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Abstract

Tanzania is considered a country with the largest number of African lions
(Panthera leo). However, the continued absence of ecological population es-
timates and understanding of the associated factors influencing lion distribu-
tion hinders the development of conservation planning. This is particularly
true in the Ruaha-Rungwa landscape, where it was estimated that more than
10% of the global lion population currently resides. By using a call-back sur-
vey method, we aimed to provide population estimates (population size and
density) of African lions in the Ruaha National Park, between wet (March
2019) and dry (October 2019) seasons. We also assessed the key factors that
influenced the distribution of the observed lions towards call-back stations.
Ferreira & Funston’s (2010) formula was used to calculate population size
and in turn used to estimate density in the sampled area, while the Genera-
lized Linear Model (GLMM) with zero-inflated Poisson error distribution was
used to determine factors that influence the distribution of the observed lions
to call-back stations. The population size we calculated for the sampled area
of 3137.2 km’ revealed 286 lions (95% CI, 236 - 335) during the wet season,
and 196 lions (95% CI, 192 - 200) during the dry season. The density of lions
was 9.1/100 km” during the wet season, and 6.3/100 km” during the dry sea-
son. Distance to water source had a significant negative effect on the distribu-
tion of the observed lions to the call-back stations, while habitat had a mar-
ginal effect. Our findings show that, although lion population estimates were
larger during the wet season than the dry season, the season had no effect on
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the distribution of the observed lions to call-back stations. We suggest that
the proximity to water sources is important in study design. Further, we sug-
gest that density and population size are useful indices in identifying conser-
vation area priorities and lion coexistence strategies.

Keywords

Population Size, Density Estimate, Call-Back Survey, African Lion,
Conservation

1. Introduction

In Africa, large carnivores including lions are declining rapidly over the past few
decades [1]. This decline is often attributed to anthropogenic pressure [2], with
an estimated 73% decrease in the African lion (Panthera leo) range in Eastern
Africa alone [3]. This has resulted in only 10 population strongholds of African
lions remaining across the African continent [4]. Depletion of prey base is con-
sidered one of the reasons for declining populations of large carnivores [1]. Un-
derstanding the key factors influencing the susceptibility to extinction and actual
decline of lions is crucial for planning and implementing successful conservation
efforts. For this to be done, monitoring of lions’ population must occur, in order
to provide robust knowledge of status, threats, and trends [5] [6]. However, it is
often difficult to obtain precision in population abundance estimates for species
with small populations, as sample sizes are likely to contain fewer individuals
than sample sizes from species that exist at higher densities [7].

A variety of methods have been used to estimate lion populations, with cap-
ture-mark-recapture by using camera traps being one of the most widely used,
but is a resource-intensive technique [8] [9]. Given the costs and staffing re-
quirements associated with camera trapping, conservation researchers and
managers are shifting their focus to use more inexpensive and rapid approaches,
notably spoor or sign counts and call-back surveys [10] [11]. In the case of Afri-
can lions, a prey distress sound has been used to attract the animal towards the
call-back station, and then the species is identified and the numbers present are
counted by observers [10]-[19].

The call-back survey method was effective and generated accurate and eco-
nomical results [11] [20] [21]. Other studies have found that spotted hyenas
(Crocuta crocuta) respond effectively to call-back stations together with lions
[12]; however, the presence of spotted hyenas may affect lions’ response to
call-back stations [22], and thus must be taken into account during the analysis.
Other considerations include lions’ active hours, when their calls are broad-
casted, and strong light is used to locate the animals [23]. Furthermore, habitat
type and luminosity had an impact on lion population estimates in the Serengeti

[21], but disease, prey density, and competition with hyenas had a substantial
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impact on lion population estimates in Zimbabwe [22].

In southern Tanzania, the Ruaha-Rungwa landscape, which includes the Ru-
aha National Park, is an important landscape for African lions [24]. It was esti-
mated that the Ruaha-Rungwa ecosystem could hold more than 10% of the
global remaining lion population, however, no reliable data is yet available to va-
lidate estimation [4]. As such, we conducted call-back surveys in the Ruaha Na-
tional Park during the wet and dry seasons in 2019 to determine lion population
size and densities. In addition to providing population-level information for
conservation decision-making, we also determined which factors influenced the
distribution of the observed lions to call-back stations, to inform future moni-

toring.

2. Materials and Methods
2.1. Study Site

The Ruaha-Rungwa ecosystem is approximately 45,000 km* and comprises the
Ruaha National Park, neighboring game reserves, Wildlife Management Areas
(WMAs), game-controlled areas, and village land [25]. Our study area focused
on the Ruaha National Park, over an area of 20,226 km? situated between 6.9°S

to 8.7°S and 33.6°E to 35.6°E (Figure 1), however, we sampled an area of 3137.2

-7.0°S

-7.5°S

-8.0°S

¢ (Call-back stations
— Ruaha Roads
— Ruaha Rivers
[ Ruaha National Park | [85°S
[ Large water_bodies
(] Tanzania

T T T T
33.5°E 34.0°E 34.5°E 35.0°E 35.5°E

Figure 1. Map showing study area, and calling stations in the Ruaha national park.
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km’ presenting 18.5 percent of the actual size of the park. Ruaha National Park is
among Tanzania’s largest national parks and one of the most significant ecore-
gions in the world given its abundance and diversity of plants and animals [26].
The climate of the area is semi-arid to arid, characterized by dry seasons that
typically begin in May to November and wet seasons from December to April
[27]. The mean annual rainfall is 500 mm [27], and the temperature ranges from
15°C to 35°C [25]. The main commercial activity in the park is photographic
tourism which receives about 21,000 visitors per year [28], which is linked to

visitors seeking out iconic species such as African lions.

2.2. Data Collection

This study covered 54 call-back stations in total, which were observed twice
(once per season), and the total area covered was 3137.2 km®. At each station, we
broadcasted vocalization for 70 minutes: a time which is enough for a lion to
approach and be detected in the call-back stations [29]. We played a recording of
prey animals in distress (buffalo, pigs), mixed with sounds of mobbing spotted
hyenas and a lion feeding at every call-back station for four rounds. Each round
took 10 minutes. After playing the sound for every round, a period of 5 minutes
of silence was followed. After playing the last round of recordings, 10 minute of
silence period was used exclusively for observation. Sounds were played from a
smartphone (Tecno Pop 1 Pro) and were heard 3 kilometers away. The phone
was connected to a 12 V amplifier which was connected to four speakers. Speak-
ers were placed to face opposite directions at 45 degrees angle to make sure that
sound was directed in all directions for the period of the call-back. The sound
was aired from the speaker at the maximum volume possible. The speaker was
placed on the roof of the vehicle at an approximate height of 2.5 m.

Four observers were seated on the roof of the car, of which one observer was
to operate the sound system and the other three observers were there to look
over attracted animals. One more observer was located inside the car in front
near the driver. Every observer had a strong light torch, and we had 2 strong
spotting lights covered with a red filter to reduce the disturbance of light to the
oncoming animals. Sometimes the red filters on the light were removed to help
in the age and sex identification of the responded animals. Animals that arrived
were categorized by species including spotted hyenas. Due to difficultness of sex
identification of lion cubs, we excluded documenting the sex of lion cubs. No
bait was used in this survey.

In order to evade double counting, call-back stations were placed at an inter-
val of 8 km from each other, measured by car odometer, and situated along road
networks available in the park as sampling units. Two to five stations were sam-
pled per night. Surveys were carried out at least half an hour after sunset be-
tween 17:30 hours and 02:00 hours because this is the time when they are ex-
pected to be active for lions [30]. Climatic data of call-back stations (rainfall,

temperature, and wind speed) were acquired from the National Aeronautics and
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Space Administration (https://power.larc.nasa.gov/data-access-viewer/). A glob-

al Positioning System (GPS) receiver was used to record the location and eleva-
tion of each call-back station. Habitat type in each call-back station was identi-
fied and recorded in the field based on general observations, which presents a
limitation of this study for not classifying the habitats by using specific metrics.
The NNjoin plugin from QGIS software was used to estimate the distance from
each station to the nearest perennial river. Wet season data were collected from
the end of February to the end of March, and dry season data were collected

from mid-October to mid-November, 2019.

2.3. Data Analysis

We estimated lion population size by using the formula of Ferreira and Funs-

ton’s study [17] as follows:

o ArzS:1 1:nc,s i ATZS:l fc,s
" nAP,,P.i(1-P.,) DNAR P.(1-P,)

nc,p' nc,i nc,r c,p’ci

All constants adopted from Ferreira and Funston study and their definitions
are shown on Table 1.

From Table 1, the P, and P, is the probabilities that lions in groups with
cubs and lions in groups without cubs would respond more than once, however,
since our study focused on playback sound that played once per season, these
probabilities were not applicable. The formula assumes no habituation and low
or no double counting due to >6 km spacing of stations. We used the calculated
population size in the sampled area and manipulated it to determine the relative

density of lions per 100 km®. The following formulas were used to determine

Table 1. Constants adopted from Ferreira and Funston’s study to our study in the Ruaha
National Park, Tanzania.

Symbol Variable definition Value
r Radius of the playback sound from call-back stations. 4.3 km
x Mathematical pie for calculating the area of circle Ze. call 3.142
station.
A Effective sampled area i.e. area of one call station (n7?). 58 km?
Ay Sum of the effective area sampled (54 stations* nz%). 3137.2 km?

is the response probability of a lion group responding

P 0.734
nep without cubs.
is the response probability of a lion group responding
P, , 0.286
i with cubs.
is the response probability of a lion in a responding group
Prci L 0.902
’ of a lion without cubs.
is the response probability of a lion in a responding
P, o 0.957
’ group of a lion with cubs.
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variance and 95% confidence intervals for population size and manipulated to

determine the confidence interval for density of lions;

Al XZcvi[X, ]+ XZev?[X
var[N, = N2 var[z_]Jr wovi [ X ]+ C(2:v [X.]
A (Xoo +X,)
X 2 — 25:1 fﬂC,S and X 2 — ZS:]. fcvs
" IDna:,ppnc,i (1_ Pnc,r) : I:)c,pl:)c,i (1_ F)c,r)
n n 2
cv? [X ] _ ﬁ 5:1( fnc,s - inc) + Var[P"CxP] 4 1- I:’nc,i " IDnc,r
" (Zn f )2 Pnf: p Pnc i 1- Pnc r
s=1 'Nnc,s ! ! !

Hmisc package in R software [31] was used to examine the correlation among
selected variables. Variables included in the correlation matrix were a season,
rainfall, temperature, wind speed, distance to the nearest river, habitat types,
elevation, and the number of hyenas that responded per station. For pairs of va-
riables with strong correlation (>%0.7), one variable was retained for further
analysis, and later substituted by the variable excluded. Rainfall, season, wind
speed, and temperature were all strongly correlated variables. A generalized Li-
near Mixed Model (GLMM) with a zero-inflated Poisson model was used to
identify factors that influenced the distribution of the observed lions in the
call-back stations by the utilization of “pscl” and “glmmTMB” packages. Station
ID was treated as a random variable. We used the “drop1” function to determine
the most significant variables, and the best model with the lowest AICc score
was determined by the utilization of the “AICc” function from the “AICcmo-
davg” package.

3. Results
3.1. Population Size Estimates

A total of 128 lions were encountered in the wet season from all call-back sta-
tions. A total of 46 adult males, 68 adult females, and 14 cubs responded. Lions
were observed at 30 of the 54 stations, accounting for 56% of the total stations.
The estimated number of lions at a call-back station ranged from 0 to 11. The
mean number of lions that responded per station was 2.4. We found a popula-
tion size of 286 lions (95% CI, 236 - 335) for the sampled area of 3137.2 km®
(Table 2) in the wet season. The wet season lion density is estimated to be 9.1

lions per 100 km?.

Table 2. Estimates of population size and density of lions in the sampled area during wet
season based on Ferreira & Funston formula from Kruger National Park.

Numb Mean Density ~ 95% CI
umber ensi
Total . abundance  Estimated ] Y ?
of call-in . . 95% CI estimate for
observed . estimate population ) .
stations . per 100 km®  density
per station
128 54 2.4 286 235.7 - 335.3 8.8 6.7 - 10.9
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A total of 87 lions were encountered in the dry season from all call-back sta-
tions. A total of 18 adult males, 42 adult females, and 27 cubs responded. Lions
were observed at 34 of the 54 stations, accounting for 63% of the total stations.
Similar to the wet season, the estimated number of lions at a call-back station
ranged from 0 to 11. A mean number of lions that responded per station was 1.6.
We found a population size of 196 lions (95% CI, 192 - 200) for the sampled area
of 3137.2 km? (Table 3) for the dry season. During the dry season, lion density

was estimated to be 6.3 lions per 100 km?.

3.2. Factors Influencing the Distribution of the Observed
Lions to Call-Back Stations

Factors included in the analysis were a season, rainfall, temperature, wind speed,
distance to the nearest river, habitat types, elevation, and the number of hyenas
that responded per station. The zero inflation model revealed that the distribu-
tion of the observed lions to the calling stations was mostly related to the dis-
tance to the nearest river. Specifically, the number of the observed lions de-
creased with an increase in distance to the nearest river (Estimate = —15.18 +
5.73SE, Z = -2.73, P = 0.01, Figure 2).

Table 3. Estimates of population size and density of lions in the sampled area during the
dry season based on Ferreira & Funston formula from Kruger National Park.

Numb Mean Densit 95% CI
umber ensi
Total . abundance Population ] Y ?
of call-in . . 95% CI estimate per for
observed ) estimate estimate 3 .
stations . 100 km density
per station
87 54 1.61 196 193 - 200 6.29 6.2 -6.4
121
. * *
.0
LN J .
P 81 o
= .
Q
o * . .
c
ke] . .
i
4 . . L)
.00 - . . .
.\
-e L d . * v
0‘ RN 0 00 M o . *®e o L] . - o * o LR 2
0.00 0.05 0.10 0.15 0.20

Distance (km)

Figure 2. Distribution of the observed lions with a distance to the nearest river in the
Ruaha National Park.
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4. Discussion

The seasonal population size, and density of lions in the Ruaha National Park,
and assessed factors that influenced the distribution of the observed lions to call
stations by probability estimates derived from Funston & Ferreira’s study [17]
and Poisson (GLMM) techniques respectively. The size or density of lion popu-
lations was higher during the wet season than during the dry season, but the dif-
ference was not significant, and there was no significant difference in the num-
ber of observed lions in the call-backs station between the wet and dry seasons.
The distance to the water source was the key element that determined the dis-
tribution of the observed lions to the call-back stations. Our findings thus imply
that population estimates (population size and density) of lions in the Ruaha
landscape may likely vary due to variations in water availability.

Our population size or density for lions had precise estimates due to narrow
confidence intervals. Many studies lack an analytical assessment of this method
for both seasons. Higher estimates during the wet season than dry season con-
form with the hypothesis that lion distribution is negatively correlated with prey
availability [12] since precipitation is considered as an indirect measure of prey
density variable. Furthermore, higher population estimates of lions during the
wet season compared to the dry season could be supported by the behavior of
lions that often utilize dry lands like roads to avoid stepping on wet areas, and
their known behavior of using roads for travel when they are within their core
home range [17], indicating potential bias of using roads for population estimate
of lions. Although the wet season had larger population estimates than the dry
season, the season had no effect on the lions’ observations to the call-back sta-
tions, indicating that population estimates at any season will offer reliable data.
In addition, the positive lion response towards the call-back stations when the
sound played indicates that they have a common stimulus towards food availa-
bility [12]. As a result, the call-back method can be used to cover the entire Ru-
aha-Rungwa ecosystem and other savannah-protected areas.

Our dry season estimates are comparable to estimates from other studies, as
most studies performed call-back surveys during the dry season only. Our dry
season density of 6.3 lions per 100 km® was approximately half of the density of
lions reported in Serengeti National Park, Tanzania (14.4 lions per 100 km?
[21]), and was one-fifth of lions reported from Maasai Mara Game Reserve [12].
In addition, our dry season density was comparable to 5.0 lions per 100 km* of
Kruger National Park, South Africa [17] and Katavi National Park, Tanzania
[32]. Our dry season density was higher than 1.5 lions per 100 km* of Gonarez-
hou National Park, in Zimbabwe [22]. This generally implies that the Rua-
ha-Rungwa ecosystem holds a potential population of lions as reported by Rig-
gio & Pimm’s study [4].

With regards to factors that influenced the distribution of the observed lions,
proximity to water sources was determined as the main influencing factor. Our

findings are supported by other studies (see [21] [33] [34]). In Serengeti Nation-
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al Park, luminosity had a significant effect on lion responses to the call-back sta-
tion [21], while in Kruger National Park, disease severity affected the distribu-
tion and response of lions in the call-back stations [17], which implies they are
important variables to consider in savannah ecosystems, although those data
were not available for our study. In addition, other studies found that the re-
sponse or presence of spotted hyenas to the call-back stations may have a signif-
icant effect on lion responses [23]. However, our findings found that the pres-
ence of hyenas had no strong effect on the distribution of the observed lions,
which is in line with the study from Maasai Mara Game Reserve [12].

To conclude, it is worth using a call-back method as it is a quick, inexpensive,
and effective method for long-term monitoring of lion populations. Such moni-
toring is important, especially in areas where trophy hunting operates, and
where human-large carnivore conflict is intense like in the Ruaha-Rungwa eco-
system. The population size, density, and population trends of lions are impor-
tant to the management of protected areas and the adjacent unprotected regions
because they can be used as a proxy to measure the success or failure of conser-
vation techniques or policies [35] [36]. With this study, successful application of
the call-back method requires consideration of important variables to take into

account during study design such as water proximity.

5. Study Limitations

Our study has important implications for the long-term monitoring of lions, as
well as conservation decision-making. Specifically, population size or density are
dynamic aspects and not static, hence, require long-term monitoring. Similarly,
the findings imply that a call-back survey method can be adopted to assess lion
population estimates, however, there are key aspects to consider. For instance,
Kruger National Park, prey density, and areas with and without diseases were
included in the model [17], while in Serengeti National Park [21] the luminosity
variable was included models. We acknowledge that disease severity and lumi-
nosity data could help us improve our models, however, these data were not
available for our study. Our study used rainfall from each call-back station as a
correlated variable with prey abundance due to the absence of prey data, but we
acknowledge that using real prey abundance data rather than correlations might
improve our models (see [12] [34] [37]). Despite the lack of critical data that
could help us improve our models, our research gives precise population esti-
mates and identifies crucial elements that influenced the observed lions’ distri-
bution, and this is the first time a call-back method has been used in the Ruaha
National Park.
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