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The Blue Economy is a global initiative aimed at using marine resources to create
economic viability and environmental sustainability. While successes have been
reported, for example, in Europe and China, examples of African successes are notably
missing. Abject poverty, unemployment and food insecurity are everyday concerns on the
African continent; however, its large latitudinal coverage gives rise to extremely biodiverse
marine fauna, which could promote socio-economic development of coastal communities
through initiatives such as sustainably-managed fisheries. In order to improve
sustainability via improved management, information on a species and its habitat is
needed, particularly how it moves and in which areas it occurs. Acoustic telemetry is a
powerful tool used to determine the movements of aquatic animals, the success of which
has led to the development of several large-scale networks throughout the globe,
including South Africa’s Acoustic Tracking Array Platform. This network, formally in
place for the last decade, has now matured, and data are revealing insights into
residency, habitat connectivity and transboundary movements of a multitude of
animals, with some species having been continually detected for the past 10 years.
These data are also actively being incorporated into marine spatial planning efforts, with
the aim of protecting threatened and endemic species. Due to knowledge generation,
successful benefit-sharing arrangements, and dedication to engage with the public and
other stakeholder groups, the ATAP represents a highly successful example of ocean
stewardship in Africa.

Keywords: acoustic telemetry, conservation, movement behaviour, sustainable development, resource
management, ocean optimism
1 INTRODUCTION

The United Nations Sustainable Development Goals (SDGs) are a list of 17 goals, whose collective
implementation aim to eradicate poverty, while balancing economic and social development, as
well as environmental protection and sustainable resource use (Lee et al., 2020). The concept of
the ‘Blue Economy’ (or ‘Oceans Economy’), whose origin is linked with the SDGs (particularly
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SDG 14: Life below water) has gained significant traction over
the past decade, and aims to improve human well-being and
social equity through the sustainable use of aquatic resources
for economic growth while maintaining ecosystem health
(Smith-Godfrey, 2016; Wenhai et al., 2019). Successful
applications of this concept have included the assessment of
harmful algal blooms around aquaculture hubs in European
Atlantic shelf seas, conducting ship-based oil spill risk
assessments in Atlantic Basin coasts, and the ecological
restoration of wetlands in China (Wenhai et al., 2019).

Despite these success stories, African examples are notably
missing. Africa is surrounded by three oceans, and represents
the largest latitudinal coverage of any continent resulting in a
richly biodiverse marine fauna (Decker et al., 2003) with large
fisheries resources (Belhabib et al., 2016; Muringai et al., 2021).
However, many African countries are amongst the most
impoverished, with abject poverty, high unemployment rates,
and high levels of food insecurity being an every-day concern
(Belhabib et al., 2015; Battersby and Watson, 2018).
Consequently, many marine species are heavily targeted by
African fisheries, spanning the recreational, commercial, and
small-scale/informal sector. Together, these sectors contribute
approximately US$ 24 billion annually, constituting 1.26% of
the region’s Gross Domestic Product (Chan et al., 2019).
Unfortunate ly , s tocks are large ly being harves ted
unsustainably, resulting in declining resources, which further
negatively impacts food security (Belhabib et al., 2015; Temple
et al., 2018; Muringai et al., 2021). For example, all West
African fishing grounds are considered fully or over-
exploited, with an estimated 6.7 million people relying on
fishing activities for both food and livelihoods (Belhabib
et al., 2015). Sustainably managed fisheries are essential for
the development of Africa through alleviating poverty and
promoting socio-economic growth (Chan et al., 2019).
However, promoting growth and development is often at
heads with conservation efforts, particularly when it comes to
the protection needs of threatened and vulnerable species
(Voyer et al., 2018). Many Blue Economy initiatives across
the African continent also place significant emphasis on
economic ga ins , wi th l i t t le to no regard to both
environmental sustainability and conservation, and social
inclusion (Okafor-Yarwood et al., 2020).

On the journey towards the sustainable development and
use of aquatic resources, Africa’s Blue Economy Strategy was
developed in 2018, with the aim of implementing this plan
between 2021 and 2025 (Failler et al., 2020). This strategy built
on global policies and initiatives to which African countries
were already committed, including the 2014 Africa’s Integrated
Maritime Strategy (2050 AIMS) and the SDGs, with emphasis
being placed on SDG 14: Life below water (Failler et al., 2020).
Five overarching themes were identified as being critical to the
growth of the Blue Economy in Africa, all of which are similar
to the implementation of the Blue Economy across the globe.
These themes encompass renewable innovative marine energy
industries; maritime transport, safety and enforcement;
improved policy and governance; sustainable fishing,
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aquaculture and conservation; and marine and coastal
tourism (Failler et al., 2020). Linked to the sustainable use
and development goals of the African Blue Economy Strategy is
the concept of ‘ocean stewardship’. The term stewardship
broadly encompasses the principles and actions that aim to
improve sustainability and resilience of social-ecological
systems, that are grounded on values of voluntary altruism
and long-term benefits (Barendse et al., 2016). Peçanha Enqvist
et al. (2018) highlights that there are multiple meanings and
frameworks of stewardship as it is used across disciplines, but
argues that it can be considered as a conceptual ‘boundary
object’ encompassing three components: care, knowledge
and agency.

The knowledge dimension of stewardship specifically refers
to the basic information and understanding about a species,
habitat, or other resource that is being stewarded (Berkes et al.,
2008; Peçanha Enqvist et al., 2018). While such knowledge can
come from a variety of different knowledge systems, the
conventional scientific method is highly relevant (Hansen,
2014; Peçanha Enqvist et al., 2018). In the context of
stewardship as it applies to the ocean, knowledge generation
around both marine species and habitats is vital, as these are
both essential components that need to be managed sustainably
under the umbrella of the African Blue Economy Strategy.
Spatial management tools, such as Marine Protected Areas
(MPAs), can be considered as good management practices in
an African context. They provide ecological benefits by
protecting both species and habitat (Roberts et al., 2005;
Lester et al., 2009; Bennett and Dearden, 2014; Kirkman
et al., 2021), social benefits such as rebuilding depleted fish
stocks and supporting livelihoods, and providing recreation/
tourism opportunities (Roberts et al., 2005; Lopes et al., 2015;
Kirkman et al., 2021) all of which encompass the social-
ecological aspects of ocean stewardship. However, in order
for these benefits to be realised, spatial management tools
need to be implemented effectively. For example, if MPAs are
to be effective in protecting vulnerable species, information on
animal movement is essential (Kerwath et al., 2007; Afonso
et al., 2009; Mann et al., 2016). More specifically, knowing
where and when an animal moves provides critical insights into
ecologically and/or biologically significant areas (Kock
et al., 2018).

Acoustic telemetry is a method used to study aquatic animal
spatial ecology that has gained significant popularity over recent
decades, and is being used to investigate and answer diverse
questions for a multitude of animal groups including teleosts,
elasmobranchs, marine mammals, reptiles and invertebrates
(Hussey et al., 2015). This method involves attaching an
acoustic transmitter to an aquatic animal which transmits
uniquely coded acoustic signals that are detected, recorded and
stored by acoustic receivers. Acoustic telemetry has allowed for the
successful elucidation of various aspects of animal movement
including residency and site affinity, home range size, seasonal
migratory behaviours, and habitat connectivity (Heupel et al.,
2005; Hussey et al., 2015; Cowley et al., 2017). More specifically,
the success and popularity of passive acoustic telemetry, where
May 2022 | Volume 9 | Article 886554
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acoustic receivers are stationed at fixed locations, has led to the
development of several large-scale collaborative networks of
acoustic receivers distributed across the globe. These include
Australia’s Integrated Marine Observing System (IMOS) Animal
Tracking Facility (Steckenreuter et al., 2017; Hoenner et al., 2018;
Huveneers et al., 2021), the European Tracking Network (Abecasis
et al., 2018; Reubens et al., 2019), the US’s FACT (Young et al.,
2020) and Atlantic Cooperative Tracking networks (Block et al.,
2016), and South Africa’s Acoustic Tracking Array Platform
ATAP (Cowley et al., 2017). These large-scale networks are
collecting movement data on a multitude of aquatic species, and
are now in a position to incorporate these data into improved
fisheries management (Nguyen et al., 2018; Lowerre-Barbieri
et al., 2019).

The ATAP is the only network of its kind on the African
continent. It represents a significant example of the successful
implementation of ocean stewardship principles that can directly
contribute towards sustainable resource management. Cowley
et al. (2017) reflected on the first five years of the ATAP (2011 –
2016). This article aims to provide a decadal overview of the
ATAP highlighting it as a successful ocean stewardship example
for Africa, and in particular (i) detailing how the data collected
are generating important ecological and biological knowledge,
(ii) highlighting how this can be utilised in management and
conservation tools through the provision of two case studies, (iii)
discussing how the data-sharing arrangements benefit multiple
stakeholders, and (iv) briefly touching on how stakeholder
engagement and community outreach are also important
aspects being practised by the ATAP.
Frontiers in Marine Science | www.frontiersin.org 3
2 ATAP AS A KNOWLEDGE GENERATION
PLATFORM

2.1 Background and Spatial Coverage of
the ATAP
The ATAP was first formalised in 2011 with a signed partnership
agreement with the Canadian-based global Ocean Tracking
Network (OTN; http://oceantrackingnetwork.org/) project and
is managed by the South African Institute for Aquatic
Biodiversity (SAIAB), a National Facility of South Africa’s
National Research Foundation (NRF). The ATAP is a
collaborative network of acoustic receivers (and temperature
loggers) that provide the backbone of acoustic telemetry
hardware to facilitate the large-scale, long-term monitoring of
acoustically-tagged marine animals along the South African
coastline. Furthermore, the ATAP maintains all metadata
associated with receivers and transmitters, as well as a national
database of detection data, which are shared with the relevant
researchers (transmitter owners).

Since inception, the ATAP has had a mean of 179 (± 43)
active acoustic receiver stations per year, and currently spans
approximately 2200 km of the South African coastline (for
further details on equipment and deployment, see Cowley
et al., 2017). The focal monitoring sites are three large coastal
embayments (False Bay, Mossel Bay and Algoa Bay; Figure 1),
with receivers being deployed in one or more lines representing
listening curtains. Additional receivers are deployed in the
nearshore environment along the majority of the South
African coastline, including (from west to east) Walker Bay,
FIGURE 1 | The locations of receivers (black dots) forming the greater Acoustic Tracking Array Platform currently deployed along the South African coastline.
Influential ocean boundary currents are indicated, as are important sites mentioned in the text. The cool-temperate, warm-temperate and subtropical biogeographic
regions are indicated by blue, yellow, and pink areas, respectively.
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Gansbaai, Plettenberg Bay, Port Alfred, Port St Johns, Protea
Banks, Jesser Point and Ponta do Ouro at the South Africa-
Mozambique border (Figure 1). A number of selected estuaries
also have at least one receiver deployed in them. Together these
receivers allow for the assessment of residency, site fidelity,
localised movement patterns, habitat connectivity, large-scale
coastal movements, migration biology, and estuarine-marine
connectivity of marine animals (Cowley et al., 2017).
Additionally, where receivers lack water temperature sensors
(VR2W as opposed to VR2AR; Innovasea, Halifax, Canada),
temperature loggers are attached to selected receivers, which
allows for the assessment of the influence of temperature on
animal movement, a crucial aspect given the ectothermic nature
of the majority of acoustically-tagged species.

2.2 Importance of Location
The ATAP sits at an important geographical location on the
African continent. Located at the southern tip of Africa, the
coastal waters of South Africa are strongly influenced by two
contrasting boundary currents – the cool Benguela
associated with coastal upwelling and significant productivity
(Harrison, 2003), and the warm Agulhas associated with warm
tropical waters flowing down from the equator (Roberts, 2010).
Together, these currents give rise to three distinct biogeographic
regions: cool-temperate, warm-temperate and subtropical
(Turpie et al., 2000) (Figure 1), making the region a global
biodiversity hotspot with a rich diversity of species and a high
degree of endemism (averaging 28% across all marine taxa
[Griffiths and Robinson, 2016)].

Many fish species occurring in the estuarine, coastal and
offshore southern African waters are targeted by both
commercial and recreational fisheries; for example, Cape hakes
Merluccius capensis and M. paradoxus, geelbek Atractoscion
aequidens, yellowtail Seriola lalandi, soupfin Galeorhinus galeus
and smoothhound Mustelus mustelus sharks (commercially
exploited) [DEFF (Department of Environment, Forestry and
Fisheries), 2020)], as well as dusky kob Argyrosomus japonicus
and spotted grunter Pomadasys commersonnii (recreationally
exploited) (Cowley et al., 2013; Childs et al., 2015; Dames
et al., 2017). Both of these fishery sectors are highly important
industries, providing economic and food security to millions of
South Africans, but have had, and continue to have, a
considerable impact on many marine species (Pradervand and
Baird, 2002; Lamberth and Turpie, 2003; Cowley et al., 2013; da
Silva et al., 2015; Lallemand et al., 2016). Additionally, the small-
scale/informal sector places further stress on selected species,
albeit in significantly smaller quantities relative to the former
sectors (Baust et al., 2015). Subsequently, the stocks of many fish
species have declined with others completely collapsing,
including dusky kob, seventy-four seabream Polysteganus
undulosus and red steenbras Petrus rupestris. This exemplifies
the need for sustainable resource management through the
African Blue Economy and ocean stewardship principles in
South Africa.

South Africa has a rich history of marine spatial planning in an
attempt to manage its marine resources. The first MPA was
declared in 1964 at Tsitsikamma (Tsitsikamma National Park)
Frontiers in Marine Science | www.frontiersin.org 4
on the south coast (Attwood et al., 1997) and by 2011, the year in
which ATAPwas formalised, 25MPAs had been declared in South
African waters. However, these MPAs only provided protection to
<0.5% of South Africa’s Exclusive Economic Zone (EEZ), and
lacked ecosystem representivity, especially of offshore habitats
(Kirkman et al., 2021). Subsequently, systematic conservation
planning was undertaken to identify priority areas to address the
gaps in protection which fell under the government’s Operation
Phakisa, a strategic initiative that would support sustainable
development of economic opportunities in South Africa’s ocean
space (Sink, 2016). Through this process, 20 new MPAs (mainly
offshore) were declared and some existing coastal MPAs were
expanded in 2019 (Findlay, 2020). While this significantly
increased the MPA spatial coverage to 5.4% of the EEZ, and
increased ecosystem representivity (87% of ecosystem types are
now protected), only benthic habitat types were considered during
this planning, and no data on the habitat use or movement
patterns of marine animals were considered. Subsequently, a
review of South African MPAs found that only about half of the
assessed marine fish groups have been seen to occur within these
MPAs (Kirkman et al., 2021).

2.3 What Has Been Monitored to Date?
TThere has been a total steady growth in both the numbers of
individuals and species tagged with acoustic transmitters by
researchers within the ATAP network since its inception
(Figure 2). To date, there has been a total of 1579 individuals
tagged spanning 48 species. The taxonomic group with both the
most numbers of individuals and species tagged is chondrichthyans
(924 individuals, 32 species), followed by teleosts (640 individuals,
12 species), turtles (11 individuals, 3 species), and birds
(4 individuals, 1 species) (Figure 3 and Table 1). A mean of 33
(± 38) individuals per species has been tagged (range 1 - 158) and
24.6% of tagged individuals were endemic to the southern African
region (Table 1). Given the three focal monitoring bays, 29% of
individuals have been tagged within these bays (6%, 7% and 16% in
False Bay, Mossel Bay, and Algoa Bay, respectively; these include
tagging within estuaries in these bays). Despite this, tagging effort
has been well spread out along the South African coastline for
teleosts and chondrichthyans, stretching from the west coast
eastwards to Mozambique (Figure 4).

Prominent species tagged within the teleost group include dusky
kob, leervis Lichia amia, spotted grunter and white steenbras
Lithognathus lithognathus, while prominent species in the
chondrichthyan group were all larger shark species (white shark
Carcharodon carcharias, raggedtooth shark Carcharias taurus,
sevengill shark Notorynchus cepedianus) (Table 1). This is
reflective of the research interests of platform users, which include
extensive work on estuary-associated teleosts in order to gain a
better understanding of estuary use, estuary-marine connectivity
and ontogenetic habitat shifts by these species (Næsje et al., 2007;
Childs et al., 2008a; Childs et al., 2008b; Bennett et al., 2011; Bennett
et al., 2012; Bennett et al., 2015; Childs et al., 2015; Dames et al.,
2017; Murray et al., 2018), and learning more about the spatial
ecology of large predatory sharks, especially given their relative
proximity to water users (Kock et al., 2013; Daly et al., 2014;
Engelbrecht et al., 2017; Kock et al., 2018). In more recent years,
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other more diverse species have been tagged. These include smaller
endemic catsharks, with researchers aiming to answer questions
related to spatio-temporal movements and the relative importance
of MPAs to these species, as well as endemic and threatened rays
(blue stingray Dasyatis chrysonota, common eagle ray Myliobatis
aquila, duckbill ray Aetomylaeus bovinus, diamond ray Gymnura
natalensis) and wedgefishes (white spotted wedgefish Rhynchobatus
djiddensis, lesser guitarfish Acroteriobatus annulatus), with
researchers aiming to assess both the local coastal movements and
longshore transboundary movements between South Africa and
southern Mozambique (the latter particularly for the wedgefish).

In order for these tagging efforts to be useful in the elucidation
of movement behaviour, sufficient data need to be collected; in
this case, a sufficient number of date/time- and location-stamped
detections recorded by the acoustic receivers. The ATAP has
gone through various iterations of the geographic placement of
acoustic receivers, with some locations being discontinued
indefinitely due to low numbers of detections on those
receivers (particularly those deployed in deeper water - see
Cowley et al., 2017; currently 76% of receivers are deployed in
waters with a depth of 30 m or less). Additionally, receiver
locations are often altered to suit the research objectives of active
projects at the time. Consequently, and at the time of writing, the
receivers of the ATAP have recorded more than 20 million
detections between 2011 and 2021, with 41.7% of those being
detected on receivers deployed in the nearshore (marine
environment), and 58.3% in estuaries and harbours (Figure 5).
Of the 1579 animals tagged over the past decade, at least 73%
have been detected, with taxonomic groups being detected to
varying degrees. Approximately 78.7% of all tagged
chondrichthyans have been detected, 63.7% of teleosts and
55.6% of turtles. This relatively high rate of detection has
resulted in extensive datasets, with some species accumulating
Frontiers in Marine Science | www.frontiersin.org 5
almost consistent, daily detections over a 10-year period; for
example, the large predatory bull, raggedtooth and white sharks,
and the piscivores dusky kob and leervis. This illustrates the
success of the configurations of the ATAP receivers, with the
concentrations of receivers in select focal areas, linked by more
sparsely distributed receivers in between, being able to detect and
monitor the movements of the majority of tagged individuals
across a wide taxonomic and movement behaviour spectrum.
3 CONSERVATION POTENTIAL OF ATAP-
GENERATED KNOWLEDGE

One of the key management and conservation goals of the ATAP
put forward by Cowley et al. (2017) was the provision of data to
assist in the planning of conservation/management zones,
particularly MPAs. Other global studies have highlighted how
acoustic telemetry data can be used to assist in the planning of
MPAs and to provide valuable insights on relative MPA use by
both teleosts (Alós et al., 2011; La Mesa et al., 2012; Abecasis
et al., 2014; Aspillaga et al., 2016; Novak et al., 2020) and
chondrichthyans (Lea et al., 2016; Jacoby et al., 2020; Elston
et al., 2021; van Zinnicq Bergmann et al., 2022). Despite
significant investment in telemetry science, the documentation
and assessment of the impact of telemetry research is still lacking
(McGowan et al., 2016). However, in South Africa, the intention
of using movement data collected by the ATAP to assist with
marine spatial planning efforts, and to evaluate the effectiveness
of the country’s existing MPAs to protect vulnerable and
endemic species, is being realised.

Through the years the ATAP has supported, and continues to
support, a number of acoustic telemetry projects of conservation
concern, both in terms of the species being monitored and the
FIGURE 2 | Cumulative number of individuals (grey bars) and species (blue line) tagged with acoustic transmitters per year since the inception of ATAP.
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placement of effort within several southern African MPAs. Firstly,
almost two-thirds of all individuals tagged and monitored by the
ATAP over the past decade were of conservation concern as
defined by the International Union for Conservation of Nature
(IUCN) Red List categories, one of the most objective and
authoritative systems available to assess the extinction risk of a
species (Mace et al., 2008). However, it is recognised that these
category designations may not necessarily consider the use-related
data associated with each species. Indeed, Marsh et al. (2021)
found that 98.5% of all chondrichthyans, and 82.1% of all teleosts,
irrespective of conservation status, are used as a biological
resource, creating a conflict between resource use for economic
gain and food security, and conservation measures. Specifically,
62.4% (n = 985) of tagged individuals detected within the ATAP
were threatened with extinction, being classed as Critically
Endangered (n = 178), Endangered (n = 328), or Vulnerable
(n = 479), while 37.6% (n = 594) of tagged individuals were classed
as Near Threatened (n = 118), or Least Concern (n = 476).
Furthermore, approximately one-third of all individuals have
been tagged within South African MPAs and, at time of writing,
approximately 40% (n = 103) of the 251 active receivers were
situated within MPAs (Figure 6). These partner projects within
MPAs aim to (i) evaluate the efficacy of the De Hoop Nature
Reserve in protecting endemic and threatened shark species,
including endemic catsharks (Albano et al . , 2021);
(ii) investigate the movements of giant kingfish Caranx ignobilis
in the Mtentu Estuary within the Pondoland MPA and their
Frontiers in Marine Science | www.frontiersin.org 6
connectivity with surrounding areas (Dixon, 2022), including their
known spawning aggregation site in southern Mozambique (Daly
et al., 2019); (iii) investigate the connectivity between the
Pondoland and St Lucia MPAs using catface rockcod
Epinephelus andersoni as the focal species; (iv) investigate the
movements of green jobfish Aprion virescens and potato bass
Epinephelus tukula in the iSimangaliso Wetland Park (an MPA);
(v) assess the influence of fishing pressure on the behaviour and
activity of an endemic sparid red Roman Chrysoblephus laticeps
tagged in the Tsitsikamma National Park MPA; and
(vi) understand how the resident sparid white steenbras
responds to oceanographic features within the Greater Addo
Elephant National Park MPA (Figure 6). Together, these
projects highlight the conservation potential that the ATAP has
to inform whether vulnerable and endemic species are being
effectively protected by the current MPA zonation in South
Africa. Furthermore, telemetry data collected by the ATAP is
also currently being used to advise spatial management plans for
both chondrichthyans and teleosts. These are presented as two
case studies below.

3.1 Chondrichthyan Case Study
There has been a large effort, particularly in recent years, to tag
chondrichthyans in South Africa as the region is a global hotspot
for threatened and endemic chondrichthyan species, with 193
out of the ≈1188 known species worldwide occurring here (Ebert
et al., 2021). However, 29% of these species occurring in South
FIGURE 3 | Boxplot (median, first and third quartiles, 1.5*IQR, outliers) of the number of individuals tagged per species within each taxonomic grouping.
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TABLE 1 | List of species which have been tagged by researchers in South Africa and have been, or are currently, monitored by the nationwide Acoustic Tracking
Array Platform.

Group Sub-group Common name Scientific name Number tagged IUCN Red List
category

Endemic Tags currently active

Chondrichthyans Sharks Sevengill shark Notorynchus cepedianus 88 VU X X
Silvertip shark Carcharhinus albimarginatus 2 VU X

Grey reef shark Carcharhinus amblyrhynchos 21 EN X

Bronze whaler shark Carcharhinus brachyurus 65 VU X
Spinner shark Carcharhinus brevipinna 2 VU X
Bull shark Carcharhinus leucas 73 VU X
Blacktip shark Carcharhinus limbatus 26 VU X

Dusky shark Carcharhinus obscurus 29 EN X

Tiger shark** Galeocerdo cuvier 40 NT X

Soupfin shark Galeorhinus galeus 6 CR X

Smoothhound shark Mustelus mustelus 34 EN X

Flapnose houndshark† Scylliogaleus quecketti 10 VU X X

Spotted gully shark Triakis megalopterus 27 LC X X

Puffadder shyshark Haploblepharus edwardsii 2 EN X X

Dark shyshark Haploblepharus pictus 5 LC X X
Striped catshark** Poroderma africanum 32 LC X X
Leopard catshark** Poroderma pantherinum 13 LC X

Scalloped hammerhead*† Sphyrna lewini 5 CR X

Smooth hammerhead Sphyrna zygaena 27 VU X
White shark*† Carcharodon carcharias 155 VU X
Thresher Alopias vulpinus 1 VU

Raggedtooth shark*† Carcharias taurus 92 CR X

Wedgefish Lesser guitarfish Acroteriobatus annulatus 1 VU X

Giant sandshark*† Rhynchobatus djiddensis 38 CR X

Rays Spotted eagle ray Myliobatis ocellatus 1 VU X

Eagle ray Myliobatis aquila 6 CR X
Duckbill ray Aetomylaeus bovinus 25 CR X

Reef manta*† Manta alfredi 18 VU

Blue stingray Dasyatis chrysonota 27 NT X X

Diamond ray Gymnura natalensis 35 LC X

Honeycomb stingray Himantura uarnak 17 EN X

Chimaera St Joseph shark Callorhinchus capensis 1 LC X X

Teleostei Serranidae Catface rockcod Epinephelus andersoni 20 NT X

Potato bass** Epinephelus tukula 38 LC X X
Haemulidae Spotted grunter* Pomadasys commersonnii 93 LC X
Lutjanidae Green jobfish Aprion virescens 37 LC X

Sparidae Red Roman Chrysoblephus laticeps 31 NT X

Black musselcracker* Cymatoceps nasutus 8 VU X X

White steenbras* Lithognathus lithognathus 60 EN X X

Cape stumpnose* Rhabdosargus holubi 21 LC X

Sciaenidae Dusky kob* Argyrosomus japonicus 158 EN X
Carangidae Giant trevally* Caranx ignobilis 47 LC X

Bluefin kingfish Caranx melampygus 10 LC
Leervis* Lichia amia 117 LC X

Reptiles Turtles Loggerhead turtle*† Caretta caretta 6 CR X

Green turtle*† Chelonia mydas 3 EN X

Hawksbill turtle*† Eretmochelys imbricata 2 VU X

Birds African penguin*† Spheniscus demerus 4 EN X
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FIGURE 4 | The distribution of tagging effort for both chondrichthyans (blue circles) and teleosts (yellow triangles) has been nationwide along the entire South
African coastline.
FIGURE 5 | Number of detections recorded monthly on ATAP receivers between October 2011 and December 2021 (left). Blue bars denote detections recorded on
receivers deployed in the nearshore environment (marine), and grey bars denote detections recorded on estuarine receivers. The number of receivers deployed and
active in the ATAP by year from 2011 - 2021 (right).
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Africa are considered at risk of extinction (Ebert and van Hees,
2015), and South Africa has been identified as a priority region
for conservation efforts (Davidson and Dulvy, 2017). In South
Africa, coastal chondrichthyans are subjected to overfishing and
habitat degradation, with species such as the common
smoothhound shark and soupfin shark targeted by commercial
shark fisheries (da Silva et al., 2015).

While there remains uncertainty in the contribution that
spatial protection can have in shark conservation, especially for
larger and more mobile species who frequently move outside
MPA boundaries (Dulvy et al., 2014; Davidson and Dulvy, 2017;
MacKeracher et al., 2019), there have been some studies showing
the positive effect that localised MPAs can have on shark
abundance (Goetze and Fullwood, 2013; Speed et al., 2016;
Bond et al., 2017; MacNeil et al., 2020). However, on a global
scale, existing MPAs do not overlap in space with threatened
endemic chondrichthyans (Davidson and Dulvy, 2017). For
conservation efforts to be successful, MPAs must encompass
suitable habitat for these threatened species, which requires
species-specific knowledge on movement and habitat use
(Birkmanis et al., 2020). The planning of the current South
African MPA network did not take into account any movement
or habitat use data on focal marine animals, including
chondrichthyans. To combat this, the WILDOCEANS
Programme produced a systematic conservation plan (SCP) for
sharks and rays in South Africa, which aims to improve the
protection of the IUCN Red List threatened (Vulnerable,
Frontiers in Marine Science | www.frontiersin.org 9
Endangered, and Critically Endangered) sharks and rays found
within South Africa’s oceans, prioritising threatened endemics.
The main outcome of the SCP was to utilise distribution data to
develop a GIS-based SCP that identified candidate sites for the
area-based management of threatened and endemic
chondrichthyans (Beaulieu et al., 2022). The ATAP provided
data in the form of GPS coordinates per station on which a
species was detected. This provided an overall detection
distribution per species. Data from 23 species, including 18
sharks and 5 stingrays, belonging to 11 researchers from nine
different organisations, were ultimately included in the species
distribution modelling phase of the SCP. This conservation plan
will be presented to the South African government (Department
of Forestry, Fisheries and the Environment), who will consider
the data when developing a new National Plan of Action for
Elasmobranchs. The MPAs are all currently promulgated but the
intent of the plan is to highlight important areas for multiple
species, which when identified, could be put forward or
motivated for as needing increased protection.

3.2 Teleost Case Study
Despite immense MPA efforts including expansion of existing
borders, the level of protection afforded to some species can
remain low, largely because environments or habitats most
important to those species have not been incorporated. This is
particularly applicable to estuary-associated species which utilise
estuaries predominantly as juveniles, but also to a large extent as
FIGURE 6 | The current MPA network in South Africa (green areas) covers approximately 5.4% of the country Exclusive Economic Zone. The majority of smaller
research projects in the country are taking place in inshore MPAs, with focal study species (presented as silhouettes) being placed near the relevant MPAs. Note that
not all focal species per region are shown. ATAP receivers are indicated by black dots and ATAP partner receivers are indicated by white dots. ATAP receivers are
indicated by black dots and ATAP partner receivers are indicated by white dots.
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adults. A spatial management tool which would provide
significant protection to estuary-associated species is the
designation of strategically-placed Estuarine Protected Areas
(EPAs) which could either be extensions of existing MPAs
[thus creating larger Marine and Estuarine Protected Areas
(MEPAs)], or stand-alone EPAs in biologically or ecologically
significant estuaries. EPAs have been described as the missing
armour for the conservation of estuarine-associated species
(Whitfield et al., 2020), and could be the key to increased
catches of important vulnerable fishery species (including
dusky kob, spotted grunter and white steenbras) for multiple
fishing sectors along the majority of the South African coastline.
Without this last line of conservation defence, catches will
continue to decline (of already collapsed stocks) which will be
detrimental to the people whose livelihoods and food security
relies on these resources and have significant economic impacts
on the recreational fishing sector (Whitfield et al., 2020).

Dusky kob, a large estuary-dependent piscivorous sciaenid, is
arguably the most iconic recreational fishery species in South
Africa, with the landing of larger individuals being particularly
coveted. The South African population was declared collapsed
more than two decades ago, with adult spawning biomass
estimated to be between 1 and 4.5% of pristine levels (Griffiths,
1997), showing no signs of recovery since then (Kerwath, 2020).
Despite the poor state of the population, one last ecological
stronghold of large adults remains - the Breede Estuary and its
adjacent coastal habitats in the Western Cape. Large adults are
critical for maintaining populations and are crucial for the
recovery of stocks. This requires improved conservation and
management strategies, specifically aimed at rebuilding the stock.
In order to protect these large adults, a night-time fishing ban on
the Breede Estuary was gazetted in 2013, and a slot limit for this
species has been approved (not yet gazetted) which prohibits the
retention of all dusky kob <50 cm total length (TL) and >110 cm
TL. Despite these slightly improved management regulations, the
population continues to decline, with up to 150 - 300 large adult
dusky kob being removed from the water every year. As such, it is
crucial to gain a better understanding of the movements of these
large fish and the variables (both environmental and cyclical)
driving them. This would provide invaluable information for the
development of appropriate species-specific conservation
measures. Since 2016, 81 dusky kob (comprising juveniles and
adults) have been tagged in the Breede Estuary and the adjacent
De Hoop MPA. The results of this ongoing study have revealed
many new insights into the movement behaviour of this species,
including (i) broad-scale longshore movements have been far
more limited than previously thought, with these fish tagged in
the Western Cape never being recorded further than 150 km
from their tagging sites; (ii) the majority of dusky kob tagged in
the De Hoop MPA have mostly been detected within the MPA
boundaries, showing how important existing spatial
management plans can be to threatened species; and (iii) those
adults tagged in the Breede Estuary have displayed extremely
high levels of philopatry, consistently returning to this estuary
every year. The predictability and restrictive nature of their
movements, along with the high fishing pressure experienced
Frontiers in Marine Science | www.frontiersin.org 10
in the estuary, has significant implications for this species,
highlighting the necessity for more stringent management if
this stock is to be sustained. While the estuary management plan
for the Breede Estuary will be updated in 2025, these data will
undoubtedly be extremely valuable in aiding the development of
more appropriate estuary-specific management regulations for
this severely threatened species.
4 ATAP AND BENEFIT-SHARING
ARRANGEMENTS

There is great potential for acoustic telemetry to track animals
over vast distances, and answer complex questions about animal
movement behaviour across large spatial scales. However, this
can only be effectively achieved with sufficient established
infrastructure and the cooperation of scientists willing to share
resources and data (Young et al., 2020; Reubens et al., 2021).
Such efforts have been realised in large-scale collaborative
telemetry networks around the world, where the necessary
infrastructure includes both compatible hardware (i.e the
acoustic telemetry receivers allowing transmitters to operate
without hindrance within the network) (Harcourt et al., 2019)
and centralised databases, as telemetry data are moving into the
realm of ‘big data’ and there needs to be sufficient capacity to
store, manage, access and share the large amounts of data
generated (Nguyen et al., 2017). Often these collaborative
networks are made up of nation-wide receivers provided
through the network facilitator, as well as smaller local arrays
of receivers that are provided by interested research partners (for
e.g. non-profit organisations NPOs, university researchers and
research institutes). The benefits of these collaborative networks
are numerous, and at minimum include the opportunity for
researchers to expand the spatial extent over which they can
detect their tagged animals, as well as increasing opportunities
for collaboration and access to additional tools and community
knowledge (Young et al., 2020).

There have been published examples detailing how these
collaborative receiver networks have provided distinct benefits
to partners. For example, in the Australian IMOS network of
receivers, bronze whaler Carcharhinus brachyurus and dusky C.
obscurus sharks were detected significantly more often when
including data recorded by nation-wide (IMOS) receivers
compared to local array (non-IMOS) receivers, which provided
important insights into inter-state movements that would have
otherwise been under-represented or undetected (Huveneers
et al., 2021). Huisman et al. (2016) observed European silver
eel Anguilla anguilla tagged in catchments from three different
European countries moving to the Dutch-Belgian coastal zone,
which would have remained undetected if receivers were not
present in the coastal zone of each country and data had not been
shared. Through the collaborative efforts of several acoustic
telemetry networks deployed in the US (including iTAG,
FACT and ACT networks), stretching from North Carolina to
Florida (approximately 2000 km), Griffin et al. (2018) were able
to characterise the spatial ecology of Atlantic tarpon Megalops
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TABLE 2 | Organisational names (and type) of ATAP collaborators who run their own smaller local networks along the South African coastline, details of the networks,
and the focal study species for which the network was initially established.

Affiliation (organisation type) Local region Number of
stations

Expanse of array
(km)

Focal study species Mean (max) distance
travelled (km) by focal

species

Shark Spotters/University of
Cape (NPO)

False Bay 22 150 Sevengill shark 19 (450)

White shark 302 (1600)
Dyer Island Conservation Trust (NPO) Gansbaai 11 120 White shark 302 (1600)

Live Ocean Trust (NPO) Struisbaai 6 120 Dusky kob 23 (648)

White steenbras 151 (935)

University of Miami (University) De Hoop MPA 14* 60 Bronze whaler shark 86 (1129)

Dark shyshark 15 (15)

Leopard catshark 1 (15)

Puffadder shyshark Not applicable

Striped catshark 2 (15)

Smooth hammerhead 72 (985)

Smoothhound shark 24 (460)
Spotted gully shark 16 (210)

South African Institute for Aquatic
Biodiversity (Research Institute)

De Hoop MPA + Breede Estuary 30 100 Dusky kob 23 (648)

White steenbras 151 (935)
Leervis 128 (1240)

Spotted grunter 126 (1031)
Diamond ray 183 (1369)

Duckbill ray 89 (805)

Oceans Research Institute (NPO) Mossel Bay 14* 24 White shark 302 (1600)

Bronze whaler shark 86 (1129)
Smooth hammerhead 72 (985)

Smoothhound shark 24 (460)

Leopard catshark 1 (15)

Striped catshark 2 (15)

Rhodes University (University) Tsitsikamma National Park
MPA + Gqebehra

28* 0.35 per array Red Roman 1 (151)

Bayworld (NPO) Algoa Bay 7 35 Raggedtooth shark 20 (1438)

Nelson Mandela University and
KwaZulu-Natal Sharks Board
(University and NPO)

Algoa Bay 18** 90 White shark 302 (1600)

KwaZulu-Natal Sharks Board (NPO) KZN coastline 27* 320 White shark 302 (1600)

Bull shark 20 (1493)

Oceanographic Research Institute
(Research Institute)

KZN coastline, including Wild
Coast MPAs

29 570 Green jobfish 4 (940)

Potato bass 14 (945)

Flapnose houndshark 1 (9)

Giant kingfish 54 (630)

Whitespotted
wedgefish

Not applicable

Honeycomb stingray 16 (245)

Blacktip shark 218 (1409)

Black musselcracker 1 (81)

Catface rockcod 2 (463)
Pondoland (Wild Coast) + iSimangaliso

Wetland Park (northern KZN)
6 18 (Pondoland)

12 (iSimangaliso)
Catface rockcod 2 (463)

Flapnose houndshark 1 (9)

Bluefin kingfish 9 (9)

Southern Mozambique 17 90 Bull shark 20 (1493)

Tiger shark 104 (1545)

Grey reef shark 5 (550)

(Continued)
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atlanticus, including migratory connectivity. Using the same US
networks, DeGroot et al. (2021) was able to characterise intra-
specific variability in migration patterns of white-spotted eagle
rays Aetobatus narinari, which has important implications for
population structuring and management efforts.

When considering South Africa’s current ATAP network, it
comprises receivers belonging to multiple institutions, NPOs and
individual researchers in addition to the receivers provided
through the platform itself (Table 2). Prior to the
formalisation of the ATAP in 2011, three smaller local acoustic
receiver arrays were already operational; namely in False Bay,
Gansbaai and Algoa Bay. In partnering with Canada’s OTN,
which saw a large investment in telemetry infrastructure in the
country, as well a substantial capital equipment grant from South
Africa’s National Research Foundation, a nationwide backbone
of receivers could then be deployed by the platform. Since then,
several other smaller local receiver arrays were established by
partners to fill in the gaps between ATAP receivers (Figure 6).
Over the past decade, at least 216 partner receivers have been
deployed along the South African coastline and of those, 61.1%
(n = 132) remain active at the time of writing.

The benefits of this equipment and data sharing are two-fold:
they increase the spatial coverage of the overall ATAP network
providing a benefit to the platform and in return, the local receiver
owners/researchers have access to the telemetry data collected on all
of the receivers within the network (for their tagged animals) as
opposed to only data collected by their respective receivers.
Empirically, and as seen in other similar networks, this
collaboration and data sharing within the ATAP network has
resulted in significant increases in the data richness collected at
larger spatial scales. Inherently, the vast majority of local partner
receiver arrays are small-scale in nature, with only half of localised
arrays having receivers covering >100 km of coastline (maximum
straight-line distance), while only 20% of partner arrays had
receivers covering >250 km of the coastline (Table 2). These
spatial scales over which local receiver arrays were deployed were
compared to the mean and maximum distances that all tagged
species travelled in coastal waters during the 10 years of ATAP’s
detection collection (this excluded estuarine detections). This
revealed that a significant number of animals often travelled
further distances from their tagging locations. Specifically, 10.8%
(n = 781 345) of all detections, from 34 of the 48 tagged species,
occurred further than 100 km from an individual’s tagging location
and 5.7% (n = 412 647) of all detections, spanning 29 of the
Frontiers in Marine Science | www.frontiersin.org 12
48 tagged species, occurred further than 250 km from an
individual’s tagging location. Additionally, for 76% of local
receiver arrays, the focal species that receiver owners concentrated
tagging effort on displayed greater average distances travelled (from
their tagging locations) compared to the spatial extent of their local
array (Table 2). Finally, while only one localised array extended
further than 500 km (Table 2), 18 species travelled further than
500 km (Figure 7). These insights highlight the extra data that the
ATAP, a large collaborative network of receivers, has collected when
compared to small localised arrays of receivers. It is important to
understand the large-scale, longshore movements that animals
make to gain a better understanding of migratory behaviours,
habitat connectivity, and to what extent spatial protection
measures may be suitable for them.
5 STAKEHOLDER ENGAGEMENT AND
DEVELOPMENT

Acoustic telemetry results can potentially impact society,
particularly in relation to changes in existing management
strategies e.g. declaration of MPAs or EPAs in popular fishing
areas, or changes to existing traditional management measures, such
as a reduction in both size and bag limits (Nguyen et al., 2019).
Additionally, a significant portion of receivers in the greater
network, along with the transmitters with which animals have
been tagged, have been funded by government capital equipment
grants, which is ultimately public money. As such, open and
transparent communication with the public is crucial not only for
buy-in on new or amended management interventions, but also for
the public to build an active interest in the resources on which
people rely for livelihoods and/or enjoyment and sport. Indeed,
Cooke et al. (2016) highlighted several case studies where
conservation of targeted species was a success due to active
engagement by the angling community, including catch-and-
release angling for Atlantic bluefin tuna Thunnus thynnus as an
alternative revenue stream for displaced commercial fishers
(Stokesbury et al., 2011), and increased revenue of sharks through
tourism initiatives as opposed to consumptive use, including non-
harvest angling (Gallagher et al., 2012).

The ATAP has always made an attempt to actively engage
with the public using numerous avenues, which include
participation in science festivals (e.g. SciFest - Africa’s largest
school science festival), public presentations at angling clubs, and
TABLE 2 | Continued

Affiliation (organisation type) Local region Number of
stations

Expanse of array
(km)

Focal study species Mean (max) distance
travelled (km) by focal

species

Scalloped
hammerhead

5 (133)

Spinner shark 122 (340)

Silvertip shark 51 (93)
May 2022 |
The colours in the mean distance travelled (km) column are indicative of distance grouped moved, with yellow representing mean distances of 1 km, green of >1 km, but <10 km, turquoise
of >10 km, but <50 km, blue of >50 km, but <100 km, and purple of >100 km. NPO, non-profit organisation. The asterisk (*) presented after the number of stations indicates local networks
which are no longer deployed. NA, Not applicable.
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informal lectures to schools or universities, and with the
scientific community via local and international conference
presentations and platform user workshops. Given the
enormous developments in online social media platforms over
the past decade (Kumar and Nanda, 2019), and the subsequent
exponential uptake of these platforms by the public, and the
increasingly important role these platforms play in research and
education (Zimba and Gasparyan, 2021), the next logical step
was to start engaging in the virtual realm. As such, the ATAP
nowmanages accounts on three social media platforms including
Facebook (ATAP - Tracking fish movements), Twitter
(@ATAP_ZA) and Instagram (@atap_za), and through regular
efforts in content creation, there has been a steady increase in the
number of followers per platform, ranging from >500 followers
on Instagram, to almost 2,000 followers on Facebook.

Capacity building and skills development are important for
enriching knowledge, expertise, and skill (Findlay and Bohler-
Muller, 2018). However, many developing countries, including
South Africa, face challenges associated with basic scientific
capacity (Hassan, 2007; Miloslavich et al., 2019). Over the past
five years, the ATAP has aimed to develop human capacity by
running Summer Schools – a 4-day fieldtrip targeting
undergraduate students hoping to pursue postgraduate degrees
in the aquatic sciences. The emphasis of these Summer Schools is
on training students from historically disadvantaged institutions
– a user group severely under-represented in the biological
science field, and involving female researchers, addressing the
Frontiers in Marine Science | www.frontiersin.org 13
United Nations’ Sustainable Development Goals 4: Quality
education and 5: Gender equality. Although the COVID-19
global pandemic has hampered the running of this school in
recent times, the first three schools were successful, with uptake
of postgraduate projects across all years.
6 FUTURE DIRECTIONS

The current ATAP network has an unmistakeable lack of
listening power along the west coast of the country (Figure 1),
with the closest station to the South African-Namibian border in
the Berg Estuary. While good working terms exist between South
African and Mozambican researchers, the lack of reliable
deployment collaborators, as well as a general lack of research
capacity, has seen no receivers being deployed further north, or
into southern Namibia. However, the ATAP and the Namibian
Rays and Sharks (NaRaS) Project have started a tentative
collaboration, where the ATAP (at this stage) is acting in an
advisory position, with both parties already committing to data
sharing. NaRaS will, at a later stage, deploy their own
transmitters on species which occur in both countries,
including white sharks, sevengill sharks, spotted gully sharks,
bronze whaler sharks and blue stingrays. The transmitters of
species tagged in False Bay whose populations occupy both South
African and Namibian waters are beginning to, or have expired
(e.g. white sharks and sevengill sharks). However, other
FIGURE 7 | Average distance moved from tagging location (black circle, with confidence intervals indicating minimum and maximum distances) per species
monitored by the ATAP between 2011 and 2021. Only chondrichthyans and teleosts were considered for this analysis.
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important mesopredators, including bronze whaler sharks,
which have been acoustically tagged, are genetically indistinct
between the two countries (Benavides et al., 2011), and have been
recorded making transboundary movements, will still be
monitored for approximately four years. This collaboration will
see not only an increase in listening power along the west coast,
but will also increase our understanding of the transboundary
connectivity of numerous chondrichthyan and teleost species.

Climate change is anticipated to create a more volatile ocean,
with, amongst other things, increases in marine heat waves
(Frölicher and Laufkötter, 2018), a relative increase in ocean
acidification (Kapsenberg and Cyronak, 2019), and an increase
in ocean temperature, which alone is recognised as one of the
biggest threats to marine ecosystems (Freer et al., 2018).
Therefore, understanding how certain environmental variables
may change is crucial to understanding how aquatic animals
may, in turn, respond. Water temperature is arguably the most
important abiotic variable influencing the movements of aquatic
ecotherms such as fish (Little et al., 2020). In species that remain
resident, sudden and extreme fluctuations in temperature can
have devastating effects, resulting in fish kills (Durham et al.,
2006; Stauffer et al., 2012). In mobile species, there is more room
for adaption, where an animal can use movement as a coping
mechanism to extreme fluctuations (Heupel and Simpfendorfer,
2008). Due to the close relationship between water temperature
and fish movement, the importance of recording this abiotic
variable is becoming increasingly evident. The ATAP has had
temperature loggers (U22-001, Onset® , Cape Cod,
Massachusetts, USA) in place at selected sites since its
formalisation in 2011. As such, this network of temperature
data, most of which has been recorded at a depth of 30 m, is
becoming an invaluable source of information, which can be
linked to a suite of studies, including movement assessments in
relation to temperature, and ocean modelling. Moving forwards,
the ATAP aims to maintain this nationwide temperature
network, and is also hoping to expand recording power to a
depth of 100 m (with temperature loggers being moored using
acoustic receivers, model VR2AR, Innovasea), which will not
only increase our understanding of the temperature of these
more offshore regions, but will also provide new insights into the
relative importance of offshore regions to inshore coastal species.
7 CONCLUSION

Despite some of Africa’s current failures to sustainably develop
and use its rich resources, it is a place of hope and potential. The
core values of ocean stewardship, knowledge generation around
resources and the altruistic care of those resources for long-term
benefit, are vital to see the potential of Africa’s Blue Economy
realised. The ATAP represents a highly successful example of
ocean stewardship in Africa. First and foremost, it is a platform for
knowledge generation. The receivers of the ATAP situated in focal
bays (eg, False Bay, Mossel Bay and Algoa Bay) allow researchers
to gain insights into fine-scale habitat use and residency
behaviours of tagged animals, while the linking receivers along
Frontiers in Marine Science | www.frontiersin.org 14
the coastline allow for the determination of habitat connectivity,
longshore movements, and migration patterns. Not only is this
ecological knowledge valuable in and of itself, but it has direct and
applied management and conservation benefits and, as outlined in
the case studies, the information collected through the ATAP is
currently being used in management planning of marine resources
in South Africa. Furthermore, the ATAP has successful benefit-
sharing arrangements in place with multiple NPOs, research
institutions and universities in South Africa who provide
additional acoustic receivers at certain locations along the
coastline. The ATAP benefits from further receivers being in the
water, while the partners benefit from having data collected on a
much larger scale. These arrangements are built on principles of
voluntary data-sharing and long-term benefits, both of which are
core-values of ocean stewardship (Barendse et al., 2016; Peçanha
Enqvist et al., 2018). Finally, the ATAP is dedicated to education,
outreach and awareness through various platforms, to ensure the
platform is as transparent and impactful as possible. Initiatives
built on similar principles will help Africa to rise to its challenges,
to understand its rich resources, and the best ways in which to
sustainably develop and use those resources for important long-
term socio-economic benefits.
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