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Abstract

Human population growth and land conversion across Africa makes the future ofravigang
carnivores uncertain. For example, the African IBarthera leo leponce ranged across the entirerco
tinent ¢ with the exception of the Sahara Desert and rainforests. It now lives in less than a quarter of its
historic range. Recent research estimates a loss of nearly half of the lions in the pastdmaesl
Some sources put their numbers as low as 20,000 individ@&iisen these declines, conservation anga
AT FdA2ya LINRLRAaS (2 fAad (KSUSERdddgeddd Bpedies Acyand t&  a
dzLJANI RS G KS &LISOA éaspendixitt®ppendidNP G4 SOG A2y a T NP

To establishi K S €ulrehtyedhdervation status, | analyzed the size, distribution, and potential
connections of populations across its rarigeAfrica It is particularly important to identify connesad
subpopulations ad areas that can serve as corridors between existing protected areas. | compile the
most current scientific literaturecomparing sources to identify a current population estimate. | also use
these sources tanap known lion populationgotential habitatpatches, and the amections between
them. Finally, lassess thdongterm viability of each lion population and determine whighalify as
Gt A2 WKANRRYE

The lion population assessment in this study has shown that over 30,000 lions remain ir-appro
imately 3,000,000 kiof Africa Lions aredistributed across a total of 78 habitat patches in 27 reou
tries. Since 2002five countries have lost their lion populatiandHowevermore than half of the &-
maining lions in Africa reside in 11 viable popiolas contained withimprotected areaghat have stable
or increasing liorpopulation trends (lion strongholds) Therefore lions are not currently threatened
with extinctionandit is unlikely that the total population of freenging lions in Africa witlrop below
20,000 individualsGiven thkese findings, it is clear that new tlabased orfield surveysare necessary to

appropriatelyevaluatethe legalstatus ofthe African lion.
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Introduction

Historically lions ranged from Africa, ¢@ross southern Asia into India, and north into $out
east Europe. Thousands of years of human persecution and habitat loss have drastically reduced the
distribution of lions.Lions in Europe went extinct nearly 2,000 years @gmwvell and Jackson 199@énd
a small population of 411 animals is all that remadhshe once widespread Asiatic lioRgnthera leo
persicg inand aroundGir Forest NP in western Indi@ingh and Gibson 201I)heAfrican lion Pantre-
ra leo leg once ranged across the entitdricancontinent¢ with the exception of the Sahara Desert and
rainforests The current lion range in Africa is estimated at approximately 3,00k@6@Chardmnet
2002; IUCN 2006a; IUCN 20060his representsess than a quarter of its historic rang&ecent e-
search estimates a loss of nearly half of the lions in the past two decddstimates of the historic
number of lions in Africa range from approximately 400,000 in 1950 (My@#S)to 75,800 individuals
in 1980(Ferreras and Ca@ins1996) In the mid1990sNowell and Jackson (1996) propos&gopub-
tion of between 30,000and 100,000lions. Themost recent estimateput lion populations much lower.
Bauer and Van Der Merwe (2004) estimatetbtal 0f23,000 lionswhile Chardonnet (2002) prosed a
figure just above 39,000The recentlion conservation strategyeports produced by the IUCN (2006a;
2006b) note an estimatedontinentwide lion population of approximately 33,00@dividuals. Some
news reports and nature documentarigmit their numbers as low as 20,00ns remaining in the

whole of Africa (Jackman 2008; Joubert 2011; Kirby 2003)

Due to population reductions from habitat loss and persecution, the African Lion has been listed
4 a@dzf ySNI 0f S¢€ 0@ (K Spedies dinoe 1896 Bauprietiail 20@B)F Howsvldi G Sy S
en recentdeclines;several02 Yy a SN G A2y 2NAIFYyAT FdA2ya LINRBLRA&S G2
unRSNJ GKS ! @o{® 9YyRIYISNBR {LSOASa ! OG FyR @12 dzJ3NI
to Appendix (Place et al. 2011). Since their numbers are estimated at well belo®,508 individuals
to qualify as endangeredhe regionalpopulation of lions in West Africa has endangered classifie
tion in the Red List (Bauer and Nowell 200Estimates of lion numbers in thportion of Africarange
are low, rangingrom 850 (Bauer and Van Der Merwe 2004) to 1,163 individuals (Chardonnet 2002).
These lions have been given special consideradione they are considered genetically distinainfr

lions in the remainder of the continent (Bertola et al. 2011).

¢KS ddGFGSR J21f 2F bl dA2ylf DS23INILKAOQa . AT [/

remaining range and restore populations to sustainable levElerefore,determining te size and g



tribution of lion populationshoth inside andutsidePAsis critical The IUCN (2006a; 2006lgdressed

this need by creating LCUs modeled after the Jaguar Conservation Units (JCUs) delineated by Sanderson

et al. (2002). They statethat,! [/ ! A& RSTFAYSR I a +y FNBIF 2F (y2¢
NI yasS GKIFIG OFly o6S O2yaARSNBR |y S02f23A0Ff dzyAi
Another crucial component to assessing the status of lions across their range éetonishe which

L2 Lzt F GA2ya OFy ©S O2y&aARSNBR dafA2y AGNRYyS8K2f Ra dé
guirements for longerm viability. The concept of a lion stronghold is not new and recent calls for lion
conservation action have includefS y SSR (23X & XA §h8lgsoAtfedspediss thdk Bayel a G N
the highest probability of persistence in the leigS N 6 ¢ NB @S & Th8 iinal lcdmgonentn 1 0 d ¢
needed to fully assess the conservation status of lion population® iglentify conrected sub

populations andareas that can serve a®rridors between existin@Asto maintain genetic transfer and

long term viability ofions as a sgries(Harrison 1992)
Objectives
There are three main objectives iiis study

1. Create a databasof al known lion populations based on recent survey data;
2. Map present lion distribution and potentiaémaining habitat acrossub-SahararAfrica;and
3. Determine connectivitpetweenhabitat patchesandassess thédong-term viabilityof lion popu-

lationsto delineate lion strongholds.



Methods

LionPopulation Assessment

To map current lion distribution | first needed to create a database of all known lion gopul
tions. Four main papers concerning lion population inventories and assessments across the whole of
Africa provide the backbone of the database (Bauer and Van Der Merwe 2004; Chardonnet 2002; IUCN
2006a; IUCN 2006b). Supplementing those contiwgde reports, | found examples of national lion
conservation strategies and action plans which highlight ta&us of lions in specific countries and their
pressing conservation and research needs. Beyond the-taxge lion status reports, | searched for the
primary articles cited in these reports and newly published scientific lion population surveys ta obtai
the most upto-date data on lion numbers and distribution, and to determine where scientific surveys
have been conducted on lion populations throughout their range. With the help of Andrew Jacobson, |

compiled all of the data concerning lion populationt a database in Microsoft Excel.
Lion Habitat Patch Mapping

From the database | created a map of African countries with and without lions and mapped all
of the PAs containing (or possibly containing) lions in these countries using ArcGIS andrdataefro
2010 World Database on Protected Areas (IUCN and UNEP 2009). | then added in informatian concer
ing the location of LCUs as delineated by the IUCN (2006a; 2006b). In order to determine the current
extent and distribution of lion habitat patches ass subSaharan Africa, | further refined the LCUs using
four categoriesof data; land conversion, human population density, lion distribution from recent-cou
try-specific reports, and additional data from recent lion population surveys. The land comversi-
uct is the result of ongoing work by the BCI intern team using Google Earth satellite imagery to digitize
out (handdraw polygons around) land conversion (croplands, villages, mines, etc.) in Africa (Pimm et al.
in prep). As of the completion of tk report, the BCI intern team had produced a land conversion layer
spanning West and Central Africa from Senegal to Chad. A land conversion layer was also created for
the region in and around Tete Province, Mozambiguan( Aarde et al. in prgp For thepurposes of this
report, | also digitized land conversion in northern Zimbabwe. To utilize these layers in the creation of
habitat patches, | converted the Google Earth products (.KML files) to a raster dataset in ArcGIS and ran
the Boundary Cleatool to remove cells of data too small to have an impact on lion distribution. | then
converted this raster to a polygon to smooth the habitat patch borders. To see examples of the land
conversion prddzOG a Ay NB {LEUsApRaSe réfer to lIAppéndiXpguresl through 4. Pimm

3



et al. (in prg) found that land conversion in West and Central Africa correlated well with a human

population density theshold of greater thari0 people perkm?.

Wanting to be more conservative with my extrapolation okthonclusion to East and Southern
Africa, | excluded all regions with a density of humans greater than 25 peoplerpérom the refined
lion habitat patches using the 2000 Gridded Population of the World version 3 dataset from Columbia
'y A @S NEA Arfod MtarnatioSal/Ea$h Science Information Network (CIESIN 2005). To do so, |
created a raster layer in ArcGIS of just those density values less than 25 peokie’perd processed
the information using the same method as described for the land amitve data. The human poasl
tion density &yers can be found in Appendix(Rigures5 and6). Sincei KS ONBF GA2y 2F L/
2006, a number of detailed countrywideports have produced updated lion range maps, and | used
this information to incorprate the new data on lion diibution for the habitat patches (examples can
be found in Appendid, Figures7 and 8). | only incorporated into the refined habitat patches those
areas that are noted as having permanent lion populations. This was ailsdfaloregions where recent
lion population surveys had provided nemfdrmation concerning lion distribution. Finally, | retained
the original LCU boundaries for habitat patches where new data did not exist, and where humaa-popul
tion density did not resict potential lion range. 1 utilized these four data layers to refine lion habitat
patches in a rukdased hierarchical siem (Rule #1 takes precedence over the information in Rule #2,

etc.):

1. Exclude digitized land conversion as per Google Earth imager

2. Exclude human population density greater than 25 peoplekp®r

3. Incorporate permanent lion distribution as noted in recent countrywide reports and lion pepul
tion surveysand remove those regions listed as having possible, temporary, or occasional lion
populations

4. Retain the original LCU boundaries where additional data is lacking.
LionStronghold Delineation

The final portion of analysis in this study was to assess which lion habitat patches could be co
sidered lion strongholds. sAstated earlier, dion stronghold can be defined as a lion habitat patch
GKSNE (GKS &aLISOASE KIa aXiKS KA FDCSNYG oLWINB@ISEA ST & 2
meet the lequirement that a habitat patch could sustain a lion population in the {@mm, | assessed

each patch to determine if it achieves each of the following three qualifications:



1. Contains enough individuals to maintain a large outbred population (minimum viable population
size);
2. Those lions are found in PAs such as NPs, GRs, HAs, anahdlVRs; a

3. The population of lions has a stable or increasing trend.

Bjorklund (2003)assessed the risk of inbreeding in lion populations due to habitat loss. Hertesel

GKFGZ axid2 adzadlAy | fFNBS 2dzioNBR LleSgrddds,bitzy 2 7F
LINBTSNIofte mnn LINARS&aX gAGK y2 fAYAGA (G2 RAALISNAILI
proximately five adultsthe minimum viable population for lions igtiween 250 and 500 lions (Bauer et

al. 2008). | used the highpopulation estimate of 500 lions as equirement for a lion habitat patch to

be considered a lion stronghold. From the data derived in the lion populationsassets as well as the

World Database on Protected Areas (IUCN and UNEP 2009), | considgréabea lions found within

existing PAs to count towards the minimum viable population. Finally, only liagtahphtches that are

contained within LCUs having stable or increasing lion population trends as per the ICUN (2006a; 2006b)
are noted as beintjon strongholds. Here | have attempted to place the greatest restrictions onia hab

tat patch (within justifiable reason) for it to be considered as a lion stronghold in order for the label to

have the greatest conservation value.



Results

Lion Populéion Assessment

The first result from this research is an Excel database of lipnlgtion locations and numbersThis
document compiles all of the studies concerning lion populations into a single concabaskathat will

be useful for researchers drmanagers interested in lion conservation. The spreadsheet acts aka wor

ing document, available to be edited and updated as new information arises and studies are conducted.
Below | describe the most recent data pertaining to each habitat patch dédidassing the methods
outlined above, and provide a lion population estimate for each region. This sectimdisddbetween

each geographical region in s@aharan Africa (West, Central, East, and SouthgiperdixB, Figure

11), and largely follows #horder presented by the IUCN (2006a; 2006b) in thescdption of LCUs. |

define West Africa as those countries spanning from Senegal and @is&su to Nigeria. Central Afr

ca ranges from Cameroon to Sudan west of the Nile River, and includeemoBRC, Congo andhG

bon. The geographic region that | note as East Africa runs from Sudan east of the Nile River to Somalia,
and south to Tanzania. East Africa also includes the habitat patches of eastern DRC. Southern Africa is

defined as ranging fromrAngola to Mozambique (including southern DRC) and sau@otith Afica.

The population assessment for each region is followed by a table summarizing the information
concerning the habitat patches found in each section individually (Tdbksough 4. | have also
mapped the LCUs and PAs known to contain resident lion populations as well as those PAs having poss
ble, temporary or recently extirpated lion populations (Appen8jx-igure 9. Finally, | have mapped
each habitat patch along with its assated PAs and have created several maps comparing the original

LCUs with the newly delineated habitat patches (AppeBdkigure 10 and Figures 12 through.19
West Africa
1. NiokoloGuinea

This LCU spans the borders between GuiBEssau, Guinea, SenegahdaMali extending south into
eastern Guinea and has a total area of 173,768, k@hardonnet (2002) notes a total estimated pa@pul

tion of 205 lions in this region. Bauer and Van Der Merwe (2004) suggest a higher population of 340
individuals; however Baueet al. (2005) note that they overestimated lion numbers by three times in
Guinea. This would result in a population of approximately 206 lions across the LCU. The IUCN (2006a)

report gives a significantly higher population estimate of 500 to 1000 liottss region.  The findings
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of this report show that the LCU has lost a considerable amount of area to land conversion and likely
should be split into three habitat patches; GuirBissau/Guinea (15,489 Kjn Niokolo Koba/Guinea
Mali Border (73,793rk?), and Haut Niger (618n?).

a) GuineaBissau/Guinea

Chardonnet (2002) notes a potential population of approximately 10 lions in the Boe and Beli regions of
southeastern Guine8issau. In the same area, Bauer and Van Der Merwe (2004) estimate 30 resident
individuals. Brugiere and Kormos (2009) note the existence of lions in NeRma&orthwest Guinea; a
region likely connected to the population along the Guiissau border. A lion survey conducted by
Brugiere et al. (2005) in southern GuirBssau ad western Guinea found that lions are potentially
widely distributed in the southern and eastern parts of GuiBéssau, and that the bordering region of
DdZAy St K2fR& | GfAYAGSRE A2y LRLMzZ I GA2Yy D s | 2580
and hunters in these areas could not recognize the species. While their study did not attempt té quant
fy lion numbers in the region, they did suspect low density due to low prey abundance. A low density of
approximately 0.2 to 0.6 lions per 100 ktas per Chardonnet 2002) across the predicted habitat patch
results in an estimate of 30 to 93 lions. However, the data from previous studies would suggest that the
habitat patch over predicts lion range (especially in Guinea). Therefore, | suspectvileattfian 50

lions remain in this region.
b) Niokolo Koba/Guinedail Border

Chardonnet (2002) estimates lion numbers for several of the regions in this habitat patch. In Senegal he
estimates 125 lions in Niokolo Koba NP and 31 lions in the Faleme HA #astpairk. He notes that

lions erratically enter northern GuineBissau from Niokolo Koba. For the border region of northern
Guinea and southern Mali, he estimates a total of 39 lions (21 and 18 respectively). Bauer and Van Der
Merwe (2004) break down thhabitat patch in a similar manner. They estimate 60 lions in the entire
Niokolo Koba ecosystem, 50 lions in northern Guinea, and 50 lions in southern Mali. An aerialexnd terr
strial survey of wildlife across all of Niokolo Koba by Renaud (2006) filmevidence of lions in the

park. Density estimates for the species could not be determined since only two individuals were e
O2dzy i SNBR 2y + aAy3fs 200Far2yd ¢KS& y238% axXAd
f A2y aXxXT2 N Asedaraty Sirvdy af Yasgebcarnivore observations across West and Central Africa
from 2005 to 2008 noted only three sightings of individuals and lion signs in Senegal; all of e¢hich o

curred along the border with Mali, east of Niokolo Koba NP (Boulet &08B). Brugiere and Kormos



(2009) note the presence of lions in several regions of northern Guinea including BéiRauod in the

Bakoy and Tinkisso areas along the border with Mali. They also suggest the presence of lions in Balayan
Souroumba and Baidares-SalamFRs in northern Guinea based on reports from 1998 and 1997 r
spectively. However, these regions have experienced severe land conversion and are likely functionally
extirpated and/or disconnected from the larger population. These lion pojpmeestimates suggest

low lion densities across a fairly large area. The habitat patch delineated in this study likelyioverest
mates the potential lion range in the region. | propose that no more than 200 lions remain in tiis hab

tat patch (approximatel 100 lions in both the Niokolo Koba ecosystem and the Gtlifedaborder

area).
¢) Haut Niger

In their survey of mammals in Haut Niger NP from 1995 to 1997, Ziegler et al. (2002) state that the lion

had disappeared from the region. Brugiere and Magassofb@3| later updated that finding noting

GKFGZ G A2y a-1998 prdebidly 3rétn ak freanodife morth of the Park along the Tinkisso
WADBSNE GKSNB (KAa aLISOASa KlFra lfglea 0SSy ulNBaSyi
als in thenorthern part of the park in the Mafou Forest. Lions are not found in Kouya Forest, the sout

ern core area of the park (Chardonnet 2002). Bauer and Van Der Merwe (2004) estimate a population

of 15 lions in the whole of central Guinea. Brugiere and Ker(@009) cite a 1998 report noting lions in

the Kankan Faunal Reserve, but extensive land conversion in this region has likely extirpated the species

in the park. Given this recent data | have restricted the habitat patch to the park alone, and weuld e

pect a lion population of less than 10 individuals.

Given the known data on lions in the region, a maximum estimate of 250 lions across the LCU (divided

into three habitat patches) is reasonable.
2. Boucle Baoule

This LCU primarily falls across Boucle @ou2 NP and surrounding reserves in Mali, having a total area
of 5,029 km. Chardonnet (2002) states that a small relict population of lions (three or four individuals)
may still occur in the region but their presence is uncertain. The IUCN (2006@atestia population of

30 to 50 individuals for the LCU. Given the small population of lions that potentially remain in the park, |
propose that the associated lion habitat patch (4,&F%) covers the boundary of the park alone, even
though potential lionhabitat remains surrounding the park. With a density range from 0.2 to 0.5 lions

per 100kny (as per Chardonnet 2002), a lion population of 10 to 25 individuals is possible.



3. ComoelLeraba

The Comod.eraba LCU is in northeast Ivory Coast and southwesirBuFaso covering 22,880 km

The region largely falls on Comoe NP. Chardonnet (2002) notes an estimate of 100 lions in the NP alone,
while Bauer and Van Der Merwe (2004) present a more conservative estimate of 30 lions for the same
region. The IUCN (@6a) report expands the potential lion habitat north and west into Burkina Faso,
including severdrRs in Ivory Coast. They report a lion population of less than 50 individuals fonthe e

tire region. A recent survey by Henschel et al. (2010) found ne bacupying the park, and therefore

this LCU is not included as a current habitat patch.
4. Gbele Ecosystem

This LCU is located completely within Ghana, largely covering the Gbele Reserve with an area of 1,510
km®. Bauer and Van Der Merwe (2004) estimateli@@s within the reserve itself. The IUCN (2006a)
report places the estimated population size at less than 50 individuals. A recent survey by Henschel et
al. (2010) found no lions occupying the park, and therefore this LCU is not included as a calittt h
patch.

5. NazingaSissili

The Nazing&issili LCU is located in the border region between Burkina Faso and Ghana covering several
FRs and totals 2,510 ki The IUCN (2006a) report places the estimated population size at less than 50
individuals. A reent survey by Henschel et al. (2010) found no lions occupying the park, and therefore

this LCU is not included as a current habitat patch.
6. Mole

This LCU is located completely within Ghana, largely covering Mole NP with an area of 6,7@him

donnet (D02) suggests a population of 15 lions in the park. Bauer and Van Der Merwe (2004) estimate

20 resident lions. The IUCN (2006a) report places the estimated population size at less than 58 individ

als. Burton et al. (2010) note a significant declinehim lton population of Mole NP from 1968 to 2008

based on lion sightings by park rangers. Only three sightings of lions were recorded during gatrols b

tween 2003 and 2008, and they concluded that while they cannot rule out a small lion population within

thS LI NJ X aXUKS @At ofS SOARSYyOS AYLI ASaAa GKIG GK
fA1Ste FdzyOldAazyltte AT y2i 7Fdz 4nstatiSEaiddispdodltranSeitd & !
survey in the park by Henschel et al. (2Didund no evidences lions occupying the park, but note that
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the northern portion of Mole should be surveyed. Given these recent reports, it is clear that lions are
either extirpated or near extinct in the park and therefore this LCU is not includeccasent habitat

patch.
7. BurWhite Volta Ecosystem

The BuiWhite Volta Ecosystem LCU is located completely within Ghana, largely covering Bui NP and two
adjacentFRs with a total area of 5,230 Kim The IUCN (2006a) report places the estimated population
sizz between 10 and 20 individuals. A recent survey by Henschel et al. (2010) found no evidence of lions

occupying the park, and therefore this LCU is not included as a current habitat patch.
8. Digya

This LCU is located completely within Ghana, covering DNgyalone with a total area of 3,180 km
The IUCN (2006a) report places the estimated population size at less than 50 individuals. A recent su
vey by Henschel et al. (2010) found no lions occupying the park, and therefore this LCU is not included as

a curent habitat patch.
9. Ofti-Mandouri

The OtiMandouri LCU is located on the northern border of Togo and Benin and covers 89k

donnet (2002) notes that lions may occasionally occur in this region as transients while Bauer and Van
Der Merwe (2004) statthat no resident lions remain in the region. The most recent evidence of lion in
Togo occurred in 2005 in the extreme northeastern corner of the country (Boulet et al. 2008). The IUCN
(2006a) report gives a population estimate of less than 50 indilsduslowever, given that resident

lions are unlikely to occur in this region, and severe land conversion across the LCU, this araa is not i

cluded as a current habitat patch.
10. W-Arly-Pendjari

The WArlyt SYR2I NA 6a21té0 [/ ' O2 gmBdaunal ReSvis) dpdhking thd t | &
border region between Burkina Faso, Niger and Benin (31,04y. kBhardonnet (2002) reports an est

YOGS 2F 1cy tA2ya 200dzl®@AYy3 GKAA FNBIF o6nny Ay (K:
404 in the ArlySingou complex). Bauer and Van Der Merwe (2004) suggest a more conservakive est
YIGS 2F wmp AYRAGARIZ f a 0On p-Sikgpu). tTBeyIRCBII(2RI6S) regasir Ay @ 2

flects this discrepancy noting a population size of either 250 to 500 @td @50 lions. However, the
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oF Ol INRdzy R LI LISNJ G2 GKS L!/ b NBLRNI -Shgoi &mplett K+ G NI
KFIR O2YyTANNXSR / KIFENR2yySiQa A2y RSyaiade SadAayldSa
the same as the densifpund in the Pendjari complex (Bauer et al. 2005). A survey of the liongopul

tions of PendjarBR(including the NP and the surrounding HAs) estimated 178 lions in that regigh (So
bohossou and Tehou 2007). Pellerin et al. (2009) estimated a total ak2Rlént lions in Benin alone

including some NGAs (265 lionsHA3. Given little land conversion in the area and considering new

data on resident lion populations in Benin, | propose that the current habitat patch covers 29,403 km

and contains at lea$00 lions (265 in the PAs of Benin, a similar figure for the PAs of Burkina Faso, and

a few lions in Niger).
11. Alibori Superieur/Trois Rivieres

TheseFRs in Benin are not included in a LCU by the IUCN (2006a), but contain resident populations of
lions. Chrdonnet (2002) estimate 35 lions in these two reserves. Pellerin et al. (2009) suggesta pop
lation of 18 lions in Alibori Superieur FR and 19 individuals in Trois Rivieres FR. Land use contersion ou
side of thesd=Rs and encroachment in the reserve®thselves has likely fragmented these two p@apul

tions and this is noted with the creation of two new lion habitat patches. The habitat patch surrounding
Alibori Superieur FR covers 1,742%kmhile the patch in and around Trois Rivieres FR covers k839
Although these habitat patches are smaller than the areas used in the Pellerin et al. (2009) study, | have

retained their estimates of lion populations in this report.
12. Mt Kouffe/Wari Maro

This LCU is located completely within Benin and coversifgdotaling 3,510 krh  Bauer and Van Der
Merwe (2004) note 20 lions inhabiting these reserves. The IUCN (2006a) report places the total number
of individuals at less than 50. New data from Pellerin et al. (2009) suggests a limited population of only
three lions in the reserves; two in Mt Kouffe and one in \AM&ro. However, these estimates are-d

rived from low density estimates extrapolated over the area of the reserves, and therefore must-be co
sidered speculative at best. The current habitat supportiogsliin this region is composed of the two

reserves alone totaling 3,152 krand the estimate of three lions is used here.
13. Kainji Lake

The Kainji Lake LCU is located completely within Nigeria and is entirely protected as a NP (#,887 km
Chardonnet (20028stimates 25 lions in the park. The IUCN (2006a) suggest a higher number af 50 ind

11



viduals. A recent survey by Henschel et al. (2010) estimates a total of 24 lions remaining within the NP.
Some encroachment has occurred along the periphery of the gadkthe current habitat patch ¢o

taining lions in the region covers 4,171 %m
14. Old Oyo

This LCU covers Old Oyo (Kainji Lake East) NP in Nigeria with an area of 1,7D@ekanly estimate of
a lion population within the park is by the IUCN (2006a) whotlpe total population at less than five
individuals. Henschel et al. (2010) believe that the lion is extirpated in the park and therefore this LCU is

not included as a habitat patch.
15. Kamuku/Kwiambana

This LCU totals 3,220 kmnd covers Kamuku NP and Kmibana GR in Nigeria. Chardonnet (2062) e
timates a total of 10 lions in these PAs, while the IUCN (2006a) report suggests a slightly higher number
of 25 to 35 individuals. A recent survey by Henschel et al. (2010) found no lions occupying the park, and

therefore this LCU is not included as a current habitat patch.
16. LameBurra/Falgore

The LameBurra/Falgore LCU covers two GRs in Nigeria (4,38 Krhe only estimate of a lion posl
tion within the parks is by the IUCN (2006a) who put the total populdigiwveen 25 and 35 individuals.
Henschel et al. (2010) believe that the lion is extirpated in the park and therefore this LCUns not i

cluded as a habitat patch.
17. Yankari

The Yankari LCU is located completely within Nigeria and is entirely protected Rs(2084 krf).
Chardonnet (2002) estimates 50 lions in the park. The IUCN (2006a) reflect the humber of 50-individ
als. Using fecal DNA sampling, Tende et al. (2009) concluded that a population of at least 35 lions exists
in the park. A recent surveylHenschel et al. (2010) estimates a total of 15 lions remaining within the

NP. The current habitat patch containing lions in the region covers 2,660 km
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Tablel: West Africa Lion Habitat Patches

Habitat Patch Estimated # of LiongArea (knf) |Country Associated IUCN LC
Guinea-Bissau/Guniea <5( 15,489Guinea, Guinea-Bissau |Niokolo-Guinea
Niokolo Koba/Guinea-Mali Border 200 73,793Guinea, Mali, Senegal [Niokolo-Guinea
Haut Niger 10 613 Guinea Niokolo-Guinea
Boucle Baoule 10-25 4,67Mali Boucle Baoule
W-Arly-Pendjari 500 29,403Benin, Burkina Faso, Niggh-Arly-Pendjari
Alibori Superieur 18, 1,742Benin N/A
Trois Rivieres 19 1,939Benin N/A
Mt Kouffe/Wari Maro 3 3,154Benin Mt Kouffe/Wari Maro
Kainji Lake 24 4,171Nigeria Kainji Lake
Yankari 15 2,66(Nigeria Yankari

Totals 857 137,634

Central Africa
1. Waza

This LCU whly covers Waza NP in Cameroon and totals 5,380 Kbhardonnet (2002) proposes appo

ulation of 70 lions in the park alone. Bauer and Van Der Merwe (2004) give a slightly more conservative
estimate of 60 lions for the region. The IUCN (2006a) repodab0 individuals remaining in the park.

The Cameroon Lion Conservation Action Plan (2007) estimated 55 lions within Waza NP. Tumenta et al.
(2009) conducted the most recent survey of lion populations in the park and found a dramatic decline in
numbers b between 14 and 21 adult individuals. Given this recent data | use the estimate of less than
20 lions remaining within the LCU. The current habitat patch estimated here reflects the known lion

distribution presented in the national conservation plarb@9 knf).
2. Benoue Complex

The Benoue Complekashaka&sumti LCU is located across northern Cameroon along a series of PAs
including Faro, ®&uba Ndjida, and Benoue NPs and associated HAs, as well as neighboring Gashaka
Gumti NP in Nigeria (30,211 Rm Chadonnet (2002) stated that the northern sector of Gash&kamti

NP may contain a small population of lions, but does not estimate its number. He does, howaver, est
mate 345 lions residing in the Benoue complex. This was partly based on lion survegsordrineR-

noue NP by Planton (1997) and the WARAC (1998) estimating 30 and 22 individuals respectivety (de
sities of 1.7 and 1.2 lions per 100 ®m Bauer and Van Der Merwe (2004) also do not estimate a lion
population for Gashakaumti NP, but note 2D individuals in the Benoue complex. The IUCN (2006a)
estimate a total population size between 200 and 300 individuals. The Cameroon Lion Consepsation A

tion Plan (2007) estimated 330 lions across the Benoue complex split amongst the NPs and dheir ass
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ciated HAs; Benoue NP and HAs (115), Faro NP and HAsa(i®Bpuba Ndjid NP and HAs (90). Bauer
(2007)sipS& SR . 2dzolF bR2ARI bt FYR RSGSN¥YAYSR I a0O2yas
km?, giving a total population of 60 individuals in tipark alone. longh et al. in ROCAL (2009) report an
estimated 200 to 300 lions in all of Cameroon (within both Waza NP and the Benoue complexX); and o

served a population density of 2.25 lions per 100 kmBenoue NP resulting in an estimate of 38 lions

(Ff 6K2dAK (KSeé y2iS GKIFIG GKS RSyaiade Aa GLINRoOlIOf @
found no lions occupying Gashataimti NP. Therefore it is believed that lions no longer exist on the

Nigerian side of this LCU. | estimate a total tethpiatch size of 14,682 Kn(i7,163 kniin NPs) in Caet

roon alone based on the known lion distribution presented in the national conservation plan. Based on
recent data and average lion densities (2.5 lions per 100ikrilPs and .0 lion per 100 krin HAs), |

estimate a population of approximately 250 lions in the Benoue complex.
3. ChadRCA

This LCU covers a vast region (440,266) kahsoutheastern Chad and the eastern half of the Central
African Republic (CAR). Chardonnet (2002) notes a total estimammdgtion of 1506 lions in thiser

gion. Bauer and Van Der Merwe (2004) propose a much more conservative estimate of 450 liwns. Ho
ever, Bauer et al. (2005) note that Chardonnet (2002) had more information when making his estimates
of lion populations a@ss this region, and likely gave a better estimate of numbers across the LCU. The
IUCN (2006a) report suggests a total lion population of 1500 individuals across the LCU, echang the e
timates proposed by Chardonnet (2002). The findings of this repom ghat the LCU is largely intact

and suffers little land conversion, but for the purposes of estimating numbers | split the LCU into two

fully connected habitat patches totaling 483,830%®E Chad (133,907 Rnand E CAR (328,224 3m
a) Southeastern Clth

Chardonnet (2002) estimates a total of 520 lions in Chad alone divided into three areas; Zakouma NP
(100), Aouk HA (94) and the Guerra and Salamat regions (326). Bauer and Van Der Merwe ¢2004) pr
pose a more restricted lion distribution and population Chad covering Zakouma NP (50) and the
southern portion of the country including Aouk HA (100); they estimate 150 lions in the countny. Va
herle (2007) surveyed lion populations in Zakouma NP from 2003 to 2006 and estimated a total of 140
lions in the PAalone. A recent survey of large carnivore observations across West and Central Africa

from 2005 to 2008 noted two lion sightings near Lake Fitri to the northeast of the delineated LGU (Bo
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let et al. 2008). Given the size of the habitat patch, couplel thie number of lions in Zakouma NP, |

propose a population estimate of 500 lions for Chad.
b) Eastern CAR

Chardonnet (2002) proposes a resident population of 986 lions in CAR spilt amongst two areas: the M
novo-GoundaSt Floris NP complex and the BamiABamngoran NP complex (555) and the HAs in the
eastern portion of the country (431). Bauer and Van Der Merwe (2004) provide only a country total of
300 resident lions. Mesochina et al. (2@)L@stimate a total population of 1,252 permanent lions in
CAR. Eht of these lions fall outside of the Eastern CAR habitat patch giving an estimate of 1,244 lions. |
have modeled the Eastern CAR habitat patch based on the distribution of permanent lion populations

found in Mesochina et al. (20&)) adjusted for humapopulation density.

Given the known data on lions in the region, an estimate of approximately 1,744 lions across the LCU

(divided into two fully connected habitat patches) is reasonable.
4. Nana Barya GR and Bozoum NGA

These habitat patches are not includeda LCU by the IUCN (2006a), but both contain resident pepul
tions of lions. Mesochina et al. (20)@stimate a small population of four lions in each area. Thé hab
tat patch surrounding Nana Barya GR covers 2,3TAMrile the patch in the Bozoum NGAvers 8,383

km?.

5. Southwestern Sudan

The Southwestern Sudan LCU covers a large portion of the southern half of the country west of the Nile

River 858,150km’0 ® /| KEFNR2YYy Sl 6nHnnuH0 LINRPGPARSE I aKAIKE &
Sudan basedn bibliographical references from the 1980s, deductive cartography, and persamnal co
munications. He notes that the Bahr el Gazal region of the country (including the vast Southern NP)

could contain 364 resident lions given a low lion density estima@dfions per 100 kfracross a range

of 182,000 krfd . FdzSNI FYR Iy 5SNJ aSNBS 6Hnnn0 aixYLIE & YS
curs for the region. The IUCN (2006b) provide an estimate of 250 to 500 lions across the LCU. | have
restricted the oiginal LCU slightly to represent unsuitable human population densities in the core of the

region. This provides a habitat patch totaling 331,834. kepplying the low density figure from Gha

donnet (2002), an estimated 664 lions could occupy this tagritcdGiven the lack of recent data, lopr
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pose a speculative lion population of 500 based on the IUCN (2006b) data and the density estimates

from Chardonnet (2002).
6. GarambaBili Uere Complex

This LCU falls completely within the DRC and covers 131,64lhé¢loding the Garamba NP complex

and the Bomu and Bili Uere HAs. Chardonnet (2002) estimate a total of 400 lions resident within the
LCU split between the Garamba complex and the Bomu/Bili Uere HAs (180 and 220 respectively). Bauer
and Van Der Merwe (2@) do not estimate lion numbers in the HAs, but propose a population of 150
individuals in the Garamba complex. The IUCN (2006b) report provides an estimate of 100 to 250 lions
across the LCU. Human population density data removes little from the drigid and the habitat

patch | propose for the region covers 115,671%knDue to a lack of updated data for northern DRC, |
retain the population estimate from the [JUCN (2006b).

7. Odzala

This LCU is located completely within Congo, covering the southeof @alzala NP with an area of

1,890 kmi. Chardonnet (2002) notes a lion population of 40 individuals in the region. Bauer and Van

Der Merwe (2004) estimate a maximum of 25 individuals in the parlsbggesthat lions are likely x-

tirpated. The IUCN (BBa) report places the estimated population size at less than 50 individuals.
Chardonnet also proposes a population of 40 lions in the Bateke Plateau spanning the border of Congo

and Gabon. A recent survey by Henschel et al. (2010) found no evidenoasoinl Odzala NP or the
.FGS1TS tftrFdSkdz yR y2G4Sa GKFGEZ aXAd Aa NBlFazylofsS
020K O2dzyiNRSadé CKSNBTF2NBEz dKAa [/ A& y2i AyOf

Table2: Central Afrca Lion Habitat Patches

Habitat Patch Estimated # of Lions Area (km?) |Country |Associated IUCN LCU
Waza <20 1,599|Cameroon [Waza
Benoue Complex 250 14,682 |Cameroon |Benoue Complex-Gashaka Gumti
SE Chad 500 133,907 [Chad Chad-RCA
E CAR 1,244 328,224 |CAR Chad-RCA
Nana-Barya 4 2,314|CAR N/A
Bozoum NGA 4 8,383 |CAR N/A
SW Sudan 500 331,834 |Sudan SW Sudan
Garamba-Bili Uere Complex 100-250 115,671 [DRC Garamba-Bili Uere Complex
Totals: 2,697 936,614
w/o Sudan: 2,197 604,780
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East Africa
1. BomaGambella

The Bomasambella LCU covers a large region of Southern Sudan stretching from the Nile River, east to

the western tip of Ethiopia (107,100m°0 ® /| K NR2YyYySG o6HnnuO LINPOARSA |
of lion populations in Sudan based on bibliographical references from the 1980s, deductive cartography,

and personal communications. He notes that Bandingilo NP and Boma NP could contain a total of 393
resident lions given a lion density estimate of lidhs/100 knf in the parks alone. Chardonnet alse-e

timates 162 lions for Gambella NP giving a total of 555 lions for the LCU. Bauer and Van Der Merwe
OHnnnv &aAYLX e YSyidAazy (GKIFG Fy alo6aSyO0S 2F Ay¥F2NXI
150 lions in Gambella NP. The IUCN (2006b) provide an estimate of 250 to 500 lions across the LCU. In
the National Lion Conservation Workshop report (Gebresenbet et al. 2009), Hans Bauer states that,
GXGKS DIFI¥6IStENBI K2ada tiotedthd okigihygl &CREslightly to rédreedit-uNS a
suitable human population densities in the core of the region. This provides a habitat patch totaling
106,941 kmh. Given the speculative estimates concerning this LCU, | retain the most recent figuse that

lion population of 500 individuals resides in the habitat patch.
2. Kidepo Valley

This region contains two connected LCUs in the border region between Southern Sudan and northern
Uganda totaling 7,520 km The Kidepo ValleSudan LCU covers 7,160 %dargdy across the Kidepo

GR, while the Kidepo Vallkjganda LCU covers 360%aeross Kidepo NP. Both Chardonnet (2002) and
Bauer and Van Der Merwe (2004) propose a population of 25 lions in the Uganda portion of the region.
Chardonnet estimates a total aix lions in Kidepo GR, Sudan. The IUCN (2006b) report provides est
mates of less than 50 lions in Kidepo Vaadan and less than 35 lions in Kidepo Vallggnda. Based

on lion surveys in Kidepo Valley NP, UgandalUiAAestimated 58 lions in the régn (Dricuru and 8t

fert 2005). Combining both LCUs and accounting for human population density, the current habitat

patch covers 9,283 khand likely contains less than 100 lions.
3. South Omo and Borana

The South Omo LCU covers 19,316 &anoss a compleaf NPs, CHAs, aMiRs in Ethiopia. Chardonnet
(2002) notes a population of 141 lions contained within th@&J in Omo and Mago NPs, Tam@&,\&hd
Omo West CHA. He also places 281 lions in a population across Yabello SabbalibiryR, and Ba-
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na and Mule CHAs, and 120 lions in the NGAs surrounding those parks. Girelond Murle CHA are

included in the LCU, but the remainders are beyond its limits. Bauer and Van Der Merwe (2004) state

that while lions are present in Omo and Mago NPs, their numbersiat estimated. They do, however,

estimate 100 individuals residing in the Borana CHA. The IUCN (2006b) propose an estimatediion pop

lation size of 100 to 250 individuals. In the National Lion Conservation Workshop report (Gebresenbet

etal. 2009, Hya . I dz2SNJ adlidSa (KFEGE aXikKS aSO2yR fI NBHSai
hY2 NBIAZ2Y PE CKSANI ydzZYoSNE &K26 | LIINRPEAYLFGSt& Hp
and the surrounding parks stated above. A lion distribution masegmted in the report shows known

lion populations within the LCU and in the eastern portion of Borana CHA. Given this informat@n, | pr

pose two habitat patches covering the region; South Omo (17k@f2 and Borana (9,29¢m?). With a

conservative liordensity estimate of 1.0 lions per 100 kifior South Omo, based on the findingsepr

sented by Chardonnet (2002), the estimated population for the patch is 170. Maintaining theapopul

tion estimate for the region found in the most recent work by Gebreserbei. (2009), approximately

80 lions reside in the Borana habitat patch.
4. Bale

The Bale LCU is located across the Bale Mountains NP and surrowflingd CHA in Ethiopia (1,090
km?. Chardonnet (2002) provide a population estimate of 97 lions in thismregBauer and Van Der
Merwe (2004) propose a more conservative estimate of 50 lions. The IUCN (2006b) report notes a
population of less than 50 individuals across the LCU. Gebresenbet et al. (2009) show a slightly different
known range of lions in theegion and estimate 50 lions in the area. The habitat patch | propose reflects
this data and covers 1,960n°.

5. WelmelGenale

This LCU covers 6,8R07 in a NGA of southern Ethiopia. Neither Chardonnet (2002) nor Bauer and Van
Der Merwe (2004) provide @h population estimate for the region. The IUCN (2006b) report gives a
population of between 50 and 100 individuals. Gebresenbet et al. (2009) estimate 100 lions in an area
slightly larger than the original LCU. Given this data | reflect a populdtib®Odions in a habitat patch

covering 9,78%n?.
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6. Awash

The Awash LCU spans the Awash NP and its assotifecand CHAs in Ethiopia (15,46¢). Cha-

donnet (2002) proposes a large population of 423 lions in the region. Bauer and Van Der Merwe (2004)
do not estimate lions in this LCU. The IUCN (2006b) give a population estimate of less than &0 individ
als. Gebresenbet et al. (2009) estimate 50 lions in an area larger than the original LCU; the known lion
range is expanded to the northGiven this dta | reflect a population of 50 lions in a habitat patck-co

ering 25,30km?.

7. Eastern Hararghe

This habitat patch is not included in a LCU by the IUCN (2006a), but contains a resident population of
lions in Eastern Hararghe CHA in Ethiopia. Chardonfi62)2stimates 350 lions in this region. Bauer

and Van Der Merwe (2004) propose a similar population of 300 individuals. Gebresenbet et al. (2009)
do not provide an estimate of lion numbers, but do note a known lion distribution in the region that is
significantly smaller than those proposed by Chardonnet (2002) and Bauer and Van Der Merwe (2004).
Based on that data, the habitat patch in the northern portion of the CHA covers 6,629Given a low

lion population density estimate of 1.0 lions per 108%as reflected in similar habitat patches in Eth

opia, | estimate 66 lions residing in the habitat patch.
8. Ogaden

This LCU covers a region of eastern Ethiopia including the southern tip of Eastern Hararghe CHA (35,370
km?. Chardonnet (2002) notes a poatibn of 50 lions residing in the area. Bauer and Van Der Merwe
(2004) estimate a much larger population of 250 individuals. The IUCN (2006b) report gives adion pop
lation range of 50 to 100 individuals. Gebresenbet et al. (2009) estimate 100 liamsiea significan

ly larger than the original LCU; the known lion range is expanded into the vashgdmégion to the

east.Given this data | reflect a population of 100 lions in a habitat patch covering 8&yf24
9. Albertine South

The Albertine SouthCU is located in the border region of the DRC and Uganda across a complex of NPs
and GRs including Virunga and Queen Elizabeth NPs (@12P0Based on a study conducted in Queen
Elizabeth NP in 1998, a lion population of 160 to 210 individuals wiasa¢stl for the park alone (Drie

ru 1999). Chardonnet (2002) estimates a total of 380 lions in the LCU with 156 individuals in Virunga NP,
and 224 lions in Queen Elizabeth NP. Bauer and Van Der Merwe (2004) note a total population of 290
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lions (90 in Viraga NP and 200 in Queen Elizabeth NP). The IUCN (2006b) propose a population of 100
to 250 resident lions in the region. Dricuru and Siefert (2005) give an estimated number of 206 lions
within Queen Elizabeth NP. Treves et al. (2009) used prey demgitedict lion abundance in Virunga

NP and estimated a population of 36 to 82 individuals; they noted a total population of 221 lions in
2004. Given this data, | propose that approximately 250 lions inhabit a habitat patch covering 4,159

km?.

10. Albertine North

This LCU covers 2,000 kamd is located completely within the DRC in a NGA north of Virunga NP. Only
the IUCN (2006b) report estimates a lion population in this region, noting less than 50 individuals. Ho
ever, the LCU proposed by the IUCN (2006kaffected completely by high human population density
and the only remaining habitat for lions in the region occurs across the border in Uganda. Lions are
known toresidehere in ToreSemiliki GR Chardonnet (2002) estimates a small population of lfiwes

in this PA Dricuru and Siefert (2005) propose a slightly higher lion populatid® ofdividuals. Given

this data, | have created a neabitat patch surrounding TorSemilikiGRin Uganda (2,13km?) and

keep the estimate oi0lions.
11. MurchisonFalls

This NP in Uganda contains two connected LCUs totaling 1,460 Khe Murchison Falls North LCU
covers 570 ki while the Murchison Falls South LCU covers 890 kahardonnet (2002) estimates a

total of 364 lions across the park. Bauer and VanNdemve (2004) propose a similar estimate of 350
individuals. The IUCN (2006b) report provides estimates of 100 lions in the North and less than 30 lions
in the South. Based on lion surveys in the park,UlMéAestimated 324 lions in the region (Dricurnca

Siefert 2005). Given this recent data, | retain the estimate of 324 lions in the habitat patch (3,389 km
12. Lake Mburu

This habitat patch is not included in a LCU, but contains a resident population of lions in Lake Mburu NP
in Uganda. Th&WAnoted that three lions dispersed into the park from neighboring populations in
Tanzania@ricuru and Siefert 2005 The park and habitat patch cover 373%km
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13. LaikipiaSamburu

The LaikipigBamburu LCU covers 21,890%mcentral Kenya. Chardonnet (2002) preps a poptal-

tion of 362 lions in the region with 264 individuals in the Laikipia ranchlands and 98 lions in the-Samb
ru, Shaba, and Buffalo SpringRs Bauer and Van Der Merwe (2004) estimate 120 lions for the same
area. The IUCN (2006b) note a totaBB0 lions resident in the LCU. Recent data collected by the Living
with Lions Project and thKWSput the total lion population in the region at 330 individuals; 230 i La
kipia and 100 in the Samburu/lIsiolo area (KWS 2009). However, they state thestiimate for the
Samburu/Isiolo area is simply an educated guess, as no true information exists for the region. Given this

recent data, | retain the estimate of 330 lions in the habitat patch (35,513 km
14. Meru

This LCU contains Meru and Kora NPs andraéiXRs in central Kenya (2,460°kmChardonnet (2002)
estimates 65 lions in the region. Bauer and Van Der Merwe (2004) give a slightly higher estimate of 80
individuals. The IUCN (2006b) report proposes a population of between 100 and 250 lidres Q.
Recent data collected by thkWSput the total lion population in the region at 40 individuals (KWS
2009). Given this recent data, | retain the estimate of 40 lions in the habitat patch (7,355 km

15. ArboweerowAlafuuto

The ArboweerowAlafuuto LClEovers 24,750 kAof nongazetted lands in southern Somalia. Chardo

net (2002) does not estimate a lion population in this region, but does propose two populations to the
Y2NIK Ay {2YFfAlIQa 9f . dzNJ NBIA2Yy | yRad&aned bt T
Merwe (2004) simply state that information is not available for the country. The IUCN (2006b) estimate

a total of 100 to 250 lions for the LCU. Since no recent data is available for Somalia, | tentatively keep

the LCU and lion populationt@sate as proposed by the IUCN.
16. ArawaleBushBush

This LCU originally covered Bush Bush NP and the region surrounding it in Somalia (13),4®0km

ever, recent data places a permanent population of lions in the neighboring area of Kenya incloding pr
tected areas such as awale, Boni, and Dodori NRs (KWS 2009). Since these regions are functionally
connected, | propose a larger habitat patch covering 22,54bdamtaining those regions delineated by

the IUCN in Somalia, and by the KWS in Kenya. Chadestimates a total of 374 lions in this region

with 199 individuals on the Somalia side of the border, 74 in Boni and Dodori NRs, and 102 in and
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around Aewale NR. Bauer and Van Der Merwe (2004) do not give an estimate of lions in the LCU. The
IUCN (206b) report notes a total of 500 to 1,000 lions inhabiting the LCU in Somalia alone. Njoroge et
al. (2009) surveyed the large and medigsimed mammals of Arawale NR, Kenya, and found a mean de

sity of 20 lions per 100 krfy approximately nine lions in thentire reserve. The most recent data for
Kenya estimates the distribution of lions in the region, but does not give a population estimate (KWS
2009). Therefore, | tentatively retain the estimate of 500 to 1,000 lions in the region but expand the
habitat patch to 22,540 kih

17. ltombwe Massif Savanna

The Itombwe Massif Savanna LCU is found completely within the DRC covering a region that is proposed
as a GR (IUCN and UNEP 2009) with an area of 2,70THma IUCN (2006b) estimate of less than 50
lions in the LCU remains the only proposed number in the literature, and therefore | retain it for this

analysis. However, my estimate of the size of the habitat patch containing lions is 3,244 km
18. Luama Hunting Reserve

The Luama Hunting Reserve LCU is found caelplevithin the DRC covering a region that is largely
protected as a HR with an area of 3,340°krthe IUCN (2006b) estimate of less than 50 lions in the LCU
remains the only proposed number in the literature, and therefore | retain it for this analfeisever,

my estimate of the size of the habitat patch containing lions is 5,197 km
19. SerengetiMara

This LCU covers the transfrontier Serendédira ecosystem along the border between Kenya ana Ta

zania (57,800 kA). TheMaasaiMara NR in southern Keny@ntains one of the highest densities of

lions recorded in Africa; approximately 30 lions per 106 €@gutu and Dublin 2002). With an area of
nearly 1,800 krf this density of lions results in 540 individuals in the reserve alone. Chardonnet (2002)
estimated a total of 5,378 lions across this region. In Kenya, he proposed a population of 941 lions in
and around theMaasaiMara NR (547 in the NR alone). His estimate of lions on the Tanzania side of the
border put 3,896 lions across the PAs of Serenddinyara, andTarangire NPs, and Ngorongotd\,

and an additional 541 lions in the surrounding GRs and NGAs. The inclusion of Tarangire NF-in his est
mate means that the total number of lions in this LCU alone must be less than 5,378 individuals as T
rangre is associated with the Maasai Steppe LCU. Bauer and Van Der Merwe (2004) give an estimate of

558 lions infMaasaiMara NR, 20 in Manyara NP, 53 in the Ngorongoro Crater, and 2,500 in the Serengeti
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ecosystem. This provides a total of 3,131 individaatsss the region. The IUCN (2006b) report notes a
population of 3,500 lions in the LCU. The most recent data fronkKiN&(2009) places a total of 825
lions in the portion of the LCU that falls in Kenya alone, noting that this may be an overestineate. N
information from Mesochina et al. (20bPfor Tanzania shows a population of 2,640 lions in the &anz
nian portion of the LCU. For this study, | have redrawn the boundaries of the LCU based on eurrent h
man population data and the distribution of permamt lion populations in the region giving a greatly
restricted habitat patch area of 35,852 kml also propose a population of 3,673 lions for the habitat
patch, retaining the estimate of 825 lions in Kenya, and expanding the Mesochina et ab)(26itfate

to 2,848 lions based on the newly drawn habitat patch boundaries.
20. Maasai Steppe

This LCU covers the transfrontier Maasai Steppe ecosystem along the border between Kenyaand Tanz
nia (144,690 k). Chardonnet (2002) gives an estimate of 902 liarthé Kenyan portion of the LCU

but includes his estimate of lioris Tanzania with the Serengeti@system. Bauer and Van Der Merwe
(2004) propose a total number of 867 individuals in Kenya, but only note the Tanzaniam mddions

inthe Tarangire®2 a2 aidiSY (2 6S GLINBASY(HZ y20 SaGAYIFGSR®DE
more than 1,000 lions in the LCU. Combining the more recent estimates of lion populations across the
LCU (with borders as drawn by the IUCN), we arrive at a figure 52 lighs; 675 in the Tsawros)s-

tem in Kenya (KWS 2009) and 977 in the Tanzanian portion of the LCU (Mesochina ettjl. 2Z0&0
findings of this report show that the LCU as drawn covers areas that are occasionally, possibly, and/or
temporarily used byions (KWS 2009; Mesochina et al. 20010Given this information | propose that the

LCU should be split into three habitat patches based on permanent lion populations alone; Nairobi (830
km?), TsaveMkomazi (39,122 kf), and Tarangire (31,738n°).

a) Nairdbi

As per the lion distribution maps proposed by t&/S(2009), a permanent population of lions exists in
Nairobi NP and in the savannah to the south that is potentially separated from the permanentapopul
tion of lions in the Tsavo ecosystem. Both Chargd (2002) and Bauer and Van Der Merwe (2004)

provide an estimate of 22 lions in the region and | retain this estimate here.
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b) TsaveMkomazi

Chardonnet (2002) estimates a total population of 880 lions in this habitat patch with 130 individuals in
Ambosdi and Chyulu Hills NPs, and 750 in the Tsavo NPs. He does not directly estimate a population of
lions in Tanzanian side of the habitat patch, but does include the area in his distribution map. Bauer and
Van Der Merwe (2004) note a population of 20 liam#Amboseli NP and 675 individuals for the Tsavo
NPs, but do not estimate lions on the Tanzanian side of the border; 695 lions for the habitat patch as a
whole. TheKWS(2009) estimate of 675 lions in the Tsaasystem includes those lions found imA

boseli NP and its surrounds. Lion killing in kh&asaigroup ranches between the Tsavo NPs and &mb

seli is remarkably high, and lions were extirpated from Amboseli NP and the surrounding lands in the
early 1990s (Frank et al. 2006). However, recent qoasen programs such as the Lion Guardians
have significantly reduced lion killing in the region and a recent estimate of the lion population in and
around Amboseli NP put the total at approximately 60 individuals (Frank et al. 2010). Mesochina et al.
(201b) give a total lion population of 205 individuals for the Tanzanian portion of the habitat patch; 27

in Kilimanjaro NP and 178 in Mkomazi NP. Given the recent data from the KWS (2009) and Mesochina
et al. (201®), | propose a total population of 88i@hs in the habitat patch.

c) Tarangire

Chardonnet (2002) includes his estimate of lions in Tarangire with the remainder of the Serepgeti ec
system, and Bauer and Van Der Merwe (2004) do not propose a number of individuals in the region.
Therefore, the onlydirect estimate of lions for the Tarangire ecosystem comes from Mesochina et al.
(201M) who note a total of 731 individuals in the habitat patch with 180 lions in Tarangire NP alone. |

retain this estimate of 731 lions for the region.
21. DarBiharamulo

ThisLCU covers the central portion of Tanzania and western Rwanda, and can best be described as a
catchall for lion populations outside of the surrounding LCUs (164,989. kithe IUCN (2006b) give an
estimate of 900 lions in the LCU. Due to the complexneapf the size and shape of the LCU, | will only

give the estimates of lions in the region from other sources-$gptep below. The findings of this-r

port show that the LCU as drawn covers areas that are temporarily used by lions (Mesochina et al.
2010b) and those regions where human population density is too high to support lion populations. Gi

en this information, | propose that the LCU should be split into four habitat patches based on permanent
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lion populations alone; Akagera (931 RmNW Tanzaai (4,731 krf), Swaga Swaga (7,242 Bmand
Wami MbikiSaadani (8,78Km?).

a) Akagera

Chardonnet (2002) gives an estimate of 45 lions in this NP in western Rwanda. Bauer and Van Der
Merwe (2004) note a total of 25 lions for the park alone. | retain tharege of 25 lions for this habitat
patch since Chardonnet noted that the population within the park was declining due to livesteck e

croachment, poaching, and civil unrest.
b) NW Tanzania

Chardonnet (2002) proposes a total population of 177 lions in NW TenZawever much of this lah

scape is now thought to only contain temporary populations of lions (Mesochina et ab20TIBe only
portion of the area that has a permanent lion population is a complex of PAs; Kimisi, Burigi, aad Bihar
mulo GRs. Chardoah(2002) gives an estimate of 57 lions for these areas alone. Bauer and Van Der
Merwe (2004) do not propose a population of lions in the region. The most recent data from Mesochina

et al. (201®) note a total of 105 individuals in those GRs alone aathin this estimate here.
c) Swaga Swaga

This habitat patch covers Swaga Swaga GR and the surrounding NGAs. The only estimate of lions in the
region comes from Mesochina et al. (2®).0who proposed a population of 102 lions in the region; 33

lions in the potected area alone. | retain this estimate for this report.
d) Wami MbikiSaadani

This habitat patch includes Wami Mbiki WMA and Saadani NP and the NGAs that connect them. The
only estimate of lions in the region comes from Mesochina et al. (801¢ho poposed a population of

136 lions in the region; 51 lions in the protected areas alone. | retain this estimate for this report.
22. RuahaRungwa

The Ruahd&ungwa LCU covers a vast region of protected andgaaetted lands in central Tanzania
(185,540 krf). Gardonnet (2002) estimates a total population of 4,878 lions across the LCU. This est
mate is split amongst a number of PAs and NGAs; Moyowosi and Kigosi GRs (460), Ruaha/Rungwa co
plex (3,360), Katavi NP and adjacent PAs (600), Ugalla River GR anddsngrd?As (280), Mahale
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MountainsNP (18) and the associated NGAs (160). Bauer and Van Der Merwe (2004) simply note that
fA2ya INB GLNBaSyils wodzie y20 SadAiAyYldSRoé ¢KS L!
the LCU. Mesochina et al.0fb) propose a total population of 3,779 lions in the region. One of the

few direct surveys of lion populations in the LCU found a density of 4.0 lions per 00 Katavi NP
(approximately 168 individuals), but noted that this density was lower thgreeted based on prey

LJ2 Lddzt F GA2ya OYAFFYSNI SO Ffd wnndgood L KIFI &S NBTAYS
from Mesochina et al. (201), and human population density resulting in a habitat patch covering

195,993km”. | retain theirestimate of 3,779 lions for the habitat patch.
23. Mpanga Kipengere

The Mpanga Kipengere GR in southern Tanzania is not included in an LCU by the IUCN (2006b), but is
noted as containing a permanent population of 14 lions as per data from Mesochina et db)20d1

retain their population estimate in a habitat patch covering 958.km
24. Selous

This LCU covers a vast region of protected andgametted lands in southern Tanzania (190,386)km

Creel and Creel (1997) estimated the adult lion density in theuSdab be between 8 and 13 lions per

100 knf. An average of 10 lions per 100%across the nearly 48,000 KrSelous GR would result in an

estimate of 4,800 individuals in the reserve alone. Chardonnet (2002) estimates a total population of
4,940 lions aross the LCU with 4,400 individuals in Mikumi NP, Selous GR, and Kilombero GCA. Bauer
and Van Der Merwe (2004) give an estimate of 4,500 lions in the LCU with 3,750 lions in Selous GR
alone. The IUCN (2006b) suggest a population of 5,500 individubés lil€U. Mesochina et al. (2@).0
LINRLI2AS F G20GFf LRLMzZE I GA2Yy 2F TXHcy fA2ya Ay (KS
distribution information from Mesochina et al. (20d0and human population density, resulting in a

habitat patch coering 127,16%n?. | retain their estimate of 7,268 lions for the habitat patch.

26



Table3: East Africa Lion Habitat Patches

Southern Africa

1. Niassa

Habitat Patch Estimated # of LiongArea (knf) |Country Associated IUCN LCU
Boma-Gambella 500 106,941Ethiopia, Sudan Boma-Gambella
Kidepo Valley - Sudan,
Kidepo Valley <104 11,064Sudan, Uganda Kidpeo Valley - Uganda
South Omo 170 17,013Ethiopia South Omo
Borana 80 9,297 Ethiopia N/A
Bale 50 1,96( Ethiopia Bale
Welmel-Genale 100 9,783 Ethiopia Welmel-Genale
Awash 50 25,304 Ethiopia Awash
Eastern Hararghe 66 6,629 Ethiopia N/A
Ogaden 100 88,124Ethiopia Ogaden
Albertine South 250 5,583DRC, Uganda Albertine South
Toro-Semiliki 10 538 Uganda Albertine North
Murchison Falls 324 3,889Uganda Murchison Falls
Lake Mburo 3 373 Uganda N/A
Laikipia-Samburu 330 35,511Kenya Laikipia-Samburu
Meru 40 7,369Kenya Meru
Arboweerow-Alafuuto 100-25( 24,52 1Somalia Arboweerow-Alafuuto
Arawale-Bush Bush 500 - 1,000 22,540Kenya, Somalia Bush Bush
Itombwe Massif Savannp <50 3,244DRC Itombwe Massif Savanna
Luama Hunting Reserve <50 5,191DRC Luama Hunting Reserve
Serengeti-Mara 3,673 35,854Kenya, Tanzania Serengeti-Mara
Nairobi 22 830Kenya Maasai Steppe
Tsavo-Mkomazi 880 39,123Kenya, Tanzania Maasai Steppe
Tarangire 731 31,738Tanzania Maasai Steppe
Akagera 25 931Rwanda Dar-Biharamulo
NW Tanzania 105 4,731 Tanzania Dar-Biharamulo
Swaga Swaga 102, 7,242Tanzania Dar-Biharamulo
Wami Mbiki-Saadani 136 8,781 Tanzania Dar-Biharamulo
Ruaha-Rungwa 3,779 195,993Tanzania Ruaha-Rungwa
Mpanga Kipengere 14 958 Tanzania N/A
Selous 7,268 127,16%Tanzania Selous
Totals 20,083 838,226
w/o Somalia: 19,004 791,15

This region contains two LCUs in northern Mozambique totaling 128,060Niassa Bserve (41,590

km?) and Greater Niassa (86,470 ¥m Chardonnet (2002) estimates a total of 650 lions for this region
with 500 individuals in Niassa NR alone. Bauer and Van Der Merwe (2004) provide a much lewer est
mate of 175 individuals for the aredhe IUCN (2006b) report notes a total of 800 to 900 lions gecup

ing Niassa NR, with an additional 100 to 250 individuals in the Greater Niassa LCU; 900 to 1,150 lions in
total. Recent estimates from Chardonnet et al. (2009) give a total of 1553 liomgrrapent popuh-

tions in the region; 900 in Niassa NR (800 to 1,000 individuals: Begg and Begg 2010) and 1G6-in Quiri
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bas NP. | have expanded these LCUs to include the distribution of known lion populations in northern
Mozambique (Chardonnet et al. 201@)dathose connected areas in southern Tanzania not included in
the Selous LCU (Mesochina et al. 26)1@hich results in a habitat patch covering 194,409 kiRetan-

ing the estimate of 1,553 lions from Chardonnet et al. (2009) and adding the 396 liorts notde®-

china et al. (2016) in those areas of the habitat patch falling in southern Tanzania, | propose a total

population of 1,949 lions in the region.
2. Upemba and Kundelungu

These LCUs are both located in southern DRC. The Upemba LCU totals 1 a@Ddawers a portion of
Upemba NP, while the Kundelungu LCU covers 4fG&rss a portion of Kundelungu NP. Chardonnet
(2002) estimates a total of 50 lions in these PAs combined. The IUCN (2006b) note a population of less
than 50 individuals in each” A recent survey by Henschel et al. (2010) found no lions occupying either

park, and therefore these LCU are not included as current habitat patches.
3. Nsumbu

The Nsumbu LCU is located in northeastern Zambia and covers 4,370Ckrardonnet (2002) gives
population estimate of 39 lions in Nsumbu NP and the surrounding GMAs. The IUCN (2006b) propose
that less than 50 individuals remain in the region. | retain the estimate of less than 50 lions forahe ass
ciated habitat patch, but have increased the glato 14,272 krf) which includes the surrounding GMAs,

and Mweru wa Nitpa and Lusenga Plains NPs as per the distribution of lions notedAAWViH€2009).

4. Bangweulu

The NPs and GMAs in the Bangweulu ecosystem of eastern Zambia are not included i b€,
noted as containing lions by th2AWA(2009). No estimates for the number of lions inhabiting tkis r
gion exist in the literature. | propose a habitat patch covering 15,1120kiRAs alone and give an-e
tremely tentative population estimate déss than 50 lions based solely on its proximity to the Nsumbu

complex and their similar sizes.
5. Luangwa

The Luangwa region covers a vast collection of NPs and GMAs in eastern Zambia. Several LCUs fall inside
an area that | propose to be a single habitatgh stretching across the Luangwa River Valley in Zambia

and neighboring northern Malawi; Vwaza (840%nNyikac MW (2,770 krf), Nyika- ZM (1,340 k),
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North Luangwa (15,020 K South Luangwa (19,200 Rmand the Petauke Corridor (14,560 %m

Chadonnet (2002) estimates a total of 1,802 lions in this region with 1,633 individuals in the Luangwa

NP complex, 165 in the Chisomo, Luano, and West Petauke GMAs, and five in Nyika NP and Vwaza
Marsh WR. Bauer and Van Der Merwe (2004) give only a nagstialate for lions in Zambia; 1,500

individuals. The IUCN (2006b) note a total of 440 to 850 lions across this landscape. New date-from M
sochina et al. (20X) note the lion being absent from Nyika NP in Malawi, and estimate a total @opul
tionoffve SAARSY (G ftA2ya Ay =gl al NEK 2wo L WNSGFAYy
bia, but include the updated information from Malawi. This results in an estimated population of 425 to

835 lions in a habitat patch covering 77,041°km
6. Mid-Zambezi

This region covers a large area of southern Zambia and northern Zimbabwe along the Zambezi River and
Lake Kariba. Several LCUs fall inside an area that | propose to be a single habitat pafambéizi

(20,030 k), Omay (2,040 kfi, and Matusadona (130 knf). Chardonnet (2002) estimates a total of

988 lions in this region with 183 individuals Lower Zambezi NP, 495 in Mana Pools NP, and 310 in Mat
sadona and Chizarira NPs. Bauer and Van Der Merwe (2004) give only a national estimate for lions in
Zamba, but note a total of 702 lions across the NPs and SAs of northern Zimbabwe. Purchase et al.
(2005) estimated a total of 28 resident lions in the valley floor of Matusadona NP (approximately one

j dzZF NISNJ 2F GKS LJ NJ Qa | NBlividualshiry1998.1 The [IDCNR2086y) giveNaiP Y Y ¢
total estimate of 350 to 650 lions across this landscape, but is likely an underestimate as it misses seve

Ff bta IYyR {!a® | 26 SOSNI IAPSYy | t1 01 2F NBOSyYyid R
habitat patch covering 42,142 Km

7. Kafue

The Kafue LCU covers a number of NPs and GMAs in central Zambia spanning 31,8D8akdonnet

(2002) proposes a population of 1,026 lions in the region but includes Lochinvar and Blue Lagoon NPs
where lions hae likely been extirpated (ZAWA 2009). The IUCN (2006b) report notes a population of
250 to 500 lions across the LCU. | retain this estimate but expand the habitat patch to include those
GMAs within the surrounding region noted to contain lions by ZW&/A (2009). The proposed habitat

patch covers 58,898 Km
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8. West Lunga

The NPs and GMAs in the West Lunga ecosystem of northwestern Zambia are not included in a LCU, but
are noted as containing lions by tlAWA(2009). Chardonnet (2002) provides the oaltimate of
lions in the region with a population of 153 individuals. | propose a habitat patch covering 13,286 km

PAs alone and retain the estimate of 153 lions.
9. Liuwa Plains

This LCU covers Liuwa Plains NP in western Zambia and is noted as haveayafri7,040 kfa Cha-

donnet (2002) estimates a single population of 376 lions spanning the whole of eastern Zambia including
Sioma Ngwezi NP and the surrounding GMAs. The IUCN (2006b) note a population of less than 50 ind
viduals in Liuwa Plains NPm@e. | retain the original LCU as a habitat patch, but calculate a significantly
smaller area of 3,21&m”. Recent data from the Liuwa Carnivore Project (2010) show that only three
lions remain in the NP itself, but they note that a few individualsat@xist in the surrounding GMA. |

use the known population of three individuals for the habitat patch.
10. Sioma Ngwezi

This LCU covers Sioma Ngwezi NP in western Zambia and is noted as having an area of.2@2B8 km
donnet (2002) estimates a single poptida of 376 lions spanning the whole of eastern Zambia including
Liuwa Plains NP and the surrounding GMAs. The IUCN (2006b) note a population of less tham50 indivi
uals in Sioma Ngwezi NP alone. | retain the estimate of less than 50 lions and thed aginas a hab

tat patch, but calculate a larger area of 4,280°km
11. Kasungu

This LCU contains Kasungu NP in central Malawi (1,980 @hardonnet (2002) estimated a population
of five lions in the park. The IUCN (2006b) provide a similar estiméssfhan 10 individuals. Recent
data from Mesochina et al. (20&0note six resident lions for the park alone. | retain this estimate in a

slightly larger habitat patch covering 2,341%m
12. Nkhota Kota

The Nkhota Kota LCU covers the Nkhota Kota WR tnatémalawi (1,660 krf). Chardonnet (2002)se
timated a population of 10 lions in the reserve itself. The IUCN (2006b) report provides a siniilar est

mate of less than 10 individuals. Recent data from Mesochina et al. 0@ a slightly higher dst
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mate of 18 resident lions for the reserve alone. | retain this estimate in a slightly larger habitat patch

covering 1,846 km
13. Liwonde Ecosystem

The Liwonde ecosystem contains three LCUs in southern Malawi; Namizimu (98Mlemgochi (430

km?), and Liwond (400 kr). Chardonnet (2002) estimates a total of five lions across this network of
PAs. The IUCN (2006b) note a population of less than 10 individuals in each of the three LQ@Js. Mes
china et al. (2010b) propose a seasonal population of six liorseire¢osystem. | have not included

these LCUs in a habitat patch since these lions do not represent a resident population.
14. Tete N. of Cahora Bassa

The NGA of Tete Province, Mozambique, north of Lake Cahora Bassa is not included in a LCU, but does
contain aresident population of lions. Chardonnet (2002) provides an estimate of lions in the Tete Pro

ince as a whole, noting a population of 125 individuals. The more recent survey of the status of lions in
Mozambique gives a much higher estimate of lionseteTProvince, north of Lake Cahora Bassa; 344
resident lions (Chardonnet et al. 2009). A survey by the Duke BCI intern team and | estimated a much
smaller range of lions in the region, noting a restricted population of approximately 200\MansAarde

et al. in prep). We also propose a habitat patch covering 25,861 km
15. Tete S. of Cahora Bassa

This habitat patch contains a portion of an LCU covering 12,46@fknorthern Mozambique and &

babwe; MZ South of Labannakass. As stated above, Chardonf@) (@@vides an estimate of lions in

the Tete Province as a whole, noting a population of 125 individuals. The more recent survey af the st
tus of lions in Mozambique gives an estimate of lions in Tete Province, south of Lake Cahora Bassa; 59
resident lims (Chardonnet et al. 2009). | retain this estimate of 59 lions in a habitat patch covering
13,612 km.

16. Gile

The Gile LCU falls in central Mozambique, covering Gile NP and the surrounding NGA (3,85h&m
IUCN (2006b) report notes a total populatiof less than 50 individuals for the region. Chardonnet et al.
(2009) estimate 45 individuals over a larger landscape with eight lions in Gile NR alone. | retain this e

timate, as well as the larger modified habitat patch with an area of 22,322 km

31



17. Golongosa/Marromeu

This LCU covers Gorongosa NP, Marromeu NR, their associated HAs, and the surrounding MGAS in Za
bezi Province in central Mozambique (42,090°kmChardonnet (2002) notes a population of 100 lions
across the landscape. Bauer and Van Demidg2004) estimate a total of 175 lions in the Zambe# Va

ley. The IUCN (2006b) propose a population of 100 to 250 lions in the LCU. The most recent survey
conducted by Chardonnet et al. (2009) estimates 106 individuals in the region. | have retebresd-t

mate of 106 lions in a modified habitat patch based on the recent data (46,781 km

18. Greater Limpopo

The Greater Limpopo ecosystem stretches across a vast landscape of PAs and NGAs in the border region
between South Africa, Mozambique, and Zimbabweyered by a LCU with an area of 60,990°.km
Chardonnet (2002) estimates a total of 2,793 lions in the region; 80 individuals in Mozambique including
BAYKIE@S YR . FYKANB bt a3 mMyo AY %AYOolLo06S AyOf dzZRAY
NP. Bauer and Van Der Merwe (2004) propose a similarly sized population of 2,355 individuals: 25 in
Mozambique, 2,200 in Kruger NP, and 130 in Zimbabwe. However, their estimate of lions in Zimbabwe
covers the entire southern portion of the country, muchwafich falls outside of the LCU. The IUCN

(2006b) report notes that the landscape contains more than 2,000 lions, but this estimate do@s not i

clude Zinhave NP and the surrounding HAs and NGAs in Mozambique. Ferreira and Funstoe-(2010) r
cently surveyedidns in Kruger NP, estimating a population of 1,684 individuals in the park alone. Cha

donnet et al. (2009) note 376 lions in the Mozambique portion of the Greater Limpopo ecosystem.
Groom (2010) estimated a total of 23 lions in Gonarezhou NP, Zimbabiven the recent data, | retain

GKS L!/bQa SadAYFGS 2F | LRLAA FGA2Y 2F fA2ya Y2NB
tem as new data shows 2,060 lions in South Africa and Mozambique alone and Zimbabwe likely contains

less than 200 indivithls based on prior surveys (the additional 23 lions from Gonarezhou NP puts the

total number of estimated lions at 2,083 individuals). This larger habitat patch has an area of 151,917

km?.

19. ShasheL.impopo

This LCU falls across the place where South Afdrababwe, and Botswana intersect (6,4602)<m
Chardonnet (2002) gives an estimate of 15 lions in the Botswana and Zimbabwe portions of the LCU, but
does not estimate lions in South Africa. Bauer and Van Der Merwe (2004) note a total of 130 ltbns resi

ing in the whole of southern Zimbabwe, and give an estimate of 10 lions for the portion of the LCU in
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Botswana. The IUCN (2006b) propose a larger population of 50 to 100 lions in the LCU. A 2010 survey
2T GKS NBIA2YyQa O NY AodiMiieGre&er Mapongubvi RFCA, dowa frdmf48 2 F  H
lions in 2004 (Shashe Limpopo Predator Research Group 2010). | retain this estimate of lions-in the r

gion, with the original LCU as the habitat patch boundary, but calculate an area of 7,421 km
20. EtoshaKunene

The Etoshaunene LCU is located completely within northern Namibia, covering 55,700Gnardo-

net (2002) estimates a total of 417 lions in the LCU with 315 individuals in Etosha NP alone. Bauer and
Van Der Merwe (2004) note population of 230ions in Ebsha NP, but simply state that there are an
additional 680 lions in the remainder of the country. The IUCN (2006b) report proposes a population
range between 315 and 595 individuals. Stander (2010) estimated 112 to 139 lions in the Kurame regi
(excluding Etosha NP). Given this data | retain the IUCN estimate of 315 to 595 individuals, bpt have u
dated the habitat patch to include portions of the lion distribution noted in the Namibia Large Carnivore

Atlas (Hanssen and Stander 2004). Thislte in a significantly larger area of 123,80G km
21. KhaudomCaprivi

This LCU falls completely within northern Namibia and has an area of 24, 700Gtrardonnet (2002)
estimates a total of 274 lions in this region. The IUCN (2006b) note a populati@® @b 200 lions
across the LCU. Given this data | retain the IUCN estimate, but have updated the habitat patch to i
clude portions of the lion distribution noted in the Namibia Large Carnivore Atlas (Hanssen and Stander

2004). This results in a sigeifitly larger area of 92,418 Km
22. OkavangeHwange

The Okavangblwange LCU covers a vast landscape spanning much of northern Botswanamand Zi

babwe (95,170 k). Sechele and Winterbach (2001) surveyed lion populations across northesn Bot

wana from 1998 to @00, estimating?2,095 individuals across the OkavardgeandeChobe ecosystem

6y2iG AyOtdzZRAy3 bEIA tty FyR al13FRAl3IFRA thtaovo ¢
SNy .2Gaglyl ftA2y LRLJAFGA2y Aa fstimbtESNiuch ey H X nn .
density of 1 lion per 125 khin Makgadikgadi NP, resulting in approximately 39 individuals. Chardonnet

(2002) estimated a total of 2,870 lions inhabiting the LCU (2,177 in Botswana and 693 in Zimbabwe), not
including those lions ithe southern portion of the region (Nxai Pan and Makgadikgadi NPs), which he

associates with Central Kalahari GR. Bauer and Van Der Merwe (2004) note a population of it,913 ind
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viduals in Botswana, and 205 in Zimbabwe; a total of 2,118 lions across theTh€ WCN (2006b) give

a similar estimate of 2,300 lions in the region. Loveridge et al. (2007) estimated a density of 2.7 lions per
100 knf in Hwange NP alone. With an area of 14,906, kdwange NP contains an estimated 402 lions

as per their study.DA Sy (GKA& RFGFX L NBOGFAY GKS L!/bQa Sai.
LCU borders to fully include all of the associated PAs in Botswana and those areas of low hunsan popul
tion density outside of Hwange NP in Zimbabwe to create a habitahpateering 107,337 kin | must

note that the evidence from the surveys stated absuggestan even higher number of resident lions

in this landscape, but new data is necessary to support this claim.
23. Xaixai

This LCU covers two WMAs in northwestern Botsvél 3,070 krf). The only estimate of a lion popul

tion in this region comes from the IUCN (2006b) who note a range of 50 to 100 individuals inhabiting the
LCU. Given this data, | retain their estimate, but modify the LCU slightly to include all ofdhia the
WMASs to give a habitat patch with an area of 12,484.km

24. Kgalagadi

The Kgalagadi LCU falls across a vast the vast transfrontier region spanning from central Botswana into a
portion of northern South Africa (146,960 Rm Castley et al. (20025timated the total number of lions

in the southwestern portion of Kgalagadi Transfrontier Park (the area in South Africa alone) ée be b
tween 92 and 125 individuals. Chardonnet (2002) estimates a total of 1,150 lions in the region with 450
individuals m Central Kalahari GR (including Nxai Pan and Makgadikgadi NPs that fall outside of the LCU),
and 700 in the Kgalagadi Transfrontier Park. Bauer and Van Der Merwe (2004) give a slightlg-lower e
timate of 995 lions in the region; 312 individuals in Cerit@bhari GR and 683 in the Kgalagadi §ran
frontier Park. The IUCN (2006b) report notes a range in lion numbers between 500 and 1,000-individ
als. | retain this estimate and the LCU for the habitat patch in this report, but calculate an area of
151,142 kn*.

25. Kissamavlumbondo

This LCU covers a small portion of Kisama NP in northwestern Angola (2280Ctmardonnet (2002)
notes a population of 160 lions ranging over a much larger area ichtdes Kangandala NP, Luando

Integral Nature Reseryaand thesurrounding NGAs which fall outside of this LCU. The IUCN (2006b)
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propose a small population of less than 10 individuals in the region. | retain this estimate and-the bo

ders of the LCU but calculate an area of 4,593 fomthe habitat patch.
26. BocoieCanucuio

The BocoieCamucuio LCU falls across a 24,806 K@A of western Angola. The IUCN (2006b) provide
the only estimate of lions in the region with 40 to 70 individuals. | retain this estimate but modify the
borders of the LCU based on human populatiensity and calculate an area of 22,005°Kor the hab-

tat patch.
27. Bicuar

This LCU covers Bikuar NP in southern Angola (9,990 Khardonnet (2002) notes a population of 256
lions ranging over a much larger area that includes lona and Mupa NPs, MaeauRBgd and the su
rounding NGAs which fall outside of this LCU. The IUCN (2006b) propose a population of 20ito 40 ind
viduals in the region. | retain this estimate and the borders of the LCU but calculate an area of 13,792

km? for the habitat patch.
28. Mupa Cubati

The Mupa Cubati LCU falls across a landscape that includes Mupa NP and the surrounding NGAs in
southern Angola (22,610 Kin The IUCN (2006b) report notes a total of 50 to 100 lions in the LCU.
retain this estimate and the borders of the LCU balculate an area of 25,516 krfor the habitat

patch.

29. Cuando Cubango

This LCU covers a vast portion of southeastern Angola containing Luengu HR, and Mavinga and Luiana
PRs (144,440 Kim Chardonnet (2002) estimates a population of 235 lions acrosstfien. The IUCN
(2006b) propose a significantly larger population of 750 to 1,400 lions in the LCU. | retain this estimate
and the borders of the LCU but calculate an area of 152,26 fdathe habitat patch.

30. Luchazes

The Luchazes LCU covers 125,626 &dmearly all norgazetted land in eastern Angola. The IUCN
(2006b) report notes a population of 400 to 700 lions in the LCkdtain this estimate but modify the
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borders of the LCU based on human population density and calculate an area of 139080 #m

habitat patch.
31. Cameia Lucusse

This LCU falls across Kameia NP and the NGAs to its south in eastern Angola (3),58h&rdonnet
(2002) notes a population of 98 lions in this region. The IUCN (2006b) estinati@ of between 70
and 130 indviduals residing in the LCU retain this estimate and the borders of the LCU but calculate

an area of 35,740 kffor the habitat patch.
32. Alto Zambeze

The Alto Zambeze LCU borders Zambia and the DRC in eastern Angola (18)2I0hkmiUCN (2006b)
report notes a total of 50 to 100 lions in the LClketain this estimate and the borders of the LCU but
calculate an area of 20,771 kifior the habitat patch.
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Table4: Southern Africa Lion Habitat Patches

Habitat Patch Estimated # of LionsArea (kn”f) Country Associated IUCN LCU

Niassa 1,949 194,409Mozambique, Tanzania Niassa Reserve, Greater Niass

Nsumbu <5(Q 14,273Zambia Sumbu Complex

Bangweulu <50 15,113Zambia N/A
Vwaza, Nyika - MW, Nyika - ZM
North Luangwa, South Luangwg

Luangwa 425 - 83 72,981Malawi, Zambia Petauke Corridor
Mid-Zambezi, MZ South of

Mid-Zambezi 350 - 650 42,142Mozambique, Zambia, Zimbabwe |Labannakass, Omay, Matusado

Kafue 250 - 500) 58,894Zambia Kafue

West Lunga 153 13,128Zambia N/A

Liuwa Plains 3 3,215Zambia Liuwa Plains

Sioma Ngwezi <50 4,28QZambia Sioma Ngwezi

Kasungu 6 2,34 Malawi Kasungu

Nkhota Kota 18 1,84GMalawi Nkotakota

Tete N of Cahora Bassa 200 25,861Mozambique N/A

Tete S of Cahora Bassa 59 13,614Mozambique MZ South of Labannakass

Gile 45| 22,322Mozambique Gile

Gorongosa/Marromeu 106 46,783 Mozambique Gorongosa/Marromeu

Greater Limpopo >2,00( 151,91{Mozambique, South Africa, Zimbabw&reater Limpopo

Shashe-Limpopo 25 7,421Botswana, Zimbabwe, South Africa |Shashe-Limpopo

Etosha-Kunene 315 - 59 123,80Q0Angola, Namibia Etosha-Kunene

Khaudom-Caprivi 100 - 20 92,418Namibia Khaudom-Caprivi

Okavango-Hwange 2,300 107,33{Botswana, Zimbabwe Okavango-Hwange

Xaixai 50 - 10 12,484 Botswana Xaixai

Kgalagadi 500 - 1,000 151,142Botswana, South Africa Kgalagadi

Kissama-Mumbondo <1 4,593Angola Kissama-Mumbondo

Bocoio-Camucuio 40 - 7( 22,003Angola Bocoio-Camucuio

Bicuar 20 - 40 13,793Angola Bicuar

Mupa Cubati 50 - 10! 25,516Angola Mupa Cubati

Cuando Cubango 750 - 1,400 152,261Angola Cuando Cubango

Luchazes 400 - 70 139,060Angola Luchazes

Cameia Lucusse 70 - 13| 35,740Angola Cameia Lucusse

Alto Zambezi 50 - 10! 20,771Angola Alto Zambezi

Totals 11,919 1,591,460
w/o Angola; 9949 1,177,723

Lion Strongholds

Eleven haitat patches across suBaharan Africa qualify as lion strongholds (T&blel briefly note b-
low how each habitat patch meets the requirements to be considered a stronghold. | lsavaapped

each lion stronghol@éndthe PAscontained within them(AppendixC, Figure20through 29.
West Africa

The WArly-Pendjari complex in the border region between Burkina Faso, Benin, and Niger is the only
habitat patch that meets the lion stronghold qualifications in West Africa. As noted in the lionapopul
tionad 454aYSyids GKS a21té¢ O2YLX SE O2yidlAya |G St

the lion population in the region as stable.
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Central Africa
There currently are no habitat patches in Central Africa that qualify as a lion stronghold.
Eas Africa

Four habitat patches in East Africa meet the requirements for being a lion stronghold. The Serengeti
Mara ecosystem contains an estimated 3,673 lions, with approximately 3,516 individuals in the PAs of
the region. The IUCN (2006b) rates the fimpulation in this habitat patch as increasing. Anotherihab

tat patch along the border of Kenya and Tanzania qualifies as a lion stronghold; theViisavazi eo-

system. This region contains 880 lions, the vast majority of which exist in the welltptbiédes in each
country. Although the IUCN (2006b) rates the lion population in this habitat patch as decreasing, most
of the loss of lions is occurring in the Amboseli ecosystem to the west of the vast Tsavo NPs complex
(Frank et al. 2010). This ecogystis thought to contain approximately 60 lions, and therefore | propose
that the remaining resident lions (approximately 820 individuals) in the Tsavo and Mkomazi NPs have
stable populations. The RuaRaingwa habitat patch in western Tanzania containestimated 3,779

lions and also fits the description as a lion stronghold. 2,235 of these individuals occur in theowell pr
tected NPs and GRs of the ecosystem, and the IUCN (2006b) gives the population a rating of stable. The
Selous ecosystem is anothén stronghold in Tanzania, containing 7,268 lions with 4,953 individuals in

its PAs. The IUCN (2006b) lists the Selous LCU as having a stable lion population
Southern Africa

Six of the habitat patches as delineated above qualify as lion strongholdsfirgthlion stronghold in
Southern Africa mostly falls within northern Mozambique; the Niassa ecosystem. This region contains
an estimated 1,949 lions, of which 1,080 are contained in well protected parks. The IUCN (2006b) report
considers this LCU asing an increasing lion population. The Luangwa ecosystem spans across a
number of PAs in eastern Zambia, and contains an estimated 425 to 835 lions (630 mearl)(\r'he |
(2006b) rates the Luangwa LCU as having a stable lion population. Anotherdiaghsid occurs across

the border region between southeastern Zambia and northern Zimbabwe;Zdidbezi. This habitat
patch has between 350 and 650 lions across a seriéfPsf SAs, and WMAOO mean). Even though

the region could contain less than 506ns (as per IUCN 2006b data), other estimates note a much
higher population of lions across the ecosystem and | believe it is safe to assume that the habitat patch
gualifies as a stronghold. The IUCN (2006b) rates theZsiinbezi LCU as having a stdlde popub-

tion. The Okavangblwange habitat patch qualifies as a lion stronghold with 2,300 individuals largely
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contained in a complex of NPs, SAs, and WMAke IUCN (2006b) gives the lion population in the r

gion a stable rating. Afth lion stronglold exists in southern Botswana and northern South Africa; the
Kaalagadi ecosystem. This region contains between 500 and 1,000 lions (750 mean) across two vast GRs
and NPs. The IUCN (2006b) note the region as having a stable lion population. The [Grgaipo
ecosystem is the final lion stronghold in Southern Africa. It contains more than 2,000 lions, of which at
least 1,951 individuals are found in well protected parks. The IUCN (2006b) states that the lia popul

tion in this ecosystem in increasing

Table5: Lion Strongholds

Habitat Patch  |Estimated # of Lions |# of Lions in PAs|Trend Area (km?) |Country Associated IUCN LCU
Benin, Burkina Faso,

W-Arly-Pendjari 500 500 Stable 29,403 |Niger W-Arly-Pendjari

Serengeti-Mara 3,673 3,516 | Increasing 35,852 |Kenya, Tanzania Serengeti-Mara

Tsavo-Mkomazi 880 820 | Decreasing 39,122 [Kenya, Tanzania Maasai Steppe

Ruaha-Rungwa 3,779 2,235 Stable 195,993 [Tanzania Ruaha-Rungwa

Selous 7,268 4,953 Stable 127,165 [Tanzania Selous

Niassa 1,949 1,080| Increasing 194,409 [Mozambique, Tanzania |Niassa Reserve, Greater Niassa

Vwaza, Nyika - MW, Nyika -
ZM, North Luangwa, South

Luangwa 425 - 835 ~426 - 835 Stable 72,987 |Malawi, Zambia Luangwa, Petauke Corridor
Mid-Zambezi, MZ South of

Mozambique, Zambia, [Labannakass, Omay,

Mid-Zambezi 350 - 650 ~351 - 650 Stable 42,142 |Zimbabwe Matusadona
Mozambique, South
Greater Limpopo >2,000 1,951 | Increasing 151,917 |Africa, Zimbabwe Greater Limpopo
Okavango-Hwange 2,300 ~2,300 Stable 107,337 |Botswana, Zimbabwe |Okavango-Hwange
Kgalagadi 500 - 1,000 ~500 - 1,000 Stable 151,142 [Botswana, South Africa [Kgalagadi
Totals: 24,229 ~19,235 1,147,469
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Discussion

Lion Population Assessment

This synthesis of the most recent data concerning lion populations acrosSahavan Africase
timates a total of 35,556 lions across their known range; this assuime mean lion population in est
mates where a range in numbers exists or a greater/less than value is given. Removing thequ@brest
ity data from southwest Sudan, Somalia, and Angola provides a slightly lower estimate of 32j011 ind
viduals. Therefa | am confident in the assessment that at least 32,000 African lions exist ingheir r
maining habitat. These numbers fall between the most recent estimates from Bauer and Van Der
Merwe (2004), who estimated 23,000 lions, and Chardonnet (2002) who prdmodigure just above
39,000 individials. | must note that the estimate given by Bauer and Van Der Merwe (2004) does not
include vast NGAs considered by Chardonnet (2002) and myself, along with Somalia, Sudan, Malawi, and
much of Tanzania, which contaitie largest population of lions in the world. Simply adding a veny co
senative estimate of 5,000 lions for the total of the regions not estimated by their study in Tanzania,
their estimate would reach approximately 28,000 individuals; a number muchrctosthe present
study. The recent reports produced by the IUCN (2006a; 2006b) note an estimated lion population of
approximately 33,000 irididuals.

If we break down the number of lions remaining in stdtharan Africa by region we find a rather
unequaldistribution of individuals across the continent. West and Central Africa both hold relatively
few lions with 857 and 2,697 individuals respectively. This compares to East and Southern Africa, each
having 20,083 and 11,919 lions respectively. Beyorah@mnal look, this study shows that currently 27
countries across West, Central, East, and Southern Africa contain resident populations of lion§)(Table
CKA& YSIya GKIFIG FAQGS O2dzy iNASa KI @S f 2adesidérk SANI f A
lion populations in 32 countries). Beyond that, only nine countries are found to have at least 1,000 lions
apiece; CAR, Ethiopia, Kenya, Tanzania, Mozambique, Zambia, South Africa, Botswana, and Angola. If
countries with particularly small liongpulations such as Senegal, Guiigiasau, Guinea, Mali, Niger,
Nigeria, Rwanda, and Malawi (all having 100 lions or less) want to preserve their wildlife heritage for
future generations, serious conservation measures must be put in place. If the pasiedsedo be used

as a reference, all of these countries risk losing their lions in an alarmingly short period of time.
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Table6: Estimated Number of Lions per Country

Country Estimated # of Lions # of Habitat Patches Region
Senegal 100 1|West
Guinea-Bissau 25 1|(West
Guinea 85 3| West

Mali 68 2 |West
Burkina Faso 250 1|West

Benin 337 4 (West

Niger 50 1|West
Nigeria 39 2| West
Cameroon 270 2| Central
Chad 500 1|Central

CAR 1,252 1(Central

DRC 325 4| Central, East
Sudan 785 3|Central, East
Ethiopia 1050 8| East
Uganda 601 5|East

Kenya 1970 6|East
Somalia 925 2 |East
Rwanda 25 1|East
Tanzania 15,584 9|East, Southern
Mozambique 1,949 7 |Southern
Malawi 29 3|Southern
Zambia 1,426 8|Southern
Zimbabwe 850 4 |Southern
Namibia 605 2|Southern
South Africa 1,803 3|Southern
Botswana 2,531 4|Southern
Angola 1,970 9|Southern
*Note: Numbers are rough estimates as many countries share habitat patches

It is also of importance to address the fact that the liopplation estimate proposed in theer
port cannot be directly compared to the numbers found in the most recent surveys of lion populations
in terms of an increase or decrease in lions across their range. The estimates for lion populations here
show only theimpact of new data and lieepecific surveys. This also remains true for historical est
mates of the number of lions in Africa, which relied heavily on lion density extrapolations for what was
assumed to be the remaining distribution of lions at diffarpariods in the past century. Myers (1975)
Yy20SR GKFGZ 4{AyOS moppnz wfA22ye ydzyroSNB YI& ¢Sftf
Fff 2NJ S@Sy f Saaode CSNNBNI & |YyR /2dzAAya o6mdepdpcy S
a GIS model predicting lion range from human population density, agriculture, and pastoralismnbut co
cede that much of the known lion range at that time wasgimg from their prediction.Finally, Nowell
FYR WIOlaz2y omddc 0 LINRILERVYAISIRS aieK SATNI oSiRdnOt ni SiiR2- avBdzS3an
90s. The truth is that we simply do not know how many lions existed historically acroSalsaian
Africa, and while all three of these estimates are interesting as an exercise in trying to poedjmdil-
lations where survey data does not exist, we cannot prove a reduction of over 50 percent ofiien nu

bers in the past several decades.
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Beyond lion numbers alone, it is also difficult to assess the potential reduction in the occupied

range of lions.Without doubt, land conversion for agriculture and the expansion of human populations
0 SNNAR (2 NE

Ay 2

LINEOA2dzaf &

GoAt RE

KI a

AAAYATAON Yt

time period (Pimm et al. in p@. This reduction of habitat rmost stark in West Africa where Pimm et

al. (in pre) have found a significant loss in known lion range. When the IUCN (2006a) assessed lion

range in West and Central Africa, they noted 20 LCUs in the region. Recent data from Henschel et al.

(2010) foun that more than half (11) of these LCUs most likely no longer contain lions. Across Africa a

total of 17 LCUs have lost their lions since 2006 according to recent data, with the greatest losses occu

ring in West Africa (Tablg. However, it is importarto note that all of these extirpations came from

populations of less than 50 lions, and all but one (NazBigaili) had been noted as having a declining

trend in lions (IUCN 2006a; 2006b). If these declines continue, a good number of the cabitat h

patches risk losing their lions in the near future.

Table7: LCUs with Recently Extirpated Lion Populations

LCU Estimated # of LiongArea (knf) |RegiorjCountry
Comoe-Leraba <50 22,880West Burkina Faso, Ivory Coa
Gbele Ecosystem <50 1,51QWest Ghana
Nazinga-Sissili <50 2,510West Burkina Faso, Ghana
Mole <50 6,790West  |Ghana
Bui-White Volta Ecosysteim 10-2Q 5,230West Ghana
Digya <50 3,180West  [Ghana
Oti-Mandouri <50 990West  |Togo
Old Oyo <5 1,700West  |Nigeria
Kamuku/Kwiambana 25-35 3,220 West Nigeria
Lame-Burra/Falgore 25-35 4,39qWest Nigeria
Odzala <50 1,890Central [Congo
Upemba <50 1,430 SouthernDRC
Kundelungu <50 410 SoutherrDRC
Namizimu <10 280 SouthernMalawi
Mangochi <10 430 SoutherrjMalawi
Nyika - MW <10 2,774SouthernMalawi
Liwonde <10 400 SoutherrjMalawi

Totals! <570 60,010

However, even though losses are occurring, this study proposes 11 new habitat patches not contained in

LCUs across thehole of subSaharan Africa (Tab8. And through my analysis of lion habitat patches, |

calculate the total known range of permanent lion populations to be 3,503,93%4(Ri%11,296 krh

when removing those range states where data is lacking). This ¢élga Of 2 4 St @

GAOK (KS
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area of LCUs, 3,163,260 knand the estimate of 2,950,367 krfrom Chardonnet (2002). Given this
data, | believe it is reasonable to assume that approximately 3,000,080fknccupied lion habitat still
exists over subaharan Africa. Just as a thought experiment, if we apply a very low average lion density
(1.0 lion per 100 krf) to the predicted occupied range, we derive a result of 30,000 lions remaining in

Africa.

Table8: New Lion Habitat Pathes

Habitat Patch Estimated # of LionsArea (kn%) RegionCountry
Alibori Superieur 18 1,743West Benin
Trois Rivieres 19 1,939West Benin
Nana-Barya 4 2,314Central [CAR
Bozoum NGA 4 8,383Central [CAR
Borana 80 9,297 East Ethiopia
Eastern Hararghe 66 6,629 East Ethiopia
Lake Mburo 3 373 East Uganda
Mpanga Kipengere 14 958 East Tanzania
Bangweulu <50 15,112Southern/Zambia
West Lunga 153 13,128Southern|Zambia
Tete N of Cahora Bassa 200 25,861SouthernMozambiqug
Totals 611 85,739

Another major finding of this study is how few population estimates are based on field survey
data. Much of the information concerning lion populations is based on density estimates extrapolated
over large areas and new research is necessary tieibenderstand lion populations and distribution in
many range countries. In West Africa, recent surveys have been conducted in the Congo, Gabon, Ivory
Coast, Ghana, Benin, Burkina Faso, and Nigeria (Burton et al. 2010; Henschel et al. 2010; Péllerin et a
2009; Sogbohossou and Tehou 2007; Tende et al. 2009). However, new data is still lacking in the West
African range countries of Senegal, Mali, Guinea 8 & | dzZ DdzZA ySF X bA3ISNE I YR
Burkina Faso. And while lion populations have bestimated across Benin, direct surveys have only
been conducted in th€endjariand W complexes in the northern portion of the country (Pellerin et al.
2009). In the near future new information should become available as Dr. Philipp Henschel (Pasithera) i
currently conductingresearch in the Niokol&uinea LCU (Philipp Henschel pers. comm.). The situation
concerning direct lion research is similar in Central Africa. Cameroonian lions are relatively well studied,
and recent surveys in Waza NP and thed@encomplex have provided updated estimates on lionyop
lations in the country (Bauer 2007; Tumenta et al. 2009). A new report detailing the status of lions in

CAR also provides a newly updated estimate of lion populations in the country, but little mfftlhma-
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tion in the report is derived through direct estimation of lion densities (Mesochina et al.a201i®

Chad, northern DRC, and southwestern Sudan, almost no recent scientific literature has been produced
on lion populationswithin the past 20 yee. Beyond Zakouma NP in southeastern Chad (Vanherle
2007), lion dstributions and population estimates across these countries are little more than educated
guesses, but the comgtion of the National Conservation Action Planning workshop for cheetat, wil
dog, and lion in Southern Sudan in 2009 might provide new insights on lion distributions and-popul

tions in the near future (Wwen et al. 2009).

Historically lion populations have been better studied across East Arica. In Uganda, Kenya, and
Tanzaniarecent countrywide lion status reports have been produced detailing lion populations in this
region (Dricuru and Siefert 2005; KWS 2009; Mesochina et albR01l®fact, new data from a cougtr
wide lion survey conducted by the Wildlife Conservationi@p@and theUWAshould be available soon
for Uganda(Mudumba in press). However, as in West and Central Africa, many of the lion population
estimates are little more than educated guesses or density extrapolations. In Kenya, lions are-well st
died in the Maasailands Tsavo/Amboseli ecosystem, and Laikipia region, but almost no information is
avaibble for those lions residing in the northern portion of the country, the Samisinio complex,
and eastern border of Kenya with Somalia (Frank et al. 200M® R009; Ogutu and Dublin 2002pN;j
roge et al. 2009). The situation in Tanzania is much the same. Recent surveys of lion densities in Katavi,
Manyara, Serengeti, and Tarangire NPs, Moyowosi, Muhezi, Kizigi, and Selous GRs, Ng&@Arayato
Wami Mbiki WMA have provided accurate estimates of lion populations in those regions, but the new
cowntrywide status report of lions in Tanzania extrapolated density estimates from these regions across
vast areas of the country (Creel and Creel 1997; Kiffner et @8;2@esochina et al. 201). The sita-
tion in Ethiopia, Somalia, and eastern DRC is not nearly as positive, where no recent surveys on lion
populations have been conducted. Although, Ethiopia had held its National Lion Conservation Wor
shop in 2009, whit provided new distribution maps and rough estimates of lion populations across the
country from experts in the field (Gebresenbet et al. 2009), and new data should be available soon for
QGKAZ2LIALF FTNRBY hEFT2NR ! yAJSNEA@EQr) whorate Rurranfiyde / 2 y 4 SN
ducting countrywide lion surveys (WildCru 2011).

In Southern Africa, lion populations have also been subject to much scientific inquiry. A recent
countrywide status report on lions in Mozambique estimated both lion distidiouand numbers across
the country, but admits that only Gorongosa NP and Niassa NR have accurate estimates of lion densities

(Begg & Begg 2010; Chardonnet et al. 2009). Our recent survey of the distribution of lions in Fete Pro
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ince north of Lake CahoBassa worked to refine their data in that region alone, fouther lion-specific
researchneeds to be conducted in the remainder of the country to truly assess lion populations there

(Van Aarde et al. in prgp Although theZAWArecently released its @servation Strategy and Action

Plan for the African Lion (2009), they only proposed a slightly updated version of lion distribution with

no esimation of lion numbers beyond those found in Chardonnet (2002). Therefore, information on

lion populations irZambia is nearly completely lacking, with direct estimates only currently available for

Liuwa Plains NP (Becker et al. 2010). However, Dr. Paula White and the Zambia Lion Project &re curren

ly assessing lion populations countrywide and their data shoaldvailable soon (Zambia Lion Project

2010; Paula White pers. comm.). The distribution and status of the lion in Malawi was recently assessed

by Mesochina et al. (20£]) but this information was based solely on information from the Malag4 D

partment of National Parks and Wildlife and experts in the field, including lion sightings by game off

cials. No famal lion surveys have been conducted in the country (Mesochina et alcR0k02006, the

Zimbabwe Parks and Wildlife Management Authority release@dnservation Strategy and Action Plan

for the Lion in Zimbabwe (ZPWMA 2006). This report did not update the known data on lioma-popul
GA2ya& 2NJ RAAGNRAOdziA2Y Ay GKS O2dzyiNEB FyR aidl dSR i
tonandtrendX A GAff NBYFAya fFO1TAy3a F2NI Y2ad YI22N) gAf Rf
note that lion specific surveys had been conducted in several PAs including Hwange, Mana Pools, and
Matusadona NPs, Matetsi SA and the Save Valley Conservancy. Regeys fave been conducted in
Matusadona, Hwange, and Gonarezhou NPs and the Greater Mapungubwe TFCA, but little or no data
SEA&GA 2y LRLWzZ FiA2ya Ay GKS YIFI22NR(G& 2F %AYOl 06 ¢
Purchase and Vhurumuku 2005; Sha Limpopo Predator Research Group 2010). WildCru is currently
conducting surveys on lion populations across much of Zimbabwe including the Hwange ecosystem, the
Mana Pools ecosystem, and the Save Valley Conservancy, and new data should be available soon
(WildCru 2010).

{2dziK ! FNAOIFI Q& ftA2ya NB fA]Ste wa&n§ngpdp@id & d dzRA
tions have had recent lieapecific surveys (Castley et al. 2002; Ferreira and Funston 2010; Simshe Li
popo Predator Research Group 2010n the Technical Predator Management and Conservatiork\Wor
shop in Botswangdt was stated that lion populations across country have been well studied in the past
with four major surveys in the north and two in the south as of 2000 (Sechele and Wicle?0@1).
However with the exception of the survey of large carnivores across the Greater Mapungubwe TFCA
(Shashe Limpopo Predator Research Group 2010), there have been no additional publications to update

those lion population estimates presented neaalglecade ago. That is not to say that recent data does
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not exist for lions in Botswana, but only that the information has yet to be published for the benefit of

the scientific community. A similar scenario exists for information concerning the liongmibid,

where orrgoing monitoring of populations is occurring, but new data is often lacking public access. The

most recent comprehensive report of lion populations in the country was published in 2004, but simply
estimated lion numbers using low, mediuamd high density extrapolations across the known licgst di

tribution (Hanssen and Stander 2004). New information for the desert lions of the Kunene region of
Namibia is being updated on a negzarly basis by the Desert Lion Project (Stander 2010). Haoweve

while carnivore populations are currently being studied in the Khau@aprivi region by the Caprivi

Carnivore Project, the data is as of yet, unavailable (Predator Conservation Trust 2010). The most major

gap in knowledge concerning lion populationsdadistribution in Southern Africa is in Angola where

years of civil war prevented scientific research. W. van Hoven is quoted by Chardonnet (2002) stating,

4/ NHzZRS SadAYl iSa FT2N a2YS NBIAZya 2F w!yiEdautl 8 SEA
gSeaove adzOK 2F GKS Ay T ashasedion eports@anytheSINepshayid70si KS O
prior to the civil war, and it is believed that all wildlife experienced serious declines in the decades since
(Bauer et al. 2005)The widespread peistence of landmines has contributed to the lack of research in

Angola, despite the cessation of the civil war.
Lion Strongholds

Themost significant result from this study has been the delineation of lion strongholds across
sub-Saharan Africa. The comteof a lion stronghold is not new and recent calls for lion coveston
FOGA2Yy KIFI@S AyOtdzZRSR (KS ySSR (23 aXARSYGATe NBIA
probability of persistence inthe long SNY 0 ¢ NBE @S & S inthé ethads sediionpihave | & &
considered those habitat patches containing a viable population of lions (as per Bjorklund 2003) in cu
rent PAs with a stable or increasing population trend (as per IUCN 2006a; 2006b) to be lion strongholds.
The results oftiis analysis show that there are at least 11 habitat patches acrosSatdran Africa that
gualify as lion strongholds; one in West Africa, four in East Africa, and six in Southern Africa. These
strongholds span 11 countries and contain at least 18,5t lin PAs alone (more than 50 percent of
the remaining lions in Africa). It is the protection of these strongholds and the connections between
them that will ultimatelydetermine the fate of lions. Importantly,ith adequate protection, and the
subsequent reversal of lion declines, 10 additional habitat patches could qualify as lion strongholds in

the near future (Tabl®). | considered those habitat patches containing 250 or more lions (regardless of
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protection or stability) to represent potential stingholds. These areas may represent the locations

where conservation actions are most pressing and may have the greatest effect.

In West Africa, the NiokolGuinea LCU is the only other potentian stronghold in the region.
However,drastic declinesni lion populations and available habitat have seriously impacted the conse
vation potential in this landscape. Approximately 250 lions remain across three potentiatigated
habitat patches that make up the LCU in Senegal, Mali, Gllissau, and Gu@a. While the IUCN
(2006a) has stated that lion population trends in the LCU are incredkiags doubtful given the rapid
increase in land conversion in the region (Pimm et al. in pr@pjsarearequires the immediate prote
tion of those lions alrady existing in PAs (such as Niokolo Koba NP), the creation of new PAs along the
border of Guine&Bissau and Guinea, and Mali and Guinea, and the maintenance of corridors linking

these populations if this region is to serve as a lion gfhofd in the futue.

Central Africa contains no habitat patches that currently qualify as a lion stronghold, but two
regions could satisfy the requirements if conservation action focuses on protecting lions in PAs while
maintaining corridors to prevent the further fragmetion of these habitat patches. The Benouenco
plex in northern Cameroon currently contains an estimated 250 lions in NPs and HAs lalionepopu-
lations rebound in the ecosystem through an increase in prey populatiedsction in lion killingand if
the trophy hunting sectofs sustainably managedhis habitat patchcould be alion stronghold. The
other potential lion stronghold in Central Africa exists across a large swath of habitat between sauthea
tern Chad and easrn CAR. This region coimts an estimated 1,744 lions in a mosaic of NPs, HAs, and
NGAs and is noted by the IUCN (2006a) as having a stable lion populitisrarea is also connected to
potentially substantial lion populations in southwest Sudan and northern DOR€e majorssues pe-
vent the consideration of this region as a lion stronghold. First, political instability in the regioft-threa
ens the current PAs and those lion populations existing in the surrounding NGAs. Second, data for so
theastern Chad is particularly pooutside of Zakouma NP and the potential exists that these epul
tions could already be fgmented from those lions in eastern CAR by land conversion and lion killing. In
fact, the habitat patch | have pposed for Chad represents only an educated guessnghe little data
available and could be drastically overestimating both lion distribution and numbers for the country.
Finally, while a largkon populationpotentially exists in the region, few individuals remain in trulg-pr

tected areas such as NRmd the sétus of many of the PAs is unclear (Mesochina et al. 8010

In East Africa, the potential for five additional lion strongholds exists. The -Bamdoella hab

tat patch spanning the border between southeastern Sudan and western Ethiopiaaireddy be cls-
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sified as a current lion stronghold if more information based on lion surveys existed for the major NPs in
the region. An estimated 500 lions exist across a landscape that is largely covered with PAs including the
vast BomaGambella NP condgx. Unfortunately, the same issues that plague the potential stronghold

in Chad and CAR impact this habitat patch. Without updated information concerning lion numbers in
0KS NB3IA2YyQa& btax | NBFAYSR 221 | sessheht2hat lighA & G NR o
populations are stable (the IUCN 2006b does not assess lion population trendssfauCi), this area

will remain onlypotentially alion stronghold. It should be noted that research in this landscape should

be a particularly high comesvation prioritygiven that significant land conversion may be taking place in
Gambella NP (Hans Bauer pers. comnin) central Kenya, the potential for another lion stronghatd e

ists in the Laikipi®amburu habitat patch. This region contains an ed#ah&30 lions and has a stable
population trend according to the IUCN (2006b). The major issue with this habitat patch is the lack of
PAs in the region, as less than 25 percent of the area is protected in any form (IUCN 2006b). If a greater
percentage ofthe landscape was protected, and lion populations were allowed to rebound to at least

500 individuals, then the Laikipamburu ecosystem could be sddied as a lion stronghold.

Murchison Falls NP in northern Uganda might currently be classifietiassironghold if | used
the viability threshold of 250 lions, as the entire habitat patch is protected and contains an estimated
324 lions. However, the population trend for the region is unclear and any further reduction in lion
numbers in the park wald eliminate the viability of this population. Therefore, assuring the protection
of lions in and around the park is necessary to upgrade this population to a lion stronghold. A similar
situation exists for lions in the Albertine South habitat patchis Tegion is completely protected by two
NPs; Queen Elizabeth NP in Uganda, and Virunga NP in the DRC. Given its current protected status and
that the patch contains the minimum number of lions for viability (250 individuals), this region could be
consicered a lion stronghold if the decreasing trend in lion numbers was halted and lion populations
were allowed to rebound. In fact, Treves et al. (2009) listed this region as a potential stronghald if wil
life in Virunga NP had greater protections and liand their prey recovered across this landscape. They
estimated that the two NPs together could hold 905 liongiven full protection The final potential lion
stronghold in East Africa exists in the Tarangire ecosystem. This habitat patch contaomdnagiely
731 lions and therefore already meets the requirements for viability. However, only 208 individuals o
cur in PAs (180 in Tarangire NP and 28 in Mkungunero GR) and according to the IUCN (2006 lion pop
lations are @creasing in this region. Tlanzania expanded the current PAs or designated new PAs in the

habitat patch, the region would certainly qualify as a lion stronghold.
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Two additional habitat patches in Southern Africa have the potential to be lion stronghalds; K
fue and Etosh#&unene. The Kafue ecosystem in central Zambia contains a stable populatioe-of b
tween 250 and 500 lions (375 mean); nearly all of which reside in PAs. Given the lower viability thr
shold of 250 individuals, this region would already be considered a lion strahgirad the maximum
estimate of lions in the habitat patch already meets the stronghold requirements. However, until new
data is released concerning the number of lions in the Kafue ecosystem, the region must remain a p
tential lion stronghold based on theonstraints of my analysis. The same situation occurs for the Et
shaKunene habitat patch in northwestern Namibia and southwestern Angola. Even without including
the population of lions across the border in Angola, this habitat patch contains an estir@ab to 595
lions (455 mean) in an LCU that is consider as having an increasing lion population (IUCN 2006b). Unfo
Gdzy 6Ste y2a4 it 2F GKSasS ftAz2ya FINBE O2yidlAySR gAi
status as a lion stronghold doestryet exist. That being said, these two habitat patches are the most
likely to be upgraded to lion strongholds with new data, and reasonably could be currently included in
that group. Of course classification as a stronghold or not is unimportant assgapto the actual abil
ty of the region to have lorterm persistence of lions. This may be achieved at a minimum of 250 lions
and without connections, but the population must be immune to negative, externaspres. This is

highly unlikely outside dPAs as actual coexistence between humans, livestock, and lions is debatable.

Table9: Potential Lion Strongholds

Habitat Patch Estimated # of Lions [Trend Area (km?) |Country Associated IUCN LCU
Guinea-Bissau/Guniea* <50| Inreasing? 15,489 |Guinea, Guinea-Bissau |Niokolo-Guinea
Niokolo Koba/Guinea-Mali Border| 200 Inreasing? 73,793 |Guinea, Mali, Senegal |Niokolo-Guinea
Haut Niger* 10| Inreasing? 613 |Guinea Niokolo-Guinea
Benoue Complex 250 Decreasing 14,682 |Cameroon Benoue Complex-Gashaka Gumti
SE Chad* 500 Stable 133,907 |Chad Chad-RCA
E CAR* 1,244 Stable 328,224 |CAR Chad-RCA
Boma-Gambella 500 ? 106,941 |Ethiopia, Sudan Boma-Gambella
Albertine South 250| Decreasing 5,583 | DRC, Uganda Albertine South
Murchison Falls 324 Stable? 3,889 |Uganda Murchison Falls
Laikipia-Samburu 330 Stable 35,511 |Kenya Laikipia-Samburu
Tarangire 731 | Decreasing 31,738 |Tanzania Maasai Steppe
Kafue 250 - 500 Stable 58,898 |Zambia Kafue
Etosha-Kunene 315-595| Increasing 123,800 |Angola, Namibia Etosha-Kunene

Totals: 5,209 933,066
*Note: Three habitat patches make up the Niokolo-Guinea potential stronghold, while the Chad-RCA potential stronghold contains two.

The only remaining regions with potentially large numbers of lions that could act as liog-stron
holds in the futue that | have not assessed here are southwestern Sudan, Somalia, and Angola. | have
left these countries out of this analysis as the data on lion populations there are questionable at best,
and regional instability makes the protection of wildlife in teemeas unlikely in the near future. This

assessment notes an additional 5,209 lions that could exist in potential strongholds if the needs for
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greater protection and new research were met. Added to the 18,215 lions already found i well
protected, viabé populations, a total number of approximately 23,424 lions could currently live in
strongholds. In fact, it is not unreasonable to suggest that a total of 25,000 lions could exist-in well
protected, viable populations alone if current lion declines wieatied and populations below their ca

rying capacity were increased. Admittedly, it is not likely that all of these habitat patches can or will
achieve full lion stronghold status, but if conservation efforts are focused in these 10 regions (as well as
continuing the protection of those areas that are already lion strongholds) lions could be considered

safe from the threat of extinction.
Habitat Patch Connectivity and Potential Corridors

The potential connectivity of lion habitat patches is currenthe @f the most pressing conserv

tion concerns pertaining to the species. Maintaining corridors between patches is necessary to promote

the longterm viability of lions, as isolated populations in fragmented landscapes are at a greater risk of

local extintion (Harrison 1992 Conservation organizations such as Panthera are currently assessing
O2yySOitAz2ya 0SisSSy KIFoAdld LI GOKSa Ay | ydzYoSNJ 2
Pan! TNRAOIY O2NNAR2NJ T2 N f A 2tgoine df thSrghiaibifig3irikages betvepend ¢

the delineated habitat patches as noted in the literature, as well as considering the impact of tand co

version and human population density on the existence of potential corridors. | have also mapped the

most prokable location of some of the noted corridors between lion strongholds, potential strongholds,

and other habitat patches (Appendix Figure0 through 26

As shown in this study, lions in West Africa occur in relatively small habitat patches witbrlittle
no connectivity. The three habitat patches that make up the Nicidlmea LCU could potentiallg-r
tain corridors tedate, but land conversion seriously threatens these connections. A small cordgedor b
tween the GuineaBissau/Guinea habitat patch anle larger Niokolo Koba/Guinddali Border patch
could still remain, but land conversion along a major road in the region, coupled with high human pop
lation density threaten to fragment these populations. A similar scenario exists between the Niokolo
KobdGuineaMali Border habitat patch and Haut Niger NP. However, it was noted that as recently as
1998, lions dispersed to the park from a population around the Tinkisso River in the north of Guinea
(Brugiere and Magassouba 2003). Interestingly there isnfuwsmation concerning the movement of
lions between the Niokolo Koba/Guindéali Border habitat patch and the Boucle Baoule complex to
the north in Mali, but low levels of land conversion and human population density could allow for these

regions to be conected (albeit over a very long distance of nearly 200 km). Surveying the landscape
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between the patches should be a high priority for the region, and the discovery of a resident lion pop
lation in this gap would suggest the immediate need for a proteciadidor. It is safe to assume that
the lions in Senegal, Guin@assau, Guinea, and Mali are fully isolated from populations further to the

east, as the nearest habitat patch {&ly-Pendjari) is over 1,000 km away.

Lions across the Wrly-Pendjari omplex are fully connected across the border region between
Burkina Faso, Benin, and Niger since no fragmentation has occurred in the PAs. Pellerin et al. (2009)
suggest that this habitat patch is connected to Alibori Superieur and Trois Rivi@rgsrorthern Benin,
but extensive land conversion between these PAs makes corridors unlikely. They alsopossble
transbourdary movement of lions from Pendjari BRo northern Togo, but these lions are likely rare
transients (Chardonnet 2002), and fuethland conversion might sever this connection completely- Pe
lerin et al. (2009) discuss the possibility of the movement of individuals between the habitat patches in
the north of Benin with the Mt Kouffe and Wari MaF®s further south, but once agaitgnd conversion
and high human population density makes the potential for a linkage in this region an improbability.
Furthermore, these researchers cite anecdotal reportpatential transboundary movement of lions
from these centraFRs into neighboringrogo and Nigeria. However, even in the unlikely event where
such dispersal occurred across this heavily fragmented landscape, these areas do not contain resident
lions and are not vital to the persistence of the species in the region. Finally, a pbienkage exists
between Trois RivierdsRand Kainji Lake NP in Nigeria (Pellerin et al. 2009), but once again land-conve
sion and high human population density makes successful movement unlikely and sporadic at best.
With the recent extirpation of lios across most of central Nigeria, it should be assumed that lions in the
W-Arly-Pendjari complex, the remainder of Benin, and Kainji Lake NP are fully disconnected from those
L32 Lddzt F GA2ya Ay [/ SYGuNlrf ! FNAOI @ t foarib fepdisknts g’ & OK S €
only potential linkage between the West African complex and the western edge of the Greater East Afr
can complex, but lions are relict throughout Nigeria and it is unknown if they can still disperse through
the northern parts of the2 dzy i NB ® ¢ CdzNIKSNX2NB>X fFyR O2y@SNBAZ2Y
population isolated from all other habitat patche$ndeed, | find it highly unlikely that any remaining

connectivity exists.

In Central Africa, the lion habitat patches (Waza #re@Benoue complex) in Cameroon are fully
isolated from any other populations and each other, and fragmentation within the Benoue complex is a
possibility if corridors between the NPs of the ecosystem are not maintained. TheBdaym and 8-

zoum NGA pahes of western CAR could be connected to the larger habitat patches to the east, but
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Mesochina et al. (20H) state that the presence of lions is temporary in this region. Land conversion
and human population density is rather low over the whole of seaitern Chad, eastern CAR, tart

ern DRC, and southwest Sudan, and all three of these habitat patches remain fully connected. i-Mesoch
na et al. (2018) note that the transboundary movement of lions across the vast landscape is frequent
and largely uninterrpted, but as human populations increase in the region, conservation attention
must be focused on identifying those corridors utilized by lions in order to maintain this connectivity.
Beyond those habitat patches, Central Africa likely retains some anofwainnectivity to the East Afr

ca lion populations through Southern Sudan and the B@ambella ecosystem, although the Nile River

likely presentsa seriousbarrier to movement.

There is much uncertainty concerning the connectivity of many of theHabitat patches in
East Africa especially in the northern portion of this region. Corridors potentially remain between the
BomaGambella ecosystem and Kidepo Valley to its south, but human population density is already high
in this region and the actualigtribution of lions is unknown. According to the distribution map-pr
RdzOSR RdzZNAYy 3 9UKA2LIALI Q& blradA2ylLft [A2Yy [/ 2YyaSNDI (A2
F2dzy R ff Ff2y3a (GKS O2dzy i NEQa ¢ Sa hi&gey duldeistdd K S Ny >
tween all of the lion habitat patches in Ethiopia, but no information is available on if and where lions
might move across this landscape. One of the most important corridors in all of Africa exists across
northern Kenya between theoith Omo habitat patch in southern Ethiopia, and the Laik§aaburu
ecosystem in central Kenya. This single connection remains the only potential link between Cantral Afr
can lions and those in the remainder of East Africa and Southern Africa, bubtcdata only estimates
the presence of lions in this region as possible (KWS 2009). However, whigBmotes that cori-
dors remain linking lion populations in central Kenya (between the Lai®gmaburu ecosystem and the
Meru complex, and further alapthe Tana River to Avale NR and those lions in southern Somalia),
they do not believe that a connection exists between the central and southern habitat patches in the
country. If this is true, then it means that lion populations are no longer connextemss East Africa.
Another area of particular concern exists in the border region of Kenya and Tanzania. Two lign stron
holds in this area (Serengdflara and Tsav®Mkomazi) could retain some connectivity between them in
southern Kenya, but th&WS(2009) has no confirmation of lions in this landscape. Lions move freely
across the border between Tanzania and Kenya in both the Serévigedi and Tsavdkomazi habitat

patches (Frank et al. 2006; Mesochina et al. 2010
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Wildlife corridors across Tanzarare some of the best studied in all of Africa and here | attempt
to summarize the findings of the Tanzania Wildlife Research Institute (Jones et al. 2009) pertaining to
the connections between wildlife habitat patches within Tanzania. They largelysadsesrridors by
documenting the movement of wildlife (especially elephants) between PAs. The Kitendeni corkidor lin
ing Amboseli NP in southern Kenya and Kilimanjaro NP in Tanzania contains documented movements of
wildlife, but land conversion for agritture has reduced the width of the corridor to five kilometers as of
2000. The Kilimanjardatron corridor to the west potentially links the Tsawvtkomazi lion stronghold
with the SerengetMara ecosystem, but research needs to be conducted to assessdhrement of
wildlife across this landscape. Currently, lions are only known as temporary residents in this landscape

(Mesochina et al. 201).

Two other corridors in this area are of particular importance in this increasingly fragmented
landscape; the Mnyara Ranclhake Natron and Manyaifdgorongoro (Upper Kitete/Selela) corridors.
The Manyara Ranebake Natron corridor links Tarangire NP with the NGA®8nding Lake Natron in
the north and documented wildlife movement occurs through a four kilomsteetch between the
Manyara Ranch and Tarangire NP. This is a massively important connection that could linkrihe Tara
gire, Serageti-Mara, and Tsawvkomazi habitat patches, but is currently threatened by cultivation and
major roads. The two kilometeride, 1Gkilometer long corridor between Lake Manyara NP and the
NgorongoroCAis the only strip of land preventing the fragmentation of the southern portion of e S
rengetiMara habitat patch, and in 2009 was expected to disappear within two years unipsdiate
action was taken.Manyara NP (in the Serengdfiara lion stronghold) is ecmected to Tarangire NP by
three narrow corridors collectively known as the Kwakuchinja wildlifeidorr HoweverJones et al.
(2009)note that lions are already locglkextinct and it is believed that with the loss of this connection,
the SerengetiMara and Tarangire habitat patches no longer have a viable linkage for lions. Additionally,
many former migration routes within the Tarangire habitat patch have already lwetnbut three co-
ridors remain linking Tarangire NP and Mkungunero GR to land in the east that is seasonally utilized by
wildlife (Makuyuni, Mkungunero/Kimotorok, and the Tarang8ienanjiro corridors). Further human
settlement and livestock productiom the region could fragment this landscape, leading to a massive
reduction in the prey populations that support lions in the region. No connections exist between the
resident lion populations in the eastern portion of the Tarangireitalpatch and Mkanazi NP in the

TsaveMkomazi lion stronghold.
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One of the major concerns pertaining to the connectivity of lion habitat patches in East Africa is
whether or not the lion strongholds of southern Kenya and northern Tanzania are linked to those in
southern Bnzania. The only places where this is a possibility is between the Tarangire habitat patch
and the Swaga Swaga habitat patch to its southwest, and the Wami-Bigdani habitat patch to the
southeast. However, extensive land conversion and high huropalation densities along the major
highway connecting Dar es Saalam on the coast and Dodoma in central Tanzania make the possibility of
any connection remaining between the Tarangire ecosystem and Swagm & highly improbable,
and nolink is noted byJones et al. (2009 hat being said, the Muhe83waga Swaga corridor between
the two GRs likelgonnectsthe Swaga Swaga habitat patch to the vast ReRbhagwa lion stronghold,
although further evidence needs to confirm this connection. However, ifonador remains between
Swaga Swaga GR and the Tarangire ecosystem then the only other link between those lion populations
in Central Africa and the northern portion of East Africa and those found in the southern half of East
Africa and Southern Africa aos across the nogazetted landscape of the southeMaasaiSteppe
through Wami Mbiki WMA.

Wami Mbiki WMA forms the central hub of four major corridors linking lion habitat patches in
the northern half of East Africa with those in the south. Althoughunder immediate threat, the ¢cr
cial Wami MbikiHadeni corridor potentially links the Tarangire ecosystem with thagstét patches
further south, and research needs to confirm the movement of wildlife and the presence of lions in this
landscape (Mesodha et al. 2010; Jones et al. 2009). Within the current Wami MiSkiadani habitat
patch a corridor potentially exists linking Wami Mbiki WMA to Saadani NP (less than 100 km aiway). Li
tle information is known about wildlife movements in the region, the ChalinzeArusha highway ib
sects the NGA between the parks, and increasing land conversion and retalilisked settlements
makes the neaterm future of the corridor uncertain. Two corridors couldhoect Wami Mbiki WMA
to the vast Selous lion strohgld. The first runs southwest from the WMA to Mikumi NP (approxémat
ly 100 km away), but is crossed by the Morogbmdoma highway and numeus fenced cattle ranches.
The second links Wami Mbiki with Selous GR. This corridor is also crossed by tgermMbadoma
highway, and poaching pressure is considered substantial. Both corridors resggerah to document
wildlife movements between these parks, and settlements, agriculture, and ranches could soon sever
the only connections between lion habitpatches in the north and south of Eastiéf. Jones et al.
(2009) considered both the Wami Mbikiikumi and the WamMbiki-Saadani as two of the five corr
R2NE AY ¢lLyTFyAl Ay GSEGNBYS O2yRAGAZ2YZé S yAy3d
out immediate conservation action.
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Lion habitat patches in Uganda and eastern DRC are completely isolated from each other and
from those patches in the neighboring countries with one potential exception (Dricuru and Siefert 2005).
Lions are believetb have recently recolonized Lake Mburu NP in southern Uganda from northwestern
Tanzania, and this region might still retain some amount of connectivity, but Mesochina et alb) 2010
do not believe that lion movements occur across the Ugahadiazania borde Jones et al. (2009) and
Mesochina et al. (201 note a potential corridor linking Burigi and Kimisi GRs in the northwesaTanz
nia habitat patch with Akagera NP in Rwanda, but state that an influx of over 600,000 refugees had d
vastated the GRs and thao information exists on wildlife movements in the area. A similar scenario
exists between the northwest Tanzania habitat patch and the RiRalrmywa complex. Elephants are
thought to move between Burigi and Moyowosi/Kigosi GRs, but two large roads tisearea and th
tle is known about the state of this possible connection. Within the R#alagwa lion stronghold land
conversion and increasing human population density are impacting the current connection between
Mahale Mountains and Katavi NPs.nfys have confirmed the movement of wildlife in a corrider b
tween the two parks, but the route remains unprotected and fragmentation might split the habitat
patch. Another important connection within the RuaRangwa complex exists in the southern ponti
of the habitat patch linking Lake Rukwa and Lukwati GRs with Rungwa GR and RudbadsRet al.
(2009)state that while not immediately threatened, this corridor is being impacted by extensive logging
of the miombo woodlands and recent clearing ofiaglture along roads bisecting this NGA. From the
Chunya West, Chunya East, and Piti West Open Azeasw GR (Mwipa/Piti) is being proposed that
could formalize protections for this important linkage. The last important corridor in this region co
nects Mpanga Kipengere GR with Ruaha NP to the north (the lgigladéa corridor). It is reported by
Jones et al(2009) that the migratory species in southern Ruaha NP (and the carnivores that rely on
them) are reliant upon the Igandigawa corridor linkinghte dry season refuge in the Mpanga Kipengere
GR. While lions are only known as temporary in the connecting NGAs (Mesochina et la), 2@1®ss
of the corridor would certainly result in a drastic reduction in prey species in the region, and the corrido

is already greatly reduced.

The Udzungwdruaha corridor (approximately 200 km long) is arguably the most important and
seriously threatened connection in Tanzania (Jones et al. 2009). This region links two of the largest lion
strongholds in all of Aica (Ruaha&ungwa and Selous) and the extensive clearing of land for agriculture
threatens to functionally fragment these landscapes. Recent research has confirmed the movement of
wildlife between Ruaha and Udzungwa NPs but only a single crossing DatMbeya highway has
0SSy OSNAFTFASRO® la y20SR o0& w2ySa Si tod o6vnndgos=
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northern and southern populations of elephants in eastern and central Tanzania and needs swift action

to prevent permanent disrup A 2 y X € CdzNIIKSNX2NB>X aS@SNrft | RRAG
habitat patch are threatened with fragmentation, and these could sever the connection betwden U

zungwa NP and the remainder of the habitat patch (thereby eliminating any link betweecRuaha

Rungwa and Selous lion strongholds). The first important linkage occurs between Udzungwawand Mik

mi NPs where recent movements of elephants have been documented. Heavy poaching and extensive
clearing of habitat for agriculture threaten the immiate future of this corridor. Jones et al. (2009)
adrasS GKIFIGX a¢KS FNBI woSaidie 2FXaAldzYA bt A& A1 S
Mikumi to Udzungwa (by the northern route) and thus the Ruaha ecosystem via the -Rdabagwa

corridoNJb € ¢KS 20KSNJ LRGSYyiGAlIT O2yySOiGA2Y tAYy§AYy3d 'R
tem occurs across the Kilombero Valley with two active corridors with documented wildlife movements
(Nyanganje and Ruipa). The 13 km long Nyanganje corridoepte®ugh a 0.5 to 2.5 km bottleneck

while the slightly larger Ruipa corridor has a width of between 0.5 and 6 km, and traverses 20 km of a

bD! @ I OO2NRAY3 G2 WwW2ySa SG td onnngpos aXAd Aa L
these c NNAR2NE gAft faz2 o0S 0t201SR o6& GKS SymR 2F Hn.

known, but the importance of and threats to these corridors makesatéga top conservation pridty.

Many connections between lion habitat patches in Zamia with those found in the countries to
its south are less well known. Mesochina et al. (201201Q) state that while little information is
known, lion movements are suspected between Tanzania and Zambia and Malawi; however ae perm
nent populations ©lions occur in the area. However, lions were documented moving from northern
Zambia, through the northern tip of Malawi into Tanzania in 2009 (Mesochina et alc)20dre m-
portantly is the connection between the Selous and Niassa lion strongholdssathe Ruvuma River
along the Tanzaniozambique border, where lions, elephants, and wild dogs are all known to cross
(Chardonnet et al. 2009; Mesochina et al. 261Mpanduji 2004; Jones et al. 2009). There are two
routes that serve as linkages betwe&elous GR and Niassa NR. The western route is the mairceonne
tion in the region with a total area of approximately 10,000°kniviany wildlife species, including lions,
have resident populations within this corridor, and the movement of elephants anel atfigratory &-
imals between these PAs is well studied (Begg and Begg 2010; Mpanduji 2004; TAWIRI 201@; The se
ondary eastern route linking Selous, Msanjesi, and Lukwika Lumesule GRs to Niassa NR alss has doc
mented wildlife migrations. One of the thresto this vital connection is the establishment of villages
along the major roads bisecting the region, bl corridor is receiving much conservation attention as

several projects are underway to protect the Seldliassa corridor with assistance frometléserman
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Development Bank (KfW). This work has led to the recent designation of two new WMAs (Mb

NI y3QlFyRdz YR blFfAllF AY Hamn YR Hnandg NBALISOGAGBST
the planned establishment of an additional three WMAsomplete the connection to the south by the

end of 2011 (SelouNiassa Wildlife Corridor 2011).

According to the analysis of this study, and the results from Chardonnet et al. (2009)ceonne
tions appear to remain linking the PAs within the delineaied habitat patches in Mozambique. We
ever, Chardonnet et al. (2009) state that whether or not these habitat patches are interconnected within
the country remains to be determined, and areas of high human population density and land conversion
between thepatches makes connectivity unlikely. Lions are known to seasonally move from the Niassa
lion stronghold to the Liwonde ecosystem in southeastern Malawi (Chardonnet et al. 2009; Mesochina
et al. 201@). Lion movements are also known to occur across threldr from the Luangwa and Mid
Zambezi habitat patches in Zambia to Tete Province, Mozambique north of Lake Cahora Bassa (Cha
donnet et al. 2009). Cross border movements of lions within the Gorongosa/Marromeu habitat patch
are documented between GaireziMA and Nyangui State Forest in Zimbabwe and Manica Province,
Mozambique (Chardonnet et al. 2009). It is also likely that lions move between Zimbabwe and-Moza
bique within the MidZambezi habitat patch, but no data is available to support this hypoth&githin
the Greater Limpopo ecosystem lions cross the border between Gonarezhou NP in Zimbabwe and Gaza
Province, Mozambique, as well as between Kruger and Limpopo NPs in South Africa and Mozambique

(Chardonnet et al. 2009).

Lions in eastern Zambia moveeély between the connected landscapes of the Luangwa and
Mid-Zambezi lion strongholds, but it is not known if connections remain linking these regions with those
habitat patches in the central and western portions of the country. While | have includadavMarsh
WR in Malawi in the Luangwa habitat patch due to their proximity and low human population density
separating them, lion movements between these PAs have not been documented. This uncertainty also
exists concerning the connections between KasuNguand the Luangwa complex, but Mesochina et al.
(201@) note movements as possible. Much less information exists on connectivity of lion populations in
the remainder of Zambia. However, the IUCN (2006b) recommend that a survey should be undertaken
to assess the presence of lions in the NGA separating the Kafue ecosystem in Zambia with time Okava
go-Hwange complex of Botswana and Zimbabwe, as a connection here would be extremely valuable to
lion conservation in the region. The Kavaifzonbezi TFCA covexwvast region of PAs and NGAs in the

heart of Southern Africa and includes six lion habitat patches across Angola, Namibia, Zambia; Botsw
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na, and Zimbabwe; Cuando Cubango, Sioma Ngwezi, KafueZakhidezi, Okavangdwange, and
KhaudomCaprivi. Current awservation efforts in the landscape include surveying wildlife populations,

tracking animal movements, and protecting corridors linking existing PAs. The results of this work have
shown that animals do move freely over much of the Kavatgmbezi TFCA, mecially between so-
GKSFadSNy !'y3azfttx 6SaidSNY %I Yo Al Hwande ¥dosystdmQout / | LINJ
more data is needed to fully assess the connectivity of the landscape {KAZA 201, Ferguson and

Chase 2010). Veterinary fences, hunsattlements, and large cattle ranches separate the Okavango

Hwange lion stronghold with the Kgalagadi habitat patch to its south, and therefore it is unlikely that

much lion movement exists between these regions (Ferguson and Chase 2010).

Few connectias exist for the remaining lion habitat patches in Southern Africa. Lions aae sep
rated by human settlements and cattle ranches between the Eté&lngene and Khaudoi@aprivi hab
tat patches in Namibia, and lions are not known to range across this larel¢eimmssen and Stander
2004). However, lions might move from the Etoghanene complex north into southwestern Angola
(Chardonnet 2002). For the remainder of Angola, little is known about the movements of wildlife, but it
can be assumed that some connects exist between the lion habitat patches in eastern Angola and
those in western Zambia. As noted by the Shashe Limpopo Predator Research Group (2010)tthe Grea
er Mapungubwe TFCA is likely isolated from other lion populations. They state that ahneaintt lion
AdzNDAGEE Ay (GKS NBIA2Yy Aax a{YlIff LRLMzALFIGA2y &aArl$§
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Conclusion

By analyzing the most recent available data on lion populations acrosSawdran Africa, | have
created the most smprehensive assessment of the status and distributiorspdciesto-date. The
compilation of this information int@ singledatabase for future researchers and lion conservationists is
a major outcomeof this project. | have also produced a series opswdetailinglion habitat patches
refined from the original LCUs by incorporating new information on lion distribution, and by excluding
areas of land conversion and high human population density. This is by no means a fully accurate distr
bution map of ion populationsd dzi NBLINBaSyia (GKS Odz2NNByandhofe2 6f SR

data can only increase the value of the product.

The lion population assessment in this study has shown that over 30,000 lions rerapjirar-
imately 3,000,000 kfof sub-Saharan Africa, distributed across a total78flion habitat patches in 27
countries. Although many of these patches remain connected, conserving linkages between lion pop
lations is crucial to the future of the species, and reseantth conservatiorefforts needto be focused
on celineatingand protecing corridors utilized by wildlife. Unfortunately, recent studies have shown
local extirpations in lion populations @total of 17 LCUs since 2Q0dth five countries having lost their
lions altogetter since 2002 That being said, more than half of the remainingdionAfrica reside il
viable populations contained within PAs that have stable or increasing lion trends. If conservation e
forts are focused oprotecting thesdion strongholds anthe noted10 potential strongholds(as well as
the connections between thehit can reasonably be argued that 25,000 lions can persist across ithe co
tinent over the longterm. Tosuggest that lion populations have been reduced to as low as 20,080 ind
viduals, as some conservation organizations hawppsed, is imprudenand ignores the available data.
| believepetitions to upgrade the listing of the speciesdndangered are premature. However, the
incredibly low numbers of genetically distinct lioftmind in fragmented populations across Westd

CentralAfrica certainly deserviegal potection.

Given the finding®f the lion population assessment is clear that new data based on lion
specific field surveyare necessary to appropriatelgvaluae the status of lions across st#aharan Afr
ca. While recent reports have made a major contribution to understanding lion populations in many
range countries, the reliance on density estimates extrapolated over large regions is worrisone. Ong
ing reseach across much of Africa should help update the results of this project, and this data will be

abslutely necessary before decisions concerning the legal stattigedkfrican liorare made.
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AppendixA:

Examples oWariables Used in the
Creation of Lion Habitat Patches
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Figurel: Land Conversion in West Africa as per Google Earth Imagery (Pimm et al.ph pre
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