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Disney’s new Lion King movie (released July 19th 2019) has put lion conservation in the global
spotlight, with millions of dollars being committed to recovering Africa’s lion populations through
the “Protect the Pride” campaign (a partnership between the Lion Recovery Fund and Disney
Conservation Fund). Although this USD$ 1.5 million from the Disney Conservation Fund (and
additional 1.5 million committed from merchandise sales) is small in the context of Lindsey et al.
(2018) which highlight that African protected areas require USD$ 1 billion annually for effective
management, the media spotlight and initial donation could be an important catalyst for more
funding. This money must be targeted strategically to achieve this goal, which depends on robust
measures of lion density and abundance. However, good population estimates of African lions are
almost completely lacking (Elliot and Gopalaswamy, 2017).
Lion conservation strategies, policy documents and funding priorities are currently guided
by lion population estimates and the IUCN Red List assessment of the lion (Bauer et al., 2015,
2016), which frequently draw on expert opinion or unpublished surveys of variable reliability
(Elliot and Gopalaswamy, 2017), leading to inestimable uncertainties or wide confidence intervals
(e.g., 90 ± 42 lions; Kirsten et al., 2017). And often, due to underlying data overdispersion,
the true confidence intervals are wider than reported (Gopalaswamy et al., 2015). This could
have catastrophic consequences since underestimating lion numbers might cause us to triage
an otherwise viable population, while overestimating density might cause under-investment in a
population that requires active management. Furthermore, non-robust methods can often produce
spurious trends in lion population dynamics, which can further mislead conservation investments
(Elliot and Gopalaswamy, 2017).
Advances in spatial capture re-capture statistics (SECR methods) now allow for highly
robust animal density estimates, and are used routinely for all big cats with the exception of
lions for which there are only two published case studies to date (Kane et al., 2015; Elliot
and Gopalaswamy, 2017) out of 169 papers we identified in the literature (Figure 1). This
is a missed opportunity because SECR methods capitalize on individual lion identification to
allow estimation of sex-specific movements, territory sizes, and sex-ratios. These parameters
provide important insights into population health that the more popular methods (e.g.,
audio lure surveys or track counts; Omoya et al., 2014) cannot. For example, enlarged
movements or home ranges, and skewed sex-ratios, can signal prey depletion and imminent
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population collapse (Tumenta et al., 2010). Furthermore, the
precision of SECR density estimates will allow future surveys
to examine population change, and since these methods
track individuals over time, repeat surveys allow estimation
of vital rates, such as mean survival (Karanth et al., 2006).
Therefore, SECR methods have the potential to both guide
conservation interventions and provide crucial insights about
lion population dynamics.
A potential argument made against the use of SECR is its cost,
particularly that of searching for lions with a vehicle. Braczkowski
et al. (in press) spent approximately USD$ 3690 on their 93day SECR lion survey in Queen Elizabeth National Park (USD$
900 for vehicle and petrol costs, and USD$ 2790 on food and
lodging). However, the costs of Rafiq et al. (2019) SECR survey
cost only US$ 300 when a citizen science approach using tourist
vehicles on Safari was used and this was comparable to spoor
surveys and cheaper than camera trap or call in surveys. The
employment of citizen science could be a scalable and robust way
to use SECR in lion range states that suffer from a shortage of
funds (Rafiq et al., 2019). Additionally in areas where lions are
shy due to anthropogenic pressures such as poaching, snaring,
trophy hunting, and war it is foreseeable that detection rates will

be low. Kane et al. (2015) showed the utility of using camera
traps and SECR for lions in the Niokolo Koba National Park
(NKNP) in Senegal. However, this study’s sample size was low
and has not been shown to work over a larger scale. The large
country-wide lion census currently being implemented by the
Kenya Wildlife Service across Kenya has also used call-up surveys
and foot-based searches coupled with photography of individual
lions. These methods have proved sufficient even in regions
where lion detections are low (e.g., Laikipia is known to have
shy lions but in a 3-month survey there over 300 lion detections
were recorded).
SECR-derived population estimates are typically lower
compared to non-spatial CR methods (Noss et al., 2012), and
other methods generate estimates with large uncertainty. So
we fear lion populations across Africa are not as large or
stable as currently thought. Therefore, we argue that rigorous,
on-ground, SECR monitoring methods should be urgently
implemented across all African lion populations, and the last
remaining population of lions in Asia (Gir National Park,
India). A project of a similar ambition to Kenya’s national
lion survey, which incorporates the latest SECR methods is
envisaged. Accurate continent-wide counts would then underpin

FIGURE 1 | A review of 169 peer-reviewed scientific articles (Web of Science and Google Scholar) which used data on lion numbers (abundance or density) to
support an array of ecological and conservation questions. The review shows that the overwhelming majority of lion abundance and density data originate from direct
(Continued)
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FIGURE 1 | observations of identified individuals, mixed methods, call-ups (i.e., Audio lure), or track surveys. Most studies have also been implemented in Tanzania,
South Africa, Kenya, and Botswana (≥2 countries refers to studies that used lion data for meta-analysis, reviews or multiple country surveys). The protocol we utilized
for this literature review is provided in Supplementary Information 1. The studies which used direct observations mainly used individual identification of animals and
assumed that all individuals seen accounted for the total population (i.e., a total count of known individuals).

lion recovery efforts, ensuring adequate allocation of resources
from funding efforts like the “Protect the Pride” campaign, and
others like it. These could be directed to where they will have the
greatest impact.

ACKNOWLEDGMENTS

AUTHOR CONTRIBUTIONS

SUPPLEMENTARY MATERIAL

ABr conceived the idea with AG. ABr and JA wrote the
manuscript. AG, JA, NE, HP, ABe, MM, and DB provided input
on the manuscript. ABr and ABe performed the literature review.

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fevo.
2020.00138/full#supplementary-material

ABr thanks the University of Queensland who supported this
research through a postgraduate research scholarship.

REFERENCES

Lindsey, P. A., Miller, J. R., Petracca, L. S., Coad, L., Dickman, A. J., Fitzgerald,
K. H., et al. (2018). More than $1 billion needed annually to secure Africa’s
protected areas with lions. Proc. Natl. Acad. Sci. U.S.A. 115, E10788–E10796.
doi: 10.1073/pnas.1805048115
Noss, A. J., Gardner, B., Maffei, L., Cuéllar, E., Montaño, R., Romero-Muñoz,
A., et al. (2012). Comparison of density estimation methods for mammal
populations with camera traps in the K aa-I ya del G ran C haco landscape.
Anim. Conserv. 15, 527–535. doi: 10.1111/j.1469-1795.2012.00545.x
Omoya, E. O., Mudumba, T., Buckland, S. T., Mulondo, P., and Plumptre, A. J.
(2014). Estimating population sizes of lions Panthera leo and spotted hyaenas
Crocuta crocuta in Uganda’s savannah parks, using lure count methods. Oryx
48, 394–401. doi: 10.1017/S0030605313000112
Rafiq, K., Bryce, C. M., Rich, L. N., Coco, C., Miller, D. A., Meloro, C., et al.
(2019). Tourist photographs as a scalable framework for wildlife monitoring
in protected areas. Curr. Biol. 29, R681–R682. doi: 10.1016/j.cub.2019.
05.056
Tumenta, P. N., Kok, J. S., Van Rijssel, J. C., Buij, R., Croes, B. M., Funston,
P. J., et al. (2010). Threat of rapid extermination of the lion (Panthera leo
leo) in Waza National Park, Northern Cameroon. Afr. J. Ecol. 48, 888–894.
doi: 10.1111/j.1365-2028.2009.01181.x

Bauer, H., Chapron, G., Nowell, K., Henschel, P., Funston, P., Hunter,
L. T., et al. (2015). Lion (Panthera leo) populations are declining
rapidly across Africa, except in intensively managed areas. Proc.
Natl. Acad Sci. U.S.A. 112, 14894–14899. doi: 10.1073/pnas.15006
64112
Bauer, H., Packer, C., Funston, P. F., Henschel, P., and Nowell, K. (2016). Panthera
leo (2017). The IUCN Red List of Threatened Species 2016:e.T15951A115130419.
Available online at: http://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.
T15951A107265605.en (Downloaded January 07, 2020)
Braczkowski, A., Gopalaswamy, A. M., Nsubuga, M., Allan, J., Biggs, D., and
Maron, M. (in press). Detecting early warnings of pressure on an African
lion population in the Queen Elizabeth Conservation Area, Uganda. Ecol. Sol.
Evidence.
Elliot, N. B., and Gopalaswamy, A. M. (2017). Toward accurate and precise
estimates of lion density. Conserv. Biol. 31, 934–943. doi: 10.1111/cobi.12878
Gopalaswamy, A. M., Delampady, M., Karanth, K. U., Kumar, N. S., and
Macdonald, D. W. (2015). An examination of index-calibration experiments:
counting tigers at macroecological scales. Methods Ecol. Evol. 6, 1055–1066.
doi: 10.1111/2041-210X.12351
Kane, M. D., Morin, D. J., and Kelly, M. J. (2015). Potential for cameratraps and spatial mark-resight models to improve monitoring of the
critically endangered West African lion (Panthera leo). Biodivers. Conserv. 24,
3527–3541. doi: 10.1007/s10531-015-1012-7
Karanth, K. U., Nichols, J. D., Kumar, N. S., and Hines, J. E. (2006). Assessing tiger
population dynamics using photographic capture–recapture sampling. Ecology
87, 2925–2937. doi: 10.1890/0012-9658(2006)87(2925:ATPDUP)2.0.CO;2
Kirsten, I., Bakker, C. E., Trujilo, L. L., Bour, P., Niomogh, N., Bauer, H., et al.
(2017). Lion (Panthera leo) and Spotted Hyena (Crocuta crocuta) abundance in
Bouba Ndjida National Park, Cameroon; trends between 2005 and 2014. Afr. J.
Ecol. 56, 414–417. doi: 10.1111/aje.12453

Frontiers in Ecology and Evolution | www.frontiersin.org

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Braczkowski, Gopalaswamy, Elliot, Possingham, Bezzina, Maron,
Biggs and Allan. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

3

May 2020 | Volume 8 | Article 138

