
fmars-06-00146 March 25, 2019 Time: 18:13 # 1

PERSPECTIVE
published: 27 March 2019

doi: 10.3389/fmars.2019.00146

Edited by:
Edward Jeremy Hind-Ozan,

Department for Environment, Food
and Rural Affairs, United Kingdom

Reviewed by:
Wesley Flannery,

Queen’s University Belfast,
United Kingdom

Di Jin,
Woods Hole Oceanographic

Institution, United States

*Correspondence:
Amanda T. Lombard

mandy.lombard@mandela.ac.za

Specialty section:
This article was submitted to

Marine Conservation
and Sustainability,

a section of the journal
Frontiers in Marine Science

Received: 08 November 2018
Accepted: 07 March 2019
Published: 27 March 2019

Citation:
Lombard AT, Dorrington RA,

Reed JR, Ortega-Cisneros K,
Penry GS, Pichegru L, Smit KP,

Vermeulen EA, Witteveen M, Sink KJ,
McInnes AM and Ginsburg T (2019)

Key Challenges in Advancing an
Ecosystem-Based Approach

to Marine Spatial Planning Under
Economic Growth Imperatives.

Front. Mar. Sci. 6:146.
doi: 10.3389/fmars.2019.00146

Key Challenges in Advancing an
Ecosystem-Based Approach to
Marine Spatial Planning Under
Economic Growth Imperatives
Amanda T. Lombard1* , Rosemary A. Dorrington2, Jodie Romay Reed3,
Kelly Ortega-Cisneros1,4, Gwenith Susan Penry5, Lorien Pichegru6, Kaylee Pam Smit3,
Estee Ann Vermeulen3, Minke Witteveen3, Kerry J. Sink1,7, Alistair M. McInnes8 and
Tayla Ginsburg9

1 Institute for Coastal and Marine Research, Nelson Mandela University, Port Elizabeth, South Africa, 2 Department
of Biochemistry and Microbiology, Rhodes University, Grahamstown, South Africa, 3 Department of Oceanography, Institute
for Coastal and Marine Research, Nelson Mandela University, Port Elizabeth, South Africa, 4 Department of Ichthyology
and Fisheries Science, Rhodes University, Grahamstown, South Africa, 5 Department of Zoology, Institute for Coastal
and Marine Research, Nelson Mandela University, Port Elizabeth, South Africa, 6 Department of Science and
Technology/National Research Foundation Centre of Excellence at the Percy FitzPatrick Institute of African Ornithology,
University of Cape Town, Cape Town, South Africa, 7 South African National Biodiversity Institute, Port Elizabeth,
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In 2017, South Africa became the first African country to draft Marine Spatial
Planning (MSP) legislation. The underlying legal framework supports the achievement
of ecological, social and economic objectives, but a national policy to fast track the
oceans economy provides a challenge for ecosystem-based approaches to MSP. During
the 2018 International Marine Conservation Congress, we convened a session to
present particular challenges that will likely apply to any developing country seeking to
increase profits from existing, or proposed, marine activities. Here we present six multi-
disciplinary research projects that support ecosystem-based approaches to MSP in
South Africa, by addressing the following knowledge gaps and specific key challenges:
(1) the lack of data-derived measurements of ecosystem condition (and the need to
validate commonly-used proxy measures); (2) the need to develop models to better
understand the potential impacts of climate change on food webs and fisheries; (3)
the slow implementation of an ecosystem approach to fisheries management, and the
need to implement existing legal instruments that can support such an approach; (4)
the paucity of evidence supporting dynamic ocean management strategies; (5) the
requirement to manage conflicting objectives in growing marine tourism industries;
and (6) the need to adopt systems thinking approaches to support integrated ocean
management. We provide examples of specific research projects designed to address
these challenges. The ultimate goal of this research is to advance a more integrated
approach to ocean management in South Africa, using tools that can be applied in
countries with similar socio-political and environmental contexts.

Keywords: ecosystem condition, oceans economy, climate change, dynamic ocean management, scenario
planning, system dynamics models, complex systems, trade-offs
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INTRODUCTION

South Africa’s large exclusive economic zone includes the
Indian, Atlantic, and Southern Oceans. Management of this
ocean space has traditionally been undertaken within sectors,
leading to conflict amongst sectors, and between commercial
and environmental interests. As the demand for ocean space
and marine resources increases, in response to an economic
growth imperative defined by the National Planning Commission
[NPC] (2012), a more integrated approach to management is
required to ensure that both ecological and socio-economic
objectives are met. Marine spatial planning (MSP) has emerged
in many countries as the preferred process to achieve this
integration, and in 2017, South Africa became the first African
country to draft MSP legislation (Marine Spatial Planning Bill
[B9-2017], 2017). In December 2018, the Bill was passed by
both the South Africa National Assembly and National Council
of Provinces and sent to the President to be signed into
law. The underlying legal framework of the Bill supports the
achievement of ecological, social and economic objectives, but
a national policy to grow the oceans economy (Operation
Phakisa)1 provides a challenge for mainstreaming ecosystem-
based approaches to MSP into policy and decision making.
The adoption of ecosystem-based approaches to MSP is globally
endorsed (Ehler, 2008; Gilliland and Laffoley, 2008; Halpern et al.,
2008; Foley et al., 2010; Westholm, 2018; Kirkman et al., 2019),
and embodied in the United Nations Sustainable Development
Goals, particularly Goal 14 (United Nations, 2015), as well
as the Nairobi Convention (United Nations, 2010) of which
South Africa is a contracting party. An ecosystem-based approach
to MSP is founded on ecosystem health, whereas an integrated-
use approach to MSP is underpinned by economic growth
(Qiu and Jones, 2013).

Global economic powers are currently interested in promoting
East Africa’s oceans economy via programmes such as China’s
One Belt One Road Initiative and Japan and India’s Asia Africa
Growth Corridor (Buys, 2018). South Africa’s current plans to
grow its oceans economy have created high expectations amongst
many stakeholders, and in response to this socio-political context,
we have developed a research agenda to address key challenges
in the country’s emerging MSP process (Table 1). From our
perspective, as marine scientists, the most urgent research
challenges to address fall within three broad themes. First is a
critical need for an improved understanding of the cumulative
impacts of human activities (including climate change) on
marine ecosystem structure and function. Existing activities are
intensifying, and new activities are emerging (e.g., seabed mining)
and we do not know how these will impact ecosystem health
or the delivery of ecosystem services. Second is the need for
interdisciplinary research to inform and support integrated ocean
management, including management strategies that are dynamic
in space and time and can measure trade-offs between competing
human activities (see, for example, Harris and Lombard, 2018).
Third is the requirement for the development of robust scenario-
planning tools to aid multi-sector decision making and manage

1www.operationphakisa.gov.za

conflict. We believe these challenges are applicable in all socio-
economic contexts, particularly in least-developed countries with
strong and urgent economic growth imperatives. We recognize
that many additional challenges exist and our aim is not to be
comprehensive, but merely to share our specific approaches to
these challenges. Our research agenda aims to support sustainable
MSP practices that do not transcend environmental tipping
points or safe operating spaces for human well-being (Rockström
et al., 2009; Barfuss et al., 2018). Here we describe seven research
projects that specifically address components of these three broad
themes, and discuss the potential of our preliminary results to
advance an ecosystem-based approach to MSP.

MEASURING ECOSYSTEM CONDITION

An ecosystem-based approach to MSP is predicated on the
principle of achieving good ecological status for oceans (WFD,
2000). However, in situ measurements of ecosystem condition
at broad scales remains a global knowledge gap as does a better
understanding of the cumulative impact of human uses on ocean
ecosystems (Borja, 2014; Ehler et al., 2019). Under Operation
Phakisa, South Africa’s national interest in growing its oceans
economy is outpacing the development and application of robust
tools to measure marine ecosystem condition. Most important
is the absence of a standardized data-derived approach. This
poses challenges for national assessments, for example, the
National Biodiversity Assessments (NBAs) that are conducted
approximately every 7 years2 and contribute to the environmental
monitoring requirements of national government. The NBA
currently relies on a proxy of cumulative human impacts to
infer good, fair or poor ecosystem condition at a national
scale, creating the need for fine-scale ecosystem-based condition
assessments using ecological data (Sink et al., 2012a).

We are presently engaged in a benthic research project
designed to validate the current proxy method. Potential
indicators of ecosystem condition have been identified using
demersal fish and benthic invertebrate data from rocky reef
ecosystems on South Africa’s east coast. This project also aims
to improve the understanding of the effects of cumulative
anthropogenic pressures on the structure and function of
marine ecosystems. Species composition and abundance and
species biological traits are being assessed to determine the
functional structure of the ecosystem. Traits were chosen to
represent the trophic ecology and life history of the community
(for example, fish biological traits included maximum depth,
maximum length, trophic level, longevity, reproductive mode
and guild, gregariousness, feeding guild, habitat preference, water
column position, activity, and mobility).

This benthic study tests a suite of structural (species richness,
Shannon Weiner diversity, total abundance, and biomass)
and functional metrics (average and proportion of biological
traits and community metrics of functional richness, functional
evenness, functional diversity, functional specialization,
functional originality, and Rao’s quadratic entropy). Study

2https://www.sanbi.org/
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sites are distributed along a cumulative pressure gradient,
using the Pondoland no-take marine protected area (MPA) to
provide a reference for good condition rocky reef ecosystems.
Using fish data collected from stereo baited underwater video
systems, we have been able to show that structural metrics
are not sensitive to changes in cumulative pressures. In
contrast, functional evenness, functional originality, mean
and maximum size, mean trophic level, mean longevity and
proportion of higher carnivores show a significant decline
in response to increasing cumulative pressures. Multivariate
analyses also identify which traits are most vulnerable to
cumulative pressures, based on site differences between the
no-take MPA and heavily exploited localities. These results
emphasize the need to assess both the structural and functional
response of biological communities to human pressures and
have identified initial indicators that can be used to measure
the condition of other rocky reef ecosystems nationally.
The study thus provides the first validation of the proxy
method used to generate national maps of marine ecosystem
condition in the NBA.

In addition to broad-scale biodiversity assessments such
as the NBA, there is a need for continuous monitoring of
ecologically and economically important habitats that can
provide early warning signs of threats to ecosystem functioning.
Microorganisms account for up to 70% of the total biomass
of the oceans (Bar-On et al., 2018), and play a critical role
in driving global biogeochemical cycles (Azam et al., 1983).
Community analysis of microbial biomass reveals extraordinary
taxonomic diversity with distinct communities in different
water masses (Sunagawa et al., 2015; Venkatachalam et al.,
2019). Their diversity is reflected by metabolic versatility
that allows marine microorganisms to respond rapidly
to changes in their physical and chemical environment,
including anthropogenically-driven change (Fuhrman et al.,
2015). These responses, including shifts in the diversity and
structure of microbial communities and their metabolic
activity, can be used as a sensitive tool for assessing ecosystem
health, anthropogenic impact and responses to climate change
(Matcher et al., 2011).

We have employed this approach in a comparative study
of the microbial communities of three estuaries, two of
which are impacted by human activity, in Algoa Bay on
the southeast coast of South Africa. The study showed
conservation of the microbial communities of the marine-
dominated compared with the freshwater-dominated estuaries
and a drop in bacterial species richness in the human impacted
systems. In addition, there was a significant difference in the
response to the impact of agricultural versus urban activity
in the river catchments and in the estuaries (Matcher et al.,
2018). We are using this bottom-up approach to characterize
the pelagic and benthic microbial communities of Algoa Bay,
including the Sundays and Swartkops River estuaries. The
data provide insight into macro- and mesoscale variability that
reflects the complexity of freshwater and marine influences
and anthropogenic impact with important implications for
the development of a marine spatial plan for the Bay (see
Dorrington et al., 2018). This local-area plan can inform the

broader Marine Area Plans required by South Africa’s emerging
MSP legislation.

MODELING IMPACTS OF CLIMATE
CHANGE ON FOOD WEBS AND
FISHERIES

Climate change is a globally-recognized threat to marine fisheries
(Cochrane et al., 2009), and of the seven broad categories of
human use of the ocean, fisheries are considered to be the most
vulnerable to a range of both primary and secondary drivers
of climate change (Santos et al., 2016). Within South Africa, a
trait-based assessment of the likely sensitivity of South African
species to climate change identified that endemic and/or species
with a threatened or depleted stock status ranked among the
most sensitive to climate change (Ortega-Cisneros et al., 2018b).
Potts et al. (2015) identified a knowledge gap regarding the
predicted impacts of climate change on coastal fishes, and range
shifts in economically significant species (Fairweather et al., 2006;
Blamey and Branch, 2012) could be indicators of the impacts of
climate change, but significant new knowledge will be required to
determine if this is indeed the case. The South African National
Department of Agriculture, Forestry and Fisheries (DAFF) is
developing a draft Climate Change Mitigation and Adaptation
Plan for marine fisheries and aquaculture. We have responded to
this knowledge gap by developing models of the potential impacts
of climate change on food webs.

Climate projections indicate that an increase in sea surface
temperature (SST) in South African waters of approximately
3◦C is expected by 2099 compared to SST observed in 2000
under the Representative Concentration Pathways (RCP) 8.5
emission scenario of the Intergovernmental Panel on Climate
Change (Popova et al., 2016). Early signs of surface and shelf
bottom water aragonite undersaturation are also expected by
the end of the century in South Africa (Popova et al., 2016),
however, this can be observed earlier in areas influenced by
upwelling such as the west coast of South Africa (Gruber
et al., 2012). Anthropogenic climate change (e.g., ocean
warming) has been shown to have a wide range of effects on
marine organisms (e.g., Edwards and Richardson, 2004; Hoegh-
Guldberg et al., 2010) with consequences on catch potential
(e.g., Hays et al., 2005; Cheung et al., 2011) and livelihoods
(Barange et al., 2014; Pecl et al., 2017). Furthermore, sensitivity
to acidification is intensified when taxa are simultaneously
exposed to increased seawater temperature (Kroeker et al.,
2013; Nagelkerken and Connell, 2015). The warming and
acidification forecast for South Africa can be expected to have
profound effects on a number of species and potentially on
whole ecosystems.

Climate projections from the coupled “NEMO – MEDUSA
2.0” model (Yool et al., 2013) under the RCP 8.5 emission
scenario and the “Atlantis on the Benguela and Agulhas
Currents” model (ABACuS v2, Ortega-Cisneros et al., 2017) were
used to simulate the effects of ocean acidification and warming
in the southern Benguela system. Model simulations represent
the period 1990 to 2050. The individual and combined effects of
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ocean acidification and warming were compared to the control
run (no fishing, warming or acidification pressures) to determine
the effect of these stressors on groups’ biomass in the southern
Benguela. In the simulations, because of the limited number of
studies evaluating the effects of acidification on invertebrate and
fish species in South Africa, acidification is assumed to affect
the mortality of phyto- and zooplankton groups only. Other
invertebrate groups such as macrobenthos, meiobenthos and
squid as well as fish groups were assumed not to be affected
by acidification.

The combined effects of warming and acidification resulted
in biomass reductions for most plankton and fish groups.
Several target species such as anchovy Engraulis encrasicolus,
deep-water hake Merluccius paradoxus and shallow-water hake
M. capensis, snoek Thyrsites atun and sardine Sardinops sagax
were also negatively affected by the combined effect of warming
and acidification. The observed impacts of acidification on
most model groups were explained by indirect effects since
acidification affected only plankton groups in our simulations.
However, the impacts of warming were mostly attributed to direct
effects on the consumption, growth, mortality and reproduction
of model groups (Ortega-Cisneros et al., 2018a).

This study has provided insight into the potential responses
of marine species to climate change in South Africa. Our
results suggest that several important target species are likely
to be affected by climate change, which will potentially have
repercussions on the country’s economy. Our study also
identified information gaps and research priorities, which is
important in countries where resources and available information
are limited. The consideration of the likely future impacts
of ocean acidification and warming, and its combined effects
with other anthropogenic stressors, is essential to better
inform resource management and planning in South Africa,
especially in the currently-emerging MSP processes that will
need to remain adaptive to the spatial uncertainties resulting
from climate change.

MANAGING FISHERIES WITH AN
ECOSYSTEM APPROACH

In 1998, an ecosystem-based fisheries management (EBFM)
approach was adopted in South Africa with the enactment of the
Marine Living Resources Act 18 of 1998 (MLRA). Subsequently,
some ecosystem-based measures were incorporated into the
permit conditions of most commercial fisheries sectors, but
progress with implementation has been slow. While an EBFM
approach is implicitly considered in scientific and management
working groups, the implementation of explicit measures
remains to be demonstrated (Hutchings et al., 2009; Petersen
et al., 2010). A further deficiency in the implementation of
EBFM in South Africa is the incorporation of spatial management
instruments. Some spatial and temporal measures are in place,
however, the rationale for the existence of many of these measures
has not been explicitly stipulated and there have been calls
to review and improve such measures (Shannon et al., 2006;
Sink et al., 2012b). There are also concerns that expanding and

diversifying mining interests may compromise the food and job
security provided by fisheries (Norman et al., 2018).

The sustainable management of natural resources requires
an understanding of both the spatial and temporal scales
over which the social-ecological system operates (Ostrom,
2009). Although many temporal measures exist to manage
fisheries globally, the spatial nature of ecosystems, natural
resources and human activities intuitively requires that
management measures should incorporate spatial strategies
(Crowder et al., 2008). Spatial aspects of fisheries that may
benefit from area-based management measures include stock
structure (Reiss et al., 2009) and catch distributions (Rassweiler
et al., 2012), key areas for life history stages (Fisher and
Frank, 2002) (e.g., areas for spawning, nursery, migration,
life history cues), bycatch hotspots (Witherell and Pautzke,
1997), and user conflict (Kaiser et al., 2000). The EBFM
approach is fundamentally a spatially-explicit approach, and
ocean zoning and MSP form a crucial part of this concept
(Pikitch et al., 2004).

In order for South African fisheries management to
fully adopt an ecosystem-based approach, the full range
of potential spatial management instruments needs to be
identified and considered for implementation. We have
investigated spatial management options by: (i) reviewing
the existing legal environment that supports spatial ocean
management in South Africa; (ii) identifying potential legal
instruments that are or may be implemented to support spatial
fisheries management; (iii) exploring the manner in which
these instruments may be implemented; and (iv) providing
research recommendations to improve integration of the
spatial management instruments into fisheries management.
Eight Acts and Bills were examined, including the National
Environmental Management Act 107 of 1998 (NEMA),
National Environmental Management: Integrated Coastal
Management Act 24 of 2008 (NEM:ICMA), National
Environmental Management: Protected Areas Act 57 of
2003 (NEM:PAA), National Environmental Management:
Biodiversity Act 10 of 2004 (NEM:BA), the Mineral and
Petroleum Resources Development Act 28 of 2002 (MPRDA),
the Marine Living Resources Act 18 of 1998 (MLRA), the
Aquaculture Development Bill B 22-2018 and the Marine Spatial
Planning Bill B 9D-2017.

From the Acts and Bills examined, 11 spatial legal instruments
have been identified that can be used to improve area-based
management in the ocean, including measures that could be
used to implement MSP. Results show that nine instruments
support area-based management of South Africa’s fisheries,
however, only two have been implemented. Collectively,
these instruments represent opportunities to improve spatial
fisheries management, for example, spatial measures currently
implemented through permit conditions may be formalized
through the implementation of legal instruments. Some
existing spatial closures could be considered or strengthened as
Other Effective Area Based Conservation Measures (OECMs)
recognized by the Convention on Biological Diversity. With the
elevation of the MSP Bill to the Presidency for enactment,
there is an incentive to formalize spatial management
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measures to facilitate the MSP process. In particular, it is
recommended that the identification and implementation
of Fisheries Management Areas and Priority Fishing Areas
under the MLRA be prioritized to support an EBFM approach
to fisheries, and the development of an ecosystem-based
approach to MSP.

USING DYNAMIC OCEAN
MANAGEMENT TO RESOLVE
CONFLICTS BETWEEN FISHERIES AND
ENDANGERED PENGUINS

No-take zones can be important tools within an ecosystem-
based approach to achieve sustainable fishing and re-establish
ecosystem integrity (Roberts et al., 2005). However, their
potential benefits for vagile species such as small pelagic fish and
top predators remain questionable. In addition, they are generally
designed with definite sizes and shapes, although these can be
dynamically managed in space or time. For example, high-risk
areas for bycatch of yellowtail flounders Limanda ferruginea by
a New England scallop fishery are identified and updated daily,
which allows the lifting of the closed seasons previously in place,
thereby adding $10 million to the fishery each year (O’Keefe
and DeCelles, 2013). Maxwell et al. (2015) provide additional
examples of successful dynamic ocean management measures.

In South Africa, the population of the endemic African
penguin Spheniscus demersus has halved since 2004 (Crawford
et al., 2011). They predominantly feed on sardines and anchovies
which are also the target species of the purse-seine commercial
fishery. Since 2008, a 20 km radius experimental purse-seine
fishing exclusion has been initiated around two pairs of penguin
colonies (Dassen and Robben islands on the West Coast, and
St Croix and Bird islands in Algoa Bay on the East Coast, the
latter supporting half of the global population) with alternating
closure regimes in 3 years cycles (e.g., Pichegru et al., 2012;
Sherley et al., 2018). Between 2012 and 2017, in addition
to collecting information on the foraging performance and
reproductive success of penguins in Algoa Bay, we conducted
small-scale acoustic surveys to determine the relative abundance
of pelagic fish around their colonies (see McInnes et al., 2015). We
related these to the fishing exclusion patterns, while controlling
for monthly environmental conditions. We also compared
fishing patterns (costs in terms of travel time and benefits
in terms of size of landings) during and outside closures to
estimate the potential socio-economic impact of no-take zones
to the industry.

The results show that the costs of the closure remained low
to the fishing industry and catches remained stable through
time, despite variability in fish abundance. By contrast, fishing
exclusions largely benefitted penguins in terms of breeding
success and foraging performance, particularly during periods
of poor environmental conditions. Consequently, interviews
were conducted with stakeholders in the fishing industry,
initiating a discussion platform between fishers and scientists,
to explore if a dynamically-managed, adjustable no-take zone

in Algoa Bay can better protect penguin food sources, while
still considering fisher economies (Ginsburg et al., 2018).
Monthly acoustic surveys assessing fish abundance could be
used to suggest size and timing of fishing exclusions, thereby
allowing fishers additional operational areas when fish stocks
are high. Our research provides a proof of concept for
spatially and temporally dynamic management practices, as
well as the co-development of these practices with resource-
dependent stakeholders. Given that the current MSP process
in South Africa lacks a platform for meaningful engagement
with civil society (Reed and Lombard, 2017), our research
outputs provide an encouraging example of the potential
for win-win outcomes that can be achieved with purposeful
stakeholder consultation.

MANAGING CONFLICTING OBJECTIVES
IN A GROWING MARINE TOURISM
INDUSTRY

Coastal and marine tourism have the potential to make
an important contribution to the blue economy. Boat-
based whale-watching (BBWW) has become one of the
fastest growing marine tourism industries worldwide,
benefitting many communities and countries, and affecting
many nearshore cetacean populations (O’Connor et al.,
2009). BBWW was initially viewed as a sustainable and
non-consumptive use of cetaceans (Allen, 2014), and a
profitable replacement for commercial whaling (Hoyt and
Hvenegaard, 2002). More recent research has shown the
potential for BBWW to have extensive negative impacts,
including local extinctions (Lusseau et al., 2006; Parsons,
2012; Senigaglia et al., 2016). In the case of tourism
practices that rely on human-wildlife encounters, long-term
sustainability requires the continued presence of wildlife, and
ethical codes of conduct require empirical evidence to set
specific standards.

The Indian Ocean Rim Association (IORA) recognizes the
vital contribution of marine tourism to the blue economy
(see Rogerson et al., 2018). South Africa, currently serving
as the IORA chair, is at the forefront of promoting the
inclusion of marginalized groups in marine tourism, with
a focus on BBWW. The South African BBWW industry
was formalized in 1998, requiring permits to operate
under a framework of regulations and a voluntary code
of conduct. The Department of Environmental Affairs
(DEA) is responsible for administering the permits and
enforcing the regulations. Globally, the South African BBWW
industry is perceived as one of the most sustainable of its
kind, owing to the strong scientific basis from which the
regulations and code of conduct were designed. However,
an assessment of the efficacy of these regulations to protect
all targeted species has not been done and species-specific
regulations may be needed for the more vulnerable and less
conspicuous populations e.g., the Endangered humpback
dolphin (Sousa plumbea) and Vulnerable inshore Bryde’s whale
(Balaenoptera edeni) (Penry et al., 2016; Plön et al., 2016).
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Additionally, increasing pressure to expand the industry for
economic growth and social upliftment under Operation
Phakisa, requires a thorough understanding of the resource
value, it’s socio-economic potential, and potential impacts
on target species.

In 2005, an economic assessment by Turpie et al. (2005)
established that the BBWW industry contributed approximately
R37 million to South Africa’s Gross Domestic Product annually.
Their report supported the growth of the industry based on
the potential economic benefits, suggesting that the number
of operators could be increased by up to 40% “in the near
future.” Since then studies on the growth and subsequent
re-evaluation of the economic importance of this industry
to South Africa have been lacking. Although the socio-
economic benefits of whale and dolphin tourism and growth
of the industry are apparent, with an increase from 20 to
40 available permits between 1999 and 2017 (Department of
Environmental Affairs [DEA], 2017a,b), the benefits must be
considered in light of the dependence of the industry on
the availability of a resource in the form of regular and
reliable sightings of whales and dolphins. This increase was
based on the recognition of the potential economic and social
benefits of the industry, but with little or no consideration
of the ecological factors on which the industry is dependent.
Sustainable BBWW depends on continuous monitoring of the
impacts on cetaceans, compliance with enforceable regulations,
commercial profitability, and tourist satisfaction (Hoyt, 2003;
Corkeron, 2006).

A multi-disciplinary team is conducting research in
Plettenberg Bay on the South coast of South Africa, to assess
the current status of, and develop sustainable practices for,
boat-based marine tourism. The strategic intent of the program
is to support Operation Phakisa’s initiative to promote the
development of a sustainable oceans economy. The objectives
are to: measure the behavioral responses of whales and
dolphins to vessel approaches; assess the effectiveness of
existing guidelines to mitigate potential negative impacts;
determine rates of permit regulation transgression; quantify
the direct and indirect economic value of the industry; and
determine levels of customer satisfaction in relation to their
perceptions and expectations based on marketing of the industry.
The overall goal is to develop a sustainable marine tourism
sector with minimal impact on the resource that it depends
upon. We are using a systems analysis approach with system
dynamics (SD) modeling tools to identify tipping points at
which the industry becomes economically or ecologically
unsustainable, and leverage points where management or
policy interventions could move the system onto a sustainable
path. SD models allow diverse stakeholders to contribute
both qualitative and quantitative information, and to see the
impact of different decisions on their variables of interest
(e.g., annual earnings or whale population numbers). The
Plettenberg Bay project is providing a platform for future
group model-building exercises in a multi-stakeholder
environment, drawing on biophysical and socio-economic
research methods. From our perspective, multi-disciplinary
research projects of this nature have the highest likelihood

of success in the management of conflicting objectives in a
growing oceans economy.

DEVELOPING SCENARIOS FOR
ALTERNATIVE MANAGEMENT
STRATEGIES IN COMPLEX MARINE
SOCIAL-ECOLOGICAL SYSTEMS

Marine environments and marine governance structures
are both complex systems, and management strategies
often fail to encompass this complexity (Hazen et al., 2018;
Lewison et al., 2018; Lombard et al., in press). Integrated
management approaches should therefore supplement sector-
specific approaches and should adopt methods of analysis
and decision-support tools that recognize multiple forms
of complexity (Douvere, 2008; Lombard et al., 2019). There
is a growing interest in complexity research globally, given
the increasing impacts of humans on the biosphere (Steffen
et al., 2015), and MSP processes can benefit from a paradigm
shift from linear management approaches, to more adaptive
approaches that consider uncertainties, feedbacks, and plausible
future scenarios. Systems analysis, an approach that addresses
complexity, can provide a framework to understand key dynamic
interactions, feedbacks and unintended consequences across
multiple sectors (Pongsiri et al., 2017) and is therefore well
suited to MSP (Wang et al., 2014; Boumans et al., 2015). SD
modeling, a structured approach to systems analysis, is a rigorous
method for modeling complex systems and building computer
simulations which can assist with understanding the behavior
of systems under different conditions and future scenarios
(Sterman, 2000; Ford, 2009; Deenapanray and Bassi, 2015).
SD models can integrate environmental, social and economic
components within the marine system and therefore provide
holistic decision-support to understand the varying levels of
complexity (Deenapanray and Bassi, 2015).

Weller et al. (2014, 2016) used SD models to better understand
the impacts of multiple drivers on endangered African penguin
populations on two islands in South Africa. Their model
scenarios identified which management strategies were likely
to provide the most benefit for penguin populations. We are
using a broadly similar modeling approach to develop scenarios
for multiple sectors in Algoa Bay, South Africa, and how these
sectors will (1) be impacted by external drivers (e.g., harmful algal
blooms, range shifts in commercial species) and (2) impact one
another as they respond to external drivers (e.g., an increase in
fishing effort for small pelagic species may impact top predators
reliant on the same species). SD models will be developed
with stakeholders to allow them to identify which mitigation
and adaptation strategies will most likely reduce their sector’s
vulnerability to the negative impacts of external drivers, while
also minimizing any negative interactions among sectors.

Our particular study forms part of a broader programme
to develop a marine spatial plan for Algoa Bay (Dorrington
et al., 2018). Given that the focus of MSP is inherently spatial,
and that SD models provide temporal outputs (in the form
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of behavior-over-time graphs), we are developing methods to
“soft-couple” spatial and temporal outputs in a single decision-
making framework. Soft coupling provides a trade-off between
complexity and tractability, and our intention is to provide a
proof of concept for SD modeling as a tool for MSP in least
developed countries (that do not have the resources for fully
integrated model coupling).

From our perspective, systems-based approaches can support
more efficient planning and implementation processes and
help to optimize policy interventions by identifying trade-offs
and consequences related to different management strategies
(White et al., 2012; Lester et al., 2013; Pongsiri et al.,
2017). Adopting a complex systems analysis approach to MSP
in South Africa could therefore provide a realistic research
lens and could assist in informed and coordinated decision-
making about the future management of the country’s marine
environment, aiming to ensure the rational exploitation of
its marine resources and facilitate sustainable development of
the marine economy.

CONCLUSION

Through its National Development Plan and Operation Phakisa,
South Africa has a strong commitment to grow its oceans
economy. At the same time, the country’s Marine Spatial
Planning Bill is based on the principles of ecosystem-based
MSP, as opposed to integrated-use MSP. Careful navigation
will be required to ensure that short-term gains in one sector
will not outweigh concerns about long-term sustainability in
other sectors, and that all sectors will have equal power at
the negotiating table. As marine scientists, we need to identify
what sort of scientific information will be most useful, and
have most traction, at the policy level. To this end, we have
adopted a multi-disciplinary approach to address what we
believe are the key challenges in advancing an ecosystem-
based approach to MSP in a political climate of economic
growth imperatives.

The outputs of projects described in this manuscript
are designed to assist at the ecosystem assessment and
monitoring level (with data-derived methods to measure
ecosystem condition), the scenario planning and stakeholder
engagement level (with climate, ecosystem, and SD models),
the management level (particularly of resources that require
dynamic management), and the policy level (by developing
evidence-based codes of conduct for tourism, and informing
and applying existing legal instruments for spatial fisheries
management). Ultimately, the hope is to advance a more
integrated and adaptive approach to ocean management in
South Africa, using tools that can be applied in countries with
similar socio-political and environmental contexts. Recognizing
that our research projects address only some of the many
challenges in ecosystem-based approaches to MSP, we are
continuing to develop new programmes to address additional
challenges (e.g., the impact of seabed mining on fisheries, and the

impact of ocean noise on ecosystem and species). Nonetheless,
we hope that we can add to the global research knowledge
base, and other MSP processes, with the lessons we have
learned thus far.
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