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Abstract
Southern Tanzania Elephant Program (STEP) has an ongoing elephant monitoring program
in Ruaha National Park to collect long-term data on elephant ecology, behaviour, and
demography. One key aim of our program is to understand seasonal patterns in elephant use
of the ecosystem. Since February 2015, we have conducted over 100 vehicle transects (covering
>10,000 km) to collect elephant sightings and dung density data along Ruaha’s major rivers
and across different habitats. We used Getis-Ord hotspot analysis to identify significant spatial
clusters of elephant dung and elephant sightings along the transect network. We found that the
Ruaha basin and the miombo-dominated area of the plateau were used year-round by
elephants. The location of elephant hotspots varied between seasons and years and were
potentially related to water and forage availability as well as social and risk factors. We found
evidence of both spatial overlap and segregation between bulls and cow-calf groups.
Introduction
Across their range, African savanna elephants (Loxodonta africana) show distinct seasonal
differences in their ranging patterns (Shannon et al., 2006; Young et al. 2009), diet (Barnes
1982) and behaviour (Barnes 1982; Wittemyer et al., 2007). Elephant ranging behaviour is
primarily driven by seasonal differences in the distribution of water and food resources in
relation to periods of low and high rainfall (Wittemyer et al., 2007; Ochieng 2015; Birkett et
al. 2012; Legget 2006), but is also influenced by social and reproductive opportunities (Barnes
1982; Stokke & du Toit 2002), risk factors (Graham et al. 2009), and energetic constraints
(Shannon et al., 2006). Elephants also display sexual segregation due to differences in forage
and water requirements, indirect competition, and predation risk (Shannon et al., 2006; Stokke
& du Toit 2002). For conservation managers, a detailed understanding of elephant distribution
and the influence of season and sex on elephant ranging behaviour can help to identify key
elephant areas and resources to prioritize for conservation and protection efforts.
Ruaha National Park is part of the larger Ruaha-Rungwa ecosystem (43,000 km2) and is home
to one of East Africa’s largest elephant populations. In 2006, the ecosystem held 34,664
(±4178) elephants (Mduma et al. 2010), but commercial ivory poaching significantly reduced
this population to an estimated 15,836 (±4,759) elephants in 2015 (TAWIRI, 2016). In 2015,
the elephant population in Ruaha National Park was estimated at 6,573 (±3,313) (TAWIRI,
2016).

Aerial censuses conducted every three to four years by the Tanzania Wildlife Research Institute
(TAWIRI) provide a snapshot of elephant distribution in the ecosystem during the dry season.
These censuses reveal a band of elephant occurrence stretching from the northeast corner of
the Park (Lunda) to the southwest corner (Magangwe), with generally higher elephant densities
in the Greater Ruaha River than on the plateau (TAWIRI 2013, 2016). However, as population
censuses are not conducted in the wet season, the wet season distribution of elephants in the
ecosystem is largely unknown (but see Savidge, 1968).
In December 2013, Southern Tanzania Elephant Program (STEP) began an elephant
monitoring program in Ruaha National Park to increase scientific understanding of the
demography (Jones et al. 2018), ecology, and behaviour of the Ruaha elephant population. A
primary aim of this program was to investigate elephant distribution and seasonality in the
ecosystem using monthly vehicle transects to collect elephant sightings and dung density data.
In this study, we used hotspot analysis to identify key elephant areas and resources and to
describe differences in elephant distribution between seasons and years and by sex.

Methods
Study area
STEP’s elephant monitoring program is located in Ruaha National Park (20,226 km2), in southcentral Tanzania. Geologically, the park is composed of a lower basin (750-900 m) – an arm
of the Great Rift valley through which the Great Ruaha River flows – and a higher plateau area
(1000-1500 schm). The park lies at a convergence zone between two vegetation types, with the
Zambesian (miombo-dominated) zone occurring in the south and the Sudanian (Acacia) zone
in the northeast (Bjornstad 1976). The park also has extensive Commiphora-Combretum and
Terminalia woodlands, and Adansonia dominated plains in the central areas (Bjornstad 1976).
Ruaha experiences a tropical semi-arid climate with one dry season (May to November) one
wet season (December to April), with most rain falling between December and March
(Bjornstad 1976). Average rainfall is 650 mm, and the southwest of the park typically receives
more rainfall than the northeast (Bjornstad 1976). The park is bounded by two major rivers
which are important sources of water for wildlife: the Mzombe River in the north and the Great
Ruaha River in the south (Stolberger, 2012). The park also has many sand rivers and springs
which form important dry season water sources away from the main rivers (Stolberger, 2012).
Data collection
To collect data on elephant distribution and seasonality, we recorded elephant sightings and
dung along a network of nine road transects (Figure 1) driven monthly. These transects cover
a large portion of the elephant range in Ruaha that is currently accessible by road. Transects
were driven at a speed of 30 kph with two observers (one on each side of the vehicle). We
sampled elephant dung using a strip transect method, recording all dung aged <1 week within
1 m of the transect line (defined as the middle of the road). Elephant sightings were collected
using the distance line transect method, with a perpendicular distance recorded to the centre of
the group from the transect line. The locations of all dung and elephant sightings were
georeferenced using a Global Positioning System (GPS) unit.

Data analysis
We used elephant dung data to investigate elephant distribution and seasonality, because direct
sightings of elephants are affected by differences in detectability of elephants in different
habitats. We identified statistically significant clusters of dung along the road transect network
for four seasons (early dry, late dry, early wet, late wet) and two years (2016 and 2017). Our
analysis included six transects for which effort was similar during the wet and dry periods.
Between February 2015 and October 2017, these six transects were each conducted 17-18 times
in the dry season and 7-15 times in the wet season (Table 1). The total distance covered was
>10,00 km.
Table 1: Distance and survey effort for six vehicle transects in Ruaha National Park
Transect
Jongomero-Msembe (MT1)
Msembe-Lunda (MT2)
Mwagusi (MW)
Mdonya (MD)
Mpululu (MP)
Magangwe (MG)

Length (km)
65.7
82.7
20.9
45.1
85.7
62.6

Dry season repeats Wet season repeats
18
15
18
15
18
13
17
13
17
10
18
7

We used Optimized Hot Spot Analysis in ArcGIS 10.5 (ESRI, 2017a) using the Getis-Ord Gi*
statistic to identify statistically significant hotspots of elephant dung. The input field was point
data of elephant dung observed on the 2m-wide strip transect. We used the
COUNT_INCIDENTS_WITHIN_FISHNET_POLYGONS scheme to aggregate dung point
data into a fishnet polygon mesh (cell size was computed automatically by the tool using
algorithms outlined in ESRI 2017b). We provided a bounding polygon to define our survey
coverage (namely a feature layer of the transect network). The Getis-Ord Gi* tool analyses
each feature in the dataset being investigated and determines whether each feature is a hotspot
depending on the value assigned to the feature and its neighbouring features (ESRI, 2017c).
Results from the Gi* statistic were automatically corrected for multiple testing and spatial
dependence using the False Discovery Rate (FDR) correction method. The Gi* statistic output
is a z-score for assessing statistical significance: for features that are determined to be
significant hotspots, the z-score is larger (ESRI, 2017c).
To investigate potential sex differences in use of the ecosystem, we identified statistically
significant hotspots of bulls and cow-calf groups. Using ArcGIS Pro 1.2 (ESRI, 2017d) we first
created Kernel Density maps of cow-calf groups and bulls using sightings data from February
2015 to May 2017. We applied a Filter Tool to account for variable effort between transects
(this tool smooths the value of each grid cell generated from the Kernel Density tool, thereby
reducing the likelihood of spurious values resulting from differential effort (Rechsteiner et al.,
2013). Using the geodesic projection in the Kernel Density tool, the density per kilometre
squared for the bulls and cow-calf groups for each season was calculated. The Getis-Ord Gi*
tool was then used to determine statistically significant hotspots using the Kernel Density
measures.

Figure 1: Map showing STEP’s network of road transects in Ruaha National Park.

Results
The spatial clustering of hotspots of elephant dung varied between seasons and between years.
Dry season hotspots were clustered in the Mdonya, Msembe, Mwagusi, Jongomero, Lunda and
Itiku areas (Figures 2-3). The wet season hotspots clustered along the Great Ruaha River
(Msembe to Ruaha-Mwagusi Confluence), and along the Mwagusi and Mdonya Rivers
(Figures 4-5). Some hotspots were consistent between seasons (Mdonya, Jongomero), while
others were wet (Msembe to Ruaha-Mwagusi Confluence) or dry (Itiku, Lunda) season
hotspots.
Between years, the clustering pattern of wet season hotspots was more consistent than that of
dry season hotspots. One exception was the early wet season of 2017, for which the pattern of
hotspots resembled that of the late dry season. Some dry season hotspots were consistent
between years (Mdonya, Jongomero), while others were present in only one year (Itiku,
Lunda). Many hotspots were located near tourism camps and/or ranger posts.
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Figure 2: Location of dung hotspots in the early dry season (May-Jul) in (a) 2016 and (b) 2017
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Figure 3: Location of dung hotspots in the late dry season (Aug-Oct) in (a) 2016 and (b) 2017
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Figure 4: Location of dung hotspots in the early wet season (Nov-Jan) in (a) 2016 and (b) 2017

Mwagusi

Mwagusi
Mdonya

Mdonya

Jongomero

Figure 5: Location of dung hotspots in the late wet season (Feb-Apr) in (a) 2016 and (b) 2017

We found evidence of both spatial overlap and segregation in the locations of hotspots for bulls
and cow-calf groups (Figure 6). Bull and cow-calf group hotspots overlapped in the Msembe
and Lunda areas. There was a distinct cluster of cow-calf group hotspots along the Mwagusi
sand river, and two distinct clusters of bull hotspots located in Jongomero and Mdonya.

(a)

(b)

Figure 6: Location of hotspots of a) cow-calf groups and b) bulls in Ruaha National Park,
from sightings of 2,001 cow-calf group individuals and 500 bulls between February 2015 –
May 2017

Discussion
We used data from vehicle transects to describe seasonal patterns in elephant use of Ruaha
National Park. Our monitoring indicates that the Ruaha basin is used year-round by elephants,
but that hotspots of elephant use vary locally between seasons and between years. In line with
our findings, monthly aerial surveys conducted in the Ruaha basin from 1965-1966 showed
year-round elephant presence, with densities peaking in the late dry and the late wet season
(Norton-Griffiths 1978).
Our monitoring also suggests that Ruaha’s miombo areas are important year-round habitat for
elephants. In 2016-2017, dung densities on the miombo-dominated Magangwe transect were
comparable to densities along the Great Ruaha River (STEP, unpublished data). While this
result should be interpreted with caution due to potential differences in elephant dung
production and dung decay rates between these areas, historical data from aerial surveys in
1972-1973 also found some high-density elephant areas in Ruaha’s miombo region (NortonGriffiths 1978).
Hotspot analysis revealed statistically significant clusters of elephant dung in areas with
important water and food resources. Dry season hotspots were clustered along water sources,
including the Great Ruaha, Mdonya, Mwagusi, Jongomero, and Mviringi Rivers, and mbuga
drainage lines such as the Itiku. Water is an important resource for elephants and has been

found to be the key determinant of dry season ranging patterns (Young et al. 2009). Cow-calf
groups typically stay in close proximity to water during the dry season but may range further
during the wet season when surface water is more widely available (Stokke and du Toit, 2002).
The majority of hotspots were located along sand rivers where elephants dig for water flowing
below the surface (Stommel et al. 2016; STEP unpublished data). Elephant digging of
waterholes in Ruaha (Stommel et al. 2016) and Namibia (Ramey et al. 2013) was found to be
an adaptive behaviour to avoid the ingestion of poor quality surface water contaminated with
faeces and pathogens, as well as for accessing water when surface water was absent.
The clusters of late dry season hotspots were also in areas with important forage resources. The
Mdonya and Jongomero hotspots, for instance, are in areas with extensive Acacia/Faidherbia
woodlands. In August and September, when trees such as Acacia tortilis and Faidherbia albida
are producing pods, large numbers of elephants feed in these woodlands (STEP, unpublished
data). This is also the peak time for elephants debarking trees, as this is related to new flower
and leaf growth (Barnes 1982a).
The distinct differences in hotspot locations in the early wet season between 2016 and 2017
may be related to spatial and interannual differences in rainfall, as well as the influence of the
the El Niño-Southern Oscillation. The early wet season of November 2015-January 2016
experienced high rainfall due to the El Niño (Abdi et al., 2016; UNOCHA), and thus the pattern
of hotspots resembles that of the late wet season of 2016. By contrast, the early wet season of
2017 received unusually low rainfall, resulting in very low wet season flows in the Great Ruaha
River (Stolberger 2017). These dry conditions of the early wet season in 2017 may explain why
the pattern of hotspots for this period resembles a late dry season pattern.
The pattern of dung hotspots in the late wet season was similar between years, with hotspots
clustering along the Great Ruaha River between Msembe and the confluence of the Ruaha and
Mwagusi rivers, as well as along the Mwagusi and Mdonya sand rivers. We suspect these
hotspots are related to wet season food resources, as grasses and herbs form 75% of elephant
diet during the wet season (Barnes 1982a). Grasses are plentiful in these areas during the wet
season, and we regularly observe large temporary aggregations of elephants feeding in these
areas during the late wet season months (STEP, unpublished data). These aggregations may
also be forming for social reasons such as reaffirmation of social bonds and information sharing
(Moss, Croze and Lee, 2011), as well as increasing access to mating opportunities as most
elephant sexual activity in Ruaha occurs during the wet season (Barnes 1982b, STEP
unpublished data).
Hotspots of elephant use tended to be dispersed in space during the dry season but showed
greater clustering in the wet season. This was perhaps the result of seasonal differences in
vegetation productivity, spatial heterogeneity in productivity, and levels of competition (Young
et al. 2009), which we will investigate in future work.
Many hotspots of elephant use were in areas with tourism camps or ranger posts, suggesting
that elephant ranging behaviour in Ruaha is also shaped by risk avoidance (primarily from
poaching for the ivory trade). Analysis of elephant carcass densities in Ruaha-Rungwa revealed
that poaching risk was unevenly distributed in space (Beale et al. 2017). Overall, elephant
carcass densities were lower near tourism camps and ranger posts (Beale et al., 2017),
suggesting that these areas provided relative safety from poaching for elephants.

In many populations of African elephants, females and males show differences in their use of
space and resources, because of differences in resource requirements and constraints (Stokke
& du Toit 2002; Shannon et al. 2006). In Ruaha, we observed both spatial overlap and
segregation in the location of bull and cow-calf group hotspots. The overlap in Lunda likely
results from the presence of a large, semi-permanent aggregation of elephants in this area,
which includes cow-calf groups and bulls (STEP, unpublished data). In the Msembe area, bulls
and cow-calf groups are present and form mixed groups year-round (STEP, unpublished data).
The two distinct bull areas identified in our hotspot analysis are in Jongomero and Mdonya,
both of which lie in areas with tourism camps and are home to semi-resident bull groups (STEP,
unpublished data).
This paper presents a first look at elephant seasonality in Ruaha National Park and provides a
baseline for future monitoring. We intend to build on these initial results by identifying key
predictors of hotspots of elephant use and by analysing elephant distribution data from STEP’s
aerial monitoring of roadless areas. We anticipate that satellite-tracking data from a study of
collared elephants by the World Elephant Centre will be complementary to this work, and
further increase our understanding of the seasonal movements of elephants in Ruaha National
Park.
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