
 
 
 S

te
ve

 B
e

n
ja

m
in 

 

{ŜŎǳǊƛƴƎ {ƻǳǘƘ !ŦǊƛŎŀΩǎ Ŏƻŀǎǘŀƭ ŀƴŘ ƳŀǊƛƴŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǘƻ ǎǳǇǇƻǊǘ ŜŎƻƴƻƳƛŎ 
development and sustainable resource use 

 



 
 
 

 

 

Linda R. Harris1, Stephen D. Holness1, Stephen P. Kirkman2,1, Kerry J. Sink3,1, Prideel Majiedt3, 

Amanda Driver3 

1 Institute for Coastal and Marine Research, PO Box 77000, Nelson Mandela University, Gqeberha, 

6031, South Africa. LRH: harris.linda.r@gmail.com; SDH: s.holness@mandela.ac.za; 2 Oceans and 

Coasts, Department of Forestry, Fisheries and the Environment, Cape Town, South Africa. SPK: 

skirkman@dffe.gov.za; 3 South African National Biodiversity Institute, Kirstenbosch Research Centre, 

Private Bag X7, Claremont, 7735, South Africa. KJS: k.sink@sanbi.org.za; PM: 

p.majiedt@sanbi.org.za; AD: m.driver@sanbi.org.za  

 

Version 1 Beta 1 reviewed by: 

Dr Hedley Grantham (Wildlife Conservation Society) 

Dr Kira Gee (Helmholtz Zentrum Geesthacht) 

 

 

 

 

 

 

 

 

 Recommended citation: Harris, L.R., Holness, S.D., Kirkman, S.P., Sink, K.J., Majiedt, P., Driver, A. 2022. National Coastal 

and Marine Spatial Biodiversity Plan, Version 1.2 (Released 12-04-2022): Technical Report. Nelson Mandela University, 

Department of Forestry, Fisheries and the Environment, and South African National Biodiversity Institute. South Africa. 

280 pp. 

mailto:harris.linda.r@gmail.com
mailto:s.holness@mandela.ac.za
mailto:skirkman@dffe.gov.za
mailto:k.sink@sanbi.org.za
mailto:p.majiedt@sanbi.org.za
mailto:m.driver@sanbi.org.za


i 
 
 

Maps of Critical Biodiversity Areas (CBA Maps) have been used successfully to inform land-use 

planning and land-based protected area expansion in South Africa for many years. They are one of the 

key tools for protecting terrestrial and inland water biodiversity, and for supporting sustainable 

development on land. This technical ǊŜǇƻǊǘ ŘŜǎŎǊƛōŜǎ {ƻǳǘƘ !ŦǊƛŎŀΩǎ bŀǘƛƻƴŀƭ Coastal and Marine 

Spatial Biodiversity Plan Version 1.2, comprising the National Coastal and Marine CBA Map and 

accompanying sea-use guidelines. The intent of this plan is to ŎƻƴǎƻƭƛŘŀǘŜ ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ 

spatial prioritisation of the South African coast and ocean to provide inputs into national Marine 

Spatial Planning (MSP) as well as other planning and decision-making processes. This is to ensure that 

marine biodiversity assets and ecological infrastructure are secured, and that development of the 

ocean economy is sustainable. The plan builds on progress achieved through the National Biodiversity 

Assessment 2018, Benguela Current Marine Spatial Management and Governance (MARISMA) Project 

on Ecologically or Biologically Significant Marine Areas (EBSAs), and work that supported the 

declaration of 20 new marine protected areas (MPAs) in 2019. 

 

The overall goal of the National Coastal and Marine Spatial Biodiversity Plan is to safeguard a sufficient, 

representative sample of coastal and marine biodiversity that can persist into the future, in support 

of sustainable economic development. The key objectives are to:  

¶ Provide a robust, systematic spatial biodiversity prioritisation that follows international best 

practice in systematic conservation planning 

¶ Adequately represent biodiversity patterns and ecological processes in a design that is 

spatially efficient and well connected 

¶ Avoid spatial overlap (conflict) with other sectors where possible, but still meet targets for all 

biodiversity features 

¶ PǊƻǾƛŘŜ ǘƘŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ƛƴǇǳǘ ǘƻ ǘƘŜ ŜƳŜǊƎƛƴƎ a{t ǇǊƻŎŜǎǎ 

¶ Provide a robust starting point to support other area-based processes, such as MPA expansion 

 

A CBA Map presents a spatial plan for the natural environment, designed to inform planning and 

decision-making in support of sustainable development. In terms of the Technical Guidelines for CBA 

Maps developed by the South African National Biodiversity Institute (SANBI 2017), CBA Maps must be 

developed using the principles of systematic biodiversity planning. These maps comprise three 

categories of biodiversity priority areas: Protected Areas, Critical Biodiversity Areas (CBAs) and 

Ecological Support Areas (ESAs), which are jointly important for the persistence of a viable 

representative sample of all ecosystem types and species, as well as the long-term ecological 

functioning and connectivity of the landscape or seascape as a whole.  

 

Protected Areas, CBAs and ESAs are discrete map categories that do not overlap, and have their own 

specific management objectives. For Protected Areas, these objectives are as per their gazetted 

management plans. For CBAs, the objective is to maintain these areas in or restore them to a natural 

or near-natural state, and for ESAs, the objective is to avoid further deterioration in ecological 

condition. Management recommendations for activities within CBAs and ESAs are then determined 

according to the compatibility of each activity with the respective management objectives. The 

assessment of activity compatibility and associated management recommendations form the sea-use 

guidelines that accompany the CBA Map. 
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The planning domain comprises the South African mainland marine territory, extending from the dune 

base to the outer edge of the exclusive economic zone, with provision made for aligning the new 

marine biodiversity priorities with those on land and with adjacent countries. This planning domain 

was split into planning units comprising ŀ мΩ ƎǊƛŘΣ ǿƛǘƘ ǘƘŜ ǎƘƻǊŜ ŘŜƭƛƴŜŀǘƛƻƴ ōǳƛƭǘ ƛƴ. All the input data 

were coded to these planning units, which in turn formed the basis of the spatial prioritisation analysis.  

 

Version 1.2 of the National Coastal and Marine CBA Map includes 976 biodiversity features and design 

elements. The biodiversity features (n=437) include ecosystem types (n=190 features); distributions 

and areas of importance for species such as turtles, seabirds, dolphins, whales, seals, sharks and rays 

(n=188 features); unique or special habitats or features (n=15); ecological processes (n=18); ecological 

infrastructure (n=2); and existing priority areas (n=24). The design elements (n=539) are grouped into 

the following categories: edge-matching and aligning priority areas across land and sea, across shared 

international boundaries, and with existing initiatives (n=52); culturally important areas (n=6); 

ecological condition (n=332); and climate-change adaptation (n=149). Targets were set for each of 

these features using heuristics principles. The difference between biodiversity features and design 

elements is that the targets for the former are required to be met, whereas design elements serve 

rather to guide selection where there is choice and therefore the targets are not required to be met. 

 

The cost layer is a spatial representation of areas to be avoided in spatial prioritisation. It comprises 

four components, two of which specifically aim to reduce conflict with 19 different sectors: petroleum, 

mining, a variety of fisheries, aquaculture, and transport. The other two components relate to the 

cumulative impact of past and current activities, and the area (in km2) of the planning units. Areas 

with higher values (i.e., that carry more conflict, and are more impacted) are avoided more strongly 

in the analysis, but can still be selected if these are the only options for meeting biodiversity feature 

targets.  

 

All spatial prioritisation was conducted using the decision-support software, Marxan, with parameter 

calibrations following the guidelines for good practice. Two scenarios of Marxan were run, each time 

with 100 runs of 1 billion iterations. After the first scenario, planning units selected җ90% of the time 

were locked into the solution of the second scenario, and Marxan was rerun. From these outputs, 

CBAs were identified. CBA 1s (irreplaceable to near-irreplaceable sites) were those selected 100% of 

the time in the first scenario, and CBA 2s (best-design sites) were those selected җ28% of the time in 

the second scenario, which is the selection-frequency threshold at which all biodiversity feature 

targets were met at a 95% level.  

 

Given that some CBAs were not in natural or near-natural ecological condition but still have very high 

biodiversity importance and are needed to meet biodiversity feature targets, CBA 1 and 2 were split 

into two types based on their ecological condition. CBA Natural sites have natural/near-natural 

ecological condition, with the management objective of maintaining the sites in that natural/near-

natural state; and CBA Restore sites have moderately modified or poorer ecological condition, with 

the management objective to improve ecological condition and, in the long term, restore these sites 

to a natural/near-natural state, or as close to that state as possible. As a minimum in CBA Restore 

sites, further deterioration in ecological condition must be avoided, and options for future restoration 

must be maintained. The ESAs include all portions of EBSAs that are not already within MPAs or CBAs, 

and a 5-km buffer area around all MPAs (where these areas are not already CBAs or ESAs), with the 

exception of the eastern edge of Robben Island MPA in Table Bay where a 1.5-km buffer area was 

applied. The National Coastal and Marine CBA Map thus comprises: 5.4% MPAs, 18% CBA Natural 
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(12.3% CBA 1, 5.7% CBA 2), 3.6% CBA Restore (2.2% CBA 1, 1.4% CBA 2), and 6.6% ESAs. Therefore, in 

total, biodiversity priority areas make up 33.6% ƻŦ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ƳŀƛƴƭŀƴŘ ƳŀǊƛƴŜ ŜȄǘŜƴǘ.  

 

The sea-use guidelines table comprises a list of all sea-use activities grouped into broad sea uses and 

related MSP zones, and indicates which activities are compatible, not compatible or have restricted 

compatibility with the management objectives of CBAs (Natural, Restore) and ESAs; and noting that 

activities in MPAs are managed according to their gazetted regulations. The compatibility assessment 

between activities and the management objectives builds on the principles of the IUCN Red List of 

Ecosystems criterion C3, which considers the extent and severity of degradation relative to a reference 

condition of natural. It thus also draws from the analysis of ecological condition of marine ecosystem 

types in the National Biodiversity Assessment 2018, especially the ecosystem-pressure matrix, which 

in turn was used in the ecosystem threat status assessment in NBA 2018 (which also included an 

assessment of criterion C3).  

 

Activities that were assessed as being compatible with the management objectives of CBAs and ESAs 

are recommended to be permitted in those areas according to the existing rules and regulations for 

that activity (general); activities that are not compatible are recommended to be prohibited. Activities 

with restricted compatibility require a detailed assessment to determine whether the 

recommendation is that they should be permitted (general), permitted subject to additional 

regulations (consent), or prohibited, depending on a variety of factors. Examples of these factors 

include: the ecosystem type in which the activity occurs; the intensity of the activity; gear types, etc. 

Management recommendations and regulations for these activities need to take into account the 

context in which the activities take place or are proposed to take place. It is also critical to take 

cumulative impacts into account, which may have implications for the intensity, extent or even the 

presence of activities, especially new or expanding activities in a biodiversity priority area. Given that 

there is a deliberate effort to align biodiversity priority areas across the land-sea interface in the 

coastal zone, there is brief reference to the land-use guidelines in the four coastal provinces in 

Appendix 3. 

 

The development of the National Coastal and Marine CBA Map and sea-use guidelines is an iterative 

process, and therefore, attention is paid to data gaps and limitations that need to be addressed in the 

next versions. The intention is to: continue to enhance conflict avoidance with other sectors in the 

spatial prioritisation, especially addressing unmapped areas of high cost; keep expanding the suite of 

input datasets, especially for species; strengthen inclusion of ecological corridors, connectivity, 

ecological infrastructure, ecological processes, and traditional, scientific, technical, and technological 

knowledge of indigenous and local communities. Further work is underway to refine coastal priorities 

by improved land-sea integration, including estuaries. It is also anticipated that the sea-use guidelines 

will continue to be refined, and finally, revisions to the Technical Guidelines are recommended 

following the advances made through this process. Work will continue to iteratively update and 

improve the National Coastal and Marine Spatial Biodiversity Plan over time.  

 

This technical report comprises eight chapters, and five appendices. The first three chapters give 

background information and context, before the analyses and results are presented. The background 

information starts with an introduction (Chapter 1), followed by definitions and a description of the 

coastal and marine environment in South Africa (Chapter 2). Background to systematic biodiversity 

planning is then presented, including how it is applied in South Africa, especially in developing CBA 

Maps (Chapter 3). The methodology for developing the National Coastal and Marine CBA Map is 
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described (Chapter 4), including descriptions of the planning domain, input layers, biodiversity targets, 

cost layer, and analysis methods. The National Coastal and Marine CBA Map is presented (Chapter 5), 

together with the sea-use guidelines and links to MSP (Chapter 6). Finally, gaps, limitations, and plans 

for future work are outlined (Chapter 7), and the references used the report are listed (Chapter 8). 

The five appendices provide supplementary information, including verification of target achievement 

(Appendix 1), an inventory of datasets used and proposed to be used in the analyses (Appendix 2), 

details on the CBA Map sub-categories, alignment with land-based protected areas, CBAs and ESAs, 

with reference to the coastal land-use guidelines (Appendix 3), details on the stakeholder 

engagements for the National Coastal and Marine Spatial Biodiversity Plan that have been held to date 

(Appendix 4) and the progress made through the iterative improvements is documented in the version 

history (Appendix 5). A list of figures, tables and acronyms are given at the end of the report, as well 

as a glossary of key terms. 

 

12 April 2022 
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Sea-use guidelines Version 1.2 (Released 12-04-2022). List of all sea-use activities, grouped by their broad sea 

use and Marine Spatial Planning (MSP) Zones, and assessed according to their compatibility with the 

management objective of Critical Biodiversity Areas (CBA-N = CBA Natural; CBA-R = CBA Restore) and Ecological 

Support Areas (ESA). Activity compatibility is given as Y = yes, compatible, R = restricted compatibility, or N = not 

compatible. Marine Protected Areas (MPAs) are managed according to their gazetted regulations. 

Broad sea 

use 
Associated MSP Zones Associated sea-use activities 

M
P

A 

C
B

A-
N

 

C
B

A-
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Conservation Biodiversity Zones Expansion of place-based conservation measures (e.g., MPA expansion) 

S
e

a-
u

s
e

 a
c
ti
v
it
ie

s
 a

s
 p

e
r 

g
a

z
e

tt
e

d
 M

P
A

 r
e

g
u

la
ti
o
n

s
 

Y Y Y 

Recreation 

and tourism 
Marine Tourism Zone 

Beach recreation, non-motorised water sports Y Y Y 

Ecotourism (e.g., shark cage diving, whale watching) Y Y Y 

SCUBA diving Y Y Y 

Motorised water sports (e.g., jet skis) R R Y 

Recreational fishing (e.g., shore-based, boat-based and spearfishing) N R Y 

Shark control: exclusion nets Y Y Y 

Shark control: drumlines and gillnets N R Y 

Heritage Heritage Conservation Zone 
Protection of sites of heritage importance, including historical shipwrecks Y Y Y 

Protection of sites of seascape value Y Y Y 

Fisheries 

Commercial and Small-Scale 

Fishing Zones 

Abalone harvesting R R Y 

Linefishing N R R 

Demersal shark longlining N R Y 

Demersal hake longlining N R R 

Midwater trawling N R Y 

Pelagic longlining R R Y 

Small pelagics fishing N R Y 

South coast rock lobster harvesting R R Y 

Squid harvesting R R Y 

Tuna pole fishing R R Y 

West coast rock lobster harvesting R R Y 

Crustacean trawling N N R 

Demersal hake trawling (inshore and offshore) N R R 

Hake handlining R R Y 

Seaweed harvesting R R Y 

Commercial white mussel harvesting R R Y 

Beach seining R R Y 

Gillnetting R R Y 

Kelp harvesting R R Y 

Oyster harvesting  R R Y 

Small-scale fishing R R Y 

Fisheries Resource 

Protection Zone 
Resource protection Y Y Y 

Aquaculture Aquaculture Zone Sea-based aquaculture N R R 

Mining  Mining Zone 

Mining: prospecting (non-destructive) R R R 

Mining: prospecting (destructive, e.g., bulk sampling) N N R 

Mining: mining construction and operations1 N N R 

Petroleum Petroleum Zone 

Petroleum: exploration (non-invasive) R R R 

Petroleum: exploration (invasive, e.g., exploration wells) R R R 

Petroleum: production1,2 N N R 

Petroleum: oil and gas pipelines N N R 

Renewable 

Energy 
Renewable Energy Zone Renewable energy installations N R R 

Defence Military Zone 
Military training and practice areas R R Y 

Missile testing grounds R R Y 

Transport Maritime Transport Zone 

Designated shipping lanes (including port approach zones) R R Y 

Anchorage areas R R Y 

Bunkering N N R 

Ports and harbours (new) N N R 

Dumping of dredged material N N R 
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Broad sea 

use 
Associated MSP Zones Associated sea-use activities 

M
P

A 

C
B

A-
N

 

C
B

A-
R

 

E
S

A 

Infrastructure 

Underwater Infrastructure 

Zone 

Pipelines (excluding oil and gas) N R Y 

Undersea cables (new installations) N R Y 

Land-based Infrastructure 

Zone 

Coastal development (new installations, including piers, breakwaters, and 

seawalls)3 N N R 

Abstraction 

and Disposal 

Disposal Zone Waste-water (new installations) N R Y 

Sea-water abstraction and 

disposal 

Sea-water abstraction and disposal (e.g., desalination) R R Y 

Sea-water abstraction and disposal (e.g., aquaculture disposal) N R Y 

1 The activity should not be permitted to occur in CBAs because it is not compatible with the respective management objective. However, 

if significant mineral or petroleum resources are identified during prospecting/exploration, then the selection of the site as a CBA could be 
re-evaluated as part of compromises negotiations in current or future MSP processes. This would require alternative CBAs and/or 
biodiversity offsets to be identified. However, if it is not possible to identify alternative CBAs to meet targets for the same biodiversity 
features that are found at the site, it is recommended that the activity remains prohibited.  

2 The recommended prohibition of the activity in CBAs (because it is not compatible with the management objective) refers to the location 
of the biodiversity disturbance rather than the location of the petroleum resource. If petroleum production is possible using lateral drilling 
or other techniques that do not result in any impacts on biodiversity within the CBAs, then production may be treated as an activity with 
restricted compatibility (i.e., recommended to be a consent activity). 

3 New coastal development should not be permitted in CBA Restore sites unless it is part of rehabilitation and restoration activities to 
improve ecological condition. 
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Links to various related resources available on the EBSA Portal. Includes links to the National 

Biodiversity Assessment 2018 Marine and Coast reports; information on Ecologically or 

Biologically Significant Marine Areas; Technical Guidelines for developing CBA Maps; videos 

of presentations from the Information Sharing Session held on 22 October 2020; a short video 

explaining Marine Spatial Planning (available in four official languages); and more. 

 

 

 

http://biodiversityadvisor.sanbi.org/planning-and-assessment/lexicon-of-biodiversity-planning-in-south-africa/
https://cmr.mandela.ac.za/Research-Projects/EBSA-Portal/South-Africa/National-Coastal-and-Marine-Spatial-Biodiversity-P/Marine-Spatial-Biodiversity-Priority-Areas-as-an-i
https://cmr.mandela.ac.za/Research-Projects/EBSA-Portal/South-Africa/National-Coastal-and-Marine-Spatial-Biodiversity-P/Additional-Resources
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This technical report presents Version 1.2 of the National Map of Critical Biodiversity Areas and 

Ecological Support Areas (CBA Map) and associated sea-ǳǎŜ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ {ƻǳǘƘ !ŦǊƛŎŀΩǎ Ŏƻŀǎǘŀƭ ŀƴŘ 

marine environment. A CBA Map is a spatial plan for the natural environment, intended to inform 

planning and decision-making in support of sustainable development. It comprises a portfolio of 

biodiversity priority areas that are identified using principles of systematic biodiversity planning1. 

These priority areas are important for conserving a representative sample of ecosystems and species, 

for maintaining ecological processes and ecological infrastructure, and for providing ecosystem 

services (SANBI 2016). The sea-use guidelines enhance the use of the CBA Map in a range of planning 

and decision-making processes by indicating the compatibility of various sea-use activities with the 

different biodiversity priority areas so that the broad management objective for each priority area can 

be maintained. Together, the CBA Map and sea-use guidelines form a Spatial Biodiversity Plan, with 

the overall goal of safeguarding a sufficient, representative sample of coastal and marine biodiversity 

that can persist into the future, in support of sustainable economic development (see Section 4.1 for 

the planning objectives that support this goal). 

 

 

Operation Phakisa is a presidential ocean economy initiative that was launched in 2014 to help fast-

track implementation of the National Development Plan (Republic of South Africa 2014). Operation 

Phakisa Oceans Economy aims to unlock the economic potential of South Africa's oceans (Department 

of Planning Monitoring and Evaluation 2015), with a view to accelerating diversification and 

intensification of activities in ǘƘŜ ŎƻǳƴǘǊȅΩǎ Ŏƻŀǎǘŀƭ ȊƻƴŜ ŀƴŘ ƻŎŜŀƴǎ ǘƻ ƎǊƻǿ ǘƘŜ ōƭǳŜ ŜŎƻƴƻƳȅΦ 

Recognising the need to plan for these activities, South Africa is developing a national, multi-sector 

Marine Spatial Plan (MSP).  

 

On landΣ ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ǎǇŀǘƛŀƭ ƛƴǇǳǘ into multi-sectoral planning processes (equivalent to 

MSP) takes the form of a CBA Map (Botts et al. 2019). To date, CBA Maps have been compiled for the 

whole land-based portion of the country (terrestrial and inland aquatic realms), as well as for the 

marine area adjacent to KwaZulu-Natal (Harris et al. 2012). The National Biodiversity Assessment 2018 

(Skowno et al. 2019a), with its updated ecosystem maps and assessments, provided an opportunity 

for a preliminary National Coastal and Marine CBA Map (Version 0) to be developed (Harris and Sink 

2019). This was substantially expanded through four subsequent iterations prior to the current version 

(Version 1.2). In developing the National Coastal and Marine CBA Map, we consolidate several past 

and present spatial assessment and planning initiatives to provide a coherent map of the coastal and 

marine biodiversity priority areas in South Africa that require focused management measures to 

support sustainable development of the blue economy. These initiatives include: the most recent 

classification, mapping and assessment of coastal and marine biodiversity in South Africa (Harris et al. 

2019a; Harris et al. 2019f; Sink et al. 2019f); identification, revised delineation and proposed 

 
1 In the academic literature, this is referred to as Systematic Conservation Planning (SCP). However, SCP is often 
interpreted as being about spatial prioritisation for protected area expansion only. Given the broader application 
of SCP in South Africa, where it is used to identify spatial priorities to inform land- or sea-use planning and 
decision-making, it is more appropriately referred to as systematic biodiversity planning. 
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management of Ecologically or Biologically Significant Marine Areas (EBSAs; MARISMA 2020b); and 

other spatial prioritisations done at national, provincial, local or other sub-national scales, e.g., the 

Offshore Marine Protected Areas (OMPA) project (Sink et al. 2011), and the Algoa Bay Systematic 

Conservation Plan (Algoa Bay Project 2019).  

 

There are several ways in which the National Coastal and Marine Spatial Biodiversity Plan can be used. 

First, it is a consolidation of the biƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ǎǇŀǘƛŀƭ ǇǊƛƻǊƛǘƛŜǎ; therefore, it can inform the 

multi-sectoral MSP process (Figure 1), as per the MSP Act: No. 16 of 2018 (Republic of South Africa 

2018), in the same way that CBA Maps with accompanying land-use guidelines inform Spatial 

Development Frameworks on land in terms of the Spatial Planning and Land Use Management Act 

(SPLUMA; Act 16 of 2013). Accordingly, the National Coastal and Marine CBA Map and accompanying 

sea-use guidelines have provided the basis for the draft Marine Biodiversity Sector Plan (DFFE 2022) 

that will inform the three Marine Area Plans around the South African mainland in the emerging MSP 

process. Second, Spatial Biodiversity Plans can inform and streamline environmental decision-making, 

including Environmental Impact Assessments, in the landscape and seascape. Third, the priority areas 

identified in the CBA Map can guide restoration activities. And finally, the priority areas identified in 

the CBA Map can potentially inform focus areas for protected area expansion. 

 

Figure 1. Conceptual illustration showing how the ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ƛƴǇǳǘ ǘƻ ǘƘŜ a{t ǇǊƻŎŜǎǎ are incorporated 

into the MSP and MPA processes. ¢ƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ƛƴǇǳǘ ƛƴŎƭǳŘŜǎ the CBA Map and associated sea-use 

guidelines, and proposed focus areas for marine protected area (MPA) expansion based on the CBA Map. 

Through substantial stakeholder engagement and negotiations, the proposed biodiversity priority areas are 

expected to go through several iterations that aim to accommodate ƻǘƘŜǊ ǎŜŎǘƻǊΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎ as far as 

possible, recognising that it is likely that all sectors will need to make adjustments and compromises to their 

initial priority areas during MSP negotiations. Future updates of the National Coastal and Marine Spatial 

Biodiversity Plan will incorporate outcomes of the Marine Area Plans and MPA expansion, along with new data, 

to ensure targets are still met for all biodiversity features.  

 

A related application of the National Coastal and Marine CBA Map is to inform the recommended 

ƳŀƴŀƎŜƳŜƴǘ ƻŦ {ƻǳǘƘ !ŦǊƛŎŀΩǎ 9ŎƻƭƻƎƛŎŀƭƭȅ ƻǊ .ƛƻƭƻƎƛŎŀƭƭȅ Significant Marine Areas (EBSAs; see Box 3 

in Section 4.4.6.5), which are ǇŀǊǘ ƻŦ ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ƛƴǘŜƎǊŀǘŜŘ ƛƴǇǳǘ ƛƴǘƻ ǘƘŜ a{t ǇǊƻŎŜǎǎ. 

EBSAs were conceptualised by the Convention on Biological Diversity (CBD), initially as part of the 

work on approaches to promote international cooperation and coordination for the conservation and 

sustainable use of marine biodiversity in areas beyond national jurisdiction. However, the value of 

identifying EBSAs in areas under national jurisdiction was recognised, and States were urged to do so 

at the 9th Convention of Parties (COP) in 2009 (decision IX/20). It was also noted that EBSAs may 
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require enhanced conservation management measures (decision X/29) to secure their constituent 

marine biodiversity, and that this was a matter for States.  

 

South AfricaΩǎ 9.{!ǎ ǿŜǊŜ ŀŘƻǇǘŜŘ ōȅ the CBD at COP 12 in 2014. Under the current regional Marine 

Spatial Management and Governance (MARISMA) Programme (see Box 3 in Section 4.4.6.5), South 

Africa has revised its EBSAs and is preparing management recommendations for each one. EBSA 

management will take the form of a proposed zoning with accompanying sea-use guidelines per zone. 

Delineation of the zones is based on the National Coastal and Marine CBA Map, and the 

recommendations for management per zone are from the sea-use guidelines. This careful and 

deliberate alignment of the National Coastal and Marine CBA Map and the EBSA zones is important 

for identifying a single, coherent portfolio of coastal and marine biodiversity priorities to inform multi-

sectoral processes, such as MSP (see Box 3 in Section 4.4.6.5). 

 

 

The National Biodiversity Assessment (NBA) is a primary tool for reporting on the state of biodiversity 

in South Africa. In this assessment, the threat status and protection level of all ecosystem types is 

determined across the entire national territory in four realms: terrestrial, inland aquatic, estuarine 

and marine, with a cross-realm coastal integration (see Section 2.1). Species assessments and the state 

of genetic biodiversity are also reported in the NBA, along with chapters on the benefits of 

biodiversity, pressures and threats to biodiversity, and priority actions for managing and conserving 

biodiversity. The foundational data (e.g., maps of ecosystem types) and headline indicators (e.g., 

Ecosystem Threat Status, and Ecosystem Protection Level) that are assessed for the NBA are key inputs 

into spatial biodiversity planning (Figure 2). Ecosystem Threat Status gives an indication of the risk of 

ecosystem collapse, and Ecosystem Protection Level gives an indication of how well represented an 

ecosystem type is in the protected area network relative to its biodiversity target. 
 

Figure 2. Steps in assessing Ecosystem Threat Status and Ecosystem Protection Level. *Note: there is a link 

between protection level and ecological condition, where only natural/near-natural areas contribute to 

protection level targets. Figure from: Sink et al. (2019e). 
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Spatial biodiversity planning uses a systematic approach to identify a portfolio of priority areas within 

which biodiversity needs to be secured, and also makes recommendations for conserving and 

managing those areas. In South Africa, CBA Maps and associated land- or sea-use guidelines are the 

typical spatial biodiversity planning products (Figure 3). In the marine realm, EBSAs (see Box 3 in 

Section 4.4.6.5) are also a form of spatial biodiversity planning, with associated management 

recommendations. The National Coastal and Marine CBA Map has incorporated the EBSAs so that, as 

discussed above, there is a single consolidated input from the biodiversity sector into MSP and other 

multi-sector processes.  

 

 

 

 

 

 

 

 

 

 

Figure 3. Conceptual relationships among spatial biodiversity assessment, spatial biodiversity planning and 

prioritisation for protected area expansion in South Africa. 

 

Outputs from both spatial biodiversity assessment and spatial biodiversity planning inform spatial 

prioritisation for protected area expansion (Figure 3). In terms of spatial biodiversity assessment, the 

NBA identifies ecosystem types that are under-protected, and the headline indicators of Ecosystem 

Threat Status and Ecosystem Protection Level (Figure 2) guide which ecosystem types are highest 

priority for protection. For example, a Critically Endangered ecosystem type that is Not Protected (i.e., 

<5% of the biodiversity target is met) is at high risk of its constituent biodiversity being lost. Spatial 

biodiversity planning gives the most efficient spatial configuration within which to meet targets for 

biodiversity features. For example, it will give the best spatial configuration in which to meet targets 

for the Critically Endangered, Poorly Protected ecosystem type such that the protection level is 

improved to Well Protected. These outputs facilitate identification of focus areas for formal protection 

in MPAs (that also take other factors into account), which can be explored further in multi-sector 

negotiations. 

 

The value of taking this systematic, spatially explicit approach to biodiversity assessment, planning 

and prioritisation (Figure 3) is exemplified by the recently declared MPAs in the Phakisa network. 

These MPAs were underpinned by the spatial biodiversity assessments undertaken in 2004 (Lombard 

et al. 2004) and 2011 (Sink et al. 2012), and a spatial biodiversity plan that led to the identification and 

prioritisation of focus areas for MPA expansion (Sink et al. 2011). The MPA network that was declared 

in 2019, after stakeholder consultation and negotiation, is highly efficient in spatial terms. It 

represents 87% of the 150 marine ecosystem types in just 5.4% of {ƻǳǘƘ !ŦǊƛŎŀΩǎ ƳŀƛƴƭŀƴŘ marine 

territory (Sink et al. 2019d).  
 

SPATIAL BIODIVERSITY ASSESSMENT 

NBA Coast and Marine Reports 

SPATIAL BIODIVERSITY PLANNING 

CBA Map and sea-use guidelines 

PRIORITISATION FOR PROTECTED AREA EXPANSION 

Focus areas for securing coastal and marine biodiversity 
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The National Coastal and Marine Spatial Biodiversity Plan is intended to be used by managers and 

decision-makers in those national government departments whose activities occur in the coastal and 

marine space, e.g., environment, fishing, transport (shipping), petroleum, mining, and others. It is 

relevant for the Marine Spatial Planning National Working Group where many of these departments 

ŀǊŜ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŜƳŜǊƎƛƴƎ ƳŀǊƛƴŜ ǎǇŀǘƛŀƭ Ǉƭŀƴǎ, and it provides the basis 

for the Marine Biodiversity Sector Plan (DFFE 2022) as an input into the MSP process. It is also intended 

for use by relevant managers and decision-makers in the coastal provinces and coastal municipalities, 

EIA practitioners, organisations working in the coast and ocean, civil society, and the private sector. 

 

 

Following this Introduction, the coastal and marine environment in South Africa is defined and 

described (Section 2). Background is provided on the development and application of systematic 

biodiversity planning, including its application in developing CBA Maps (Section 3). The methodology 

for developing the National Coastal and Marine CBA Map is provided, including descriptions of the 

planning domain, input layers, biodiversity targets, and analysis methods (Section 4). The spatial 

outputs (Section 5, see also Appendix 1 for a summary of target achievement) and accompanying sea-

use guidelines are presented and discussed (Section 6). Given that developing and updating the 

National Coastal and Marine CBA Map and sea-use guidelines is an iterative process, attention is paid 

to data gaps and limitations that need to be addressed in the next iterations and future updates of 

this Spatial Biodiversity Plan (Section 7, Appendix 2). Details of the CBA Map sub-categories are 

presented alongside the coastal land-based protected areas, CBAs and ESAs, with reference to the 

coastal land-use guidelines and links to integrated coastal zone management (Appendix 3). A summary 

of stakeholder engagements is provided (Appendix 4), as well as a version history (Appendix 5). A list 

of figures, tables and acronyms are given at the end of the report, as well as a glossary of key terms. 
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The land-sea interface is a complex space in which to work, partly because of the myriad of definitions 

ŀƴŘ ŘŜƭƛƴŜŀǘƛƻƴǎ ƻŦ άǘƘŜ Ŏƻŀǎǘέ ŀƴŘ άǘƘŜ ŎƻŀǎǘƭƛƴŜέΦ ! ǇŀǊǘƛŎǳƭŀǊ ŎƘŀƭƭŜƴƎŜ Ƙŀǎ ōŜŜƴ ǘƘŜ ǎǇŀǘƛŀƭ 

misalignment of terrestrial, estuarine and marine maps along their seams within this coastal interface. 

Importantly, this precluded cross-realm analyses and accurate assessment of coastal biodiversity, and 

made it difficult to include biodiversity pattern and ecological processes meaningfully in spatial 

biodiversity plans. This was addressed in the NBA 2018 by integrating the national maps of ecosystem 

types in the terrestrial, estuarine and marine realms to form a single seamless map of ecosystem types 

for the first time (Harris et al. 2019a; Skowno et al. 2019a).  

 

The first step toward achieving this seamless integration was to construct a conceptual framework 

(see Figure 5 below) for dividing the land-sea interface using boundaries that marked an appropriate 

divide between the terrestrial and marine realms, and that best represented ecosystem types that 

occur across the ecotone (transitional zone) between land and sea. The seashore zone, comprising the 

backshore (foredunes) and shore (from the dune base to the back of the surf zone), was defined, with 

the backshore marking the seaward edge of the terrestrial National Vegetation Map (Dayaram et al. 

2019) and the shore marking the landward edge of the map of marine ecosystem types (Sink et al. 

2019a). Delineating the seashore required high-resolution mapping at a fine scale (<1:3000) (Harris et 

al. 2019a). Estuaries intersect the seashore zone all along the South African coastline, and these too 

needed to be seamlessly integrated as well (Harris et al. 2019a). In the map of estuarine ecosystem 

types, estuaries are delineated as the Estuarine Functional Zone (EFZ; Van Niekerk et al. 2019a). Where 

these intersect the seashore, the EFZ and backshore boundaries were aligned as necessary, and the 

seaward edge of the EFZ was extended to include the full extent of the shore zone (i.e., to the back of 

the surf zone). The result of digitizing the seashore (including estuarine shores) at such a high 

resolution was achieving accurate representation of these very narrow ecosystem types for the first 

time (Harris et al. 2019a), and facilitating the compilation of the seamless, integrated map of 

ecosystem types for the entire area under South AfriŎŀΩǎ ƴŀǘƛƻƴŀƭ ƧǳǊƛǎŘƛŎǘƛƻƴ (Skowno et al. 2019a). 

 

Once the maps of ecosystem types were seamlessly aligned, an ecologically determined coastal zone 

was identified (Harris et al. 2019a), comprising coastal ecosystem types from the terrestrial, estuarine 

and marine realms (Figure 4). Inland aquatic features are not included in the ecologically determined 

coast at this time (Van Deventer 2019). The fundamental principle by which the ecologically 

determined coastal zone was identified was to select ecosystem types that had an influence from both 

land and sea (see Harris et al. 2019a for details). Therefore, vegetation types were considered coastal 

if they had >70% of their extent within 10 km of the dune base and/or the description of the vegetation 

type in the National Vegetation Map (Dayaram et al. 2019) mentioned a coastal affinity. The 

vegetation types that matched these criteria were included (full extent per vegetation type) to 

comprise the coastal terrestrial portion of the map. All estuaries were considered coastal, and were 

mapped and included as the estuarine functional zone (EFZ). And finally, all marine ecosystem types 

in the shore and inner shelf zones, and those further offshore that are influenced by outflow from 

rivers are included in the ecologically determined coastal zone: this is the coastal marine portion of 

the map (see Figure 5 for a schematic representation). 
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Figure 4. όŀύ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŜŎƻƭƻƎƛŎŀƭƭȅ ŘŜǘŜǊƳƛƴŜŘ Ŏƻŀǎǘŀƭ ȊƻƴŜ ƎƛǾŜƴ ƛƴ ŎƻƭƻǳǊΣ ǿƛǘƘ ǘƘŜ ŀŘƧŀŎŜƴǘ ƭŀƴŘ ŀƴŘ ǎŜŀ 

shown in grey, showing the portions of the land (terrestrial vegetation types and estuaries) and sea (coastal 

marine ecosystem types) that comprise the coast. (b) Representing ecosystem types accurately in the coast, 

especially in the seashore zone, required high-resolution mapping (see Harris et al., 2019a). Note that the legend 

is applicable only to panel a, with ecosystem types in panel b shown in shades of the same zone colours as in 

panel a. 

 

 

{ƻǳǘƘ !ŦǊƛŎŀΩǎ ƳŀǊƛƴŜ ǘŜǊǊƛǘƻǊȅ ŎƻƳǇǊƛǎŜǎ ǘƘŜ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀǎ όextends to 12 NM offshore), and the 

Exclusive Economic Zone (EEZ; extending from 12 NM to 200 NM offshore) ŀǊƻǳƴŘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 

mainland and the Sub-Antarctic Prince Edward Islands (PEI). Note that in this report, reference to the 

ŎƻǳƴǘǊȅΩǎ ƳŀǊƛƴŜ ǘŜǊǊƛǘƻǊȅ ǊŜŦŜǊǎ ƻƴƭȅ ǘƻ ǘƘŀǘ ŀǊƻǳƴŘ ǘƘŜ ƳŀƛƴƭŀƴŘΦ This is the same extent as the 

Marine Realm in the NBA 2018 (Sink et al. 2019f). 

 

 

The planning domain for the National Coastal and Marine Spatial Biodiversity Plan is the marine 

territory (Figure 5). It is explicitƭȅ ŦƻǊ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ƳŀƛƴƭŀƴŘ ŀƴŘ ŜȄŎƭǳŘŜǎ t9LΦ ό{ŜŜ Lombard et al. 

(2007b) for a systematic biodiversity plan for PEI that underpinned the declaration of the PEI MPA). It 

is also noted that this planning domain covers the entire mainland area under the jurisdiction of the 

MSP Act. However, given that the coast is a cross-realm zone, deliberate alignment of land-based and 
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coastal marine biodiversity priority areas is needed. To highlight this, the National Coastal and Marine 

CBA Map is presented with the biodiversity priority areas for all coastal municipalities that are within 

10 km of the shore (see Appendix 3). This inland area covers the full extent of the ecologically 

determined coastal zone, and is a preferable inland extent because it is an administrative boundary 

(Botts et al. 2019), even though it unavoidably includes some areas that are not coastal, especially in 

the Northern Cape. Some alignment of biodiversity priorities was included in the current version of 

the National Coastal and Marine CBA Map, and will be advanced through cross-realm planning in 

future versions (see Section 7.2 for details). 

 

 

Figure 5. The planning domain (extent of the National Coastal and Marine CBA Map) includes the full extent of 

the marine realm (marine territory), with the existing biodiversity priorities from the Provincial and Metro CBA 

Maps shown for the coastal municipalities that span the ecologically determined coastal zone and a bit beyond. 

The coast is a cross-realm zone comprising: terrestrial coastal and semi-coastal vegetation types, including those 

in the backshore; all estuaries; and all marine ecosystem types from the shore and inner shelf, and those 

ecosystem types that are river-influenced. Cross-realm alignment of biodiversity priorities is needed in the coastal 

zone. 

No new planning was done for the land-based portion of the planning domain; only for the area that 

is seaward of the dune base (Figure 5; see also Figure 9 in Section 4.1). The biodiversity priority areas 

(protected areas, CBAs and ESAs) for the coastal municipalities were taken directly from the existing 

provincial biodiversity plans for the four coastal provinces (Northern, Western and Eastern Cape, and 

KwaZulu-Natal), which have been developed by (or for) their respective provincial conservation 

authorities (see Section 4: Methods for details, and Appendix 3). 
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Coastal and marine biodiversity in South Africa is exceptional. As the southern tip of Africa, the country 

is influenced by three ocean basins, each with contrasting oceanographic conditions. The west coast 

is influenced by the Benguela Current that brings cold water from the western and southern portion 

of the South Atlantic Gyre, with characteristic upwelling in the region resulting in some of the highest 

marine primary productivity in the world. The east coast is bounded by the warm, fast-flowing Agulhas 

Current that sweeps warm tropical waters southward along the eastern seaboard. These two currents 

meet each other and brush past the northern extent of the Southern Ocean along the southern margin 

of the country.  

 

These three ocean systems give rise to stark contrasts among ecosystems, communities and species 

on the cool temperate west coast, warm temperate south coast, and subtropical east coast, such that 

150 marine ecosystem types in 15 broad ecosystem groups have been identified for South Africa. 

These groups are: Sandy Shores; Rocky and Mixed Shores; Islands; Bays; Kelp Forests; Shallow Reef; 

Shallow Soft Shelf; Shallow Rocky Shelf; Deep Soft Shelf; Deep Rocky Shelf; Slope; Plateau; Seamount; 

Canyon; and Abyss (Sink et al. 2019a). These are 

nested into five ecoregions (Figure 6), some of which 

are split further into sub-regions. The ecoregions are: 

cool temperate Southern Benguela (Namaqua and 

Cape sub-regions); warm temperate Agulhas; 

subtropical Natal-Delagoa (Delagoa, KwaZulu-Natal 

Bight and KZN-Pondoland sub-regions); Southeast 

Atlantic; and Southwest Indian (Sink et al. 2019a). 

Although the South African territory includes the sub-

Antarctic Prince Edward Islands (PEI) in the Southern 

Ocean (Whitehead et al. 2019), this report focuses on 

only the mainland coastal and marine environment 

and excludes PEI (see also Lombard et al. 2007b). 

 

The contrasting ocean currents and differences in 

topography between the eastern and western 

portions of the country results in the bulk of South 

!ŦǊƛŎŀΩǎ Ǌŀƛƴ ŦŀƭƭƛƴƎ ƻƴ ǘƘŜ ŜŀǎǘŜǊƴ ƘŀƭŦ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΦ Lƴ ǘǳǊƴΣ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ƻǳǊ нфл ŜǎǘǳŀǊƛŜs 

and 42 micro- estuaries are located on the east coast (Van Niekerk et al. 2019a). There are nine types 

of estuaries, ranging from fluvially dominated to small temporarily closed systems, and four bioregions 

(Cool Temperate, Warm Temperate, Subtropical, Tropical), giving a total of 22 estuarine ecosystem 

types, and a further nine micro-system (micro-estuary, micro-outlet, coastal waterfall) ecosystem 

types (van Niekerk et al. 2020). 

 

South Africa is recognised as a megadiverse country (Mittermeier et al. 1997) because of its 

particularly high species richness. Because of the contrasts in productivity and temperature between 

the west and east coasts, community biomass is generally higher on the west coast, and diversity is 

higher on the east coast (Bustamante and Branch 1996). Endemism, however, is often highest along 

the south coast. This is true of beach species and foredune plants (Harris et al. 2014b), coastal fish 

(Turpie et al. 2000), and marine invertebrates (Awad et al. 2002; Griffiths and Robinson 2016), 

including decapods (Kensley 1981). Moreover, new species are continually being discovered the more 

Figure 6. Five marine ecoregions of South Africa 

(Sink et al., 2019a): Southern Benguela Shelf 

(dark blue), South East Atlantic (turquoise 

blue), Agulhas Shelf (green), Natal-Delagoa 

Shelf (red), and Southwest Indian (yellow). 



 

10 
 
 

we explore our oceans (e.g., Samaai et al. 2017). To date, it is estimated that {ƻǳǘƘ !ŦǊƛŎŀΩǎ ƳŀǊƛƴŜ 

ecosystems support more than 13 000 species (Sink et al. 2019e), with estimates of marine endemism 

for different groups of taxa ranging between 26 and 33% (Awad et al. 2002; Costello et al. 2010; 

Gibbons 1999; Griffiths and Robinson 2016; Griffiths et al. 2010). Globally, South Africa is reported as 

having the third highest marine endemism (28%) after New Zealand (51%) and Antarctica (45%), as 

well as the third highest number of species per unit area after South Korea and China (Costello et al. 

2010). ¢ƘŜ ǊƛŎƘƴŜǎǎ ŀƴŘ ǳƴƛǉǳŜƴŜǎǎ ƻŦ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ōƛƻŘƛǾŜǊǎƛǘȅ ƛǎ ŀƭǎƻ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ 

data that are included in National Coastal and Marine Spatial Biodiversity Plan (see Section 4.4). In 

short, South Africa has a lot to celebrate in terms of its abundant biodiversity, and it is imperative to 

safeguard this national asset for the myriad of benefits it delivers to people, and as a legacy for future 

generations. 

 

 



 

11 
 
 

 

 

A Map of Critical Biodiversity Areas and Ecological Support Areas (CBA Map) presents a spatial plan 

for the natural environment, designed to inform planning and decision-making in support of 

sustainable development. The map comprises three main sets of biodiversity priority areas: protected 

aǊŜŀǎΣ /ǊƛǘƛŎŀƭ .ƛƻŘƛǾŜǊǎƛǘȅ !ǊŜŀǎ ό/.!ǎύ ŀƴŘ 9ŎƻƭƻƎƛŎŀƭ {ǳǇǇƻǊǘ !ǊŜŀǎ ό9{!ǎύ ǘƘŀǘ ŀǊŜ Ƨƻƛƴǘƭȅ άƛƳǇƻǊǘŀƴǘ 

for the persistence of a viable representative sample of all ecosystem types and species as well as the 

long-term ecological functioning of the landscape [and seascape] ŀǎ ŀ ǿƘƻƭŜέ (SANBI 2017). Areas not 

selected as biodiversity priorities are categorised as Other Natural Areas (ONA) or No Natural 

Remaining (NNR). SANBI has developed Technical Guidelines for CBA Maps (SANBI 2017, hereafter 

called the Technical Guidelines), which include a requirement for CBA Maps to be based on systematic 

biodiversity planning principles (see Section 3.3). 

 

On land, CBA Maps in South Africa are compiled at a sub-national level, usually provincial, and in some 

cases for individual metropolitan areas. These CBA Maps and accompanying land-use guidelines 

ǇǊƻǾƛŘŜ ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ƛƴǇǳǘ ƛƴǘƻ a range of multi-sectoral planning and assessment 

processes that relate to land-use planning and decision making, including municipal Integrated 

Development Plans and Spatial Development Frameworks. CBAs are also among the features that 

trigger environmental authorisation processes through the Environmental Impact Assessment 

Regulations, published under the National Environmental Management Act (No. 107 of 1998). 

Protected areas and CBAs also feature as part of the Natural Resource and Ecological Infrastructure 

subframe in the draft National Spatial Development Framework, which was published for public 

comment in early 2020. In short, CBA Maps are a powerful tool to bring ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ǎǇŀǘƛŀƭ 

priorities into a range of planning, assessment and decision-making processes from the national to 

local level, with the ultimate intent of securing biodiversity assets and ecological infrastructure in 

support of long-term sustainable development (SANBI 2017). The effectiveness of CBAs in avoiding 

biodiversity loss has also been clearly demonstrated (von Staden et al. 2022). 

 

To ensure consistency among CBA Maps produced by different planners for different areas and realms 

(terrestrial, inland aquatic, estuarine and marine), a set of Technical Guidelines was compiled to give 

clear instructions regarding the technical aspects of the process (SANBI 2017). For example, the 

Technical Guidelines state that CBA Maps must be designed from a minimum of four input layers: 

existing protected areas; ecosystem types; areas of importance for ecological processes; and a spatial 

assessment of ecological condition. Additional inputs, such as species of special concern, unique or 

special habitats or features, ecological infrastructure, and socio-economic constraints can add 

substantial value where such data are available. These input layers and data are used to prioritise 

portions of the landscape or seascape in a spatially efficient and connected network of sites that are 

representative of the biodiversity in the planning domain. This prioritisation is based on a systematic 

biodiversity plan, which in South Africa is most commonly undertaken using the decision-support tool, 

Marxan (Ball et al. 2009; Botts et al. 2019; see Box 1). The Technical Guidelines provide guidance on 

target setting for the biodiversity features that are fed into the systematic biodiversity plan (see also 

Section 4.6). There are also clear instructions on how to translate the input layers and the outputs 

from the systematic biodiversity plan into the various types of biodiversity priority areas that comprise 

a CBA Map (Figure 7). 
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Figure 7. Schematic diagram showing an overview of the technical process of developing a CBA Map. 

 

The identified biodiversity priority areas are divided among three main CBA Map categories: protected 

areas, Critical Biodiversity Areas (CBAs) and Ecological Support Areas (ESAs) (Table 1), with CBAs and 

ESAs each generally divided further into two sub-categories: CBA 1 and CBA 2; ESA 1 and ESA 2. The 

split between CBA classes is based on how irreplaceable the features are in the landscape or seascape, 

and the split between ESA classes is based on the ecological condition of the sites. It is emphasised 

that protected areas are a separate map category and are not a subset of CBAs or ESAs. Further, none 

of the map categories overlap: a site is allocated to only one map category. 

 
Table 1. Conceptual framework of biodiversity priority areas in CBA Maps (adapted from SANBI 2017).  

Category Definition and purpose Broad management 
objective 

Protected 
Areas 

These are protected areas declared or recognised in the National 

Environmental Management: Protected Areas Act (No. 57 of 2003). 

They provide formal long-term protection for important biodiversity 

and landscape/seascape features; and together with CBAs, they 

ensure that a viable, representative sample of biodiversity can 

persist. 

As per each 

Protected Area 

Management Plan. 

Critical 

Biodiversity 

Areas 

(CBAs) 

CBAs are sites that, together with Protected Areas, are required to 

meet targets for biodiversity features. Ideally these sites are natural 

or near-natural. Together with Protected Areas, they ensure that a 

viable, representative sample of biodiversity can persist. 

Must be kept in or 

restored to a natural 

or near-natural 

ecological condition. 

Ecological 

Support 

Areas 

(ESAs) 

 

ESAs are sites that are not CBAs but are still important for meeting 

targets for biodiversity and ecological processes. They ensure the 

long-term ecological functioning of the landscape/seascape as a 

whole. 

Further 

deterioration in 

ecological condition 

must be avoided. 

 

Areas that are not classified as biodiversity priority areas are represented on a CBA Map as Other 

Natural Areas (ONA) or as No Natural Remaining (NNR), depending on the ecological condition of the 

area. However, these two map categories are not included in the National Coastal and Marine Spatial 

Biodiversity Plan; the focus is rather on the biodiversity priority areas. Further, ONA and NNR are not 

covered by any use guidelines (for either land-based planning or marine planning). However, 

environmental management measures must still be applied in these zones as well. These measures 
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are the set of general principles and rules that are ŀǇǇƭƛŜŘ ǘƘǊƻǳƎƘƻǳǘ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ƳŀǊƛƴŜ ǘŜǊǊƛǘƻǊȅΦ 

These principles and rules represent key aspects of marine management and include all relevant non-

spatial management processes and requirements for the sustainable use of marine resources, such 

as: ecosystem-based management of fisheries; seasonal fisheries regulations, quotas and size limits; 

required regulatory processes and associated impact assessments; and measures required to manage 

climate change impacts, introduction of alien invasive species, under-water noise, and disaster-risk 

management. 

  

 

Historically, nature conservation reflected the thinking of the time: that humans were separate from 

the environment and so biodiversity was protected by fencing off areas of wilderness (Mace 2014). 

However, design and placement of land-based protected areas was often ad hoc, poorly accounted 

for biodiversity representation, largely comprised areas that were unsuitable for urban development 

or agriculture, and in hindsight, were often very inefficient solutions (Pressey 1994). As the 

understanding of ǇŜƻǇƭŜΩǎ relationship with nature grew through time (Mace 2014), so too did 

methods for designing appropriate protected areas until, at the turn of the century, systematic 

conservation planning was formally defined (Margules and Pressey 2000). In their seminal paper, 

Margules and Pressey (2000) define systematic conservation planning as a six-stage process that aims 

to achieve representation and persistence of biodiversity in an efficient portfolio of priority areas that 

is in least conflict with competing uses and users, often with limited resources (Margules and Pressey 

2000). These six steps are:  

1. Compile data on the biodiversity of the planning region 

2. Identify conservation goals for the planning region 

3. Review existing conservation areas 

4. Select additional conservation areas 

5. Implement conservation actions 

6. Maintain the required values of conservation areas 

Although systematic conservation planning was initially used to design protected area networks, this 

has been extended to broader land-use planning (Botts et al. 2019). Given this broader application of 

systematic conservation planning in South Africa, it is more appropriately referred to as systematic 

biodiversity planning. By having tools such as systematic biodiversity planning available for marine 

planning from the outset, it is possible to avoid designs for protected area networks that are biased 

and often inefficient, as are frequently found in terrestrial areas (Pressey 1994). This has already been 

demonstrated in South Africa, where the new MPA network was designed using systematic 

biodiversity planning, and includes at least some representation for 87% of the 150 marine ecosystem 

types in just 5.4% of the mainland marine territory (Sink et al. 2019d). 

 

Initially, practitioners in South Africa (and globally) used custom algorithms to undertake systematic 

biodiversity planning until specialised software became available (Botts et al. 2019), with the most 

commonly used programmes including Marxan (Ball et al. 2009; see Box 1 below), C-Plan (Pressey et 

al. 2009) and Zonation (Moilanen et al. 2009a). In South Africa, Marxan is most commonly used (Botts 

et al. 2019), and is the algorithm used for this National Coastal and Marine Spatial Biodiversity Plan. 

Marxan is the abbreviation for "marine reserve design using spatially explicit annealing", although it 

is commonly used beyond the marine realm. Using an algorithm to search the decision space is 
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substantially more accurate and efficient compared to doing it by hand. Because a site can either be 

selected or not selected as a biodiversity priority area, a planning domain divided into 100 000 

planning units can have 100 0002 (10 billion) possible solutions. The National Coastal and Marine CBA 

Map has nearly four times as many planning units, therefore, there are nearly 160 billion possible 

solutions. The algorithm searches the decision space far quicker than is humanly possible to find the 

most efficient solution to meet the targets for all the biodiversity features in a configuration that is in 

least conflict with other activities. 

 

 

The minimum set problem formulation, in its simplest form, is defined in the equations below (Moilanen et 

al. 2009b): 

          min  В ὧὼ         

 given the constraints that  

  В ὼὶ Ὕ for all features j       

   and  }{1,0Íix    for all sites i        

where sN is the number of sites,
 ic is the cost of site i , 

ijr is the occurrence level of feature j in site i , and 

jT is the target level for each feature j . The Boolean control variable ix  has value 1 for selected sites, and 

value 0 for sites not selected. 

Marxan uses simulated annealing to 

solve this algorithm. It seeks to meet 

feature targets across the decision 

space with the least conflict to other 

sectors or activities (cost) by 

evaluating different combinations of 

selected planning units. With each 

iteration in the routine, Marxan either 

selects or unselects a planning unit 

and evaluates if this improved 

(lowered) or worsened (increased) 

the overall score, initially allowing 

increases in score to avoid falling in 

local minima such that the global 

minimum score can be found (or at 

least, closely approximated; Figure 8). 

By including a penalty term for 

boundary length (the boundary length 

modifier), Marxan also has to trade off 

higher penalties for having fragmented 

solutions of very low cost and selecting 

planning units of higher cost but that 

comprise neat, compact selections.  

Given that Marxan is a minimum set algorithm, complementarity and efficiency are at its core. By the end of 

the routine, it selects a portfolio of sites such that user-defined biodiversity targets are met for all features at 

the lowest cost to competing activities and in the most efficient configuration. Calibrating parameters (see 

Section 4.7.1) allows for optimal clustering of selected sites without large increases in cost for minimal 

improvements in clustering. 

Figure 8. Illustration of how the Marxan score (0 - x; blue line) could 

change over time (where time is measured as the number of 

iterations in the routine; 0 - n). The Marxan score decreases with 

every "good move", and increases with every "bad move". Early in 

the routine (when the annealing temperature is high), bad moves 

are accepted to prevent the algorithm from slipping into a local 

minimum, but fewer of these are allowed as the annealing 

temperature cools (coloured arrow). If the routine duration is long 

enough (user-defined number of iterations), then the solution should 

come close to achieving the global minimum. (Figure from Harris 

2012).
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The Technical Guidelines highlight three principles of systematic biodiversity planning that need to be 

reflected in a CBA Map: representation, persistence and target setting (SANBI 2017). The principle of 

representation is that a sufficient sample of all biodiversity is selected for inclusion in the priority 

areas; and the principle of persistence requires maintaining ecological processes so that biodiversity 

will persist over time, particularly in the face of rapid global change. Fundamental to realising both 

principles is setting and achieving quantitative biodiversity targets for mapped (surrogates of) 

biodiversity pattern and ecological processes. 

  

For the National Coastal and Marine CBA Map Version 1.2, representation was achieved by using the 

National Map of Marine Ecosystem Types (Sink et al. 2019a) and a map of pelagic ecosystem types 

(Roberson et al. 2017; Sink et al. 2012) as the main surrogate for marine biodiversity, and setting 

quantitative biodiversity targets for all ecosystem types. This was supplemented by as many additional 

biodiversity datasets as were available at the time of analysis, with particular focus on species that are 

not well represented by ecosystem types (e.g., seabirds, turtles, seals, cetaceans, sharks and rays), 

and setting targets for these features as well. Achievement of the biodiversity targets was assessed as 

part of the methodology (see Section 4 below for more details, and Appendix 1). Further effort is 

needed to increase and consolidate species atlas data for inclusion in future versions of the National 

Coastal and Marine CBA Map to support and strengthen species representation, e.g., fish and 

invertebrates, especially for those species that are not well represented by ecosystem types. (See also 

Section 7.1.2). 

 

Fully addressing the principle of persistence is a current limitation of the CBA Map, and is an area 

requiring more research and engagement with the scientific community. For coastal and marine 

biodiversity to persist into the future and for the long term, it is imperative to maintain pathways of 

dispersal, replenishment of local populations, and gene flow, and protect of the full spectrum of 

genetic diversity, all in the face of global change and increasing ocean-based economic activity. The 

systematic biodiversity plan thus needs to include biodiversity features and/or design criteria that can: 

¶ accommodate species shifts in response to climate change through inclusion of ecological 

corridors, or a series of refugia όƻǊ ΨǎǘŜǇǇƛƴƎ ǎǘƻƴŜǎΩύ that are appropriately sized and spaced; 

¶ support persistence of metapopulations through larval dispersal and/or immigration and 

emigration between areas that are appropriately sized and spaced;  

¶ secure critical portions of animal migration routes and/or home ranges, particularly those 

required for animals to complete their life-history stages (e.g., breeding or nesting grounds); 

¶ provide resilience to the pressures on genetic diversity and continuity (e.g., overfishing); 

¶ adequately represent ecological processes that support persistence of species (e.g., 

productivity).  

For the most part, these elements can be addressed by having appropriate biodiversity targets for 

species (ideally based on population viability analyses, although these tend to be rarely available) and 

the areas critical for them to complete their lifecycles, including appropriate ecological corridors and 

processes that support species persistence.  

 

Persistence is currently accounted for by including data on ecological processes and some biodiversity 

features that are important for species to complete their lifecycles. This includes having higher 

biodiversity targets for special ecosystem types (i.e., types that are more diverse, more sensitive and 

have a disproportionately high contribution to ecological processes compared to other ecosystem 
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types), such as canyons, seamounts and reefs (see Section 4.6). Ecological processes were also 

accounted for by including the full extent of Ecologically or Biologically Significant Marine Areas 

(EBSAs), many of which were delineated to include sites of key ecological processes (e.g., sites of 

importance for key life-history stages and areas of high productivity; Box 3 in Section 4.4.6.5). 

Additionally, there are datasets representing productivity and importance for life-history stages, 

including spawning and nursery areas, migration routes, breeding and foraging areas. There is also a 

design element for climate velocity, the inclusion of which facilitates preferential selection of those 

portions of ecosystem types that are most stable to sea-surface temperature change.  

 

The biggest gap (in both available data and our understanding) in including persistence in the CBA 

Map is in terms of seascape connectivity (see characteristic 3 below). Seascape connectivity is 

fundamentally different to landscape connectivity, and the approaches to defining and mapping 

ecological corridors on land are not necessarily applicable in the sea. In the ocean, it is more important 

to have a network of refugia that are appropriately sized and spaced than having contiguous corridors 

as is required on land. This aspect needs to be iteratively improved in future iterations of the CBA Map 

(see Section 7.1.3). 

 

In implementing the three principles above, there are five essential characteristics of systematic 

biodiversity planning (listed below) that are required in a CBA Map (SANBI 2017).  

1. Complementarity and spatial efficiency relate to selecting sites with complementary 

assemblages of biodiversity to represent all species in the most spatially efficient configuration. 

This was addressed by using Marxan to select the priority sites. As described above, Marxan 

accounts for these attributes by being a minimum-set algorithm and selecting the most efficient 

portfolio of planning units that meet targets for biodiversity features. It achieves this by selecting 

complementary sites rather than all sites of highest diversity (ƛΦŜΦΣ ΨƘƻǘǎǇƻǘǎΩ ǘƘŀǘ, collectively, 

may not be representative of all biodiversity in the planning domain). 

2. Conflict avoidance relates to meeting biodiversity targets in areas that avoid as much competing 

use for those same areas as possible. This was addressed by including a Ψcost layerΩ in the Marxan 

analysis, with two of the four components comprising the cost metric explicitly aimed at reducing 

conflict with other sectors. Marxan seeks to meet targets for the lowest cost, i.e., with the least 

conflict to other uses and users of the marine environment, as far as possible. In some cases, 

avoiding conflict may not be possible, e.g., for rare or Critically Endangered features that are in 

an area of high importance for another sector. To further minimize cost, we selected input 

parameters that result in slightly less spatial efficiency in favour of stronger conflict avoidance 

(see Section 4.7.1, Figure 178). 

3. Connectivity relates to the connectedness of the selected sites in a way that makes provision for 

species to move along geographic, climatic, productivity and oceanographic gradients, for 

metapopulations to be maintained, and migratory (and wide-ranging) species to complete their 

lifecycles. It is addressed by focussing on including networks of sites that can serve as refugia for 

species. As a first step, the existing MPA and EBSA networks were included as connected 

networks of priority areas. It is recognised that the connectivity among these areas will need 

further testing, for example, ƛƴ ǘŜǊƳǎ ƻŦ ǎǇŜŎƛŜǎΩ ŘƛǎǇŜǊǎŀƭ ŘƛǎǘŀƴŎŜǎ όǎŜŜ Box 2 below). For the 

coast, however, landscape-scale ecological corridors are appropriate and essential. Therefore, 

connectivity is also addressed by including the existing land-based biodiversity priority areas (see 

Section 4.4.7.1), and edge-matching the coastal marine priority areas to ensure contiguous, land-
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sea, catchment-to-coast connectivity.2 This also has scope to be improved through cross-realm 

planning (see Section 7.2). 

4. A spatial biodiversity plan is required to be data driven. The biodiversity input layers are all based 

on the best-available data and have quantitative biodiversity targets, both of which follow the 

requirements and recommendations in the Technical Guidelines. The cost layer (see Section 4.5) 

was compiled using data largely provided by the respective government departments and 

industries, to best represent the interests of other sectors. It also included data from the NBA 

2018. The input parameter calibrations and spatial prioritisation methods all follow the Marxan 

good practice guidelines (Ardron et al. 2010; Game and Grantham 2008), and the biodiversity 

priority areas were selected by the Marxan algorithm. Therefore, the selection of priority areas 

is considered to be objective, and data driven.  

5. The prioritisation is made explicit and repeatable by detailing all steps taken during the planning 

process in this technical report. There is also deliberate minimization of manual design steps, 

using the outputs from the spatial prioritisation analysis almost exclusively, with manual design 

only for the final alignment in the transboundary EBSAs. 
 

 

 

 
2 There are intended updates of the national map of Freshwater Ecosystem Priority Areas (FEPAs) and a planned 

project to compile a national Estuary CBA Map. Together with this Coastal and Marine CBA Map, the intention 

is to deliberately and explicitly edge-match priorities from freshwater catchments, through estuaries to 

offshore river-influenced marine ecosystem types, both up- and downstream, to enhance land-sea connectivity 

in the respective plans. 
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Connectivity is highlighted here because it underpins one of the requirements of a CBA Map: to include 

ecological corridors that facilitate metapopulation connectivity and ǎǇŜŎƛŜǎΩ range shifts as part of achieving 

persistence of biodiversity. However, connectivity in marine planning is different to that in terrestrial planning 

because the oceans are fundamentally more connected than the land because of the water medium. This has 

key implications for designing the required large-scale ecological corridors, as per the Technical Guidelines 

(SANBI 2017). After reviewing the scientific literature and discussing this issue with the broader biodiversity 

planning community in South Africa, it was decided that having a well-designed network of sites in the marine 

realm that supports metapopulation connectivity and could facilitate ǎǇŜŎƛŜǎΩ range shifts (e.g., be suitably 

sized and spaced) is more appropriate than including ecological corridors in the same way that they are 

delineated and included in terrestrial plans. As a first step, in addition to the existing MPA network, 

connectivity is addressed in this plan by including the entire EBSA network, recognising that this is an aspect 

of the CBA Map that needs testing and refinement (see also Annexure 1). 

Including connectivity in biodiversity plans for the marine environment is an area of active research, globally. 

As noted above, the oceans are fundamentally more connected than is the terrestrial environment. 

Furthermore, the concept of designing corridors for maintaining ecological processes (e.g., animal migration 

routes, climate-change-adaptation corridors, connections between sites of importance for life-history stages) 

is also different because there are many activities that can block species movement on land, whereas in the 

sea, numerous activities may occur at the same place (e.g., shipping, longline fishing), and still be permeable 

enough to allow connectivity through the rest of the water column. It has thus been argued that accounting 

for connectivity in marine planning relates more to the sizing and spacing of protected areas in connected 

networks than including corridors per se. 

Notwithstanding, there are several tools by which connectivity can be included in systematic biodiversity 

plans. Examples include sampling by electronic tracking (telemetry), capture-mark-recapture, in situ 

observations (e.g., visual surveys), stable isotope ratios, population genetics and passive acoustic monitoring 

(Dunn et al. 2019). However, these methods tend to be very data-intensive, and consequently are generally 

applied in marine plans covering a small planning domain or for specific taxa, e.g., for migratory or nomadic 

birds. For example, (1) ǘƻ ƛƴŎƭǳŘŜ ŘȅƴŀƳƛŎ ŘƛǎǘǊƛōǳǘƛƻƴǎ ƻŦ ǎǇŜŎƛŜǎ ǊŜǉǳƛǊŜǎ ǎŀƳǇƭƛƴƎ ƻǾŜǊ ǘƘŜ ŀƴƛƳŀƭǎΩ Ŧǳƭƭ 

home range over multiple seasons and years (Runge et al. 2015). By modelling the distribution at multiple 

timesteps, critical areas in the home range can be identified and prioritized (Runge et al. 2015; Runge et al. 

2016). (2) From tracking data of migratory species, connectivity matrices can be compiled and summed to get 

a surface of relative importance for connectivity across the seascape for the migration (Beger et al. 2015). 

Currently, there are global efforts to synthesize information on animal movement to inform international 

marine policy that guides conservation, e.g., the MiCO system (Dunn et al. 2019; https://mico.eco). Another 

option (3) is to include spawning areas as biodiversity features, ǿƛǘƘ ŀ ōǳŦŦŜǊ ǊŜǇǊŜǎŜƴǘƛƴƎ άŦƛǎƘ ǎǇŀǿƴƛƴƎ ŀǊŜŀ 

ŎŀǘŎƘƳŜƴǘǎέ ŀƴŘ ǎŜǘǘƛƴƎ ŀn appropriate biodiversity target for those buffers (Beger et al. 2015). This can be 

supplemented with larval dispersal models that account for pelagic larval duration, survival rates and 

behaviour (Beger et al. 2015) to determine how near to each other sites need to be for connectivity to be 

maintained.  

Most recent is the development of a new application called Marxan Connect (Daigle et al. 2020). It allows 

inclusion of different types of connectivity calculated from demographic data (e.g., dispersal models, tracking 

data) and/or landscape data (e.g., isolation by resistance). Options like this and other tools, such as using 

circuit theory to incorporate connectivity in spatial planning (Dickson et al. 2019), provide opportunities to 

strengthen inclusion of ecological connectivity in the National Coastal and Marine CBA Map, depending on 

data availability as required by the different tools. These options will be explored in future versions of the 

CBA Map. 
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This section explains the methods used to develop the National Coastal and Marine CBA Map 

Version 1.2, including descriptions of the planning goal and objectives, delineation of the planning 

domain and planning units; input layers and biodiversity targets; and technical methods and 

parameter calibrations.  
 

 

As specified in Section 1.1, the overall goal is to safeguard a sufficient, representative sample of 

coastal and marine biodiversity that can persist into the future, in support of sustainable economic 

development. The key objectives are to:  

¶ Provide a robust, systematic spatial biodiversity prioritisation that follows international best 

practice in systematic conservation planning 

¶ Adequately represent biodiversity patterns and ecological processes in a design that is 

spatially efficient and well connected 

¶ Avoid spatial overlap (conflict) with other sectors where possible, but still meet targets for 

all biodiversity features 

¶ Provide tƘŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ ōƛƻŘƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ƛƴǇǳǘ ǘƻ ǘƘŜ ŜƳŜǊƎƛƴƎ a{t ǇǊƻŎŜǎǎ 

¶ Provide a robust starting point to support other area-based processes, such as MPA 

expansion 

 

 

The planning domain for the National Coastal and Marine CBA Map is the mainland marine territory 

(i.e., excluding PEI; Figure 9; see also Section 2.1 and Figure 5). In addition, municipalities that are 

within 10 km of the shore were selected to represent an administrative inland coastal extent. Existing 

biodiversity priority areas within these municipalities were extracted from the provincial biodiversity 

plans for the four coastal provinces (Figure 5). Protected areas and CBAs adjacent to the shore were 

included in the systematic biodiversity plan to ensure proper edge-matching across the land-sea 

interface as a design element (see Section 4.4.7.1), although this needs to be refined (see Section 7.2).  
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Figure 9. The planning domain is the marine territory, including the coastal marine and oceanic components 

(blue). New spatial priorities were identified in the marine territory only, but were aligned with existing land-

based biodiversity priority areas in the coastal zone. (Data source: Harris et al. 2019a; Sink et al. 2019a; STATS-

SA). 

 

 

tǊŜǾƛƻǳǎ ǎǇŀǘƛŀƭ ǇǊƛƻǊƛǘƛǎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ƳŀǊƛƴŜ ǊŜŀƭƳ ǳǎŜŘ ŀ рΩ ƎǊƛŘ (e.g., Majiedt et al. 2013; Sink et al. 

2011). Given improvements in the input data, especially fine-scale coastal ecosystem types, ŀ мΩ ƎǊƛŘ 

(approximately 1.5 km x 1.8 km blocks) was used that extended 5 km inland (for aligning with 

terrestrial biodiversity priorities) and 5 km into Namibian waters (to align with their marine 

biodiversity spatial priorities). There is already transboundary protection between South Africa and 

Mozambique, including the iSimangaliso MPA on the South African side, and so further alignment 

there was not considered necessary. Note that planning uniǘǎ ƻǳǘǎƛŘŜ ƻŦ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ƳŀǊƛƴŜ 

territory (i.e., on land and in Namibia) were not included in the map of marine biodiversity priorities; 

they were used only as a design element to align priorities. The marine priorities were confined to the 

marine territory (i.e., slivers of MPAs that are declared to the high-water mark but extend onto land 

because of an inaccurate coastline delineation at the time of proclamation, were removed), and the 

land-based priorities were trimmed to the dune base to create a seamless CBA Map (see Appendix 3). 

This coastal integration will be improved in future iterations (see Section 7.2). As a step towards 

refining the land-sea integration of priority areas, the 1Ω grid was intersected with the shore zone from 

the 2018 Coast Ecosystem Map (Harris et al. 2019a) to create finer scale planning units for the shore. 

This also allowed more accurate attribution of data to the shore, and to the areas either side of it (see 

also Section 7.2). Altogether, there are 387 843 planning units in the National Coastal and Marine CBA 

Map Version 1.2. 
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The National Coastal and Marine CBA Map is built using a series of input layers in two classes: 

biodiversity features and design elements. The difference between these two data classes is that the 

biodiversity feature targets are required to be met in MPAs and CBAs, whereas the targets for design 

elements do not need to be met in these areas. The purpose of the design elements is rather to 

preferentially select sites in particular places where there is otherwise equal choice, e.g., prefer 

selection in areas of good ecological condition and/or that have the most stable velocity of climate 

change. Version 1.2 of the National Coastal and Marine CBA Map includes 976 biodiversity features 

and design elements. The biodiversity features (n=437) include: ecosystem types (n=190 features); 

species such as turtles, seabirds, dolphins, whales, seals, sharks and rays (n=188 features); unique or 

special habitats or features (n = 15); ecological processes (n=18); ecological infrastructure (n=2); and 

existing priority areas (n=24). The design elements (n=539) include: edge-matching and aligning 

priority areas across land and sea, shared international boundaries and with existing initiatives (n=52); 

culturally important areas (n=6); ecological condition (n=332); and climate-change adaptation 

(n=149). The list of features included in the spatial biodiversity plan has been growing rapidly (Beta 

1=541; Beta 2=615; Version 1=886; Version 1.1=911, Version 1.2=976; Appendix 5), and the number 

of datasets in each of these categories that are used in the spatial biodiversity plan is expected to 

increase in future versions. Appendix 2 contains lists of all the features that are intended to be 

included in future iterations of the National Coastal and Marine CBA Map. The biodiversity input layers 

are each presented and described below, with bullets at the end of each subsection summarising how 

the data were coded to the planning units and used in the analysis. 

 

 

 

Ecosystem types (Figure 10) are one of the primary surrogates of biodiversity in systematic biodiversity 

plans (Botts et al. 2019). Updated maps of ecosystem types were created for all realms during the NBA 

2018, allowing seamless integration of the maps across the land-sea interface for the first time (see 

also Section 2.1). This map thus represents the latest information in ecosystem classification for the 

entire country. All ecosystem types that are within the planning domain are included in the systematic 

biodiversity plan. This includes 150 marine ecosystem types and the shores of 24 estuarine ecosystem 

types3 (including three micro-estuary types). Full details on coastal and marine ecosystem 

classification are available in Harris et al. (2019a) and Sink et al. (2019a); and for estuarine 

classification, in van Niekerk et al. (2020). See also the South African National Ecosystem Classification 

System (Dayaram et al. 2021). 

 

¶ Ecosystem types were coded to the planning units on the basis of area of each ecosystem type 

in each planning unit. 
 

 
3 There are 25 estuarine ecosystem types; however, Langebaan is an Estuarine Lagoon (Van Niekerk et al. 
2020) and does not have an estuarine shore component to the estuarine functional zone, and therefore, this 
ecosystem type does not fall within the planning domain. This is why there are 24 (of 25) estuarine ecosystem 
types represented in the systematic conservation plan. 
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Figure 10. National map of coastal and marine ecosystem types. (Data source: Harris et al. 2019a; Harris et al. 

2019b; Sink et al. 2019a). Note that only the marine ecosystem types and shores of estuaries were included in 

the current analysis (see also Sections 7.2 and 7.3 for plans to integrate estuaries in the cross-realm coastal 

integration). See the NBA 2018 Coast and Marine reports for the legend. 

 

 

There is debate in marine ecosystem classification whether to have separate maps for benthic and 

pelagic systems or to have a single integrated map. In the NBA 2011, separate maps were produced 

(Sink et al. 2012), but in 2018, a single map was produced in response to feedback from scientists and 

managers (Sink et al. 2019a), noting that this is still a point of discussion within the Marine Ecosystem 

Committee and with the IUCN in terms of the Global Ecosystem Typology (Keith et al. 2020). In order 

to deliberately represent pelagic ecosystem types in the National Coastal and Marine CBA Map, the 

pelagic bioregionalisation by Roberson et al. (2017) was also incorporated. The bioregionalisation 

identified 16 different pelagic ecosystem types in South Africa based on sea-surface temperature, 

chlorophyll-a, net primary productivity, mean sea-level anomalies, seabed slope and depth (Figure 

11).  

 

¶ Ecosystem types were coded to the planning units on the basis of area of each ecosystem type 

in each planning unit. 
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Figure 11. National map of 16 pelagic ecosystem types. (Data source: Roberson et al. 2017; Sink et al. 2012). 

 

 

 

Sea turtles are conservation-dependent reptiles that have a complex life history. Adult male and 

female turtles migrate from their foraging grounds to their natal beaches (from which they hatched), 

where they mate offshore. Females haul out onto the nesting beaches after sunset, dig a nest above 

the high-water mark, deposit a clutch of eggs, cover up the nest, and return to the sea. Females 

deposit several of these clutches within a nesting season at regular intervals of about two weeks, 

depending on the species (Nel et al. 2013). During the internesting periods (time between successive 

nests), females remain close to the nesting beaches (Harris et al. 2015). After breeding, adult turtles 

leave the rookery, migrating back to their foraging grounds, which can be several thousand kilometres 

away (Harris et al. 2018; Luschi et al. 2006; Luschi et al. 2003). Approximately two months later, the 

eggs hatch and the hatchlings crawl to the sea and disperse in the ocean currents (Le Gouvello et al. 

2020). Very little is known about the oceanic juvenile life-history stageǎΣ ŎŀƭƭŜŘ ǘƘŜ άƭƻǎǘ ȅŜŀǊǎέΣ 

because they are so difficult to study (Mansfield et al. 2021) and turtles at this life-history stage have 

a high mortality rate. Young turtles then return to neritic habitats, where they live and forage on reefs 

and seagrass beds. Leatherback turtles are the exception: they remain as pelagic drifters throughout 

their lives. Once sexually mature, the turtles will undergo the migration back to their natal nesting 

beaches to breed. Although turtle nesting is an annual phenomenon, individual turtles do not breed 

every year, but rather every two to three years (Nel et al. 2013). Although most turtles have a global 

distribution, each population is effectively separate from the others (known as regional management 

units) because of the clear link to their natal beaches (Wallace et al. 2010). 

 

Two turtle species nest in South Africa, in iSimangaliso Wetland Park: Loggerheads (regionally Near 

Threatened), and Leatherbacks (regionally Critically Endangered). Reefs and seagrass beds in South 
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Africa also serve as developmental grounds for Green Turtles (Endangered) and Hawksbills (Critically 

Endangered). Olive Ridleys (Vulnerable) are also sometimes present, but these are considered to be 

vagrants. South Africa has a long history of turtle conservation, with the annual monitoring 

programme first starting in 1963 (McAllister et al. 1965). The programme employs members of the 

local community to participate in data collection and turtle tagging. Turtles also underpin several 

ecotourism ventures, including some that employ local community members as turtle guides, as well 

as other turtle tours that are offered by some of the lodges in iSimangaliso.  

 

Turtle information was included in three different categories: nesting grounds (Figure 12) (digitized 

from information drawing from Harris et al. 2015; King 2019; Nel et al. 2013); internesting areas 

(Figure 13, Figure 14) (Harris et al. 2015); and migration routes for Loggerheads (Figure 15) and 

Leatherbacks (Figure 16) (Harris et al. 2018). Planned updates for turtle data include adding in the 

latest tracking information to include data on Green Turtles, Hawksbills, key turtle foraging areas, and 

the juvenile life-history stages. There have also been several additional Leatherbacks tracked since the 

migration routes were first compiled by Harris et al. (2018), thus an update of the Leatherback 

migration routes from this new information is required for inclusion in future updates of the National 

Coastal and Marine CBA Map.  

 

¶ Nesting grounds were coded to the planning units based on area όƛΦŜΦΣ ǘƘŜ ΨŀƳƻǳƴǘΩ ǾŀƭǳŜ ŦƻǊ 

this feature is the area within each planning unit that comprises turtle nesting grounds). 

¶ Internesting and migration routes were coded to the planning units based on a zonal statistic 

of utilization distribution (intensity of use) per planning unit. 

 

 
 
Figure 12. Nesting grounds for Loggerhead and Leatherback turtles. Note that the symbology has been enhanced 

so that the data are visible in the map. Insert image credit: © Linda Harris. (Data source: Harris et al. 2019a; 

Harris et al. 2015; King 2019; Nel et al. 2013). 
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Figure 13. Internesting areas (areas frequented between successive nesting events within a season) for 

Loggerhead turtles. Higher intensity of use is indicated by darker green shades. Insert image credit: © Wildlife 

and Ecological Investments. (Data source: Harris et al. 2015).  

 

Figure 14. Internesting areas (areas frequented between successive nesting events within a season) for 

Leatherback turtles. Higher intensity of use is indicated by darker green shades. (Data source: Harris et al. 2015).  
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Figure 15. Post-nesting migration routes by Loggerhead turtles to their foraging grounds.Higher intensity of 

use is indicated by darker green shades. Insert image credit: © Rowan Watt-Pringle. (Data source: Harris et al. 

2018).  

 

 

Figure 16. Post-nesting migration routes by Leatherback turtles to their foraging grounds.Higher intensity of use 

is indicated by darker green shades. (Data source: Harris et al. 2018).  
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Seabirds are the most threatened group of birds, and their conservation status is declining more 

rapidly than that of the other bird groups (Croxall et al. 2012; Skowno et al. 2019a). Globally, 28% of 

the 364 seabirds species are threatened and a further 10% are Near Threatened, with key pressures 

at sea including fisheries and pollution, and land-based pressures including habitat destruction, 

human disturbance and alien invasive species (Croxall et al. 2012). The South African mainland and 

Prince Edward Island (PEI) marine territories provide breeding and foraging grounds to many species 

of seabirds. The global trends are reflected here too: many seabird species are facing declines in 

abundance and conservation status. 

 

Around the mainland, there are four Endangered locally breeding species: African Penguins, Bank 

Cormorants, Cape Cormorants, and Cape Gannets that breed almost exclusively on islands, and forage 

within the EEZ, mostly within close proximity to their colonies. Marked population declines have been 

recorded for these species, e.g., in the past 3 decades there has been a 65% decline in the population 

abundance of African Penguins (Sherley et al. 2020) and almost a 50% decline in the population 

abundance of Cape Cormorants (Crawford et al. 2016) with a key driver being attributed to reductions 

in prey availability (Crawford et al. 2016; Crawford et al. 2019; Grémillet et al. 2016). Several seabird 

ǎǇŜŎƛŜǎ ǘƘŀǘ ōǊŜŜŘ ƛƴ ǘƘŜ {ƻǳǘƘŜǊƴ hŎŜŀƴΣ ƛƴŎƭǳŘƛƴƎ t9LΣ ŀƭǎƻ ŦƻǊŀƎŜ ǿƛǘƘƛƴ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ƳŀƛƴƭŀƴŘ 

marine territory. Included among these species are Endangered Indian Yellow-nosed Albatrosses, 

Endangered Atlantic Yellow-nosed Albatrosses, Vulnerable Wandering Albatrosses, and Least Concern 

Northern Giant Petrels.  

 

Data representing seabirds include locations of colonies of threatened seabirds (Figure 17) (Crawford 

et al. 2016; Kemper et al. 2007; Sherley et al. 2017; Sherley et al. 2020; Sherley et al. 2019), and 

generalised foraging areas of: African Penguins (Figure 18), Bank Cormorants (Figure 20), Cape 

Cormorants (Figure 21), and Cape Gannets (Figure 23). For these foraging areas, the same buffers 

ŀǊƻǳƴŘ ŜŀŎƘ ǎǇŜŎƛŜǎΩ ŎƻƭƻƴƛŜǎ were used as in Majiedt et al. (2013), updated for the new maps of 

seabird colonies that include locations that were missing in Majiedt et al. (2013), except for Cape 

Gannets, for which the data did not change. These buffers are: 20 km for African Penguins; 10 km for 

Bank Cormorants; and 40 km for Cape Cormorants. In addition, maps of seabird distributions from 

tracking data were prepared by BirdLife South Africa for specific colonies and different life-history 

stages (e.g., breeding, incubation, pre-moult, etc). These distributions were for three of the four 

Endangered species listed above (Figure 18, Figure 21, Figure 23), as well as three albatross species 

(Figure 25, Figure 26, Figure 27) and one petrel species (Figure 28). Data were provided in two formats: 

aggregated core home ranges (based on the 50% utilization distribution of each individual); and core-

use areas (draft Marine Important Bird Areas (MIBAs), derived from the aggregated core home 

ranges). For full details on preparation of these data layers, see BirdLife South Africa (2021); Handley 

et al. (2020). Note that the aggregated core home ranges were available only for African Penguins 

(Figure 19), Cape Cormorants (Figure 22) and Cape Gannets (Figure 24). 
 

¶ Colonies were coded to the planning units based on area όƛΦŜΦΣ ǘƘŜ ΨŀƳƻǳƴǘΩ ǾŀƭǳŜ ŦƻǊ ǘƘƛǎ 

feature is the area within each planning unit that comprises seabird colonies). 

¶ Generalised foraging areas were coded to the planning units based on area, with a separate 

feature for each colony or colony cluster where the shapes were contiguous. This was updated 

from Version 1.1, removing the foraging areas around Bird Island in LambŜǊǘΩǎ .ŀȅ ŦƻǊ !ŦǊƛŎŀƴ 

Penguins and Bank Cormorants because these species no longer occur there (Stephen Kirkman 

and Bruce Dyer, pers. comm). 
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¶ Seabird core-use areas (draft MIBAs) from BirdLife South Africa were coded to the planning 

units based on area, with a separate feature for each core-use area, and one feature for all 

core-use areas per species. The data that were included in Version 1.1 were updated for 

Version 1.2. 

¶ Aggregated core home ranges (50% UD) were reclassified into 25 quantiles (or the maximum 

number of quantiles allowed if less than 25) and coded to the planning units using an average 

zonal statistic value, where zones were planning units. The data that were included in Version 

1.1 were updated for Version 1.2. 

 

Figure 17. Colonies of four species of Endangered seabirds in South Africa. Note that the symbology has been 

enhanced so that the features are visible at this scale. (Data source: DFFE Unpublished data; Crawford et al. 

2016; Sherley et al. 2017; Sherley et al. 2020; Sherley et al. 2019; Cape Nature (Unpublished data)).  
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Figure 18. Foraging areas of African Penguins. Light blue areas are the generalised foraging areas; pink shaded 

areas are the core-use areas (draft MIBAs) mapped by BirdLife South Africa. (Data source: BirdLife South Africa 

2021; and data adapted from Majiedt et al. 2013). 

 

 

Figure 19. Aggregated core home ranges of African Penguins for different colonies and life-history stages. (Data 

source: BirdLife South Africa 2021). 
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Figure 20. Generalised foraging areas of Bank Cormorants. Insert image credit: © Peter Chadwick. (Data 

source: adapted from Majiedt et al. 2013). 

Figure 21. Foraging areas of Cape Cormorants. Light blue areas are the generalised foraging areas; pink shaded 

areas are the core-use areas (draft MIBAs) mapped by BirdLife South Africa. (Data source: BirdLife South Africa 

2021; and data adapted from Majiedt et al. 2013). 
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Figure 22. Aggregated core home ranges of Cape Cormorants for different colonies and life-history stages. (Data 

source: BirdLife South Africa 2021). 

Figure 23. Foraging areas of Cape Gannets. Light blue areas are the generalised foraging areas; pink shaded 

areas are the core-use areas (draft MIBAs) mapped by BirdLife South Africa. (Data source: BirdLife South Africa 

2021; and Majiedt et al. 2013). 
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Figure 24. Aggregated core home ranges of Cape Gannets for different colonies and life-history stages. (Data 

source: BirdLife South Africa 2021). 

 

 

Figure 25. Foraging areas of Atlantic Yellow-nosed Albatrosses. Darker shades are areas of higher use and where 

foraging areas from different colonies overlap. (Data source: BirdLife South Africa 2021). 
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Figure 26. Foraging areas of Indian Yellow-nosed Albatrosses. Darker shades are areas of higher use. (Data 

source: BirdLife South Africa 2021).  

 

Figure 27. Foraging areas of Wandering Albatross. Darker shades are areas of higher use and where foraging 

areas from different colonies overlap. (Data source: BirdLife South Africa 2021). 
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Figure 28. Foraging areas of Northern Giant Petrel. Darker shades are areas of higher use. (Data source: BirdLife 

South Africa 2021). 

 

 

The southern African region is home to at least 51 species of whales and dolphins (and a single 

ǇƻǊǇƻƛǎŜύΣ ǿƘƛŎƘ ƛǎ ŀōƻǳǘ со҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŎŜǘŀŎŜŀƴ ǎǇŜŎƛŜǎ (Best 2007). Many of these species have 

high public appeal, and underpin numerous whale- and dolphin-viewing operations in South Africa 

that are popular with tourists. Observational data for some of the more conspicuous species have 

allowed for the production of predicted distribution maps modelled on the probability of occurrence 

(Purdon et al. 2020a; Purdon et al. 2020b). These species, all of which are Least Concern or Near 

Threatened, with the exception of the Endangered Indian Ocean Humpback Dolphin and Vulnerable 

Sperm Whale, are included in the National Coastal and Marine Spatial Biodiversity Plan. Although the 

southern African region is one of the key areas for beaked whale diversity in the world (Best 2007), at-

ǎŜŀ ƻōǎŜǊǾŀǘƛƻƴŀƭ Řŀǘŀ ŦƻǊ ǘƘŜǎŜ ǎǇŜŎƛŜǎ ŀǊŜ ƭŀŎƪƛƴƎ ŀƴŘ ǘƘŜƛǊ ŘƛǎǘǊƛōǳǘƛƻƴǎ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΩǎ 99½ ƘŀǾŜ 

not been modelled, with the exception of Southern Bottlenose Whales. Some other well-known 

species for which modelled distributions are not available include the Fin Whale and the iconic Blue 

Whale. 

 

Predicted distributions of Indian Ocean Bottlenose Dolphins (Figure 29), Common Dolphins (Figure 

30)Σ IŜŀǾƛǎƛŘŜΩǎ 5ƻƭǇƘƛƴǎ (Figure 31), Indian Ocean Humpback Dolphins (Figure 32), wƛǎǎƻΩǎ 5ƻƭǇƘƛƴǎ 

(Figure 33), and Southern Bottlenose Whales (Figure 34) were included from Purdon et al. (2020a), 

and .ǊȅŘŜΩǎ ²ƘŀƭŜǎ (Figure 35), Humpback Whales (Figure 36), Southern Right Whales (Figure 37) and 

Sperm Whales (Figure 38, Figure 39), were included from Purdon et al. (2020b). Killer Whales were 

excluded (on advice from Prof. Ken Findlay) because their distribution is ubiquitous ŀƴŘ ǘƘŜǊŜΩǎ ƴƻ 

information on finer scale habitat use. Given that the maps represent the probability of occurrence 

modelled from observational data and associated physical environmental variables, and generally 
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spanned the entire EEZ, or at least a substantial portion of it, only the upper end of the probability 

distribution was included. These distributions were refined with input from Prof. Ken Findlay and Dr 

Stephen Kirkman, supported by maps in Best (2007). It is noted, though, that further refinement of 

the cetacean data is needed. See Appendix 2 for details. 

 

¶ For species with predicted distributions that covered a smaller portion of the national EEZ, 

i.e., Indian Ocean IǳƳǇōŀŎƪ 5ƻƭǇƘƛƴǎΣ IŜŀǾƛǎƛŘŜΩǎ 5ƻƭǇƘƛƴǎΣ LƴŘƻ-Pacific Bottlenose Dolphins, 

{ƻǳǘƘŜǊƴ .ƻǘǘƭŜƴƻǎŜ ²ƘŀƭŜǎΣ /ƻƳƳƻƴ 5ƻƭǇƘƛƴǎΣ YƛƭƭŜǊ ²ƘŀƭŜǎΣ ŀƴŘ wƛǎǎƻΩǎ 5ƻƭǇƘƛƴǎΣ Řata that 

were >50% of the maximum value were selected and reclassified into ten quantiles, and 

assigned values 1-10 from lowest to highest probability of occurrence. In other words, only 

the upper 50% of the areas where these species are predicted to occur are included as 

biodiversity features. 

¶ The much broader distributions of {ǇŜǊƳ ²ƘŀƭŜǎΣ .ǊȅŘŜΩǎ ²ƘŀƭŜǎΣ IǳƳǇōŀŎƪ ²ƘŀƭŜǎ ŀƴŘ 

Southern Right Whales necessitated a higher cut-off value to identify the areas of highest 

likelihood of occurrence (thereby avoiding having overly extensive features). For these 

species, data that were >75% of the maximum value were selected and reclassified into ten 

quantiles, and assigned values 1-10 from lowest to highest probability of occurrence. This 

means that only the upper 25% of areas where these species are predicted to occur are 

included as biodiversity features. 

¶ Data were coded to the planning units based on a zonal statistic of the reclassified values per 

planning unit. In some cases, these distributions contained a few (Җ6), very small (ca. 36 

planning units) localities that were far (60-200 km) from the rest of the distribution, and had 

very low values for probability of occurrence. E.g., six locations of low probability for coastal 

humpback dolphins that were as far as 200 km offshore. These were removed given their low 

likelihood of containing the respective species. 

Figure 29. Indo-Pacific Bottlenose Dolphin predicted distribution, with darker shades of blue indicating highest 

likelihood of occurrence. (Data source: Purdon et al. 2020a). 
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Figure 30. Common Dolphin predicted distribution, with darker shades of blue indicating highest likelihood of 

occurrence. (Data source: Purdon et al. 2020a). 

 

 
Figure 31. IŜŀǾƛǎƛŘŜΩǎ Dolphin predicted distribution, with darker shades of blue indicating highest likelihood of 

occurrence. (Data source: Purdon et al. 2020a). 
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Figure 32. Indian Ocean Humpback Dolphin predicted distribution, with darker shades of blue indicating highest 

likelihood of occurrence. (Data source: Purdon et al. 2020a). 

 

 
Figure 33. wƛǎǎƻΩǎ Dolphin predicted distribution, with darker shades of blue indicating highest likelihood of 

occurrence. (Data source: Purdon et al. 2020a). 
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Figure 34. Bottlenose Whale predicted distribution, with darker shades of blue indicating highest likelihood of 

occurrence. (Data source: Purdon et al. 2020a). 

 

 
Figure 35. .ǊȅŘŜΩǎ Whale predicted distribution for two forms ς inshore form and the offshore migratory form, 

with darker shades of blue indicating highest likelihood of occurrence. (Data source: modified from Purdon et al. 

2020b). 
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Figure 36. Humpback Whale predicted distribution, with darker shades of blue indicating highest likelihood of 

occurrence. (Data source: Purdon et al. 2020b). 

 

 
Figure 37. Southern Right Whale predicted distribution, with darker shades of blue indicating highest likelihood 

of occurrence. (Data source: Purdon et al. 2020b). 
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Figure 38. Sperm Whale predicted distribution in summer, with darker shades of blue indicating highest likelihood 

of occurrence. (Data source: Purdon et al. 2020b). 

 

 
Figure 39. Sperm Whale predicted distribution in winter, with darker shades of blue indicating highest likelihood 

of occurrence. (Data source: Purdon et al. 2020b). 
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Some coastal areas, mostly bays (Figure 40), are associated with supporting key life-history stages of 

whales, including calving, nursery areas, and supergroup aggregations (see also Best 2000; Elwen and 

Best 2004a, b; Elwen and Best 2004c). These areas also contribute to societal benefits by underpinning 

some ecotourism ventures (i.e., whale-watching). 

 

¶ An initial selection of whale-associated bays and other coastal areas were extracted from the 

marine map of ecosystem types (Sink et al. 2019a) and advice given by Prof. Ken Findlay. The 

data were coded to the planning units based on area. 

 

 
Figure 40. Key bay habitat for whales. (Data source: data extracted from Sink et al. 2019a). 

 

 

The Cape Fur Seal is the only pinniped that breeds in mainland South Africa (Kirkman and Arnould 

2017). They breed in colonies along the west and south coasts of South Africa, on islands or on remote 

parts of the coast, with the eastern-most breeding colony found in Algoa Bay (Kirkman et al. 2007). 

Breeding occurs synchronously each year, between November and January. Between the time of 

pupping and the time of weaning, about ten months later, mothers alternate between foraging at sea 

and nourishing their pups at the colony. Cape Fur Seals are generalist foragers that eat a wide variety 

of pelagic, demersal and benthic prey, including commercially important species such as Cape Hakes, 

Horse Mackerel, Sardine, Anchovy, Chokka Squid and West Coast Rock Lobster. They feed largely over 

the continental shelf (Botha et al. 2020) and, as a top predator, they most likely have a critical role in 

prey regulation and the structure and functioning of the ecosystem. Cape Fur Seals have also been 

reported to predate on seabirds, including African Penguins and Cape Gannets, both of which are of 

conservation concern (see Section 4.4.2.2). On the other hand, Cape Fur Seals also serve as prey for 

other predators, including the iconic White Shark. The attractiveness of seal colonies on the south 

coast to White Sharks, and associated shark-seal predatory interactions, is critical for the commercial 



 

42 
 
 

success of the White Shark viewing ecotourism industry. Cape Fur Seal colonies are also targeted for 

tourist viewing or in-the-water tourist experiences with seals.  

 

Cape Fur Seals were formerly harvested commercially in South Africa until this was suspended in 1990. 

Regular aerial censuses are conducted on breeding colonies to determine population trends (Kirkman 

et al. 2013). Although the Cape Fur Seal has been assessed to be Least Concern in terms of IUCN Red 

List criteria (Kirkman et al. 2016), it is protected in South Africa in terms of the National Environmental 

Management: Biodiversity Act (No. 10 of 2004). The same protection is also extended to other species 

of pinniped that can occur in South African waters, or haul out on its shores. Other pinniped species 

that have been recorded in mainland South Africa include the Sub-Antarctic Fur Seal (Shaughnessy 

and Ross 1980), Southern Elephant Seal (Penry et al. 2013), Leopard Seal (Vinding et al. 2013), and 

Crabeater Seal (Ross et al. 1978). 

 

Data representing seals that were included in the CBA Map are of Cape Fur Seal colonies (Figure 41) 

(Kirkman et al. 2013) and foraging areas (Figure 42) based on tracking data around selected colonies 

(Benguela Environment Fisheries Training Interactions Programme (BENEFIT), Unpublished data; 

Botha et al. 2020) and generalised foraging areas around all colonies. The tracking data (n=201 tracks) 

were first cleaned by removing points on land (inland of the dune base), and removing all tracks from 

the dataset with fewer than 10 locations (n=24). Then, in R version 4.0.3 (R Core Team 2020), a speed 

filter was applied to remove all locations that were more than 3 m.s-1 from the previous location (1.9% 

of the data), using the vmask function in the argosfilter package. Because the data from Botha et al. 

(2020) had already been cleaned using several speed filters (also using 3 m.s-1 as a threshold), only 

inaccurate data from BENEFIT (Unpublished data) tracks were removed. Home ranges for the Kleinzee 

colony, south coast (False Bay, Geyser Rock; Mossel Bay) and Black Rocks colony were created using 

moment-based kernel density estimation from the adehabitatHR package (Calenge 2011), with a 

slightly smaller smoothing factor for the Black Rocks colony because of the finer-scale data. The rasters 

were resampled to a 50-m grid to ensure proper coding to the planning units, and the lowest UD values 

were removed using the Raster Calculator to remove areas of very infrequent use. Data were split into 

20 quantiles to reduce the strong tail in the data distribution as a result of a land-based colony being 

the start and end point of each foraging trip. From these home ranges, the highest use areas around 

the colonies were approximately 20 km in diameter. Therefore, to account for foraging areas around 

colonies for which tracking data were not available, a 20-km buffer was applied to the colonies to give 

a generalised feeding area. 

 

¶ Data on seal colonies were coded to the planning units on an area basis. 

¶ Data were coded to the planning units based on a zonal statistic of the relative intensity of 

use per planning unit. 

¶ It is recommended that the MBKDE analysis is recalculated based on all the raw tracks for a 

more accurate representation of seal foraging areas in the next iteration. 
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Figure 41. Seal colonies around South Africa. Note that the symbology has been expanded so that the features 

are visible on the map. Insert image credit: ©Linda Harris. (Data source: Kirkman et al. 2013). 

Figure 42. Seal foraging areas, where brown areas are generalised foraging areas around colonies, and areas in 

shades of red are foraging areas based on tracking data. Darker shades of red indicate areas of higher use. Note 

that gaps in foraging areas, especially on the west coast, are more an artefact of incomplete coverage than areas 

of avoidance or absence. Insert image credit: © Frikkie van der Vyver. (Data source: BENEFIT, Unpublished data; 

Botha et al. 2020). 
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The status of sharks and rays globally is of particular concern. Since 1970, the abundance of these 

ǎǇŜŎƛŜǎ ƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎ Ƙŀǎ ŘŜŎƭƛƴŜŘ ōȅ тм҈ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŀƴ ŜƛƎƘǘŜŜƴ-fold increase in fishing 

(Pacoureau et al. 2021). In fact, more than a third of shark and ray species are threatened as a result 

of overfishing, and three species are listed as Critically Endangered (Possibly Extinct) because they 

have not been seen in more than 80 years (Dulvy et al. 2021). In short, chondrichthyans are in a state 

of crisis, requiring urgent conservation attention. 

 

White Sharks are listed as Vulnerable by the IUCN, with a declining population trend, and have been 

protected in South Africa since 1991. Currently there is no consensus on the number of White Sharks 

in South Africa. Towner et al. (2013) estimated there to be about 900 White Sharks present in Gansbaai 

based on mark-recapture methods. This is similar to a past estimate for White Sharks captured in the 

shark nets in KZN (Cliff et al. 1996). Andreotti et al. (2016) provided an alternative estimate over a 

similar time period for the number of White Sharks nationally, based on mark-recapture and genetics, 

that was about half that estimated by Towner et al. (2013). However, the estimate by Andreotti et al. 

(2016) has been challenged (Irion et al. 2017). The precise population estimate notwithstanding, 

White Sharks are known to make transoceanic migrations (e.g., Bonfil et al. 2005) but also to aggregate 

in certain locations in South Africa during different parts of the year (Kock et al. 2013; Ryklief et al. 

2014). These aggregations are also often associated with key life-history stages. 

 

Two input features were included for White Sharks: core resident areas (Figure 43); and a distribution 

including both transiting and resident behaviours (Figure 44). These were based on data from Kock et 

al. (in review). To delineate the core resident areas, point locations associated with resident behaviour 

were filtered to remove points on land. A point-density analysis was run, with the output reclassified 

into 20 quantiles (excluding 0 values). Only the upper 10 quantiles were retained to represent the 

core-use areas. To plot the White SharkǎΩ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀ ǎŜŎƻƴŘ Ǉƻƛƴǘ ŘŜƴǎƛǘȅ ŀƴŀƭȅǎƛǎ ǿŀǎ Ǌǳƴ ƻƴ ŀƭƭ 

of the data (both resident and transiting behaviours), and the data were reclassified as above. In this 

case, however, only the lowest two quantiles were excluded to represent the distribution of the 

sharks, whilst excluding areas that were generated on the basis of a single point locality. 

¶ Data were coded to the planning units on the basis of an average zonal statistic, using the 

planning units as zones.  

¶ Core resident areas: To remove very small regions as a result of excluding the lower 10 

quantiles, only zonal static values >0.025 were included. Finally, single isolated planning units 

with values <1 were removed. 

¶ Distribution areas: To remove very small regions as a result of excluding the lower two 

quantiles, only zonal static values >0.05 were included. Finally, isolated planning units in 

clusters of Җ5 with values <1 were removed. 
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Figure 43. White Shark core use areas. Darker blues indicate higher intensity of use. (Data source: Kock et al. in 

review) 

 

 

Figure 44. White Shark distribution. Darker blues indicate higher intensity of use. (Data source: Kock et al. in 

review) 
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For all other species of sharks and rays (Figure 45 - Figure 111), the distributions were modelled by 

Faure Beaulieu et al. (2021). Ensemble predictions were created from a General Linear Model (GLM) 

and Maximum Entropy (MaxEnt) model per species, split into a summer (SeptemberςFebruary) and 

winter (MarchςAugust) distribution where possible, otherwise an aseasonal distribution was created. 

¶ Rasters of the ensemble predictions were projected into Albers Equal Area projection 

customised for South Africa, snapped to a reference raster, and resampled to a smaller 

reference cell size (30 x 30 m). 

¶ The projected rasters were reclassified into 20 quantiles, excluding values below the given 

threshold where the likelihood of occurrence the species is considered absent. 

¶ Data were coded to the planning units on the basis of an average zonal statistic, using the 

planning units as zones.  

 

 

Figure 45. Lesser Guitarfish distribution. Darker blues indicate higher probability of occurrence. (Data source: 

Faure Beaulieu et al. 2021). 
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Figure 46. Spotted Eagle Ray (summer) distribution. Darker blues indicate higher probability of occurrence. (Data 

source: Faure Beaulieu et al. 2021). 

 

 

Figure 47. Spotted Eagle Ray (summer) distribution. Darker blues indicate higher probability of occurrence. 

(Data source: Faure Beaulieu et al. 2021) 
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Figure 48. Copper Shark/Bronze Whaler (summer) distribution. Darker blues indicate higher probability of 

occurrence. (Data source: Faure Beaulieu et al. 2021). 

 

 

Figure 49. Copper Shark/Bronze Whaler (winter) distribution. Darker blues indicate higher probability of 

occurrence. (Data source: Faure Beaulieu et al. 2021). 
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Figure 50. Spinner Shark (summer) distribution. Darker blues indicate higher probability of occurrence. (Data 

source: Faure Beaulieu et al. 2021) 

 

 

Figure 51. Spinner Shark (winter) distribution. Darker blues indicate higher probability of occurrence. (Data 

source: Faure Beaulieu et al. 2021). 
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Figure 52. Zambezi/Bull Shark (summer) distribution. Darker blues indicate higher probability of occurrence. 

(Data source: Faure Beaulieu et al. 2021). 

 

 

Figure 53. Zambezi/Bull Shark (winter) distribution. Darker blues indicate higher probability of occurrence. (Data 

source: Faure Beaulieu et al. 2021). 
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Figure 54. Blacktip Shark (summer) distribution. Darker blues indicate higher probability of occurrence. (Data 

source: Faure Beaulieu et al. 2021). 

 

 

Figure 55. Blacktip Shark (winter) distribution. Darker blues indicate higher probability of occurrence. (Data 

source: Faure Beaulieu et al. 2021). 
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Figure 56. Dusky Shark (summer) distribution. Darker blues indicate higher probability of occurrence. (Data 

source: Faure Beaulieu et al. 2021). 

 

 

Figure 57. Dusky Shark (winter) distribution. Darker blues indicate higher probability of occurrence. (Data source: 

Faure Beaulieu et al. 2021). 
































































































































































































































































































































































































































































