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Executive Summary

Following several years of preparation, the KAZA Elephant Survey (2022) commenced on 22
August 2022 and ran until 28 October 2022. The primary objective of the survey was to obtain
a relatively precise and accurate estimate of the number of African savanna elephants (hereafter
elephants) in the Kavango Zambezi Transfrontier Conservation Area (KAZA TFCA), by synchronising
data collection, particularly in areas of transboundary elephant movement. Secondary objectives
included estimating populations of elephant carcasses and other large herbivores (both wild and
domestic), as well as recording their spatial distribution. The results presented in this report include
maps and tables illustrating the spatial distribution and abundance of the surveyed species, as well
as information on survey execution and compliance with standards.

The survey area covered 60% of the KAZA TFCA. It was divided into 179 strata, sampled during 195
flights using seven fixed-wing aircraft. Systematic transect sampling was the primary method used,
while stratified block sampling was employed in two strata with rugged topography (i.e., Matusadona
Hills and Kanyati Highlands, in Sebungwe, Zimbabwe). Additionally, three reconnaissance flights
were conducted in areas considered to have the potential to support elephants.

The overall sampling intensity was 6.9%, ranging from 2.6% to 56.0% between strata, with higher
intensities where higher densities of elephants were expected (based on previous survey data).
A total of 398 hours spread over 68 days were spent collecting data on 2404 transects, totalling
67,390 km in length. Overall, the mean height above ground level (AGL) on transect was 91.8 m
(SD = 6.5) with a mean ground speed on transect of 171.5 km.hr-" (SD = 5.8), resulting in a search
effort of 1.12 minutes.km.

The survey met the percentage relative precision (PRP) target of <10% for the elephant population
estimate and adhered well to the recommended CITES MIKE Aerial Survey Standards, with
few deviations as documented in the report. The survey was effectively synchronised across
international boundaries within a sufficiently narrow time frame, ensuring a reliable assessment of
this transboundary population.

The main results of the survey include:

® A total estimated population of 227900 (x16743) elephants in the KAZA TFCA, with a PRP of
7.34%.

® A total estimate of 26641 (£1645) elephant carcasses, resulting in an overall carcass ratio
of 10.47%. This suggests a high level of mortality which warrants further investigation as a
potential warning sign for the health and stability of the elephant population.

® Population estimates for other surveyed wildlife species in the KAZA TFCA survey area
are as follows: buffalo 78264 (+18882), giraffe 12771 (x1789), hartebeest 10905 (+2538),
hippopotamus 17006 (£2940), impala 100028 (£12695), roan 7428 (£1917), sable 39966
(x7386), wildebeest 22245 (£8496) and zebra 88250 (+x28059).

® For the same survey area, the size of the domestic livestock herd was estimated at 736426
of which 73% were cattle (536623 (x54295)) and 24% sheep and goats (173746 (x22940)),
resulting in a ratio of 1.16 wild animals to 1 domestic animal in the area.

Comparing the results of this survey with those of recent former surveys, the overall elephant
population in the KAZA TFCA appears to be stable, with some areas showing population increases,
others remaining stable, and some possibly experiencing a decrease. This heterogeneity across
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the survey area is likely reflective of past management regimes and varying ecological and
anthropogenic contexts. Similarly, variations in elephant mortality are observed both between and
within countries in the KAZA TFCA survey area, as measured by the carcass estimates and carcass
ratios. This underscores the importance of not only considering the specific context of each area
and country when analysing elephant population trends and mortality rates, but also promoting
transboundary cooperation and alignment of management strategies in the KAZA TFCA to ensure
the long-term survival of elephants and other large mammal species.

The primary and secondary objectives of the KAZA Elephant Survey (2022) were successfully
achieved, providing valuable information on the population and distribution of elephants and
other large herbivores in the KAZA TFCA. These results will be useful for informing conservation
efforts and wildlife management in the region.

To create a useful reference for future synchronised surveys of the KAZA TFCA, we have included
comprehensive information on both the successes and challenges encountered during the survey
and suggest ways to improve this ambitious exercise in future attempts. We have provided
extensive data in the report itself as well as its various appendices and a second volume, which will
enable access to all details required to conduct a repeat survey. The compiled database, including
raw data from each flight, has been archived and will remain under the safekeeping of the KAZA
Secretariat and the Partner States.

-

Vi
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Abbreviations and symbols

AGL
ANOVA
APN

Cl

CR14
CR12
CIRAD

CITES
DNPW
DWNP
EOSS
ER
FSO

ft

GEC
GMA
GPS
GPX
GIS
ICCF
IUCN
KAZA
KES
kts

m
MIKE
mph
MWS
NASA
PPF
PRP
QGIS
R

RSE
RSO
SD
TFCA
TOSCO
UAE
WWF
ZPWMA

Above ground level (usually with reference to flying height)
Analysis of Variance

African Parks Network

Confidence Interval

The all-carcass ratio, for carcass categories 1 to 4

The fresh and recent carcass ratio, for carcass categories 1 and 2

Centre de coopération Internationale en Recherche Agronomique pour le
Développement (French Agricultural Research Centre for International Development)

Convention on International Trade in Endangered Species of Wild Fauna and Flora
Department Of National Parks and Wildlife, Zambia

Department of Wildlife and National Parks, Botswana

Earth Observation Solutions and Services

EarthRanger, a data visualization and analysis software for protected area management
Front Seat Observer

Foot, or feet (aircraft flying height is measured in feet)

Great Elephant Census

Game Management Area

Global Positioning System

GPS exchange format. A standard file format for GPS data interchange.
Geographic Information System

International Conservation Caucus Foundation

International Union for Conservation of Nature

Kavango-Zambezi

KAZA Elephant Survey

Knots (nautical miles per hour)

Meters

Monitoring the lllegal Killing of Elephants

Miles per hour

Modernising Wildlife Surveys

National Aeronautics and Space Administration

Peace Parks Foundation

Percentage Relative Precision

Quantum Geographic Information System

R is a programming language for statistical computing and graphics
Relative Standard Error

Rear Seat Observer

Standard Deviation

Transfrontier Conservation Area

Tourism Supporting Conservation

United Arab Emirates

World Wildlife Fund

Zimbabwe Parks and Wildlife Management Authority
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1.  Introduction
1.1. Background
1.1.1. The Kavango-Zambezi Transfrontier Conservation Area

The Kavango-Zambezi (KAZA) Transfrontier Conservation Area (TFCA), hereafter also referred to
as KAZA, is among the largest terrestrial conservation areas in the world, occupying approximately
520,000 km? within the borders of the five Partner States of Angola, Botswana, Namibia, Zambia,
and Zimbabwe. It lies in the Okavango and Zambezi River basins, and encompasses a variety of
ecosystems, including savannas, woodlands, arid environments, and wetlands. The KAZA TFCA
comprises a network of conservation areas, including 19 national parks (covering approximately
160,900km?) and other protected areas such game reserves, wildlife and game management
areas, safari areas, forest reserves, community conservancies, and world heritage sites (comprising
approximately 236,000km?) (Fig. 1.1) (KAZA Secretariat, 2014). These protected areas provide
critical habitat for a wide array of wildlife, and the region is known for its high biodiversity. As a
result, the KAZA TFCA is an important area for eco-tourism and provides economic benefits for
local communities. Additionally, the region is home to a population of approximately 2.5-3 million
people, including rural communities, indigenous groups, and urban residents. Many communities
depend on the natural resources of the region for their livelihoods, such as pastoralism, hunting,
fishing, and agriculture. The KAZA TFCA is thus a complex socio-ecological setting that is shaped
by the interplay between human communities, protected areas, and the natural environment.
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Figure 1.1: Map of the Kavango Zambezi Transfrontier Conservation Area, showing National Parks and other protected
areas.
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The KAZA TFCA was established through a joint effort by the governments of the five Partner States.
The process formally commenced in 2006 with the signing of a Memorandum of Understanding
(MoU) defining the objectives, principles, and the general framework for cooperation among
the signatories for the protection and sustainable management of the transfrontier area and its
resources. This step served as the foundation for its official establishment, which was marked by
the signing of the KAZA TFCA Treaty by the governments of the Partner States on 18 August
2011 in Luanda, Angola. The Treaty established the TFCA as a legal entity and set up the
institutional framework. The management and administration of the KAZA TFCA is overseen by
several governance structures, including the Ministerial Committee, Committee of Senior Officials,
Joint Management Committee (JMC), Secretariat, and National Committees. The Secretariat is
responsible for coordinating and driving the day-to-day activities associated with the planning and
development of the KAZA TFCA and is accountable upwards through the JMC.

The goal of the KAZA TFCA is “To sustainably manage the Kavango Zambezi ecosystem, its
heritage and cultural resources based on best conservation and tourism models for the socio-
economic wellbeing of the communities and other stakeholders in and around the eco-region
through harmonisation of policies, strategies and practices.”

1.1.2 Elephants in KAZA TFCA

The elephant population in the KAZA TFCA is of great importance, as it constitutes more than 50%
of the remaining African savanna elephants (Loxodonta africana) found on the continent and is
the largest contiguous transboundary elephant population globally, with prior estimates between
184,000 and 243,000 elephants (Thouless et al., 2016). Conserving and managing this elephant
population is not only important for ecological sustainability but also for the social and economic
well-being of the region.

To this end, KAZA developed the Strategic Planning Framework for the Conservation and
Management of Elephants (KAZA Secretariat, 2019). This Framework was approved by the KAZA
Ministers in April 2019 and later reinforced by the resolutions of the Heads of State during the
Kasane Elephant Summit in May 2019. It aims to ensure the long-term survival of the species with
the vision that KAZA's elephants are conserved to the benefit of people and nature within a diverse
and productive landscape.

The objectives of this Framework are to 1) facilitate the development of an integrated land use
planning process to secure long-term ecosystem integrity and connectivity of KAZA's elephant
population, 2) maintain and manage KAZA's elephants as one contiguous population, 3) promote
and support co-existence of humans and elephants for ecological, social and economic benefits,
4) reduce the illegal killing and trade in elephants and elephant products, and 5) establish a high-
level decision-making process on which to build the planning framework for conserving elephants
in the KAZA TFCA.

1.1.3 Previous aerial surveys

Numerous surveys have been conducted in various parts of the KAZA TFCA since its creation in
2011, aimed at assessing the in-country status of elephant and other wildlife populations. Table 1.1
presents a summary of the most recent dry season surveys conducted in the KAZA TFCA.

Aerial surveys are typically carried outindependently in each KAZA country with little standardisation,
resulting in variations in time of year, area covered, standards, and methodologies used. This can
make KAZA TFCA totals, as well as comparisons across sites, and over time challenging. That is an
important motivation for the implementation of this survey.
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Table 1.1: Recent dry season aerial surveys conducted in the KAZA TFCA.

Country Region Survey Year Data Source
Angola South-eastern Angola 2015 Chase & Schlossberg, 2016
Botswana Southern Botswana 2012 DWNP, 2012
Northern Botswana 2018 Chase et al., 2018
Namibia Kavango Zambezi region 2019 Craig & Gibson, 2019a
Khaudum NP and neighbouring conservancies 2019 Craig & Gibson, 2019b
Zambia Kafue NP & neighbouring GMAs 2021 DNPW, 2021
Sioma Ngwezi NP and GMAs 2019 DNPW, 2019
Mosi-oa-Tunya NP, Kazungula 2008 DNPW, 2009
Zimbabwe North-west Matabeleland 2014 Dunham et al., 2015a
Sebungwe region Dunham et al., 2015b
Chizarira NP and Chirisa Safari Area (portions of 2020 Dunham, 2020a
Sebungwe)

1.1.4 Background to the KAZA Elephant Survey

A priority activity listed in the Strategic Planning Framework for the Conservation and Management
of Elephants is the need to conduct KAZA TFCA-wide (i.e., in all five countries) synchronised aerial
surveys, to determine the numbers and seasonal distribution of elephants. This need was reaffirmed
as a priority during the Kasane Elephant Summit, prompting a workshop (held in October 2019),
where research staff and survey biologists from the KAZA countries gathered with external experts
in Kasane to revise the CITES MIKE Aerial Survey Standards (CITES Secretariat, 2020) and to
develop an indicative survey design for the first ever KAZA-wide coordinated aerial survey.

The 2019 workshop participants agreed that a KAZA Elephant Survey should be conducted as a
unified effortand notasa “separate componentapproach”. The workshop addressed considerations
such as the design, planning and implementation of such a survey, recognising that this large-scale
and complex undertaking requires the participation of many different organisations and individuals
across the five partner countries.

Two central tenets were adopted at the workshop; 1) centralised coordination and management of
the survey is required and that this would be overseen by the KAZA Secretariat, and 2) the survey
must be carried out in accordance with the updated CITES MIKE Aerial Survey Standards Version
3.0 (CITES Secretariat, 2020).

A report (Dunham, 2020b) was produced following the workshop, outlining the agreements
reached by participants regarding the survey’s design, planning, execution, and dissemination of
results. The report includes a comprehensive initial survey design and an approximate budget for
the project, serving as a key guide for the planning and implementation of the survey.

1.2 Survey objectives

The primary objective of the KAZA Elephant Survey (2022) was to obtain a relatively precise and
accurate estimate of the total number of elephants within the KAZA TFCA, utilising techniques that
were both cost-effective and feasible within a reasonable timeframe. Specifically, the goal was to
obtain a percentage of relative precision (PRP) less than or equal to 10% of the final population
estimate.
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The survey's secondary objectives included estimating the populations of elephant carcasses and
other large herbivore species (both wild and domestic), as well as to record the spatial distribution
of elephants, elephant carcasses, and other large herbivores within the KAZA TFCA.

Additionally, the survey aimed to achieve these objectives using standardised methods, as set out
by the CITES MIKE programme, which were technically sound and repeatable.

1.3 Survey preparation

The KAZA Elephant Survey (2022) required extensive preparations and collaboration among the
five KAZA Partner States. In July 2021, the project management team for the survey was established
and funds were raised to support the project, with the World Wildlife Fund (WWF) chosen as the
grant manager and implementation partner by the five partner countries.

In November 2021, the position for an Aerial Survey Coordinator was advertised. During the
following February, a team approved by the Partner States was appointed to supervise, coordinate,
and undertake the planning, execution, data analysis and reporting for the aerial survey in close
collaboration with the KAZA Secretariat and the KAZA Partner State Focal Points.

In April 2022, the process of procuring all the necessary equipment for the survey began. To ensure
standardisation, the survey aircraft and crews were equipped with the same high-quality equipment
sourced from various suppliers in the region and internationally, including laser altimeters, digital
cameras, GPSs, and computers.

InMay 2022, two suitable contractors demonstrating adequate experience in aerial wildlife surveying
were identified through a public tender process to provide aircraft and crews to participate in the
survey. The process of acquiring flight permits in the five partner countries was also initiated. Fuel
quantities for the survey were calculated and purchased for distribution to the operational bases.

To promote standardised competencies of the observers, particularly the rear-seat observers from
the five Partner States, a training and evaluation workshop was conducted from 20-26 July 2022.
The selected personnel were subsequently seconded to the project by the Partner States for the
duration of the survey. As a result of their contributions, the Partner States’ personnel made up
over 50% of the 47-person field team that comprised contractors, survey biologists, observers, and
data managers. A presentation of the workshop is provided in Appendix 1.

On 15 August 2022, the Aerial Survey Manual and Standards were finalised, providing step-by-
step technical procedures to be followed to ensure consistency and compliance with CITES MIKE
Aerial Survey Standards Version 3.0 (CITES Secretariat, 2020). On 18 August 2022, an operations
room was established at the Kasane Wildlife Office, providing a real-time view of field operations,
and enabling support, coordination, and data quality assurance. On 22 August 2022 the survey
officially commenced.
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2. Survey design and methodology

The survey design was based on the report produced as an output from the 2019 Survey Design
Workshop (Dunham, 2020b). To ensure that all parts of the KAZATFCA are surveyed in a standardised
manner the methods employed throughout are those prescribed in the CITES MIKE Aerial Survey
Standards Version 3.0 (CITES Secretariat, 2020), and detailed in the KAZA Elephant Survey Manual
and Standards (Bussiéere, 2022a).

2.1  Survey area

The KAZA TFCA, spans a total of 519,912 km?, of which 60% (310,865 km?) was surveyed (Fig. 2.1).
This portion of the KAZA TFCA is hereafter referred to as the survey area. The survey area was
defined based on the survey design report of Dunham (2020b), which divided the area into three
zones using data from previous surveys. These were a priority zone, where the elephant density was
expected to be greater than 0.1 km, a “to-be-determined” zone where the expected elephant
density was less than 0.1 km?, and an excluded zone with no elephants expected. Surveying the
entire “to-be-determined” zone was not feasible due to its large area (68% of the KAZA TFCA) and
low expected elephant density which was anticipated to contain <10% of the total KAZA TFCA
elephant population. Therefore, expert opinions and telemetry data' were consulted to identify
locations within this zone with a high likelihood of elephant presence. Furthermore, areas with
low elephant density or no elephants (based on other data) but deemed to have conservation
significance were also considered.

Legend
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Figure 2.1: Land cover of the KAZA TFCA (produced by EOSS in collaboration with WWF (Gebhardt., 2021), and relief is
provided by the 30-metre SRTM elevation data from the NASA Earthdata server (Duester, n.d.).

" Approximately 92% of all collared elephant (n=291) locations fell within the survey area, supporting the expectation it should cover most of the elephant range
found within the KAZA TFCA. This data set spans 10 years (KAZA Elephant Sub Working Group, unpublished data).
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2.2 Sampling methodology

Systematic transect sampling (Norton-Griffiths, 1978) was used for most of the KAZA TFCA, while
stratified block sampling (Gasaway et al., 1986) was employed in two strata in the Sebungwe
superstratum of Zimbabwe due to the rugged topography. This sampling approach is consistent
with other recent surveys, including the 2014-15 Great Elephant Census (GEC) (Chase et al., 2016,
2018; Chase & Schlossberg, 2016, Craig et al., 2019, Dunham et al., 2015a, 2015b, Dunham,
2020a; DNPW, 2019, 2021).

2.3 Stratification

The survey area was partitioned into 179 strata of varying shapes and sizes, with an average
area of 1729,4 km? (range: 83,7 km? — 5416,7 km?) (Fig. 2.2). Although most stratum boundaries
from previous surveys were preserved, the KAZA Elephant Survey (2022) revised the design of
some strata, particularly in the transboundary area between Botswana and Namibia, where the
international border is a river and substantial wildlife movement may occur. Although the border
between Botswana and Zimbabwe also sees considerable transboundary movement of elephants,
the strata in this region were not modified to span the frontier since it is not formed by a major
ecological feature. Instead, to address the issue of transboundary elephant movement here, flights
were conducted within a narrow timeframe on either side of the border (see Fig. 2.6)

Each stratum was assigned a unique name and code and grouped into eight “superstrata”, each
of which is an assembly of contiguous strata within a country. This stratification allowed for the
application of different sampling intensities based on the expected density of elephants in each
stratum and the adaptation of the sampling method to the terrain. Furthermore, it allowed for
separate nested estimates for each stratum, superstratum, country, and for the entire KAZA TFCA
survey area.

An additional 180th stratum (LCW) was included to provide a reliable estimate of red lechwe on
the Busanga plains in Kafue National Park, Zambia?, but the data collected here was not used for
estimates for other species.

The baseline for the strata surveyed using transect sampling was computed using the geosphere
package in R software (Hijmans R, 2022, R Core Team, 2022) as outlined in Appendix 2.

KAVANGO-ZAMBEZ| TRANSFRONTIER CONSERVATION AREA * SURVEY BASES . AREA
STRATA PER COUNTRY = EIGHT SUPERSTRATA
B3 [T ANGOLA (1 SUPERSTRATUM}
) 7 BOTSWANA (1 SUPERSTRATUM)
1478 NAMIBIA (2 SUPERSTRATA)
ZAMBIA (2 SUPERSTRATA)
ZIMBABWE (2 SUPERSTRATA)

13°8

ANGOLA (13 STRATA)

[T BOTSWANA (62 STRATA)
ws NAMIBIA (20 STRATA)
ZAMBIA (31 STRATA)
ZIMEABWVE (49 STRATA)
TRANSFRONTIER (6 STRATA)

18°E 20°E IXE 24'E 28°E 28'E 18°E 20'E 22°E 24°E 26'E 28°E

Figure 2.2: Stratification. Left: stratification showing 180 strata distributed amongst the five partner states, including six
transboundary strata. Survey bases are also indicated.; Right: grouping of strata into eight labelled superstrata among the
five Partner States

2LCW was considered and added since it required a relatively small amount of additional flying to provide a more reliable estimate for red lechwe in Kafue. This
method has been used in previous surveys and thus gives comparable results. Additionally, it provided a wealth of imagery for the benefit of the Modernising
Wildlite Surveys (MWS) project.

8
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Figure 2.3: Detail of each stratum per country for all 180 strata in each of the five Partner States.

2.4  Sampling intensity

An aim of this survey was to produce an estimate for the number of elephants in the KAZA TFCA
which has a 95 % confidence interval that is less than 10 % of that estimate. This precision target
directly influences the selected overall sampling intensity. To achieve this level of precision, the
appropriate overall mean sampling intensity was determined through simulation of predicted 95%
confidence intervals for different sampling intensities (Dunham, 2020b). The results of this analysis
determined that an overall mean sampling intensity of 6,5%, in the area where expected elephant
density is greater or equal to 0.1 km?, would achieve the desired precision target. Additional
flying was also planned to cover parts of those areas where elephant density was expected to be
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less than 0.1 km?, bringing the overall sampling intensity for the KAZA TFCA to nearly 7%. The
allocation of sampling intensity to strata was optimised where prior information on the variability
of elephant density was available, as described in the KES Manual and Standards (Bussiere, 2022a).

Sampling intensity per stratum
14°S
Sampling
16°S Intensity (%)
30
25
20
15
10
o 7
18°S 5
3
0
20°S
18°E 20°E 22°E 24°E 26°E 28°E

Figure 2.4: Sampling intensity across the 180 strata. The label shown in each stratum is the sampling intensity (% area) for
that stratum.

2.5 Standards

In adherence to the CITES MIKE Aerial Survey Standards Version 3.0 (CITES Secretariat, 2020)
a detailed step-by-step process was outlined and compiled in the KES Manual and Standards
(Bussiere, 2022a). This was done prior to the launch of the survey to provide a set of best practices
that promote efficient and optimal work among the various teams involved. All those responsible
for the planning and execution of the survey have endeavoured to follow the methods and practices
as closely as possible (Table 2.1).

2.6 Target species

Elephants were the primary focus of the survey, and both live elephants and elephant carcasses
were recorded. Live elephants were recorded separately as elephant families (i.e., breeding herds)
or elephant bulls. Elephant carcasses were recorded and classified according to the four categories
defined by Douglas-Hamilton and Hillman (1981). Furthermore, all large herbivores (>15kgs), both
wild and domestic, were recorded. In order not to overburden observers in high animal density
strata and reduce their focus on priority species, there was no requirement to record human activities
(such as houses and crops), especially since the spatial distribution of these non-mobile indicators
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can be more thoroughly determined using other methods (e.g., satellite imagery). During survey
flights, observers were required to take photographs of 1) large herds (>9 individuals) to ensure
that herd sizes were accurately estimated, and of 2) elephant carcasses to ensure that category
identification was correct.

Table 2.1: Summary of standards, in compliance with the CITES MIKE Aerial Survey Standards Version 3.0, applied during
the KAZA Elephant Survey (2022).

Methodology Sampling technique Transect sampling (Norton-Giriffiths, 1978)
Block sampling for rugged terrain (Gasaway et al., 1986)
Timing and fatigue Survey period Dry season months — leafless trees
Maximum flight time per transect | 20-25 mins
Total flight time 3.5h per flight and 5h per day max
Morning and afternoon flights
Rest days Rest day every 4 days (some flexibility)
Target parameters Height AGL (transect) 91 m (300 ft) £ 9.1 m (30 ft) SD
Height AGL (block) 15-213 m (50-700 ft).
Ground speed (transect) 170 km.h" (105 mph, 92 knots) = 10 km.h"" (6 mph, 5 knots)
SD; < 185 km.h" (115 mph, 100 knots)
Ground speed (block) < 140 km.h"" (87 mph, 75 knots)
Observer strip width 150 m = 15 m (either side)
Search rate 0.85 (<1) kmZ.min™
Search effort 1.17 (=1) min.km2

2.7 Coordination

To ensure efficient coordination, an operations room was established within the Department of
Wildlife and National Parks Kasane Wildlife Office in Botswana and staffed with six data analysts
seconded to the project by the partner states. The room was equipped with the EarthRanger cloud-
based domain awareness system, which enabled real-time monitoring of the survey operations
using Garmin InReach satellite communication devices placed in each aircraft. These devices
transmitted GPS position data every two minutes, allowing the operations room to monitor safety,
support the crews, and ensure data quality. By centralising all the information, the operations room
became an indispensable tool for the successful coordination and implementation of the survey.
The functioning of the operations room is detailed in Appendix 3.

The coordinating team also facilitated the Modernising Wildlife Surveys (MWS) research initiative
during the survey. This project involves the utilisation of high-resolution cameras to develop more
modernised and robust approaches to aerial surveying of wildlife, which are not subject to the
inherent limitations associated with observer bias. To this end, five aircraft were fitted with high-
resolution oblique camera systems either clamped on the wing struts or mounted inside the cabin
where they replaced the traditional rear seat observer cameras.

The coordinating team was responsible for managing all the logistical aspects of the survey,
from the acquisition of flight permits to the procurement and distribution of fuel. Details of this
undertaking and the challenges encountered are available in Appendix 4.

11
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2.8  Survey implementation

The survey was conducted at the height of the dry season when most deciduous trees are leafless
and visibility is highest, and before the onset of the rainy season. A total of 195 survey flights
were made between 22 August and 28 October 2022, by nine crews, flown from sixteen bases
located throughout the KAZA TFCA as shown in Fig. 2.5. In addition, three reconnaissance flights
were conducted to search for elephants in likely habitat. These were carried out north of Sioma in
Zambia, in the Fuller Forest area south of Victoria Falls in Zimbabwe, and along the Boteti River
near Rakops, in the Central district of Botswana (refer to Appendix 5). An additional transect survey
flight was conducted in Kafue National Park, Zambia to provide a reliable population estimate for
red lechwe in the Busanga plains.

During the survey, most strata were covered in a single flight session. However, there were some
large strata that required multiple flight sessions to complete, which are referred to as “multi-flight
strata.” This means that either two aircraft and their crews surveyed different portions of the same
stratum, or a single aircraft and crew conducted the survey over several flight sessions to cover the
entire stratum. On the other hand, when dealing with smaller strata, it was possible for a single
aircraft and its crew to survey more than one stratum in a single flight session (i.e., from take-off to
landing), referred to as a “multi-strata flight.”

Pre-survey observer calibration exercises were carried out for crews conducting systematic transect
sampling. Some crews also collected peri-survey calibration data (i.e., during the survey, for example
two calibration passes prior to commencing a survey flight). Refresher flights were conducted in
conditions identical to those required during the survey, giving crews the opportunity to activate
their procedural memory. By taking the time to prepare beforehand, crew members were able to
commence at a high level of performance from the start of the first survey flights. Details of the data
collection protocols and procedures are available in the KES Manual and Standards (Bussiere, 2022a).

Table 2.2: Survey period in each country.

Country Start Date End Date Elapsed days
Angola 2022/10/18 2022/10/24 7

Botswana 2022/09/10 2022/10/11 32

Namibia 2022/10/01 2022/10/15 15

Zambia 2022/08/26 2022/10/28 64

Zimbabwe 2022/08/22 2022/09/09 19

Table 2.3: Survey period and crews in each superstratum.

Superstratum Start Date End Date Elapsed days Crew

Luengue-Luiana 2022/10/18 2022/10/24 7 C01-C02 - C04
North-West Matabeleland 2022/08/30 2022/09/09 11 C01-C02-C03
Kavango Zambezi 2022/10/01 2022/10/10 10 C01 - C02 - C03 - Co4
Northern Botswana 2022/09/10 2022/10/11 32 CO01 - C02 - C03 - C04
Khaudum Nyae-Nyae 2022/10/11 2022/10/15 5 C01-C02 - C04

Kafue 2022/08/26 2022/09/22 28 C05 - C07

Sioma 2022/10/03 2022/10/28 26 C06 - C07

Sebungwe 2022/08/22 2022/09/09 19 C08 - C09
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A series of maps showing the strata sampled by each crew, and a table summarising the efforts
made by each crew, are available in Appendix 6. A detailed crew calendar is provided in Appendix 7.

s KAVANGO-ZAMBEZI TRANSFRONTIER CONSERVATION AREA ¢ SURVEY BASES
13° .
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Bl Ma = Matopi
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Figure 2.5: Allocation of strata to each of the 16 survey bases.

A series of maps showing the weekly progress of the sampling effort is available in Appendix 8. A
list of the characteristics of the aircraft and technological devices used in the survey is available in
Appendix 9, while a detailed presentation of the personnel is available in Appendix 10.
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2.9 Data curation

The storage of observation and flight data was organised by flight, each with a unique identifier.
This primary database was then reorganised by stratum to allow analysis at stratum level. Thus,
data collected during several flights within the same stratum (multi-flight stratum) were aggregated.
Conversely, datasets collected over several strata during a single flight (multi-strata flight) were
split for analysis. The output files of the data analysis were then compiled for the whole KAZA
TFCA region, producing two files: the transect and flight performance file and the observation file.

2.10 Data analysis

The data collected in preparation for and during the execution of the survey can be separated into
three sets: calibration, flight, and observation data.

2.10.1 Calibration data analysis

Calibration data were analysed differently depending on whether they were collected in pre-survey
calibration exercises, or peri-survey calibration passes.

2.10.1.1 Pre-survey calibration data

Data collected before the survey launch was analysed in-field to validate the collection protocol
and establish the proportionality relationship between flight height and search strip width. This
was done through simple linear regression analysis and intercept-free linear regression analysis,
calculating the search strip width value at 300 ft (91 m).

For each calibration session (a series of about twenty overflights over the marked airstrip) a simple
linear regression model (y = ax + b) was fitted to the data collected by the left observer, the right
observer and finally to the combined data. The slope and the intercept were calculated to define
the relationship between the flight height x and the search strip width y, as well as the coefficient
of determination r? to determine how well the regression model fits the data. The search strip
width was expected to be positively and linearly correlated with the flying height, close to 150 m
(one-side) or to 300 m (combined) at 300 feet, with a coefficient of determination r? as close to 1 as
possible, and a y-intercept as close to zero as possible. The standard error of the mean calibrated
strip width was also calculated and expected to be less than 5% of the mean calibrated strip width.
To do this, the search strip width (w,) calculated for each pass i and associated flight height &, was
cross-multiplied to obtain the proportional value, at a flight height i, of 300 feet (w,  =h, . %’) The
standard error and relative standard error (RSE) of this new sampling distribution were calculated.

_ S_E H _ ZiWB»OO,‘ .
RSE = = with 7= =207, n, being the total number of passes.

When the results of the simple linear regression analysis were satisfactory, the calibration exercise
was validated, and an intercept-free linear regression model was fitted to the data (y = ax). The
forced slope was calculated to define the proportional relationship between the flight height (x)
and the search strip width (y). This relationship, specific to each pair of rear seat observers, was
then used to estimate the average search strip width for each of the 2404 transects (+35 with LCW,
see Fig. 2.3) as a function of the average flight height along the transect.

2.10.1.2 Peri-survey calibration data

The peri-survey data were analysed after the survey, separately and combined with the pre-survey
data. The results of the simple linear regression analysis obtained for the pre- and peri-survey
calibration datasets were compared, to assess the validity of the following hypothesis: the data
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collection protocols during the initial calibration and during the survey are identical and the search
strip width estimate remains unchanged.

With the intention of assessing the impact of potential variability of the strip width estimate, for
each pair of observers whose total number of passes was greater than 25 (all sessions, pre- and peri-
survey data combined), a bootstrapping exercise (random sampling with replacement) was carried
out to create several simulated samples, from which new proportional relationships between the
flight height (x) and the search strip width (y) were calculated, using the same linear regression
analysis approach. This resulted in a range of possible forced slope values used, in addition to the
selected value, to explore the impact that this variability might have on the elephant population
estimates.

2.10.2 Flight data analysis

Flying speed and height data were recorded by the laser altimeter and saved to a GPX file after
each flight. By using the start and end time of the transect recorded by the front seat observer, it
was possible to restrict each GPX file to the data recorded during the transect only. The sampling
intensity and search effort were calculated for each stratum, whereas the mean and standard
deviation for speed and height were calculated for each transect to assess adherence to flight
standards. The data were summarised in graphics that were used daily by crews to validate flights,
provide feedback to teams, and continuously optimise flight performance.

The percentage of transects for which the pilot adheres to the flight standards was calculated for
each pilot. In addition, several analyses of variance (ANOVA) of height and ground speed against
several categorical variables were performed to determine whether there were any statistically
significant differences between pilots, aircraft, strata, flight and transect number (from 1 for the first
transect of the flight, to n for the last one).

The average flight height was also used to estimate the average search strip width of each transect
and thus the sampling area in each stratum. This was also done for the range of possible forced
slope values obtained by the bootstrapping exercise, to reflect the variability of the strip width
estimate on the sampling area estimate.

In the event of a laser altimeter malfunction and data loss, speed information was derived from
the GPS tracklog while height data came from recordings made by the front seat observer, at an
interval of approximately thirty seconds, by direct reading of the laser altimeter measurement
display, throughout the flight. For four flights where no flight height data were available, this
information was derived from the altitude data recorded by the aircraft's GPS and the 30-metre
NASA Shuttle Radar Topography Mission (SRTM) data (i.e., elevation data).

2.10.3 Observation data analysis

The observation data consists of a standardised dataset for the 38 target species of large herbivores,
with observations recorded both within and outside the search strip. The crews had discretion to
record observations for species other than the target species and while off transect, but only data
collected for the target species within the search strip while on transect was used to calculate
population estimates. All the observation data, including data collected outside the search strip
and while off transect, were used to produce distribution maps.

2.10.3.1 Stratum level analysis

For systematic transect sampling the Jolly’s (1969) method 2 for unequal sized sampling units was
used to calculate, for each stratum and each species, the population estimate, its variance, and its
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confidence limits. For block sampling the Jolly’s (1969) method 3 was used to calculate, for each
stratum and each species, the population estimate, its variance, and its confidence limits.

For the four multi-flight strata sampled repeatedly with interleaved flights executed at different
times, due to the possibility of counting some individuals several times during repeat flights, the
stratum population estimates from each flight were averaged, the variances were summed and
divided by the number of replicates squared (sensu Craig et al., 2019), and the 95% confidence
limits were calculated using Satterthwaite’s (1946) approximation for degrees of freedom (in
Gasaway et al., 1986).

For live elephants only (breeding herd and bulls), these analyses were also performed using the
minimum and maximum possible sampled area values, to assess the influence of potential variability
in the search strip width estimate on the population estimate.

2.10.3.2 Landscape level analysis

To estimate populations of larger areas, the population estimates and variances of individual
strata were summed, and the 95% confidence limits were calculated using Satterthwaite’s (1946)
approximation for degrees of freedom, as outlined in Gasaway et al. (1986).

The selection of strata for the landscape level analysis was contingent upon the specific scale
required. For population estimates of the entire KAZA TFCA survey area, we included all 179
strata. For specific portions of the KAZA TFCA within each country, we limited the analysis to the
relevant strata within each country. Similarly, for superstrata analysis, we only considered strata
within each designated superstratum.

Due to the design of six transboundary strata (i.e., 14H, CH1, CR, LIAM, MS, and NG1), it was not
possible to obtain results for the Namibian and Botswana portions of KAZA TFCA, as well as the
Kavango-Zambezi superstratum in Namibia. To address this, these six strata and their associated

datasets were post-processed to be spatially partitioned into two along the Namibia-Botswana
border (i.e., 14H was split into T4HNA and 14HBW etc.).

2.10.3.3 The special case of red lechwe on the Busanga Plains

In the Kafue ecosystem, the red lechwe is almost exclusively found on the Busanga plains, with a
highly localised distribution. To obtain a more accurate population estimate for this species, a new
stratum called “LCW" was specially designated to encompass this specific habitat. This stratum
was defined after the survey of the overlying strata A1 and A2, which allowed for an accurate
delineation of the red lechwe’s range. Incorporating the LCW stratum in the red lechwe data
analysis necessitated excluding data for this species obtained from the overlying strata (A1 and
A2). This focused approach ensures that the population estimate for red lechwe in the Busanga
plains is more accurate and reflective of its concentrated distribution in that habitat.

2.10.4 Carcass ratios

Using the population estimates calculated for live elephants and elephant carcasses, the carcass
ratio (Douglas-Hamilton & Burrill, 1991) was derived for carcasses in all categories, as well as
for categories 1-2 together, at stratum, superstratum, country and KAZA TFCA survey area level.
The all-carcass ratio (CR14) is expressed as a percentage of the number of dead elephants (of all
carcass categories) divided by the number of dead (all carcass categories) plus live elephants. It
provides an index of elephant mortality in the several years prior to the survey. The fresh and recent
carcass ratio (CR12) is derived in the same way but using the estimates of only the fresh and recent
carcasses (categories 1 and 2), and provides an index of recent mortality, in the year leading up to
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the survey. Carcass ratios can offer additional insight into changes in population numbers across
consecutive surveys.

2.10.5 Observer performance

For each pair of observers and for each species/carcass category, a chi-square test was used to
compare the number of observations made on the left and right side, while taking into consideration
the difference in width of the respective search strips. For each pair of observers and for each
common gregarious species (group size > 3 and number of observations > 5), a Mann-Whitney U
test was used to compare left- and right-side group sizes.

2.10.6 Distribution and density maps
For each species and carcass category a series of maps was produced, representing:

® distribution (dot map)

® distribution and herd size (graduated dot map)
® density by stratum (choropleth map?)
o

distribution and density by stratum (dot and choropleth map)

An elephant-specific distribution map was produced by overlaying the distribution of family herds,
bulls, carcass categories 1-2 and carcass categories 3-4.

To show the distribution of elephants in relation to a measure of human pressure, a map was
produced overlaying the observations of live elephants (bulls and family herds) and cattle on a
human settlement density map created from the Open Buildings dataset? (Sirko et al, 2021).

Using calculated population estimates, the relative abundance between wild and domestic animals
was calculated in each stratum and illustrated through a choropleth map.

Additional choropleth maps were produced to illustrate at stratum level the two carcass ratios,
the sampling intensity, and the percentage of relative precision for elephants (PRP). Moreover,
additional maps of the two carcass ratios are included, where the data is filtered to show only
the carcass ratios for strata where at least 30 live elephants were estimated. The purpose of this
filtering is to offer a more focused understanding where mortality rates are relatively high, rather
than being the result of the absence of live elephants.

2.10.7 Photo interpretation

To establish a benchmark for future surveys, descriptive statistics were calculated to gain insights
into the photo interpretation process used during the survey. This included determining the
percentage of required photos that were successfully collected and used to verify the accuracy of
observed herd sizes and validate the identified carcass categories. Additionally, the percentage of
observations that required correction after matching photos was calculated, to provide insight into
the impact that photo interpretation can have on the accuracy of the data. Finally, the amplitude
of correction according to herd size is quantified and presented in a bar chart.

%In a choropleth map each polygon is coloured or shaded based on the value of a particular variable or data attribute associated with that area. The intensity or
darkness of the colour or shading corresponds to the magnitude or concentration of the data in that polygon.
#The Open Buildings data was used to produce a building density map that shows the percentage of building footprint in a 1km? grid.
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3. Results

3.1 Population estimates and distribution

The survey enables the generation of population estimates and distribution maps at four scales,
namely at the level of: the whole KAZA TFCA survey area, each country®, each superstratum, and
for each stratum. These different geographical units are subsequently referred to as zones.

Table 3.1 to Table 3.17 summarise the population estimates for the first three scales, while the
second volume to this report provides extensive results for each of the 179 strata, detailing the
survey design, approach to implementation, data and statistics on observations of live elephants,
elephant carcasses and other target species, and flight performance.

In section 3.1.1, the report presents population estimates for elephants and elephant carcasses
across all zones, accompanied by distribution and density maps. Section 3.1.2 contains results
for all species, including repeated data on elephants and elephant carcasses in each zone. The
assessment acknowledges that detecting certain herbivore species from the air is challenging,
likely resulting in underestimated population numbers. Nevertheless, population estimates are
included as valuable abundance indices with precision measures, and since repeated surveys can
reveal temporal trends in population size. Additionally, distribution and density maps are available
for other species. However, it is important to note that the colour gradient in density maps is
specific to each species’ density values, precluding direct comparison between species or carcass
categories. The distribution maps presented are based on observations from both inside and
outside the search strip, as well as reconnaissance flights.

In the tables, elephants are placed first, followed by wildlife and livestock, in alphabetical order.
The meaning of column headings, from left to right:

® Zone: is the area for which the estimate is given, this can be for the entire survey area, country
(i.e., the KAZA TFCA portion in that country), superstratum, or stratum.

Species: is the species or carcass category for which the estimates have been derived.

Population Estimate (Y): is the estimated population for that species (or carcass category) in
that zone.

Cl: is the 95% confidence interval of the population estimate for that species in the zone.
Lower CL: the lower limit of the range of the 95 % confidence interval of an estimate.

Upper CL: the upper limit of the range of the 95 % confidence interval of an estimate.

PRP: the Percentage Relative Precision is the Cl expressed as a percentage of an estimate,
and is a measure of precision for the estimate.

No Seen In: the number of individuals seen inside the search strips or blocks during a survey.

® No Seen Out: the number of individuals seen