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Conserving large populations of lions — the argument for
fences has holes

Abstract
S. Creel,"* M. S. Becker,'? Packer ¢z al. reported that fenced lion populations attain densities closer to carrying capacity than unfenced
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populations. However, fenced populations are often maintained above carrying capacity, and most are
small. Many more lions are conserved per dollar invested in unfenced ecosystems, which avoid the ecologi-
cal and economic costs of fencing.

T. Mweetwa,? N. Pettorelli,?

E. Rosenblatt,™? P. Schuette,’
R. Woodroffe,? S. Bashir,?

R. C. Beudels-Jamar,®® S. Blake,'®
M. Borner,"" C. Breitenmoser,'?
F. Broekhuis,® G. Cozzi,"

T. R. B. Davenport,'* J. Deutsch,*

L. Dollar,">'¢7 s, Dolrenry,'®
19,20

Keywords

FEcology Letters (2013)

I. Douglas-Hamilton,
E. Fitzherbert,%2' C. Foley,™

L. Hazzah,'® P. Henschel,??

R. Hilborn,?® J. G. C. Hopcraft,"
D. lkanda,?* A. Jacobson,?

B. Joubert,"® D. Joubert,"

M. S. Kelly,® L. Lichtenfeld,?®
G. M. Mace,?” J. Milanzi,

N. Mitchell,*?® M. Msuha,?*

R. Muir,?® J. Nyahongo,*°

S. Pimm,'®"7 G. Purchase,*?®

C. Schenck,?' C. Sillero-Zubiri,>?
A. R. E. Sinclair,®

A. N. Songorwa,3*

M. Stanley-Price,®3°

C. A. Tehou,?® C. Trout,?®

J. Wall,*” G. Wittemyer® and
A. Zimmermann®?'

Carnivores, conservation, cost-effectiveness, fence, lions, population density, population size.

"Department of Ecology, Conservation Biology and Ecology Program, Mon-
tana State University, 310 Lewis Hall, Bozeman, MT, 59717, USA

2Zambian Carnivore Programme, Box 80, Mfuwe, Eastern Province, Zambia
3Institute of Zoology, Zoological Society of London, Regents Park, London,
NWT 4RY, UK

“Wildlife Conservation Society, Bronx Zoo, 2300 Southern Blvd., Bronx, NY,
10460, USA

>Zambia Wildlife Authority, Private Bag 1, Chilanga, Zambia

SWildlife Conservation Research Unit, Department of Zoology, The Recanati-
Kaplan Centre, University of Oxford, Tubney House, Tubney, OX13 5QL, UK
’School of Natural Resources and the Environment, University of Arizona,
Tucson, AZ, 85721, USA

5Royal Belgian Institute of Natural Sciences, 29 Vautier str., Bruxelles, 1000,
Belgium

9CMS Scientific Council, UNEPICMS, Hermann-Ehlers-Str. 10, Bonn, 53113, Ger-
many

"°Max Planck Institute for Ornithology, Whitney R. Harris World Ecology Cen-
ter, Washington University in St. Louis, St. Louis, 63130, USA

"Institute of Biodiversity, Animal Health and Comparative Medicine, Univer-
sity of Glasgow, University Avenue, Glasgow, G12 8QQ, UK

2JUCNISSC Cat Specialist Group, c/lo KORA, Thunstrasse 31, Muri, 3074, Swit-
zerland

3Institute of Evolutionary Biology and Environmental Studies, Zurich Univer-
sity, Winterthurerstrasse 190, Zurich, CH 8057, Switzerland

"“Wildlife Conservation Society, Tanzania Program, PO Box 922, Zanzibar,
Tanzania

">Big Cats Initiative, National Geographic Society, 1145 17th Street NW,
Washington, DC, 20036-4688, USA

"6Nicholas School of the Environment, Duke University, Durham, North Caro-
lina, USA

17, Department of Biology, Pfeiffer University, Misenheimer, North Carolina,
28109, USA

"8l jon Guardians, PO Box 15550, Langata, 00509, Kenya

"9Save the Elephants, PO Box 54667, Nairobi, Kenya

2%Department of Zoology, University of Oxford, Oxford, OX1 3PS, UK
?TChester Zoo, Chester, CH2 1LH, UK

??panthera, 8 West 40th Street, 18th Floor, New York, NY, 10018, USA

© 2013 John Wiley & Sons Ltd/CNRS



2 S. Creel et al.

Technical Comment

The highest priority of large carnivore conservation is to maintain
large populations in the face of habitat loss, environmental degrada-
tion, overharvest and direct persecution (Brashares ez al 2001,
Wittemyer ef al. 2008; Riggio es al. 2012). Packer e al (2013)
recently argued that building fences around protected areas is the
best method to conserve African lions. Their deterministic popula-
tion projections suggested that all fenced populations would
maintain densities neatr carrying capacity for 100 years, ‘whereas less
than half of unfenced reserves are likely to persist above 10% of
their carrying capacity for the next 20—40 years’ (although this state-
ment contradicts their Fig. 3, which shows > 50% of unfenced
populations remaining above the criterion for 75 years).

Packer et al’s argument for perimeter fencing depends heavily on
the criterion used to evaluate conservation success. Although they
stated ‘we explicitly test the effectiveness of fencing and manage-
ment budgets on lion population size and growth rates,’” they actu-
ally examined population density rather than population size — a
critical distinction because many fenced, high-density lion popula-
tions hold few individuals. Clearly, a low-density population of 2000
individuals has more conservation value than a high-density popula-
tion of 20. Consideration of this issue of scale alone weakens the
argument for fencing, but other concerns exist.

MANY FENCED POPULATIONS WERE MAINTAINED ABOVE
CARRYING CAPACITY

Packer ez al. emphasized that lions were closer to estimated carrying
capacity in fenced populations than in unfenced populations. How-
ever, mean lion density was 153.9% of estimated cartying capacity
for fenced reserves smaller than 1000 km? and 67% of these popu-
lations were maintained above carrying capacity (Fig. 1). At the
extreme, lion density was > 290% of estimated carrying capacity in
Madikwe and Tembwe GRs. In large areas such as the 93 000 km?
Selous ecosystem, supet-saturation with lions would not be possible
or desirable (Creel & Creel 1996; Durant 2000). Enclosed, supet-
saturated populations have conservation value, but are not a good
model for conservation in naturally-regulated ecosystems. Restricting
the analysis to populations at or below their carrying capacity and
controlling for management expenditure per km® (see below), lion
density relative to carrying capacity was not detectably related to
fencing (effect size = 2.4%, 17 = 1.04, P = 0.31, OLS regression
with continuous variables logged, centered and scaled, data from
Packer ¢t al. Table S1).
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Figure 1 The relationship of lion population density to the use of perimeter
fences in latge and small protected areas. Density is expressed as a percentage of
estimated carrying capacity, as in Packer e/ a/ Error bars show £ 1 SEM. In
fenced reserves smaller than 1000 km?* (the majority of fenced populations) lion
densities were significantly above the predicted carrying capacities reported by
Packer ez al. Some of the estimates of density were approximate, but we retained
all estimates so that differences in our inferences and those of Packer e al are
not due to differences in the data set. However, estimation error is generally
large for measures of population growth derived from such data. Packer ef al.
did not report variances for population density, and thus they could not
propagate this variance into estimates of population growth or simulations to
estimate population persistence. Incorporating such variance reduces the
likelihood of persistence (Case 2001), with a stronger effect on smaller
populations (most of which were fenced, see Fig. 2b).

MANY FENCED POPULATIONS WERE SMALL

In their Fig. 3, Packer e/ a/. compared the proportions of fenced
and unfenced populations that remained above 10% of estimated
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carrying capacity in deterministic projections over 100 years. To
evaluate this result, one must recognize that for 10 of 17 fenced
reserves, 10% of carrying capacity is <5 lions. Because Packer
et al’s criterion does not directly consider population size, as few as
29 lions across 10 fenced reserves would be considered 10 suc-
cesses, while the conservation of 640 lions in the Selous Game
Reserve would be considered a failure. A population of 640 lions
that is below its carrying capacity has more conservation value and
potential than a smaller number of lions already at higher density.
Clearly, population sizes must be explicitly considered for meaning-

ful conservation priorities.

FENCED AND UNFENCED RESERVES DIFFER IN WAYS OTHER
THAN FENCING

Fenced protected arecas were operated with median expenditure
per km? 7.6 times larger than unfenced areas (Fig. 2a, g = 3.72,
P = 0.00064, medians: 1900 USD km™? 251 USD km™?). Fenced

< R—— |

reserves wetre |/ith the size of unfenced reserves (Fig. 2b, medi-
ans: 399 km® 4471 km?). This difference in area is important
because it affects total population size, and because the effect of
fencing on density was much stronger in small reserves (Fig. 1).
Finally, lions in most fenced areas were managed more inten-
sively [e.g. translocations into 56% of fenced populations
during the period of study (often repeatedly) vs. 0% of
unfenced reserves; anthropogenic removals were common in both

types|.

CONSERVATION OF UNFENCED LION POPULATIONS WAS MORE
COST EFFECTIVE

Packer ¢ al. presented data on lions/km” and management expendi-
ture/km?, from which we calculated lions conserved pet dollar of
management expenditure. For each management dollar, unfenced
reserves conserved many more lions than fenced reserves. (Fig. 2c,

= 211, P = 0.042).
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Figure 2 Lion populations with and without perimeter fences, ranked by (a) management expenditure per km” (b) protected area size and (c) lions conserved per
$100 000 of management expenditure. Unfenced populations were larger, were managed with smaller budgets (per unit atea), and were more cost-effective. The ordinate
is logarithmically scaled in all panels. In panel C, we assume that lion density (like other ecological attributes) responds directly or indirectly to the level of management
expenditure used to conserve an area. If lion density was estimated for a subset of a protected area, we assume similar effects of expenditure on lion density (but not
equal density) inside and outside the study site. The significantly larger number of lions conserved per dollar of management expenditure in unfenced populations runs
opposite to the primary inference of Packer ¢ al, although they did not present any statistical test of cost-effectiveness.
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FENCES CAUSE A BROAD RANGE OF ECOLOGICAL, ECONOMIC
AND SOCIAL EFFECTS

Fences can prevent edge effects from penetrating into protected
areas and reduce conflicts outside protected areas (Ogada ef al.
2003; Hayward & Kerley 2009), but also carry important costs,
including ecosystem fragmentation, loss of dispersal and migration
routes, genetic isolation, reduced conservation value of buffer
zones (and consequent loss of wildlife-based economic benefits in
buffer zones), and utilization of fencing materials for wire snate
poaching (Newmark 1996, 2008; Hayward & Kerley 2009; Lind-
sey et al. 2011; Gadd 2012; Becker ez a/ 2013). Lions can main-
tain good densities with little conflict in areas that maintain
connectivity for wildlife while allowing avoidance of people and
livestock (Schuette ez a/. 2013). We concur with Packer ez a/ that
effective lion conservation will require better funding, but rather
than fencing, we recommend better-funded law enforcement
inside reserves, reduced and better-regulated hunting, landscape-
level strategies that reduce human-wildlife conflict outside
reserves, and a high priority for conservation in large and intact
ecosystems.
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