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Abstract: In an era of climate change, South Africa’s kelp
forests offer important opportunities for sustainable
resource utilization. However, these opportunities also
bring risks of over-exploitation. The mismanagement of
kelp forests through monistic and exclusionary strategies
must therefore be avoided. Emphasizing the value of plural
knowledges and cultural norms associated with kelp, here
we advocate for inclusive and integrated marine resource
management to ensure the resilience of South Africa’s kelp
forests and the well-being of coastal communities that
depend on them.
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Kelp – large brown seaweeds belonging to the Order Lami-
nariales – occur along temperate to Arctic shores, withmany
species forming forest ecosystems in lower-intertidal to
shallow sub-littoral reefs (Wernberg et al. 2019). Kelp forests
may extend from the shoreline to depths of 30–40m, with
vertical limits to their distribution determined by wave
action, grazing, and irradiance (Bennett et al. 2016). Kelp
forests are complex in structure and impart a variety of uses
to humans and the environment, fromproviding habitats for
various species of associated fauna and flora, to carbon
capture and shoreline protection (Eger et al. 2023).

In the past 50 years, there has been a global decline of
kelp abundance of∼2 % per annumdue to increasing threats

associated with a changing climate and anthropogenic
pressures, with associated losses in the contributions that
kelp make towards ecosystem functioning (Krumhansl et al.
2016). However, some regions, including South Africa, have
instead shown an increase in kelp abundance, biomass and
distribution (UNEP 2023; Wernberg et al. 2019). The increase
in kelp productivity in South Africa has been attributed to an
increased intensity and duration of the south-easterly wind,
which causes the upwelling of cool, nutrient-rich water
(Abrahams et al. 2021; Bolton and Blamey 2017).

In South Africa, kelp forests occur over approximately
1000 km of coastline in the southern portion of the Benguela
Current Large Marine Ecosystem (Blamey and Bolton 2018).
The common kelp species in this region, specifically along the
western Cape coast, include Ecklonia maxima (‘sea bamboo’),
Laminaria pallida (‘split-fan kelp’) and Macrocystis pyrifera
(‘bladder kelp’) (Maneveldt 2011; Maneveldt and Frans 2001).
Of these, the dominant kelp species used for commercial
purposes, and those considered in this communication, are
Ecklonia maxima and, to a lesser extent, Laminaria pallida
(DFFE 2013).

As the environmental challenges facing kelp forests
around the world become increasingly evident (UNEP 2023),
there is a need to explore solutions that harness the potential
of these underwater forests. In recent years, there has been a
growing interest in the possible contributions of seaweeds,
particularly kelp to climate-friendly economic opportu-
nities. These include their use in combatting food insecurity,
as a biodegradable replacement for single-use plastics, as
part of livestock feed that reduces methane emissions, and
more (Millin 2019; Price 2020; Roque et al. 2021). The reasons
for this shift could be attributed, in part, to the increasing
urgency of the climate crisis (Hoegh-Guldberg et al. 2019) and
to the growing belief that morphologically complex species
such as kelp, may offer ‘blue carbon’ solutions to mitigate
climate change (Lovelock and Duarte 2019). As such, kelp have
witnessed a notable surge in both present and potential
applications, encompassing a wide range of potential uses
such as food and food supplements (Millin 2019), livestock feed
that reduces methane emissions (Roque et al. 2021), fertilizers
and plant growth enhancers (Rothman et al. 2020), bioplastics
(Price 2020), and biofuels (Shapiro and Evstatieva 2017).
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The South African kelp industry currently produces
approximately 10,000 tonnes of fresh kelp per annum,which
represents 3 % of the global ‘wild-harvested’ kelp produc-
tion, but only 0.1 % of the total global kelp production, which
includes wild-harvested and aquaculture sources (CSIR
2022). The management approach of maximum sustainable
yield (MSY) is applied to each designated kelp concession
zone and is capped at 10 % of the estimated annual kelp
forest biomass (CSIR 2022). In total, the maximum sustain-
able yield for kelp is approximately 25,500 tonnes per year
(CSIR 2022). The primary market for kelp in South Africa
currently centres around its use as a feed for the abalone
industry and, between 2011 and 2020, fresh beach-cast and
harvested kelp designated for abalone feed peaked at 7000
tonnes per year (Rothman et al. 2020). The second significant
market for kelp is its application in plant growth enhancers,
which has displayed consistent growth over several years,
reaching over 3000 fresh tonnes per year in 2017 (Rothman
et al. 2020). Stirk et al. (2004), examined potential new appli-
cations for Southern African kelp, highlighted promising new
uses, including as bio-absorbents in heavy-metal wastewater
remediation, potential medicinal value, and their use in the
brewing and distilling industries for the manufacture of
alcoholic beverages, though not all these applications have
since been realized. The Commonwealth and Development
Office of the Government of the United Kingdom and the
Bivalve Shellfish Farmers Association of South Africa’s Kelp
Project subsequently identified additional potential uses of
kelp (CSIR 2022), such as serving as an integrated multi-
trophic aquaculture (IMTA) platform, contributing to climate
change mitigation efforts, and generating carbon credits
(Hossain et al. 2022). In IMTA systems, the inclusion of kelp
is common due to their efficient capacity to absorb carbon
dioxide (CO2) from the water (Lovelock and Duarte 2019).
Theoretically, the carbon regulation performed by seaweeds
have the potential to offset CO2 emissions, and the quanti-
fied carbon units can be utilized to generate carbon credits.
However, the effectiveness of this system in South Africa,
particularly in generating carbon credits, hinges on the
refinement of the IMTA platform, alongside wider policy
questions about the efficacy of such approaches. To achieve
this, there is a prerequisite for regulatory frameworks that
recognize and assign value to the societal benefits of carbon
removal from the water (Ross et al. 2023).

As mentioned previously, kelp forests in South Africa
are expanding (Bolton and Blamey 2017). Market applica-
tions already exist in South Africa for kelp products,
including fresh kelp for abalone farmers, whole fresh kelp
for plant growth enhancer manufacturers, and dried, mil-
led, and graded kelp for local and international markets

(CSIR 2022; Rothman et al. 2020). Paired with the existing
and increased interests in kelp applications, the current
kelp forest expansions make South African kelp a poten-
tially viable species of interest to many stakeholders. This
includes an untapped global market potential for econo-
mies of scale, particularly through successful commercial
aquaculture development for using kelp in the pharma-
ceutical, nutraceutical, and food industries (CSIR 2022).

Amidst the heightened demand and increasing utiliza-
tion, the sustainable management of kelp ecosystems
becomes paramount to avoid the potential over-exploitation
of this resource, and the marginalization of communities
that depend on it. Given the diverse set of stakeholders, from
different knowledge systems and social-cultural systems in
South Africa, inclusive and integrated management of kelp
ecosystems is especially important to prevent the manage-
ment and governance of changing kelp forests from taking the
formof ‘ocean-grabbing’, which refers to acts of dispossession
or appropriation of marine resources (Bennett et al. 2015;
Bennett and Roth 2019). Historically, South Africa’s marine
resourcemanagement strategies have been exclusionary. The
absence of meaningful consultation during policy imple-
mentation, particularly regarding amendments to theMarine
Living Resources Act No. 18 of 1998 to accommodate a new
small-scale fisheries sector policy, had resulted in excluding
local values, principles, and practices from the planning and
decision-making process (Sowman and Sunde 2021). In 2017,
the rights to certain kelp concession areas were provisionally
allocated to the Small-Scale Fishing sector, which, for
unknown reasons, has yet to be activated. As a result, the
temporary (unfortunate) solution was to give previous rights-
holders (i.e., commercial entities) exemptions to continue
harvesting kelp (Rothman et al. 2020). Consequently, some
marine resource management strategies continued to sepa-
rate scientific decisions from those that are social in nature.
For example, total allowable catch limits are often based on
species biology and stock assessments, with little consider-
ation of the socio-political elements of the allocations. Simi-
larly, the impact of climate-induced changes on cultural
aspects, such as the significance of kelp forests to local com-
munities in terms of recreation and as places of social cohe-
sion, is often neglected in marine resource management
strategies (Mehta et al. 2023; Sunde and Kumar 2014). While
there is no doubt that ecological assessments are necessary in
informing total allowable catch limits to prevent the over-
exploitation of natural resources, the permit allocation pro-
cessmust be socially inclusive and sensitive to ensure the fair
and equitable use of these resources.

It has become increasingly apparent that marine
resource management strategies must be inclusive and
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should consider cultural practices and traditions that remain
deeply rooted inmarine ecosystems. Mehta (2022) found that,
although awareness of historical knowledge of indigenous
kelp use in SouthernAfrica exists,most stakeholderswere not
privy to this knowledge. For example, some who held this
knowledge spoke of kelp’s use in ‘potjies’ (a South African
stew that is slow-cooked in a three-legged, cast iron pot, over
an open fire). Still others, as a direct and natural fertiliser for
marijuana and other indigenous plants, and still others, of its
medicinal properties stemming from high iodine levels that
were harnessed through salves and creams (Mehta 2022).
History suggests that althoughHomo sapienshas exploited the
resources from kelp forests for at least 10,000–70,000 years,
people’s intimate connectionswith kelp forests could beas old
as the human species itself (Filbee-Dexter and Wernberg
2018). Unfortunately, the historical, traditional, and indige-
nous knowledge surrounding kelp in South Africa is rapidly
being lost (Mehta 2022). Incidentally, several indigenous cul-
tures around the world, that depend on marine resources,
including seaweeds and kelp, have for millennia successfully
utilized traditional and local knowledge, well-established
social networks, as well as cultural norms, to sustainably
manage their resources (e.g., Jabali et al. 2020; Poepoe et al.
2003; Proulx et al. 2021). Drawing from their experience, local
knowledge holders can provide valuable models for adopting
more inclusive approaches to resource management to pre-
vent unfavourable outcomes. Thus, holistic marine resource
and ecosystem management is essential to safeguard the
remaining ties between local peoples and kelp forests. By
embracing plural knowledges and cultural norms associated
with kelp, we can help to ensure that the interests and well-
being of coastal communities are safeguarded, and that the
management of kelp forests is sustainable (Bennett and Roth
2019).

To achieve true resource sustainability, a values-led
management system is needed, one that builds on the
foundational values concerning the relationship between a
community and nature (Artelle et al. 2018). These values
guide peoples’ conduct with nature, place, and each other,
ultimately shaping the management approach and objec-
tives, and potentially leading to favourable policies and
practices. Such models already exist in place-based cultures
(e.g. Stephenson et al. 2014; Turner and Spalding 2013). In
South Africa, Lucrezi (2021), assessing recreational divers’
interest in kelp monitoring, showed that all participants felt
that kelp species deserved to be protected. Similarly, Mehta
et al. (2023) found that 88 % of local stakeholders in the South
African kelp sector believe they have an ethical and moral
obligation to protect kelp forests. These examples demon-
strate the prevalence of strong relational values and a sense
of custodianship towards kelp forests among individuals

with vested interests. The foundational values of relation-
ality and reciprocity – or the right to use kelp as a resource
existing alongside the responsibility to maintain and protect
it – is seen across several stakeholder groups in South Africa
(Mehta et al. 2023). This underscores the significance of
considering these values in decision-making processes and
management strategies to effectively protect and sustain-
ably use kelpforests.

Knowledge about kelp, amongst individuals in the South
African kelp industry, is (not surprisingly) very high, with
62 % of stakeholders in the kelp sector holding knowledge
about kelp forests for more than 10 years (Mehta 2022). The
most commonway of acquiring knowledge of kelp is through
personal interactionwith it, resulting in the existence of rich
place-based, local knowledge(s) of these forests (Figure 1). By
building on existing cultural and ecological knowledge,
community-based initiatives can be developed to promote
sustainable practices in using, monitoring, and protecting
kelp forests. Involving local communities in decision-making
processes is thus paramount in fostering a sense of owner-
ship and responsibility.

All things considered, how might these values-led
management systems manifest in practical terms? First,
tangible objectives that are shaped by underlying values
towards kelp forest ecosystems must be determined. For
example, if reciprocity and respect are recognized values,

Figure 1: The relative proportions of the different modes of kelp
knowledge acquisition across a sampled population (N = 74) elicited
through survey questionnaires and semi-structured interviews. Stake-
holders were asked to choose all the sources of knowledge that applied to
them from the given options. For details, see Mehta (2022).
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an objective related to these could be to ensure that the kelp
populations are not excessively exploited. One way to
achieve this objective could include regulations that
specify that kelp should be harvested only at specific times
of the year. The next step could be to align laws and policies
with the identified approach to meet a value-led objective.
Building on this example, a method to ensure that
individuals do not exceed harvest levels could involve
establishing community-led monitoring systems and pol-
icies explicitly outlining these restrictions, with associated
enforceable penalties.

Acknowledging the broad range of values and knowl-
edges linked to kelp forests is crucial to ensure decision-
making processes recognise and respect the perspectives of
all individuals, communities, and social entities, including
those at risk of exclusion due to the consequences of such
decisions (IPBES 2016). By fostering collaboration and
promoting a mutual understanding of the diverse knowl-
edges and values linked to kelp forests, it becomes possible
to ensure the long-term resilience and conservation of
these ecosystems, while simultaneously safeguarding
their cultural heritage and the well-being of coastal
communities.

Acknowledgments: The reviewers and editors are thanked
for their valuable feedback.
Research ethics: Ethical clearance was issued by the Faculty
of Science at the University of Cape Town (FSREC 011–2021)
where necessary.
Author contributions: Akshata Mehta led the conception
and writing of the research reported here. Prof. Albertus
J. Smit and Prof. RachelWynberg provided guidance in terms
of writing and the final draft of the manuscript. The authors
have accepted responsibility for the entire content of this
manuscript and approved its submission.
Competing interests: The authors states no conflict of
interest.
Research funding: The BlueConnect project “Blue Growth
Opportunities in Changing Kelp Forests” (SANOCEAN Project
Number 287191) and theNRFGlobal Change Grand Challenge
(ESS180920360856) provided funding to support the
research. This work also forms part of the Bioeconomy
Research Chair supported by the Department of Science and
Innovation and National Research Foundation of South
Africa (Grant Number 84429). Any opinion, finding and
conclusion or recommendation expressed in this material is
that of the authors and the NRF does not accept any liability
in this regard.
Data availability: Not applicable.

References

Abrahams, A., Schlegel, R.W., and Smit, A.J. (2021). A novel approach to
quantify metrics of upwelling intensity, frequency, and duration. PLoS
One 16: e0254026.

Artelle, K.A., Stephenson, J., Bragg, C., Housty, J.A., Housty, W.G., Kawharu,
M., and Turner, N.J. (2018). Values-led management: the guidance of
place-based values in environmental relationships of the past,
present, and future. Ecol. Soc. 23: 35.

Bennett, N.J., Govan, H., and Satterfield, T. (2015). Ocean grabbing.Mar. Pol.
57: 61–68.

Bennett, N.J. and Roth, R. (2019). Realizing the transformative potential of
conservation through the social sciences, arts and humanities. Biol.
Conserv. 229: A6–A8.

Bennett, S., Wernberg, T., Connell, S.D., Hobday, A.J., Johnson, C.R., and
Poloczanska, E.S. (2016). The “Great Southern Reef”: social, ecological
and economic value of Australia’s neglected kelp forests.Mar. Freshw.
Res. 67: 47–56.

Blamey, L.K. and Bolton, J.J. (2018). The economic value of South African kelp
forests and temperate reefs: past, present and future. J. Mar. Syst. 188:
172–181.

Bolton, J. and Blamey, L. (2017). Kelps in Southern Africa are thriving, but
some key inhabitants of kelp forests are not, Available at: <https://
theconversation.com/kelps-in-southern-africa-are-thriving-but-
some-key-inhabitants-of-kelp-forests-are-not-73069#:∼:text=Kelps%
20in%20South%20Africa%20are,as%20fishing%20and%20climate%
20change>.

CSIR (Council for Scientific and Industrial Research) (2022). Final report: pre-
feasibility study on the potential for commercial cultivation of African
kelp along South Africa’s West Coast, Available at: <https://sancor.nrf.
ac.za/Documents/Final%20Report_Pre-feasibility%20Study%20-%
20Commercial%20kelp%20cultivation_2022-06-13.pdf>.

DFFE (Department of Forestry, Fisheries and the Environment) (2013).
Description of the commercial seaweed sector, Available at: <https://
www.dffe.gov.za/sites/default/files/reports/descriptionofcommercial_
seaweedsector.pdf>.

Eger, A.M., Marzinelli, E.M., Beas-Luna, R., Blain, C.O., Blamey, L.K., Byrnes,
J.E.K., Carnell, P.E., and Choi, C.G. (2023). The value of ecosystem
services in global marine kelp forests. Nat. Commun. 14: 1894.

Filbee-Dexter, K. andWernberg, T. (2018). Rise of turfs: a new battlefront for
globally declining kelp forests. BioScience 68: 64–76.

Hoegh-Guldberg, O., Northrop, E., and Lubchenco, J. (2019). The ocean is
key to achieving climate and societal goals. Science 365: 1372–1374.

Hossain, A., Senff, P., and Glaser, M. (2022). Lessons for coastal applications
of IMTA as away towards sustainable development: a review. Appl. Sci.
12: 11920.

IPBES (Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services) (2016). Preliminary guide regarding diverse
conceptualization of multiple values of nature and its benefits, including
biodiversity and ecosystem functions and services. Kuala Lampur,
Available at: <https://files.ipbes.net/ipbes-web-prod-public-files/
downloads/IPBES-4-INF-13_EN.pdf>.

Jabali, W., Wamukota, A., and Fulanda, B. (2020). The role of indigenous
knowledge in the management of marine resources: a case study of
Kuruwitu and Mkunguni fishing areas in Kenya. West. Indian Ocean
J. Mar. Sci. 19: 19–31.

Krumhansl, K.A., Okamoto, D.K., Rassweiler, A., Novak, M., Bolton, J.J.,
Cavanaugh, K.C., Connell, S.D., Johnson, C.R., Konar, B., Ling, S.D., et al.

446 A. Mehta et al.: Embracing diversity

https://theconversation.com/kelps-in-southern-africa-are-thriving-but-some-key-inhabitants-of-kelp-forests-are-not-73069#:~:text=Kelps%20in%20South%20Africa%20are,as%20fishing%20and%20climate%20change
https://theconversation.com/kelps-in-southern-africa-are-thriving-but-some-key-inhabitants-of-kelp-forests-are-not-73069#:~:text=Kelps%20in%20South%20Africa%20are,as%20fishing%20and%20climate%20change
https://theconversation.com/kelps-in-southern-africa-are-thriving-but-some-key-inhabitants-of-kelp-forests-are-not-73069#:~:text=Kelps%20in%20South%20Africa%20are,as%20fishing%20and%20climate%20change
https://theconversation.com/kelps-in-southern-africa-are-thriving-but-some-key-inhabitants-of-kelp-forests-are-not-73069#:~:text=Kelps%20in%20South%20Africa%20are,as%20fishing%20and%20climate%20change
https://theconversation.com/kelps-in-southern-africa-are-thriving-but-some-key-inhabitants-of-kelp-forests-are-not-73069#:~:text=Kelps%20in%20South%20Africa%20are,as%20fishing%20and%20climate%20change
https://sancor.nrf.ac.za/Documents/Final%20Report_Pre-feasibility%20Study%20-%20Commercial%20kelp%20cultivation_2022-06-13.pdf
https://sancor.nrf.ac.za/Documents/Final%20Report_Pre-feasibility%20Study%20-%20Commercial%20kelp%20cultivation_2022-06-13.pdf
https://sancor.nrf.ac.za/Documents/Final%20Report_Pre-feasibility%20Study%20-%20Commercial%20kelp%20cultivation_2022-06-13.pdf
https://www.dffe.gov.za/sites/default/files/reports/descriptionofcommercial_seaweedsector.pdf
https://www.dffe.gov.za/sites/default/files/reports/descriptionofcommercial_seaweedsector.pdf
https://www.dffe.gov.za/sites/default/files/reports/descriptionofcommercial_seaweedsector.pdf
https://files.ipbes.net/ipbes-web-prod-public-files/downloads/IPBES-4-INF-13_EN.pdf
https://files.ipbes.net/ipbes-web-prod-public-files/downloads/IPBES-4-INF-13_EN.pdf


(2016). Global patterns of kelp forest change over the past half-
century. Proc. Natl. Acad. Sci. U. S. A. 113: 13785–13790.

Lovelock, C.E. and Duarte, C.M. (2019). Dimensions of blue carbon and
emerging perspectives. Biol. Lett. 15: 20180781.

Lucrezi, S. (2021). Characterising potential participants in kelpmonitoring in
the recreational diving community: a comparative study of South
Africa and New Zealand. Glob. Ecol. Conserv. 28: e01649.

Maneveldt, G.W. (2011). Kelp forests: forests of a different kind. Veld Flora
97: 168–170.

Maneveldt, G.W. and Frans, R. (2001). Of sea bamboo, split-fan kelp and
bladder kelp: rhree common kelp species of the Cape Peninsula and
West Coast. Veld Flora 87: 38–39.

Mehta, A. (2022). “Golden forests” of the sea: assessing values and
perceptions of kelp in the Western Cape region of South Africa,
Master’s thesis. Faculty of Science. Univeristy of Cape Town, Cape
Town.

Mehta, A., Wynberg, R., Smit, A.J., and Ramcharan-Kotze, C. (2023).
Exploring local perceptions around the value of marine biodiversity:
the case of kelp in the Western Cape, South Africa. Ecosyst. People 19:
2234499.

Millin, A. (2019). Kelp: the next superfood? | Scripps Institution of
Oceanography, Available at: <https://scripps.ucsd.edu/news/kelp-
next-superfood>.

Poepoe, K., Bartram, P., and Friedlander, A. (2003). The use of traditional
Hawaiian knowledge in the contemporary management of marine
resources. In: Proceedings of putting fisher’s knowledge to work. The
University of British Columbia, Vancouver, BC.

Price, C. (2020). London startup is making edible, plastic-like packaging out
of seaweed, Available at: <https://www.businessinsider.com/notpla-
plastic-waste-seaweed-packaging-2020-10?IR=T>.

Proulx, M.J., Ross, L., Macdonald, C., Fitzsimmons, S., and Smit, M. (2021).
Indigenous traditional ecological knowledge and ocean observing:
a review of successful partnerships. Front. Mar. Sci. 8: 806.

Roque, B.M., Venegas, M., Kinley, R.D., De Nys, R., Duarte, T.L., Yang, X., and
Kebreab, E. (2021). Red seaweed (Asparagopsis taxiformis)
supplementation reduces enteric methane by over 80 % in beef
steers. PLoS One 16: e0247820.

Ross, F.W.R., Boyd, P.W., Filbee-Dexter, K., Watanabe, K., Ortega, A., Krause-
Jensen, D., Lovelock, C., Sondak, C.F.A., Bach, L.T., Duarte, C.M., et al.
(2023). Potential role of seaweeds in climate change mitigation. Sci.
Total Environ. 885: 163699.

Rothman,M.D., Anderson, R.J., Kandjengo, L., and Bolton, J.J. (2020). Trends
in seaweed resource use and aquaculture in South Africa andNamibia
over the last 30 years. Bot. Mar. 63: 315–325.

Shapiro, A. and Evstatieva, M. (2017). Scientists hope to farm the biofuel of
the future in the Pacific Ocean, Available at: <https://www.npr.org/
sections/thesalt/2017/08/22/542903378/scientists-hope-to-farm-the-
biofuel-of-the-future-in-the-pacific-ocean>.

Sowman, M. and Sunde, J. (2021). A just transition? Navigating the process
of policy implementation in small-scale fisheries in South Africa.Mar.
Pol. 132: 104683.

Stephenson, J., Berkes, F., Turner, N., and Dick, J. (2014). Biocultural
conservation of marine ecosystems: examples fromNew Zealand and
Canada. Indian J. Tradit. Knowl. 13: 257.

Stirk, W.A., van Staden, J., and Bornman, C.H. (2004). Potential new
applications for the southern African kelps. S. Afr. J. Bot. 70:
145–151.

Sunde, J. and Kumar, K.G. (2014). Marine protected areas and small-scale
fisheries in South Africa: promoting governance, participation, equity and
benefit sharing. (Samudra monograph). International Collective in
Support of Fishworkers, Chennai.

Turner, N. and Spalding, P. (2013). “Wemight go back to this”. Drawing on
the past to meet the future in northwestern North American
indigenous communities. Ecol. Soc. 18: 29.

UNEP (United Nations Environment Programme) (2023). Into the blue:
securing a sustainable future for kelp forests, Available at: <https://
wedocs.unep.org/20.500.11822/42255>.

Wernberg, T., Krumhansl, K., Filbee-Dexter, K., and Pedersen, M.F. (2019).
Chapter 3 - Status and trends for the world’s kelp forests.
In: Sheppard, C. (Ed.)World seas: an environmental evaluation, 2nd ed.
Cambridge, Academic Press, pp. 57–78.

Bionotes
Akshata Mehta
Department of Biodiversity and Conservation
Biology, University of the Western Cape, Bellville
7535, South Africa
akshatamehta@gmail.com
https://orcid.org/0000-0003-3871-0537

Akshata Mehta is currently based at the Department of Biodiversity &
Conservation Biology at the University of the Western Cape. Her research
areas of interest include human dimensions of marine and coastal
ecosystems (specifically, seaweeds), the marine bioeconomy, marine
conservation and management, and climate change and resilience.

Rachel Wynberg
Department of Environmental and Geographical
Science, University of Cape Town, Cape Town
7701, South Africa

Rachel Wynberg is a professor in the Department of Environmental and
Geographical Science at the University of Cape Town in South Africa where
she holds a research chair focused on environmental and social dimensions
of the bio-economy. With a background in both the natural and social
sciences, her interdisciplinary research is focused on securing just,
sustainable and biodiverse bio-economies.

Albertus J. Smit
Department of Biodiversity and Conservation
Biology, University of the Western Cape, Bellville
7535, South Africa
Elwandle Coastal Node, South African
Environmental Observation Network (SAEON),
Gqeberha 6001, South Africa

Albertus J. Smit is a marine scientist with a 25-year trajectory post-PhD,
specializing in phycology, with expertise in kelp forest ecosystems. His
transdisciplinary research extends to coastal ecology, oceanography, and
socio-economic impacts of climate change on coastal communities. His
work supports UN SDGs 11, 13, and 14, leveraging South Africa’s distinct
geographic position.

A. Mehta et al.: Embracing diversity 447

https://scripps.ucsd.edu/news/kelp-next-superfood
https://scripps.ucsd.edu/news/kelp-next-superfood
https://www.businessinsider.com/notpla-plastic-waste-seaweed-packaging-2020-10?IR=T
https://www.businessinsider.com/notpla-plastic-waste-seaweed-packaging-2020-10?IR=T
https://www.npr.org/sections/thesalt/2017/08/22/542903378/scientists-hope-to-farm-the-biofuel-of-the-future-in-the-pacific-ocean
https://www.npr.org/sections/thesalt/2017/08/22/542903378/scientists-hope-to-farm-the-biofuel-of-the-future-in-the-pacific-ocean
https://www.npr.org/sections/thesalt/2017/08/22/542903378/scientists-hope-to-farm-the-biofuel-of-the-future-in-the-pacific-ocean
https://wedocs.unep.org/20.500.11822/42255
https://wedocs.unep.org/20.500.11822/42255
mailto:akshatamehta@gmail.com
https://orcid.org/0000-0003-3871-0537

	Embracing diversity: enhancing the management of South Africa’s kelp forests in an era of change
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


