase in 

frequency of coalition takeovers and infanticide (Yamazaki 1996, Whitman et al. 2004, Loveridge et 

al. 2007, Packer et al. 2011, Creel et al. 2016).  Overharvesting may also increase the frequency of 

‘delayed infanticide’- mortality caused by the eviction of inexperienced juveniles from their natal area 

by incoming coalitions (Elliot et al. 2014). A recent study found that all animals under three years of 

age, which were forced to disperse after a coalition takeover died right after dispersing. Although the 

selective removal of males has been linked to population-wide impacts, some scientists claim that 

more research needs to be conducted to determine true impact of trophy hunting on lion group 

sociality and population dynamics (Lindsey et al. 2013). Recent studies provide mounting evidence 

that trophy hunting has negative impacts on lion populations, including reducing survival across all 

sex and age classes as observed in Zimbabwe (Packer et al. 2011, Loveridge et al. 2016a, Loveridge 

et al. 2016b). 

Given the growing concern around the conservation status of the African lion, hunting the species 

has become a controversial issue (Lindsey et al. 2012b, Chomba et al. 2014, Di Minin et al. 2016). 

The death of a famous lion named Cecil in Zimbabwe in 2015 has broadened the pool of 

stakeholders weighing in on costs and benefits of lion hunting, with a growing trend towards 

weakening support for the industry (Di Minin et al. 2016). Several European countries, including 

France and the Netherlands have banned importation of lion trophies (Bale, National Geographic 

News 2015). The United States has recently listed lions in the Endangered Species Act and trophies 

will only be imported from areas that show evidence of sustainable hunting practices through a 

“functioning monitoring system”, but the agency is vague on details of what constitutes a sufficient 

monitoring program (United States Fish and Wildlife Service, 2015).  
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Despite all the controversy and proposed policy changes in the regulation of lion hunting, support 

for the practice still exists (Lindsey et al. 2012b, Di Minin et al. 2016). The rationale is that lions are 

one of the main attractions for big game hunters and banning lion hunting may have a negative 

impact on the safari hunting industry as a whole (Yamazaki 1996, Lindsey et al. 2012b). Since 

licenses to hunt lions are some of the most expensive, banning lion harvest may reduce the 

economic viability of trophy hunting in some areas. This may, in turn, reduce community support 

for conservation as there would be no economic incentives to protect the species (Lindsey et al. 

2012b). More destructive land use activities would replace hunting, which is detrimental to the 

protection of many species (Lindsey et al. 2006, Lindsey et al. 2012b). Furthermore, since lions are 

top earners for wildlife management agencies in many countries, removing this source of income 

would curtail smooth operation of conservation activities that depend on hunting revenue (Lindsey 

et al. 2012b). Consequently, several stakeholders have called attention to the need to identify suitable 

alternatives to lion trophy hunting before banning the practice altogether.  

Suggested solutions to the dilemma are reduced quotas and better monitoring of trophy hunting 

(Lindsey et al. 2012b, Loveridge et al. 2016a). Age-based harvesting, where only animals of a certain 

age are hunted, has also been promoted as a method for ensuring trophy hunting is sustainable 

(Whitman et al. 2004). Direct infanticide may be minimized as the average length of coalition tenure 

is increased through strict age-based harvesting where only post-reproductive animals are hunted 

(Lindsey et al. 2013). However, Creel et al (2016) argue that age-based harvesting may only be 

effective when applied to growing, well protected populations that are not experiencing the main 

threats affecting lions in many parts of Africa.  Using data from the Luangwa lion population which 

is experiencing a variety of anthropogenic threats, Creel et al (2016) showed that the continuous 

hunting of males below the age of 7 years may lead to the decline of the population over a period of 

25 years. They concluded that for lion hunting to be sustainable, there has to be a combination of 
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strict age-based harvesting (hunting only males 7 years or older) with resting periods for the 

population to recover approximately every 3 years.  

1.2.6.2. Lion hunting in Zambia 

In Zambia, lion hunting is conducted in game management areas and the buffer zones bordering 

South Luangwa, Lower Zambezi and Kafue National Parks are considered prime hunting areas 

(Becker et al. 2013b, Chomba et al. 2014). Because of the lion population declines observed in 

different parts of Zambia and reported corruption in the hunting industry, the government imposed 

a countrywide ban on lion hunting in January 2013 (Chomba et al. 2014). The lack of sufficient data 

on lion population dynamics in a significant portion of the country was cited as one of the major 

contributing factors in the implementation of the ban (Chomba et al. 2014).  

Zambia is one of the top 4 producers of lion trophies in Africa and revenue from these trophies 

helps fund activities of the Department of National Parks and Wildlife (Chomba et al. 2014). Trophy 

hunting was reopened in 2016 following recommended harvest quotas of 1 lion/1000km2 in the 

high lion density areas and 0.5 lions/1000km2 elsewhere (Lindsey et al. 2012b). As trophy hunting 

has resumed in the country following listing by the U.S. Fish and Wildlife Service, there is greater 

need to implement better monitoring of harvest and lion population dynamics. 

1.3. Primary challenges in guiding lion conservation  

Lion populations are declining and the causes appear to be numerous, but quantifying the effect of 

any single cause rarely occurs.  Nevertheless, long-term monitoring of lion populations and more 

recent research that combines monitoring data across several ecosystems has affirmed that prey 

depletion linked to illegal bush meat trade, wire snare poaching, habitat loss due to human 

encroachment, retaliatory killing and poorly regulated hunting can all be significant depressors of 

lion population growth. Understanding the biological significance of each of these factors has 
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become a primary focus of international conservation groups and government organizations, though 

these efforts are hindered by logistic and conceptual challenges (Bauer et al. 2015).  Even informal 

assumptions of lion abundance or distribution is lacking in many parts of sub-Saharan Africa (Bauer 

and Van Der Merwe 2004).   

Lions are challenging to survey due to their secretive behavior (Bauer et al. 2015). Residual lion 

populations are now primarily found in areas with dense vegetation and rough terrain further 

reducing the detectability of animals, impairing the mobility of researchers, widening the precision of 

demographic estimates, and increasing the amount of financial resources required to complete basic 

surveys (Ferreira and Funston  2010, Bauer et al. 2015).  Many of the population estimates available 

are haphazard guesses or have been obtained indirectly through models based on availability of prey 

and other resources (Riggio et al. 2013, Groom et al. 2014, Bauer et al. 2015). These types of 

estimates have been shown to be unreliable, often overestimating abundance (Groom et al. 2014).  

Because of the complexity of the social, economic and ecological factors affecting lion conservation 

and the uncertainty regarding dynamics in any population, there is no general solution to lion 

conservation.  Studies which utilize better methods for making reliable estimates of lion abundance, 

trend, and demography in Africa are urgently needed.  As the human population continues to grow 

and anthropogenic pressure on lions and their habitats increases, it is important to study lions 

inhabiting challenging landscapes and their responses to various management interventions. 

Studying these populations can help guide management of apex predators in increasingly human-

altered ecosystems worldwide.  

 

 

 



28 
 

 

Chapter 2- Description of Luangwa Lion Demography Before and After a Ban on Hunting 

2.1 Introduction 

With the exception of the Asian subspecies, African lions (Panthera leo) are the only social big cats 

(Kleiman and Eisenberg 1973, Hanby and Bygott 1987) and social dynamics are thought to have 

played an important role in lion evolution and the dynamics of their populations (Mosser and Packer 

2009).  Female lions live in groups made up of closely related adults and their offspring (Packer and 

Pusey 1983, Van Orsdol et al. 1985). Large prides sometimes break up into several sub-groups to 

reduce intraspecific competition (Van der Waal et al. 2009, Van Orsdol et al. 1985). The gestation 

period is around 3.5 months, after which, on average 3 cubs are born. Young males are evicted from 

the group at around the age of 4 years, whereas the majority of the females tend to stay in the pride 

(Hanby and Bygott 1987, Pusey and Packer 1987). The average pride size is 4.6 adult females, but 

can range between 1-21 lionesses (Mosser and Packer 2009).   

There is no obvious hierarchy within prides though older females often lead hunts and protect 

young cubs from attacks by interloping males or other carnivores (Parker and Pusey, 1983, Packer a 

Pusey, 2001, Van der Waal et al. 2009). Pride females are synchronous breeders and multiple litters 

may nurse from several mothers thereby increasing chances of survival (Bertram 1973). An optimum 

number of females for maximizing individual reproductive success has been found to vary across 

systems (Packer et al. 2005, Van der Waal et al. 2009). Reproductive success appears maximized at 3-

6 females in grasslands and 3-11 females in woodland habitats. Prides smaller than 3 females, may be 

less successful at defending territories and experience lower reproductive success (Packer et al. 2005, 

Van der Waal et al. 2009). It was long thought that lions lived in groups to increase kill rates when 

hunting large prey such as buffalo (Syncerus caffer) and kudu (Tragelaphus strepsiceros), but later studies 

showed the ability to defend valuable breeding and hunting territory from other prides was 
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important (Packer et al. 1990, Mosser and Packer 2009). Large prides tend to occupy quality habitat 

such as river confluences, which are associated with higher cub survival and foraging efficiency 

(Mosser and Packer 2009). Anthropogenic factors that influence the frequency of territorial disputes 

or the number of lions contributing to territorial defense, could influence reproductive success and 

mortality.     

Male social groups, called coalitions, are usually made up of 1-9 closely related individuals (average is 

2-3 males) who have left or been evicted from their natal pride (Hanby and Bygott 1987, Mosser and 

Packer 2009, Stander 1991). In some cases, coalition males are formed by unrelated nomadic 

singletons (Hanby and Bygott 1987, Packer and Pusey 1982). After gaining control of a pride, 

incoming males maximize their fitness through infanticide (Pusey and Packer 1994). Territorial 

behavior in coalitions is characterized by patrolling, roaring, scratch and scent marking as well as 

physical aggression (Grinnell and McComb 2001, Mosser and Packer 2009). Large coalitions acquire 

high quality territories sooner and have tenure over prides for longer (Bygott et al. 1979, Hanby and 

Bygott 1987). Coalitions are short lived naturally, usually defending a territory for about two years, 

just long enough to raise a cohort to sub-adulthood when the risk of infanticide is reduced.   In 

more stable lion populations, coalitions have been observed to stay as long as 4 years (Stander 1991). 

Alternately, in areas with low male survival due to conflict with humans or poorly regulated trophy 

hunting, coalitions are smaller and breeding tenure is shorter, only 12-18 months (Yamazaki 1996). 

Because inter-coalition competition for territories is very intense and violent, it is advantageous for 

individuals to be in a coalition (Grinnell et al. 1995). The benefit of sociality for related males is that 

at least some shared genetic material is passed on regardless of which male fathers the cubs. For 

unrelated males, the benefit of being in a group comes mainly from being able to hold a territory 

with the help of other males, potentially increasing survival and future mating opportunities. By 

protecting cubs from nomadic intruders, coalitions have an essential parenting role (Grinnell 1995).  
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Anthropogenic factors that disrupt the breeding tenure of males may lower overall lion reproductive 

success. Lion mortality arising from anthropogenic effects is thought to directly affect lion 

population growth and persistence, but additional demographic effects arising from this mortality 

propagated via disruption of lion social structures have been little explored.    

While many anthropogenic sources of mortality have been identified, trophy hunting of male lions is 

a primary mortality cause in some populations (Rosenblatt et al. 2014).  Trophy hunting of male 

lions has been associated with low lion densities, suggesting broad demographic impacts beyond just 

males (Loveridge et al. 2016a).  The effects of hunting on lion populations has been difficult to 

isolate owing to confounding variation in hunting intensity with other factors and challenges 

associated with population monitoring in small, sparse, and secretive lion populations.  In 2013, the 

government of Zambia, banned all hunting of leopards and lions, but resumed hunting in 2016.  The 

ban allowed for a rare opportunity to quantify demographic responses to the immediate cessation of 

trophy hunting of males.  I used a long-term dataset built on detections of 386 individually 

identifiable lions in and around South Luangwa National Park, Eastern Province to quantify the 

effect of hunting on lion apparent survival, age and sex composition and population density.  

2.2 Study area  

I monitored lions along the eastern portion of South Luangwa National Park (SLNP) and the 

adjacent Lupande and Lumimba Game Management Areas (GMA) (collectively, 2775 km2), which 

provide for photo tourism and trophy hunting of lions, respectively.  The 9050km2 SLNP, is found 

in north-eastern Zambia in the Luangwa river valley (31º50'E-32º5'E, 12º50'S-13º05'S) (Yamazaki 

1996). The valley has elevation ranging from 500-800m, and experiences two main seasons; hot, wet 

summers (November-early April) and dry winters (May-October) (McIntyre, 2004). The most 

common vegetation types in the valley include  
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i. Mopani (Colophospermum Mopani) woodlands which are most common at lower elevations 

on poor, dry soil. 

ii. Miombo woodlands in the higher elevation mainly comprised of deciduous trees of the 

genus Brachystegia (Lewis 1984).  

iii. Scrubland is made up of Combretum obovatum bushes with some Acacia and Terminalia 

species and is water logged during the wet season (Astle et al. 1969).  

iv. Open grasslands have either tall or short grass and most are seasonally flooded 

v.  Riparian woodlands are usually dense with large trees such as the African ebony 

Diospyros mespiliformis and the Natal mahogany Trichilia emetica (Lewis 1984, McIntyre, 

2004).  

The SLNP and its GMAs has one of Zambia's highest concentrations of wildlife (Wainright and 

Wehrmeyer 1996). Settlement is prohibited in the national park; the main human use of the land 

being photographic safaris for tourists. In the neighboring GMAs, there are 6 chiefdoms of the 

Kunda people and consumptive tourism in the form of male lion trophy hunting is permitted 

(Wainright and Wehmeyer 1996). While some local residents are partially or fully dependent on the 

tourism industry, others depend on subsistence agriculture. 

2.3 Methods 

Lion monitoring and individual identification and detection were described previously (Rosenblatt et 

al. 2014). Briefly, I recorded all lion sightings from intensive monitoring of individually identifiable 

lions in 19 prides and 15 male coalitions from 2008 to 2015.   Lions were individually identified 

using whisker-spot patterns, scarring, and tooth breakage, matching sighted lions or photographs 

against a catalog of each known lion photographed from several angles (Pennycuick and Rudnai 

1970, Becker et al. 2013a).  One adult female lion was radio-collared in each of 19 resident prides 
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and one adult male lion in each of 4 resident male coalitions, using a combination of VHF and GPS 

collars with permission from the Zambia Department of Veterinary and Livestock Development 

and the Department of National Parks and Wildlife (formerly Zambia Wildlife Authority).   

Sightings of individually identifiable lions in uncollared prides and coalitions occurred frequently and 

I considered presence or absence of a collar in the group in my analysis.  Sightings and photographs 

from commercial safari guides and photographs from visitors that allowed for unambiguous 

identification of a lion provided additional detections.  Intensive monitoring was difficult during the 

rainy season when roads became impassable and I restricted sightings to the drier 8-month dry 

period (April–November). 

I used established standards for nose-pigmentation pattern, tooth wear and coloration, and facial 

scarring to estimate the ages of individuals first identified as adults (Whitman et al. 2004, Whitman 

and Packer, 2007), after validating the accuracy of standards against known-age individuals.  Lions 

were then assigned to an age class (0–1 years old), sub-adult (2–3 years old), sexually-mature young 

adult (4–5 years old), prime adult (6–7 years old) and old adult (8+ years old). When possible, causes 

of mortality were determined via necropsy and reports from trophy hunting concessions which 

noted the time and location of each male lion killed.  When an individually identifiable male lion was 

never detected following the report of a harvested male within that lion’s home range I attributed 

the disappearance to hunting mortality. 

I used a Cormac-Jolly-Seber model to estimate age and sex-specific annual apparent survival rates 

and detection probabilities in RMark (Laake, 2013).  Each year’s eight monthly encounter histories 

(scoring detections as 1 or 0 for each month, April-November) were collapsed into two, four-month 

long occasions to stay consistent with the method used by Rosenblatt et al (2014). Over the span of 

this study, 2008-2015, this collapsing resulted in detection histories for 16 occasions (8 years × 2 
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occasions per year).  I fit a model that was previously identified as the best fitting model from a 

candidate set based on Akaike’s Information Criterion using detection histories from 2008-2012, 

prior to the ban (Rosenblatt et al. 2014).  Lion age classes were coded as four separate indicator 

variables (0 or 1) for sub adult, young adult, prime adult, and old adult age classes.  Additional 

heterogeneity in capture probability and survival based on sex was allowed using indicator variables 

for gender-specific age classes, but I pooled some age classes.  I assumed the effects of gender 

would not vary amongst the three adult age classes (young adult, prime adult, and old adult) but 

would vary amongst cubs and sub-adults because cubs have high mortality and sub adult males tend 

to disperse.   

For detection probability (but not survival), I allowed for additional heterogeneity based on whether 

or not the lion ever associated with a group that contained at least one radio-collared lion using three 

indicator variables allowing the effect of association with a collared group to vary across the same 

pooled age classes as used for modelling gender effects (Table 2.1).  Finally, the effects of 

association with a collared lion on capture probability on each pooled age class was also allowed to 

vary across gender in each pooled age class using three additional indicator variables (Table 2.2).  I 

modified the original model by allowing survival and detection probability to vary with the change in 

hunting regulations using a coded time-dependent hunting state variable (2008-2012 = 1, 2013-2015 

= 0). 

Because cubs are almost never detected at birth, and mortality is likely very high in the first few 

weeks of life, my estimates for cub survival were expected to be biased high.  When interpreting 

model output, I further differentiated cubs (0-23 months) into two age classes: cub0 (0-11 months) 

and cub1 (12-23 months).  To estimate cub0 survival and detection probability, I corrected the 

estimate for cub survival using exponentiation based on the average age of cubs at first detection 
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[exponent = 12/(12–average age in months at first detection)].  This approach only accounts for 

condition that first-year cubs were almost never monitored for an entire year (see Results) but 

assumes that survival in the first few months of the first year are comparable to the last few months 

of the first year, and cub0 survival estimates may still be biased.  

I fit the best supported model from Rosenblatt et al (2014), which included effects of age class and 

sex on apparent survival (ϕ) with the effects of sex pooled across all adult age classes and effects of 

age class and sex and the presence of at least one radio-collared lion in the group on detection (p) 

with effects of sex, collar association, and their interaction pooled across all adult age classes.  I then 

asked whether or not there was evidence for a hunting effect and interactive effects between hunting 

and sex by adding these terms to six additional models and comparing models using AICc (Table 

2.3). 

Table 2.1. Example of coding used for indicator variables to model heterogeneity in lion survival 

based on individual covariates.  The effect of hunting on annual survival was also estimated 

using a time-dependent indicator variable. 

Individual Subadult Young 

Adult 

Prime 

Adult 

Old 

Adult 

Male 

Cub 

Male 

Subadult 

Male 

Adult 

female-cub  0 0 0 0 0 0 0 

female-young adult 0 1 0 0 0 0 0 

male-old adult 0 0 0 1 0 0 1 
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Table 2.2. Example of coding used for indicator variables to model heterogeneity in lion detection probability based on individual covariates.  

The effect of hunting detection probability was also estimated using a time-dependent indicator variable. 

Individual Subadult Young 

Adult 

Prime 

Adult 

Old 

Adult 

Male 

Cub 

Male 

Subadult 

Male 

Adult 

Cub 

Collar 

Subadult 

Collar 

Adult Collar Male Cub 

Collar 

Male Subadult  

Collar 

Male Adult 

Collar 

female-cub with 

collared pride  

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

female-young adult 

with uncollared 

pride 

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

male-old adult with 

collared pride 

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

 

Table 2.3. Candidate set of lion survival models testing for effects of hunting and accounting for 

imperfect detection. 

Model 

1. Best supported model from Rosenblatt et al. (2014) which considered age class and sex effects on 

apparent survival (ϕ), on detection probability (p) and also an association with radio-collared 

animals on p. 

2. Best supported model with uniform additive hunting effect on ϕ and p 

3. Best supported model with uniform additive hunting effect on ϕ only. 

4. Best supported model with uniform additive hunting effect on p only. 

5. Best supported model with hunting effect ϕ and p that can vary across sex and age classes. 

6. Best supported model with hunting effect on ϕ that can vary across sex and age classes. 

7. Best supported model with hunting effect on p that can vary across sex and age classes. 
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2.4. Results 

2.4.1    Sex and age structure of uniquely identifiable lions 

The total number of unique lions in the database for the period between 2008 and 2015 was 386. 

The number of unique animals observed each year steadily increased from 88 individuals in 2012 to 

197 lions in 2015 (Figure 2.1). 

 

Figure 2.1. Number of individually-identifiable lions observed in South Luangwa National Park 

(where hunting has never been allowed) and the associated Game Management Areas, where 

hunting was banned from 2013-2015. 

From 2008-2012, the population showed generally similar proportions of males and females in the 

cub (0-1 yrs) and sub adult (2-3 yrs) stages (Figure 2.2). In the rest of the adult age classes, there 

were markedly fewer males than females with old adult females making up a significant portion of 

the population (Figure 2.2). In 2012 and 2013, there were no males detected that were 8 years old or 

older but there were many males in the younger age classes. In all 3 years during which the hunting 

ban was in place, cubs made up a large portion of the observed lion population.  
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Figure 2.2. Age and sex structure of individually identifiable lions in the study area in South 

Luangwa National Park from 2008-2015. 

2.4.2 Post hunting ban mortalities 

In the absence of hunting, there were few known cause mortalities. Most often animals disappeared 

without explanation. The only known death of a prime aged male lion during the hunting ban was 

due to disease. The lion, who suffered from a severe skin condition, progressively lost weight over 

the course of 1 year. Some (n=5) very old females (aged 8+ years) that disappeared from the 
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observed population may have died of natural causes. Two old adult females (8+ years old) are 

known to have died from injuries caused by buffalo. A carcass of a prime adult female was found 

but the cause of death is unknown. Cubs that disappeared were presumed dead with cause of death 

unknown. The only cases of cub mortality with known cause of death were one cub that died from 

snaring injuries, six due to infanticide and two due to suspected anthrax cases. 

2.4.3 Reproduction 

Compared to 2012, before the ban on trophy hunting was implemented, the number of observed 

cubs more than quadrupled in 2013 (Table 2.3). In 2014 and 2015, cub production was maintained 

at over three times the numbers in 2012.  

 

Figure 2.3. New individually-identified cubs recorded from 2008-2015 

There were significantly more litters observed during the post-ban period than the pre-ban period 

(averages of 15.7 and 10, respectively) as shown in Table 2.4.  

Table 2.4. Table showing the number of litter observed and average litter size (2008-2015) 
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Year Litters observed Average litter size 

2008 19 2.0 

2009 10 2.2 

2010 8 2.4 

2011 8 3.0 

2012 5 2.0 

2013 19 2.4 

2014 15 2.3 

2015 13 2.8 

 

During the post-ban period the average age at first detection for cubs was 5.3 months compared to 

4.3 months in 2008-2012, prior to the ban. Prides whose territories were primarily in the park were 

larger, and therefore produced more cubs regularly, than the prides in the Game Management Areas. 

A histogram showing frequency of age at first detection for all known cubs was plotted (Figure 2.4). 

The number of cubs observed starts out low (0-2 months) because very few cubs are detected at a 

young age because the detection probability is low.  Lion become mobile after the age of 2 months 

and this increases detection probability. Therefore, most cubs are first detected at 2-4 months. The 

number of cubs decreases after four months because of low survival. 
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Figure 2.4. Plot frequency of age when all known cubs were first detected. Detection increases after 

the first two month because that is when cubs become mobile. 

2.4.4 Detection Probability 

 Overall, detection probabilities were generally high, but depended on sex, age, association with a 

collared group, and time period (pre and post-ban on hunting).  Detection probability tended to be 

lower in cubs, female lions, and lions associated with uncollared groups, as expected (Figure 2.5).  

Accounting for this variation in detection probability should have allowed for unbiased estimation 

of apparent survival. 
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Figure 2.5. Annual detection probability for lions in and around South Luangwa National Park as 

estimated by a Cormack-Jolly-Seber model of apparent annual survival.  Lions associating with 

collared individuals were more detectable, but mostly for females.  The effect of hunting on 

detection probability cannot be solely attributed to a behavioral response to trophy-hunting as 

temporally confounded variation in search effort (e.g., increased logistical support throughout the 

study) could also be involved.  

2.4.5    Apparent annual survival pre and post ban 

The original model developed by Rosenblatt et al. (2014) using only data from 2008-2012, prior to 

the hunting ban, was no longer supported when models that included an effect of the hunting ban 

were used (Table 2.5).  The top three models performed similarly, therefore I estimated the annual 

apparent survival using the most complex model that considered variation in hunting effects across 

sex and age class, which was of interest. Most importantly the effect of hunting on survival was 

consistently negative (Table 2.6). Age and sex specific survival for both the post pre and post ban 
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period is shown in Figure 2.6.  Apparent annual female survival averaged 2.7% higher across all age 

classes (range: 1.4% in prime adults to 4.0% in old adults) during the hunting ban. All age classes for 

males experienced higher apparent survival during the hunting ban averaging a 15.8% increase 

(range: 4.4% in cubs to 23.1% in old adults). Sub adult and all adult male age classes showed large 

increases (>13.1%) in apparent annual survival.  

Table 2.5.  Performance of seven Cormack-Jolly-Seber models of apparent survival to evaluate 

the effects of a three-year hunting ban implemented after five years of prior monitoring.  Base 

model is the best model from Rosenblatt et al (2014) considering effects of age class and sex on 

apparent survival (ϕ) as well as the effects of sex and presence of a collar (and their interaction) 

on detection (p) were modelled as constant for all adult age classes (young adult, prime adult, 

and old adult).  Hunting effects were modeled as a time dependent additive effect and as an 

interaction with sex-age classes effecting ϕ or p or both parameters, simultaneously. 

Model Parameters Delta 

AICc 

AICc weights 

Base Model + hunting effect on ϕ and p 24 0.00 0.336 

Base Model + hunting and sex*hunting effect on p 26 0.03 0.330 

Base Model + hunting and sex*hunting effect on ϕ and p 30 0.64 0.244 

Base Model + hunting effect on p 23 2.62 0.090 

Base Model + hunting effect on ϕ  23 44.39 0.000 

Base Model + hunting and sex*hunting effect on ϕ 26 48.76 0.000 

Base model 22 49.21 0.000 
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Table 2.6. Coefficient estimates from a Cormack-Jolly-Seber model considering the effects of sex, 

age class, association with a collared lion, and hunting status on apparent survival (ϕ) and 

detection (p) of lions. 

Parameter 
Coefficient 

Estimate SE 

Lower 

95% CI 

Upper 

95% CI 

      

Φ cub (reference state is female) 1.68 0.28 1.14 2.23 

Φ subadult (reference state is female) 2.22 0.41 1.41 3.02 

Φ young adult (reference state is female) 2.46 0.37 1.72 3.19 

Φ prime adult (reference state is female) 2.83 0.48 1.88 3.78 

Φ old adult (reference state is female) 1.46 0.27 0.94 1.98 

Φ hunting adjustment -0.25 0.29 -0.81 0.32 

Φ male cub adjustment -0.39 0.44 -1.24 0.46 

Φ male subadult adjustment -0.86 0.67 -2.17 0.46 

Φ male adult adjustment -0.70 0.57 -1.82 0.42 

Φ male cub hunting adjustment 0.00 0.54 -1.05 1.05 

Φ male subadult hunting adjustment -0.81 0.65 -2.09 0.48 

Φ male adult hunting adjustment -0.72 0.69 -2.06 0.63 

p female cub 0.47 0.31 -0.13 1.07 

p female subadult 0.00 0.27 -0.54 0.54 

p female young adult -0.24 0.20 -0.64 0.16 

p female prime adult -0.36 0.20 -0.75 0.03 

p female old adult 0.04 0.19 -0.32 0.41 

p hunting adjustment -1.12 0.16 -1.44 -0.81 

p male cub adjustment 1.09 0.66 -0.21 2.38 

p male subadult adjustment 1.35 0.62 0.13 2.57 

p male adult adjustment 1.11 0.29 0.53 1.68 

p male cub hunting adjustment 1.25 0.45 0.37 2.12 

p male subadult hunting adjustment 1.59 0.37 0.86 2.32 

p male adult hunting adjustment 2.48 0.43 1.64 3.32 

p cub collar association adjustment 1.20 0.38 0.46 1.95 

p subadult collar association adjustment 1.78 0.33 1.14 2.43 

p adult collar association adjustment 2.37 0.21 1.96 2.78 

p male cub collar association adjustment -0.20 0.64 -1.47 1.06 

p male subadult collar association adjustment -1.08 0.59 -2.24 0.08 

p male adult collar association adjustment -2.92 0.45 -3.79 -2.04 
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Figure 2.6. Age and sex specific apparent survival of lions before and after the hunting ban. 

 

2.5 Discussion 

The number of unique lions observed during the post ban period was consistently higher when 

compared to the numbers of observed lions in 2012. This was possibly because male mortality due 

to trophy hunting was eliminated such that males that would have been harvested survived to be 

detected and potentially breed. However, increases in detection probability (Figure 2.5) may have 

also played a role. During the hunting ban, I identified eight new males ranging in age between 4 and 

8-years in the intensive study area resulting in a number of new nomadic coalitions. During the pre-

ban period, the sources of mortality observed were in line with the major threats lions face in 

ecosystems across Africa, with trophy hunting being the main cause of mortality for males 

(Rosenblatt et al. 2014) but hunting mortality can be compensatory. During the post-ban period, the 
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only known cause of death was disease for one male for whom mortality was confirmed.  The 

increase in adult male lion survival strongly suggests hunting mortality is at least partially additive. 

The presence of nomadic coalitions in the area also caused a change in space use by prides with 

cubs. Some prides avoided certain areas possibly to minimize the risk of infanticide which can 

increase as new males move in (Whitman et al. 2004, Loveridge et al. 2016a). Nevertheless, I did not 

detect a decline in cub survival. 

The increase in the number of litters may have been due to an increased availability of breeding 

males to breeding females. Where trophy hunting has been suspended in other areas, the number of 

cubs has been observed to increase (Whitman et al. 2004). In my study population, the number of 

cubs was highest in 2013. This was likely because lions have an inter birth interval of about two 

years (Mosser and Packer 2009), and a good number of cubs in the 2013/2014 cohort had survived. 

For prides that had a resident coalition for most of the duration of the hunting ban, cub survival was 

high. Male lions have been known to provide parenting services indirectly because the longer a 

coalition’s tenure over a pride, the lower the risk of infanticide due to interloping males (Whitman et 

al. 2004, Elliot et al. 2014).  Higher male survival likely implies longer tenure of coalitions and 

reduced infanticide. 

The average age at first detection of young cubs was later than that reported by Rosenblatt et al. 

(2014). This is because possibly because it took longer to detect cubs from prides that occupied 

territories on the edge of my intensives study area despite the presence of aerial tracking support. 

Age at first detection may have also increased because some prides (n=2) were detected for the first 

time during the post ban period with cubs older than 12 months.  Increased detection probability 

may have resulted from behavioral responses in females and cubs that resulted in my detecting lions 

that were present prior to the ban but that went undetected. 
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In terms of the sex and age structure observed in the population, the effects of hunting were still 

evident. Subtle shifts in age structure suggest consistency in monitoring that breeds confidence in 

my results.  There were no males aged over 8 years in 2013 and in the following years, these old 

males were finally detected but made up a small percentage of the population.  High numbers of old 

females persisted.  Females may have showed lower survival in the oldest age classes because of 

senescence as reported in Rosenblatt et al (2014). My results on the effect of hunting are similar to 

those of Loveridge et al (2016a), who also found that, in the absence of hunting, survival increased. 

2.6. Conclusions and Conservation Implications 

Trophy hunting of lions has been a contentious issue on the international scene, especially in the 

past year following the high profile harvest of a lion named Cecil in Zimbabwe (Di Minin et al. 

2016). It has been demonstrated that vulnerable or threatened carnivore experiencing heavy 

anthropogenic influences, hunting can add additional mortality (Creel et al. 2016). On the other 

hand, others argue hunting can be used a tool for conserving species (Di Minin et al. 2016). Multiple 

studies have shown that trophy hunting is a significant cause of mortality and in many parts of 

Africa, except on some fenced reserves, it is poorly regulated (Yamazaki 1996, Loveridge et al. 

2007). 

The Luangwa lions have been subject to trophy hunting with studies showing a male depleted 

population and citing trophy hunting as a significant source of mortality for males (Yamazaki 1996, 

Becker et al. 2013b, Rosenblatt et al. 2014). In 2016, hunting was reopened in Zambia after a three 

year ban. Moving forward, it is imperative that measures are taken to avoid the situation that initially 

led to the ban. Below are some suggestions for how the Zambian lion hunting industry can be 

improved. 

2.6.1 Quota sizes 
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Lions face a variety of threats in their current range which include, wire snare poaching and conflict 

with humans. Even in the absence of hunting male survival is generally lower than females.  

Therefore, quotas should be conservative so as to minimize the potential for the widespread 

negative impacts on demography (Loveridge et al. 2016a). Age restricted harvesting should be 

carefully enforced as this has the potential to cushion the population from the impacts of trophy 

hunting (Whitman et al. 2004). Firm quota setting, age-based harvesting and regular moratoria on 

hunting to ensure the practice is sustainable in the face of growing threats to lion populations (Creel 

et al. 2016).  

2.6.2 Monitoring and industry practice reforms 

Prior to the ban on trophy hunting, there was very poor monitoring of harvested animals in the 

country (Chomba et al. 2014). In order to avoid reverting to situation before the ban, very strict 

monitoring guidelines have to be implemented. Wildlife police officers that oversee lion hunting 

should be well trained in all aspects of lion trophy monitoring and lion aging techniques. There are 

reporting requirements drafted by the Department of National Parks and Wildlife in Zambia that 

professional hunters are expected to fulfill. However, these guidelines are followed at the discretion 

of the hunter and can be disregarded with impunity (Rosenblatt et al. 2014). To minimize the 

negative impacts of trophy hunting on lion populations, strict adherence to monitoring protocols, 

age-based harvesting and best practice guidelines have to be enforced and non-compliance 

adequately punished. 

2.6.3 Research and efforts reducing other sources of mortality 

Like many parts of lion range, data on lion distribution and abundance are scarce for most of 

Zambia. Therefore, there is an urgent need to change the situation. Rosenblatt et al (2014) suggest 

using a combination of intensive population studies and efficient/cost effective methods for getting 
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population estimates, such as call-in surveys and spoor counts. This information will be very useful 

when setting quotas and understanding population trends. Because the hunting ban has been lifted 

in Zambia, continued studies on major populations are required to assess how the population is 

going to respond to the resumption of trophy hunting. 

Furthermore, there are different existing and emerging threats to lion persistence that are still poorly 

understood (Munson et al. 2008, Midlane et al. 2015). Conflict with livestock farmers is an emerging 

threat to Luangwa lions as the number of livestock in the area continues to rise. As the impacts of 

climate change continue to adversely affect global weather patterns, it is expected that outbreaks of 

some diseases are going to significantly affect lions and other wildlife (Monsul et al. 2008). As 

extreme drought becomes more common across lion range, there is a high chance that simultaneous 

outbreaks of diseases like babesiosis and canine distemper virus (CDV) could have catastrophic 

impacts on lion populations (Munson et al. 2008).  Demographic research similar to the approach I 

used here, should be focused on understanding how these other factors may be affecting lion 

populations. 
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