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The use of telemetry for animal tracking studies has been a key component of wildlife
research and monitoring for decades. The unique anatomy of giraffe, however, has
presented special challenges for developing functional animal-borne tracking devices for
these species. Since the first reported collaring of a giraffe in 1970, several modifications
(from neck collars to ear tags, and head harnesses to tail units) and technological develop-
ments (Very High Frequency [VHF] to Ultra High Frequency [UHF], Global System for Mobile
communication [GSM], and Low Range [LoRa] to Global Positioning System [GPS] satellite)
have taken place. Here, we describe the evolution of tracking units used on giraffe and, where
available, report their performance diagnostics, highlighting the applicability of such units
for modern-day tracking studies with both improved data quality and improved animal
welfare. Based on the data gathered, we make recommendations about which modern-day

units to use regarding research and management goals.
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INTRODUCTION
Animal tracking studies are critical to ecological
research and conservation management. As such,
wildlife veterinarians, scientists and managers
have deployed animal-borne tracking devices for
decades, with more recent advances in technol-
ogy making the practice widely accessible and the
information collected highly valuable. These high-
resolution spatiotemporal data enable monitoring
of individuals and entire populations, as well as
answering a wide range of questions relating to
movement ecology, for example, how species
interact, make foraging decisions, and where and
when they migrate (Owen-Smith, 2014; Seidel,
Dougherty, Carlson & Getz, 2018; Broekhuis,
Madsen, Keiwua & Macdonald, 2019; Dickie,
McNay, Sutherland, Cody & Avgar, 2020; Davies
et al., 2021; Ranc, Moorcroft, Ossi & Cagnacci,
2021). These data are also increasingly valuable
for addressing specific conservation management
issues related to the rapid processing of real-time
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locational data (Kays, Crofoot, Jetz & Wikelski,
2015; Katzner & Arlettaz, 2020).

Among the large African mammals, giraffe
(Giraffa spp.) are notably understudied despite
recent reports of declining populations (Muller
et al., 2018; Brown et al., 2021). Populations of
several (sub)species are extremely fragmented,
and four taxa are listed as either Endangered
(Masai giraffe, G. tippelskirchi tippelskirchi (Bolger
et al., 2019); Reticulated giraffe, G. reticulata
(Muneza et al., 2018)) or Critically Endangered
(Nubian giraffe, G. camelopardalis camelopardalis
(Wube, Doherty, Fennessy & Marais, 2018);
Kordofan giraffe, G. c. antiquorum (Fennessy &
Marais, 2018)) on the IUCN Red List. Amongst
their greatest threats are habitat loss and fragmen-
tation, therefore understanding the spatial ecology
of giraffe is crucial to their long-term conservation
and management.

The first animal-borne tracking units for mammals
were deployed in the early 1960s (reviewed by
Adams, 1965), mostly as neck collars or harnes-
ses, which have since become the conventional
attachment method. However, the unique anatomy
of giraffe, with their long necks, presents chal-

African Journal of Wildlife Research 54: 46-68 (2024)
ISSN 2410-8200 [Online only] — DOI: https://doi.org/10.3957/056.054.0046


https://orcid.org/0000-0002-5064-1979
https://orcid.org/0000-0002-0119-0614
https://orcid.org/0000-0002-3365-1075
https://orcid.org/0000-0002-8086-6706
https://orcid.org/0000-0002-2128-1820
https://orcid.org/0000-0001-5871-8267
mailto:courtney@giraffeconservation.org
https://doi.org/10.3957/056.054.0046

Marneweck et al.: The evolution of tracking technology for wild giraffe 47

lenges for affixing these traditional designs. The
first recorded neck collaring of a giraffe was in 1970
(Foster & Dagg, 1972) and the design was subse-
quently adapted several times before it was deter-
mined that giraffe anatomy did not lend itself to
this method of attachment (Fennessy, 2004; Hart,
Fennessy, Rasmussen, et al, 2020). Yet, other
aspects of giraffe morphology have allowed for
innovative trials. While their large body size
enables them to carry large Global Positioning
System (GPS) units with heavier batteries, tech-
nology advances and solar-powered options have
facilitated more compact and lightweight solu-
tions.

Today, high-resolution spatiotemporal data from
tracking units can be paired with environmental
variables for robust and high-impact analyses (e.g.
Kays et al., 2015; Brown et al., 2023). Here we
describe the evolution of telemetry techniques
used in monitoring giraffe populations over time.
These advances in radiotelemetry and GPS satel-
lite tracking technology have allowed researchers
to document and understand the interactions of
giraffe with their environments, which is crucial
to their conservation and management in a
constantly changing landscape. The desire for
reliable and functional tracking units that are also
small and lightweight with minimal impact on
animal welfare remains a priority, and we hope that
this review will contribute to improving this for
giraffe as well as other animals.

METHODS
In this review, we document the evolution of track-
ing units used on giraffe from the 1970s to today.
First, to obtain any published information on giraffe
tracking units and their performance, we con-
ducted a Web of Science literature search using
the terms: (‘giraffe’ OR ‘giraffa’) AND (‘tracking’ OR
‘VHF’ OR ‘GPS’ OR ‘GSM’ OR ‘UHF’ OR ‘LoRa’
OR ‘UTM’ OR ‘collar OR ‘tag’ OR ‘movement’ OR
‘spatial’). This search yielded 153 results (for the
full exported list, see Supplementary Table S1)
but after an initial review to remove irrelevant
publications (i.e. those not including giraffe fitted
with a GPS tracking unit), only 21 relevant publica-
tions remained (Table 1). We added additional
relevant publications/reports that were known to
us but missed in the literature search (noted in
Table 1 with a A). For each publication, we
attempted to extract the following information:
number of units deployed (n), scheduled fix rate
(number of programmed GPS locations per day),

achieved fix rate (number of recorded GPS loca-
tions per day), and deployment length (number
of days the unit was active on a giraffe). Where
possible, we also calculated the fix success rate
(number of recorded fixes divided by the number
of scheduled fixes) and deployment success rate
(number of active deployed days divided by the
expected number of days based on general manu-
facturer guidelines) for comparison across units.
It is noted that some fix success rates are >1.00
(Table 1), which is possible as some units sent
more data than scheduled. While this may appear
positive, it can have implications on battery life. Itis
important to note that we report deployment length
(days) as starting at the time the unit was affixed
to a giraffe and not as the total unit lifespan from
the date it was switched on. This information
was unavailable for many units and was thus not
included. All units were switched on for a trial
period before deployment to check performance,
and it is common for delays in obtaining permits
and field logistics to prolong the deployment date.
As such, the length of time that a unit was online
and transmitting but not yet deployed on an animal
can vary considerably.

Between 2011 and 2023, the Giraffe Conserva-
tion Foundation (GCF) and partners fitted 523
GPS tracking units in collaborative projects
throughout Africa. Many of these units are
described in publications highlighted by our litera-
ture search. However, we report the summary
metrics described above for all 523 units as
several units persist outside published study date
ranges or have not yet been published. For units
with data wholly/partly included in published litera-
ture, we note the relevant publication(s) in the text
and Table 1. For all summary statistics, we report
both the mean and the standard error. Where we
estimated a metric due to insufficient detail repor-
ted, we note that with an * in Table 1. We have
referred to each tracking unit chronologically
(version 1.0, 1.1, 2.0 etc.), but this does not
mean that they were developed sequentially or in
parallel, as several units were developed inde-
pendently by different manufacturers. We used
data from a period of 12 years (October 2011 to
December 2023). If the unit was still active at the
time of writing, we assumed the deployment end
date as the day of the data extraction (14 December
2023).

The GCF and its partners obtained all necessary
permits and Institutional Animal Care and Use
Committee approvals for the fitment of tracking
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units to giraffe as part of their collaborative
projects (for a full list of permits and agreements
see Supplementary Table S2).

NECK COLLARS

Neck collar 1.0

The first recorded giraffe collaring was of a
Masai giraffe in 1970 in Nairobi National Park
(NP), Kenya. Foster & Dagg (1972) fitted a radio
collar to the neck of a young female which trans-
mitted data for 63 days. However, no details on the
radio system or method of collaring were noted. In
1972, Langman (1973) tested various prototypes
designed by the National Electrical Engineering
Research Institute (Pretoria, South Africa) on
penned South African giraffe (G. giraffa giraffa)
before a final model was constructed. The final
design was a 3.5 kg ellipse shape to stop constrict-
ing around the neck, padded to mitigate skin irrita-
tion, adjustable to fit a range of neck sizes, and
weighted for counterbalance to mitigate lateral
rotation (Fig. 1a). The final radio collar design was
fitted to the base of the neck of seven South
African giraffe in the Timbavati Private Nature
Reserve (NR), South Africa. The ground range of
the Very High Frequency (VHF) transmitters in
the field fluctuated between 1.50-9.00 km with
a mean transmitting life of 255.00 + 24.05
days. There were no reported instances of collars
sliding up the neck when giraffe drank (Langman,
1973).

Neck collar 2.0

In the late 1980s, du Toit (1990) fitted VHF radio
collars to three South African giraffe in the Kruger
NP, South Africa. The collars were modified from a
design intended for African lion (Panthera leo),
with VHF telemetry units made by Telonics
attached to machine-belting collars and secured
with aluminium rivets (J. du Toit, pers.comm.). The
collars were placed at the base of the neck close to
the shoulders and the author reported that the
mane of the giraffe was stiff enough to hold the
collar in place so that it did not slide forward when
the neck was lowered (Fig. 1b,c; du Toit, 1990).
Additionally, du Toit reported that the collar caused
minimal stress to the giraffe (J. du Toit, pers.
comm.). Only one of the three collars worked for a
sufficientlength of time to be included in their study
(>10 consecutive months) and was removed after
27 months, with a signal range of up to 20 km (du
Toit, 1990).

Neck collar 3.0

In 2002 the neck collar 3.0 was designed and
constructed by Africa Wildlife Tracking (AWT),
South Africa, and rested at the base of the neck
and over the chest (Fig. 1d). The GPS unit
(MT2000 terminal using the Inmarsat 3 satellite
system), coupled with a battery pack that also
served as a counterbalance, had a built-in VHF
transmitter and weighed <900 g. Four Angolan
giraffe (G. g. angolensis; three males and one
female) were fitted with the neck collar 3.0 in 2002
in northwestern Namibia (Fennessy, 2004). The
four collars were programmed to record data at
eight-hour intervals for up to two years. In addition,
three of the collars were also programmed to
record hourly locations for 4-5 consecutive days
each month. However, unexpected complications,
including collars twisting and breaking inner wiring
(Fig. 1e,f), meant that deployment length was <3.5
months (Fennessy, 2004, 2009). The collars were
removed or fell off naturally. Despite their limited
longevity, the collars were the first to transmit
high-resolution data via GPS satellite and were
used in home range and daily movement analyses
that would not have been possible with VHF alone
(Fennessy, 2004, 2009).

Neck collar 3.1

The neck collar 3.1 included an AWT GPS /
Global System for Mobile Communication (GSM)
unit (which transmits data over a cellular network),
capable of obtaining up to 48 locations per day. In
20009, the neck collar 3.1 was fitted to four Angolan
giraffe translocated to communal conservancies in
Namibia (V. Guillemin, pers. comm.). However,
without a counterbalance in this design, the neck
collars tended to twist, often leading to the GPS
unit sitting under the giraffe’s neck and limiting the
signal. Other collars fell off naturally and some
individuals moved into areas out of the GSM net-
work range (V. Guillemin, pers. comm.). Overall,
these collars showed limited performance and
little valuable data were retrieved due to poor GSM
2G network coverage at the site.

Neck collar 3.2

In 2010, the neck collar 3.2 was developed by
AWT with the transmitter and battery moulded in a
single block at the top of the collar, and a 5 kg lead
counterweight on the opposite side to restrict
movement. This culminated in a heavy collar of
~10 kg. Initially, three adult female West African
giraffe (G. c. peralta) were fitted with the collars in
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Fig. 1. a, Giraffe neck collar 1.0 (source: Langman,1973); b, ¢, neck collar 2.0 in South Africa (© du Toit, J.); d, neck
collar 3.0 with enclosed battery counterbalance at the bottom fitted to a giraffe in Namibia (© GCF); e, f, neck collar 3.0
inverted due to lack of counterbalance (© Guilleman, V., ICEMA); g, neck collar 3.2 showing harness around the body
(source: Suraud, 2011); h, neck collar 4.0 initial placement (source: Deacon, 2015); i, j, k, neck collar 3.3 showing
counterbalance at the front (© Naylor, S.).
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the ‘Giraffe Zone’ of Niger, but these fell off within a
day (Suraud, 2011). To prevent this, a body har-
ness consisting of an elastic strap was fitted to the
collar and ran behind the front legs and under the
body (Fig. 1g). A total of eight of these adapted
neck collars were fitted to adult females (Suraud,
2011). Programmed to record hourly locations,
one fell off and one failed, leaving six transmitting
data over a three-month period (a total of 4 500
locations; Suraud, 2011). While the actual fix
rate was not recorded, based on the number of
locations and deployment length of six collars, we
assume an average of 8.33 locations/day. After
three months, all remaining collars were removed
safely after it was noticed that the units started
to irritate some of the giraffe (Suraud, 2011).
Each giraffe was treated appropriately to ensure
their long-term welfare (Suraud, 2011) and they
were all subsequently recorded healthy during
surveys in the following years (J. Fennessy, pers.
obs.).

Neck collar 4.0

In 2011, AWT designed the neck collar 4.0 to fit
around the upper part of the neck (Deacon, 2015).
The collar weighed 635 g and was fitted to a single
male South African giraffe as a trial in the Wood-
land Hills Wildlife Estate, South Africa (Fig. 1h).
However, within 45 days, the neck collar slipped
downward and was subsequently removed with-
out any long-term impact on the giraffe. This collar
prototype was fitted to a giraffe simultaneously as
a head harness, and while both units had GPS
capabilities, only GPS data from the head harness
were recorded (see Head harness 3.0; Deacon,
2015).

Neck collar 3.3

More recently in 2021, a further modified neck
collar fitted with a GPS/GSM device was designed
by AWT and powered by two AA batteries. With
narrower straps, the neck collar 3.3 was shorter in
total length, had no counterbalance, and was
designed to sit at the base of the giraffe neck
(Fig. 1i-k). The collar was lightweight in compari-
son to previous neck collars, i.e. <635 g (J.
Fennessy, pers. obs.). Fitted on two South African
giraffe in Phinda Private Game Reserve (GR),
South Africa (one male, one female), both collars
fell off almost immediately, with a mean deploy-
ment length of 2 + 0.00 days. Programmed to
record hourly locations (24/day), during their
short deployment time the achieved fixes was

on average 2.67 + 1.08 locations/day (Table 1,
Table S3).

HEAD HARNESS

Head harness 1.0

The first recorded giraffe head harness was
used by Scheepers (1992) who fitted ‘scrum caps’
equipped with Telonics VHF transmitters to two
Angolan giraffe in northwestern Namibia in the late
1980s. The units were placed high on the neck,
supported by a harness over the ossicones to
prevent them from shifting down and each harness
a different colour to enable easier identification.
The signal could be received up to 25 km; however,
no information could be obtained on their perfor-
mance.

Head harness 1.1

The head harness 1.1, designed by Lewa Wild-
life Conservancy and Kenya Wildlife Service, was
equipped with a Telonics VHF transmitter. In 2008,
the canvas head harness 1.1 was fitted to three
reticulated giraffe (two females and one male)
during their translocation to Sera Wildlife Conser-
vancy, Kenya (Fig. 2a; King, Leogusa Lemerketo &
Lesimirdana, 2009; Chege, 2012). The head har-
ness 1.1 was light and flexible, and no detrimen-
tal effects were noted on the giraffe (King et al.,
2009). This design used cotton thread to hold the
harness together, which disintegrated over time as
planned. However, the short transmission time of
the VHF unit limited the signal to only two hours
each day which made it difficult to locate the giraffe
regularly. Because of the limited VHF signal,
deployment longevity was therefore uncertain.
King et al. (2009) reported that one giraffe died
post-release; the team was unable to locate one
giraffe after three months, and the third unit was
still functional six months post-release. Therefore,
we estimated that deployment longevity was a
minimum of 135.00 + 36.74 days (Table 1).

Head harness 1.2

The head harness 1.2 was designed by AWT in
the early 2010s. Using the Globalstar satellite con-
stellation network for data upload, better satellite
reception was achieved by fitting the unit atop the
skull and in front of the ossicones (Fig. 2b). The
head harness 1.2 had a combination of GPS and
built-in VHF transmitters that were now fitted with
the battery in the same, single unit due to reduced
component sizes. Additionally, AWT incorporated
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temperature sensors and offered the option of
adding additional sensors (e.g. accelerometers;
Deacon, 2015). The head harness 1.2 weighed
~670 g and was first trialled on a single male South
African giraffe in South Africa (Deacon, 2015).
After this trial, the head harness 1.2 was fitted to
eight female giraffe in the Khamab Kalahari NR,
South Africa (Deacon, 2015; Deacon & Smit,
2017; Deacon & Bercovitch, 2018; Deacon, Smit &
Grobbelaar, 2023a,b). With one coming off early
due to a broken strap, they were deployed on
giraffe for 613.00 + 9.42 days (with some units still
functional upon removal; Deacon, 2015; Deacon &
Smit, 2017). They were programmed to record
data every four hours (six locations/day) and,
although only summarized as total points and total
days per giraffe (Deacon, 2015; Deacon & Smit,
2017), we estimated the achieved fix rate at
5.46 + 0.43 locations/day (Table 1). Deacon
(2015) reported that some skin wear was noted on
the ossicones from persistent rubbing; however, it
disappeared after the removal of the units. After
this trial, the head harness 1.2 was used for more
than 75 giraffe with reported success with >20

months deployment length but no detailed data
available (F. Deacon, pers. comm.).

In 2012, four adult female South African giraffe
were fitted with the head harness 1.2 in Wildlife
Management Area NG26 on the western side of
the Okavango Delta and Chobe NP, northern
Botswana (McQualter, Chase, Fennessy, McLeod
& Leggett, 2016). Programmed to record data
every four hours (6/day), the achieved fix rate
success was 0.81 and the deployment success
rate was 0.25 (McQualter et al., 2016). Monitoring
revealed that the units eventually cut into the skin
(K. McQualter, pers. comm.). All head harnesses
were subsequently removed, and all individuals
recovered fully (K. McQualter, pers. comm.).

The head harness 1.2 was also used by the
Namibian Ministry of Environment, Forestry, and
Tourism on Angolan giraffe in Namibia in 2011-
2012 (Flanagan, Brown, Fennessy & Bolger,
2016). The head harness 1.2 was fitted to six
giraffe (five females and one male) translocated
from Etosha NP (and surrounds) to communal
conservancies in northeastern and northwestern
Namibia. The deployment success rate was 0.31
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Fig. 2. a, Giraffe head harnesses 1.1 fitted to a giraffe in Kenya (© Craig, |., Northern Rangelands Trust); b, head
harness 1.2 fitted to a giraffe in South Africa (source: Deacon, 2015); ¢, head harness 1.2 fitted backwards to a giraffe
in Garamba National Park, Democratic Republic of Congo (© African Parks); d, retrieved head harness 1.2 after falling
off a giraffe in Garamba National Park, Democratic Republic of Congo (© African Parks).
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and, although scheduled to record hourly (24/day),
the mean fix rate success was only 0.33 (Flanagan
etal., 2016; Table 1, Table S3).

In 2016, African Parks fitted the head harness
1.2 to eight Kordofan giraffe (six females and two
males) in Garamba NP, Democratic Republic of
Congo (Monico & Ortega, 2012; D’haen, 2018;
D’haen Fennessy Stabach & Brandlova, 2019). All
units were fitted backwards on the giraffe as the
median ossicone was too large compared to the
South African giraffe for which it was designed
(P. Morkel, pers. comm.). The scheduled fix rate
was three locations/day, which achieved a fix suc-
cess rate of 1.07 because of one over-performing
unit (Table S3). With a deployment success rate of
0.24 (Table 1), five were removed or fell off within a
year, and the remaining three were subsequently
removed. One unit had reportedly slipped off
the head and onto the neck (D’haen, 2017). Upon
removal, it was noted that some giraffe had
wounds on the top of the head where the GPS unit
was placed but all giraffe were treated and made a
full recovery (M. D’haen, pers. comm.).

Between 2011 and 2016, GCF and collaborative
partners in respective countries fitted the head
harness 1.2 to five female Angolan giraffe trans-
located to communal conservancy areas in
Namibia, five female Nubian giraffe in Murchison
Falls NP, Uganda, three female Nubian giraffe in
Gambella NP, Ethiopia, and two female South
African giraffe in Bubye Valley Conservancy,
Zimbabwe (Fig. 2c). Each unit was programmed to
a different fix schedule (see Table 1 and Table S3
for details) and achieved a fix success rate of 1.17
and deployment success rate of 0.30 (Table 1,
Table S3).

In 2017, Scheijen, Van der Merwe, Ganswindt &
Deacon (2021) fitted the head harness 1.2 to 18
South African giraffe; however, only seven units
worked sufficiently to be included in the study.
While exact metrics were not reported, they noted
that the giraffe were tracked for between 5 and
12 months and reported a total of 33 772 GPS
locations (Scheijen et al., 2021). Based on data
recorded on 255 days across seven individuals
we can estimate a fix success rate of 0.79
(Table 1).

Head harness 2.0

More recently, Brandes Sicks & Berger (2021)
described using a head harness with attached
accelerometers on three zoo-housed Nubian
giraffe (two females at the African Lion Safari Park

in Ontario, Canada, and one male in the Zoological
Garden Berlin, Germany) in 2017. Two different
accelerometers were tested: an e-obs (e-obs
GmbH, Munich, Germany) and an AWT unit. The
e-obs device was programmed to record for 2.43
seconds at 20-second intervals, resulting in 82
data points per axis per recording. Data were
stored on board and later downloaded via radio
and a base station. The AWT device was pro-
grammed to record one data point per axis contin-
uously, which was directly transmitted via a UHF
transceiver. Both devices were tested simulta-
neously on the two females, with the e-obs device
taped to the AWT harness accounting for a total
weight of 962 g. Only the e-obs device was tested
on the male, taped to a leather harness with a total
weight of 423 g. All devices were positioned to
sit between the ossicones. Brandes et al. (2021)
described that both devices showed limitations for
deployment in the wild. The battery capacity
was limited for both devices, which were actively
deployed for 15.50 + 1.50 days (Table 1). Further-
more, the e-obs device needs to be close to the
base station for downloading (500 m to several km).
Close proximity to other objects or the ground
could disruptthe AWT accelerometer, limiting data
transmission (Brandes et al., 2021).

ANKLE BRACELETS

Ankle bracelet 1.0

The ankle bracelet 1.0 was first trialled at Brook-
field Zoo, U.S.A., in 2015 (Razal, 2016, 2017).
Custom-made ankle bracelets were fitted to four
reticulated giraffe (three females, one male) made
from elastic and secured with Velcro (Fig. 3a,b).
Each ankle bracelet had a pouch holding a data
logger with an accelerometer (Razal, 2016, 2017).
The giraffe wore the ankle bracelets for a 24-hour
period, one day per week, except for one female
who would repeatedly remove the ankle bracelet.
Additional information on these units and their
achieved fix rate or deployment longevity was not
reported.

Ankle bracelet 2.0

In 2021, GCF and its partners trialled ankle
bracelets on two South African giraffe (one male
and one female) in Phinda Private GR, South
Africa. Made by AWT using the same rubberized
belting material as used for the AWT head harness
3.0 and tail unit 1.0 (Fig. 3c), the units were more
durable than the units used in the 2015 zoo trial.
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Fig. 3. a, b, Giraffe ankle bracelet 1.0 fitted to a zoo-housed giraffe in the U.S.A. (source: Razal, 2016, 2017); ¢, ankle
bracelet 2.0 fitted to two giraffe in Phinda Private Game Reserve, South Africa (© GCF).

Powered by two AA batteries, the ankle brace-
lets were programmed to record hourly fixes
(24/day). They achieved a fix success rate of
0.45 and deployment success rate of 0.17
(Table 1, Table S3).

OSSICONE UNITS

The next development in the evolution of giraffe
tracking was the ‘ossi-unit’, a device designed to
attach to the ossicone of a giraffe. Giraffe are born
with soft ossicones that exist as small bony cores
which ossify separately from the bones of the
skull and later fuse to the underlying skull (Davis,
Brakora & Lee, 2011; Shorrocks, 2016). While
ossicones are composed of living bone, they are
completely ossified and fused to the skull by
sexual maturity with no significant blood vessels
documented, nor signs of haematopoiesis (forma-
tion of blood cells which occurs in the bone marrow
of mammals; Fig. 4a,b; Ganey, Ogden & Olsen,
1990), making the attachment of the GPS ossi-unit
safe for the giraffe.

Ossi-unit 1.0

In 2016, GCF partnered with Savannah Tracking
Ltd (Kenya) to develop the ossi-unit 1.0, which
contained a GPS satellite system with iridium-
based data upload powered via a lithium polymer
battery. Recharged by solar energy, the unit
weighed approximately 180 g. A TA-UHF teleme-
try beacon, tri-axial accelerometer, geo-fencing
alert, and full two-way communication were incor-
porated into the ossi-unit 1.0. The unit was

attached to one ossicone with two stainless steel
bolts and two durable (tensile strength of 1000—
1500 daN), flat, UV-stable nylon straps 25 mm
wide (Fig. 4e). The unit was placed in the middle of
the ossicone, far from the nearest sinus connected
to the cranium (Fig. 4c,d). Fitted while the giraffe
was fully awake following individual immobiliza-
tion, little to no signs of discomfort or pain were
observed during fitment (S. Ferguson, pers. obs.).
The unit was placed snugly against the ossicone
while allowing for some movement to prevent any
potential rubbing and subsequent infection, and
the ends of the bolts were cut to ensure there were
no protruding ends that may harm another giraffe
when neck sparring.

GCF first trialled the ossi-unit 1.0 in 2017 on
Okapuka Game Ranch, Namibia, on two Angolan
giraffe (one male and one female). Programmed
initially to send twice daily iridium data uploads of
hourly data and a UHF telemetry beacon every
two hours, one unit was later changed to record
the location every 10 minutes. Initially, the two
giraffe were physically monitored on a weekly
basis. One giraffe was legally hunted on a neigh-
bouring property. Inspection of the ossicone when
the unit was removed revealed no visible signs of
infection or damage to the bone (J. Fennessy, pers.
obs.).

After some small physical modifications, the final
ossi-uni 1.0 was deployed elsewhere, weighing
180 g (Fig. 4c—f). The battery was changed to
an AA-sized lithium-ion rechargeable battery,
deemed more durable than the lithium polymer
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Fig. 4. a, Radiography of giraffe skull following perfusion of the carotid artery, which branches externally to the
ossicones (source: Ganey, Ogden & Olsen, 1990); b, ossicone of a giraffe, showing separation of ossified bony
tissues (source: Ganey, Ogden & Olsen, 1990); ¢, ossi-unit 1.0 on a female; d, ossi-unit 1.0 on a male; e, f, ossi-unit
1.1; g—i, ossi-unit 1.2; j, ossi-unit 2.0. (Photographs c-k © GCF).

(H. Rasmussen, pers. comm.). The performance
of ossi-unit 1.0 was reviewed in detail by Hart,
Fennessy, Rasmussen, et al. (2020). Of those in
Kenya, Namibia, and Uganda, the fix success rate
was 0.99 (n = 50 deployed units 2017-2019), and
the battery never dropped below the cut-out
threshold of 3.2 volts (n = 20 deployed units
2017-2019; Hart, Fennessy, Rasmussen, et al.,
2020). Between 2017 and 2021, GCF facilitated
and/or assisted in the deployment of a total 203
ossi-units in Chad (Clark et al., 2023), the Demo-

cratic Republic of Congo, Kenya (Crego et al.,
2021, 2023), Namibia (Hart, Fennessy, Hauen-
stein & Ciuti, 2020), Niger, Tanzania, Uganda
(Brown & Bolger, 2020), and Zimbabwe (for more
information on sites and deployments, see Table 1
and Supplementary Table S3). Collectively, these
2083 units had a mean fix success rate of 0.92
and deployment success rate of 0.58 (Table 1,
Table S3). Note that some of these units reported
here include those also reviewed by (Hart,
Fennessy, Rasmussen, et al., 2020).
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Ossi-unit 1.1

The ossi-unit 1.1 was developed resulting in a
smaller unit that weighed ~110 g. The solar panel
was halved in size, and the battery was changed to
2/3 AA to optimize space (H. Rasmussen, pers.
comm.). GCF deployed nine of the ossi-unit 1.1
between 2019 and 2021 across three sites: two
Angolan giraffe (one male and one female) in
northwestern Namibia, and seven Nubian giraffe
in Uganda (one male in Kipedo NP; three females
in Murchison Falls NP; three females in Pian Upe
Wildlife Reserve). Scheduled for hourly fixes (24
locations/day), the mean fix success rate was
0.91 with a mean deployment success rate of
0.31 (Table 1, Table S3; Brown et al., 2023). Issues
with sufficient battery life were noted and attrib-
uted to the smaller unit size and the component
changes.

Ossi-unit 1.2

A final version of the Savannah Tracking ossi-
unit was developed in 2021 with a slanted solar
panel to increase solar exposure for recharging
and circumvent battery issues of the ossi-unit 1.1
(Fig. 4h,i). With the same model interior as the
previous version (i.e. 2/3 AA battery), the casing
was now 3D printed and streamlined to improve
charging and it weighed ~100 g. Six of the ossi-unit
1.2s were deployed on Angolan giraffe in north-
western Namibia (Fig. 4j; Brown et al., 2023).
Programmed to record hourly locations (24 loca-
tions/day), the mean fix success rate was 0.94 and
the mean deployment success rate was 0.77
(Table 1, Table S3).

The ossi-unit was the best functioning unit to
date in terms of reliability and longevity; however,
<2% of cases resulted in a broken ossicone and,
although this did not negatively impact the giraffe,
some abnormal growth around the attachment site
was observed on a few individuals (J. Fennessy,
pers. obs.). With the welfare of the giraffe in mind,
GCF requested an alteration to the bolt and
strap placement so the units could be fitted to
the tail. Subsequently, new standard operating
procedures were adopted and GCF now only
affixes these units to the tail of giraffe (see Tail unit
3.0).

Ossi-unit 2.0

Atthe same time as ossi-unit 1.2 (2021), an AWT
ossi-unit 2.0 with GSM was also trialled on two
female South African giraffe in Phinda Private GR,
South Africa (Fig. 4k). Programmed to record

hourly locations (24/day), the units had a mean fix
success rate of 0.97, and a deployment success
rate of 0.21 (Table 1, Table S3). Limitations with
adequate GSM network coverage across the site
were experienced and because the units were
battery-operated, this limited their longevity.

In addition to the four ossi-units described
above, there were several other prototypes devel-
oped by a range of companies, but they never
made it to the field trial stage. Between ossi-unit
1.2 and 2.0, an ossi-unit with a slanted solar panel
was developed by Savannah Tracking, but the
prototype was not deployed in the field. During this
time, Savannah Tracking also developed a proto-
type of a battery-powered ossi-unit, built to replace
the solar-panelled version. But, due to its cumber-
some size and shape, this unit was not taken to
field trials.

TAIL UNITS

Tail unit 1.0

The first dedicated tail unit 1.0, manufactured by
AWT, was trialled in Phinda Private GR, South
Africa, in 2021 by J. Fennessy. Weighing 135 g, the
belting was integrated into the unit design as one
continuous component, powered by two AA batter-
ies (Fig. 5a—c). The unit was placed along the
caudal aspect of the tail over the most distal caudal
vertebrae, proximal to the tail hair tassel. The tail
unit 1.0 was fitted to one male and one female
South African giraffe and programmed to record
data every hour (24 locations/day). They had a
mean fix success rate of 0.73 but a deployment
success rate of only 0.01 (Table 1, Table S3). The
reason for the lack of data received after only
seven days is unknown, but like the ossi-unit 2.0,
likely a result of unexpected poor GSM 2G cover-
age in the area.

Tail unit 2.0

In 2021, two GPS tail units that utilized the Long
Range (LoRa) network for data transmission were
trialled. These units were manufactured by AWT
and fitted in the same way as tail unit 1.0 on two
South African giraffe in Phinda Private GR, South
Africa, which were later translocated to Majete
Wildlife Reserve, Malawi (J. Fennessy, pers.
comm.). Powered by two AA batteries, they were
scheduled to record a location every six hours
(four locations/day), and the units had a mean
fix success rate of 0.76 and a mean deployment
success rate of 0.53 (Table 1, Table S3).
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Fig. 5. a—c, Giraffe tail unit 1.0 in Phinda Private Game Reserve, South Africa; d—g, tail unit 3.0 to Angolan giraffe in

northwestern Namibia (© GCF).

Tail unit 3.0

In 2021, Savannah Tracking modified the ossi-
unit 1.2 to allow attachment to the tail (hereafter
referred to as the tail unit 3.0; Fig. 5d—g). Unlike the
tail unit 1.0 and 2.0 which were designed as one
single piece with fixed straps, the tail unit 3.0
consists of a unit with separate attachment straps.
The bolts were not integrated like the ossi-unit,
with the bolt holes re-designed to allow for different
bolt sizes to be used and allow more flexibility in
attachment. The unit was secured by wrapping two
parallel nylon straps around the tail and affixing
them back onto bolts secured with washers and
nuts (Fig. 5d,e). The unit was fitted snugly to mini-
mize movement and subsequent abrasion while
loose enough to not restrict circulation. Between
2021 and 2023, GCF and collaborative partners
(e.g. African Parks, Smithsonian Institution,
communal conservancies of northwest Namibia,
Governments and Wildlife Authorities in Chad,
Kenya, Namibia, Niger, and South Sudan),
deployed 65 tail units across Chad (n = 8), Kenya
(n = 25), Namibia (n = 16), Niger (n = 5), South
Africa (n = 1), and South Sudan (n = 10), 43 of
which are still active (as of December 2023).

Overall, the mean fix success rate of the tail unit
3.0 was 0.72 with a deployment success rate
of 0.32 (Table 1, Table S3; note 43/77 units still
actively deployed).

EAR TAGS

Ear tag 1.0

The first GPS ear tag for giraffe was designed by
AWT in 2015 and trialled on South African giraffe in
the Sandveld NR, South Africa (Fig. 6a). The tag
consisted of a Radio Frequency ldentification
(RFID) tracking system with a digital receiver, a
GPS device, and a temperature sensor. However,
according to AWT and the deploying team, the ear
tags were too heavy and failed soon after deploy-
ment (F. Deacon, pers. comm.; M. Haupt, pers.
comm.). It appears that the plastic material was
not strong enough, and the tag itself broke in half,
leaving the stud remaining in the ear with no unit
attached (F. Deacon, pers. comm.).

Ear tag 2.0
The ear tag 2.0 was developed in 2019 by
Ecotone (Ecotone Telemetry, Poland), and con-
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Fig. 6. a, Giraffe eartag 1.0 (© AWT); b, ear tag 2.0 fitted in South Africa (source: Nyathi, 2020); ¢, ear tag 3.0 fitted in
South Africa; d, ear tag 4.0; e, ear tag 4.0 fitment; f, ear tag 4.0 fitment on giraffe avoiding cartilage ridges and
vasculature; g, ear tag 5.0; h, ear tag 5.0 fitted to a giraffe in Namibia. (Photographs d—g © GCF).

sisted of a GPS-Ultra High Frequency (UHF)
plastic ear tag weighing ~25 g (Fig. 6b). The ear
tag 2.0 was deployed in 2019 on 12 South African
giraffe (seven males and five females) in the
Zingela Conservation Area, South Africa (Nyathi,
2020). Programmed to send a GPS location every
four hours (6 locations/day), neither the achieved

fix rate nor actual deployment length was reported
(Nyathi, 2020).

Ear tag 3.0

In 2020, in partnership with the Max Planck Insti-
tute and GCF, four SigFox ear tags were deployed
onto four female South African giraffe in the
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greater Kruger region (Balule Private GR and
Thornybush GR), South Africa (Fig. 6¢; Wild et al.,
2023). These ear tags used the ICARUS (Interna-
tional Cooperation for Animal Research Using
Space) satellite Internet of Things (loT) system.
Attached with a single pin, the units held a lithium
polymer battery with a solar cell encased in 3D
printed housing and weighed <33 g (Fig. 6c; Wild
et al., 2023). They were programmed to send a
GPS location every two hours (12 locations/day),
with a fix success rate of 0.63 and a mean deploy-
ment length of 252 days Table 1; Wild et al., 2023).
It was noted that, regardless of the fix schedule,
they sometimes sent additional transmissions
when the battery was fully charged (O.L. van
Schalkwyk, pers. comm.).

Ear tag 4.0

In 2021, Ceres Tag (Australia) launched their
solar-powered ear tags which utilize the Globalstar
satellite network for data transmission (Fig. 6d).
Although initially designed for livestock, these
units were quickly adapted for wildlife use due to
their small size, light weight (~32 g), and low cost.
The developments of these units enhanced the
scale of application as they were an order of
magnitude cheaper than previous head, ossicone,
or tail units. The Ceres Trace model is attached via
a two-pronged back plate to the middle part of the
ear, avoiding vasculature and cartilage ridges
(Fig. 6e,f). Between 2021 and 2023, GCF and
collaborative partners assisted in the deployment
of 162 ear tags 4.0 (Ceres Trace model) on giraffe
in Angola (n=17), Chad (n = 6), Eswatini (n=7),
Mozambique (n=212, Namibia (n=55), Niger (n=
5), South Africa (n = 12), South Sudan (n = 3),
Uganda (n = 24), and Zimbabwe (n = 12).
Ninety-six of these tags are still active (as of 14
December 2023). Default programmed to record 4
locations/day, the fix success rate was on average
0.65 and the mean deployment success rate of
0.24 (Table 1, Table S3; note 96/169 units still
actively deployed).

Ear tag 4.1

Ceres Tag released a Ceres Wild model (hereaf-
ter ear tag 4.1) in 2022 which is capable of record-
ing up to 24 locations per day. The only observable
difference from ear tag 4.0 (Ceres Trace model) is
the colour; the weight and attachment remain the
same. GCF deployed five of the ear tag 4.1 models
across Namibia (n = 2), South Africa (n= 1), and
Zimbabwe (n = 2), and found a mean fix success

rate of 0.29 and a deployment success rate of 0.38
(Table 1, Table S3; note 3/5 units still actively
deployed).

Ear tag 5.0

As technology becomes more readily available,
ongoing advances have led to more small, solar
tracking units entering the market. For example,
Global Satellite Engineering, U.S.A., have launched
their GSat Solar tag (Fig. 6g); solar powered with a
lithium polymer battery, they weigh ~22 g and
come with several mounting options for attachment
to ears, collars, etc. Capable of two-way communi-
cation to alter the schedule when within Bluetooth
range, they can be programmed to record up to 24
locations per day. Preliminary field deployments by
GCF in northwest Namibia (n = 6) and Rwanda
(n=5) show a mean fix success rate of 0.42 and
deployment success rate of 0.08 but note that they
have been actively deployed for <180 days
(Table 1, Table S3; note 9/11 of these units still
actively deployed).

CONCLUSIONS
The technology for tracking giraffe has evolved
considerably since its first trials in 1970 (Fig. 7).
The technology started with heavy (10 kg) VHF
neck collars and has evolved to lightweight (32 g)
solar GPS ear tags. Without a strong economic
drive, the development of many prototypes and
field trials was driven, undertaken, and financed by
a few conservation not-for-profit organizations and
academic researchers, most notably GCF. While
several designs were tested with varied success,
the gained data have and will continue to help
improve unit designs and the welfare of giraffe
considerably. As most unit types are manufactured
in small, non-commercial production processes,
there is limited quality control and guaranty for
consistency in manufacturing. Human error,
changes in components, and firmware updates
affect batch consistency and make independent
assessment of performance limitations difficult.
Moreover, while terms and conditions may make
allowances for replacing or refurbishing faulty
units, the main risk remains with the buyer as
these units are often deployed at great cost and
risk, and finding and replacing inactive units on
wildlife is rarely a plausible option. Expected unit
longevity is another important consideration for
unit choice. While a small percentage of unit
failures are expected and considered acceptable,
we have experienced high failure rate, with only
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50/347 (14%) of units with closed deploy-
ments showing a deployment success rate
=0.70 (Table 1, Fig. 8). Based on the data
above and on current availability, we sug-
gest the following two recommendations to
inform unit choice depending on the desired

outcome (Table 2):

(1) For low-resolution monitoring (for exam-
ple, three months post-translocation
monitoring), we recommend the ear tag
4.0 (Ceres Trace) or ear tag 5.0 (GSat
Solar; but note the limited deployments
thus far) for all giraffe species. While the
fix success is lower (mean success rate
0.66, frequently resulting in temporal
irregularity) and communication is only
one way, they are available at an afford-
able price and are quick and easy to affix
to animals.

(2) For high-resolution monitoring and/or
research questions, there is currently no
unit on the market that shows a sufficient
performance success for giraffe. While
there are units with high fix success
rates (e.g. tail unit 3.0), the low deploy-
ment success rates do not justify the risk
and expense of affixing to animals in
the field. We are currently working with
manufactures to further develop a unit
that can persist for an acceptable dura-
tion.

Some units are complicated to fit or require
considerable expertise and/or time to fit
(e.g. head harness, ossicone unit), and
there are now alternatives available. It is
important to stress that no giraffe that was
fitted with these devices by GCF or during
GCF collaborative projects sustained any
life-threatening or severe injury. Giraffe that
were observed showing signs of minor
injury (irritation, skin rubbing or local infec-
tions, etc.), the units were removed as soon
as logistically possible and there were no
long-lasting impacts on the animals.

We hope that this information can assist
conservation management and research on
giraffe as well as add value for the GPS
tagging of other species. While it is not
appropriate to compare the performance of
giraffe-specific units with those deployed on
other species that are able to carry different
devices, payloads, units with different solar
exposure and network coverage, the perfor-

(9]
w

Fig. 7. Timeline of the evolution of giraffe tracking devices from the 1970s to today (all images courtesy of GCF except the first left image; source: Langman, 1973).
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mance of the current units used on giraffe is just
below average compared to other species. For
the GPS tail unit 3.0 (Savannah Tracking), the
average fix rate success is 0.68. In comparison,
the fix rate success of Loteck LifeCycle GPS
collars was on average 0.88 for bison (Bison
bison) and 0.65 for Caribou (Rangifer tarandus) in
Canada (Jung et al., 2018). Schlippe, Rosell &
Mayer (2018) reported a fix rate success of 0.86
for GPS devices attached to Eurasian beavers
(Castor fiber) in Norway. Pastorini, Prasad, Leim-
gruber, Isler & Fernando (2015) tested several
brands of GPS collars on Asian elephant (Elephas
maximus) in Sri Lanka, averaging a 0.78 fix
success rate. However, such comparisons are
not always helpful as factors impacting the unit
performance vary between locations even within
species. For example, our experience has shown
thatthe GPS tail unit (3.0) performs much better on
giraffe in an arid landscape (e.g. Namibia) than in
more mesic environments (e.g. Kenya), with fix
success rates of 0.94 and 0.71, respectively,
and deployment success rates of 0.99 and 0.14,
respectively (cloud cover, satellite coverage, and
manufacturing issues are likely the main factors
impacting the performance). It is possible that the
less-conventional attachment methods to animals
(such as the giraffe) decrease the likelihood of
both high fix and deployment success; however,
site-specific variables also need to be considered.
In addition, variation in production batches appear
to be another relevant factor for performance.
For giraffe, future development of tracking tech-
nology requires an innovative approach to unitand
attachment design. While GCF has put consider-
able resources into testing giraffe-specific units,
performance is still not as reliable and high as
those obtained with traditional neck collars on
other species. There are many studies reporting
the performance of stationary units (e.g. Moore,
Beaman, Brice & Burke da Silva, 2023), and many
more publications using GPS tracking units that do
not sufficiently report performance to allow for
comparison and/or interpretation which limits
our ability to learn from these studies. With such
species- and site-specific variables to consider,
we encourage others to report these basic perfor-
mance metrics. Specifically, we encourage future
studies to report their fix success rate and deploy-
ment success rate so that we can continue to
compare performance across unit types and
species. We recommend establishing a wildlife
tracking consortium with non-commercial interest

to collaboratively share experiences and work
collaboratively on developing reliable solutions,
similar to what is currently done by EarthRanger
in the data sharing and visualization space. By
sharing field experiences and subsequent data
outputs we can further develop remote tracking
technology and encourage modern options for
improved species conservation and the welfare of
animals wearing these devices.
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Table S1. The Web of Science literature search export (16 November 2023) with annotations for relevance to this paper (i.e., include a giraffe being fitted with
a GPS unit).
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Table S2. List of permit numbers and agreements for Giraffe Conservation Foundation giraffe GPS tracking across Africa.

Species Country Site Authorising institutions, permits, and protocols

Giraffa camelopardalis antiquorum COD Garamba National Park African Parks partnership with Government of DRC

Giraffa camelopardalis antiquorum CPD Garamba National Park African Parks partnership with Government of DRC

Giraffa camelopardalis antiquorum TCD Zakouma National Park African Parks partnership with Government of Chad

Giraffa camelopardalis antiquorum TCD Zakouma National Park African Parks partnership with Government of Chad

Giraffa camelopardalis camelopardalis ETH Garamba National Park FP26133952

Giraffa camelopardalis camelopardalis UGA Kidepo Valley National Park MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis camelopardalis UGA Murchison Falls National Park MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis camelopardalis UGA Murchison Falls National Park MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis camelopardalis UGA Murchison Falls National Park MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis camelopardalis UGA Murchison Falls National Park, South MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis camelopardalis UGA Murchison Falls National Park, South MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis camelopardalis UGA Pian Upe Wildife Reserve MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis camelopardalis UGA Pian Upe Wildife Reserve MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis camelopardalis UGA Pian Upe Wildife Reserve MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50
Giraffa camelopardalis giraffa ZWE Save Valley Conservancy Permit No. 23(1) (C) (II) 35/2019

Giraffa camelopardalis peralta NER Giraffe Zone Government of Niger approval
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Giraffa camelopardalis peralta

Giraffa camelopardalis reticulata

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa angolensis

Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa giraffa giraffa

NER

KEN

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

BWA

BWA

MOz

MWI

Giraffe Zone

Northern Kenya (region)

Damaraland

Damaraland

EtoshaHeights Private Game Reserve

Etosha National Park

Etosha National Park

Huab (region)

Northwest Namibia (region)

Northwest Namibia (region)

Northwest Namibia (region)

Northwest Namibia (region)

Okapuka Game Reserve

Pro Namib Nature Reserve

Abu Concession

Chobe National Park

Karingani Game Reserve

Majete WR

Government of Niger approval

Permit no. KWS/BRM/5001

2018011402/AN2028011402/RVIV00042018-22

2018011402/AN2028011402/RVIV00042018-22

2018011402/AN2028011402/RVIV00042018-22

2018011402/AN2028011402/RVIV00042018-22

2018011402/AN2028011402/RVIV00042018-22

2018011402/AN2028011402/RVIV00042018-22

2018011402/AN2028011402/RVI1V00042018-22

2018011402/AN2028011402/RVIV00042018-22

2018011402/AN2028011402/RVI1V00042018-22

MoU between Uganda Wildlife Authority and GCF; UWA/TBDP/RES/50

2018011402/AN2028011402/RVI1V00042018-22

Botswana Government - Research Permit number: EWT 8/36/4 XVII (57)

Botswana Government - Research Permit number: EWT 8/36/4 XVII (57)

African Parks partnership with Government of Mozambique

African Parks partnership with Government of Malawi
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Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa giraffa giraffa

Giraffa tippelskirchi

Giraffa tippelskirchi

Giraffa tippelskirchi

UGA

UGA

UGA

ZAF

ZAF

ZAF

ZAF

ZWE

KEN

TZA

TZA

Kidepo Valley National Park

Kidepo Valley National Park

Kidepo Valley National Park

Kruger National Park

Makalali Game Reserve

Phinda Private Game Reserve

Selati Game Reserve

Bubye Valley Conservancy

Amboseli (region)

Serengeti National Park

Tarangire National Park

MoU between Uganda Wildlife Authority and GCF;

MoU between Uganda Wildlife Authority and GCF;

MoU between Uganda Wildlife Authority and GCF;

Permit number: 09787

Permit number: 09787

Permit number: 09787

Permit number: 09787

Permit No. 23(1) (C) () 35/2019

Permit no. KWS/BRM/5001

COSTECH:
TANAPA:
NCAA: BD.158/711/01/76

COSTECH:
TANAPA:
NCAA: BD.158/711/01/76

UWA/TBDP/RES/50

UWA/TBDP/RES/50

UWA/TBDP/RES/50

2020-313-NA-2019-084
BE.161/376/01

2020-313-NA-2019-084
BE.161/376/01
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Table S3. Performance details of each Giraffe Conservation Foundation tracking unit deployed across Africa. (Unit status as of 14 December 2023)

Fixes per Fix
Fix schedule Fixesper day(std success Deployment Deployment Deployment Unit

Year Unit type Country Region (per day) day (mean) err) rate expected (days) length (days) success rate status

2011 Head harness 1.2 NAM Hoanib 24 23.67 0.25 0.99 730 86 0.12 inactive
2011 Head harness 1.2 NAM Hoanib 24 7.72 0.43 0.32 730 378 0.52 inactive
2011 Head harness 1.2 NAM Zambezi 6 11.62 0.55 1.94 730 357 0.49 inactive
2011 Head harness 1.2 NAM Zambezi 6 1.00 0.00 0.17 730 112 0.15 inactive
2012 Head harness 1.2 BWA Abu 6 5.94 0.03 0.99 730 249 0.34 inactive
2012 Head harness 1.2 BWA Chobe 6 5.59 0.07 0.93 730 122 0.17 inactive
2012 Head harness 1.2 BWA Chobe 6 2.89 0.10 0.48 730 232 0.32 inactive
2012 Head harness 1.2 BWA Chobe 6 5.29 0.09 0.88 730 123 0.17 inactive
2012 Head harness 1.2 NAM Hoanib 24 4.75 0.39 0.20 730 180 0.25 inactive
2012 Head harness 1.2 NAM Hoanib 24 4.66 0.30 0.19 730 131 0.18 inactive
2015 Head harness1.2 ETH Gambella 3 291 0.02 0.97 730 333 0.46 inactive
2015 Head harness1.2 ETH Gambella 3 2.66 0.03 0.89 730 318 0.44 inactive
2015 Head harness 1.2 ETH Gambella 3 2.75 0.02 0.92 730 489 0.67 inactive
2016 Head harness1.2 COD Garamba 3 5.35 0.97 1.78 730 155 0.21 inactive
2016 Head harness1.2 COD Garamba 3 2.55 0.05 0.85 730 258 0.35 inactive
2016 Head harness1.2 COD Garamba 3 2.95 0.03 0.98 730 111 0.15 inactive
2016 Head harness1.2 COD Garamba 3 2.97 0.01 0.99 730 278 0.38 inactive
2016 Head harness1.2 COD Garamba 3 2.89 0.03 0.96 730 132 0.18 inactive
2016 Head harness1.2 COD Garamba 3 3.16 0.19 1.05 730 48 0.07 inactive
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2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2017
2017
2017
2017
2017
2017
2017
2017
2017

Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Head harness 1.2
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.0

COD
COD
NAM
NAM
NAM
NAM
NAM
UGA
UGA
UGA
UGA
UGA
ZWE
ZWE
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN

Garamba
Garamba
Hoanib

Hoanib

Hoanib

Hoanib

Hoanib
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
Bubye

Bubye

Leparua
Leparua
Leparua
Leparua
Loisaba
Loisaba
Loisaba
Loisaba

Loisaba

24
24
24
24
24
24
24
24
24
24

24
24
24
24
24
24
24
24
24

2.92
2.99
8.67
6.95
6.79
5.35
4.28
16.60
23.75
25.64
25.74
27.61
5.55
4.75
23.86
23.82
23.11
23.78
23.84
22,71
22.29
23.76
23.86

0.04
0.01
0.30
0.14
0.14
0.06
0.13
2.69
2.52
2.52
1.76
2.08
0.53
0.06
0.04
0.05
0.10
0.10
0.11
0.16
1.56
0.22
0.10

0.97
1.00
0.36
0.29
0.28
0.22
0.18
0.69
0.99
1.07
1.07
1.15
1.85
1.58
0.99
0.99
0.96
0.99
0.99
0.95
0.93
0.99
0.99

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

48
392
135
313
304
384
122
67
76
82
153
110
243
62
647
424
984
220
50
874
13
106
208

0.07
0.54
0.18
0.43
0.42
0.53
0.17
0.09
0.10
0.11
0.21
0.15
0.33
0.08
0.89
0.58
1.35
0.30
0.07
1.20
0.02
0.15
0.28

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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MurchisonFalls
MurchisonFalls
MurchisonFalls
Hoanib

Hoanib

Hoanib

Hoanib

24
24
24
24
24
24
24
24
24
24
24
144
48
24
24
24
24
24
24
24
24
24
24

23.84
23.78
22.43
22.17
23.55
23.85
23.86
23.90
2291
23.33
2391
140.63
46.61
45.74
20.29
23.70
22.62
23.87
23.79
23.86
23.69
23.25
23.88

0.12
0.19
0.13
0.50
0.06
0.06
0.11
0.19
0.10
0.05
0.05
0.57
0.43
1.08
3.50
0.19
0.52
0.09
0.04
0.04
0.03
0.04
0.09

0.99
0.99
0.93
0.92
0.98
0.99
0.99
1.00
0.95
0.97
1.00
0.98
0.97
191
0.85
0.99
0.94
0.99
0.99
0.99
0.99
0.97
0.99

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

49
112
1455
131
1853
145
202
88
1940
2202
1064
1008
184
38

212
71
269
266
1089
1060
1091
247

0.07
0.15
1.99
0.18
2.54
0.20
0.28
0.12
2.66
3.02
1.46
1.38
0.25
0.05
0.01
0.29
0.10
0.37
0.36
1.49
1.45
1.49
0.34

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018

Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.0

NAM
NAM
NAM
NAM
NAM
NAM
NER

NER

NER

UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA

Hoanib

Hoanib

Hoanib

Hoanib

Hoanib

Hoanib
GiraffeZone
GiraffeZone
GiraffeZone
Kidepo

Kidepo

Kidepo

Kidepo

Kidepo
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls

MurchisonFalls

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

23.92
23.89
23.94
23.81
23.93
23.90
17.07
14.39
23.63
23.89
23.49
23.82
23.24
23.00
2291
18.19
20.37
22.39
19.77
20.83
22.97
23.65
14.00

0.01
0.02
0.03
0.02
0.02
0.01
0.37
0.25
0.19
0.06
0.30
0.07
0.09
0.79
0.35
0.43
0.36
0.31
0.57
1.94
0.16
0.25
3.36

1.00
1.00
1.00
0.99
1.00
1.00
0.71
0.60
0.98
1.00
0.98
0.99
0.97
0.96
0.95
0.76
0.85
0.93
0.82
0.87
0.96
0.99
0.58

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

1838
671
892
1460
1223
1971
551
1369
135
347
88
487
1553
21
134
374
438
194
112
11
439
22

2.52
0.92
1.22
2.00
1.68
2.70
0.75
1.88
0.18
0.48
0.12
0.67
213
0.03
0.18
0.51
0.60
0.27
0.15
0.02
0.60
0.03
0.01

inactive
inactive
inactive
inactive
inactive
active

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019

Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.0

UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN

MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
BiligoBulesa
Loisaba
Loisaba
Loisaba
Loisaba
Loisaba
Melako

Melako

Melako

Melako

Melako

24
24
24
24
24
24
24
24
24
24
24
24

24
24
24
24
24
24
24
24
24
24

23.58
23.12
21.45
22.90
23.66
23.38
23.47
23.29
23.67
19.57
8.25

23.82
23.19
22.19
23.75
23.01
22.86
23.45
22.55
21.39
23.54
23.29
23.88

0.28
0.20
0.44
0.25
0.27
0.31
0.13
0.13
0.11
0.43
0.72
0.07
0.15
0.29
0.05
0.17
0.08
0.12
0.41
0.35
0.09
0.13
0.11

0.98
0.96
0.89
0.95
0.99
0.97
0.98
0.97
0.99
0.82
0.34
0.99
0.97
0.92
0.99
0.96
0.95
0.98
0.94
0.89
0.98
0.97
0.99

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

47
342
176
232
86

93

439
537
401
321
145
342
443
114
463
146
43

200
54

263
387
282
185

0.06
0.47
0.24
0.32
0.12
0.13
0.60
0.74
0.55
0.44
0.20
0.47
0.61
0.16
0.63
0.20
0.06
0.27
0.07
0.36
0.53
0.39
0.25

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019

Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.0

KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
NAM
NAM
NAM
NAM
NAM
NAM

Melako
Melako

Mpala

Mpala
Samburu
Samburu
Samburu

Sera

Sera

Sera

Sera

Sera

Sera

Sera

Sera

Shaba
WestGate
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights

Hoanib

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

23.70
23.67
23.19
23.16
23.55
21.79
2291
17.87
23.50
23.74
22.44
23.19
13.78
22.35
23.33
23.64
22.62
22.47
23.64
23.02
19.17
21.70
23.72

0.04
0.08
0.18
0.18
0.10
1.08
0.21
0.48
0.11
0.06
0.40
0.18
1.57
0.50
0.12
0.05
0.32
0.15
0.06
0.17
3.58
0.34
0.06

0.99
0.99
0.97
0.96
0.98
0.91
0.95
0.74
0.98
0.99
0.94
0.97
0.57
0.93
0.97
0.99
0.94
0.94
0.98
0.96
0.80
0.90
0.99

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

318
304
133
132
289
18

129
173
361
393

214
30
39
294
268
68
848
1063
452

172
1338

0.44
0.42
0.18
0.18
0.40
0.02
0.18
0.24
0.49
0.54
0.01
0.29
0.04
0.05
0.40
0.37
0.09
1.16
1.46
0.62
0.01
0.24
1.83

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019

Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.0

NAM
NAM
NAM
NAM
NAM
NAM
NAM
NER
NER
NER
NER
NER
NER
NER
NER
NER
NER
NER
NER
NER
NER
NER
NER

Hoanib
Hoanib
Hoanib
Hoanib
Hoanib
Hoanib
Hoanib
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone
GiraffeZone

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

23.45
22.76
22.90
22.93
23.94
23.89
23.84
22.98
22.88
22.78
13.40
22.72
22.19
22.49
26.18
23.43
46.01
23.51
22.75
23.80
23.63
23.67
23.30

0.10
0.07
0.03
0.06
0.03
0.03
0.06
0.09
0.18
0.10
0.49
0.12
0.72
0.45
1.09
0.09
2.65
0.09
0.20
0.12
0.04
0.04
0.07

0.98
0.95
0.95
0.96
1.00
1.00
0.99
0.96
0.95
0.95
0.56
0.95
0.92
0.94
1.09
0.98
1.92
0.98
0.95
0.99
0.98
0.99
0.97

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

716
952
643
164
896
688
193
460
266
385
190
319
30

40

359
249
311
264
51

217
337
375
174

0.98
1.30
0.88
0.22
1.23
0.94
0.26
0.63
0.36
0.53
0.26
0.44
0.04
0.05
0.49
0.34
0.43
0.36
0.07
0.30
0.46
0.51
0.24

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019

Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.0

TCD
TCD
TCD
TCD
TCD
TCD
TCD
TCD
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA

Zakouma
Zakouma
Zakouma
Zakouma
Zakouma
Zakouma
Zakouma
Zakouma
Kidepo

Kidepo

Kidepo

Kidepo
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls

MurchisonFalls

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

18.59
21.29
22.39
22.29
20.09
16.44
23.59
19.20
22.82
23.74
21.45
23.97
23.79
23.85
23.92
23.96
23.84
23.88
22.68
16.00
22.99
23.85
23.70

0.38
0.44
0.25
0.27
0.46
0.49
0.17
0.36
0.16
0.17
0.15
0.02
0.11
0.10
0.05
0.02
0.09
0.10
0.19
0.36
0.12
0.07
0.11

0.77
0.89
0.93
0.93
0.84
0.68
0.98
0.80
0.95
0.99
0.89
1.00
0.99
0.99
1.00
1.00
0.99
0.99
0.94
0.67
0.96
0.99
0.99

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

423
231
429
359
275
310
172
480
590
139
1568
395
294
176
621
945
275
208
430
538
864
482
422

0.58
0.32
0.59
0.49
0.38
0.42
0.24
0.66
0.81
0.19
2.15
0.54
0.40
0.24
0.85
1.29
0.38
0.28
0.59
0.74
1.18
0.66
0.58

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2020
2020
2020

Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.1
Ossi unit 1.1
Ossi unit 1.1
Ossi unit 1.1
Ossi unit 1.1
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.0

UGA
UGA
UGA
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
NAM
UGA
UGA
UGA
UGA
COD
COD
COD

MurchisonFalls
PianUpe
PianUpe

Save

Save

Save

Save

Save

Save

Save

Save

Save

Save

Save

Save

Hoanib

Kidepo
MurchisonFalls
MurchisonFalls
MurchisonFalls
Garamba
Garamba

Garamba

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

23.56
23.59
22.03
23.59
18.96
19.58
23.89
21.25
23.34
20.68
23.41
22.67
23.13
23.69
23.77
18.27
20.86
22.86
20.23
22.30
17.33
3.60

11.37

0.24
0.36
0.20
0.13
0.52
0.30
0.09
1.16
0.12
0.28
0.52
1.20
0.10
0.11
0.11
0.51
0.65
0.12
0.34
0.22
6.42
0.14
0.52

0.98
0.98
0.92
0.98
0.79
0.82
1.00
0.89
0.97
0.86
0.98
0.94
0.96
0.99
0.99
0.76
0.87
0.95
0.84
0.93
0.72
0.15
0.47

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

111
58

656
313
212
582
264
24

513
498
40

17

362
395
215
227
67

293
305
533

457
473

0.15
0.08
0.90
0.43
0.29
0.80
0.36
0.03
0.70
0.68
0.05
0.02
0.50
0.54
0.29
0.31
0.09
0.40
0.42
0.73
0.00
0.63
0.65

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020

Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.0

COD
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
TZA
TZA
TZA
TZA
TZA

Garamba
Amboseli
Amboseli
Amboseli
Amboseli
Amboseli
Amboseli
Amboseli
Amboseli
IshagbiniHirola
Damaraland
Damaraland
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
Serengeti
Serengeti
Serengeti
Serengeti

Serengeti

24
24
24
24
24
24
24
24

24
24
24
24
24
24
24
24
24
24
24
24
24
24

22.75
19.76
23.75
23.76
22.76
23.74
23.52
23.72
23.38
20.89
23.74
23.94
23.92
23.97
23.97
22.49
23.53
23.94
23.53
23.97
23.95
23.74
23.86

0.11
0.32
0.17
0.15
0.18
0.18
0.37
0.17
0.42
0.32
0.06
0.07
0.02
0.02
0.02
0.13
0.07
0.03
0.12
0.03
0.04
0.10
0.07

0.95
0.82
0.99
0.99
0.95
0.99
0.98
0.99
0.97
0.87
0.99
1.00
1.00
1.00
1.00
0.94
0.98
1.00
0.98
1.00
1.00
0.99
0.99

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730

332
376
152
153
509
160
57
134
55
286
935
172
804
1239
766
1236
1239
1051
307
396
574
398
142

0.45
0.52
0.21
0.21
0.70
0.22
0.08
0.18
0.08
0.39
1.28
0.24
1.10
1.70
1.05
1.69
1.70
1.44
0.42
0.54
0.79
0.55
0.19

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
active

inactive
active

active

inactive
inactive
inactive
inactive
inactive

inactive
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2020
2020
2020
2020
2020
2020
2020
2020
2020
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021

Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.1
Ossi unit 1.1

Ossi unit 1.1

Ankle bracelet 2.0
Ankle bracelet 2.0
Neck collar 3.3
Neck collar 3.3

Ossi unit 2.0
Ossi unit 2.0
Tail unit 1.0
Tail unit 1.0
Tail unit 2.0
Tail unit 2.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0

TZA
TZA
TZA
TZA
TZA
TZA
UGA
UGA
UGA
ZAF
ZAF
ZAF
ZAF
ZAF
ZAF
ZAF
ZAF
MWI
MWI
NAM
NAM
NAM
NAM

Serengeti
Serengeti
Tarangire
Tarangire
Tarangire
Tarangire
PianUpe
PianUpe
PianUpe
Phinda

Phinda

Phinda

Phinda

Phinda

Phinda

Phinda

Phinda

Majete

Majete
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

L . L e

23.90
23.86
23.91
23.66
23.90
12.00
2391
23.92
2391
19.89
18.35
2.67
2.67
23.52
22.80
16.30
18.50
1.23
4.79
3.91
3.79
4.25
4.03

0.05
0.12
0.07
0.28
0.07
0.00
0.08
0.06
0.07
0.27
0.62
1.08
1.08
0.14
0.41
1.52
3.21
0.02
0.11
0.04
0.12
0.08
0.08

1.00
0.99
1.00
0.99
1.00
0.50
1.00
1.00
1.00
0.83
0.76
0.11
0.11
0.98
0.95
0.68
0.77
0.31
1.20
0.98
0.95
1.06
1.01

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
1095
1095
1095
1095

524
145
358
76

285
54

296
364
304
174
72

200
99

378
397
799
81

255
219

0.72
0.20
0.49
0.10
0.39
0.07
0.41
0.50
0.42
0.24
0.10
0.00
0.00
0.27
0.14
0.01
0.01
0.52
0.54
0.73
0.07
0.23
0.20

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
active

inactive
inactive

inactive
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2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021

Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0
Ossi unit 1.0

Ossi unit 1.1

NAM
NAM
NAM
NAM
UGA
ZAF
ZAF
ZAF
ZAF
ZAF
ZAF
ZAF
ZAF
TCD
TCD
TCD
TCD
TCD
TCD
TCD
TCD
TCD
NAM

EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
MurchisonFalls
Makalali
Makalali
Makalali
Makalali
Selati

Selati

Selati

Selati
Zakouma
Zakouma
Zakouma
Zakouma
Zakouma
Zakouma
Zakouma
Zakouma
Zakouma

Damaraland

B N L L L e e

24
24
24
24
24
24
24
24
24

4.15
4.48
3.65
4.17
3.01
3.84
4.69
4.04
4.44
4.49
3.98
3.67
3.58
23.86
22.00
23.53
23.77
22.05
23.91
2355
23.92
22.74
23.62

0.05
0.11
0.06
0.08
0.05
0.05
0.10
0.30
0.10
0.06
0.06
0.12
0.05
0.07
0.32
0.15
0.05
0.24
0.04
0.12
0.04
0.23
0.34

1.04
1.12
0.91
1.04
0.75
0.96
1.17
1.01
111
1.12
1.00
0.92
0.89
0.99
0.92
0.98
0.99
0.92
1.00
0.98
1.00
0.95
0.98

1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
730
730
730
730
730
730
730
730
730
730

799
78

426
255
852
860
174
27

114
444
444
116
861
298
281
348
500
499
499
420
617
366
62

0.73
0.07
0.39
0.23
0.78
0.79
0.16
0.02
0.10
0.41
0.41
0.11
0.79
0.41
0.38
0.48
0.68
0.68
0.68
0.58
0.85
0.50
0.08

active

inactive
inactive
inactive
active

active

inactive
inactive
inactive
inactive
inactive
inactive
active

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive

inactive
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2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2022
2022
2022
2022
2022
2022

Ossi unit 1.2
Ossi unit 1.2
Ossi unit 1.2
Ossi unit 1.2
Ossi unit 1.2
Ossi unit 1.2
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Ear tag 4.0

Ear tag 4.0

Ear tag 4.0

Ear tag 4.0

Ear tag 4.0

Ear tag 4.0

NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
ZAF

AGO
AGO
AGO
AGO
MOz
MOz

Hoanib
Hoanib
Hoanib
Hoanib
Hoanib
Hoanib
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
Hoanib
Hoanib
Hoanib
Hoanib
Hoanib
Makalali
Cuatir

Cuatir

Cuatir

Cuatir
Karingani

Karingani

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

L . L e

23.84
23.17
23.93
23.95
16.00
23.54
22.20
23.41
23.01
23.34
18.71
22.33
21.74
23.85
23.53
22.41
17.04
242

2.70

217

2.25

2.19

2.29

0.06
0.15
0.05
0.03
8.03
0.09
0.16
0.09
0.21
0.10
0.23
1.29
0.14
0.03
0.03
0.07
0.79
0.05
0.05
0.05
0.05
0.12
0.06

0.99
0.97
1.00
1.00
0.67
0.98
0.92
0.98
0.96
0.97
0.78
0.93
0.91
0.99
0.98
0.93
0.71
0.60
0.67
0.54
0.56
0.55
0.57

730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
730
1095
1095
1095
1095
1095
1095

891
788
650
800

886
874
874
252
874
801

886
893
891
892
135
379
379
379
379
60

280

1.22
1.08
0.89
1.10
0.00
121
1.20
1.20
0.35
1.20
1.10
0.01
121
1.22
1.22
1.22
0.18
0.35
0.35
0.35
0.35
0.05
0.26

active
inactive
inactive
inactive
inactive
active
active
active
inactive
active
active
inactive
active
active
active
active
inactive
active
active
active
active
inactive

inactive
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2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022

Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0

MOz
MOz
MOz
MOz
MOZ
MOZ
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM

Karingani
Karingani
Karingani
Karingani
Karingani
Karingani
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
Hoanib
Hoanib
Hoanib
Hoanib
Mangetti
Mangetti
Mangetti
Mangetti
Mangetti

Mangetti
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2.95
2.19
247
2.26
2.54
1.00
2.37
2.30
2.73
2.88
244
1.10
2.24
2.29
1.80
2.46
2.55
1.96
3.03
2.36
2.08
1.79
141

0.04
0.05
0.04
0.09
0.04
0.00
0.04
0.04
0.04
0.04
0.04
0.02
0.04
0.04
0.04
0.04
0.04
0.04
0.11
0.07
0.07
0.04
0.03

0.74
0.55
0.62
0.57
0.63
0.25
0.59
0.58
0.68
0.72
0.61
0.28
0.56
0.57
0.45
0.62
0.64
0.49
0.76
0.59
0.52
0.45
0.35

1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095

481
312
652
91

651

562
561
492
493
561
463
525
483
484
484
484
408
35

178
179
446
428

0.44
0.28
0.60
0.08
0.59
0.00
0.51
0.51
0.45
0.45
0.51
0.42
0.48
0.44
0.44
0.44
0.44
0.37
0.03
0.16
0.16
0.41
0.39

inactive
inactive
active
inactive
active
inactive
active
active
active
active
active
active
active
active
active
active
active
inactive
inactive
inactive
inactive
active

active
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2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022

Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0

NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NER

NER

NER

NER

NER

SWz
SWz
SWz
SWz
SWz
SWz

Mangetti
Mangetti
Mangetti
Mangetti
NamibRand
NamibRand
NamibRand
NamibRand
NamibRand
NamibRand
Onduli
Onduli
Gadabeji
Gadabeji
Gadabeji
GiraffeZone
GiraffeZone
Panata
Panata
Umfomoti
Umfomoti
Umfomoti

Umfomoti
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1.87
2.34
2.40
1.63
6.14
211
5.20
2.87
2.70
4.54
4.37
2.86
2.98
291
2.80
3.05
2.83
2.28
2.28
1.00
2.50
2.58
3.16

0.05
0.12
0.09
0.06
0.07
0.28
0.08
0.12
0.04
0.07
0.12
0.04
0.06
0.05
0.06
0.05
0.05
0.16
0.09
0.00
0.71
0.05
0.04

0.47
0.58
0.60
0.41
1.53
0.53
1.30
0.72
0.68
1.14
1.09
0.72
0.74
0.73
0.70
0.76
0.71
0.57
0.57
0.25
0.63
0.64
0.79

1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095

322
71

109
168
584

583
62

584
584
323
481
211
393
272
400
400
40

125

458
458

0.29
0.06
0.10
0.15
0.53
0.01
0.53
0.06
0.53
0.53
0.29
0.44
0.19
0.36
0.25
0.37
0.37
0.04
0.11
0.00
0.00
0.42
0.42

inactive
inactive
inactive
inactive
active
inactive
active
inactive
active
active
inactive
active
inactive
active
inactive
active
active
inactive
inactive
inactive
inactive
active

active
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2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022

Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0

SWz
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
ZAF

ZAF

ZAF

ZAF

ZWE
ZWE
ZWE

Umfomoti
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
MurchisonFalls
Balule

Balule

Balule
Ukuwela
Hwange
Hwange

Hwange
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2.60
1.87
1.43
1.70
1.38
1.43
151
1.26
1.25
1.74
1.50
1.43
1.55
1.80
1.56
1.58
2.66
1.57
217
2.46
2.58
2.09
231

0.04
0.04
0.03
0.10
0.10
0.04
0.03
0.03
0.03
0.03
0.15
0.03
0.04
0.04
0.05
0.05
0.08
0.05
0.20
0.11
0.04
0.04
0.04

0.65
0.47
0.36
0.43
0.34
0.36
0.38
0.32
0.31
0.44
0.38
0.36
0.39
0.45
0.39
0.39
0.67
0.39
0.54
0.62
0.65
0.52
0.58

1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095

459
519
373
58

39

340
621
226
272
604
22

406
400
470
170
249
150
237
24

81

542
553
551

0.42
0.47
0.34
0.05
0.04
0.31
0.57
0.21
0.25
0.55
0.02
0.37
0.37
0.43
0.16
0.23
0.14
0.22
0.02
0.07
0.49
0.51
0.50

active

inactive
inactive
inactive
inactive
inactive
active

inactive
inactive
active

inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
inactive
active

active

active
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2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022

Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Eartag 4.1
Eartag 4.1
Eartag 4.1
Eartag 4.1
Eartag 4.1
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0

ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
ZWE
NAM
NAM
ZAF
ZWE
ZWE
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN
KEN

Hwange
Hwange
Hwange
Hwange
Hwange
Hwange
Hwange
Hwange
Hwange
EtoshaHeights
EtoshaHeights
Balule
Hwange
Hwange
Kapiti
Kapiti
Maanzoni
Machakos
Machakos
Mwambi
Swara
Swara

Swara

A A B B B BB BB B B
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2.02
247
2.67
2.07
2.03
2.62
2.76
2.09
1.77
3.50
13.46
531
11.03
3.09
91.17
48.49
49.73
18.25
50.67
50.39
52.05
72.67
63.92

0.04
0.04
0.04
0.04
0.04
0.25
0.04
0.04
0.04
0.10
0.14
0.12
0.15
0.19
1.13
2.80
2.96
0.63
2.97
1.65
2.66
1.56
2.97

0.50
0.62
0.67
0.52
0.51
0.65
0.69
0.52
0.44
0.15
0.56
0.22
0.46
0.13
0.95
0.51
0.52
0.76
0.53
0.52
0.54
0.76
0.67

1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
730
730
730
730
730
730
730
730
730

552
551
551
551
553
12

553
552
551
565
564
283
553
271
248
146
126
347
140
369
195
373
144

0.50
0.50
0.50
0.50
0.51
0.01
0.51
0.50
0.50
0.52
0.52
0.26
0.51
0.25
0.34
0.20
0.17
0.48
0.19
0.51
0.27
0.51
0.20

active
active
active
active
active
inactive
active
active
active
active
active
inactive
active
inactive
inactive
inactive
inactive
active
inactive
active
inactive
active

inactive
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2022
2022
2022
2022
2022
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023

Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Tail unit 3.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0

NER

NER

NER

NER

NER

AGO
AGO
AGO
AGO
AGO
AGO
AGO
AGO
AGO
AGO
AGO
AGO
AGO
MOz
MOz
MOz
MOz
MOz

Gadabeji
Gadabeji
Gadabeji
GiraffeZone
GiraffeZone
lona

lona

lona

lona

lona

lona

lona

lona

lona

lona

lona

lona

lona
Karingani
Karingani
Karingani
Karingani

Karingani
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21.83
17.75
2291
21.79
22.84
3.12
3.06
2.96
3.24
3.16
3.48
2.96
2.88
2.70
341
2.93
3.39
242
2.69
2.63
6.69
2.79
2.70

0.28
0.79
0.17
0.62
0.19
0.21
0.07
0.07
0.06
0.06
0.05
0.07
0.07
0.18
0.05
0.33
0.22
0.27
0.09
0.09
0.37
0.09
0.09

0.91
0.74
0.95
0.91
0.95
0.78
0.76
0.74
0.81
0.79
0.87
0.74
0.72
0.67
0.85
0.73
0.85
0.60
0.67
0.66
1.67
0.70
0.67

730

730

730

730

730

1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095
1095

356
117
393
79

400
16

162
162
162
162
162
162
162
32

162
14

17

11

105
105
105
105
105

0.49
0.16
0.54
0.11
0.55
0.01
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.03
0.15
0.01
0.02
0.01
0.10
0.10
0.10
0.10
0.10

inactive
inactive
active
inactive
active
inactive
active
active
active
active
active
active
active
inactive
active
inactive
inactive
inactive
active
active
active
active

active
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2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023
2023

Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0
Ear tag 4.0

MOz
MOz
MOz
MOz
MOZ
MOZ
MOZ
MOZ
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM
NAM

Karingani
Karingani
Karingani
Karingani
Karingani
Karingani
Karingani
Maputo
EtoshaHeights
EtoshaHeights
EtoshaHeights
EtoshaHeights
Hoanib
Hoanib
Hoanib
Hoanib
Hoanib
NamibRand
NamibRand
NamibRand
NamibRand
NamibRand

Ongongo
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