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Yesterday, today and tomorrow: A snapshot of our journal

2024 is a landmark year for South Africa, South African science, and for
our journal. South Africa is now 30 years into our democracy, and this
marks an important opportunity for reflection on the achievements and
the disappointments of the past 30 years. As far as science is concerned,
there is little doubt that there is greater visibility of South African science
than there was 30 years ago, with some of the leadership associated
with research related to COVID-19, built on the infrastructure of existing
HIV-related research and expertise.

It is also true that among our generation of emerging researchers, many
are now ‘born frees’, born into a hopeful and complex democracy and
now tasked with taking research forward into South Africa’s future and
into that of our continent and planet. This is a time for reflection on how
far we have come in the transformation of science and the application of
science to think about and solve pressing problems. We South Africans
are publishing more, but are we doing better science? There are many
initiatives looking critically at schemes to incentivise higher publication
and many people are concerned with this question. And the strong need
we held for a larger and more diverse pipeline of very well qualified
young people entering universities also needs, and is gaining, attention,
as huge inequities in our education system persist and appear to widen.
What went right, and what went wrong?

We hope that readers of our journal will submit for possible publication
their reflections on the achievements and challenges of the past 30 years.
Later this year, in addition, we will be publishing a special issue to reflect
on the 120-year history of the South African Journal of Science. Against
the backdrop of this 120-year history, it is important and instructive to
reflect on the extent to which there are continuities and discontinuities
in our long history. What do we have to build on and to celebrate, and
what, given the wisdom of hindsight, would we, and should we, have
done differently?

It is in the nature of good scientific practice to take stock of research
traditions and to make an assessment of how we as a scientific
community are faring. Given that part of the vision of our journal is to
“inform policymakers and the public”, it is also important that we
encourage debate on contemporary issues. Challenges with service
delivery have been described as ‘crises’ since the early days of our
democracy, and are certainly in the news currently in this election year.
For this reason, we have opened a call for commentaries for a discussion
series on service delivery, and we hope to feature analyses and
proposed solutions to a range of challenges from a range of disciplines
and interdisciplinary teams and groups. We hope that the discussion
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series will be of use and interest not just to researchers, but also to
those tasked with taking very practical and pressing challenges forward.

In the spirit of looking back, and looking forward, it is noteworthy that a
new opportunity and challenge for our journal, for all journals, and for the
academic community as a whole, is the challenge posed by developments
in artificial intelligence (Al) and large language models (LLMs). We ran
what we have found to be a very helpful commentary on this topic in
a recent issue, and after a period of consultation, we have recently
published our Al and LLIV policy. We anticipate (and, indeed, we hope)
that there will be some contestation and discussion about this policy. As
with all our policies, this policy will be subject to change and refinement.
Nobody can precisely predict the future of academic publishing in the
environment of rapid changes with Al and LLMs, and we want to work
together with our readers and contributors to do the best we can to keep
up. Please continue to help us.

On the topic of how well we are doing, since 2022, we have been reporting
briefly on some of the trends we have observed in the life of the journal year
by year. In 2023, a total of 420 original research and review articles were
submitted to the journal — 38% of these submissions were from South
Africa, and 23% were from elsewhere on the continent. We published 57
peer-reviewed articles across the six issues published in 2023. About
61% of the published authors were from South Africa, with 23% from the
rest of Africa — an increase on last year’s 15%. Although the focus of our
journal has historically been on South Africa, we now take a more broadly
continental view as we are an inextricable part of Africa. This said, we
state clearly in our mission statement that we will consider submissions
from other African countries only if they show relevance or application
beyond a single country to broader issues facing the continent. Our very
high desk rejection rate (81%) is to an extent fuelled by submissions from
other African countries but of relevance only to those countries (many
excellent but very locally focused African papers form part of the 26% of
desk rejected papers which are submitted from other African countries).
Distressingly, almost half of our desk rejections (46%) are for submissions
of varying quality from authors outside of Africa and on topics which do
not have an African focus, with these authors effectively wasting their own
time and resources in submitting to our journal. At the same time, this
high figure of 46% of desk rejections should encourage African and South
African authors, as the desk rejection rate falls by almost half when only
African and South African authors are considered.

Our commitment to multidisciplinarity and to research relevant to
contemporary African questions is reflected in Figure 1. The articles
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published in 2023 fall within 22 research categories, as classified by
Dimensions, and contributed to 10 of the 17 Sustainable Development
Goals.

In terms of the reach of the journal, we have a small but growing social
media presence, which is focused on promoting published content
and increasing its visibility and reach across a wider readership. We
encourage readers to follow us on X [Twitter], Facebook, LinkedIn
and Instagram and to engage with us through these platforms. Media
reports on articles published in the journal can be

. In 2023, there were 92 media mentions of published
articles, with a global online reach of 3.5 million. We are acutely
aware of the need to balance the accessibility and reach of the journal
with rigour and scientific quality, and our rigorous peer review and
expert reader processes assist us in this regard. It remains the case,
though, with our journal and anecdotally with what we believe to be
the majority of other academic journals, that speedy, high-quality, peer
review is a challenge.

In 2023, it took on average 10 months from submission of a manuscript
to final decision (this excludes revision rounds). In common with
our authors, we would wish this time were much shorter — the time
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delays are a source of frustration to all. In 2023, in order to find two
reviewers for each submitted article, we had to approach on average
seven reviewers. In 2023, we approached 736 reviewers, of whom 201
completed a peer review and 5 completed two or more peer reviews.
The average time to accept a review invitation was 17 days. A large
number of reviewers do not respond, and a proportion of those who do
agree to review do not complete their reviews. Qur journal is certainly not
alone in experiencing frustration and difficulties around peer review, and
this makes us all the more grateful to those who do complete reviews,
or, if unable to review, tell us so promptly and suggest alternatives.
Our associate editors with their mentees, and our peer reviewers, are
absolutely central to the vitality and health of our journal, and we thank
them all (a list of those who reviewed for us in 2023 can be found here;
current associate editors and mentees are listed at

)-

At the South African Journal of Science, we work as a close team, and
any success of the journal owes a great deal to teamwork and to the
support of the Academy of Science of South Africa. As always, we
want to do better as a journal, and we welcome constructive and helpful
feedback.
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Animals are our history

Sandra Swart, Professor of History at Stellenbosch University, has been steadily building a reputation as the
‘animals’ historian’, pre-eminently in her previous book, Riding High: Horses, Humans and History in South Africa
(Wits University Press; 2010). In Riding High she showed how the horse was absolutely key to the conduct of
colonisation, centuries of warfare, the symbolisation of power, and entertainment. In The Lion’s Historian, Swart
examines the intricate effects of several other animal presences, wild and domestic, feral and alien, largely absent
from conventional historiography.

With vivacious boldness, Swart goes further than merely chronicling human use of or contact with animals, or
‘giving a voice to the voiceless’. Broadly, she argues, human-animal interactions are not marginal to history as
we anthropocentric writers conceive of it, but actively constitutive of it. Other animals have frequently co-evolved
with human societies, co-operatively learning from as well as conflicting with them, injecting their own languages,
habits and agency. In this, Swart joins a burgeoning stream of thought, largely aimed at de-centring self-satisfied
human prominence in global environmental narratives. This stance emphasises web-like and co-operative networks
and multispecies symbioses, as opposed to Chain-of-Being or bowdlerised Darwinian hierarchies of conflictual
dominance, and attributes forms of consciousness and even agency to non-human entities as diverse as fungi
and wolves. Whilst — as Swart acknowledges — a writer of history is ineluctably locked into ‘the prison-house of
[human] language’, a radically different, more imaginative and inclusive mode of environmental history cries out
to be written.

To this end, Swart offers eight illuminating case studies in African humans’ interactions with other animals. She
expands her South African emphasis further north, notably in the first chapter on lions, since East African herder—
lion relations are a particularly well-documented and ongoing issue. Here, as elsewhere, Swart is concerned to
exhume non-Western, non-industrialised perspectives, from Maasai to San, which evince a gamut of possible
relationships radically different from the monetised horror show of ‘canned’ lion hunting.

In the South African context, animal/human (‘humanimal’, in some formulations) history is inevitably bound up
with the impact and development of European incursion and colonisation. The book’s second chapter accordingly
examines the articulations of animals and power in Jan van Riebeeck’s 17th-century Cape settlement. Relations
between Dutch and Khoikhoin transhumance herders centred almost exclusively on negotiations over the
procurement of meat, spawning conflict over grazing for their respective cattle and sheep. There was predation
by wild animals, from porcupines to lions, to cope with too — a prelude to their rapid extirpation, with incalculable
environmental ramifications. The point: early Cape history makes no sense at all without the animal element.

In the third chapter, Swart reassesses the role of the horse in indigenous resistance to white imperial incursion.
Horses were only one animal species crucial to the interlocked “politics of species and race.” Cattle — and the
pasturage they required — of course were the constant casus belli of the century-long war on the Eastern Cape
frontier; in turn, animals were the primary sufferers in human conflict. Swart then examines in detail the pernicious
effects of the 1913 Land Act, as refracted through the writing of Sol Plaatje. Plaatje might seem an unlikely activist
against animal cruelty — a persistent issue, in fact, that intersects complexly with using animal epithets to hurt
others, especially the powerful denigrating the allegedly ‘lesser races’. Such rhetorics resurface repeatedly, not
only in South Africa, while attitudes of kindness or otherwise towards animals can remain iconic of racial divisions.
(Swart cites Jacob Zuma’s infamous statement in 2012 regarding white people’s affection for dogs.)

Dogs are also the focus of a chapter on the evolution, training and societal impact of police dogs as an increasingly
feared weapon of apartheid control. At a different scale altogether, but with strangely congruent dimensions, Swart
explores the race-identity politics behind Eugene Marais’ celebrated book The Soul of the White Ant. ldeological
blinkeredness aside, she acknowledges, Marais did stimulate enhanced empathy with both ants and baboons
through his poetic insights into their almost-human societies — a goal close to Swart’s own project.

As environmental historian William Beinart has explored, colonisation included the increasing application of
Western science. Swart examines one scientific by-way — the efforts to somehow reproduce or resurrect the
quagga, which the early colonists had sportively shot to extinction. Shades of reconstituting, via frozen DNA, the
woolly mammoth, of course. Whether hapless or hubristic, such enterprise (Swart calls it ‘zombie zoology’, a term
she wistfully complains somehow has not caught on) has particular importance and poignancy in our present era
of multiple extinctions.

Finally, Swart unpacks one of South Africa’s most newsworthy and emotive animal issues: the interface of humans
and baboons in the Cape Peninsula. In many ways this nexus encapsulates centuries of our humanimal histories,
the troubled interdependencies of ‘civilisation’ and ‘wilderness’, of the fears and condemnations that comprise
the definition of ‘humanity’ itself. Here she summarises key aims: to “push back into deep history, drawing on
cognate disciplines like palaeontology, palaeoecology, archaeology and the study of rock art”; to question “static
and stagnant representations of human-animal relations”; and to take “vernacular knowledge, oral tradition and
traditional ecological knowledge seriously.” Swart accordingly concludes that such deep histories reveal that
human-animal relations have always been malleable; hence, we need not be trapped in our present ecological
predicament. To comprehend the history is to hope.
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The Lion’s Historian is both thoroughly researched and passionately
engaged, its lively style an implicit protest against the starchy blandness
of much professional historiography. It is further leavened with personal
anecdotes, punning subtitles (Swart is frequently laugh-out-loud
funny), resonant phrases, and a scattering of photographs. None of this

Animals are our history
Page 2 of 2

diminishes the book’s seriousness or persuasiveness. While multispecies
studies in the environmental humanities flourish (including among Swart’s
own postgraduate students), much vital work beckons. With characteristic
theatricality, Swart closes this scintillating book with a non-human
utterance, a baboon word (meaning, roughly, ‘Alert: human!’): Wahoo!

Book Review
https://doi.org/10.17159/sajs.2024/18218

Volume 120| Number 5/6
May/June 2024


https://dx.doi.org/10.17159/sajs.2024/18218
http://www.sajs.co.za

fi}) Check for updates

BOOK TITLE:

These potatoes look like humans:
The contested future of land, home
and death in South Africa

These
Potatoes
Look Like
Humans

The Contested Future of Land,
Home and Death in South Africa

uMbuso weNkosi &

AUTHOR:
uMbuso weNkosi

ISBN:
9781776148400 (paperback,
186 pp)

PUBLISHER:
Wits University Press, Johannesburg,
South Africa; ZAR300

PUBLISHED:
2023

REVIEWER:
Peace Kiguwa'

AFFILIATION:

"Department of Psychology,
University of the Witwatersrand,
Johannesburg, South Africa

EMAIL:
Peace.Kiguwa@wits.ac.za

HOW TO CITE:

Kiguwa P On proceedings too terrible
(but necessary) to relate: Land
restitution and violence in South
Africa. S Afr J Sci. 2024;120(5/6),
Art. #18219. https://doi.org/10.1715
9/sajs.2024/18219

ARTICLE INCLUDES:
O Peer review

O Supplementary material

PUBLISHED:
28 May 2024

© 2024. The Author(s). Published
under a Creative Commons
Attribution Licence.

Book Review

https://doi.org/10.17159/sajs.2024/18219

On proceedings too terrible (but necessary)
to relate: Land restitution and violence in
South Africa

In her recovery of American slave memoirs, the novelist Toni Morrison' draws attention to a recurring motif in
these slave narratives that seek to protect an imagined reader from the abject horrors of slavery. In describing and
confessing their experiences of torture and dehumanisation within the slave system, the authors of these memoirs
often pull the narrative up short with the recurring phrase: “But let us drop a veil over these proceedings too terrible
to relate” (p.91). In their careful choice of what to narrate about their lives, these authors, former and current
slaves at the time of their writing, aimed to cushion the horrors of slavery for an audience far removed from, and
yet connected to, such horror. This strategic narrative deployment was in large part an acknowledgement that an
audience with the potential power to become allies against slavery — and thus alleviate their suffering and status
as slaves — must also be protected from proceedings too terrible to relate for fear that they inadvertently turn away
from these horrors through denial. Writing in a much different time and context, Sol Plaatje’s (1876-1932) petition
to the British government similarly narrates stories of loss, despair, and suffering brought on by state-sanctioned
land dispossession in apartheid South Africa. Plaatje’s classic book is a biting condemnation of the Land Act that
would see a majority black population bereft of land, material goods, family, community, spiritual and psychic
nurturance.

Against the backdrop of an opening evocative prologue, uMbuso weNkosi’s These Potatoes Look Like Humans:
The Contested Future of Land, Home and Death in South Africa similarly excavates a history too terrible to relate —
the dispossession and violence experienced by black South African farm labourers, ripping open a veil on a period
in history that remains insidious in its interwoven afterlives today. weNkosi’s audience requires no protection
from these proceedings but an invitation to be courageous in remembering. With beautifully visceral language,
weNkosi takes up the mantle to rip the veil, recognising that it is in the courage to do so that we may finally begin
to confront the afterlives of violence and trauma in the present. The book commences with an opening scene of a
farmland in the region of the Eastern Transvaal (now Mpumalanga), South Africa, in the small rural town of Bethal.
The 1959 potato boycott in South Africa sets the frame for an insightful analysis of the conditions of farmworkers,
the violence of white supremacy, the affective economy (especially white anxiety) that is part of this violence, the
resilience of farmworkers, and the continued violence in the agriculture sector in South Africa today. Spanning
seven chapters that take us on a journey of methodological originality, positing the eye as method that not only
sees, records, and excavates history via registers imbued with political and affective influence. The chapters also
engage violence in its multifaceted forms and effects, showing the specificity of violence in the context of Bethal
and its interwoven connections to state violence more broadly, such as those embodied in the apartheid pass
laws that restricted movement and employment. In dissecting the influence of affective formations of violence
(primarily through registers of white fear and anxiety), the book further demonstrates how racialised violence may
be rationalised as acceptable and even necessary under state law. But weNkosi does not limit his biting analysis to
the past, with Chapters 5—7 offering critical insight into Bethal today and questions of land ownership more broadly.
The three-tiered logics of identity, education, and state and how these informed dispossessions in the past come to
the fore here; the spiritual meaning of land beyond current understandings of violence; the role of the past in current
claims to land today; and a dissection of how current debates on land ownership and its conception is fraught with
anxiety that is always connected to an unknown future.

These Potatoes Look Like Humans is an archaeological endeavour of sorts: the articulate map it offers of alternative
research methodology that is available when we allow ourselves to think out of the traditional methodological and
epistemological boxes of our disciplines; the poignant case studies and interview extracts that lend urgent human
voice to theory, and the book’s own loyalty to the history and context it painstakingly seeks to make visible to us.
Current discourse on the relationship to land is consistently relegated to discussions on the material and economic
consequences of land ownership. Like Plaatje, weNkosi is at pains to challenge this narrow, individualistic, and
market-oriented orientation rooted in Western, white, and imperialistic frames of reference. In These Potatoes, what
we find is a wider picture of what the land means to black South Africans in terms of its material, social, spiritual,
and psychic aspects. We see a powerful dynamic that connects all these elements, which in turn further allows us
to see that the loss of land is more than material loss but also akin to social, spiritual, and psychic death. It is also
about the loss of ancestors buried on the land.

Christina Sharpe’s? metaphor of ‘in the wake’ to describe what she calls the afterlives of histories of harm and
oppression in the present is worth repeating here:

Wakes are processes; through them we think about the dead and about our relations
to them; they are rituals through which to enact grief and memory. Wakes allow those
among the living to mourn the passing of the dead through ritual [...] wakes are also “the
track left on the water’s surface by a ship; the disturbance caused by a body swimming, or
one that is moved, in water; the air currents behind a body in flight; a region of disturbed
flow; in the line of sight of (an observed object); and (something) in the line of recoil of
(a gun).”Z("‘(’O)

Part of weNkosi’s wake-work is to trace relationships — whether it is the connections between loss and materiality,
lost and present ancestors, or past and present violence. In so doing, he skilfully opens a veil to show us how loss

5 Volume 120| Number 5/6
May/June 2024


https://dx.doi.org/10.17159/sajs.2024/18219
https://www.sajs.co.za/associationsmemberships
www.sajs.co.za
https://crossmark.crossref.org/dialog/?doi=10.17159/sajs.2024/18219&domain=pdf&date_stamp=2024-05-28
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-7480-2397
mailto:Peace.Kiguwa@wits.ac.za
https://doi.org/10.17159/sajs.2024/18219
https://doi.org/10.17159/sajs.2024/18219

materialises through objects, relationships, interactions, broader social
organization of life, and a (pervasively silent) psychic economy of white
anxiety and paternalism that influences debates on land restitution in
post-apartheid South Africa.

A second part of wake-work evident in the text is via a narrative
methodological tool that links past, present, and future temporalities.
In tandem with Sharpe’s enunciation of /iving in the wake, weNKosi’s
sharp, poignant, and yet hopeful text bridges these temporalities:

[...] finally, wake also means being awake and,
most importantly, consciousness. Living in the
wake as people of African descent means living [...]
the afterlife of slavery—skewed life chances,
limited access to health and education, premature
death, incarceration, and impoverishment [my
emphasis]. 2?60

In his empirical documentation of what it means to be awake to history
and its absent-present today, weNkosi undertakes a form of historical
witnessing that attests to the ethical meaning of doing research in the
present. In his multi-layered description of the different seeing eyes of

Land restitution and violence in South Africa
Page 2 of 2

history — “the eye as heuristic model” — the figure of the Human Potato,
much like the dockworker’s figure of the River in the classic OI' Man River
showtune, is a call to witness the historical and continued denunciation of
black humanity. OI' Man River is a 1927 show tune from the musical Show
Boat that is sung by the black dockworker, narrating the suffering of African
Americans through hard labour while the uncaring flow of the Mississippi
River serves as a silent witness to this suffering. The eye as method — in
the figure of the Human Potato — is another kind of witness that sees and
refuses the silence of history. weNkosi offers us what he describes as an
“eschatological eye” — a call to see with a spiritual eye, a call to write with
the Other in mind, the call to write the archive in terms of its spiritual and
visceral logics. These Potatoes Look Like Humans is a critical sociological
reading of dispossession and violence. But it is also more than that.

References

1. Morrison T. The site of memory. In: Zinsser W, editor. Inventing the truth:
The art and craft of memoir. 2nd ed. Boston, MA: Houghton Mifflin; 1995.
p. 83-102.

2. Sharpe C. Black studies: In the wake. Black Sch. 2014;44(2):59-69. https:/
doi.org/10.1080/00064246.2014.11413688

Book Review
https://doi.org/10.17159/sajs.2024/18219

Volume 120| Number 5/6
May/June 2024


https://dx.doi.org/10.17159/sajs.2024/18219
http://www.sajs.co.za
https://doi.org/10.1080/00064246.2014.11413688
https://doi.org/10.1080/00064246.2014.11413688

fi}) Check for updates

BOOK TITLE:

How life works

AUTHOR:
Philip Ball

ISBN:

9781529095999 (paperback,
560 pp)

PUBLISHER:
Picador/Pan Macmillan, London, UK;
ZAR399

PUBLISHED:
2023

REVIEWER:
Wieland Gevers'

AFFILIATION:

"Emeritus Professor of Medical
Biochemistry, University of Cape
Town, Cape Town, South Africa

EMAIL:
wieland.gevers@uct.ac.za

HOW TO CITE:

Gevers W. Contesting the long leash
of evolved genomes. S Afr J Sci.
2024;120(5/6), Art. #18302. https:/
doi.org/10.17159/sajs.2024/18302

ARTICLE INCLUDES:

[ Peer review
O Supplementary material

PUBLISHED:
28 May 2024

© 2024. The Author(s). Published
under a Creative Commons
Attribution Licence.

Book Review

https://doi.org/10.17159/sajs.2024/18302

Contesting the long leash of evolved genomes

Philip Ball, the author of How Life Works, is a polymathic and highly distinguished British science writer and
communicator. Originally educated as a chemist and physicist, he has written books on topics as widely separated
as music and the history of China, but his main focus has been on the public understanding of physics, chemistry
and biology. An editor at Nature for 20 years, he has won many awards for his work, one of the most recent being
the 2022 Wilkins-Bernal-Medawar Medal of the Royal Society for “excellence in a subject relating to the history of
science, philosophy of science or the social function of science.” He is a science writer at the top of his game, so
to speak, and this is perhaps his most ambitious book.

How Life Works had its genesis in the author’s feeling over the years that the main narratives in the life sciences
seemed still to be mired in outdated metaphors and conceptual frameworks. This was in the face of unprecedented
progress in analytical and experimental technologies and an exponential expansion of ‘items of information’
(multiple complete genomes of different species or of members of the same species, the vast arrays of ‘-omics’
of various kinds, thousands of solved protein structures, etc.). The immediate catalyst was a three-month stay
amongst Harvard faculty working at the cutting edge of many aspects of the biological sciences, talking, reading,
analysing and synthesising. When he thought he had most of it right, he wrote How Life Works.

The result is a readable but very challenging book, one that demands to be taken seriously. | recommend it strongly
to anyone who is interested in the question implied in the title, and that should obviously be a lot of people across
many disciplines. The content of the book is clearly well informed (there are many direct quotes, for example,
and a huge list of references) by close contact with the best-available expertise and well-considered opinion.
The most basic of these positions (which | will be contesting up to a point below) are that ‘the genes’ collectively
(as genomes) are not a ‘blueprint’ but merely essential contributors to the overall development of organisms and
their ongoing life; every level of organisation, from organelle to cell to tissue to organism, has its own playbook and
causal agents; life works because it ‘has a point’, meaning that unlike the sad physicist who said that the “universe
was the more pointless the more he understood it,” the most basic characteristic of living things is that they ‘have
a point’, i.e. that they recognise meaning in their environment and engage purposefully with it to survive and live.

Ball lists and weaves into his narrative the key features that he thinks enable life to work: redundancy and complexity;
modularity; canalisation of functions; multi-level, multi-directional and hierarchical organisation; combinatorial
logic; agency and purpose; and distributed causal power. Each of these features is adumbrated more or less
continuously throughout the text. He pungently captures their combined essence in the statement “It's cognition
all the way down,” from bacteria-sensing chemical gradients or over-crowding, and fighting off virus attacks, to
humans embedded in societies, individually and collectively planning to make their environments more liveable,
establishing amongst others healthcare systems of great complexity and scope, and, yes, wars and crime as well
as art, music and literature. Thus non-deterministic meaning and purpose are key to how life works, and we can be
grateful to Philip Ball for providing a clearly articulated argument for considering this to be the case.

Ball brings forth a number of insights that have a real ‘aha!’ quality to them. For example, the genetic regulatory
mechanisms involved in recognising environments and responding appropriately to them are simpler and more robust
in unicellular organisms (where the proteins concerned have more stable and defined structures) than is the general
case in multicellular organisms, where signalling networks integrate information from many quarters. This happens
through the presence of huge numbers of RNA transcripts of different (eventual) sizes that do not code for proteins
but have complex and highly interactive regulatory roles, both at the primary transcriptional level and in determining
the fate of already transcribed messenger RNA molecules. There are also a large number of regulatory proteins
(transcription factors) with many unstructured regions of their polypeptide chains that facilitate multi-component ‘soft’
interactions and help to regulate the formation of messenger RNA molecules. Then there is the huge complication
of preprogrammed epigenetic regulation of protein-coding and other genes. [Ball is silent on the second genomic
entity in cells, the circular DNA molecules of the mitochondria, with their own interesting mutational playbook. He
also does not mention the additional complexity of differential intracellular protein turnover rates, or the question of
how active individual protein molecules are allowed to be by their interactions with small-molecule effectors. The
truism in metabolic control that control of fluxes in pathways is generally shared between participating enzymes,
with consequences for genotypes and phenotypes, is not touched on. But these omissions do not disrupt his main
arguments for regarding different levels of organisation as having their own emergent playbooks for functioning.]

Ball sees the bewildering complexity of multicellular organisms as being ‘simplified’ by the presence of highly
conserved genes that perform generic ‘patterning’ functions in development, networks of interactions between
gene products that function (a little nebulously) as ‘attractors’, but especially by ‘causal power’ emerging through
integration of physical and chemical forces with genetic signalling. He takes us step-by-step through the lives of
cells, in principle autonomous but ‘forced’ to associate with other cells to form tissues and organs, and then bodies.
It is always a story of responding to an environment with a repertoire of appropriate responses that draw on genetic
information and exploit physicochemical forces in an integrated way. Difficult stuff, but he writes well and persuasively
about it, making his espoused case for at least some genome-independent causal chains at every level.

Thus Ball, in this book, sets out to overturn, in a very forceful and sometimes combative manner, the ‘gene-centric’
and ‘blueprint-dominated’ way he believes most people have thought that living multicellular organisms develop
from the moment of fertilisation to full autonomous existence and reproduction in their environments. | believe,
however, that he is actually mostly over-interpreting newer knowledge into an apparently very different way of
thinking about how life works. While his book is an engaging, refreshingly articulate and up-to-date description
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of the way in which he thinks the full development of a multi-cellular,
multi-tissue, multi-organ body must of necessity involve some forces
and mechanisms that are not initiated and controlled by genomes,
he has minimised exploration of the ‘deep’ ways that highly evolved
genomes ensure that every newly reproduced body conforms to the
essential features of the anatomy and physiology (the reproductively
capable phenotype) of the species concerned. What | call the ‘long
leash of the highly evolved genome’ can, after all, legitimately be
called a ‘blueprint’ provided this term is used to indicate a design that
specifies both the number and nature of required components as well
as instructions for how to put them together and make them work in a
given settled geobiological environment. This would extend to include
instructions for many kinds of repairs, immune defences against a host
of invasive micro-organisms (the adaptive ones even including forms
of rapid evolution in particular cells through multiple mutations and
selection), and provisions for dealing with a wide range of environmental
stressors in homeostatic ways. Clearly, there are limits to the reach of
this genomic leash, witnessed in premature death and much in the way
of disease pre-disposition or subtle kinds of diversity (gender, neuro-,
etc.) or obvious abnormal development — but in the great majority of
cases the products of the species-specific genomic specification will
be near-identical versions (albeit usually as two dimorphic sexes) of
animals and plants, and will work well in the ‘reproductive prime’ their
genomes have been selected for. One can cite the fact that mono-zygotic
(identical) twins almost always look anatomically identical, or take in the
vast mammal herds on African grasslands, to be convinced that the roll-
out of the genomic ‘blueprints’ (as defined above) of different observed
species is not exactly a fuzzy affair that can go every whichway through
emergent causal chains. The playbooks Ball describes at different levels
of organisation are nearly all built into, and subservient to, the long and
highly evolved ‘genomic leash’.

In the case of a large group of macroscopically identical organisms such
as the massive herds of African mammals referred to above, the genomic
‘blueprints’ vary in the population, some of which may be expressed
as phenotypic variation on closer inspection and some not, arising
from a whole variety of causes ranging from within-species genotypic
differences, environmentally caused differences in epigenetic controls,

Contesting the long leash of evolved genomes
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random post-zygotic somatic mutations during different stages of
development, the effects of harmful agents, senescence-related changes
not subject to natural selection, etc.

The only real problem with Ball's fine book is thus the repeatedly
stated view that ‘the genes’ contribute but by no means determine
the outcome of organismal development. It is true that the genome
constitutes information, while the organism is material. But Ball fully
agrees that the notion of “the genes” must be extended from their
original formulation as “genomic sequences coding for proteins” to
all parts of the genome that supply information (‘coding’) for cellular,
tissue and organismal functioning. He also resists the temptation
to claim any kind of as yet unsubstantiated Lamarckist ‘top-down’
mechanism in mutation-based natural selection. He sticks to random
gene mutations (in the broad sense of altered germ-line genomes) being
what organisms can inherit, but justifiably believes that mutated genes, if
selected for, increase in frequency together with clusters of other genes
with which they cooperate in network fashion to produce the favoured
phenotype concerned. He especially emphasises (as | am doing) the
extensive ‘evolutionary memory’ embedded in the genome of a species,
of successful adaptations achieved in past evolutionary stages, not
needing to be solved anew in every speciation process. At the end of
the day, these are sound conceptions according to presently available
evidence, and they support the idea of a genomic determination of form
and function through an evolved design that not only specifies very
precisely what materials and where living bodies will contain but how
they are to be put together and kept functional over time, while obeying
applicable physical and chemical laws, and permitting some emerging
functionalities (like consciousness and free will) to assist in the overall
task of remaining alive and reproducing within uncertain environments.

All in all, readers of this book will enjoy a veritable four de force of
first-class biological science writing and a truly wonderful introduction
to much that is new in the understanding of how life works, with the
reservation that the extraordinarily well-elaborated (evolved) role of
genomes is systematically under-estimated and under-appreciated.
Bearing this important fact in mind, they will certainly acquire a deeper
understanding of what it means to say life has a purpose and/or meaning,
the answer to the most important question(s) most of us can ever ask.
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Significance:

The inclusion of indigenous knowledge into the curricula of natural science courses remains contentious.
In this paper | use critical realism to show the relationship between these two forms of knowledge. An
engagement with both knowledge structures could afford better pedagogy and assessment. In addition, the
engagement with indigenous knowledge allows for the development of ‘knower awareness’ in the practice
of science. Meaningful engagement with indigenous knowledge could therefore enhance science education,
whilst making visible the socio-cultural relevance to students.

Introduction

For nearly 20 years South Africa has had a formal indigenous knowledge policy."? Prior to the call for decolonisation
of higher education institutions that accompanied the #MustFall protests of 2015/2016, natural science curricula
at all levels remained almost impervious to indigenous knowledge systems (IKS). The decolonisation project has
broad scope. One aspect of decolonisation is the interrogation of the curriculum content. It is at this level of
curriculum content that the inclusion of indigenous knowledge systems intersects with the decolonisation project.
The focus of this paper is limited to the incorporation of IKS into the natural sciences.

Most academics in the natural sciences presumed the call of decolonisation to be irrelevant to their disciplines
until the #ScienceMustFall video went viral.® This video was a short clip from a debate which took place at the
University of Cape Town during the #MustFall protests. In this video a student called for the replacement of
Newton’s Laws by indigenous knowledge. In the wake of that incident, natural scientists took heed and entered the
decolonisation conversation. The knee-jerk responses by academic scientists fell into two broad camps. The first
was to argue that science was objective and therefore decolonisation was not an issue. The second was a scramble
to include South African examples into existing courses.* Both responses are inadequate, but the inadequacy is only
made visible if we understand knowledge in the natural sciences.

| begin then with an exploration of knowledge and curricula, drawing on the work of Basil Bernstein. Bernstein’s
work on pedagogy and curricula has been used extensively in academic development work across South African
universities.® In this paper, | argue that the link between IKS and science can and should be explored across
all three fields identified in Bernstein’s pedagogic device®: the field of production (where knowledge is created,
e.g. the research environment), the field of recontextualisation (where the knowledge is packaged for communication,
e.g. the development of the curriculum), the field of reproduction (where new knowers are exposed to the packaged
knowledge, e.g. the lecture theatre). Work is being done across all of these fields, as is illustrated herein. However,
the major focus of this paper is the field of reproduction. In the field of reproduction, | argue that it is necessary to
be very clear about the relationship between IKS and Western science in order to communicate well.

Approaches

In the intervening period, there have been multiple attempts to respond to the call for decolonisation by recognising
South African knowledge in different ways. Some efforts are focused on widening what Bernstein terms the field
of production’.® The field of production is the space in which knowledge is produced. The call for decolonisation
is understood in a variety of ways, but all include a decentring of Western knowledge. But to de-centre Western
knowledge requires the introduction of other knowledges. To achieve this end, some researchers are looking at
indigenous knowledge practices and bringing these into public view through the vehicle of peer review publication.
Examples of this include Manyevere et al.” who focused their attention on soil classification amongst Xhosa-
speaking people in the Eastern Cape.

A second approach is to facilitate communication and knowledge transfer between academic scientists and local
communities. This approach falls under transdisciplinary research approaches. “Transdisciplinary research seeks
to integrate diverse knowledge from academic and non-academic actors to co-produce knowledge or solution
options while reconciling values and preferences, and creating ownership for problems as well as solutions.”® For
example, Cockburn et al.® focused their attention on isiZulu names for insects found in KwaZulu-Natal in order to
facilitate communication between entomologists and the local community. In Bernsteinian® terms, such efforts
would be located in the ‘field of recontextualisation’ where the knowledge is packaged in ways which can be
digested by people in different contexts.

A third approach is to incorporate indigenous knowledge directly into the curriculum. This sits in Bernstein’s ‘field
of reproduction’.® There are more examples of these interventions in primary and secondary levels. For example,
Metaus and Ngcoza™ report on the incorporation of clay pot making by the Ovawambo people into a secondary
school science curriculum in Namibia.

What is the imperative?

The intention of the inclusion of IKS into science curricula is to valourise these traditional ways of knowing and thereby
foreground the wisdom held in the indigenous peoples of South Africa.”" Onwu and Mufundira'? point to the “increase
of socio-cultural relevance of science education” (p.230). Naidoo and Vithal, drawing on other studies, note that
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the inclusion of IKS into the curriculum can provide “motivation and self-
esteem; cultural responsiveness and relevance; increased peer interaction,
and positive learning experiences” (p.254)."" There certainly is a need to
ensure that the classic image of the scientist as a white, heterosexual,
cisgendered male no longer prevails. There is also a need to disrupt the
notion that science is a body of work produced by dead Europeans.™ It is
important that the “field of production’ of science is not falsely constrained
to the research product of our higher education institutions. To this end,
transdisciplinary research is an important innovation.

However, the inclusion of IKS into a science curriculum must be done
with some care. One needs to recognise that the knowledge structures
of IKS and Western science are not necessarily the same. Incorporating
ethnobotany such as a module on wild edible plants in a botany course'
can be used to show a different kind of classification in a module on plant
taxonomy. Nonetheless, it is important to make visible to students the
power of the classification system. To fail to point to the distinctions and
relative power of different classification systems is a missed opportunity
of teaching the way in which botanical knowledge is built. In a similar
fashion, the brewing of traditional beer, umgombothi, is a chemical
process, but the molecular understanding is not a part of the indigenous
knowledge and this needs to be actively connected to chemistry if it is to
be incorporated into a science curriculum.™

In order to ensure that IKS is appropriately incorporated into a science
curriculum, one must consider the different kinds of knowledge. Carefully
thinking this through allows for two important points: (1) We see that IKS
and Western science are interrelated but are not the same thing. Careful
observation and clear communication are essential to both. (2) We see
that Western science in its quest for objectivity and reproducibility has
failed to give sufficient attention to the particularity of the person who
first develops an experiment to investigate a particular phenomenon.

IKS and science education
Page 2 of 4

Critical realism offers a useful perspective

Critical realism offers a way to explore the relationship between
Western science and traditional knowledge systems. Blackie'®, drawing
on Bhaskar'”, argues that the practice of science is the intersection of
three domains, illustrating this with the field of chemistry (Figure 1).
The first domain is the physical world at the level of the molecular.
The second is the ‘canon of chemistry’ — the knowledge field, that we
know as the subject of chemistry, provides conceptual understanding
to explain the real mechanisms and entities which give rise to changes
at a molecular level. The third is the community of chemists. Because
the science offers a conceptual explanation of real mechanisms which
exist in the physical world, the fact that the concepts are socially
constructed is frequently overlooked. In the physical sciences, the
interrogation of the system to establish the causal mechanism takes
place by closing the system. In chemistry, this closure is achieved
through the use of specialist glassware. The scientist is not the
passive observer of the system, rather they are an active agent in the
design of the experiment, such that a single mechanism or sequence
of mechanisms is isolated.'®

Blackie'® argues that there are two distinct ways in which science
advances illustrated by the practice of chemistry. The first is ‘chemistry
as science’ — where the theory is under scrutiny. The physical world is
taken to be fixed and the conceptual world (the canon of chemistry) is
under scrutiny. The second is ‘chemistry as technology’ — where the
theory is taken as fixed and used to manipulate the physical world in new
ways, e.g. known reactions are used to create new kinds of molecules.
The focus in this paper is on ‘chemistry as science’. ‘Chemistry as
science’ is further subdivided into two levels. Level 1 is that of careful,
accurate observation. A particular reaction or system is repeated over
and over again and slowly refined. This level of careful description

Physical
world:

molecular
level

Community
of chemists

Critical Realism

Canon of
Chemistry

Figure 1:
community of chemists.
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The practice of chemistry is the interaction between the three domains of the physical world: the molecular level, the canon of chemistry and
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and observation is common to both Western science and IKS. Once
the reaction can be reliably reproduced, the person can communicate
the procedure to a second person. Because the underlying causal
mechanism is real and is ‘intransitive’””, a second person following
exactly the same procedure can reproduce the same result. In Western
science, the established process of communication is through peer-
reviewed journal articles. In indigenous knowledge systems, oral
traditions are more common, and the knowledge is often passed on
to specific individuals. At Level 1, there is no meaningful distinction
to be made between Western science and IKS. Western science may
incorporate the use of more accurate instruments whereas indigenous
knowledge may use more sensory information, but these differences
can be understood as the use of different ‘tools’ and so different kinds
of description are used. Nonetheless, the fundamental process at work
is essentially the same.

However, Level 2 of ‘chemistry as science’'® affords the power of
Western science. At Level 2, an explanation for the observed empirical
process is sought. Here it is not sufficient to know how to do a particular
reaction, one must have a conceptual explanation for why the reaction
is happening. Level 2 is built from combining and probing various
Level 1 activities. For example, across the globe we have evidence of
indigenous cultures having the technology to isolate the metal we know
as iron from iron ore using a process of applying heat in a clay furnace.
That is a Level 1 activity. It is only with the development of the science
of chemistry that we can say that what is happening at a molecular
level is the reduction of iron oxide using carbon from burning wood.
The heat combined with restricted supplies of oxygen means that the
oxygen is removed from the iron oxide to form carbon dioxide and iron.
The development of the periodic table and the discovery of oxygen as
a component of air was required before the explanation was possible.
The discovery of oxygen was only possible once the substantially more
accurate spring balance was invented and the art of glass blowing was
refined. These two technologies were necessary to make possible the
kinds of experiments needed to discover the nature of what previously
had been described as ‘phlogiston’. The accuracy of measurement of
mass and isolation of gases could have been achieved through the
creation of other technologies. Nonetheless, to our knowledge, there is
no evidence of any indigenous culture creating equivalent technologies
and so there is no indigenous molecular explanation.

It is on this foundation that | argue that indigenous knowledge and
Western science are related but not interchangeable. In some sciences
there may be a Level 2 equivalent in the indigenous knowledge system; it
depends on the nature of the science and the dependence of the science
on accurate measurement. Thus, when one is trying to combine IKS and
Western science, one must be clear about what the Level 2 part of the
science is and determine whether there is an IKS equivalent. Similarly, in
some sciences, there may be large parts of the science that are still at
Level 1. In such instances, IKS can be used alongside Western science.
If the call for decolonisation is to decentre Western science, then one
might argue that foregrounding the IKS when the science is primarily
at Level 1 is the correct approach. However, when one is teaching
chemistry, which is primarily at Level 2, to foreground IKS as equivalent
to chemistry is inaccurate and misleading.

Making the knower visible

As has been stated earlier, one of the arguments against considering
decolonisation of tertiary science higher has been the notion that
‘science is objective’.> However, this position conflates the objectivity
of scientific knowledge with the objectivity of scientists. The fact that
a particular chemical reaction can be reliably reproduced by a second
person is not a magic quality of either person, nor is it the genius of the
training. The reproducibility lies in the causal mechanism which exists
independently of the particular person. Two different people can perform
the same reaction and get the same result. This reproducibility can result
in ‘knower blindness’ in science.'® This knower blindness can also lead
to the rejection of indigenous knowledge, because in order to have the
increase in socio-cultural relevance and other positive impacts pointed
to by various scholars'®'?, it is necessary to locate the indigenous
knowledge in a particular people. For example, Mateus and Ngcoza™
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point to clay pot making by the Ovawambo people. This particularity of
knowledge seems foreign to the universal claims made by science. The
reproducibility afforded by the causal mechanism is conflated with an
idea that scientists are interchangeable.

However, there is always a particular person bringing together a
particular set of ideas to interrogate a particular phenomenon. Blackie
and Adendorff'® use the example of the attempts to determine the age of
the earth by Kelvin and Joly. Each scientist brought their own skill set and
understanding to bear on the problem. Kelvin turned to thermodynamics
and Joly to the determination of the concentration of salts in aqueous
solution. Science is in fact a profoundly creative endeavour.'® Each
scientist is shaped by their training, the language they speak, the
environment in which they grew up and the sum of their life experience.
All this influences the field of study and the particular focus of their
attention. This is why Blackie and Adendorff® call for the importance
of ‘knower awareness’ in the practice of science. Here, science can
learn from IKS. The development of knowledge always emerges with a
particular person in a particular place at a particular time. This allows for
amajor corrective of the Western tradition. We are not ‘brains on sticks’ —
we are embodied beings and the fact of our embodiment matters.'®

Conclusion

There is a huge opportunity to develop resources which adequately
honour indigenous ways of knowing and being. Nonetheless, bringing
indigenous knowledge into a science course needs careful thought.
The person teaching must pay careful attention to the knowledge
structure of their field and of the particular section of work being
taught and the knowledge structure of the indigenous knowledge they
intend to incorporate. The indigenous knowledge must be connected
at the appropriate level. Because of this requirement, the pedagogy of
science could well be improved by engagement with IKS in two ways.
Firstly, the need to focus on the knowledge structures could facilitate
more meaningful assessment.2’ Understanding the knowledge structure
affords the possibility of making knowledge building more visible to
the students. Secondly, the significance of including local knowledge
in terms of student engagement is important. This will help to facilitate
the erosion of the image of the quintessential scientist as a white man.

It is also profoundly useful that an unexpected asset can be brought to
science in the form of developing knower awareness. Knower awareness
is an essential first step to the recognition that scientific knowledge can
be used to different ends. Not all of these ends will be ethical and not
all exploration of scientific questions is appropriate. Bringing to light
the motivations of the person of the scientist is important. | believe
that our practice of science can be enriched by intentional and careful
incorporation of IKS into the knowledge project at all levels. This does
not mean that IKS should be incorporated into every course.
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Large language models through the lens of ubuntu
for health research in sub-Saharan Africa

Significance:

The introduction of large language models has transformed text generation and accessibility across the
globe. Ubuntu provides a distinct philosophy that could be useful in addressing the cultural and geographical
nuances within the context of sub-Saharan Africa. Existing guidelines help offer a framework to foster and
nurture consistency across diverse regions and cultures. These guidelines alone may not be sufficient to
address past inequalities and disparities. An inclusive approach that adopts the guidelines in tandem with
ubuntu philosophy could help promote equitable development and sustainability of these models across the
sub-Saharan region.

Ubuntu provides a distinct philosophy that could be useful in addressing the cultural and geographical nuances
within sub-Saharan Africa. This philosophy offers a unique framework that could prove valuable in navigating
these nuances in the sub-Saharan region. At its core, ubuntu emphasises interconnectedness, community-driven
engagement, and sustainability. This perspective underscores the need for culturally sensitive technology solutions
that honour and safeguard local traditions while promoting individual liberties and communal welfare. Ubuntu’s
approach offers an intriguing balance between the individual and the collective. Marginalised groups must be
included in a comprehensive approach. Bias in sub-Saharan Africa has deep roots in historical injustice and is
further reinforced by cultural norms, religious beliefs, and practices. In this article, | elaborate on ethical concerns
in the context of sub-Saharan Africa.

Introduction

The utilisation of large language models (LLMs) in deep learning has recently experienced a substantial rise. These
models are extensively trained using vast amounts of textual data to create responses that mimic human speech.”
Medical professionals and academics have also begun exploring potential applications of LLMs in their respective
fields, given that a considerable portion of medical practice and research involves tasks heavily reliant on text-
based materials, such as presentations, publications, and reporting.?

Several LLMSs are presently being developed by major corporations such as ChatGPT by OpenAl, Med-PaLM-2 by
Google DeepMind, BioGPT by MIT, LaMDA by Google, Sparrow by DeepMind Al, Pangu Alpha by Huawei, OPT-IML
by Meta, and Megataron Turing MLG by Nvidia.>* BioGPT is designed explicitly for biomedical text generation and
mining and can potentially revolutionise medicine and medical research.® Al-powered LLM chatbots and virtual
assistants can enhance patient engagement and support. Besides conducting research, these tools can offer
customised health information, respond to patient enquiries, and aid in the self-management of long-term medical
conditions.

Biomedical ethics is a systematic approach that considers fundamental beliefs, principles, and values to make
informed decisions that benefit all parties involved. The decision-making process is guided by established theories
and principles that aim to maximise the overall well-being of individuals, such as the utilitarian approach, which
seeks to promote net benefits; the rights approach, which is focused on respecting people’s rights and freedoms;
the justice approach, which is aimed at enhancing equity; the common good approach which emphasises service
to the majority; and the virtue approach which involves treating others as we would want to be treated.® Although
Western philosophy and ethical approaches have long been dominant, there is growing interest in exploring other
frameworks, such as ubuntu and indigenous wisdom systems, because they offer the potential for an advanced
cultural understanding of ethics.”

Ubuntu, as a philosophy, emphasises the importance of recognising our shared humanity with others. It aligns
with the universal principle of treating others as we would like to be treated ourselves, which is present in many
cultures worldwide. Ubuntu, a southern African philosophy often translated as ‘I am because we are’, emphasises
the importance of recognising our shared humanity with others.® Additionally, adopting values from sub-Saharan
Africa, a region facing significant economic challenges, could have practical and symbolic advantages towards
greater inclusivity and progress. Furthermore, ubuntu’s relational approach, which emphasises communitarianism,
has practical and symbolic advantages for fostering greater inclusion of sub-Saharan Africa in artificial intelligence
(Al ethics discussions and for reaping both economic and social benefits from Al. This approach is not exclusive
to Africa, but its widespread influence on numerous African subcultures and its significant role in sub-Saharan
African philosophy and ethics make it particularly relevant.®'°

This approach offers collective decision-making (a cultural context and local engagement), humanity over machines
(bias and fairness) and community trust (data privacy, security, and sovereignty). The four core bioethics principles —
autonomy, beneficence, non-maleficence, and justice® — can inform and guide the nuanced areas of cultural
context, technology—human dynamics, and trust in the digital and data-driven era.

Assessing the ethical implications of novel sub-Saharan technologies while prioritising their moral and beneficial
uses, which contribute to societal well-being, requires the utmost attention. LLMs have promising uses in sub-
Saharan Africa; however, ethical concerns around cultural context, local engagement, bias, data security, and
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sovereignty through the lens of ubuntu must be addressed. In this
article, | elaborate on these ethical concerns in the context of sub-
Saharan Africa.

Cultural context and local engagement

Sub-Saharan Africa is a diverse region with various cultural and social
factors that can significantly impact the adoption and success of Al
applications in health care.' While it is challenging to consider all these
factors, it is crucial not to ignore the existing diversity. When considering
this perspective, there are two sides to the debate on ethical guidelines.
Universal guidelines prioritise autonomy, individual rights, and structured
engagement, promoting equal treatment and opposing impartiality. From
a Western viewpoint, the individual tends to be at the centre of attention;
for example, upholding the principle of autonomy involves respecting
an individual’s decision-making abilities without undue influence or
coercion.™

Although these guidelines are well grounded, Al ethics face challenges
in resolving disparities stemming from historical disadvantage, value
misalignment, and global exclusion felt by developing countries, where
Al reflects Western values, agendas, and motives." Most of these
guidelines and recommendations are developed by stakeholders from
economically developed, primarily Western regions such as the USA and
the European Union.'*" It is essential to consider cultural context when
considering generic principles, especially in post-colonial Africa, given
its history of imposed external values.'

The power of universal principles in guiding human behaviour towards
a sustainable and just future cannot be overstated. However, excluding
certain groups can result in a lack of representation and failure to
acknowledge diverse perspectives and experiences. By ensuring that
everyone has a seat at the table, we can establish a more inclusive
and equitable system that reflects the needs and aspirations of all.
This approach fosters trust, understanding, and collaboration between
communities and lays the foundation for a better future for everyone.'” A
one-size-fits-all approach may not adequately address these challenges;
hence the importance of community participation in context-specific
guidelines considering cultural values and religious practices.'®

In the context of Al development, integrating ubuntu philosophy would
prioritise cultural context and local community engagement. This means
involving community members in the decision-making processes
to ensure that Al technologies align with the values and needs of the
community. Integrating ubuntu philosophy and Western principles in
ethical frameworks, particularly in Al, can lead to a more balanced,
inclusive, and culturally sensitive approach. This combination can
strengthen ethical guidelines by respecting individual autonomy and
community impact, promoting inclusivity by representing diverse
values, and facilitating mutual learning across cultures. The Western
principles provide a foundation in rights, justice, and equality, while
ubuntu contributes a community-oriented perspective emphasising
interconnectedness and communal well-being. By considering these
principles, we can create an ethical framework that strengthens the
implementation of Al ethics, fostering trust and support from a broader
range of stakeholders while upholding individual and communal values. '

For instance, mental health resources in Africa are overburdened and
overwhelmed.” With an wbuntu-centred approach, integrating these
models could assist a wide range of tasks and alleviate the mental
healthcare burden, as it offers the unique potential to complement human
qualities of empathy and interpret and predict behavioural patterns.?
This strategy could narrow the care gap without compromising the
essential human touch — however, the digital gap remains a threat in
Africa and this could widen inequalities in areas with limited connectivity.
The recent Internet outage experienced in Africa is a stark reminder of the
digital gap.?' Public—private partnerships, including non-governmental,
are crucial to ensuring that mental health resources and technologies
are accessible and affordable for everyone. With sufficient regulatory,
ethical, and privacy safeguards, these models serve as supplementary
roles to support clinically oriented tasks. These initiatives should prioritise
inclusive design practices and align with ubuntu’s community, dignity,

Perspective
https://doi.org/10.17159/sajs.2024/16814

LLMs through the lens of ubuntu
Page 2 of 4

and holistic well-being values. By emphasising these concepts, these
models can bridge care gaps while honouring the principles of empathy,
mutual support, and ubuntu’s community values of interconnectedness
and mutual care. This approach could ensure that mental health care
remains compassionate, inclusive, and practical, and reflects the core
of ubuntu philosophy?? in mental health and technological advancement.

Bias and fairness

Bias and fairness are critical global considerations for harms associated
with LLMs in medicine and health research.??> These models often
reflect the training data which can amplify existing social inequalities.
In the sub-Saharan region, colonialism has left indelible marks on its
societies — this historical backdrop has implications for modern-day
biases. These biases are expressed when external entities approach the
region with preconceived notions and attempt to apply global standards
without local context. The sub-Saharan region is home to diverse
cultures, traditions, and languages; amid globalisation, the region has
maintained its cultural identities. Although this rich diversity can lead
to intergroup biases within the region, it also serves as a testament to
the resilience and adaptability of the region.** Vulnerable populations,
including those in low- and middle-income countries (LMICs), are
susceptible to various biases due to existing social bias against
minority groups, lack of technical capacity, and digital divide.> When
addressing bias, the goal is not to achieve perfect unbiasedness — an
arguably unattainable ideal — but to strive for fairness and equity in
algorithmic decisions, continuously improving and adapting systems
as our understanding of bias evolves. This pursuit of fairness and
equity necessitates constantly improving and adapting systems as our
understanding of bias evolves. Simply adding more data to data sets is
not enough to eliminate algorithmic bias. We must address fundamental
issues such as historical inequalities in data, biased algorithm creation
and implementation, biased interpretation of results, and feedback loops
that reinforce bias. A comprehensive strategy is necessary to mitigate
these biases, including a thorough evaluation of data sources, inclusive
and transparent algorithm development, conscientious application of
algorithmic recommendations, and ongoing oversight to adapt, correct
biases, and blend technical, ethical, and equitable approaches.? To this
end, the developers of these models need to consider a collaborative
approach with stakeholders from diverse backgrounds, — including
policymakers, technologists, social activists, community leaders and/or
members — to harness the strength and minimise potential unintended
harms.

These models need to be trained with representative data that captures
the richness and diversity of this region’s linguistic and cultural
landscape. LLMs can produce unbiased and equitable outputs which
accurately reflect contemporary cultures. One such example of this
would be the ability of LLMs to translate valuable information into
local dialects, ensuring that even those in linguistically marginalised
communities can access and benefit from it. Specific local dialects,
particularly those lacking standardised orthographies or limited online
representation, can be complex for these models to process accurately.
There is a need to work in tandem with regional linguistic and cultural
specialists, and collaborative efforts can refine and adjust LLMs to better
account for these subtleties. To enhance their visibility, promoting the
digital representation and documentation of these languages is crucial.

Using LLMs in this region should go beyond mere task completion.
Hence, emphasising the ubuntu philosophy of holistic well-being, LLMs
can serve as platforms to celebrate and disseminate local traditions, tales,
and languages. These models can also bridge generational gaps, helping
the youth connect with age-old traditions and histories. In addition, it
is crucial to note that fairness can vary depending on cultural, social,
and historical contexts. Therefore, by adopting @ more comprehensive
approach, Al systems can better navigate the complexities of fairness
and avoid unintended consequences that reinforce existing biases.?” This
approach would involve incorporating a broader range of factors and
perspectives into the design and evaluation of Al systems, ensuring that
they are sensitive to the diverse needs and values of the communities
they serve.
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Data privacy, security, sovereignty, and
sustainability

The development and deployment of technology, specifically LLMs and
other Al systems, require the consideration of four interconnected pillars:
data privacy, security, sovereignty, and sustainability. These pillars are
crucial in ensuring responsible and ethical practices are maintained
in the technical domain. The sub-Saharan African region encounters
distinct data privacy and security challenges stemming from limited
resources and inadequate infrastructure.?® A key component of data
sovereignty and ownership is maintaining control over data generated
within sub-Saharan African nations and their citizens’ data. This level of
security requires abiding by data protection laws that prioritise protecting
individual privacy and outline the responsibilities of those in charge
of data. Careful management of cross-border data transfers is also
necessary to balance the benefits of data sharing with privacy concerns.
It is imperative to balance data sharing and privacy to ensure responsible
use and safeguard citizens’ privacy.

The primary goals of data sovereignty and ownership are to maintain
control over data, protect citizens’ privacy, and responsibly harness
the benefits of data and Al technologies for the region’s development.
Achieving these objectives requires striking a balance between
protecting national interests, promoting local innovation, and fostering
global cooperation in data governance.

Ensuring data privacy, security, and sovereignty of information is of the
utmost importance in the digital age — because these models rely on
large amounts of data, it is an imperative to maintain trust and protect
individual rights by safeguarding this information. However, beyond
these points, reducing the carbon footprints and investing in renewable
energy sources would help mitigate the environmental impact of these
tools, as sustainability of the environment is crucial.?* Integrating ubuntu
and universal principles provides a critical balance for developers and
users to foster socially and environmentally responsible technologies.
Developers should think beyond these models and develop technologies
that are sustainable and efficient while at the same time enhance privacy
and security. Furthermore, these interconnected pillars should be central
to regulatory and government agencies when developing regulatory
frameworks.

In conclusion, to ensure the ethical and responsible development and
deployment of Al technologies in health care in sub-Saharan Africa, it is
important to adopt a flexible approach that combines universal ethical
principles® with the region’s specific cultural and social context. While
a universal guideline can prevent biases and discrimination®, there is a
need for empirical research to address ethical nuances in LLMs across
all disciplines. Considering these unique challenges among countries
and communities in the region would be critical. An inclusive approach
that promotes wbuntu core values is crucial to promote equitable
development and sustainability of Al systems and to ensure that the
region unlocks Al's full potential while respecting and preserving its
diverse cultural heritage.
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Making green technology work for people and the
environment

Professor Andrew Thatcher is the recipient of the 2022/2023 NSTF-South32 Green Economy award in
recognition of his work on extending our understanding of human factors and ergonomics to consider
the entire Earth system, which included theoretical investigations, empirical investigations, and systematic
reviews of the impact of these activities leading to mutually supportive human—natural environment systems.

Significance:

While many technologies exist to address the wide variety of sustainability challenges facing humanity,
many technologies are not adopted at sufficient scale or are used incorrectly, negating the positive impacts.
This commentary introduces the discipline of human factors and ergonomics, demonstrating four features
that facilitate the effective design and implementation of eco-socio-technical systems for sustainability.
An example of the URBWAT research project, which implemented a nature-based solution in an informal
settlement to collect and treat greywater, is given to illustrate how these four features operate in practice.

Introduction

It is widely recognised that humanity’s current activities are leading us on an unsustainable path. Not only are
we facing a human-induced climate crisis, but human activities are also contributing to significant biodiversity
loss, unsustainable consumption of natural resources, degradation of land and ecosystems, rapid urbanisation
without sufficient supportive infrastructure, and massive social and economic inequalities?, and we face the threat
of pandemics that can severely disrupt our global economic, health, and social systems®. We are not a world
in equilibrium, but a world in denial about our negative impact on our life-supporting systems. South Africa’s
sustainability issues match these global trends with a particular emphasis on high susceptibility to climate change
such as drought, heat, and localised weather events such as flooding. For South Africa, climate change also
creates risks for biodiversity loss, health issues from the spread of infectious diseases, and reduced food security.®
However, South Africa, like many other vulnerable Global South countries, also faces an ‘adaptation deficit’ with
regard to sustainability challenges because we have many other socio-economic development needs that require
attention.®

Sustainability is fundamentally a human problem. Certainly, humans have contributed to biodiversity and ecosystem
loss and biophysical disruptions?, but the underlying issue of sustainability refers to whether humans can live
tolerable, healthy, and dignified lives in synergy with natural systems that provide the life-sustaining resources
for our survival (including air, food, water, shelter, and materials). Few would argue that there are millions (if not
billions) of people living in informal settlements, cities, war zones, and in environments with degraded access to
nature who would not meet these criteria. However, we must also bear in mind that while natural systems and the
planet will carry on in some form even in the absence of humans, the opposite is not true. This is essentially what
we mean by sustainability.

Of course, there are many technological solutions that have been developed (and will continue to be developed)
to address these sustainability issues. One problem is that many of these technological solutions are seldom
adopted’, are adopted at a low level, or are used incorrectly (e.g. electric vehicles®). A reason for this slow rate of
adoption or poor use is not only because of availability, financial, or political reasons (although these are pertinent
drivers of success or failure), but because their integration with human users is poor or ineffective.® The discipline
that considers the interaction between humans and technology within the context of their environment is known as
human factors and ergonomics (HFE). The International Ergonomics Association' defines HFE as:

the scientific discipline concerned with the understanding of interactions among humans
and other elements of a system, and the profession that applies theory, principles,
data, and methods to design in order to optimise human well-being and overall system
performance.

One of HFE’s roots is in sociotechnical systems, originally developed by the Tavistock Institute', as a means of
understanding the interactions between the social system (the humans), the technology, and the manufacturing
system (the interactions between humans and technology). However, finding solutions that address sustainability
concerns requires more than the consideration of sociotechnical systems. To move forward, it is necessary to
recognise the importance of understanding the human—environment—technology interactions. In HFE terms, this
means moving beyond sociotechnical systems to look at ‘ecosociotechnical’ systems. But what can HFE bring to
our understanding of workable interventions, technologies, and solutions for a sustainable future?

HFE principles that help achieve sustainability in design

HFE’s general approach is to apply human-centred systems-thinking to enable resilient systems. When considered
in the context of sustainability, this encapsulates what the European Commission'2 refers to as Industry 5.0: work
that is sustainable, human-centred, and resilient. For HFE, this sustainable future is achieved through the core
features of the discipline being human-centred, transdisciplinary, resilient, and adopting a systems approach.
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Human-centred

By definition’®, HFE puts humans at the centre of the design and
intervention process. HFE traditionally considers the physiological,
anatomical, and psychological attributes and capabilities of humans in
their interactions with other elements of the system. Historically, from
a physical perspective, this has included aspects such as whether the
human could effectively and efficiently see, hear, touch, fit into, reach,
or manipulate other physical elements of the system under the expected
variety of environmental conditions (e.g. lighting, ambient temperature,
and vibratory conditions). With the development of psychological
cognitive models in the 1960s, this was expanded to include issues such
as being able to recognise, understand, make decisions, and problem
solve under conditions of ambiguity and uncertainty. More importantly
though, the HFE approach has always been about first trying to
understand human needs, interests, and motivations in order to design
systems that improve human efficiency, effectiveness, and safety.

Transdisciplinary

As should be evident from its definition'®, HFE has strong multidisciplinary
roots drawing theory and methods liberally from anatomy, physiology,
biokinetics, cognitive psychology, organisational psychology, as well
as applications from numerous engineering and design disciplines. HFE
does not just borrow from these disciplines, but actively contributes
to the development of new theory, novel methods of analysis, while
also making additional contributions to design from a human-centred
perspective. HFE can therefore be considered as transdisciplinary,
embracing the type of transdisciplinary work that regularly includes
users of technologies and systems as well as other community actors
that Lang et al."® argue are necessary for effective sustainability work.
HFE calls this approach ‘participatory design’, which is well embedded
in the field generally and strongly endorsed for work involved in resolving
societal problems typical of sustainability." Participatory design adheres
to the principle that the users’ lived experiences make them ideal
partners in the design process as they have direct experience with the
surrounding systems (e.g. the environment, the work, and the social
structures) and they have to live with the consequences of any design
interventions.™

Resilience

For decades within HFE, humans (and sometimes other biological
entities) were considered to be the sole components of systems that
enabled system resilience. However, a central component of HFE
design for complex technological systems over the last two decades
has been the concept of resilience engineering, popularised by
Hollnagel et al."® The resilience engineering design approach recognises
that complex systems need to be adaptive to uncertain, sometimes
chaotic, environments in order to persist and that resilience must
also be embedded in non-biological agents, including technology. For
HFE, there are two important components for resilience engineering:
adaptive capacity'” (i.e. the potential to adapt to future challenges)
and graceful extensiblity'” (i.e. being able to continue having adaptive
capacity). In HFE, resilience engineering has typically been applied to
the design of complex engineered systems like nuclear power plants and
spacecraft, but, more recently, applications can be seen in the design
of infrastructure (e.g. electricity grids) and cybersecurity.'® Applying the
concepts to address sustainability issues is an easy step to make, one
that has already been made by Thatcher and Yeow'® in their sustainable
systems-of-systems framework described under the systems approach.

Systems approach

HFE considers itself a systems discipline'®?, usually viewing humans
as integrated physiological, psychological, and anatomical systems
that interact within a context (i.e. an environment or organisation) that
includes other systems. Wilson® went so far as to suggest that HFE
approaches that do not take a systems view cannot be considered HFE
at all. Moray?' encapsulates this thinking as a nested set of systems
that include physical, psychological, and technological considerations
at the centre, with increasingly complex systemic factors surrounding
these central systems, from team and organisational factors through
legal and regulatory frameworks to societal and cultural pressures. The
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HFE systems approach embraces all these external and internal factors
as contributory towards whether a technological system is adopted (or
not). Building from this systemic understanding, HFE has developed
numerous systems analysis tools to help unpack complex scenarios such
as accidents and nuclear power plant design in order to identify possible
places to intervene and improve design.??> However, these existing
HFE complex systems analysis tools lack important attributes (such
as coping with emergence, adaptations, and transitions) making them
ineffective in handling sustainability problems.? In contrast, Thatcher
and Yeow’s' sustainable systems-of-systems (SSoS) framework might
help HFE conceptualise the relevant factors for the design of sustainable
systems that include humans and technology.

The SSoS framework merges HFE design thinking with ecological models
of systems: SSoS adopts the concept of natural nested hierarchies of
complexecological systems from Costanza and Patten’s? and Gunderson
and Holling’s® concepts of complex adaptive cycles and panarchies.
Natural systems can be represented as a nested hierarchy of increasing
complexity and size? (e.g. an individual, a family, a community, and
society). Complex adaptive cycles demonstrate how ecological systems
naturally pass through predictable phases during their life cycle, while
panarchies show how complex adaptive systems interact to inhibit or
enable change across adjacent levels of a nested hierarchy of systems.?
The SSoS framework™ uses Wilson’s® nomenclature of target system
(the system of interest to the intervenors), sibling systems (at the same
level in the nested hierarchy), child systems (at smaller, less complex
levels in the nested hierarchy), and parent systems (at larger, more
complex levels in the nested hierarchy) to define the related systems that
might influence the design intervention. Recent applications of the SSoS
framework have been applied to identify design solutions for several
sustainability problems including designing post-pandemic work-from-
home strategies after COVID-19%, enabling organic farming methods to
permeate through France?, designing a nature-based sanitation solution
in South Africa®, and identifying decarbonisation strategies in China?.

To demonstrate how these different HFE features can contribute to
producing improved, sustainable solutions, a summary of the design
and implementation of a nature-based sanitation solution for dealing with
greywater collection and treatment in an informal settlement?”-? is given
as an example.

URBWAT as an example of HFE design thinking

The URBWAT research project was an interdisciplinary research initiative
that looked at finding solutions to greywater collection and treatment in
an urban informal settlement. The study site was Setswetla, an urban
informal settlement in Johannesburg, South Africa, on the northern edge
of Alexandra township, wedged between Marlboro Gardens Cemetery
to the west, the Jukskei River to the east, and Marlboro Drive to the
north. The URBWAT project worked in a small section of Setswetla
called Silvertown. The original inhabitants of Silvertown were settled
there in early 2006 by the local government which provided zinc-
sheet accommodation (hence the name ‘Silvertown’). In this context,
local government provided potable water available from community
standpipes, a limited number of chemical toilets, limited electricity
connections, and solid waste removal from a single skip bin which was
removed once a month. However, in Silvertown (as is the case elsewhere
in Setswetla and in many other South African informal settlements)
there is nowhere to dispose of wastewater from cooking, cleaning, and
bathing activities. Instead, residents have created informal channels and
ad hoc disposal points for this wastewater which then travels through the
community and into the Jukskei River without any treatment.

The URBWAT research project’s aim was to work with the community
to find nature-based solutions for the collection and treatment of this
wastewater before it contaminated the community and the river. The
nature-based solution that was chosen by the community was small,
sub-surface horizontal constructed wetlands. In nature, wetlands serve
as important cleaning mechanisms for surface water, among other
ecological benefits. More details of the URBWAT research project can be
found in Thatcher et al.?” and Davy et al.?® By applying the core features
of human-centred, participatory, resilient, and systemic approaches, it is
possible to show how HFE was involved in applying this thinking to the
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design and implementation of these constructed wetlands so that they
would be used effectively by the community.

Human-centred design

A key component of any successful design intervention is to understand
the needs of the people who will be impacted. In the URBWAT research
project, this involved establishing the needs of various stakeholders,
including local government representatives, community leaders, the
URBWAT project team, and community residents themselves. The needs
analysis was conducted before any design solutions were developed and
was revisited multiple times during the project to identify possibilities in
which multiple needs might be met simultaneously. For example, at the
start of the project, it was evident that while greywater contamination of
the community was a relevant issue requiring attention, there were other
needs that were perceived as more important, such as job creation,
stormwater and floodwater protection, sanitation solutions, and reducing
violent crimes. During the URBWAT research project, the HFE team
worked to establish if any of these other needs could also be met. By
the end of the URBWAT research project, we had partially succeeded
in creating temporary jobs during the construction and design planning
stages and had designed the constructed wetlands so that they provided
protection from stormwater and sewerage spills.

Other needs were emergent and were only identified when earlier design
issues of the constructed wetlands had been addressed. An example
of an emergent need was the exaggerated stooping posture adopted by
community residents when engaging in water collection and washing
activities. The stooping resulted in acute (and chronic) back pain
during a variety of washing and water collection tasks. The community
residents did not initially identify this as an important need due to the
relative importance of other needs. However, during observational
user evaluations of the early design iterations, it became evident that
excessive stooping during these activities was contributing to physical
pain and (in the case of women, children, and the elderly) prevented
them from carrying out many water-based tasks effectively. Integrating
a raised washing area into the design of the constructed wetlands, not
only improved the intake of wastewater into the constructed wetlands
but also reduced the physical demands (and therefore back pain) while
performing these tasks.

Participatory design

A key component in the early design thinking for URBWAT was to involve
end-users (community residents) in developing possible solutions. This
was achieved through six design workshops and an iterative design
process that enabled community residents to define the initial design and
then to participate in identifying refinements and extensions to earlier
design iterations. In this way, community residents were not only the
initiators of design ideas, but through regular interviews and feedback
sessions, they were also primary contributors throughout the research
project, identifying design flaws, suggesting improvements, and
showing how the interventions could integrate with existing behavioural
habits and infrastructure. A second way in which community residents
were involved in the design was through being employed as construction
workers and project managers. Their local knowledge was invaluable in
fine-tuning the designs, bearing in mind the local availability and costs
of materials and skills, the physical layout of available space, and the
power dynamics between various community residents.

Systems-thinking in design

To help understand the project and how the constructed wetlands
were integrating into the community, to identify stumbling blocks in the
implementation processes, and to identify possible opportunities for
improving the design, we applied the SSoS framework.™ This involved
creating a nested hierarchy diagram of the relevant systems, stakeholder
goal analysis, and more detailed systems diagrams of the parent,
sibling, and child systems. Mapping how these systems evolved over
time also enabled the HFE members of the URBWAT project team to
identify the stages in the complex adaptive cycles within the panarchy
of adaptive cycles. From this analysis, it was evident that a number of
parent systems were cycling through their natural stages at a faster rate
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than expected, creating disruptions in their respective child systems,
including the target system (i.e. the constructed wetlands) and some of
the important sibling systems to the constructed wetlands. For example,
the community residency parent system had a relatively short lifespan,
with many residents leaving (and new residents arriving) on an almost
constant basis. This meant that there were always new residents that
were not involved in the design of the constructed wetlands and did not
understand what the constructed wetlands were or how to use them
properly. Similarly, ward councillors were expected to be in their positions
for at least 5 years, but over 2 years, the ward councillor changed three
times, each time shifting priorities with regard to the residents’ needs
and their willingness to support the research project.

These faster-than-expected life cycles of the parent systems forced the
sibling systems (and their respective child systems) to adapt faster.
For example, rapidly changing residency systems resulted in dwellings
being built closer to the constructed wetlands (in one instance, even
incorporating the walls of a constructed wetland into their own dwelling).
Building new dwellings also created disruptions to related systems, such
as taps without sufficient water pressure. This meant that residents had
to find another communal tap and their cleaning activities took place at a
different location, which either overburdened the constructed wetland (if
the working tap had a constructed wetland) or meant that the constructed
wetland was not receiving wastewater for treatment. Similarly, building
new dwellings meant new ad hoc electricity connections being installed
over, around, or even under the constructed wetlands. Some of these
issues could be addressed during the iterative design process. For
example, a mural was painted by a community resident on the wall of
a dwelling adjacent to one of the constructed wetlands to depict the
purpose of the constructed wetlands and how to use them properly in
order to address the issue of the fast turnover of community residency.

Resilience in design

What does it mean to design a system that is resilient to these changes?
It is important to note that resilience in this context does not mean that
we can design a system that can maintain its shape and form despite
these chaotic external perturbations. The key in a context such as this
was to make iterative design a fundamental part of the design thinking.
An iterative approach to the design allows one to keep innovating with
the way in which the system, people, and the environment interact while
still maintaining the underlying mechanisms (in this case, greywater
collection and treatment). Adopting a nature-based solution was essential
to maintaining a resilient interface by incorporating the natural adaptive
qualities of biological entities. In this instance, constructed wetlands
needed to be seeded with a variety of wetland plants so that they could
adapt to the different effluent and water loads. Humans could also act as
agents of resilience by imbuing sufficient scope in the basic design of
the constructed wetlands for the human users to customise the design
to fit different physical spaces, different treatment loads, and different
water collection and washing behaviours. Finally, resilience in design
meant ensuring the efficient integration of the constructed wetlands
with related sibling systems, as system interconnectedness facilitates
resilience. For example, the constructed wetlands were designed with
elevated walls. This design protected dwellings from stormwater and
sewerage spills. The raised walls also provided elevated walkways, so
people did not have to walk in sewerage or mud.

Conclusion

Throughout the discussion on how HFE can be used to facilitate better
integration of interventions aimed at sustainability, it is important to
note that HFE is not doing this alone. HFE acts as a support to the
biochemists, physicists, engineers, architects, climate scientists,
ecologists, botanists, zoologists, and other specialists who use their own
scientific knowledge to develop solutions. However, HFE is an important
conduit between the scientific development of solutions and how they
will integrate with the people who will use them. Of course, there are
many other disciplines that can also provide their own disciplinary
perspectives, including anthropology, psychology, sociology, political
science, ethics, and philosophy. However, it is the HFE discipline whose
specific expertise lies in tying technological development with human
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use. It is important to note that nothing lasts forever, particularly in a
highly dynamic environment such as the URBWAT example. Instead, we
should be designing systems and implementation strategies that can
rapidly change depending on the environmental influences, including
those of other humans. For example, even though the initial URBWAT
research project has ended, it is evident that further iterations are still
required. What is important to emphasise is that understanding the
systemic influences on a particular technological artefact within a
given context is important to ensure the effectiveness, efficiency, and
sustainability of an intervention."®
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Peer review vs Publish all — Navigating the
changing landscape of scientific publication

Significance:

This article delves into the critical juncture at which scientific publishing finds itself, examining traditional
pre-publication peer review, the emerging ‘publish all’ model, and the role of preprints. As the scientific
community grapples with the need for rapid dissemination of research alongside maintaining rigorous quality
controls, the article offers a comprehensive analysis of the pros and cons of each model. It serves as an
essential read for researchers, academics, and policymakers, providing insights into how these evolving
models impact the quality, credibility, and accessibility of scientific research. It aims to guide informed
choices in the ever-changing landscape of scientific publishing.

Being a scientist means conducting research and publishing that research in an accredited journal. At the heart
of this practice is the scientific method — a rigorous process designed to produce research that is both repeatable
and credible. When your work is published, it is essential that other researchers can replicate your study based on
the methodology that you have described. This ensures that both the scientific community and the public can trust
your findings, which have undergone a stringent peer-review process in which seasoned experts have evaluated
the merits of your research.

Although itis time-consuming and sometimes frustrating, the peer-review process is a crucial gatekeeper. It ensures
that your research is not published until it has reached its highest possible quality, making it both reliable and
worthy of citation. However, a recent controversial paper about the deliberate burial of the dead by Homo naled'!
published in eLife, an open-access, post-publication peer-review journal, sparked widespread scientific debate?
about current publishing models. Neither accepted nor rejected, the headline-grabbing research now occupies a
‘grey’ zone created by the collision of sensationalised science with changing publishing and peer-review models.
So which is superior: traditional peer review or the emerging ‘publish al’ model? Should scientists continue to
rely on the time-tested but perhaps archaic peer-review system, or should they adopt the quicker, all-inclusive
approach to publishing? What implications do these choices have for the quality of published science, and how do
we cite future research? In this Commentary, | explore the evolving landscape of scientific publishing by critically
examining traditional pre-publication peer review, the emerging ‘publish all’ model, and the role of preprints, aiming
to assess their impact on the quality, credibility, and accessibility of scientific research.

Traditional peer review: Review, then publish

The traditional scientific publication process is a rigorously structured pathway® designed to validate and share
research (Figure 1). Researchers submit their completed studies in the form of a written manuscript to a scientific
journal of their choice. Here, an editor initially assesses if it fits into the scope of the journal and meets format
and language standards. If it passes this first stage, it goes through several more rounds of internal review. It is
then finally forwarded to independent experts (usually two or three) in the field for peer review. This framework is
known as pre-publication peer review* and has been around for centuries. There are two main categories of peer
review — open and closed, the latter of which is more common and further divided into two subcategories: single-
and double-anonymous.® In a single-anonymous review model, the identities of the reviewers are hidden from the
author, but the reviewers are aware of the authors’ identities.® This is the most common method used in many
academic and scientific journals but is subject to various disadvantages (Table 1).

The reviewers scrutinise the research for its validity, significance, quality, and ease of reading and understanding,
offering (mostly) constructive feedback and recommendations for acceptance, revision, or rejection. Authors may
then revise their work based on this feedback and resubmit the manuscript, after which the editor makes the final
decision on its suitability for publication. This framework is known as pre-publication peer review.® Ultimately,
it ensures the credibility and quality of scientific literature, acting as a gatekeeper against the dissemination of
flawed or untrustworthy findings. Research that has been peer reviewed before publication carries a stamp of
approval from experts, lending it credibility and trustworthiness.® This is crucial in fields like science, medicine and
engineering, where the stakes are high, and unreliable information could have serious consequences. This process
also holds authors accountable for their research and conclusions. Knowing that their work will be rigorously
examined encourages researchers to adhere to high standards of scholarship, from the design and execution of
their studies to the reporting of results.

While the peer review process is a cornerstone of academic integrity, it comes with its own set of challenges’
that cannot be overlooked. One of the most significant drawbacks is the time-consuming nature of the process.
The timeline from submission to publication can stretch from weeks to years, posing a problem for time-sensitive
research and career advancement. This delay is further exacerbated by the potential for bias within the review
process. Personal or ideological biases® can influence a reviewer’s judgement, sometimes favouring established
researchers, prestigious institutions, or even particular races or genders. Authors are also less likely to report
negative results because reviewers are not receptive to them.® Additionally, the limited accessibility of many peer-
reviewed articles, often locked behind costly journal paywalls, restricts the dissemination of valuable knowledge.
This creates inequities in who can access and participate in the sharing of scientific information and is particularly
detrimental for young researchers from emerging countries like South Africa.® The process is also subject to
inconsistency and subjectivity, as different reviewers can offer divergent opinions on the same paper. Overall,
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Figure 1:  The traditional article publishing process, including peer review. Key players in the decision-making process are the editor-in-chief (EiC), editorial

assistant (EA), and managing editor (ME).

while peer review has its merits, these limitations highlight the need for
ongoing scrutiny and potential reform of the system.

Post-publication peer review: Publish first, ask
questions later

In contrast to the traditional model, a novel form of scientific publication
arrived on the scene in October 2022°, when the life sciences journal
eLife changed its editorial practice™, opting to publish every paper sent
out for peer review. This post-publication peer review method allows
research to be published quickly and then critiqued publicly. Reviewers’
reports are published alongside the research, providing valuable context,
and allowing readers to make their own judgements about the work’s
quality."

This openness comes with several advantages®: enhancing transparency,
enlightening those interested in the scientific process, and democratising
the dissemination of research by removing some barriers faced by
early-career researchers or those from less prestigious institutions.
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Additionally, authors retain more agency in the publication process, as
they can choose whether to implement reviewers’ suggestions. ™

Meanwhile, preprints have been around for at least 30 years and
probably paved the way for the rise of the ‘publish all’ model. In this
approach, researchers upload their manuscripts to preprint servers (like
ResearchGate or ScienceOpen) before they undergo traditional peer
review. These platforms make the research publicly available almost
immediately, allowing other scientists to comment, critique, and even
build upon the work. This gives the authors time to incorporate feedback
before the paper is submitted to a journal for official peer review. Think of
a preprint as a draft version of the research that is publicly shared before
it has been officially reviewed.

One of the key advantages of preprints is their speed.’> Researchers
can upload their findings immediately, thereby accelerating the pace
of scientific discovery. This speed is particularly crucial for rapidly
disseminating crucial health information, as witnessed during the
COVID-19 pandemic.™ This model fosters a more inclusive scientific
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Table 1: Characteristics of various peer-review methods
Characteristics Advantages Disadvantages
Closed peer review
Single-anonymous: Reviewers . Reviewer anonymity ensures honest feedback . Reviewers may give harsh comments
:fv:iﬁ;e;ig:]the author's identtty and No risk of intimidation from authors . Reviewers may delay feedback to delay publication if

Double-anonymous: Neither authors |
nor reviewers are aware of the

other’s identity or affiliation No risk of intimidation from authors

Manuscript judged on quality and content

interested in the same topic
. Reviewers may have a prejudice against the authors
. Reviewers may give harsh comments

. Reviewers may still identify the author in specialist areas

Open peer review

Open: Authors and reviewers are
aware of the other’s identity and .

affiliation the published article

dialogue, as more people can access, read, and comment on the
research and it particularly benefits early-career researchers', who rely
heavily on the timely publication of their work to gain recognition for
their efforts. Furthermore, preprints are often assigned a Digital Object
Identifier (DOI), making them citable, should researchers wish to do so.

However, the ‘publish all’ model is not without its drawbacks, the most
glaring of which is the potential compromise on research quality.'" Without
the traditional gatekeeping role of peer review, there is a heightened risk
of publishing flawed or even misleading research, which could have far-
reaching implications. Even fundamentally flawed, potentially harmful, or
unethical science that faces heavy criticism from reviewers' will now
forever exist online as a citable resource. This absence of a quality filter
can affect the credibility of research, as papers published under this
model may not be viewed with the same level of trust as those that have
undergone rigorous peer review. For this reason, many top-tier journals
do not allow authors to cite preprints. Additionally, these publication
models place an increased burden on readers to assess the quality of
research, rather than relying on the scientific community’s judgement.
Consequently, researchers may be hesitant to submit their articles to
journals that follow this method.

The future of citations?

In academic and scientific writing, citations serve a purpose: they give
credit where it is due and offer readers a pathway to find the original
source for further reading or verification. Crucially, they form the basis
of tried and trusted evidence to support new research. Considering
the emerging ‘publish all’ method, how can researchers cite studies
presented in this way? Citing papers that have not undergone traditional
peer review presents a unique set of challenges and considerations.

In the traditional peer-review model, citing is straightforward because
the research has undergone rigorous scrutiny and has been published in
a reputable journal. Researchers can cite these papers with confidence,
knowing that the work has been vetted by experts in the field. In the
publish-all model, like the one adopted by eLife, papers are published
alongside reviewer comments, but they may not necessarily have been
revised based on those comments. Researchers who cite such articles
may inadvertently propagate unverified or flawed findings, thereby
affecting the quality of their work and potentially leading to the spread
of misinformation. Researchers should exercise caution and critically
evaluate the paper’s quality and relevance to their work. The citation
should ideally include a note indicating that the paper has not undergone
traditional peer review, like is done for preprints. Various influential
journals (Nature, Science, The Lancet, and the BMJ) now explicitly
state that although they allow the citation of preprints, there are specific
guidelines about how these materials should be cited.'® Perhaps, with the
rise of the publish-all model, citations should follow the same style as

Commentary
https://doi.org/10.17159/sajs.2024/17103

More tactful and constructive feedback

. May make the reviewer fearful, leading to a less honest
and less critical review

More rigorous review as the reviewer’s name appears in

. Reviewers can be intimidated or threatened

that for preprints, but researchers should be aware that this publication
model is more open to opportunistic abuse and perhaps more prone to
give credence to bad science.

Conclusion

As the academic publishing environment evolves, there is room to revamp
and restructure peer-review systems and frameworks. The rise of preprints,
particularly during the COVID-19 crisis, demonstrates the advantages of
disseminating scientific findings quickly before undergoing conventional
peer review. Additionally, the era of open science demands innovative
platforms that can facilitate dynamic and thorough debates, contributing
to scientific advancement while also promoting fairness and transparency.
However, the publication of flawed science using the publish-all model
raises serious and valid concerns within the scientific community.

The long-term sustainability of the current peer-review system is
increasingly coming into question, even though it is unclear what
will take its place, how it will transform or even who will manage this
transformation. The era of open science is pushing us toward more
transparent, inclusive, and rapid forms of communication. However,
this should not come at the expense of quality and rigour. As we move
forward, it is crucial to develop frameworks that facilitate quicker
publication whilst still being able to uphold the integrity and credibility
of scientific research.
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Why researchers should focus on the triple hottom
line: Excellence, ethics and empathy

Significance:

The global demands of a fast-paced, ‘publish or perish’ culture at higher education and research institutions
pose several challenges for researchers, especially early-career scholars. In South Africa, the incentivisation
of the ‘publish or perish’ paradigm, in a context of historical funding inequities, presents both possibilities
and perils. Prioritising integrity within such a system requires a reclaiming of moral agency that subscribes
to a high code of ethical conduct, which includes the values of excellence and empathy. We propose an EEE
(excellence, ethics and empathy) framework for balancing productivity with integrity, thereby resisting the
logics of the research marketplace.

What brings two academics — one from the humanities and social sciences and the other from the health and
natural sciences; one involved daily in research undertakings that foster an intellectual hub for social justice
transdisciplinary research, and the other who has enjoyed a long and productive career in research management
and support — together to write a commentary? The answer is our common commitment to what we have termed
the triple bottom line for research. The three markers of this bottom line are excellence, ethics, and empathy, what
we call an EEE framework for research within an increasingly corporate and neo-liberal research context that
ostensibly values quantity over quality, that counts, rather than weighs.

Notwithstanding our aversion to the commodification of knowledge and higher education, we drew inspiration for
the idea of a triple bottom line for research from the business concept of the triple bottom line that focuses on three
aspects: people, planet and profit. Writing for the online publication, Harvard Business Insights in 2020, Kelsey
Miller observed: “The world is full of uncertainty. Monumental challenges—including climate change, poverty, and
inequality—are at the forefront of daily life and seemingly becoming ever more urgent.”!

To respond to these challenges, Miller proposed the ‘triple bottom line” concept, first proposed by John Elkington?.
While businesses have generally and almost exclusively focused on profit as the ultimate bottom line, the triple bottom
line, Miller explains, is about getting firms to move beyond generating profit as the standard ‘bottom line’ to also
considering social and environmental concerns. The idea is not new, but the need to measure financial success in both
social and environmental terms was amplified and made most visible during the COVID pandemic, prompting many
social activists to point out the importance of a hierarchy in these values: people and planet before profit.

While taking lessons from business models for higher education may not be ideal, and indeed some might argue
may even be inappropriate, there is a great deal of literature that has emerged in the last decades which argues
that higher education institutions are increasingly running like businesses. Scholars such as Sioux McKenna have
offered valuable critiques of the corporatisation of higher education, and have argued that the university has become

[clonceptualised as an institution focused on producing skills and goods for the market,
rather than as a public good focused on knowledge creation and the nurturing of critical
citizens who are well placed to address environmental degradation and social injustice.?

Producing “goods for the market” is directly related to the idea of a ‘knowledge economy’, where the notion of
economy is taken literally, rather than figuratively.

Maresi Nerad critically notes:

Theories of the ‘knowledge economy’ view knowledge, and particularly new knowledge,
as a critical resource to enhance a nation’s economic growth....Eagerly seeking to
stimulate economic growth, national capacity building and international cooperation as
well as competition, governments are allocating substantial funds to increase the research
and development capacities of their countries.*

South Africa is no different. Since the Academy of Science of South Africa (ASSAf)’s publication of the 2010
consensus report which made the inextricable link between economic growth and development with an increase
in high-quality PhDs (and by extension high-quality research), South Africa has seen an unprecedented growth
in the number of research articles and PhD graduates.® While one might be tempted to think that this growth
and expansion in PhD graduates and research outputs were because of altruistic commitments to growing the
knowledge economy, unfortunately there may have been other factors at play. It is hard to ignore contentions that
the exponential increase in output was linked to incentive systems provided by South Africa’s Department of Higher
Education and Training (DHET) via subsidies to institutions to ‘reward’ research growth and expansion.

Keyan Tomaselli has scathingly referred to this incentive system as ‘perverse’, arguing that it has had “unintended
and sometimes undesirable” outcomes “that contravenes the intention of the incentive’s designers, in this case
the state’s policymakers”s.

We have a joint concern regarding what Tomaselli has termed “the perverse incentives of the Department of
Higher Education in South Africa”. The research output subsidy system, a noble idea, was designed as both
a transformative and research excellence imperative — to align research with the country’s goals of economic
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and social advancement, as well as to raise the standard of research
outputs by rewarding research productivity that benchmarks with the
global academic landscape.

However, the August 2023 DHET communique to university deputy
vice-chancellors and senior directors for research tells a different story.
Contained within this communique is an acknowledgement of how the
subsidy system may have unintentionally enabled unethical practices that
ultimately sacrifice excellence and integrity on the altars of productivity:

...despite the significant growth in the volume and
quantum of output, various studies over the past ten
years have unfortunately also revealed that the policy
instrument has produced several unintended negative
consequences. Studies conducted by the Centre for
Research on Evaluation, Science and Technology
(CREST) at Stellenbosch University, on behalf of the
Academy of Science of South Africa (ASSAf) and
the Department, have illustrated how a minority of
academics have begun to game the system through
publications in predatory journals, listing of ghost
affiliations and engaging in salami slicing to maximize
the number of submissions and the like.”

Emerging researchers, by virtue of their arguably vulnerable positions
within an increasingly neo-liberal and corporate higher education system,
are particularly susceptible to ‘gaming the system’. This is not to deny
that more senior scholars have also been ‘cashing in’ on the system.
In fact, many provide the means and the platforms for such ‘gaming’
to occur, as they offer journals and publishing houses that encourage
what Tomaselli calls “rent-seeking behaviour”. However, the challenges
for early-career academics are unique because they are forced through
the pressures of the system to hanker after academic success, and
many who are first-generation graduates who do not have the luxury of
generational wealth, and are exceptional ‘firsts’ in their families, need to
exercise an even greater moral agency.

Challenges facing researchers

There are at least three major challenges that face researchers,
especially early-career researchers, in the research landscape in South
Africa. Firstly, good research requires funding, and one of the biggest
challenges faced by researchers is securing adequate funding for their
work. Grants can be highly competitive, and the process of applying
can be time-consuming and complex. Secondly, the scholarly process is
often slow and iterative, and progress sometimes can only be measured
in small increments over many months or years. For scholars in the
natural, physical and health sciences, research takes time to execute,
and oftentimes the findings and results are uncertain. For humanities
and social science scholars, research is not just a mechanistic
methodological endeavour, but a creative one, which also requires time
and space that nurtures the imagination. Thirdly, publishing research in
reputable peer-reviewed journals and recognised academic presses is a
challenge. Researchers have to learn to navigate the peer-review process,
respond to feedback, meet strict formatting and style guidelines, and
develop strong academic writing and editing skills.

These three challenges (there are of course many more), are further
complicated by the systemic barriers that women and people of colour
experience in an academy that was not designed for them. Given
the above challenges, the fast-paced ‘publish or perish’ framework
that is built into the DHET research outputs incentive policy, puts an
enormous amount of pressure on researchers to increase the quantity
and frequency of their publications in order to be ‘successful’ in their
academic settings.

The question that we seek to address in this Commentary is: How can
researchers strive towards excellence, ethics and empathy in their
research endeavours within this market-based knowledge economy?
While the temptation may be to lean towards non-participation in the
system, we would argue that this is a luxury that many women and
people of colour cannot afford. Hence, embracing a set of values for
ethical functioning within this system may be helpful.
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Excellence

Excellence in research has conventionally been defined by rigorous
theoretical frameworks and methodologies; original, creative and
innovative approaches; and the generation of valuable insights that
provide new directions for thinking about real-world problems. It is
marked by critical research questions, clear research objectives, robust
methodological design and sound ethical conduct, and the resulting
insights ought to contribute meaningfully to the field. Excellence is
borne out by rigorous peer review and well-argued and substantiated
conclusions that advance knowledge in the field. Basic expectations
for excellence are that the research is presented in well-organised,
systematic and clear ways to facilitate understanding.

Itis regrettable, given the need to transform and redress the racial and gender
imbalances of the past, that excellence and equity are often pitched to be
mutually exclusive values. They are not. While the current asymmetrical racial
and gender imbalances within research need to be addressed, to suggest
that shortcuts need to be taken on any of the above standards of excellence
in order to meet equity and transformation goals, feeds into colonial and
patriarchal tropes about intellectual and scholarly capacity, which must be
resisted. We must maintain excellence through strategic commitments to
develop rigorous and robust standards, rather than compromising rigour for
the sake of ‘levelling the playing field’. Levelling the research playing field is
not a luxury — it is a necessity in a country that bears the shameful scars
of its racialised past. However, what is imperative is that the foundation on
which we level the field must be rock solid. Otherwise, the little cracks that
are allowed to develop will eventually lead to collapse. It is unfortunate that
the cracks are already starting to show, as the DHET communique referred
to above reveals. We will need to take quick action to mend the cracks and
build a firmer foundation. Apart from rigour and robustness, excellence in
research also encompasses two other values: ethics and empathy.

Ethics

Inspired by the ‘do no harm’ approach, almost all universities have
implemented research ethics policies. This means that one cannot
embark on research, especially with human and other animal subjects,
without first obtaining such clearance. Despite research obtaining
research ethical clearance, and presumably passing peer review, there
have been contested cases of compromised research ethics that have
recently come to the fore about the race implications, for example, of
research that was published.®®

The concerns raised about these publications were about the integrity of
the scholarly inquiry, which unfortunately is often outsourced to ethical
clearance committees that tend to reduce research ethics to a legislative,
policy-based, tick-box exercise, without recognising the need for an
approach that takes seriously the structural and systemic issues that
have entrenched unequal power relationships in research. Embracing
an ethical approach requires not only the mandatory statement of
one’s social location, but a genuine commitment to understanding how
particular types of research reinforce racial and gender stereotypes that
emerge out of systems of injustice. This means that researchers have
to consider shifting their understanding beyond institutional compliance
with ethics policies, to a personal commitment to a code of research
ethics, what Lahman et al.' call “aspirational ethics”:

Aspirational ethics are the highest stance the
researcher tries to attain in ethics beyond minimum
requirements (Southern et al. 2005). Researchers’
aspirational ethical stances may differ depending
on culture, values, and morals, and are judged and
processed internally with no mandated checks.
Examples of aspirational stances include relational
ethics (Ellis 2007), feminist ethics (Olsen 2005),
virtue ethics (Israel and Hay 2006; Southern et al.
2005), narrative ethics (Schwandt 2007), covenantal
ethics (May 1980; Schwandt 2007), ethics in
practice (Guillemin and Gilliam 2004), caring ethics
(Gilligan 1982/1983; Noddings 1984), and an
understanding of situational ethics (Guillemin and
Gilliam 2004)."°
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They combine these forms of aspirational research ethics into a
framework called ‘Culturally Responsive Relational Reflexive Ethics’. The
widespread critique of Nicoli Natrass’s Commentary in 2020 concerning
why black students are less likely to study biological sciences',
arguably required such a culturally responsive, relational, reflexive,
ethical framework. As Eureta Rosenberg and Lesley le Grange note in
their critique of Natrass’s Commentary:

As researchers, we need to pay closer attention
to the methodology we use, its power to either
transform the contexts about which we care, versus
inherent methodological biases. The South African
Journal of Science needs to publish research in
which the scientists of the future and the present
will recognise themselves, which means it needs to
be based on well-executed research, and a choice
of question and method that are both ethically and
conceptually appropriate.'?

Ethically and conceptually appropriate frameworks for research require
an empathetic approach, which is the final point to which we turn.

Empathy

An empathetic approach to scholarly research endeavours and
subsequent publications requires that we consider the social and moral
impact of both the process and the products of our research. In his book,
The Soul of a University: Why Excellence is not Enough', Chris Brink
urges us to consider not just what universities are good at (producing
rigorous knowledge), but what universities are good for (the university
as a public good). The latter approach is needed to understand the
perspectives of those who are impacted by research. For example, the
recent blockbuster hit film Oppenheimer about J. Robert Oppenheimer,
the scientist who was at the forefront of the development of the atom
bomb in World War II, brought up for scrutiny the ethical dilemmas
involved in creating such a powerful weapon. It did so, however, from
the perspective of Oppenheimer, not from the indigenous communities
whose sacred ancestral land was used for the nuclear testing and
research that led to health impairments and environmental destruction
which continue to this day.

How our need to advance knowledge and its effects on communities
that are impacted by quests for such ‘progress’, requires empathy as
well as respect for such communities. The indigenous communities
on whose land the atom bomb testing was conducted, suffer to this
day from the cancerous effects of those experiments. Ethical clearance
committees may not have been formalised at the time, but even if
they were, considering the power wielded by the US government,
the project was likely to receive ethical clearance because “no direct
harm was predicted”. In cases such as this, the moral agency of
researchers must be to operate not just within legal parameters for
research, but also within ethical ones. Had the researchers adopted
an empathetic approach rather than a legal one, the perspectives
of the people who considered this space as ancestral sacred land,
would have been foregrounded. Moreover, the devastation that the
experiments unleashed on these communities, as well as on those who
were bombed, would have been at the forefront of their concerns. As
critiques of the film demonstrate, even the filmmakers themselves do
little to address this.

Conclusion

Our concern in this Commentary has centred around how to foster a
research culture that is robust and rigorous, while simultaneously
operating within research systems that focus on the bottom line of
productivity and profit. Our goal was to provide a moment for pause
and critical reflection on the systems of research and rewards within
South African higher education institutions, and how they may promote
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less than ethical behaviour. Our proposal for a triple bottom line of
research — excellence, ethics, empathy — must be taken up with a
great deal of circumspection and caution, and we must guard against
these values being appropriated and packaged into neat boxes that the
‘university-as-business’ model can simply leverage. We have to guard
against what has become known as ‘CSR-washing’ (corporate social
responsibility washing) in which businesses ‘greenwash’ (which means
to hold fake environmental commitments through clever marketing
strategies) or ‘pinkwash’ (to fake a commitment to social justice
concerns). Universities run the risk too of ‘ethics’ washing. It is possible,
we contend, for researchers (especially those at the early stages of
their careers) to navigate the murky waters of reward and recognition,
through embracing an EEE framework for research — a commitment to
being genuinely ethical, excellent and empathetic.
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Advancing neuroethics in Africa

Significance:

Neuroscientific technologies to assess, monitor and influence brain activity offer tremendous potential in the
prevention and treatment of neurological and mental illnesses. However, these innovations, and their pursuit,
also raise serious ethical questions. Neuroethics is a field that explores the ethical, legal, societal, philosophical,
and cultural implications of neuroscience and related neurotechnologies. Many of these considerations have
distinct cultural and contextual dimensions. Along with the advancement of neuroscience research in Africa, it
is therefore critical to advance neuroethics as an integral component of neuroscience research on the continent.

Across the world, there is great excitement about the myriad discoveries and new technologies that increase
our understanding of the brain and its functions. Large international brain initiatives promise to accelerate the
development of neuroscience and neurotechnology.! Whilst offering tremendous potential in the prevention,
management and treatment of neurological and mental illnesses, these innovations raise a host of ethical
challenges. Neuroethics considers the ethical implications of neuroscience and neurotechnologies, as well as how
neuroscience may shed light on moral decision-making. It aims to recognise and anticipate the ways in which
neuroscientific advances affect our self-understanding, our communities, and our interactions with the world.?
Neuroethics includes both normative and empirical approaches; normative neuroethics focuses on the conceptual
and ethical debates that arise with advances in neuroscience and neurotechnologies, while empirical neuroethics
explores perceptions and interpretations of data from emerging neuroscientific studies and neurotechnological
interventions in different contexts.

A central discussion within neuroethics concerns regulation of emerging neurotechnologies. For example, in 2019,
following engagements with interdisciplinary leaders, the Organisation for Economic Co-operation and Development
(OECD) released recommendations on responsible innovation in neurotechnology.® In 2021, the International
Bioethics Committee of UNESCO (IBC) published a report on the ethical issues of neurotechnology.* In 2023,
UNESCO expanded on the report and published a document on the risks and challenges of neurotechnologies® for
human rights. In 2024, UNESCO convened a group of 24 experts from different geographical regions to develop
the first global framework on the ethics of neurotechnology. These documents contain contributions from a range
of neuroethics scholars from around the globe. Despite neuroethics being embedded in global debates to support
efforts to establish worldwide standards concerning neuroscience and neurotechnology, the participation and
perspectives of African researchers on neuroethics has thus far been limited.®° We recognise, however, the recent
UNESCO efforts to change that, through the involvement of African scientists in the development of a globally
relevant recommendation on the ethics of neurotechnology.

Here we emphasise the need for, and unique contributions of, neuroethics research concerning and emerging from
Africa. Distinct values, concerns and priorities within different African socio-cultural contexts are likely to generate
distinct neuroethical considerations. These considerations may stand to impact: (1) philosophical questions
generated by research in neuroscience — such as what it means to be human or how different neurotechnologies
may impact personal identity, (2) African contextual and cultural perceptions on the acceptability and applicability of
specific neuroscientific interventions, (3) empirical research on practical issues such as informed consent, stigma,
and return of incidental / individual results, as well as context-specific research concerning how social attitudes
are affected by neurotechnological interventions (including artificial intelligence informed neurotechnologies),
(4) ethical considerations related to the use of neurotechnologies among African children who may be exposed
to highly prevalent environmental factors that impact brain development as well as mental health, and (5) policies
based on ethical neuroscientific developments and brain data governance.

We elaborate on these five areas to demonstrate the unique concerns, as well as the unique contributions, that arise
with the advancement of neuroethics and neurotechnology in Africa.

African-oriented philosophical and psychological frameworks can offer unique contributions to prominent philosophical
debates within neuroethics, including those regarding personal identity, agency, personhood, autonomy, moral status,
cognitive and moral enhancement, moral responsibility, mental privacy, and cognitive liberty. For instance, relational
conceptions of moral status might reach very different conclusions on key neuroethical disputes (e.g. the status of
brain surrogates) from individual capacity-based conceptions.'® The communitarian emphasis of prominent African ethics
frameworks also generates distinct ethical perspectives and insights with regard to prominent debates in neuroethics, such
as those concerning moral bioenhancement." Similarly, while experimental philosophy has rich application to questions
in neuroethics, it has scarcely been applied in African contexts. We should expect prominent judgements and intuitions to
differ in different cultural and geographical contexts, given the influence of prevailing belief systems. Such divergences are
of theoretical interest, but they may also have practical significance. This is because key research questions in neuroethics
are often culturally and socially informed and therefore require exploration by research teams with cultural awareness.'
Experimental philosophy can potentially inform culturally and contextually sensitive policies and approaches that emerge
in response to advances in neuroscience and neurotechnology. Research conducted elsewhere might be more or less
relevant to the beliefs, judgements, intuitions, and concerns that arise in local contexts. In turn, international research
might misinform the ethical and policy debates that such findings are ultimately intended to support.

Neuroethicists within Africa are in a unique position to focus their attention on how African values and priorities
can inform the development of contextually appropriate interventions. One example is the emphasis on health
equity and social justice that would suggest investigators should focus on affordable, accessible, and more
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long-term effective neurotechnological interventions — for example,
encouraging more research on cost-efficient treatments of common
mental disorders, rather than on difficult-to-access and high-cost
invasive interventions such as deep brain stimulation.” In addition,
unique factors and considerations arise in different African contexts and
communities which require context-specific insight and sensitivity. For
instance, the intracultural diverse experiences of members of different
groups, such as people who identify as part of the LGBTQI+ community,
also need to be considered.' This is particularly important given the
continued unjust treatment and lack of adequate consideration of the
views and experiences of people from the LGBTQI+ community in many
countries on the continent. Local researchers who are aware of these
sensitivities are more likely to be in a position to anticipate any concerns
specific to their contexts. It is thus local researchers who should design
and lead neuroscience and neuroethics research studies that aim to
benefit African people and communities. In cases of global collaborative
projects, it is also imperative that African scientists play a central role in
the intellectual leadership of the project.™

Empirical research on practical issues — such as informed consent and
return of incidental / individual results — is also important for neuroethics
in Africa. The ethical dimensions of these concerns will be influenced
by contextual considerations. Questions about ethical participation
in neuroscience research, and what may be required to ensure that
processes of recruitment and consent are valid, are critical to the ethical
advancement of neuroscience within Africa.'® The return of results
and secondary findings is another important consideration for ethical
research practices, which is impacted by contextual considerations. For
example, in the event that neuroscience data point to a likely genetic
origin of a neuropsychiatric condition, key considerations are needed
to ensure that the genetic reference data are representative for African
populations. Additionally, considerations ought to be made on how
to communicate such findings to individuals and families in ways
that are culturally sensitive and appropriate. This needs to be done
in consideration of both the limitations of resources in the context
(e.g. the lack of genetic counsellors in Africa to convey results likely
means that results will be returned by other health workers) and with
sensitivity to local mental health causal belief systems and associated
stigma and discrimination that is sometimes experienced by individuals
with a neuropsychiatric condition.'”:'®

Itis also important to consider the ethical implications of involving children
in neuroscience and neurotechnological empirical research in Africa
(paediatric neuroethics)®, particularly as it is critical to study the risks and
protective factors regarding child brain development in Africa, given that
many African children are particularly vulnerable to disruptions in healthy
brain development due to increased exposure to risk factors such as
poverty, trauma, alcohol, and HIV®. Developing assessments which are
culturally informed and contextually sensitive is therefore an important
gthical consideration.? These factors also tie in with the growing area of
environmental neuroethics, which considers specific environmental risks for
neurological and psychiatric disorders.?? Relatedly, African neuroscientists
have emphasised the importance of considering environmental features
such as the diverse flora, fauna and ecosystems in Africa, for neuroscience
research in addition to climate change and other environmental risks
prevalent in some African countries.”

Finally, in addition to developing global standards and policies on ethical
brain science and brain data governance, specific policies are required
concerning research in Africa. This is crucial for protecting the data of
research participants and for ensuring that all contributors (including
African research participants, communities, and researchers) benefit
from advancements emanating from their data in the near and long-
term future. What types of benefit-sharing principles should be in place?
And how should these principles be developed? These questions are
crucial given the historical exploitation of various groups of people on
the continent.?* The increasing commercialisation of neurotechnological
innovations and related neuro-data, and their use for non-medical
purposes, also adds urgency to the need to establish good brain data
governance frameworks for Africa.
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In conclusion, it is critical to advance the neuroethics agenda for
neuroscience and neurotechnological innovations in and for Africa.
Conducting neuroscience research that is regionally relevant but that
has global impact may ultimately improve our understanding of brain
and mental health as well as contribute to the development of neuro-
interventions that substantially reduce the disease burden in Africa
and elsewhere. This would in turn contribute to the realisation of the
United Nations Sustainable Development Goals (SDGs)® to “promote
good health and well-being” (SDG3), “reduce inequalities” (SDG10),
and “promote peace, justice and strong institutions” (SDG16). Early
inclusion of African people and scientists in African institutions in
neuroethics discourses may contribute to a more robust and nuanced
debate on neuroethical questions globally.
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A review of the environments, hiota, and methods
used in microplastics research in South Africa

Microplastics are small plastic materials often defined as those between 5 mm and 0.05 mm in size.
Microplastics can have toxicological impacts on various biota, from gut blockages to the transport or
leaching of toxicants used in their production or absorbed from the surrounding environment. Although
microplastic research has increased significantly, microplastic research in Africa lags behind that
of developed countries. South Africa is the African nation with the highest number of microplastic
publications. We aimed to determine the current state of microplastic research in South Africa. A total
of 46 publications on microplastics in South Africa have been produced. However, many of these
publications use methods that might not be accurate in determining holistic descriptions of microplastics
in the aquatic environment. Similarly, many ecologically relevant environments and species have not
been investigated for microplastics in the country, including any atmospheric or terrestrial environment.
We conclude that, although the research being produced in South Africa can be considered adequate,
a singular standard method for sampling and assessing microplastics in South African environments
is required. The production of such a standard method would be critical to use as a monitoring tool to
determine and compare microplastic abundances across the country and globally.

Significance:
«  More than 40 publications on microplastics have been produced in South Africa.

«  Microplastics have been discovered in multiple aquatic environments in South Africa, but have not been
investigated in atmospheric or terrestrial environments.

e Polymer analysis was limited in published research.
*  Astandard method is required for comparing between studies.

e Terrestrial and atmospheric microplastic studies are required.

Introduction

Plastics are polymers that consist of monomers chained together to produce products with unique characteristics.
These products could easily be moulded into any shape required for the product to be used. This ability has allowed
for an explosion of plastic products, reaching over 322 million tonnes produced globally.? These plastics are heavily
resistant to degradation, which has allowed plastic to accumulate in the environment.® These plastics are impacted
in the environment by abiotic factors such as UV rays, temperature changes, and abrasion from wind, waves, and
biota, which can degrade them and break them into smaller microscopic particles.>® These microscopic plastics
have been detected globally, with one of the first discoveries made by Gregory* around the coastline of New
Zealand. Gregory* discovered tiny beads on the beaches and surrounding coastline in 1977, but only later in the
21st century had environmental scientists begun to investigate these small plastic particles.® These particles were
then classified as microplastics (usually within the size range of 0.05-5 mm; however, this definition is still being
debated currently).®

Microplastics have since been collected, described, and characterised globally in marine and freshwater
environments, soil, biota, and the atmosphere.” Microplastics have further been classified as either primary or
secondary microplastics.? Primary microplastics are plastics already produced in the size range of microplastics,
whereas secondary microplastics are plastics that break down from larger plastic products.® The classification
system was produced to understand from where microplastics originate to determine their pathways into the
environment.2

After discovering microplastics, their toxicity and potential impact on biota were investigated. Microplastics can
have toxicological impacts on biota through three separate pathways. First, the physical nature of microplastics
can lead to gut obstructions or reduce the ability of organisms to move or reproduce.? Second, microplastics
can also leach chemicals that are used as additives to increase their lifespan and function; this would include
additives such as flame retardants, bisphenols, and other endocrine-disrupting chemicals.?? The third toxicological
impact of microplastics is their ability to act as vectors for toxicants.® Toxicants such as metals and persistent
organic pollutants have been discovered on the surface of microplastics in concentrations significantly higher than
those in the surrounding environments.® Microplastics’ physical and chemical impacts allow for the increased
bioaccumulation of a toxicant and can prevent species from regulating these toxicants out of their circulatory
systems.® Other notable toxicological studies have discovered that microplastics can lead to coral bleaching® and
can reduce the ability of phytoplankton to photosynthesise™. It is, therefore, understandable that microplastic
pollution impacts 12 of the 17 United Nations Sustainable Development Goals, such as Life Below Water, Life on
Land, Clean Water and Sanitation, and Good Health and Well-Being."

In this review, we aimed to determine the state of microplastic research in South Africa. The review focuses on the
environments and biota investigated, the concentrations of microplastics found, the overall methods used within
the country, the current trends, and shortfalls of the research in South Africa, and where more research is required.
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Method

Data collection

Data were collected using the primary academic search engines
ScienceDirect, SpringerLink, Google Scholar and the research network
ResearchGate. The primary keywords used for the search of papers were
“South Africa” and “Microplastics”. The papers were then screened by
relevance (whether conducted in South Africa) and ordered chronologically
from 2023 to 1990. The information recorded from the papers included the
authors, title, year of publication, where in South Africa the study was
conducted, whether it was conducted in freshwater, marine or terrestrial
environments, whether biota were included in the study, which matrices
were investigated (water, sediment, biota), the extraction methods used,
the identification method, mean concentrations and whether quality
control was performed in the study. Modelling and review papers were
also included; no published studies that were conducted in South Africa
were omitted. Documents that did not undergo peer review, such as
dissertations, theses, preprints and reports, were not included. Microsoft
Excel was used to produce graphs and tables. A map of the research
conducted within South Africa was created on QGIS v3.26.2 to visualise
and highlight areas where more research might be required.

Microplastic research in Africa

Microplastic research within Africa has primarily focused more on the
marine environment than freshwater environments — a global trend
also found in developed nations.>'? Microplastic research in Africa
has increased over the last decade; however, three recent reviews of
microplastic research in Africa have found that African nations are still
trailing behind developed countries.''® This is concerning considering
the large scale of plastic pollution on the African continent.'? The
reviews found that microplastics have been discovered in multiple
African environments in over 11 African countries, including the Nile
River, where microplastics were found in two fish species.' Other
environments include the Niger Delta, Lake Victoria, the southern
Mediterranean Sea, and along the western coast of Africa.™ These
studies not only found microplastics in the water and sediment, but
also in biota, such as snails, multiple freshwater and marine fish
species, and birds.™ The review by Alimi et al."* further highlights
that microplastic research in Africa was primarily divided between
freshwater (22) and marine (37) environments, which included studies
that discovered microplastics in surface water (15), sediment (22),
and in biota (22). Central Africa remains under-researched, with
almost no microplastic research being conducted there, including any
terrestrial animals on the continent.™ The reviews on microplastics
in Africa concluded that microplastics detected in Africa have
been attributed to waste mismanagement, a rapid increase in the
populations in African countries, and the import of plastic and e-waste
from developed countries.’? Changes in policy regarding the import
of plastic and more sustainable plastic use in Africa were suggested
by Alimi et al.™ to curb plastic pollution. Lastly, although research in
Africa has increased, critical environments, such as pristine natural
environments and wetlands within Africa, atmospheric deposition, and
terrestrial environments, have not been researched, with awareness
of microplastic pollution across Africa being limited in the general
population.’ The reviews of microplastics in Africa further elaborate
that many studies did not include experimental controls, that they
lack polymer analysis, and that there was limited information on
the interactions between microplastics and metals in the African
environment, 4

Microplastics in South African environments

Alimi et al." found that South Africa was the leading African nation in
microplastic research, followed by Nigeria and Tunisia. As of August
2023, 46 publications on microplastics in South Africa had been
published (Table 1). Microplastic research in South Africa began in
1990 when Ryan' investigated temporal trends and abundance of
plastic litter on Cape Town beaches and defined plastic between 2 mm
and 20 mm as microplastic. As of August 2023, 20 publications are
on aspects of the marine environment, and 17 publications are on the
freshwater environment (Figure 1). It is important to acknowledge that
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of all 46 publications, only 12 have investigated microplastics’ presence
or impacts on biota. No studies have investigated the presence or
deposition of microplastics from the atmosphere. Similarly, no research
has been done on microplastics in the terrestrial environment, including
on any terrestrial organisms. This indicates a large gap in microplastic
research within South Africa.

Microplastics in the marine environment

In 1990, Ryan' discovered small plastic particles within the size range
of 20 mm and smaller on beaches around Cape Town; this finding
could be considered the first evidence of microplastics in South Africa.
However, only in 2015 were microplastics — as defined today (5-0.05
mm) — researched in South Africa.'s'” Since the first study by Ryan'®,
researchers have discovered, quantified, and characterised microplastics
collected on beaches along the coastline'®, estuaries, within coastal
water'®2°, and within major harbours along the South African coastline
(Figure 2).

From 1990 to August 2023, a total of 20 publications were produced
on microplastics in marine environments, excluding reviews and coastal
modelling studies. The primary matrices investigated in South African
marine environments were sediment, water, and biota, although no
studies had investigated all three matrices within a single study. Estuaries
can be regarded as the most under-researched marine environment,
with only four publications quantifying their microplastic pollution. These
studies have determined the microplastic concentrations in water and
sediment?", their presence in biota such as estuarine fish species?, and
the deposition of microplastics among estuarine seagrass®. Estuaries
are important environments which link microplastics that may be
transported downstream from inland rivers into the ocean. The results
of these initial studies could indicate that these environments, which
are nurseries for multiple organisms, could be at risk of microplastic
pollution.'62223 No study has critically evaluated how many microplastics
are expelled through river mouths into the surrounding oceans, although
Weideman et al.* found little to no microplastics being expelled during
two sampling excursions to the Orange River mouth.

The other studies were primarily focused on quantifying microplastics
on beaches and coastlines to determine the type of pollutant and how
the microplastics may be distributed. Ryan et al.2° discovered consistent
patterns of plastic debris on South African beaches, and de Villiers®
discovered significant levels of microfibres on beaches. The authors
stated that microplastics became deposited along the coastline from
the oceans.?%? Similarly, Ryan et al.? investigated polyethylene pellets
collected along the coastline and characterised the organic pollutants
bound to the plastic, which can increase the microplastics’ toxicity.

When the concentration and distribution of microplastics in water
along the coastline were investigated, researchers found two opposing
trends in the distribution. Naidoo and Glassom?” discovered higher
concentrations of microplastics along larger urban areas, and differences
between seasonal sampling were discovered, which were attributed only
to changes in wind direction and tides during sampling days. During
the same year, Collins and Hermes? conducted a modelling study to
determine how floating microplastics accumulate and are transported
along the South African coastline. The model indicated that microplastics
are released from the five major industrial zones along the South African
coastline, depositing and accumulating on beaches.?® The model also
indicated that a third of the microplastics released into the ocean move to
the South Atlantic and South Indian oceans, and can then be transported
worldwide.?® These results correlate to the findings made by Naidoo and
Glassom?.

However, harbours around the coastline of South Africa were found
to be areas where microplastics could increase in abundance and
then be released. The first study to investigate South African harbours
was conducted by Nel et al.?® who investigated whether population
demographics reflect microplastic loads. Nel et al.® discovered that
harbours were a significant source of microplastic pollution. However,
no significant spatial differences were discovered between populations,
indicating that microplastics can rapidly be distributed by ocean currents
and wind?, contrary to the study conducted by Collins and Hermes®2.
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Table 1:  Summary of publications on microplastics research in South Africa
Authors Year Where E nwro_nment Biota included !Vlatnc_es Extraction method Identification
investigated investigated method
Ryan' 1990 Western Cape beaches | Marine Sediment Sieving Visual
Ryan et al."® 2012 South African coastline | Marine Sediment Sieving Visual
Nel and Froneman® 2015 Southjeastern Marine Sediment and Density separgtlon, Visual
coastline water NaCl and filtering
KwaZulu-Natal Sediment and Density separation,
Naidoo et al."® 2015 . Marine NaCl and plankton | Visual and FT-IR
estuaries water net
Verster®® 2017 Review Review N/A N/A N/A
Nel et al.? 2017 South African coastline | Marine Sediment and Density sep argtlon, Visual
water NaCl and filtering
Ryan et al.2 2018 South African beaches  Marine SEHARENL] | WS SEREMA, o, o
water NaCl
Western Cape and ) ) - i
40
Reynolds and Ryan* | 2018 North-West wetlands Fresh water Birds Biota Sieving Visual
Nel et al.#! 2018 Z2ELE Capg Fresh water Macroinvertebrates S.e e LB separan'on, Visual
Bloukrans River biota NaCl and digestion
De Villiers® 2018 South African coastline | Marine Sediment B;g?ny separation, Visual
Naidoo and 2019 KwaZqu-NataI Marine Water Steel manta trawl  Visual
Glassom? coastline
Dalu et al.% 2019 lepopp Province Fresh water Sediment Survey V|§uaI without
reservoir microscope
Weideman et al.? 2019 Orange-VaaI BIVEI’ Fresh water Water LTI Visual
(multiple provinces) bulk water
Collns and Hermes?» | 2019 South Affican coastline . .o /A N/A N/A
model
Govender et al.”" 2020 KwanIu-NataI Marine S Densllty separation, Visual and FT-IR
estuaries water NaCl; plankton net
Pereao et al.f 2020 Review Review N/A N/A N/A
I Western Cape . GC-MS, Visual
® " 5
Vilakati et al. 2020 seashore Marine Water Plankton net SEM-EDS, FTIR
Vetrimurugan et al.’® | 2020 KwaZqu-NataI Marine Sediment Density separation, SEM-EDS
coastline nCl,
McGregor and ) . ) ) L .
2020 Eastern Cape coastline = Marine Fish Biota Digestion Visual
Strydom?
Naidoo et al.2 o0pp  Kwazulu-Natal Marine Fish Biota Digestion Visual and FT-IR
coastline
SIS AL 2020 Agulhas Marine Fish Biota Digestion Visual
Immelman3*
Dahms et al.” 2020 Gautgng (Braamfontein Fresh water Macroinvertebrates Sedlment, water, | Density separatl_on, Visual
Spruit) and biota NaCl and digestion
) Density separation
Weideman et al.?* 2020 Orange Vaal 3|ver Fresh water Water NaCl, Bulk water, Visual
(multiple provinces)
Neuston Net
Sparks® 2020 Westelrn Cape Marine Mussels Biota Digestion Visual
coastline
Ryan? g (A Review N/A /A /A
review
...Table 1 continues on next page
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Matrices Identification

Authors Year Where investigated Biota included investigated Extraction method method
Iroegbu et al.5? 2020 Review Review N/A N/A N/A
Arabi et al.*” 2020 Review Review N/A N/A N/A
Godfrey®® 2020 Short note Short note N/A N/A N/A
Verster et al.% 2020 Review Review N/A N/A N/A
Mehihorn et al.® p0py  KwaZulu-Natal Marine Sediment Handpicking Visual and FT-IR
harbours
akati GC-MS, Visual
54 ) ’
Vilakati et al. 2021 Gauteng (WWTP) Fresh water Water Net SEM-EDS, FTIR

Sediment and Sieving and density

Preston-Whyte et al.3? | 2021 Durban Marine ) Visual and FT-IR
water separation, NaCl

Sparks et al.® onpy | Western Cape (retail o Mussels Biota Digestion Visual and FT-IR
mussels)

Dalu et al.¥ pgpy  Limpopo WWTP Fresh water Sediment Sieving Visual
(Mvudi river)

Bulannga and ) ) )

Schmidte 2022 KwaZulu-Natal Fresh water Single cellular organism | Biota N/A SEM

Saad et al ¢ 2022 Vaal River (Gauteng, Fresh water Sediment Density separation, | Visual, SEM,

Free State)

Vaal River (Gauteng,

Free State) Fresh water

Ramaremisa et al.*® | 2022

Vaal River (Gauteng,

42 T

Saad et al. 2022 Free State) Fresh water Fish

Dahms et al.®® 2022 el STV (ERIEe) Fresh water Fish
Free State)

Dalu et al.# 2023 lepopq Prqvmce Fresh water Fish
(Crocodile River)

Boshoff et al.® 2023 Wester_n b3 Marine Grass
(estuaries)

Julius et al."” 2023 Westelrn Cape Marine
coastline

Limpopo Province

Mutshekwa et al.* 2023 :
(reservoirs)

Fresh water

Limpopo Province

i 46
Nkosi et . 2023 (Crocodile River)

Fresh water

Western Cape

48
Apetogbor et al. 2023 (Plankenburg river)

Fresh water

Owowenu et al.5” 2023 Review Review

In a multinational study, Matsuguma et al.*® collected a singular core
sample from Durban harbour, which had more microplastics than Tokyo
Bay, which could indicate that microplastics may highly pollute South
African harbours.* It is, however, critical to report that due to the various
methods used across studies, it is impossible to compare microplastic
concentrations between studies accurately.

Further studies by Mehlhorn et al.®' and Preston-Whyte et al.®
investigating the abundance and distribution of microplastics in harbour
environments were conducted on the retention of microplastics in South
African harbours. The results indicated that South African harbours are
areas where microplastics can accumulate due to the input from rivers
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Nal Raman

Density separation,

Sediment and Visual, SEM,
Nal and plankton
water Raman
net
Biota Digestion Visual, Raman
Sediment, Water, | Density separation, Visual
and biota NaCl and bulk water
Biota Digestion Visual, Nile Red
Sediment and Density Visual
biota separation, ZnCl,
Sediment and Density separation, |, .
water NaCl and bulk water *°udl and FT-IR
Sediment ﬁzgf"y Separaon, v/ ial and FT-IR

Sediment and Density separation,

water ncl, Visual, Nile Red

Sediment and Density separation,

water NaCl Visual and FT-IR

N/A N/A N/A

and stormwater drains, be deposited on the sediment in the slow-moving
water, and then be released into the ocean during increased flow.%'%
These studies are essential to determine where more significant plastic
pollution prevention is required to reduce microplastic pollution along
the South African coastline. Whether biota that are found within and in
the surrounding area of harbours are impacted by the microplastics is
unknown, as biota have not been sampled and investigated in harbours.

Research on the impact or presence of microplastics on marine biota
is limited in South Africa. Only five publications have determined
the presence of microplastics in marine animals. Fish have been the
predominant focus, with three of the studies determining the presence
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Figure 1:  Line graphs of the total number of publications on microplastics in South Africa, from 1980 to July 2023.
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Figure 2: A map of areas where microplastics have been detected in South African marine (grey) and freshwater (green) environments.

of microplastics in marine and estuarine fish.3334 The only other biota
that have been researched was when Sparks® found microplastics
in mussels along the coast of Cape Town, with means of 2.33+0.2
particles/g and 0.27+0.5 particles/organism. A secondary study
by Sparks et al.® investigated retail mussels and discovered a mean
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of 3.83+0.2 (SE) particles per mussel. These findings indicated that
people eating retail mussels were in danger of consuming microplastics.
Although microplastics had been discovered in wild mussels and
fish, this was the first significant identification that the South African
population was ingesting microplastics.®
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It is recommended that microplastic research in the marine environment
must accurately determine the distribution of specific polymers along
coastlines, beaches, and biota.*” It is also recommended that more
species related to human consumption be investigated to determine
whether local fishing villages and larger towns could ingest these
organisms and their associated microplastics.>® Questionnaire-based
qualitative research could be used to determine the scale to which
communities encounter or ingest microplastics by eating biota that are
polluted with them. Aspects such as how the organisms are consumed,
by whom, and how frequently could shed light on how populations might
be impacted by microplastics. Critically, larger marine organisms such
as sharks, birds and mammals must also be investigated to determine
the presence of microplastics in marine ecosystems across the South
African coastline. Finally, the impacts of microplastics on South African
coral, zooplankton and phytoplankton must be investigated to understand
their impact on these critical organisms.

Microplastics in the freshwater environment

In parallel with the global trend in microplastic research, freshwater
environments in South Africa were investigated for microplastics
only decades after the first publication on microplastics from marine
environments.® The first discovery of microplastics in the ocean and
research bias have been described as reasons for the dramatic difference
in research between the two environments.® In a review, Verster et al.*
highlighted the gap in microplastic research in freshwater environments,
which was then followed by a significantincrease in microplastic research
in freshwater environments (Figure 2). The first research was published
when Reynolds and Ryan*® and Nel et al.*' discovered microplastics in
birds from contaminated wetlands*® and in benthic macroinvertebrates
in the Bloukrans River System, respectively*!. Reynolds and Ryan*
detected mean microplastic concentrations of 1.53+0.64 particles per
faecal sample from birds. Similarly, in the Bloukrans River, Nel et al.*!
detected microplastics in the larvae of chironomid species, with means
of 0.37+0.44 and 1.12+1.19 particles/mg ww for high and low flow.
These results indicate that microplastics are within the environment and
in animals from lower to higher orders of the trophic system. Nel et
al.*" also detected microplastics within the sediment of the same river
system. They found that microplastic abundance in invertebrates and
sediment could be correlated over different seasons, indicating that the
species could be used as an indicator for microplastic pollution within
the sediment of a river system.*!

This research was followed by the first evidence of microplastics in the
Orange-Vaal River system.* Weideman et al.?* investigated the most
extensive and important river system in South Africa and discovered
that the dams within it were not trapping floating microplastics. A mean
concentration of 0.21+0.27 particles/L was detected using a 300-um
mesh plankton net, which prevented microplastics smaller than 300
pum from being collected. However, they did not investigate any biota
or sediment from the dams or try to determine how the microplastics
were distributed through the system. Weideman et al.?* continued their
research in the Orange-Vaal River system in 2020 and found limited
long-distance transfer of microplastics in the system, with more
microplastics in the upper sections of the river than downstream.
They detected means of 2.3+7.2 microfibres/L in the wet season and
1.4+2.6 microfibres/L in the dry season. The authors did not investigate
other matrices or aspects of the environment to understand why the
transfer of microplastics was so limited. The importance of research in
this system was so significant that four other studies of microplastics
in the Vaal River were conducted.”? Dahms et al.*® investigated the
water, sediment, and fish species Clarias gariepinus for microplastics,
detecting them in all three matrices. Similarly, Saad et al.* investigated
another fish species, Cyprinus carpio and detected microplastics in
the fish. Clarias gariepinus and Cyprinus carpio are important fish
species economically and are a food source for subsistence fishers
in the country, indicating that the microplastics ingested by these
fishes might be ingested by humans.**# Further studies by Ramaremi
et al.** and Saad et al.* also detected microplastics in the sediment of
the Vaal River, which were then compared to the water microplastics
concentrations detected by Ramaremi et al.*® These publications pose
the question of whether it is acceptable to investigate single components
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of a river system, such as those done by Weideman et al.*, Ramaremi
et al.* and Saad et al.***, or whether more holistic approaches must
be considered to determine the entire distribution of microplastics in an
ecosystem, such as studies conducted by Nel et al.*!, Dahms et al.”*3
and Boshoff et al.

The only other major rivers in South Africa that have been investigated
for microplastic pollution are the Crocodile River and Plankenberg River.
The Crocodile River was investigated when Nkosi et al.*® determined
the diversity of microplastics in water and sediment, and Dalu et al.*
discovered microplastics in freshwater fishes living near wastewater
treatment plants (WWTPs). Dalu et al.” determined that fish ingested
greater amounts of microplastics in the wet season (10-119 particles
per fish taxon) than in the dry season (11-34 particles per fish taxon),
indicating more microplastics may be resuspended and ingested
in the wet season. The first river in the Western Cape Province was
investigated when microplastics were discovered in the Plankenberg
River.® Seasonal variations of microplastics were found, with mean
microplastic abundance in water higher in the spring (5.13+6.62
particles/L) than in the autumn (1.52+2.54 particles/L).*® The results of
this study should form a baseline for monitoring and future research on
microplastics in the system.*

Only one urban stream has been investigated. Dahms et al.” detected
the first microplastics within the Braamfontein Spruit in Johannesburg,
the largest city in South Africa. Dahms et al.” detected microplastics
within all three matrices of the environment (water, sediment, biota) to
provide a more holistic view of microplastics in the system. They’ found
an influence of environmental characteristics, such as increased water
velocity leading to increased microplastics in water, and finer sediment
grain sizes having higher microplastic abundances than larger grain
sizes.” These results indicate that only determining microplastics within
a single component of a river system with irregular sampling could
give a false reading of the extent of microplastics in a system.” Dahms
et al.” attributed sewage run-off as the leading cause of the increased
microplastics in some areas in the system.

Aquatic environments that have rarely been investigated are pans,
reservoirs, or isolated water bodies, with the only publications being
those of Mutshekwa et al.*® and Dalu et al.*® who conducted a survey
in which microplastics and other plastic debris were identified on the
shoreline of a reservoir in the Limpopo Province. Microplastics in the
reservoir were regarded as having a direct negative health impact on
people dependent on the reservoir, highlighting how microplastics could
be in isolated water bodies.

With microplastics in rivers being attributed to WWTPs, multiple
studies have investigated their contribution to microplastics
in South Africa. It was previously highlighted that Dalu et al.%
discovered that fish near a WWTP were ingesting microplastics.
Other studies that have investigated microplastics include that
of Dalu et al.5" who investigated the impacts of urbanisation and
WWTPs on microplastic loads in the Mvudi River system in the
Limpopo Province. The authors found no relationship between
microplastics and the WWTP; however, they detected differences
in microplastic types across seasons and determined the sources
of microplastic pollution to be from atmospheric deposition, direct
pollution or possibly broken drainage pipes, outside of WWTPs.5' This
result is contrary to those of other studies worldwide, which have
noted that WWTPs can expel billions of microplastics every day.2%5
The other WWTPs investigated were in the Gauteng Province; Vilakati
et al.> attempted to characterise microplastics through pyrolysis-
gas chromatography-mass spectrometry (GC-MS). Vilakati et al.>
discovered four primary plastic polymers, with polyvinyl chloride
(PVC) being the most abundant polymer found, representing 47.8%
of the polymers found. The authors also characterised residues on
the microplastics such as calcium, aluminium, and others related to
additives used in the production of the plastic or from the surrounding
environment. This characterisation is critical to understand how toxic
microplastics are in the South African environment and how they can
be related to toxicological testing. Currently, microplastic studies use
concentrations and combinations of plastic polymers that cannot be
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regarded as environmentally representative, not accurately reflecting
what has been found in various environments, and therefore more
research on the make-up of microplastic polymers is required.%®

Of the microplastics studies in freshwater environments, seven included
a biological component as either a bioindicator or to assess whether
microplastics were entering aquatic food chains. Fish have primarily
been the most popular organisms studied and were investigated in three
of the studies, followed by benthic macroinvertebrates in two studies,
with birds and ciliates being the only other organisms investigated.

Although there has been a significant increase in microplastic research
in freshwater systems, many publications have primarily determined
and reported the microplastic abundance in only one or two ecosystem
components. Only 13 studies have attempted to determine the
microplastic abundance in two or more components of the environment,
with only 2 studies investigating all components of the ecosystem to
determine how the distribution is impacted. A review paper by Owowenu
et al.5” similarly highlighted how aspects such as flow, depth, sediment
grain size, river width and discharge could impact the distribution of
microplastics. Few papers have tried to determine how polymers were
distributed across a river system; without accurate representation or
understanding of how microplastics distribute, microplastic toxicological
research cannot use environmentally relevant concentrations in
toxicological studies.

From the review of all the literature presented here, it is recommended
that microplastic studies in freshwater environments must incorporate
all aspects of the system to determine accurately how microplastics are
distributed.2”4° Freshwater environments remain under-researched in
South Africa, with many critical environments, such as large wetlands
and river systems, not having been investigated at all (Figure 2).133940
Heritage sites and sites of international importance that have not been
investigated include Lake Saint Lucia, the Nylsviey wetland area, the
Limpopo River system, the Kruger National Park, and the various caves
and groundwater which are critical to the country. It is also recommended
that the great watershed along the Drakensberg Escarpment is
investigated, to determine whether atmospheric deposition pollutes the
country’s rivers at their origins.2

Methods used in South Africa

Field sampling methods

Water and sediment have been the primary components of the
environment that have been investigated in South Africa. Sampling
methods have been similar to those used in other countries.? Sediment
has been sampled the most consistently across studies with bulk
sediment samples collected using spades, shovels, corers or other
sediment sampling instruments, and then analysed. These methods are
consistently used; however, for monitoring purposes, a standardised
amount of sediment from various sampling points in the river, collected
using a standard tool, would yield better results to compare between
sites and studies. Microplastics are then extracted from the sediment
through density separation methods. The primary solution used in
density separation methods across the reviewed studies was NaCl at a
density of 1.2 g.cm® which was used in 12 of the reviewed publications
(Table 1). The other studies used slightly denser solutions, such as Nal or
ZnCl,, which can have densities of over 1.5 g.cm?, allowing for collection
of denser microplastic polymers.5 Although using a less dense medium
such as NaCl is a much more environmentally friendly and cost-effective
method, using it to collect microplastics from sediment may not be the
most accurate method to determine microplastic profiles in sediment,
as it would not allow for heavier polymers to be extracted.®® Due to
various densities of plastics, the question of whether a singular standard
solution density must be prescribed for microplastic analysis, has yet to
be determined.®

Collection of water samples varied across studies; however, the most
common method was sampling bulk water, filtered at the site, or using
nets such as manta trawls, neuston, and plankton nets of various mesh
sizes that might not collect all the sizes of microplastics present. Care
must be taken when nets or containers made from plastic are used,
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which could potentially contaminate the sample with microplastics.
Contamination also needs to be considered when biota are sampled
to ensure that nets used to catch and keep biota do not contaminate
the samples. Finally, the most important aspect of sampling from
environments is to contextualise the site from where the sample was
collected. The season, flow, depth, sediment grain size, and discharge
could all impact the distribution of the microplastics. If the site data
cannot be contextualised, the results could provide a false indication
of the total plastics sampled, regardless of the method used.”®” The
contextualisation of the environment and a standardised method would
similarly allow for a singular reporting unit of microplastics, compared
to the various units seen in the studies reported in this review paper.
Consideration must be given to contamination control in microplastic
studies. In the review, eight of the studies failed to include information
on the contamination control steps taken during the study. A singular
contamination control guide could be produced for microplastics
research during field and laboratory components of a study; however,
input from all research groups would be required to find the most
accurate system to use across studies.

Microplastic identification

Identifying microplastic polymers in South Africa seems limited compared
to that in developed countries. Only a limited number of publications
had some form of polymer identification. Of those that had determined
the polymer of plastic, the most available method seemed to be Fourier
transform infrared (FT-IR) analysis conducted in 9 of the publications
produced, with 21 papers not conducting any form of polymer analysis.
This was followed by Raman spectroscopy, used in three publications,
and pyrolysis-GC-MS®, conducted in two publications. Although recent
publications by De Frond et al.% and Kotar et al.5" have noted that visual
identification can be an accurate method to determine larger sizes of
microplastics (particles >0.02 mm), identifying how polymers distribute
in the environment is crucial to determining the overall toxicological
impact of microplastics in the environment. Similarly, polymer analysis
has become a required aspect of microplastics research as a method to
determine the accuracy of the visual identification of microplastics.506!

Recommendations for future research

Microplastics research should be conducted in more environments
and biota in South Africa. Aquatic environments are crucial in a water-
scarce country such as South Africa, and the impact of microplastics
on freshwater environments has scarcely been investigated. There is
also the need for a prescribed method for the sampling and analysis of
microplastics in South African environments. For a standard monitoring
tool, a standard method that is both cost- and time-effective but
accessible and accurate in its analysis could be easily adopted by the
various research institutes in the country.®26 Standardisation is crucial
to compare microplastic concentrations across the country, as using
different methods prevents researchers from comparing microplastic
concentrations between studies. This review has found that half of
the publications in the country lack polymer analysis, which could
significantly impact the validity of the results.® This shortcoming could
be due to a lack of resources, such as instruments or funding that can be
used for polymer analysis. Making FT-IR analysis, the most conducted
method of polymer analysis in South Africa, the prescribed and required
tool for polymer analysis could enable a more accurate standard
monitoring protocol in the country, although all instruments used in
polymer identification have shortcomings.®%" A fast, accurate, and
cost-effective method needs to be established so that reliable analysis
can be adopted as a standard method at all research institutions across
the country. A prescribed organism for microplastic levels in sediment
and water must be identified; however, this has not yet been determined
internationally. Most importantly, methods to sample microplastics
accurately and consistently across studies must be determined.
Investigating one or two components over a season could give a false
microplastic abundance. Similarly, the lack of research on the wetlands
in South Africa is concerning, as wetlands could be a hotspot for
microplastic accumulation. The other environments that require research
include terrestrial environments and atmospheric deposition in South
Africa and globally.™"
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Unveiling South African insect diversity: DNA
barcoding’s contribution to hiodiversity data

Insects are one of the most species-rich groups on Earth. They comprise much of animal diversity and play
vital roles in ecosystems, including pollination, pest control, and decomposition. However, only a fraction
of this diversity has been formally described. South Africa is recognised as one of the most biologically
diverse countries globally, with an estimated 44 000 insect species. Many crops rely on insect pollinators,
including canola, apples, oranges, and sunflowers. A shortage of wild pollinators currently threatens
crop yields, yet our knowledge of insect diversity within South Africa is sparse. There are few taxonomic
specialists relative to South Africa’s biodiversity, and the methods used for insect identification can be
time-consuming and expensive. DNA barcoding provides an important research tool to accelerate insect
biodiversity research. In this review, we queried the public DNA barcoding BOLD (Barcode of Life Data
System) database for records of “Insecta” within South Africa, and 416 211 published records assigned
to 28 239 unique BINs (Barcode Index Numbers) were returned. We identified five taxonomic orders
with more BINs than known species in southern Africa (Hymenoptera, Diptera, Thysanoptera, Plecoptera,
and Strepsiptera). Most of the barcoded records were derived from Malaise trap sampling in Gauteng,
Mpumalanga and Limpopo, while the rest of South Africa remains poorly sampled. We suggest that there
is a need for a comprehensive national sampling effort alongside increased investment in taxonomic
expertise to generate critical baseline data on insect biodiversity before species are lost to extinction.

Significance:

Insects provide critical ecosystem services, but our knowledge of insect biodiversity is limited. DNA
barcoding can help fill biodiversity knowledge gaps; however, within South Africa, sampling has been
uneven. Well-sampled provinces include Gauteng, Mpumalanga and Limpopo, while the Eastern Cape, Free
State, KwaZulu-Natal, Northern Cape, North-West and Western Cape remain under-sampled. We argue for a
broad national Malaise trapping effort to generate crucial baseline data on insect biodiversity. Without urgent
investment in taxonomic expertise and biomonitoring, we risk losing much of our biodiversity before it is
even described.

Introduction

Insects comprise around 70% of animal diversity', with over 1 million species described and a lower estimate of
5 million more to be discovered?®. The most species-diverse orders are Coleoptera (~387 000 currently described
species), Lepidoptera (~157 000), Diptera (~155 000), and Hymenoptera (~117 000).2 Insects play vital roles
in ecosystems, including in pollination, pest control, decomposition of organic materials, and nutrient cycling.?
They deliver many of nature’s contributions to people, including pollination by bees of agricultural crops*® such
as sunflowers, tomatoes, canola, cowpeas, and coffee. Crop yields are currently threatened by a shortage of wild
pollinators® as agricultural landscapes become isolated from the natural and semi-natural habitats that support
pollinating insects”. Smith et al.? linked pollination decline to half a million premature human deaths annually due to
a shortage of affordable, nutritious foods such as nuts, legumes, fruits, and vegetables.

Insect predators and parasitoids can help control pests and insect vector abundance. Spiders, beetles, ants, and
specific true bugs are considered to be the main groups of invertebrate predators®'®, and some pests are also
suppressed by parasitoids. Natural biological control can thus help limit the population size and reduce the impact
of pests in agricultural settings." Insect scavengers, detritivores, or filter-feeders on microbes also contribute
importantly to decomposition.™ Thus many insects additionally help with nutrient cycling and transformation of
living biomass into frass, cycling the carbon and nitrogen back into the soil."™ This process of breaking down the
dead organic matter accounts for about 29% of forest deadwood decomposition.'

While the benefits of insect diversity are now becoming more widely appreciated, some insects can have negative
impacts. Millions of lives are lost annually to human diseases carried by insect vectors's, and insect crop pests
can significantly reduce agricultural yield'. African sleeping sickness (African trypanosomiasis) and malaria
(Plasmodium falciparum), for example, are carried by the tsetse fly (Glossina sp.) and the female Anopheles
mosquito, respectively, which infect their human hosts through blood feeding. It has been suggested that malaria-
endemic countries have lower economic growth because of the negative impact that the disease has on worker
productivity and population growth.'” Non-native pests can be particularly damaging to crops, wild plants, and our
natural environment; this is because they may escape the natural predators from their native ranges, which would
normally limit their abundance.™ These non-native insect pests can have significant economic impacts.'®

South Africa is recognised as being one of the most biologically diverse countries in the world. However, there
is currently no comprehensive modern classification of higher insect taxa available for South Africa.2’ Records
for southern Africa suggest there are about 44 000 insect species, encompassing 7750 genera, 569 families,
and 25 orders?', but these numbers are now more than 35 years old and have shown to be underestimates®-?,
For example, new barcoding efforts with hoverflies have identified species that were not previously included on
countrywide checklists.?

40 Volume 120| Number 5/6
May/June 2024


https://dx.doi.org/10.17159/sajs.2024/16448
https://crossmark.crossref.org/dialog/?doi=10.17159/sajs.2024/16448&domain=pdf&date_stamp=2024-05-28
https://www.sajs.co.za/associationsmemberships
http://www.sajs.co.za

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1005-0357
https://orcid.org/0000-0001-9462-3353
https://orcid.org/0000-0003-3318-5948
mailto:ross.d.stewart@gmail.com
https://doi.org/10.17159/sajs.2024/16448
https://doi.org/10.17159/sajs.2024/16448
https://orcid.org/0000-0002-9286-6578

DNA barcoding is a molecular method that has gained popularity over
the last 20 years; it uses short, standardised genomic sequences
to facilitate species identification and discovery.?® In animals, the
DNA barcode is a 658 base-pair segment in the gene encoding the
mitochondrial cytochrome ¢ oxidase subunit 1 (CO/); this region has
proven effective for species identification in animals.??® Barcode
sequences are uploaded and stored on the Barcode of Life Data (BOLD)
System?®, which allows for the analysis and sharing of DNA barcode
records. Sequences are clustered using the Barcode Index Number (BIN)
system.® This system uses a well-established algorithm that assigns
collections of related sequences to an OTU (operational taxonomic unit)
that closely corresponds to a species-level identification.

Here, we review the contribution of DNA barcoding to documenting
South Africa’s rich insect diversity. We queried the public database BOLD
for insect records in South Africa and explored their current coverage.
Finally, we discuss how national barcoding efforts could be further
extended.

Insect decline

Insects are particularly sensitive to environmental change®', and thus
provide useful bioindicators of ecosystem health®34. However, their
sensitivity to environmental disruption also increases their vulnerability.
Recent work has suggested that we may already be experiencing dramatic
declines of insects in some regions.® Hallmann et al.*® reported that the
abundance of terrestrial arthropods in Europe has declined by more
than 75% over the past three decades, leading to headlines declaring an
“insect apocalypse”.®® Given the projected rates of decline, it is possible
that some species may go extinct before they can be formally classified.®”
However, it is unclear whether such trends generalise more widely, and
more data are required to assess large-scale insect trends and determine
the causes behind these fluctuations.® The IUCN RedList (2023) has only
evaluated ~1.2% (12 441) of described insects, and of those 25.9%
(3222) are “data deficient”. South Africa currently lacks baseline data
to evaluate whether our insect diversity is following global trends; there
is incidental evidence that some species and insect faunas may be in
decline. For example, a survey of South African beekeepers suggested
a loss of managed honey-bee colonies®, and the extent of natural
vegetation in the Renosterveld ecosystem, a recognised biodiversity
hotspot supporting a rich diversity of butterflies®, is just about 5% of
what it once was. There are, therefore, increasingly urgent calls to better
describe and monitor insect diversity globally and regionally.

The taxonomic impediment, DNA barcoding and
dark taxa

The taxonomic impediment refers to the limitations and deficiencies in
the resources allocated to the field of taxonomy.#! This impediment has
hindered efforts to generate baseline insect data for conservation and
biodiversity monitoring.“>** Currently, there are only a few specialist
insect taxonomists relative to the vast amount of biodiversity within
South Africa (just 23 insect taxonomists were recognised in 2013%).
An analysis by Hamer?* showed that, over a 31-year period, the average
(animal) taxonomist in South Africa described less than one new species
per year; it would, therefore, take 355 years to describe the remaining
undescribed insect species (estimated to number around 80 000).2* The
magnitude of the task relative to the capacity of available expertise is
such that it is improbable that we will be able to address the challenge
using traditional taxonomic methods alone. To describe and identify this
wealth of diversity, we will need to develop faster, more high-throughput
methods for collecting and studying species diversity; one approach that
has proved highly efficient is DNA barcoding.*

Importantly, DNA barcoding is not a substitute for good taxonomy but a
tool that allows researchers to match samples to previously described
barcoded specimens. DNA barcoding has proven its effectiveness in
cataloguing Earth’s diversity** and can supplement traditional taxonomic
approaches where morphological characters are less reliable for
delineating species barriers*. Globally, barcoding has helped reveal
phenotypic plasticity, and identify cryptic, sexually dimorphic, and
multiple life-stage species. Importantly, barcoding is still effective when
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vouchers are damaged or lack identifying morphological features.*-%
For example, Sethusa et al.®> demonstrated how DNA barcoding could
reliably and rapidly identify economically important scale insects without
requiring specialist taxonomic expertise. Kamdem et al.®® similarly
showed how DNA barcoding could accurately discriminate between
species of Afrotropical hoverflies, although results varied by species
delimitation model.

In 2017, Bezeng et al.®® described the accelerating DNA barcoding
effort in South Africa. These authors noted that further progress would
require addressing several key challenges, including educating the
next generation of taxonomists and expanding present efforts to poorly
understood taxonomic groupings such as beetles, flies, disease-causing
organisms, and pest species.

Here, we describe how DNA barcoding provides a valuable tool for
generating baseline data on insect diversity to inform nationwide
biomonitoring efforts for assessing future global change.?2% Currently,
however, DNA barcodes are being generated faster than species
are being described, giving rise to a growing list of ‘dark taxa’ —
species with barcode sequence data but lacking formal taxonomic
classification.% Barcoding allows us to cluster samples by sequence
similarity, essentially discriminating between OTUs without detailed
taxonomic knowledge. However, this lack of taxonomic information
limits the insight that might be gained into their ecological functions,
and there is not always a one-to-one match between barcode BINs
species recognised by trained taxonomists.®%657 Further developing
South Africa’s reference libraries would allow unknown sequences to
cluster with identified specimens and thus reduce the number of ‘dark
taxa’, although the lack of expert taxonomists to identify reference taxa
presents a major challenge.?

Progress on insect barcoding in South Africa

Here, we review current progress in barcoding insects of South Africa.
In June 2023, we queried the BOLD public database for insect records
(“Insecta”) within “South Africa” and downloaded the specimen data.
We identified 416 211 published records encompassing 3785 genera
and 491 families. These records were assigned to 28 239 unique BINs.
This is a massive sevenfold increase in numbers reported by Myburgh
et al.32 (56 392 records), who published on South Africa’s contribution
of insect records in BOLD. However, within the same year, the study by
Myburgh et al. became outdated, with D’Souza et al.?? adding 339 193
insect records to BOLD from a deployment of 25 Malaise traps across
the Kruger National Park — the Kruger Malaise Programme. South Africa
is now ranked 4™ in the number of insect records on BOLD, which at the
time of query had 7 497 794 publicly available insect records.

The number of unique BINs in BOLD for South Africa is equivalent
to 65% (28 239) of the insect fauna estimated (43 565) by Scholtz
and Chown?%. However, we identified five taxonomic orders where the
number of BINs from South Africa exceeds the known species count
for southern Africa (Hymenoptera = 9259 vs. 5273, Diptera = 7611
vs. 6243, Thysanoptera = 263 vs. 228, Plecoptera = 32 vs. 22, and
Strepsiptera = 7 vs. 6; Figure 1). Our analysis thus suggests that the
diversity in these species-rich groups may be greatly underestimated.
The underestimation of Hymenoptera diversity is notable. South Africa
is a centre of bee diversity®®, and bees are among the best-studied
insect groups. Currently, BOLD records capture six of the seven
families that should be present in South Africa.® Thus, we still lack
representative DNA barcode coverage, even for some of the most
well-known groups.

In contrast to results for Hymenoptera, the number of BINs for Coleoptera
and Psocoptera is much lower than their estimated number of species.
Coleoptera is generally considered the most species-rich order globally
and accounts for roughly 25% (about 400 000 species) of all described
animal species®', but we documented only 2983 unique BINs for the
group. The current BIN count for Hymenoptera (9259, representing
an estimated 5273 species), which includes several poorly known
parasitic wasps which are very diverse, is over triple that of Coleoptera.
Forbes et al.® proposed that Hymenoptera was possibly 2.5-3.2 times
(estimated 1 152 127 species) more diverse than Coleoptera. Although
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Figure 1:  Number of Barcode Index Numbers (BINs) from South Africa on the Barcode of Life Data (BOLD) system (orange) across taxonomic orders and

the estimated number of southern Africa species in each order from Scholtz and Chown®® (blue). The graph is sorted from most to least number of

BINs. The data were collected on 22 June 2023 from BOLD systems (http://www.boldsystems.org/).

the BOLD records for South Africa provide only a biased snapshot of
the true diversity in both groups, they provide some support for Forbes
et al.®? Thus, we still cannot answer fundamental questions on insect
biodiversity, such as which taxonomic group is more diverse in South
Africa, highlighting the significant gaps in our biodiversity knowledge.
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Diptera contributes 49% (121 513 records) of the records that have been
identified to family level (248 845), and, based on the number of BINS,
it is the second most diverse insect group. Scholtz?® noted that within
Diptera there are approximately 150 families found in southern Africa; of
these we could find only 77. Therefore, despite its good representation
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on BOLD, Diptera remains considerably undersampled, although the
true number of families in South Africa is unclear. Of all the orders,
Plecoptera has the most records identified to genus and species level —
88% (113 records out of 129 total Plecoptera records) — due to a recent
phylogenetic analysis of the African stoneflies.® This group is not one
of the most taxonomically diverse (around 3500 species globally®), and
its well-resolved representation in BOLD indicates the value of targeted
sampling to fill taxonomic data gaps, but such approaches require skilled
taxonomic experts.

To date, most of the South African records on BOLD (343 166) have
been collected in the northeast (Ehlanzeni, Mopani, and Vhembe) —
where the Kruger National Park is located (Figure 2). South Africa’s
most significant contribution in a single submission to BOLD was the
339 193 specimens and about 260 000 sequences generated from
a single project, the Kruger Malaise Programme.?? The majority of
sequences represented Diptera (130 628), Hymenoptera (57 212),
Hemiptera (28 060), Lepidoptera (22 534), and Coleoptera (14 750).
Remarkably, the number of contributed BINs for Hymenoptera (6867)
exceeded the known species count for southern Africa (5273).5 The
second and third most notable contributions were the ca. 29 400 and
15 884 specimens collected using Malaise traps in the West Rand
district and the City of Johannesburg, respectively (H. Staude in 2012
and R. Stewart in 2017).

It is notable that winter rainfall areas, such as the Cape Floristic region
and Succulent Karoo hot spots (Western Cape and Northern Cape),
have a rich bee diversity>, but Hymenoptera within these two provinces
remain poorly sampled (926 and 556 specimens, respectively)
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compared to regions that have been sampled with Malaise traps
(Figure 3; Table 1). It is likely that many Hymenoptera within these
areas have not been described or barcoded.>*% Other areas that remain
undersampled include the Free State and North-West Province, which
have a total of only 137 and 156 specimens sampled, respectively
(Figure 3; Table 1). Recent collecting efforts using Malaise traps have
thus provided much of the gains in barcode data for insects over the
last few years. Malaise traps offer a passive sampling technique that
requires little work from the collection team, but they are efficient at
gathering a variety of insects, including both flying and ground-dwelling
species. Combined with DNA barcoding, this technique can provide a
comprehensive overview of the insect community in an area.’® Such
data allow us to study population changes over time, compare diversity
gradients among regions, and assess the impact of human activities
on insect populations.

Malaise trapping contributed to at least 92% (384 523 records) of
South African records on BOLD, with collection methods for the
remaining 8% not specified on BOLD. However, out of the total
416 266 published records on BOLD, only 7.7% (31 855) have
species names; the remainder represent ‘dark taxa’, at least at finer
taxonomic levels. Our analysis shows that 59.8% (248 845) of
records have been identified to family level, 21.8% (90 645) have
been identified to order, and 10.8% (44 866) have been identified to
genus (Figure 4). This lack of detailed taxonomic information limits
the inference we can draw from such data; for example, species level
classifications are required to document and understand drivers of
taxonomic turnover and species 10ss.” Advances in DNA barcoding
must, therefore, be accompanied by increased investment in alpha

South African district municipalities and the number of South African insect records from the Barcode of Life Data (BOLD) system. The colour of

the district municipalities is scaled by the number of BOLD records found within their boundaries. The data were collected on 22 June 2023 from

BOLD systems (http://www.boldsystems.org/).
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Figure 3:  The ratios between the number of Barcode Index Numbers (BINS) and the number of records for a given order and for each South African province.
The values within each tile refer to the number of BINs and then the number of records, separated by a colon. The colour of each tile is scaled by
the number of BINs divided by the number of records. The data were collected on 22 June 2023 from the Barcode of Life Data (BOLD) systems

(http://www.boldsystems.org/).

taxonomy and biodiversity science if we are to make sense of the
rapidly accumulating barcode data. A first step is to construct robust
and comprehensive DNA barcode reference libraries.

Several countries, including Ireland, Germany and Canada, have already
invested in large-scale DNA barcode reference libraries for insects.%7
Such investment has facilitated important research and high-profile
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studies that have informed our understanding of global insect biodiversity.
For example, a survey using DNA barcoding on wild urban bees in France
used a robust reference library of 2931 specimens covering 157 bee
species and identified 36 bee species in urban environments.* In a
separate study, a reference library of mosquitoes in Thailand was used
to understand the diversity and distribution of these important disease
vectors. Similar efforts are needed for South Africa.
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Table 1: Comparison of the number of insect specimens for each order and the South African provinces in which they occur
South Africa | Gauteng | Northern Cape | Mpumalanga Limpopo KwaZulu-Natal Western Cape North-West  Eastern Cape @ Free State

Orders (1=25) 25 17 8 21 23 13 13 4 12 4
Archaeognatha | 130 0 0 36 93 0 0 0 0 0
Blattodea 1513 62 0 673 619 127 1 0 0 0
Coleoptera 29 841 2814 106 11503 12269 | 1626 448 0 58 1
Dermaptera 9 6 0 1 2 0 0 0 0 0
Diptera 181916 21341 64 92 750 64535 | 1282 355 33 161 74
Embioptera 139 0 0 53 86 0 0 0 0 0
Ephemeroptera | 209 5 0 81 41 0 22 0 4 0
Hemiptera 51018 9973 5 19392 19871 | 1286 22 20 13 0
Hymenoptera 94 642 10689 | 556 42 949 36739 1714 926 37 257 7
Lepidoptera 41 638 5457 330 16 666 14039 | 2042 644 66 890 55
Mantodea 408 72 0 129 118 86 0 0 0 0
Mecoptera 22 0 0 0 0 0 0 0 0 0
Megaloptera 5 0 0 0 1 0 0 0 4 0
Neuroptera 2182 310 1 1082 699 1 3 0 0 0
Notoptera 1 0 0 0 0 0 0 0 0 0
Odonata 247 23 0 11 6 22 36 0 20 0
Orthoptera 3797 240 60 1129 1431 656 143 0 96 0
Phasmatodea | 24 2 0 3 8 0 0 0 0 0
Plecoptera 129 0 0 0 1 0 13 0 13 0
Psocodea 4221 441 0 2075 1471 1 0 0 1 0
Siphonaptera | 36 0 0 1 3 0 0 0 0 0
Strepsiptera 31 17 0 9 5 0 0 0 0 0
Thysanoptera | 3205 261 0 1507 1244 108 1 0 0 0
Trichoptera 819 23 2 499 134 27 45 0 67 0
Zygentoma 19 0 0 2 16 0 0 0 0 0
Total 416 211 51736 1124 190 551 153431 | 8978 2659 156 1621 137

Biomonitoring in South Africa using
DNA barcoding

Biomonitoring involves using organisms sensitive to pollutants,
toxins, or other substances to assess environmental conditions. As
anthropogenic impacts on the environment are accelerating, there is
an urgent need to index these changes and how biodiversity responds
to them. DNA barcoding is a powerful tool for biomonitoring as it
can rapidly identify and classify organisms (including from partial or
degraded samples) without the need for a taxonomic expert. When
used in conjunction with mass-sample processing, such as Malaise
trapping, barcoding techniques can additionally characterise the
full community of organisms in a sample.”? For example, by using
barcoding to document the diversity of organisms in an area, it is
possible to track changes in the environment and identify potential
drivers of biodiversity change, such as pollution, climate change and
other environmental stressors. D’Souza® showed insect diversity
and abundance in South Africa correlated with rainfall — likely a
critical environmental axis that will be impacted by climate change
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with consequences for the country’s water resources, food security,
ecosystem services and, ultimately, biodiversity.”>7

DNA barcoding has already been used to assess environmentally
sensitive insect orders (Ephemeroptera, Plecoptera, and Trichoptera) in
aquatic environments.” In South Africa, BOLD records for these groups
are relatively limited (1157 records with 196 unique BINS, falling within
19 different families), and only 206 of these records are identified to
species level. Most of these specimens are from Mpumalanga, with
667 (58%) contributed from the study by D’Souza et al.?> Generating a
matching barcode reference library for South Africa that also includes
regionally specific taxa would be a valuable tool for rapid environmental
assessments and evaluation of aquatic ecosystem restoration efforts.’
A next step would be to develop equivalent reference libraries for other
habitats of concern.

Conclusion

This review has shown how DNA barcoding has significantly increased
the overall data on insect diversity within South Africa, emphasising
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Figure 4:  The number of records for each taxonomic level for all 25 South African orders found on the Barcode of Life Data (BOLD) system. The colours

BOLD systems (http://www.boldsystems.org/).

underestimates of current taxonomic diversity, and has highlighted
barcoding knowledge gaps within provinces and taxonomic orders. The
provinces of Gauteng, Mpumalanga and Limpopo have been the best
sampled, but some gaps still remain within them, and, in comparison,
the rest of South Africa will require a much greater sampling effort. We
therefore suggest that there is a need for a comprehensive national
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within the segmented bars represent the taxonomic level at which the records have been identified. The data were collected on 22 June 2023 from

Malaise trapping effort to generate critical baseline data on insect
biodiversity. A better knowledge of both the taxonomic and geographic
distribution of insect diversity within South Africa would allow for more
targeted conservation action to maintain the important ecological
functions they provide. Combining DNA barcoding and Malaise
trapping would also allow for improved monitoring of agricultural pests
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and pollinators, thus supporting food security. However, this effort

must be accompanied by an investment in taxonomic expertise and

biodiversity science.
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The regulation of alien species in South Africa

A key global change challenge is to significantly reduce the risks of alien taxa causing harmful impacts
without compromising the rights of citizens. As part of efforts to address this challenge, South Africa
promulgated comprehensive regulations and lists of alien taxa in 2014. In this paper, we review how the
lists developed, changed over time, and how they have been implemented. As of March 2021, 560 taxa
were listed under four broad regulatory categories, and between 2014 and 2020, almost 3000 permits
were issued to regulate the continued use of listed taxa. The full lists of regulated taxa, permits issued,
and corresponding regulations are available in the . A proposed standardised,
transparent, and science-informed process to revise the regulatory lists is also presented — as of 30
April 2024, risk analyses have been developed for 140 taxa using the Risk Analysis for Alien Taxa (RAAT)
framework and reviewed by an independent scientific body [the Alien Species Risk Analysis Review Panel
(ASRARP)] with input from taxon-specific experts. These recommendations are being considered by an
interdepartmental governmental decision-making body established in March 2023 [the Risk Analysis
Review Committee (RARC)]. Finally, key issues with the listing of alien taxa in South Africa that remain to
be resolved are presented. As South Africa’s regulatory framework continues to develop, the process of
listing and regulating alien taxa will, we believe, become more transparent, consistent, and acceptable to
stakeholders, and ultimately facilitate efforts to reduce the harmful impacts of alien taxa.

Significance:

The regulation of alien species is a major part of how South Africa addresses biological invasions. For this
process to be effective, relevant stakeholders need to be engaged and involved. This paper outlines how
species have been regulated in the past, provides regulatory lists in accessible formats, and analyses how
the lists have changed over time. A transparent, science-informed process to update the regulatory lists is
presented and progress to date reviewed. This process aims to engage interested and affected parties in
efforts to preserve the benefits of alien species while reducing the harmful impacts of invasions.

Introduction

Biological invasions are a leading driver of global change." There is increasing evidence that the scale, scope,
and cost of problems caused by invasions will increase in the coming years.?* In response to this threat,
regulatory frameworks and management need to focus on the pathways of introduction and spread, the
sites that are or might be invaded, and on the taxa that form invasive populations.® In 2010, through the
Convention on Biological Diversity (CBD), the Aichi Biodiversity Target 9 specified that: “By 2020, invasive
alien species...are identified and prioritized, priority species are controlled or eradicated...”. To address
this aspect of the target, many countries have developed checklists of alien taxa.” The need for such lists is
reinforced in Target 6 of the Kunming-Montreal Global Biodiversity Framework (GBF) that was agreed under
the CBD in December 2022. The GBF tasks parties with “...preventing the introduction and establishment of
priority invasive alien species, reducing the rates of introduction and establishment of other known or potential
invasive alien species by at least 50 per cent, by 2030, eradicating or controlling invasive alien species...”s.
Lists of alien taxa are thus considered fundamental to how biological invasions are managed.*'® Moreover,
the World Trade Organisation (WTO) Agreement of 1995 recognised that restrictions on trade are warranted
to ensure food safety and to protect the health of animals and plants. The WTO Agreement recommended
that such restrictions “...should be based as far as possible on the analysis and assessment of objective
and accurate scientific data”"". The justification for restrictions, as codified in the Application of Sanitary and
Phytosanitary Measures, typically takes the form of a risk analysis, which consists of an assessment of the
likelihood and consequence of an invasion (risk assessment), an evaluation of what measure can be taken to
manage the risk (risk management), and efforts to clearly outline and communicate what the concerns are
(risk communication) ( )-

South Africa, by virtue of its biogeographical and socio-economic history, has been both a global hotspot of
biological invasions' and a pioneer in the science and management of biological invasions'®. South Africa’s history
of regulating alien taxa dates back to the 19th century, with at least 50 pieces of legislation passed since the
Xanthium Spinosum Act of 1861." Initially, the impetus behind such legislation was to protect economic interests,
but an increasing focus on reducing environmental degradation and limiting harmful impacts on biodiversity
emerged in the late 20th century. In particular, the Conservation of Agricultural Resources Act (CARA) of 1983
included several environmental weeds, guiding the management of invasive plants for over 30 years. South Africa
is negatively impacted by invasive plants (and especially invasive trees)', but also by invasive microbes, fungi, and
animals (especially invasive freshwater fishes')'”. The promulgation of the National Environmental Management:
Biodiversity Act in 2004 (hereafter the NEM:BA) provided the framework for the first comprehensive regulatory
lists of alien taxa — the Alien and Invasive Species Regulations and Lists of 2014 (hereafter the NEM:BA A&IS
Regulations and Lists).

The NEM:BA A&IS Regulations and Lists were a milestone in how South Africa addresses biological invasions.
However, in the decade since they were promulgated, several issues have emerged. “Legislative and government
efforts to manage IAPs [invasive alien plants] have faltered because of the difficulty of engaging private landowners,
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competition [sic] local viewpoints and limited support for technical
interventions by scientists and managers.”'® An evaluation of the overall
quality of the current regulatory framework in South Africa, based on
the indicators proposed by Wilson et al."®, categorised South Africa’s
current regulations as “partial” noting that “...a process to evaluate the
scientific evidence underpinning the lists of regulated alien species has
been established...,” with the overall outlook that the “...process of listing
should become more dynamic and responsive to recommendations”?.
It is this process of listing that we review in this paper. Specifically, we:
(1) review the development of the NEM:BA A&IS Lists (Figure 1); (2)
consolidate information on the lists*', the regulations?, and the processes
used to develop the lists (Tables 1 and 2; Figures 1 and 3); (3) briefly
evaluate the implementation of the lists (Table 2; Figure 2); (4) outline
processes to provide scientific evidence to underpin changes to the lists
(Figure 4); and (5) identify issues that need to be resolved (Box 1, Table 3).

The development of the NEM:BA A&IS

Regulations and Lists

The NEM:BA of 2004 envisaged that lists would be produced by 1 April
2007. However, the process took much longer. The then Department
of Environmental Affairs and Tourism (DEAT) consulted various
stakeholders and, based on expert opinion as informed by various global
databases and sources, published the first draft lists in September 2007.
It is not clear why these lists were considered insufficient (though cf.

), but, from 2 April 2008 until 27 January 2009,
the South African National Biodiversity Institute (SANBI), on behalf
of the DEAT, chaired a task team to revise the lists. Experts in various
taxonomic groups were consulted, workshops and meetings were
held, and the nomenclature was checked. Revised draft lists published
on 3 April 2009 are largely similar to the lists eventually promulgated
in 2014. Nonetheless, the process was not finalised and a series of
taxon-specific working groups was established with relevant experts.
Separate meetings were held on freshwater fishes, mammals, plants,
and reptiles, and additional meetings were held specifically to discuss
trout invasions. However, the different working groups interpreted the
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proposed regulatory categories slightly differently (in particular category
3, see Table 1). After further draft lists were published in 2013 and 2014,
the first regulations and lists were promulgated on 1 October 2014.
Since then, revised lists were published that took effect on 27 September
2016, and revised regulations and lists (without the prohibited list)
were published on 18 and 25 September 2020, respectively. Following
submissions from stakeholders regarding the listing of two invasive trout
taxa, the promulgation of the latter lists was deferred to 1 March 2021,
with the trout temporarily removed. In all, between 2007 and 2021, 15
documents pertaining to the NEM:BA A&IS Regulations and Lists were
published in South Africa’s Government Gazette (See Figure 1 and

for details, with the documents themselves
collated online??). A major remaining issue, as we discuss later, is that the
evidence used to arrive at (and change) the lists was not clearly set out.

Categories and exemptions under the NEM:BA
A&IS Lists

The two principles that underlie the NEM:BA A&IS Lists are that: (1) all
harmful invasive or potentially harmful invasive taxa are to be listed; and
(2) provision, where appropriate, can be made to utilise taxa that are
both beneficial and harmful. In practice, this means that: (1) taxa that
pose a high likelihood of causing significant harmful impacts (based on a
risk assessment) are to be listed; and (2) the choice of listing category is
based on the most suitable option for regulation (based on an evaluation
of risk management options).

In the 2020 NEM:BA A&IS Lists there are four categories of listing
(Table 1). Category 1 is for taxa which require management: this
category is sub-divided into 1a (nationwide eradication targets) and
1b (requiring compulsory control). Category 2 is for taxa which have
benefits and can be allowed under specific permit conditions (outside
of which Category 2 listed taxa are treated as Category 1b). Category
3 is similar to Category 1b except that keeping existing individuals
is exempt (i.e. allowed without a permit). However, the interpretation
of Category 3 varies somewhat across taxonomic groups. Existing

National
Environmental NEM:BA A&IS
l\./Iz;r?ager.nent. Regulations and Revised Revised
Biodiversity Act Lists st regulations
(NEM:BA) and lists
| | | |
k + + + + —h $ h t + |
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Draft l _ Removal of
Draft i 7 ies...
eulations regulayons Draft trout species
& : and lists regulations
and lists
and
Draft amendments Inaugural
Draft regulations regulations - to the lists meeting of the
and lists and lists < | RARC
Draft Inaugural Extension to
amendments to  meeting of commencement
the lists ASRARP date

Figure 1:

Timeline of the development of the Alien and Invasive Species Regulations under the National Environmental Management: Biodiversity Act

(NEM:BA A&IS Regulations). Full details of the lists and regulations are in Supplementary table 1. ASRARP is the Alien Species Risk Analysis
Review Panel (an independent body) and the RARC is the Risk Analysis Review Committee (a governmental decision-making body). For related
processes concerning the development of risk analyses see Figure 4. This figure was produced using a template from the programme Vertex42.
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Table 1:  The regulatory categories of the National Environmental Management: Biodiversity Act (NEM:BA) Alien and Invasive Species (A&IS) Regulations
and Lists of 2020. The regulatory definitions are précised, with the omitted sections referring to particular actions that must be undertaken. The
proposed criteria for the different categories are based on the authors’ experience developing the Risk Analysis for Alien Taxa (RAAT) framework
and discussions at the Alien Species Risk Analysis Review Panel (ASRARP), noting that these proposed criteria would in some cases require a
revision to the regulations and or the Act. A total of 560 valid taxa are considered here (see Supplementary table 2 for more details noting that the
generic listings for all hybrids between native and alien species of amphibians, birds, mammals, and reptiles are not counted here).
Number of . - -
Category taxa Regulatory definition (précised) Proposed criteria / approach
. Present in the country as an alien taxon; AND
Category 1a species must be combatted or. . poses a high risk: AND
eradicated. A person in control of a 1a species must
immediately take steps to combat or eradicate the . any benefits provided can be provided by other taxa or such benefits
1a 53 species and allow authorised officials to inspect a cannot be maintained with an acceptably low risk of invasion; AND
property and to monitor, assist with or implement tionwid dication is d d desirable and feasible based
the combatting or eradication (in accordance with an na '?ndW' eler'c:l 'cig"ozr; Z'AS) Ae;ge esirable and feasible based on a
Invasive Species Management Programme if one is G SRR ’
in place). »  anational eradication plan has been developed and is being
implemented.

. Present in the country as an alien taxon; AND

. poses a high risk; AND

Category 1b species must be controlled. A personin | any benefits provided can be provided by other taxa or such benefits
control of a 1b species must control the species (in cannot be maintained with an acceptably low risk of invasion; AND
accordance with an Invasive Species Management . ) . L -

1b 259 Programme if one s in place), and allow authorised . |t| t|; nothdte;wa)tﬂ.e orffea&?le to attemplt Eatlonw'ld:tebradlcatlorl, .
officials to inspect a property and to monitor, assist ZNSUQ € extirpation of some populations might be warranted,
with or implement the control.

. a taxon-specific national management plan has been developed and
is being implemented (in certain cases, such a plan might simply
indicate that control is not cost-effective at present).

. Present in the country as an alien taxon; AND

Category 2 species are treated as 1b species except | ¢ poses a high risk; AND
in cases where a permit has been issued.
. . has significant socio-economic benefits which cannot be supplied
Permits may be issued to persons to carry out by other taxa (either native taxa or alien taxa which pose acceptably
2 75 restricted activities within a specified area (specified low risks); AND
either in the regulations or in the issued permit), with . " )
permit holders required to ensure they adhere to the pe(;mn iﬁ nd‘mlr:nsf have pee{] establlshetd tt)?atl havle b(;,en qun o
permit conditions, often with the goal that there is no Le uced.l e. nsl 0 |n\t/a3|ondo an icce(;j) ?Eﬁy ?.W ove Zn | a tcaln
spread to areas outside the specified area. e readily imp! emgn e lan monitored. Effective rs_ame ial contro
measures are available if there are any escapes with such measures
specified in permits.
Category 3 species are regarded and managed as 1b | Category 3 to be removed. Taxa listed as Category 3 to be relisted as 1b
species except that specimens may be kept without | with exempted activities (e.g. possession) to be explicitly specified in the
3 51 a permit providing there is no further propagation, regulatory lists. This is because Category 3 has been interpreted in several
movement, or trade, and Category 3 plant species different ways and so it would be preferable to make the exemptions and
may not be kept in riparian areas. prohibitions explicit in the listing itself.
Prohibited 0 NA (cf. the 2014 and 2016 regulations and lists) See Box 1
No taxon is to be listed in multiple categories. Details of sites to be
This is not a formal definition but arises as the prioritised for control should be outlined in taxon-specific national
regulations list some taxa in multiple categories (e.g. managemgnt plans rather than specifying different listing catggories for
1b in one province and not listed in other provinces).  different sites in the NEM:BA A&IS Lists themselves. Regulation at the
Moreover, specific exemptions may be indicated (e.g. | SUb-national levelis also needed to address taxa which are native to one
Context-specific 122 existing plantations of some forestry species are part of South Africa but pose a high risk as an invasive taxon in another

exempt, noting that the listed taxon may not spread
outside the existing plantation). The 13 taxa listed
only on the Prince Edward Islands (PEIs) are included
in this category.

part of the country (cf. Table 3).

A separate list to be created and maintained for the PEIs as the risk and
management options differ from the mainland. Such a list should include
all alien taxa present on the PEIs, with management goals specified in the
PEIs Management Plan.?
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Category 3 plants in people’s gardens are allowed to remain, but not
be replaced (i.e. breeding and trading are restricted); therefore, over
time, such taxa are being phased out and will essentially end up being
Category 1b. Category 3 birds, by contrast, are often highly abundant
and widespread taxa which might be difficult to control due to their
sheer numbers.

Notably, Category 1a taxa are not more invasive than Category 1b taxa,
and Category 1a and 1b taxa are not more invasive than Category 2
or Category 3 taxa [on average, Category 2 plant taxa are the most
widespread (see Figure 3 in Henderson and Wilson®)]. Moreover, the
NEM:BA A&IS Lists are not comprehensive lists of all invasive taxa in
South Africa [there are more invasive plant taxa that are not listed than
are listed; 435 vs. 338 plant taxa'].

Some general exemptions apply to all listed taxa. Dead specimens,
plants used as biomass (i.e. firewood), and specimens moved for
disposal (e.g. after control) are exempt. Authorised officials do not
need a permit to perform their duties in terms of the NEM:BA or the
National Environmental Management Act. Unless otherwise listed,
species legally imported for agricultural purposes before the NEM:BA
came into force (i.e. 2004) are exempt, as well as species legally
imported before the NEM:BA A&IS Regulations came into effect
(i.e. 2014 or later depending on which version of the regulations
was applicable). Alien freshwater fish are also exempted in some
situations (including catch and release in artificial dams and catching
to eat).

For Category 2 listed taxa, permits can be applied to: import, possess,
breed, convey, trade, spread (or allow to spread), release, move
freshwater taxa between water bodies, discharge water, catch and
release freshwater fishes or freshwater invertebrates, release freshwater
fishes or freshwater invertebrate species into discrete water bodies in
which they already occur, and introduce a species to an offshore island.
Some restrictions, however, remain, e.g. no permits will be issued
for Category 2 alien plants within riparian areas. Permits can also be
issued for any listed taxa for research (including biological control) by a
scientific institution, display by a zoological or botanical institution, and
during a state inter-basin water transfer scheme.

Finally, the NEM:BA provide provision for a list of alien taxa that are not
present in the country and that should be prevented from entry (termed
a prohibited list). Prohibited lists were gazetted in 2014 and 2016, but
removed in 2020, arguably as the evidence for the inclusion or exclusion
of taxa was not clearly set out (Box 1).

The NEM:BA A&IS Lists and changes over time

Inthe 2020 NEM:BA A&IS Lists, 560 taxa are listed as well as all hybrids
between native and alien species of amphibians, birds, mammals, and
reptiles (see for details of how this number was
calculated). Of these, 13 taxa are only listed on the Prince Edward
Islands. Of the remaining 547 taxa, 1 is an order (Phasmida), 2 are
families (Dendrobatidae and Salviniaceae), 15 are genera, 1 taxon is a
species aggregation (Rubus fruticosus L. agg.), 506 are species, 12 are
listed at the sub-specific level, and 10 at the variety level; and, regardless
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of the level at which the listing is, hybrids are explicitly mentioned in the
listings of 18 taxa.”

As part of this paper, the name of each regulated taxon was aligned
manually to a national or international database of accepted scientific
names (i.e. a taxonomic backbone). Notably, almost half the listed
regulated names (255 out of 560) do not correspond exactly to the name
found in the relevant taxonomic backbone. In about a hundred cases,
this is because the regulatory name includes one or more synonyms (cf.
Table 3), and in many other cases it is due to a slight difference in the
formatting of species authorities or an update in the nomenclature [e.g.
the Global Biodiversity Information Facility refers to the addax as ‘Addax
nasomaculatus (Blainville, 1816)’, but the NEM:BA A&IS Lists of 2020
refers to the addax as ‘Addax nasomaculatus (de Blainville, 1816)’]. A
full list of proposed changes to the nomenclature of the regulatory lists
is provided online.?!

There have been few changes to the regulatory lists over time

). Excluding the removal of the prohibited list,
the category under which 85 taxa are listed has changed since 2014
[including 20 taxa that are no longer listed and 11 taxa that were at
one point not listed that are now listed]. There were also some notable
changes between the draft lists and the promulgated lists. In the
February 2014 draft lists, the whole family Cactaceae was listed, but,
based on evidence of invasiveness in the country, only 37 cactus taxa
were on the final promulgated list. Research suggests this decision was
proportionate — globally invasive cacti come from only 13 of 130 genera,
and crucially from only 5 of 12 cactus growth forms®, i.e. spiny cacti
that spread rapidly via clonal fragmentation®'. Banning the whole family,
including Mammillaria spp. that are popular in horticulture and none of
which are invasive (as they are globose), is not warranted.3?

Permitting

There has been a steady stream of permits issued for restricted activities on
listed alien taxa over time, with 2906 permits issued as of December 2022
(Figure 2a).% Permits have been issued for 268 different taxa; however,
over half of all permits have been issued on five taxa — in decreasing order,
Kobus leche subsp. leche (red lechwe), Oreochromis niloticus (tilapia),
Ctenopharyngodon idella (grass carp), Dama dama (fallow deer), and
Psittacula krameri (rose-ringed parakeet) — and half of the taxa have only
had one permit issued for them (Figure 2b). No permits have been issued
for 26 of the 124 taxa (i.e. ~20%) that have at some point been listed as
Category 2 ( ), which raises the question: If there is
no demand for permits should a taxon be listed as Category 27?

There have also been 10-20 permits issued to import taxa each year,
around a quarter of which have been for research. Import permits have
been issued for three taxa not recorded as legally in the country previously:
Acipenser baerii (Siberian sturgeon); Meriones unguiculatus (Mongolian
gerbil); and Salmo salar (Atlantic salmon). There have been other requests
to import taxa (particularly reptiles), but these were rejected, often as the
risk analyses were inconclusive or incomplete (cf. the process outlined
in Figure 3). A separate process is in place for importing agricultural
commodities and the inspection of plant products.343

Box 1: Potential lists of taxa not present in South Africa

One of the most effective ways to address biological invasions is to prevent introductions." This can be done in various ways, e.g. prohibiting the
import of taxa; identifying risks and putting specific surveillance in place; and developing contingency plans so any incursions detected can be
eradicated. For each of these, a list of taxa can be developed; noting the merit of such a list should be defined by its utility.

Prohibited list: taxa that are not allowed to be introduced (deliberately or accidentally). No import or other permits will be granted for these taxa.

Watch list: taxa that are likely to arrive and pose an unacceptable threat. Active surveillance can improve how quickly incursions are detected, and
a watch list can therefore provide priorities for setting up surveillance efforts. Various methods have been used to develop such lists.? 2

Emergency response plan list: taxa identified as likely to be introduced, that pose an unacceptable threat, and that are a high priority for control.
Contingency plans should be developed in advance so any incursions can be controlled immediately upon detection.

Finally, given the number of potential new introductions, it is often impractical to manage taxon by taxon. Instead, it is preferable to look at the risks
posed by particular pathways and implement pathway-specific regulations and control measures.?
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Figure 2:  Permits issued for taxa listed under the National Environmental Management: Biodiversity Act, Alien and Invasive Species Regulations 2014-2022.

a) The number of permits issued has not varied much over time, except for an initial slow start and a dip during the South African national
lockdowns in response to COVID-19 in 2020. b) Most taxa have had only a few permits issued, with permits issued predominately on a handful
of taxa. Information on permits declined was not collated here as it can be misleading (e.g. permits can be declined based on how the application
is submitted, and such declined permits can be issued subsequently once applicants comply with the requirements). These figures are based on
information provided by the South African Department of Forestry, Fisheries and the Environment (DFFE) to the South African National Biodiversity

Institute (SANBI), as part of the national status report.'"*3

Proposed improvements to the process

The changes to the 2014 lists made in 2016 and 2020 were based on
either a risk assessment or expert opinion, but the basis for specific
changes was not made public, likely, in part, as the NEM:BA A&IS
Regulations do not require the publication of the rationale for changes
made to the lists. To improve transparency and the link to scientific
evidence, a new process has been developed (summarised in Figure 3
and discussed in detail in ).36 The new process:

e has a clear evidence base — through the use of the Risk Analysis
for Alien Taxa (RAAT) framework®;

e engages with the scientific community — risk analyses produced
using the RAAT framework are peer reviewed and subject to scrutiny
by the Alien Species Risk Analysis Review Panel (ASRARP); and

» facilitates integrated governance — an inter-governmental Risk
Analysis Review Committee (RARC) was established to assist
the Minister of the Department of Forestry, Fisheries and the

Review Article
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Environment (DFFE) with the evaluation of proposals to change the
NEM:BA A&IS Lists. The RARC’s first meeting was on 1 March
2023.

We discuss the first two of these points below, noting it is too early to
review the performance of the RARC.

The Risk Analysis for Alien Taxa framework

The RAAT is centred on three questions that address the key aspects
required of a risk analysis and that link to @ mechanistic understanding
of invasions ( )%

¢ What s the likelihood that the taxon will become invasive in South
Africa?

e What are the likely negative environmental and socio-economic
consequences if the taxon were to become invasive?

*  What options are available to manage the taxon to ensure that any
benefits derived can be sustainably retained?
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legally in the country updated as a ‘prohibited’ taxon
+ Consider for inclusion on A&IS Lists
Figure 3: How decisions are made with regard to: a) evaluating and potentially changing the listing of a taxon; and b) requesting an import permit. Please

note these diagrams are the authors’ interpretation of the situation and have no legal basis. The NEM:BA A&IS Lists are the Alien and Invasive
Species Lists published under the National Environmental Management: Biodiversity Act of 2004; ASRARP is the Alien Species Risk Analysis
Review Panel; DFFE is the Department of Forestry, Fisheries and the Environment; RAAT is the Risk Analysis for Alien Taxa framework; RARC is
the Risk Analysis Review Committee; and SANBI is the South African National Biodiversity Institute. For full details of these processes and the
separate process to import biological control agents based on information® see Supplementary material 1.

We believe the RAAT framework represents an important advance. Of
14 minimal standards for risk assessments for alien taxa®®, the RAAT
framework fully addresses 12. The framework does not currently
assess the effects of future climate change (the intention is for risk
analyses to be valid for around a decade or so), and only indirectly
considers the status (threatened or protected) of taxa or habitats under
threat. In addition to the minimum standards*, the RAAT framework
also considers environmental and socio-economic benefits of the
taxon under assessment and evaluates risk management options
(i-e. results in a risk analysis rather than simply a risk assessment,
Supplementary figure 1). The process is also transparent. Assessors
are required to ensure there is robust evidence that listed taxa are
present in the country, and to systematically collate and present
evidence of impact or threat to justify listing. This means stakeholders
and decision-makers can see how recommendations were influenced
by the available evidence. Finally, there is a formal review process to
ensure consistency and quality, and to engage with relevant experts
(see the section on ASRARP below).

Review Article
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The RAAT framework has not, as yet, been evaluated in terms of the
accuracy of its classification of risk into low, medium, and high. This is
mostly because analyses have, to date, focussed on invasive and high-risk
taxa. We feel the RAAT approach is nonetheless preferable as it sets out the
arguments as to why a taxon should be (or does not need to be) listed, and
therefore provides a clear basis for which someone can contest a listing.

The Alien Species Risk Analysis Review Panel

The ASRARP was initiated by the DFFE and SANBI in 2016 as an
independent scientific advisory panel to review documents pertaining
to the risk of alien taxa, specifically with reference to potential imports
and listings (see Figure 3 for the outline and Supplementary material 1
for more details)." ASRARP also assists in reviewing guidelines for risk
analyses and changes made to the A&IS Regulations (see Supplementary
material 2 for the current terms of reference).

ASRARP (since July 2018) has been composed of ex officio SANBI
members and independent members. Independent members are
experienced academics, researchers or those involved in relevant
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industries from across the country, who serve on ASRARP in their
personal capacities and can be remunerated for their time. In accordance
with the NEM:BA A&IS Regulations on risk assessment practitioners,
independent members must be registered as professional scientists with
the South African Council for Natural Scientific Professions (SACNASP).

Panel members handle the review of risk analyses, and for each risk analysis
solicit at least two external reviews (including ideally one international
review) that focus on errors and omissions. Risk analyses and reviews are
then presented in at least one ASRARP meeting, with recommendations
passed back to the assessors for revision. Conflicts of interest are declared,
and it is understood that ASRARP members are not individually liable for the
recommendations if such were made in good faith.

There have been 29 meetings of ASRARP as of April 2024, with the
inaugural meeting held on 29 November 2016 (Figure 1). ASRARP
has gone through essentially five terms (including the current one) in
line with DFFE funding cycles. Prior to 2018, various government and
provincial officials attended ASRARP meetings in ex officio capacity,
but by the fourth meeting, a decision was taken to clearly separate the
scientific advisory panel from decision-makers. The second term was
short, Jan 2018-March 2018; the third term ran from 16 July 2018
to 31 March 2020; the fourth term from 18 May 2020 to 31 March
2022; and the current fifth term began on 3 June 2022 and is due to
run until 31 March 2025 (the hiatuses between terms were due to
delays in finalising funding agreements between DFFE and SANBI and
inefficiencies in advertising and reconstituting the panel). Meetings

Progression of
risk analyses
through ASRARP
review

—— Approved
—— Still under review

The regulation of alien species in South Africa
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are now held quarterly. Initially, meetings were in person, but since the
COVID-19 pandemic they have been online. Since July 2018, 39 people
(excluding guests) have attended ASRARP meetings: 29 independent
members, 5 as ex officio SANBI staff, and 9 as part of the secretariat,
with some people serving in different roles at different times (see

).

Progress to date and issues to resolve

As of 30 April 2024, risk analyses approved by ASRARP have been
completed for 140 taxa ( ) — 17 on taxa not
listed at the time of approval, and 123 on regulated taxa. Almost half
of the risk analyses on regulated taxa recommended a substantive
change to the listing (54 of 123, cf. Table 2). This is because taxa were
prioritised for risk analyses if it was felt a change to the listing was likely
warranted or the listing was contentious. As risk analyses are completed
on less controversial taxa, there are likely to be fewer cases of the
recommendations differing from the current listing.

For example, Sasaella ramosa (dwarf bamboo) is currently listed as
Category 3 under the synonym Sasa ramosa. However, the taxon is not
formally recorded as present in the country, and the risk of invasion
was scored low. The recommendation was to delist. By contrast,
Phyllostachys aurea (fishpole bamboo) is not currently listed but is
recorded to have naturalised in South Africa, is invasive in other parts
of the world, and requires costly management, especially in forested
areas. The recommendation was to list Phyllostachys aurea as Category

I T T
2016 2017 2018
Risk analyses
submitted to [
DFFE

ASRARP | ]
Meetings
(sub—group meetings)

Import
aplications I
reviewed

Risk Analysis of
Alien Taxa
Framework

vi1.0

Training courses held
(refresher courses in grey)

Figure 4:

T
2019

vii

T T T T T
2020 2021 2022 2023 2024

vi.2 v2.0

| Il e

Progress developing risk analyses on alien taxa and activities of the Alien Species Risk Analysis Review Panel (ASRARP) as of 30 April 2024.

Each horizontal line represents a risk analysis that has been developed for a specific taxon, with the length of the line indicating the time the risk

analysis had been under review with ASRARP.
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1b.%2 Iris pseudacorus (yellow flag iris) was listed as a national
eradication target (Category 1a). However, naturalised populations
have been recorded at 24 localities across four provinces; plants are
present in many people’s gardens; and individual populations are very
hard to control.** Therefore, the recommendation was for the species
to be listed as Category 1b and options for biological control explored.
Kobus ellipsiprymnus subsp. defassa (Defassa waterbuck) is currently
listed as Category 2 (i.e. can be kept under permit). Given the potential
for hybridisation with the native K. e. subsp. eflipsiprymnus (common
waterbuck), it was recommended that K. e. subsp. defassa should no
longer be kept in South Africa and the taxon relisted as Category 1a.

Importantly, these recommendations are provisional and need to be
discussed within government (through the RARC) with interested and
affected stakeholders (e.g. the horticultural and game industries), and
through wider public consultation (e.g. through publishing the lists for
comment).

As with similar processes (e.g. submission of manuscripts to
peer-reviewed journals), the review process takes time (Figure 4,
Supplementary figure 2). As of 30 April 2024, most submitted risk
analyses were reviewed, revised, and approved by ASRARP within 6
months, but ~20% took longer than a year. The longest delays were

Table 2:
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when either the assessor or the ASRARP handling member became
unavailable during the process; in such cases, risk analyses needed to be
reassigned before they could be finalised.

Arrisk analysis training course was developed in 2018 to help assessors
complete risk analyses. As of 30 April 2024, 19 courses have been run,
2 of which were refresher courses developed upon revision of the risk
analysis framework to v1.2 in 2020. As of 30 April 2024, 52 course
participants have received a course certificate, which requires — in
addition to attending the course — that a risk analysis is developed using
the RAAT, reviewed and accepted by ASRARP, and ultimately submitted
to the DFFE.

During the implementation of the regulatory lists and following
discussion at ASRARP, several issues have come to light that still need to
be resolved. These are summarised in Table 3. One of the most difficult
issues is how to draw in all stakeholders. The need for consultation
is intended to be integral throughout the development, revision,
and implementation of the NEM:BA A&IS Regulations and Lists (cf.
Supplementary material 1). A framework to help with such engagement
has been developed*; however, conflicts often arise®, and, in some
cases, a formal process to reach an agreement, e.g. a scientific
assessment*s, might be needed.

Recommendations of the Alien Species Risk Analysis Review Panel (ASRARP) based on 140 risk analyses conducted as of 30 April 2024.

The listings (on date of approval by ASRARP) are shown in the rows and the recommendations are shown in columns. Taxa for which the
recommendation was to retain the listing are therefore in the main diagonal (e.g. 27 taxa were listed as 1b and are recommended to be kept as
1b). Details of changes to the nomenclature are in Wilson?'. In 26 cases there was a recommendation to re-evaluate taxa (usually within 5 years)
as the evidence was equivocal or there was specific research or monitoring that should be carried out to inform the recommendation. Of the six
taxa flagged for delisting, one was found not to be a valid taxon, one was native to a part of South Africa, one is a hybrid for which both parental
taxa are already listed (and so the listing is not needed), and three were found to pose a low invasion risk. See Supplementary table 5 for further

details.
Recommendation for listing
1a 1b 2 Context-specific | Prohibit Do not list
1a 16 5 0 0 1 1
1b 0 27 0 0 0 0
Listing under NEM:BA A&IS 2 4 1 25 0 1 2
lists (on date of approval) 3 0 9 0 0 0 1
Context-specific 0 11 11 3 0 2
Not listed 3 8 4 0 1 1

Table 3: Issues identified during discussion around the regulation of the alien taxa in South Africa with proposed solutions. These issues are largely based
on discussions held at the Alien Species Risk Analysis Review Panel (ASRARP) or while the authors have been developing and implementing the
Risk Analysis for Alien Taxa (RAAT) framework.
Issue Description Proposal Examples Key reference(s)
Taxa which The regulations define nativity in terms | Taxa which are native to some parts of | 132 such populations from 77 native Nelufule et al.*”
have both alien  of the whole of South Africa. However, | the country but alien in others (i.e. have | species have been formally categorised
and native there can be species which are native native-alien populations) should only in the country. Three of these taxa
populations to one part of the country that form be regulated in the provinces where are currently listed under the NEM:BA
within the alien populations in another part of the | they are not native; and so should A&IS Regulations: Clarias gariepinus
Republic of country, i.e. “...populations that result | not be included in the NEM:BA A&IS (African sharptooth catfish), Hyperolius
South Africa from the human-mediated dispersal Lists which are at a national level. The  marmoratus (painted reed frog), and
of individuals of a species beyond term “native-alien populations” is to Sclerophrys gutturalis (guttural toad).
a biogeographical barrier to a point be preferred to alternative terms (e.g.
beyond that species’ native range, but | “extra-limital”, “domestic exotic”, “intra-
that is still within the same political country established alien species” and
entity as parts of the species’ native “home-grown exotic”) for consistency.
range”
...Table 3 continues on next page
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Table 3 continued...

Issue Description

Listing of taxa Certain alien taxa are not a threat to

at geographical | the whole country and therefore only
levels other than | warrant listing in certain regions of
national (e.g. the country, for example, provinces.
provincial) However, there are no border controls

between provinces, and therefore
control of movement and enforcement is
more difficult.

Spread between
South Africa and
other countries

Biological invasions are inherently

an international issue and taxa that
are introduced to South Africa need

to consider the risks of invasions to
neighbouring countries and vice versa.

Some taxa were added to the list but
are subsequently believed to be absent
from the country. This can be because
a taxon was present but there is strong
evidence that it is no longer present
either because it was deliberately
eradicated from South Africa or the
population was lost. The taxon might
also have been initially misidentified.

Declaring taxa as
absent

Evaluating
positive impacts

The evaluation of positive impacts and
benefits in risk analyses is important
as it gives an indication of the uses

of the taxa and potential conflicts of
interest. However, there has often been
discussion as to what constitutes a
“significant” benefit, and stakeholders
might differ in their perceptions of

benefits.
No list of alien Many of the exemptions to the
taxa legally in regulations depend on knowledge of

the country which taxa are legally present in the
country and which are present but were
introduced illegally. However, no such
list has been systematically curated and
made publicly available (please note,
many taxa regulated under the NEM:BA
A&IS Lists will have originally been
legally and deliberately introduced).

How to Taxa can, of course, be accidentally or
respond to new | illegally introduced. The NEM:BA A&IS
detections Regulations do not specify what should

happen to such taxa on detection — they
are not automatically listed or earmarked
for control.

Some taxa are listed at levels above
(e.g. genus or family) or below (e.g.
sub-species and variety) the species
level. Risks and impacts can vary
across taxa but most information in the
literature is available at the species level.

Listing of taxa at
levels other than
the species level

Review Article
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Proposal

Details of sites to be prioritised for
control should be outlined in taxon-
specific national management plans
rather than specifying different listing
categories for different sites. There is
provision in the NEM:BA for provincial
lists (70.1b, 70.2). Local ordinances
could also be used to handle such
cases. Moreover, regulation at the
sub-national level is needed to address
taxa which are native to one part of
South Africa but pose a high risk as an
invasive taxon in another part of the
country (see above).

Assessors and decision-makers should
consider threats to neighbouring
countries when considering applications
to allow taxa to be introduced.

A protocol for declaring taxa absent is
under development and would provide
a rationale for removing taxa from the
lists.

International frameworks have recently
been developed to assess positive
impacts on the environment, and similar
frameworks for socio-economic benefits
are in development. These should be
incorporated into the risk analysis
process once they are more established.

Alist of alien taxa legally in the country
needs to be compiled and curated. This
will require digitisation of historical
import records; an assessment of
whether a taxon for which an import
permit was issued was actually
imported; and an assessment of
whether a taxon is still present in the
country.

A detection should ideally rapidly trigger
an incursion response, including the
activation of an emergency response
plan, and a process (supported by a risk
analysis) to consider listing.

Listing should generally be done at the
species level. Exceptions could be if

the whole taxonomic entity is alien to
the country and considered high risk. If
entities below the species level are to be
listed, it is important that entities can be
distinguished in practice.

o7
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Examples Key reference(s)
Metrosideros excelsa (New Zealand Wilson?'
Christmas tree) is currently only listed

in the Overstrand District of the Western

Cape

Biological control releases evaluated by | Ivey et al.,

the National Biological Control Release | Faulkner et al.*®
Application Review Committee routinely

consider the threat biocontrol agents

could pose to the flora and fauna of

other Africa countries.

Mabin et al.*°,
Matthys®?

Tetrapygus niger (the Chilean black
urchin) was found in aguaculture dams
used for oyster production on the West
Coast of South Africa. Oyster production
was stopped at the dams and surveys
of the dams and the neighbouring

coast found no evidence of the urchins
remaining.

Classical biological control agents have
arguably had ‘major’ positive impacts
on biodiversity in South Africa.

Vimercati et al.>"%,
Paterson et al.>

Many agricultural and forestry taxa See Box 1
were introduced over a century ago for

various uses and are still widely used.

These taxa might have been introduced

in compliance with any regulations that

applied at the time.

Wilson et al.%,
Faulkner et al.®*

Over the period 2013-2022, 32 new
alien taxa were either illegally or
accidentally introduced (or at least
detected for the first time).

The order Phasmida (stick insects) is Datta et al.®®
listed, despite some taxa being native
to the country, and that many taxa likely

pose a low risk.
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Table 3 continued...

Issue

Co-invasions

Taxa that are too
widespread for
effective control

Suitability of
risk analysis
framework for
microorganisms
/ diseases

Dealing with
agricultural vs.
environmental
vs. health issues

Regulation after
successful
biological control

Inclusion of
synonyms
in regulatory
listings

Inclusion of
regulatory
groupings

The same
process is used
for the Prince
Edward Islands
(PEIs) as for
mainland South
Africa

Review Article

Description

Multiple taxa can be introduced together,
and in some cases only the combination
of the taxa makes them high risk.

Some alien taxa, specifically certain
small mammals and birds, are
distributed across South Africa. In such
cases, effective control might not be
possible.

The RAAT framework, as many
frameworks in invasion science, was
not specifically designed to be applied
to microorganisms, and there might be
unique issues when assessing such
organisms.

NEM:BA focuses on biodiversity, but
the impacts of many invasive taxa cut
across multiple domains. It is not clear
if all alien pests, pathogens, and weeds
should be included on the NEM:BA A&IS
Lists; or only taxa that have negative
impacts on biodiversity. There is a need
to harmonise relevant legislation.

Taxa that are under permanent biological
control might warrant a change in

listing as no other control measures are
required to prevent harmful impacts and
s0 arguably their risk is no longer high.

In ~100 cases, the listed taxon includes
a synonym. Presumably this was based
on the desire to reduce confusion due to
changes in the nomenclature. However,
the choice of which taxa to include
synonyms for and which synonyms to
include was not clear.

The regulations are split into several
lists based on either a quasi-taxonomic
grouping or on a combination of the
quasi-taxonomic grouping and the realm
in which the organism is found. Several
taxa, however, are found in more than
one realm.

Currently the NEM:BA A&IS Lists do

not have a separate list or regulatory
processes for the PEIs. However, the
risks and management options are
substantially different from the mainland.
Management in practice will be defined
by the PEls Management Plan.

https://doi.org/10.17159/sajs.2024/17002

Proposal

A decision needs to be made on
whether all involved taxa are listed, and
if they are to be listed separately or as
a complex.

Listing such taxa is still important to
avoid further introductions. In certain
cases, simple bans on imports could be
instituted without the mandate to control
the taxa actively otherwise.

A separate process is in place for
human health and animal diseases
which could possibly be implemented,
but such protocols do not necessarily
reflect or cover threats to biodiversity
at large.

The cross-sectoral and inter-
departmental RARC should be able to
address some of the issues, but the
impact of agricultural pests and weeds
on biodiversity is understudied. The
One Biosecurity approach is potentially
useful.

A protocol is needed to determine how
biocontrol and other successful control
efforts should affect the listing of alien
taxa.

Keep the regulatory name verbatim

as the taxonomic backbone and add

a separate column to the regulations
that specifies common synonyms.

This would ensure the lists are ‘tidy’
(sensu®3), easier to work with, and retain
links to previously used names.

A single ‘tidy’ list would allow for greater
interoperability in the listing. Information
on groupings could be retained as a
different column that could allow for
sorting and for multiple values to be
incorporated.

Taxa to be managed on the PEls should
be listed in a separate process to that
of the NEM:BA A&IS Regulations. For
each alien taxon present on the PEIs,

a decision should be taken to: (1)
implement management with the goal of
eradication; (2) implement maintenance
management with the goal of reducing
harmful impacts; or (3) not manage the
alien population if it is not cost-effective
to do so. Any new alien taxon found
should be exterminated and a sample
taken for identification purposes.

28
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Examples

Euwallacea fornicatus (the polyphagous
shot-hole borer) and a symbiotic
fungus, Fusarium euwallaceae, were
introduced together. Both the fungus and
the beetle are required for an invasion to
occur and for trees to be killed.

There are several notable invasive

rats in South Africa, including Rattus
norvegicus, R. rattus, and R. tanezumi
—these are only currently listed on
off-shore islands, but are a pest on the
mainland as well.

Rinderpest was detected for the

first time in South Africa in 1896,

and killed an estimated 2.5 million
domestic cattle in southern Africa and
an unknown number of game.

The import of plants is variously
addressed under NEM:BA, the
Agricultural Pests Act of 1983, and the
Plant Improvement Act of 1976.

At least 17 taxa are considered to have
been brought under permanent control
by the release of classical biological
control agents.

Acacia paradoxa DC. (= A. armata
R.Br.) could be simply listed as Acacia
paradoxa DC.

Amphibian | Bird | Freshwater fish |
Marine fish | Freshwater invertebrates
| Marine invertebrates | Terrestrial
invertebrates | Mammal | Microbe

| Marine plants | Terrestrial and
freshwater plants | Reptile

Of the 13 taxa present in the PEls listed
under the NEM:BA A&IS Regulations,

9 have been subjected to some form
of management. An additional two taxa
which are not listed have been subject
to management.

Page 10 of 14

Key reference(s)

Paap et al.%®

Bastos et al.5”

Van Helden et al.%®

Rambauli et al.*°,
Hulme®®

Prinsloo and Uys®",
Zachariades®?

Wilson?!

Department of
Environment,
Forestry and
Fisheries®

Fernandez Winzer
etal.®

...Table 3 continues on next page
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Table 3 continued...

Issue Description Proposal

Demonstrating | Itis not always clear if the regulations
the effectiveness | are being adhered to, and ultimately

regulations sufficient to keep invasions in check.
The pre- Table 1 in the NEM:BA A&IS Lists The scientific name takes legal
eminence of specifies “Where the scientific name of | precedence. The scientific names are

common names | any listed species changes or there is
over scientific a spelling error in the scientific name,

precedence and determines whether
a particular species is listed or not.”
However, common names are highly
variable and very often not unique.

An increased focus on targeted
monitoring and evaluation of

of the whether adhering to permit conditions is | interventions will allow the regulations to | the lists have guided action. While
become more adaptive and responsive. | there has been significant uptake and etal.

The regulation of alien species in South Africa
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Examples Key reference(s)

Cronin et al.®,
Shackleton and
Shackleton®®, Keet

Various studies have evaluated the
awareness of the regulations and how

engagement with the permitting system
(Figure 2), information is needed on the
degree to which those who need permits
are applying for permits or simply
ignoring the regulations.

Electric eels are listed as a single Patterson et al.®, de
species, but in 2019 the group was split | Santana et al.5

checked against appropriate national and | into three species. There is no evidence
international taxonomic databases and
names the common name of the species takes | updated periodically. If the nomenclature
has changed, the scientific name is taken
to be that of the revised nomenclature.

If taxa are split or merged, the new taxa
inherit the highest level of risk assigned
to any corresponding taxa before the
revision until such time as risk analyses

yet that the lineages differ in potential
invasiveness.

The species Sus scrofa includes both
domestic pigs and wild boar. Given the
potential for the domesticated form

to revert, the common names can be
misleading.

specifically for the new taxa can be

conducted.

Discussion and conclusions

The regulation of alien taxa in South Africa can be described as a gradual
move from focusing on weeds, to broader efforts to limit damage to
people and nature caused by alien plants, to a comprehensive and
innovative regulatory framework that seeks to limit the harmful impacts
of all alien taxa without unduly reducing benefits to South Africans.
The current NEM:BA A&IS Lists thus provide a foundation needed for
South Africa to meet its commitment to Target 6 of the GBF by 2030.
We believe that the proposed process will make the system more
proportionate, accountable, consistent, transparent, and targeted.” The
process also aims to make the regulation of alien taxa in South Africa
credible, legitimate, and acceptable.

e Proportionate: the NEM:BA A&IS Regulations and Lists recognise
that many alien taxa provide benefits, and exemptions are provided
for. There is an attempt to balance a precautionary approach (e.g.
on imports where prevention is desirable) against a pragmatic or
in some cases ethical one (e.g. phasing taxa out). Provisions allow
for research on biological invasions to continue and so ongoing
projects have not been jeopardised (cf. Pietrzyk-Kaszyriska et
al.”"). The cost of the regulation (both to the government and to
society) has not, however, been estimated.

«  Accountable: all lists are subject to review by different government
entities and published for public scrutiny before promulgation.
With the development of the RAAT framework and use of the
risk analyses, the evidence that informs decisions is clear. The
permitting, complaints, and appeals processes are set out in
the regulations, and the criteria for judging the performance of
regulators and enforcers is partly set out (e.g. response times).

e Consistent: by working across taxa and realms, the ASRARP
helps ensure risk analyses are consistent. Moreover, the RARC
is intended to ensure governmental work is ‘joined-up’. As the
process and timelines for making changes become clearer,
affected stakeholders (e.g. the horticultural industry) will have
greater certainty as to what might happen and when.

e  Transparent: the lists are available to all, and, with the development
of the RAAT framework, the process to derive the lists will be
clearer. The risk analyses also ensure information is in a usable
and accessible form, although the DFFE has requested that risk
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analyses not be placed in the public domain until the RARC has
had a chance to consider them. The names of the assessors
who completed risk analyses are, however, redacted (in part as
the product is the result of the work of both the assessors and
ASRARP).

e Targeted: the NEM:BA A&IS Regulations and Lists have been
modified over time based on experience', although more
information on monitoring the effectiveness of the regulations
appears warranted.

e Credible: the original lists were developed with many of the top
academics working on biological invasions in the country in
consultation with affected stakeholders. The RAAT framework
incorporates existing schemes for impact assessment’>” — the
first of which has been adopted by the UN following COP decision
15/27 on Invasive Alien Species (Annexes | to VI), and the pathway
classification used by the CBD™. Risk analyses are routinely
reviewed by national and international experts as well as working
groups at the science—policy—-management interface of biological
invasions.”76

e Legitimate: the development of the regulations is mandated in South
African legislation, i.e. NEM:BA. More broadly, the regulations
address both national imperatives and international obligations on
biodiversity conservation (CBD) and trade (WTO). Neither the RAAT
framework, ASRARP nor the RARC are explicitly mentioned in the
regulations, although they could be in future. Training courses are
not yet registered with SACNASP, but this is likely to be desirable in
future.

e Acceptable: measures have been put in place to try to preserve
the benefits of alien species while reducing the harmful impacts of
invasions. Any regulation of biodiversity is inimical to some ethical
perspectives’, but a clear distinction should be made between
the rationale for regulation and evaluating the ethics of particular
management interventions™.

In summary, we believe that, while many issues still need to be
resolved (Table 3), the regulation of alien species in South Africa has
many desirable features. The challenge, as with many conservation
issues, will continue to be to equitably balance the rights of the current
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generation with the rights of future generations. This will, we believe,
require continued discussions, partnerships, and collaborations
between scientists, policymakers, implementers, and those affected by
the regulations.
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The end of the beginning: Establishing isiZulu
names for all bird species recorded in South Africa

Terminology development is needed for effective science communication, planning, teaching, and learning
in indigenous African languages. This need includes species-specific names in indigenous languages for
wild birds, which are key indicators of biodiversity and the state of the environment. We report here the
successful allocation of isiZulu names to all South African bird species, focusing on the final phase of
naming species that are unknown or rare in KwaZulu-Natal Province (traditional home of the Zulu people)
and thus have no indigenous naming history. We applied principles and procedures used previously for
naming species known in KwaZulu-Natal: (1) reference to early bird books, dictionaries and other literature;
(2) in-person workshops that included isiZulu language academics, professional Zulu bird guides, and
birders; and (3) linguistic strategies to apply Zulu folk taxonomy to scientific ordering of species. At a
three-day in-person workshop, we named 327 species unknown or vagrant in KwaZulu-Natal. Much time
was spent on allocating cluster names to locally unfamiliar bird groupings such as tropicbirds, gadfly
petrels, sandgrouse, and wheatears. The most frequent linguistic strategy was coinage by extension,
where previously established isiZulu cluster names, for example ujo/wane for ‘sparrow’, were extended by
species qualifiers, as in ujolwanomkhulu (sparrow that is great) for Great Sparrow (Passer motitensis).
True coinage was also used, as in unothingo (‘rainbow’) for African Pitta (Pitfta angolensis). The resulting
catalogue of isiZulu names for all 876 South African species completes the terminology development
phase to facilitate engagement of isiZulu in science and conservation involving birds.

Significance:

* Inan inclusive, stepwise and evaluative process, isiZulu names have been allocated to all wild bird
species occurring in South Africa.

e A template is provided for naming bird species in southern African indigenous languages, using
established indigenous names and coined names.

e Matters of biodiversity conservation involving birds can now be better communicated in isiZulu, with
benefit to the environment and human communities.

Introduction

The Zulu language (isiZulu) has for long recognised the familiar Cape Sparrow (Passer melanurus) as undlunkulu.
Yet, until recently, three other sparrow species known in the KwaZulu-Natal Province (KZN) did not have unique,
or species-specific, names. The House Sparrow (Passer domesticus), Southern Grey-headed Sparrow (Passer
diffusus) and Yellow-throated Petronia (Gymnoris superciliaris) were known generically, or lumped, as ujo/wane,
and even as the English-derived transliterated isipero.? Maclean, in the introduction to the fifth edition of Roberts’
Birds of Southern Africa writes®:

Bird names in the African languages present far more problems than in the European-
derived languages. Many of them are generic (i.e. all species of sparrow may have the
same name), others are regionally limited in application, one name may be applied to two
or more different birds, some well-known birds may have more than one name in a single
language, and so on. Most bird species have no African names at all.

In folk taxonomy, as opposed to scientific Linnaean taxonomy, species as a unit do not necessarily matter and
most are not uniquely named. It is sufficient to call a bird simply a ‘sparrow’ in English folk taxonomy, or ujo/wane
in Zulu folk taxonomy. But in scientific discourse and in pursuits in which particular birds are subjects of interest,
species do matter. Changes in the abundance and distribution of birds are important indicators of biodiversity
loss*, the latter highlighted in the United Nations’ Sustainable Development Goal 15°. With the recent exceptions
of Kiswahili in Tanzania® and Sesotho in Lesotho”3, indigenous sub-Saharan African languages do not have
comprehensive terminologies or naming systems to distinguish bird species. It is difficult to report research or
issues on biodiversity in languages that lack naming systems translatable from English, which then retains its
colonial hegemony in scientific communication. There is a growing call to elevate indigenous African languages,
and particularly isiZulu, to become languages of teaching and learning in sciences and humanities at universities.®'
This requires “terminology creation and ... a broadening of the African voice in disciplines where teaching and
learning previously took place only through the medium of English”"'. African languages can develop and adapt
scientific terminologies, with the potential to increase acceptance of science in African communities.'? This would
apply in isiZulu as the mother tongue of many millions of South Africans, not only in KZN, but also in Gauteng
Province. An output of terminology creation for non-avian animals is the Zululand Frog Guide™, in which 58 species
of frogs received isiZulu names, many from a base of indigenous folk taxonomy*. This extension of decolonised
methodologies into language planning shows that it is possible to develop life sciences materials in African
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languages. Conservation efforts and community awareness may thus
be enhanced, contributing positively to avoiding or minimising threats to
biodiversity conservation.™ A study in high schools in KZN showed that
code switching (alternating) between English and isiZulu during biology
classes improved attitudes of students to biology, “an important subject
towards understanding environmental and conservation issues”'.

In line with the imperatives described above, we set out to establish
isiZulu names for all species of wild birds found in South Africa, as listed
in BirdLife South Africa’s 2022 Checklist.® This was an extension of
earlier work by our group that produced a comprehensive set of names
for all species found in KZN.'"'® Here we describe our methodology and
outputs, including necessary summaries of the onomastic foundations
and our group’s earlier work.

Foundations: Bird names based on Zulu oral
traditions of hird knowledge

Over centuries, Zulu people and their forebears interacted with wild
birds, as food, as pests, but also as objects of beauty, and as sources of
feathers and plumes for status and ceremonial regalia. Birds feature as
metaphors in praises, proverbs and riddles, in charms and as symbols
of portent.” The most substantial early published contributions on
isiZulu names for species of birds appear in two sources. The first is
the English book Natal Birds, published by the Woodward brothers in
18992, which gives isiZulu names for 107 of 386 species described. The
other is Bryant’s Zulu-English Dictionary?', which lists 211 bird names,
some of which are for species, such as uthekwane (Hamerkop Scopus
umbretta) and others for bird groupings or clusters, like idada (duck)
and inkonjane (swallow). A half-century later, the dictionary of Doke and
Vilakazi listed 388 names for birds.? Austin Roberts, in a lecture prior to
publishing The Birds of South Africa in 1940, expressed his concern that
indigenous African bird names were being lost. His reason for including
bird names of the various southern African communities in the book
was to encourage efforts to “record them more completely” by birders
and language scholars.?® However, the Roberts Birds of Southern Africa
series contributed significantly to isiZulu names only in the fifth edition
in 1985, where the author Maclean enlisted the help of African language
consultants and included 258 species names in isiZulu.® These and other
sources are extensively discussed elsewhere.?4%

Table 1 lists examples of species with established indigenous isiZulu
names. Most can be recognised, some with different spelling, from
Natal Birds or Bryant's dictionary. Names for clusters of birds that share
certain characteristics are well known in English — ducks, eagles, owls,
and so on. IsiZulu is no different (Table 2). Clearly, the long relationship
of Zulu people with birds gave rise to robust names that identify some
birds at what we now know to be species level, but more at cluster level.
The result is a database of established names founded on indigenous
knowledge, as obtained from early bird books and dictionaries. This
database laid the foundations upon which isiZulu names could be
established for all bird species in KZN, and then in South Africa.

Local knowledge: isiZulu names for all species

in KwaZulu-Natal

In 2011, BirdLife South Africa (BLSA) approached one of the authors
(N.S.T.) regarding the need for a comprehensive list of isiZulu names for
all species of birds in KZN. The aim was to address Maclean’s concern
that there were many names for one bird, one name for many birds,
and many birds with no name.3 The process that unfolded is described
in detail elsewhere.'”"® Here we provide a necessary summary of the
procedures and principles resulting in isiZulu names for all species found
in KZN, in five phases.

Phase 1: Review of literature

Authors A.K. and N.S.T. searched the literature to establish, as extensively
as possible, all published isiZulu bird names in bird guides, dictionaries,
and other sources. Important sources were Natal Birds®, the fifth edition
of Roberts’ Birds of Southern Africa®, and the dictionaries of Bryant?'
and Doke and Vilakazi??.
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Table 1:  Examples of bird species with established isiZulu names
IsiZulu name English name Scientific name

ilanda Western Cattle Egret Bubulcus ibis

inkwazi African Fish Eagle Haliaeetus vocifer
uphalane Egyptian Vulture Neophron percnopterus
intinginono Secretarybird Sagittarius serpentarius
isiphungumangathi | Long-crested Eagle Lophaetus occipitalis
iseme Denham’s Bustard Neotis denhami

indwe Blue Crane Grus paradisea
unohemu Grey Crowned Crane Balearica requlorum
ufukwe Burchell’s Coucal Centropus burchellii
uphezukomkhono Red-chested Cuckoo Cuculus solitarius
insingizi Southern Ground-hornbill | Bucorvus leadbeateri
inhlekabafazi Green Wood-hoopoe Phoeniculus purpureus
iqola Southern Fiscal Lanius collaris
iphothwe Dark-capped Bulbul Pycnonotus tricolor
isomi Red-winged Starling Onychognathus morio

Table 2: Examples of groupings (clusters) of birds with established

isiZulu names

IsiZulu cluster name English cluster name

idada duck

iseme bustard
inge vulture
ukhozi eagle
isikhova ow!
isigqobhamithi woodpecker
inkonjane swallow
umunswi thrush
incwincwi sunbird
ujolwane sparrow

Phase 2: First series of workshops with Zulu bird guides

A three-day workshop was held at Phinda Private Game Reserve
in 2013, attended by authors N.S.T., A.K. and 12 professional Zulu
bird guides from various parts of KZN. The guides were considered
knowledgeable on isiZulu bird names, with most coming from rural
backgrounds, raised in herding and hunting traditions with time spent in
the presence of elders. N.S.T. and A.K. were at the time active professors
and lecturers in linguistics and onomastics in the Zulu Department at the
University of KwaZulu-Natal, with N.S.T. also an enthusiastic birder. The
workshop involved sequential presentation of clusters of species using
projected images and videos, and playback of recorded vocalisations.
The birds’ habits, diet and other salient features were discussed. Author
AK. assisted with information on published isiZulu bird names. For
some species, well-known isiZulu names already existed, and were
confirmed. Where none existed, names had to be coined. By the end
of the workshop, almost one-third of KZN’s bird species had received
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provisional isiZulu names. Two further workshops were held in 2014 and
2015 with a reduced but engaged core of five Zulu bird guides. All 549
species occurring in KZN received names. The 549 species received a
total of 610 isiZulu names, of which 164 (27%) had previously appeared
in bird books, and 373 (61%) were coined. The linguistic strategies
are outlined in Table 3. Most coinages were by extension (7 = 210) or
adaptation (n = 142). Sixty coined names originated from dictionary
entries or the workshop participants’ personal knowledge.'® Each hour of
work produced an average of eight to nine isiZulu bird names; of critical
importance was the use of linguistic strategies, depending on whether
established isiZulu names existed for the species under discussion.
Where an established name existed, this was confirmed, extended, or
adapted. With no established species or cluster name, coinage was
required.” The morphology of names with associated grammatical
devices follows ‘linguistic underpinning’ detailed elsewhere.?

Phase 3: Interrogation of information obtained after
the workshops

A further mini-workshop was held, with two Zulu bird guides attending,
to discuss problems that arose during analysis of notes taken during the
first series of workshops. A refined proceedings document was then
passed to author R.P. (retired wildlife ecologist and birder), who identified
omissions, errors, inconsistencies, and unsuitable names, which would
all need correction and further discussion.

Phase 4: Second series of workshops for correction

and finalisation

The corrections identified in Phase 3 were raised and resolved at three
workshops, two in 2017 and one in 2018. Discussions were at times
lengthy, with challenging examples being appropriate cluster names for
different hawks and falcons, and a rearrangement of kingfisher names,
as described in detail elsewhere.'® By the end of these workshops, a
total of 18 professional Zulu bird guides had contributed since 2013 to
naming birds known from KZN.

Phase 5: Compilation and publication

Combining all information from the two sets of workshops, a master
database of isiZulu bird names for KZN was compiled with linguistic

Table 3: Linguistic strategies to allocate isiZulu names to bird species

IsiZulu bird name status Linguistic strategy

Confirmation: accept as from source.

Establishing isiZulu bird names for South Africa
Page 3 of 8

notes, semantic backgrounds, and historical and cultural references.
The project output appears in two peer-reviewed articles'”2, a scholarly
book Amagama Ezinyoni: Zulu Names of Birds', and an illustrated field
guide Roberts Birds of KwaZulu-Natal and their Zulu Names".

The end of the beginning: isiZulu names for all
South African birds

In 2021, a group of language academics and BLSA ornithologists set up
a collaboration for assigning names to bird species in seven indigenous
official languages. This became known first as INSAB (Indigenous Names
for South African Birds), now SANSAB (South African Names for South
African Birds). The group recognised the advanced state of progress on
isiZulu names in KZN and suggested that isiZulu names could relatively
easily be allocated to all South African bird species. Consequently, BLSA
secured funding, and three professional Zulu bird guides who had been
strong members of the 2013-2018 isiZulu bird name workshops (authors
J.G., S.M. and T.M.) agreed to assist.

We scheduled a three-day workshop for August 2022 in Umhlanga near
Durban, with the aim of allocating isiZulu names to all 327 species of
South African birds unknown or vagrant in KZN, and thus not discussed
in the 2013-2018 workshops. In addition to the three bird guides, our
group included A.K., N.S.T., R.P, also N.Th. (BLSA's Empowering People
Programme Manager, ensuring community focus) and E.B. (medical
scientist and birder with knowledge of isiZulu).

Preparatory meetings to propose isiZulu bird names
for approval

A spreadsheet of 327 South African bird species requiring isiZulu
names was prepared and arranged in clusters along with the birds from
KZN already named. At two preparatory meetings in Pietermaritzburg,
AK., R.P and E.B. identified species for which isiZulu names could be
provisionally coined, for approval by the bird guides at the workshop.
The aim was strategic to ensure completion of the task at the workshop
within the available time and funding. Of the 327 species listed, 165
were considered suitable for provisional naming. An example is the
Great Sparrow, proposed as ujolwanomkhulu (‘sparrow that is great’).
A creative proposal was usoghawe (‘the brave warrior’) for the

Example

Accept intinginono for Secretarybird Sagittarius serpentarius.

Established isiZulu bird name or
names exist for a species or species
cluster

No known established isiZulu name
for a cluster, species, or species in a
related cluster: requires coinage

Selection and relegation: if two or more names are
available, accept one or two, relegate others.

Redirection: Use relegated name from one species and
allocate to a similar or related species that has no species-
specific name.

Assignment: Use dictionary name for a suitable
unidentified bird and allocate to a species that has no
species-specific name.

Coinage by adaptation: Slightly alter an existing bird name
(cluster or species), or other isiZulu word often using -no-,
-ma-, -s0- or -Sa-.

Coinage by extension: Extend known name for a species
cluster with a descriptive qualifier.

True coinage: make up a completely new name where no
cluster or species-specific name exists.

Coinage by transliteration: Adopt a name from, for
example, English, taking on phonological characteristics in
isiZulu, as in ushizi for ‘cheese’.

Accept ingqungqulu, relegate indlamadoda, for Bateleur
Terathopius ecaudatus.

Redirect lesser known and relegated name unowanga for White
Stork Ciconia ciconia to become name for Black Stork Ciconia
nigra.

Assign unoxhongo (‘species of heron’??) to Purple Heron Ardea
purpurea.

Adapt cluster name for ‘thrush’ umunswi to umunswili for Olive
Thrush Turdus olivaceus and to inswinswi for Orange Ground
Thrush Geokichla gurneyi.

Extend cluster name for ‘sparrow’ ujo/wane to ujolwane wekhaya
(‘sparrow of home’) for House Sparrow Passer domesticus.

Coin insukakude (‘come from far away’) for long-distance migrant
Arctic Tern Sterna paradisaea.

This strategy was deliberately avoided in the workshops. No
species or cluster names were coined using transliteration.?

aEstablished transliterated isiZulu words were considered acceptable, for example, the name inkonjane yaseYurobhu (‘swallow from Europe’) was coined for Barn Swallow, Hirundo

rustica.
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White-browed Sparrow-weaver (Plocepasser mahali). The specific
epithet mahali, a misspelling of the Setswana mohali (‘great warrior’),
appears in Dr Andrew Smith’s original scientific species description from
1836. Eight hours of discussion at the preparatory meetings resulted in
147 proposals for isiZulu bird names, with no consensus on names for
18 species. The remaining 162 species (making up the total of 327)
included clusters of birds that had no isiZulu names, for example
skimmers and sandgrouse, and pelagic birds such as phalaropes,
tropichirds, jaegers, mollymawks, boobies and frigatebirds. Also not
suitable for name proposals were albatrosses, petrels, storm petrels,
shearwaters and prions (together 51 species), to which only cluster
names had been given at the 2013-2018 workshops. Another difficult

Establishing isiZulu bird names for South Africa
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group was wading birds, with 22 species including plovers, sandpipers,
godwits and stints having no obviously applicable cluster names.

Workshop to allocate isiZulu names to birds not known
in KwaZulu-Natal

Using the same methodology and linguistic strategy as the 2013-2018
workshops (Table 3), and working for 18 hours over three days, we
allocated isiZulu names to all 327 species. Of the 147 names proposed at
the preparatory meeting, 83 (56%) were accepted exactly as proposed.
Twenty-six (18%) were accepted after minor changes, for example
iseme laseKapa (‘bustard of the Cape’) instead of iseme saseKapa, for

Species with no isiZulu name

Belongs to a cluster with

il an existing isiZulu name? ves
One of multiple The only species in Use existing cluster
species in an an unnamed name*
unnamed clustert cluster
r
Identify feature to Identify feature to Identify feature to
distinguish this distinguish this distinguish this
cluster from all species from all species from all
other clusters other species others in the cluster

3

Distinguishing feature:

morphology, colour, sound,
behaviour, movement, diet,
habitat, or region

A

Select grammatical

devices to express
this feature

A

Coin isiZulu species
name

Coin isiZulu cluster
name

*Example: Ludwig’s Bustard (Neotis ludwigii). Yes, belongs to bustard cluster with existing isiZulu name iseme — feature
is arid habitat — use possessive locative — coin name iseme lasehlane (‘bustard of the desert’).

'Example: Red Phalarope (Phalaropus fulicarius). No existing isiZulu cluster name for phalarope — one of multiple spe-
cies in unnamed cluster — feature is feeding by turning in one spot to agitate water — reduplicate verb jika (‘turn around’)
with prefix -no- to affirm as coined cluster name unojikajika — identify species distinguishing feature: red colour — qualify

cluster name with adjective -bomvu (‘red’) to coin species name unojikajikobomvu.

Figure 1:  Flow chart explaining isiZulu name coining.
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the Southern Black Korhaan (Afrotis afra). Thirty-eight proposed names
(26%) were rejected, with more suitable replacements suggested by the
Zulu bird guides. The two examples mentioned earlier (Great Sparrow
and White-browed Sparrow-weaver) were accepted exactly as proposed.

The coining process is outlined in Figure 1, with two examples.
Typically, for each cluster and species to be named, we identified a
salient distinguishing feature and selected an appropriate grammatical
device to express this feature: (1) bird morphology and colour, with
noun + adjective compound, e.g. amehlabomvu (‘eyes that are red’),
as in iphothwelimehlabomvu (‘bulbul with eyes that are red’) for
African Red-eyed Bulbul (Pycnonotus nigricans); (2) voice: through
onomatopoeia, metaphor or descriptive verb as in the cluster name for
chanting goshawks uheshoculayo (‘goshawk that sings’); (3) movement
or behaviour, by a suitable verb, as in inkwelamthini (‘climb in a tree’)
for African Spotted Creeper (Salpornis salvadori); and (4) habitat or
region, with possessive locative, for example wasehlane ('of the desert’)
as in uheshoculayo wasehlane (‘chanting goshawk of the desert’) for
Pale Chanting Goshawk (Melierax canorus). The coining process was
especially important in this workshop.

We coined cluster names for 17 bird clusters (Table 4). Thirteen were
true coinages, with two adapted and two assigned. Unozulananyana
(‘small albatross’) was adapted from unozulane (‘albatross’) for the
mollymawk cluster, and unontilo (‘lark’) was adapted for three species
of lark. We assigned ‘ikhwebula’ (‘species of bird'??) to the frigatebirds
thanks to local knowledge of two of the Zulu bird guides. Ungqwashi
(‘Rufous-naped lark’??) was assigned to a cluster of five lark species.
Creative coinages included isela (‘thief’) for the kleptoparasitic jaegers,
and ingeyolwandle (‘vulture of the ocean’) for the scavenging giant
petrels.

The 327 species names included 299 coinages by extension (91%), as
in the example of the Great Sparrow. One species name was the result
of redirection. This was isikhobotho saseSahel (Jackal Buzzard of the

Establishing isiZulu bird names for South Africa
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Sahel’) for the Red-necked Buzzard (Buteo auguralis). Isikhobotho is used
in some parts of KZN for the Jackal Buzzard (Buteo rufofuscus), but at
the 2013-2018 workshops the name was relegated in favour of the better
known inhlandlokazi. One species name was by assignment. The name
uhhuye (‘South African Lark’??) was given to the Fawn-coloured Lark
(Calendulauda africanoides). Twenty-three species names (7%) were true
coinages (Table 5). Seven of these names also became cluster names
for related species, for example umgolomhlophe (‘white rump’) for the
Capped Wheatear (Oenanthe pileata), with Northern Wheatear (Oenanthe
oenanthe) becoming umqolomhlophe waseYurobhu (‘white rump from
Europe’). ‘White rump’ for wheatears is historically appropriate as the
English cluster name derives from the Anglo-Saxon hvit earse (‘white
arse’). We frequently used directional or geographic qualifiers, with the
four cardinal directions featuring in 40 names (12%), as in Northern
Rockhopper Penguin (Eudyptes moseleyi) becoming inguzeqamatshe
yaselyakatho (‘penguin hopping on rocks, of the north’). Place, island
or continental qualifiers were used in 52 names (16%), such as inkotha
yaseMadagascar (‘bee-eater from Madagascar’) for Olive Bee-eater
(Merops superciliosus). More creative coinages included unothingo (‘the
rainbow’) for the colourful African Pitta (Pifta angolensis), and isanyendle
(‘like a cricket’) for Barred Wren-Warbler (Calamonastes fasciolatus),
which has a cricket-like call. The difficulty with cluster names for waders
was solved in part by assigning unothwayiza (‘of walking with long
swinging steps’), the name of the Marsh Sandpiper (Tringa stagnatilis), to
nine other sandpipers and stints. An example is unothwayiza waseMelika
(‘-of America’) for Baird’s Sandpiper (Calidris bairdi).

Our raw output from the workshop was a spreadsheet of 876 South
African bird species, including 8 found on the Prince Edward Islands, but
not on the South African mainland. None of the isiZulu names allocated in
the 2013-2018 workshops were altered. The list was forwarded to BLSA
with an accompanying report and placed on their website for the duration
of 2023, for open peer review and public comment. During the year, our
group made corrections and added names for several species newly

Table 4: New isiZulu names for clusters (groupings of related species) not well known in KwaZulu-Natal

IsiZulu cluster name

Reference? or translation

English cluster name(s)

Number of species

unozulanyana to ‘small albatross’ mollymawk 10
ingeyolwandle ‘vulture of the ocean’ giant petrel 2
unontweza to ‘gliding’ or ‘sailing’ gadfly petrel 6
isasicibamanzi ‘like a gannet’ booby 3
unosisila to ‘bird’s tail tropichird 3
ivuka ‘rising up, bobbing up’ grebe 2
ikhwebula unknown® frigatebird 2
unomvula to ‘rain’ Caspian and golden plover 3
unokhukhula to ‘sweeping up’ skimmer 2
unonsundu to ‘brown’ noddy 2
isela ‘thief’ jaeger 3
unogwadule to ‘desert’ sandgrouse 4
unongilenyama to ‘black throat’ tit 2
ungqwashi ‘lark’ lark 5
unontilo to ‘lark’ lark 3
uqolomhlophe ‘white rump’ wheatear 3
usoghawe to ‘brave warrior’ buffalo weaver and sparrow-weaver 2

aThe name-forming prefixes -no- and -so- allow reference to salient characteristics to make up a name.

bikhwebula coined for frigatebirds was based on local knowledge of Zulu bird guides at the workshops; in dictionary, listed only as ‘species of bird’.2
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Table 5:  True coinages of isiZulu species names for birds not known from KwaZulu-Natal

Coined species name

Reference or translation?

igobakazi ‘great bend in neck’
unomaqhwa to ‘snow’
umhloshana ‘whitish one’
unomvula® to ‘rain’
unokhukhula® to ‘sweeping up’
unonsundu® to ‘brown’
unogwadule® to ‘desert’
unothingo to ‘rainbow’
unosichongo to ‘chest-band’
unomghelomhlophe to ‘white crown’
unonhlozi to ‘eyebrows’
unocingetsheni to ‘search on stone’
inkwelamthini ‘climb in a tree’
isanyendle ‘like a cricket’
umaqalamhlophe® ‘white throat’
unongomabusuku to ‘song at night’
uqolomhlophe ‘white rump’

inhlaletshenekhandalimhlophe

‘lives on rock, with a white head’

unosidlekekazi to ‘huge nest’
usontshetshana to ‘little beard’
unongilonegazi to ‘throat with blood’

English name

Mute Swan

Snowy Sheathbill
Lesser Sheathbill
Caspian Plover

African Skimmer

Brown Noddy

Namagua Sandgrouse
African Pitta
Black-and-white Flycatcher
Southern White-crowned Shrike
Rudd’s Lark

Sclater’s Lark

African Spotted Creeper
Barred Wren-Warbler
Common Whitethroat
Thrush Nightingale
Capped Wheatear
Short-toed Rock Thrush
Sociable Weaver
Scaly-feathered Finch

Cut-throat Finch

Page 6 of 8

Scientific name

Cygnus olor

Chionis albus

Chionis minor
Charadrius asiaticus
Rynchops flavirostris
Anous stolidus
Pterocles namaqua

Pitta angolensis

Bias musicus
Eurocephalus anguitimens
Heteromirafra rudai
Spizocorys sclateri
Salpornis salvadori
Calamonastes fasciolatus
Curruca communis
Luscinia luscinia
Oenanthe pileata
Monticola brevipes
Philetairus socius
Sporopipes squamifrons

Amadina fasciata

aThe name-forming prefixes -no- and -so- allow reference to salient characteristics to make up a name.

bThese species names appear also as cluster names in Table 3. As these species were considered the most distinctive, or the ‘default’ in their cluster, their names also became
cluster names, with other species in the cluster taking on extensions. For example, with unonsundu the cluster name as well as the species-specific name of the Brown Noddy, the
Lesser Noddy (Anous tenuirostris) took on the extended unonsundwana (‘small noddy’) as its species-specific name.

recorded in South Africa. An example is unohhala waseChile (‘storm
petrel from Chile’) for Pincoya Storm Petrel (Oceanites pincoyae), a rare
vagrant normally found off the coast of Chile. The isiZulu names are now
fully recognised by the BLSA List Committee and are available on the
BLSA website.?

Discussion

Every species of wild bird in South Africa now has a name in isiZulu. But
in the larger process of decolonising scientific study and appreciation of
birds, the production of this catalogue is just the beginning. Numerous
opportunities beckon. The names are now available for discourse in life
sciences at schools and universities where isiZulu is or will be a medium
of instruction, even if just through code switching. Local and national
isiZulu mass media, when engaging on topics relating to wildlife, will
be able to use isiZulu bird names and thus refer to specific species.
An example would be discussion on conservation in the Wakkerstroom
area of southern Mpumalanga where the critically endangered Rudd’s
Lark (Heteromirafra ruddi) has one of its last refuges. We expect that
the local communities who speak isiZulu will find it easier to become
enthusiastic about and own a species called unonhlozi than one with
the distant and colonial-inspired ‘Rudd’s Lark’. Alternatively, the bird’s
name would have to be ‘Zulu-ised’ (perhaps to /-Rudd’s Lark or ucilo
kaRudd (‘Rudd’s Lark’)) or otherwise adjusted, or even unwittingly
misrepresented. We may justifiably speculate that isiZulu-speaking
people visiting conservation areas would notice birds more if they had
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isiZulu names. The potential benefits for life sciences study, hobbies and
biodiversity conservation are obvious, as observed in similar work in
Tanzania.®

We have focused in this article on the naming of birds unknown in
KZN - the final step in a protracted endeavour (Figure 2). The success of
this final exercise, completed in less than a year, was entirely dependent
on the process that started in 2013 at the first workshop in Phinda Private
Game Reserve in KZN. The five phases of the 2013-2018 workshops
project ensured stepwise and evaluative accumulation of information
and data. The generation of isiZulu bird names depended on historical
literature, scientific taxonomy, input of isiZulu language scholars, and
specific linguistic strategies. But perhaps of greatest importance was the
knowledge, insight and imagination of the Zulu bird guides, upon whose
final approval each bird name rested. We can think of no better conduits
for traditional and current oral knowledge of birds, and we consider this
aspect of our work to be unique. While none of the birds unknown in KZN
had a historical isiZulu name (with the possible exception of ikhwebula,
the frigatebirds), we still ensured consistency with the linguistic strategy
and traditional oral knowledge applied in the 2013-2018 workshops.

We recognise that isiZulu is just one of the Nguni language group, a
chain of dialects stretching from the Eastern Cape Province (isiXhosa) to
Malawi and Tanzania. In search of Nguni commonalities in bird names,
we considered the role of other languages, especially isiXhosa, drawing
mainly on the exhaustive work of Godfrey?®. Commonalities were few,
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names
Complete 876 species with
isiZulu names
Figure 2:  Progress towards isiZulu names for all wild bird species in South Africa, from the 19th century to the 2022 workshop.

with a paucity of species-specific bird names. Our list of names, derived
through diverse sources and methods, stands on its own as one in
isiZulu, and we make no claim for the names here to be used in any of
the other Nguni languages.

Itis likely that not everyone will agree with our choices of names. We have
mentioned the relegation of the traditional isikhobotho (Jackal Buzzard),
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which we redirected to the vagrant Red-necked Buzzard, a bird that hardly
anyone will ever identify in South Africa. Some may criticise our selection
of experts in the workshops, especially the lack of formal representation
from traditional Zulu communities. The ideal composition of this team
cannot be known. However, a feature of this process is its transparency
and the clear identification of sources of information. This cannot be said
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of the opaque English vernacular naming processes of, for example,
Roberts (1940) in The Birds of South Africa.?® And the second edition,
in 1957%, retained only 71% of the English names Roberts had allocated
just 17 years earlier®’. Some or many of the names we have proposed will
change. We remain active in our collaboration with the List Committee of
BLSA in keeping the names updated, appropriate, and scientifically valid.

Conclusion

We suggest that the process of naming bird species in isiZulu as described
here offers a template for similar efforts in other languages in southern Africa.
Names of birds in other African languages urgently need to be recorded
before the heritage of traditional names is lost. Having bird names in all South
Africa’s official languages is a fundamental keystone to achieving effective
environmental education and awareness. Key to success are language
experts with an interest in birds to guide the process, professional bird
guides with a deep knowledge of their indigenous language, and experienced
ornithologists or birders. Qur approach would be restricted to areas where
avitourism has resulted in training and employment of indigenous African
bird guides. For isiZulu, with a complete set of bird names now available
as an essential resource, the first step is now complete. This is the end
of the beginning. The next step is the absorption of these names into
biodiversity conservation practice, into life science teaching and learning,
and into community vocabularies. The rewards will be greater appreciation
of ornithology as a science, and priority for conservation of birds and their
habitats in isiZulu-speaking parts of South Africa.
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Viabhility of investing in ecological infrastructure
in South Africa’s water supply areas

Ecological infrastructure (natural ecosystems that provide important services and save on built
infrastructure costs) can have an important role in securing water supply, particularly in water-scarce
areas, but this importance is not reflected in investment decisions, partly due to a lack of evidence. In
South Africa, one of the main threats to water supply is the proliferation of woody invasive alien plants
which significantly reduce stream flow and water yields. We used existing spatial data and estimates of
the impact of woody invasive plants on flows and water yields and on restoration costs to analyse the
viability of investing in ecological infrastructure at the scale of major water supply areas. The analysis
involved comparison of the costs and effects on water yields of catchment restoration with those of
planned built infrastructure interventions designed to meet increasing water demands in the medium to
long term. The cost-effectiveness analysis used the unit reference value as a measure of comparison,
which is based on the discounted flows of costs and water supplied over a defined time. Restoration
could supply 24% of the combined yield of planned built infrastructure interventions by 2050, and is
not only cost-effective but has the added advantage of a range of co-benefits delivered by improving
ecosystem health. This finding suggests that investing in ecological infrastructure should be considered
ahead of new built-infrastructure projects.

Significance:

e Clearing invasive alien plants from South Africa’s main water catchment areas could increase water
yields by 997 million m? by 2050 relative to a business-as-usual approach, equivalent to a quarter of the
yield gains through implementation of built infrastructure interventions planned over the same period.

e Invasive alien plant clearing would be more cost-effective than built infrastructure interventions in all
water supply systems, except one, the Orange River System.

e These findings add to the growing body of literature that advocates for ecological infrastructure
investments to secure hydrological ecosystem services.

Introduction

Water security is becoming increasingly important globally, especially in regions that already experience water
scarcity in relation to increasing human demands due to low or declining rainfall and/or inadequate water supply
infrastructure.! South Africa is a water-scarce country where these problems are exacerbated by the degradation
and pollution of its surface water catchment areas. Catchment degradation takes the form of invasion by woody alien
plants, indigenous bush encroachment and the loss of vegetative cover (hereafter referred to as desertification),
with the first two reducing stream flows and the latter increasing the rates of sedimentation in reservoirs.

As is the case in most parts of the world, water security in South Africa has been addressed almost entirely
through the planning and construction of water supply infrastructure, including sophisticated interlinked systems of
reservoirs and inter-basin transfer schemes.? However, there is increasing evidence that it would be more efficient
to integrate catchment conservation actions into water sector investment planning. Indeed, a large body of research
has shown that reducing the extent of invasive alien plants (IAPs) can have significant impacts on stream flow and
reservoir yields in South Africa®®, and there is growing evidence of the benefits of addressing bush encroachment
and desertification’. Many studies have now shown that undertaking restoration and conservation measures in
catchment areas not only has a positive return on investment, but can also be cost-effective in meeting water
security goals.®"?

This kind of evidence has led to the idea of solving what were traditionally engineering problems using ‘nature-based
solutions’, which is gaining traction globally as the exponential trajectory of human impacts on the environment
start to reach a critical scale.™ In South Africa, growing realisation of the impacts of catchment degradation on
water supply led to the emergence of the Working for Water (WfW) programme and other government-funded land
restoration programmes in the 1990s.''® This is part of a growing global concern about the impact of ecological
degradation, which has led to the declaration of 2021-2030 as the ‘UN Decade on Ecosystem Restoration’ to
address the risks to biodiversity, water and food security'® and commitments by signatories to the UNFCCC to
achieve Land Degradation Neutrality by 2030 to reverse or offset the degradation that has taken place since 2000"7.

Natural ecosystems that provide important services that reduce the costs of built infrastructure can be referred
to as ‘ecological infrastructure’.'®'® In water-supply areas, maintaining these ecosystems helps to maintain the
overall quantity and quality of stream flows and reduces the seasonal variability in flows."?* This saves on built
infrastructure costs, such as water storage, flood mitigation measures and water treatment costs, as well as
providing other environmental benefits. Where water security is also threatened by climate change, the restoration
and protection of ecological infrastructure can also be regarded as ecosystem-based adaptation.

There is a growing call for ‘investing in ecological infrastructure’ as a means to ensure the longevity and most
efficient use of existing built infrastructure, towards securing a resilient, reliable water supply?, especially in the
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context of rising water demand?6?” and climate change, which threatens
the capacity of existing built infrastructure.

The lack of investment in ecological infrastructure is often attributed to
a lack of information.'®2"2% [ndeed, there is limited information on the
extent to which investing in ecological infrastructure for water security
is viable, and where such investments should be prioritised in South
Africa.?® Decision-makers require sound evidence of the feasibility and
likelihood of maximising return-on-investment for an intervention before
they are willing to invest. To this end, our study aimed to determine
the cost-effectiveness of investing in the clearing and long-term control
of IAPs to secure water supply in relation to that of planned built
infrastructure.

A viability analysis was carried out for each of South Africa’s main
water supply systems (WSSs) that serve the country’s major population
centres. WSSs include the surface and underground water source areas,
reservoirs, water treatment works and reticulation networks that are
managed by water service providers (water service providers), which are
semi-autonomous parastatal water boards or metropolitan municipalities.
The water service providers sell bulk water to municipalities or directly to
water users, and are expected to invest in the management, maintenance
and augmentation of these systems with some assistance from the
national Department of Water and Sanitation. Our analysis suggests
that, for nearly all water supply systems, investments in ecological
infrastructure would be comparatively cost-effective and should be
introduced ahead of costly engineering projects.

Data and methods

Study area

The analysis was carried out for each of South Africa’s 11 regional
WSSs (Figure 1). WSSs are an appropriate unit of analysis because
they are the scale at which the Department of Water and Sanitation
undertakes its regional water supply infrastructure planning through
‘reconciliation strategy studies’ (Figure 2). These studies estimate the
water demand trajectory and lay out plans for a series of (usually built)
infrastructure investments to meet demands over time as they grow
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with the population. Within each WSS, our focus was on the catchment
areas of existing large water supply reservoirs (large dams) as being the
ecological infrastructure of interest.

Delineating dam catchment areas

The analysis was carried out for the catchment areas of the existing
large bulk water supply dams in each WSS: 64 large dams (wall height
5-15 m; capacity >3 million md) either owned and managed by the
relevant water service providers or owned by the Department of Water
and Sanitation but managed by the relevant water service providers,
as listed in the ‘South African Register of Large Dams’.*® Their
catchment areas were delineated using ArcGIS software’s ‘Watershed’
tool (ArcMap version 10.4.1). This delineation resulted in a combined
catchment area of 230 500 km?, equivalent to 18.9% of South Africa’s
land area (Figure 1). Finally, the quaternary catchments within the
delineated catchments were identified.*"

Extent of IAP coverage in catchment areas

The National Invasive Alien Plant Survey (NIAPS) data set®? was used to
estimate the extent of IAP coverage in each of the large dam catchment
areas. While the NIAPS data set is outdated and has its limitations (see
Preston et al.*%), it was the best data set available at national scale.
This study focused on gums (Eucalyptus spp.), pines (Pinus spp.) and
wattles (Acacia spp.) as the three most dominant, thirsty invaders in
South Africa.> NIAPS data were extracted for the selected quaternary
catchments and analysed in Microsoft Excel. The 2010 extents were
projected to current (2022) and future (2050) extents using a logistic
population growth model (Equation 1):

Pi
=fP[_1 1—7

whereby ris the growth rate, P is the population size, t is the relevant time
step, and K is the carrying capacity. K was defined as ‘invadable land’,

which included all land that was not classified as “built-up”, “cultivated”,
“mines and quarries” or “waterbodies” in the South African National

ap

o Equation 1

Legend

* large dams
[ sA provinces

Catchment areas grouped by WSS
I Algoa Water Supply System
[ Amatole Water Supply System
[ Crocodile West Water Supply System
[ Greater Bloemfontein Supply Area
I integrated Mgeni Water Supply System
[ Integrated Vaal River System
[ Limpopo Water Management Area
[ Luvhuvhu & Letaba Water Supply System
I Mhlatuze Water Supply System
[ olifants Water Supply System
[ Orange River Water Supply System
[] Western Cape Water Supply System

Northern Cape

Western Cape

=

impopo{ e

Mpumalanga

=3

Eastern Cape

)

0 100 200 300

400 km

Figure 1:

Research Article
httos://doi.org/10.17159/sajs.2024/17378

12

Spatial distribution of dam catchment areas (coloured by water supply system) included in the analyses.
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Figure 2:  The regions and scales of the 12 reconciliation strategy studies (RSS) conducted and published by the South African Department of Water

and Sanitation.

Land-Cover data set 2020.% For r, a conservative rate of increase in
cover of 7.5% per annum was used for wattles, pines and gums, based
on the literature.*3%

Cost-effectiveness analysis

Overview

To derive the costs of interventions for catchment restoration (i.e. IAP
clearing), information was gathered from literature that addressed the
spread of IAPs>7% and methods of calculating estimates of the cost
to clear IAPs per hectare. Similarly, all information pertaining to built
infrastructure interventions was retrieved from reports published by
the Department of Water and Sanitation, which provides access to
reconciliation strategy studies for bulk water supply augmentation
options for each WSS in South Africa. These reports included relevant
cost and yield information.

Unit reference values (URVs) can be used as a direct measure of the
benefits derived from water resource interventions and are commonly
used to assess the feasibility of projects in the water supply sector.¥” This
assessment is done by calculating the cost per cubic meter (ZAR/m3) of
water over the lifetime of the project. URVs were used as a measure to
compare the financial costs and benefits (additional water gain) derived
from ecological infrastructure and built infrastructure interventions in this
study. All analyses assumed that interventions would be implemented
in 2022 and were evaluated up to 2050, assuming a 28-year project
lifespan for IAP clearing and management.

Assessment of planned built infrastructure development

Each of the study focus regions is depicted in Figure 2. To determine
the planned sequence of infrastructure development per WSS, each of
the relevant reconciliation strategy reports was retrieved from online
repositories and was analysed for interventions planned to take place
between 2022 and 2050. Yield gains and URVs for each water supply
option were then extracted directly from the reconciliation strategy reports,
or estimated based on similar types of projects in other water supply
systems. The URVs of each intervention were reported in 2022 Rands.
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Costs of clearing IAPs

Cost estimates for clearing IAPs in South Africa were based on
person-day estimates provided by the Working for Water (WfW)
programme. Person-day estimates are derived from data collected
over the lifespan of the WfW programme and are based on the costs
to clear different groups and age classes of IAPs in riparian and
landscape settings using different treatment methods over time.”
Therefore, regression models (Table 1) were used to calculate the
person-day estimates required to clear one hectare of gum, pine and
wattle. The cost to clear IAPs under the WfW programme was some
ZAR500 (in 2022) per condensed hectare (c.ha).%

Based on this, the cost of initial and follow-up clearing events for gums,
pines and wattles was calculated for each relevant quaternary catchment.
It was assumed that the first two follow-up clearing events would take
place in 3-year intervals after the initial clear in 2022 and every 6 years
thereafter until 2050. A discount rate of 8% was used to determine the
present value of costs over the period. Investment in clearing IAPs is
considered inefficient at densities below 5%, so a threshold was applied
to the base year (2022) whereby all quaternary catchments with an IAP
infestation of less than 5% were excluded from the cost model.

Table 1: Regression models used to calculate the number of person-
days required to clear one hectare of gum, pine, and wattle
species, where /_ is the invadable hectares in the relevant
quaternary catchment, and x is the average percentage density
per pixel

Species Initial clearing Follow-ups

Gums (Eucalyptuis spp.) l,,(2.4254€0%%) || (1.707401002)

Pines (Pinus spp.) l,,(2.0647€0%%) | (1.6161¢%0%™)

Wattles (Acacia spp.) 1,, (2.0057 g0oz%) 1,,(0.2006 ¢2100260)

Source: Turpie et al.*®
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Calculating URVs for IAP clearing

The URV for securing water supply through clearing IAPs is derived by
dividing the total present value of costs (PV,) by the present value of
water supplied (PV,), as shown in Equation 2. The total PV_to clear IAPs
from an area is the sum of initial and follow-up PV, costs. The initial PV
is the product of the number of person-days required to clear IAPs in the
first year and the cost to clear one condensed hectare of infested land,
while the PV_ of one follow-up event is the product of the number of
person-days required to clear IAPs in a follow-up event and the cost to
clear one condensed hectare of infested land.

URV(RIm3)=

AV, Equation 2
5 quation

w

The PV, is based on the quantity of water gained if IAPs are removed
from catchment areas by 2050. To determine this, estimates of
streamflow reduction as a result of IAPs were extracted at the primary
catchment level.5 A factor to represent the amount of water used by
IAPs per unit area was calculated for all primary catchments and then
applied to each relevant quaternary catchment. The gain in streamflow
was then converted into a gain in yield by applying a ratio between
water flow and yield based on Cullis et al.*®, who estimated changes
in yield due to IAPs in all of South Africa’s major water management
areas. The relevant stream flow to yield ratio was applied to each
quaternary catchment according to the water management area within
which it is located. This was calculated for the period between 2022
and 2050 using Equation 3, where W, is the quantity of water at year ¢,
and r is the discount rate.

PV = —W' Equation 3
w_z (1+f)[ quation

Results

Extent and spread of IAPs

IAP coverage of all catchment areas combined was estimated to
be approximately 623 000 c.ha in 2022, or 2.7% of the total area
considered. Without intervention, this would quadruple to an estimated
2.5 million c.ha, or 10.9% of the area, by 2050 (Table 2). The Amatole
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WSS had the highest percentage cover of IAPs in both 2022 (22%)
and 2050 (58%; Figure 3). Conversely, the Orange River System was
estimated to have the lowest level of infestation in both 2022 (0.3%) and
2050 (1.6%) (Table 2).

Overall, gum and wattle were more prolific than pine in most WSSs.
Wattle was shown to have the most drastic spread by 2050, having the
highest average coverage (9.5%) among all three species. The Amatole
WSS’s high percentage of invaded area was dominated by wattle
infestation, covering 29.3% of the WSS total catchment area by 2050.

Cost-effectiveness analysis

The Integrated Vaal River System was estimated to have the greatest
number of condensed hectares infested with IAPs by 2050 (approximately
922 000 c.ha; Table 2), resulting in the highest PV_ to remove them
(ZAR4.7 billion), while the Luvuvhu-Letaba WSS had the lowest number
of condensed hectares (approximately 25 000 c.ha), requiring the lowest
allocation of investment for IAP removal (ZAR71.8 million).

Across all 11 water supply systems considered, a total of 52 planned
water supply projects were specified in the relevant reconciliation
strategy studies between 2022 and 2050. Combined, planned built
infrastructure interventions would result in yield gains of approximately
4173 million m¥a. On the other hand, the amount of water that could be
gained by removing IAPs from bulk water supply catchment areas would
increase exponentially between 2022 and 2050 (because IAP cover, and
hence water lost in the absence of clearing, increases exponentially),
amounting to a gain in stream flow of about 1 595 million m® and a gain
in yield of about 997 million m? (Table 2). This is approximately 24% of
the amount of water that could be gained through implementation of built
infrastructure interventions (such as dam augmentation and desalination
projects, and water transfer schemes) in the same time frame. As a
reference, the reliable yield of surface water sources in South Africa as
at 2019 was 10 200 million m%a.®®

When the URVs and yield gains of IAP clearing are compared with those
of planned built infrastructure developments, it becomes clear that IAP
clearing is a cost-effective intervention for securing water supply. IAP
clearing was the most cost-effective water supply option for all WSSs
except for the Orange River System, which showed relatively low water
gains for the associated URV (Figure 4). Overall, IAP clearing was the
most cost-effective augmentation option.

Table 2:  The total condensed hectares (c.ha) that would be infested in 2050 if no clearing was pursued, the water gained by 2050 with intervention and the
present value (PV) in 2022 Rands of the investment required to clear invasive alien plants in existing bulk water supply infrastructure catchment
areas of each relevant water supply system (WSS) between 2022 and 2050
Area infested by 2050 Increase in stream flow | Increase in yield by PV of clearing costs
WSS without intervention by 2050 with intervention | 2050 with intervention L g
- - (ZAR millions)
(c.ha) (million m3) (million m3)
Algoa WSS 145 657 103.9 439 740.80
Amatole WSS 92 804 87.7 427 578.89
Crocodile West WSS 235 377 66.5 35.8 1414.64
Integrated Mgeni WSS 227610 303.9 148.9 1231.66
Integrated Vaal River System 922 233 423.4 338.7 4696.02
Limpopo North 61764 22.8 12.3 136.84
Luvuvhu-Letaba WSS 24 929 11.8 6.8 71.80
Olifants WSS 524 977 263.0 193.6 3078.45
Orange River System 45818 26.0 14.3 145.45
Richard’s Bay WSS 188 057 180.4 89.2 889.88
Western Cape WSS 46 326 105.4 71.0 325.93
Total 2515554 1595.4 997.1 13310
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Figure 3:  Present (2022) and future (2050) percentage area of invasive alien plants in each water supply system (WSS).

The URVs for built infrastructure ranged from ZAR0.48/m? for the new
Vioolsdrift Dam augmentation project in the Orange River System* to
ZAR44.36/m® for the Zambezi River transfer scheme in the Crocodile
West WSS*, while the URVs for IAP clearing ranged from ZAR0.79/m?
for the Western Cape WSS to ZAR7.18/m3 for the Crocodile West WSS
(Table 3). Of all the 11 water supply systems analysed, only IAP clearing
in the Orange River System was less cost-effective than planned built
infrastructure options. This finding can be explained by the low levels of
estimated invasion in this water supply area, so removal of IAPs would
not result in a significant gain in additional water when compared to the
built alternatives which had significantly higher yields.

Discussion

There is growing awareness of the important role of ecological
infrastructure in achieving water security.?”?342 However, ecosystem
degradation is resulting in the loss of valuable hydrological ecosystem
services that increase the costs of water supply. Investing in restoration
and conservation of catchment areas can effectively support existing
built infrastructure and delay the need for more expensive engineered
solutions. This not only reduces costs over the long term, but also
generates a range of co-benefits.

This study has shown that, from a water supply perspective alone,
securing hydrological ecosystem services through catchment restoration
is cost-effective and should be considered as a priority action towards
achieving water security in South Africa. Broadly, the yield gained
(997 million m3) from clearing IAPs from South Africa’s key water supply
areas equates to approximately 19% of the capacity of the Gariep Dam,
the largest dam in South Africa. IAP clearing was more cost-effective
than planned built infrastructure options in all but one of the 11 WSSs
analysed, the exception being the Orange River System, where invasion
levels are relatively low.

This study’s findings build on a number of smaller-scale studies that
have demonstrated restoration measures as being cost-effective in
securing hydrological ecosystem services. Clearing IAPs was found
to be a cost-effective intervention in a quaternary catchment of the
Olifants River with a URV of ZAR1.44/m?, which compared favourably
with a URV of ZAR2.93/m? for the De Hoop Dam.* In a comparison
between the uMngeni and Baviaanskloof-Tsitsikamma catchment areas,
uMngeni had more severe levels of degradation, which consequently
resulted in a higher URV for restoration of ecological infrastructure
(ZAR2.50/m?3) than the Baviaanskloof-Tsitsikamma (ZAR1.17/m?).% In
two quaternary catchments in northern KwaZulu-Natal, IAP clearing was
more economical than raising the wall of Hazelmere Dam, with a URV of
ZAR2.50/m? compared to ZAR3.67/m?.#
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Investing in catchment restoration also becomes increasingly attractive
as built augmentation options become progressively more expensive due
to (1) the cheaper interventions being implemented first*® and (2) more
costly maintenance due to the impacts of catchment degradation which
shortens the projected lifespan of reservoirs and related infrastructure®.
Furthermore, investing in ecological infrastructure for water supply also
delivers co-benefits such as biodiversity conservation, flood risk reduction,
reduced sedimentation, carbon sequestration and other ecosystem
services.”015.28:4446 Although the benefits of catchment restoration are
undeniable, the associated water supply benefits would not be deliverable
to consumers without functional built infrastructure, so we emphasise
that ecological infrastructure investment should go hand in hand with the
proper maintenance of existing infrastructure.®

To date, the water service providers, which stand to gain significantly
from improvements in catchment health through cost savings, have
been slow to invest in ecological infrastructure. Indeed, only 1 of the
11 water supply systems has formally acknowledged and actively
incorporated catchment restoration as a key intervention in their
planning and budgeting for securing water in the long term. IAP clearing
is included as a prioritised augmentation option in the Western Cape
WSS reconciliation strategy.*” The net URV of ZAR1.20/m? reported
in the reconciliation strategy is slightly higher than that of ZAR0.79/
m® estimated in this study, but still significantly lower than the range
of URVs determined for built infrastructure augmentation options in the
WSS (ZAR2.57-18.77/md).

While some other water reconciliation strategies, namely those of uMgeni
and Richard’s Bay**°, acknowledge the importance of catchment
restoration and the maintenance of ecological infrastructure, they do not
quantify the yield that could be obtained from removing IAPs and do not
account for it in reconciliation scenarios or water balances developed for
the WSS. The reason for this, stated in the KZN Coastal Reconciliation
Strategy, is due to a “lack of quantifiable data”*®. In the Western Cape
WSS there has been considerable research undertaken to assess the
impact of IAPs on water supply, which has provided the information
needed to secure support and funding to undertake restoration activities
in important water source areas. An outcome of this research has been
the formation of the Greater Cape Town Water Fund (GCTWF), which
since 2018, has successfully brought together and linked beneficiaries
and stakeholders in pursuit of a common goal of securing water.®® The
GCTWEF operates at a large scale, focusing restoration efforts, particularly
IAP clearing, in the catchments that feed the Western Cape WSS. These
restoration efforts have been guided by scientific research that has
determined priority areas for IAP clearing based on cost-effectiveness
and return on investment.35%0 In developing the Business Case for the
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Figure 4:  (a-I) Unit reference value (URV; ZAR/m?3) and yield gained (million m?) through implementation of interventions for each water supply system
(WSS), and (g) the average URV and yield gained per intervention type across all water supply systems.
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A summary of the overall extent of invasive alien plants (% IAP coverage) within each water supply system (WSS) without intervention, as well as

the unit reference values (URVs) associated with built infrastructure and IAP clearing. URVs are reported in 2022 Rands.

...
Table 3:
% IAPs
WSS
2022
Algoa WSS 7.26
Amatole WSS 22.00
Crocodile West WSS 5.43
Integrated Mgeni WSS 9.84
Integrated Vaal River System 3.61
Limpopo WMA North 1.40
Luvuvhu-Letaba WSS 1.14
Olifants WSS 9.96
Orange River System 0.27
Richard’s Bay WSS 6.03
Western Cape WSS 11.97

20nly one planned built infrastructure intervention.

bValues based on the average URVs of similar projects due to deficient data.

GCTWEF, the URVs to clear IAPs ranged from ZAR0.30/m? to ZAR0.80/m?
in the top seven priority sub-catchments.3 The URV for clearing IAPs
in the Western Cape WSS determined in this study falls at the upper
end of this range. The success of the GCTWF hinges on its ability as an
independent entity to securely manage funds from multiple sources and
undertake restoration activities effectively and efficiently, following best
practice guidelines for IAP clearing. Recent research suggests that there
is a sufficient consumer surplus and potential to raise domestic water
tariffs to cover the estimated costs required to restore catchment areas
supplying water to some of these municipalities.>"%2

The results from this study provide evidence at scale that investing in
ecological infrastructure is a cost-effective and worthwhile long-term
option for all of South Africa’s water supply systems. However, given
that state budgets remain the primary source of restoration funding in the
country and are heavily constrained, catchment partnerships and water
funds are most likely needed to succeed in leveraging the investment
needed to restore these important catchments.

Conclusions

We found that investing in IAP clearing is a viable means of addressing
growing water demands in 10 of South Africa’s 11 major water supply
areas. |AP clearing would lead to a total estimated streamflow gain of
1595 million m3 and a yield gain of 997 million m? by 2050, equivalent to
a quarter of the yield gains through implementation of built infrastructure
interventions over the same period. The URVs for built infrastructure
ranged from ZAR0.48/m?to ZAR44.36/m?, while the URVs for IAP clearing
ranged from ZAR0.79/m? to ZAR7.18/m®. All URVs for IAP clearing were
lower than that of built infrastructure interventions, except for just one
water supply system, the Orange River System. Therefore, IAP clearing
should be considered a formal intervention for securing future water
supply alongside built infrastructure options in South Africa’s water
supply systems. These findings add to the growing body of literature
that advocates for ecological infrastructure investments to secure
hydrological ecosystem services by showing that such approaches can
be more cost-effective than built infrastructure development options.
The findings should be used to leverage and prioritise investments in
ecological infrastructure in South Africa and to encourage the initiation
of new partnerships and funds for priority catchment areas.
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Range of built infrastructure URV IAP clearing

URVs (ZAR/m?) (ZAR/m?)

2050

28.68 6.77 - 25.62 2.99
58.22 8.46 - 28.66 1.97
20.35 12.38 — 44.36 7.18
35.12 454 -21.91 1.43
16.30 11.80-17.61 2.78
7.50 17.952 2.53
7.10 3.98 -17.32 2.60
36.51 450-31.92 2.82
1.61 0.48-0.84 2.45
27.50 2.22-19.36 2.01
45.49 2.57-18.77 0.79
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Use of hiochar to improve sewage sludge quality in
Maluti-A-Phofung Municipality, South Africa

Research on wastewater treatment processes in Maluti-a-Phofung Municipality (South Africa) has
revealed that substandard wastewater management in this region contributes to terrestrial and aquatic
pollution. Because this pollution poses a threat to the environment, there is a pressing need to reduce
the environmental impact of poorly managed sewage sludge in the region. Biochar has been regarded
as a cost-effective way of reducing chemical toxicity in terrestrial environments. In the present study, we
aimed to investigate the effectiveness of biochar in the remediation of the toxicity of sewage sludge using
the earthworm Eisenia fetida. Sewage sludge was collected from a local wastewater treatment plant and
E. fetida were exposed to 0, 25, 50, and 100% non-amended and 10% biochar-amended sludge. After
28 days, survival, biomass and reproduction were assessed. Separately, in clean artificial soil, E. fetida
was exposed to 5, 10 and 15% biochar amendment for 96 hours to determine if biochar amendment
alone could be harmful to E. fetida. The results showed no significant differences in all parameters
between the worms exposed to non-amended sludge and 10% biochar-amended sludge. Assessment
of acetylcholinesterase and catalase activities in the earthworms that were exposed to biochar via clean
soil revealed that 10% and 15% biochar amendment rates caused the worms to experience significant
levels of neurotoxic and oxidative stress (p < 0.05). These findings reveal that biochar alone is likely to
have adverse effects on soil organisms, and amendment rates higher or equal to 10% are not suitable to
alleviate the toxic effects of sewage sludge.

Significance:

This study can be used as a reference in the usage of biochar as a toxicity remediator. Different biochar
rates (> 10%) can have different effects on soil-dwelling organisms. Policymakers can use this study when
constructing laws regarding the disposal of sewage sludge by wastewater treatment plants.

Introduction

Sewage sludge is one of the by-products of the wastewater treatment process. It contains high levels of organic
matter and nutrients and is valued for agricultural application.? Studies show that the addition of sludge to degraded
soils leads to soil restoration and fertilisation which results in increased crop production.’? Despite this benefit,
sewage sludge is still regarded as waste with a potential for significant risk to the environment*, especially if applied
without proper chemical and ecotoxicological considerationS.

Sewage sludge is usually disposed of via landfilling, incineration, and cropland application.® Other than its enhancing
effect on soil productivity, biochar use in cropland application has gained attention as a means of waste disposal.”
Some of the disadvantages of this method of disposal include odours, aesthetics, the high load of pathogenic
microorganisms, and the high concentrations of both metals and organic pollutants.®® Research has demonstrated
the potential for sewage sludge to induce behavioural abnormalities, increase mortality and inhibit the growth of
invertebrates.* Klee et al.”® observed that sewage sludge can induce genotoxic effects in the earthworm Eisenia
andrei. Malinska et al." reported that the heavy metals from sewage sludge can bioaccumulate in earthworm
tissues, which poses a risk to the food chain because of potential biomagnification.'?

Specifications from the existing South African sludge management regulations indicate three categories of sewage
sludge: a microbiological class, a stabilisation class, and a pollutant class.” The pollutant class depends on the
concentration of eight potentially toxic metals: arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb),
mercury (Hg), nickel (Ni), and zinc (Zn)."™ The concentration of these metals is used to further classify the sludge
into three subclasses, which are: pollutant class a (best quality), pollutant class b (intermediate quality) and
pollutant class ¢ (worst quality).™*

The known toxicity of sewage sludge has prompted the need to find affordable and effective means of decreasing
its potential deleterious effects before it is discarded through landfilling or harnessed for agricultural application.
Biochar has been identified as a suitable candidate to play such a role in reducing the toxic effects of sewage
sludge.™ Biochar is a solid material obtained from the pyrolysis of a wide range of plant and animal biomasses.'®
Together with bio-oil and biofuel, biochar is one of the by-products of this process.'-® Several studies dealing with
the application of select biochar types to contaminated soils have reported successful reduction in the toxicity,
bioavailability and leachability of soil contaminants.?%-2

In the present study, we aimed to investigate the effectiveness of biochar in the remediation of the toxicity of
sewage sludge on the survival, reproduction, and biomass of the earthworm Eisenia fetida. A secondary aim was
to assess, at the biomarker level, if biochar on its own could prove detrimental to earthworms. We hypothesised
that the inclusion of biochar in the soil would improve the survival, reproduction and biomass of the earthworms.
We also expected that the potential beneficial effects of biochar at the level of the whole organism would be
supported by concurrent biomarker responses within the organism.

80 Volume 120| Number 5/6
May/June 2024


https://dx.doi.org/10.17159/sajs.2024/15521
https://crossmark.crossref.org/dialog/?doi=10.17159/sajs.2024/15521&domain=pdf&date_stamp=2024-05-28
https://www.sajs.co.za/associationsmemberships
www.sajs.co.za
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-4953-5244
mailto:2013096462@ufs4life.ac.za
https://doi.org/10.17159/sajs.2024/15521
https://doi.org/10.17159/sajs.2024/15521
https://orcid.org/0000-0002-9286-6578

Materials and methods

Study area

Sewage sludge was collected from the wastewater treatment plant
(WWTP) in Harrismith (28°16'46.5”S; 29°05’46.97E). This town is
located in the Maluti-A-Phofung municipality within the Drakensberg
Afromontane region of the eastern Free State Province of South Africa.
The area rises from 1500 m to 2400 m above sea level and experiences
summer rainfall ( ). The chosen WWTP receives
wastewater from neighbouring households and industries in the region,
which is a densely populated peri-urban economic hub, with several
industries such as textile, dairy, and aluminium industries.?®

Experimental organism

Adult E. fetida earthworms bred in the Ecotoxicology Laboratory, housed
in the Department of Zoology and Entomology of the University of the Free
State, QwaQwa Campus, were used as the experimental organism. The
earthworms were maintained on a diet consisting only of dried cow dung .

Preparation of exposure substrates
Preparation of soil

The artificial soil used during this study was prepared following the
Organisation for Economic Co-operation and Development (OECD)
guidelines.® The soil was composed of 20% kaolin clay, 70% air-dried
quartz sand, and 10% sphagnum peat (pH of 5.5-6.5). The prepared
OECD artificial soil was used both as a clean control substrate and in
the preparation of varying concentrations (amendment rates) of sewage
sludge.

Preparation of non-biochar amended sewage

The sewage sludge was dried at room temperature before use. After
drying, it was blended and sieved through a 2 mm sieve. Non-biochar
amended sewage was prepared by mixing OECD artificial soil with
sewage sludge. The mixing was carried out to make the following
concentrations of the sludge: 0 (OECD artificial soil control), 25, 50, and
100% sewage sludge. The total exposure substrate weight per treatment
was 500 g. Distilled water was used to moisten each soil treatment to
40-60% of their respective water-holding capacity.*

Preparation of biochar amended sewage sludge

Biochar from pine wood obtained in pellet form was purchased from
C FERT™ South Africa. According to the manufacturer, it was made at
a pyrolysis temperature range of 400-500 °C. This produced a biochar
with about 100 pm pore size on average and containing 30.35%
carbon, 3.54% nitrogen, 0.13% potassium, 0.02% phosphorus, 20.31%
calcium, 0.34% magnesium, and 0.14% sulfur. Biochar-amended
substrates were made by replacing 50 g of the 500 g non-amended
OECD/sewage substrates with 50 g of biochar for each concentration
(including the control), thus making a 10% biochar amendment. Thus,
a 10% biochar amendment rate was applied to the 0, 25, 50, and 100%
sludge treatments. Distilled water was used to moisten each biochar-
amended treatment to 40-60% of their respective water-holding
capacity. All the treatments were prepared and left undisturbed for
7 days before exposure. This was necessary to allow for biochar
activation by the microorganisms in the sewage sludge.

Metal contents of the sewage sludge

The total concentrations of arsenic (As), cadmium (Cd), chromium (Cr),
copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn) in the
sewage sludge were determined following the EPA 3052 digestion
method®', while the concentrations of metals readily available in the
water phase of the soil were obtained through the water extraction
method.™ These analyses were performed at the Institute for Soil,
Climate, and Water (an Institute of the South African Agricultural
Research Council located in Pretoria, Gauteng Province). Inductively
coupled plasma-optical emission spectroscopy (ICP-OES) (Perkin-
Elmer Optima 3000 DV) was used to determine the concentrations of
the metals of interest.
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Ecotoxicological assays

Prior to exposure, the earthworms were weighed, and their masses
were recorded. Ten adult E. fetida were exposed to the biochar-amended
and non-amended treatments and incubated at 20 + 2 °C (in a Labcon
low-temperature incubator) for 28 days. All exposures were carried
out in triplicate. During the exposure period, the worms were fed 5 g
of ground and moist cattle manure once a week. After 4 weeks, the
earthworms were weighed once again, and their masses were recorded.
The number of cocoons laid in each treatment was recorded. To assess
whether biochar on its own could prove detrimental to earthworms at
biomarker level, in another experiment, we exposed 10 adult £. fetida to
500 g of OECD artificial soil (no sewage sludge involved) amended with
0, 5, 10, and 15% biochar. The exposures conducted in triplicate were
incubated at 20 + 1 °C (in a Labcon low-temperature incubator) for a
duration of 4 days. This exposure duration was chosen both to fill a gap
in the literature because studies on biochar often last longer?532%, and
to increase the chances of observing biomarker responses, which can
peak in the early days of the experiment and vanish after relatively longer
exposure durations®. No feeding took place during the exposure period.
After 96 h, the worms were stored at —80 °C until acetylcholinesterase
(AChE) and catalase analyses.

Determination of acetylcholinesterase activity

Acetylcholinesterase (AChE) is an enzyme involved in the hydrolysis
of acetylcholine (which is an essential neurotransmitter of the central
nervous system) into choline.®® The enzyme was measured to find out
whether the sewage sludge had neurotoxic effects on the earthworms.
To prepare tissue homogenates for AchE activity, two worms from
each exposure treatment were defrosted. Three to five segments of
the tail end were sectioned for the assessment of AChE activity and
protein determination. Tris-buffer (pH 7.4) was used to homogenise
the tissues, which were centrifuged at 9500 g for 10 min at 4 °C.
Supernatants were then used for AChE and protein analyses. The
protein concentrations of the homogenates were determined using the
Bradford method.*” Ellman’s method® was used for the assessment of
AChE activity. For each tissue homogenate, measurements were made
in triplicate. AChE activity was determined by calculating the average
absorbance of the readings at each time interval from time 0 to time
6 min. Readings were done at 412 nm in 1-min intervals over a 6-min
period. The linear graph for each sample was drawn and expressed as
the change in absorbance over time. Then, the gradient was calculated
for each sample curve and divided by 6 (minutes). AChE activity was
calculated as follows: (Absorbance/min/mg protein) = (Abs/min)/mg
protein.

Determination of catalase activity

Catalase activity was determined following the method of Cohen et al.*®
The reaction mixture contained the sample homogenate (10 pL) in 10 uL
of 0.09 M phosphate buffer (pH 7.0) and 93 L of 6 mM (30%) hydrogen
peroxide, 19 uL of 6 N sulfuric acid and 130 pL of 0.01 N potassium
permanganate. The degradation of hydrogen peroxide by the catalase
present in the samples was measured within 60 s at 490 nm and
expressed in pmol H,0,/min/mg protein.

Statistical analysis

The data obtained from this study were subjected to statistical analysis
using Microsoft Excel 2010 and GraphPad Prism version 13.2. Statistical
analyses of survival, reproduction, biomass and acetylcholinesterase
activity data were performed in GraphPad Prism using a one-way ANOVA
followed by a Bonferroni post-test for pairwise comparisons. The level of
significance was p < 0.05. Finally, ToxRat® version 2.10.05 was used to
generate median lethal concentrations (LC,;) and half-maximal effective
concentrations (EC,;) whenever possible.

Results and discussion

Concentration of heavy metals in sewage sludge

Using the EPA 3052, the concentration of metals observed in sewage
sludge in this study were in the following order: Zn > Cu > Pb > Cr >
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Ni > As > Hg > Cd, varying from 840 mg/kg for Zn to 0.66 mg/kg
for Cd (Table 1). The water extraction method revealed the following
order: Zn > Cu > Ni > Hg > As > Cd > Pb > Cr, varying from 4.76
mg/kg for Zn to 0.03 mg/kg for Cr. (Table 1). When comparing the
EPA 3052 and the water extraction data, it was discovered that Zn
was the chemical with the highest concentration in both methods,
while Cd had the lowest concentration in the EPA 3052, and Cr had
the lowest concentration in the water extraction method. This trend
is consistent with the findings of Berrow and Webber®, Zufiaurre et
al.¥" and Mosolloane et al."*, who reported concentrations of heavy
metals in sewage sludge from treatment plants in England, Spain
and South Africa, respectively. High total concentrations of metals
indicate that the wastewater treatment plants receive raw sewage from
anthropogenic sources like industries and domestic activities, while
high concentrations of Zn and Cu can be attributed to the high organic
content of the sewage sludge.*#? In South Africa, the works of Snyman
and Herselman* and Herselman and Snyman'® are used to classify
sewage sludge based on the concentration thresholds of the following
metals: As, Cd and Hg (40 mg/kg); Ni and Pb (420 mg/kg); Cr, Cu
and Zn (2800 mg/kg). The total metal concentrations of the sewage
sludge used in this study were evaluated using this classification
system; consequently, the sewage was classified as ‘best quality’

Table 1: Total EPA 3052 and water extraction results for metals that

were found in the sewage sludge
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pollutant class a sludge. It was found that, when combining the
concentrations of As, Cd and Hg, they summed to 3.68 mg/kg, which
is below the threshold of 40 mg/kg. The concentrations of Ni and
Pb added up to 62.51 mg/kg, which did not exceed the threshold of
420 mg/kg. Finally, Cr, Cu and Zn added up to 1001.61 mg/kg, which
was below the threshold of 2800 mg/kg (Table 1). Therefore, from the
results of the total metal analysis, the concentrations of metals were
below the specified limits.

Nevertheless, the presence of these heavy metals in the sewage sludge
and the water extract especially, implies that they could be a source
of pollution and toxic stress in soils, especially in agricultural lands
where they can accumulate to higher levels.*** The relatively low
concentrations of metals in the water extract nevertheless point to lower
potential for significant toxic effects. These metals were similarly found
in minute quantities in the sewage sludge sampled from the same WWTP
by Mosolloane et al.™

Ecotoxicological assays

Survival of Eisenia fetida in biochar-amended and non-amended
sewage sludge

The results show that there was no significant difference (p > 0.05)
in the survival rates of E. fetida exposed to biochar-amended and non-
amended sewage sludge for 28 days (Figure 1). This indicates that
the presence of biochar did not statistically affect or improve the odds
of survival of E. fetida. Nevertheless, survival rates in the 25, 50 and

Metal (mg/kg) EPA 3052 method Water extraction 100% sewage sludge treatments was 100% (Figure 1). In comparison,
c 2911 003 in the absence of biochar in the same treatments, survival rates were
' : : 60, 80 and 90% for 25, 50 and 100% treatments, respectively. Such
Ni 15 053 beneficial attributes of biochar to the survival of the earthworm E.
fetida have been reported by several authors: Elliston and Oliver*,
Cu 139.5 0.88 Malinska et al."!, Malinska et al.”, Kim et al.*®, Zhang et al.*® and Nyoka
et al.?6 Earthworms have been reported to thrive in sewage sludge
In 840 A.76 amended with biochar by ingesting sewage and biochar particles, later
dispersing them through casting.®*' Dominguez et al.*? also reported that
Cd 0.66 <05 . - . L
E. fetida utilises sewage sludge as a food source, thus its ability to do well
Pb 51.01 <02 in soil amended with sewage sludge. This report has been corroborated
by the works of Contreras-Ramos et al.* and Malinska et al.*’ It is worth
Hg 0.80 0.16 noting that a sewage sludge of ‘best quality’ class a should not inflict
As 999 0.14 significant mortality on such terrestrial worms as previously reported by
' ' Mosolloane et al.'* using the portworm Enchytraeus albidus.
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Figure 1:  Survival rate of adult Eisenia fetida worms at 20 °C after 28 days of exposure to non-biochar and 10% biochar amended sewage sludge from the
Harrismith Wastewater Treatment Plant. Error bars represent standard deviations.
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Reproduction of Eisenia fetida in biochar-amended and
non-amended sewage sludge

For both biochar-amended and non-amended sewage sludge, there was
no significant reduction in cocoon production in the 100% (pure) sewage
sludge when compared to the control (p > 0.05; Figure 2). Despite this
observation, in pure sewage sludge, the reproduction of E. fetida was
visibly hampered in both the biochar-amended and non-amended sewage
sludge. This observation is similar to the findings of Mosolloane et al.™
who reported a lack of reproductive output in the pot worm Enchytraeus
albidus after exposure to the pure sewage sludge from the same WWTP.

In the present study, the lack of significant differences in cocoon
production between all the treatments indicates that biochar amendment
did not improve the odds of reproduction in E. fetida. Although some
authors, such as Gong et al.>* and Nyoka et al.*%, have reported improved
reproduction rates in E. fetida in biochar-amended soil, others, such
as Li et al.®, have reported the contrary in the same species. The
same dichotomy exists in enchytraeids, with some? finding improved
reproduction rates in Enchytraeus albidus and others®® reporting no
effect of biochar on the reproduction of Enchytraeus crypticus. Dlamini
and Voua Otomo® have argued that these seemingly heterogeneous
findings could be explained by differences in both biochar amendment
rates and the sources of the feed used to make the biochar. Indeed, in
both studies by Nyoka et al.®3, an amendment rate of 10% biochar was
used, and the biochar was made of pine wood. In the study by Gong
et al.*, the rates varied from 0% to 6% and bamboo was used to make
the biochar. Li et al.*® used apple wood chips as a source of their biochar
and applied amendment rates ranging from 0% to 20%. Marks et al.%
used even greater rates, ranging from 0% to 50% with biochar made
from poplar and pine wood.

Biomass change in Eisenia fetida exposed to biochar-amended
and non-amended sewage sludge

After 28 days of exposure, there were no significant changes in the
biomass of E. fetida in all amended and non-amended treatments except
for the 50% biochar amended treatment in which a significant weight
gain was observed (Figure 3). The results from this study are similar
to the results obtained by Liesch et al.** after they looked at the effect
of pine chip biochar on the growth and survival of E. fetida. Although
not always significant, Figure 3 reveals a slight increase in biomass in
all biochar-amended treatments, indicating that the presence of biochar

ONon-biochar

Number of cocoons

Figure 2:
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has a somewhat positive effect on the biomass of E. fetida. This could
be attributed to the fact that there was an increase in nutrient content in
the soils amended with biochar. It has been reported that biochar can
increase the capacity of the soil to absorb and replenish plant nutrients,
which in turn has a positive impact on soil invertebrates.% The
observed increase in earthworm biomass is supported by the findings
of Li et al.¥ who reported biomass gains after incubating E. fetida for
28 days in soil amended with different rates (0.1,10, and 20%) of biochar
produced from apple wood chips. Atkinson et al.* reported that biochar
can convert organic matter into useful and consumable nutrients or
elements that soil invertebrates use as food, thus resulting in increases
in biomass. However, other authors, such as Gomez-Eyles et al.%, have
reported weight loss in E. fetida exposed to soil treated with deciduous,
hardwood-derived biochar.

Acetylcholinesterase activity of Eisenia fetida

After assessing the activity of AChE in different rates of biochar in the
absence of sewage sludge, significantly high activity could only be
observed in the 15% biochar amended soil (Figure. 4). These findings
demonstrate that even in the absence of a pollutant, high biochar
amendment levels, particularly above 15%, resulted in an increase
in AChE activity. Khalid et al.®" claimed that adding biochar from
corncob biomass to soils alone can harm earthworms at a molecular
level, in addition to affecting their behaviour, growth and reproduction.
Furthermore, they reported a substantial increase in AChE inhibition
(i.e. low AChE activity) in the earthworm Pheretima posthuma at 5%
and 10% amendment rates after 30 days of exposure in soil amended
with 0, 5, 10, and 25% biochar. Such inhibition in AChE activity was not
observed in the present study. The pine tree biochar assessed herein
favoured biochar activity, especially in the 15% amendment rate. The
divergence in findings between our studies could be due to differences
in both the biomass used to create the biochar and the duration of
exposure, which was substantially shorter in our case (4 vs 30 days).

Catalase activity of Eisenia fetida

Catalase activity was similar in the earthworms exposed to all biochar
amendment rates except for the 10% amendment in which it was
significantly higher. This indicates an increase in oxidative stress
associated with greater rates of biochar amendment (Figure 5),
especially considering that catalase activity was statistically similar in
both highest amendment rates.

B Biochar amended

50% 100%

Concentration %

Number of Eisenia fetida cocoons produced at 20 °C after 28 days of exposure to non-biochar and 10% biochar amended sewage from the

Harrismith Wastewater Treatment Plant. Error bars represent standard deviations.
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Figure 3:  Comparison of the biomass of Eisenia fetida at 20 °C before and after 28 days of exposure to non-biochar and 10% biochar amended sewage
sludge from the Harrismith Wastewater Treatment Plant. Error bars represent standard deviations.
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Figure 4:  AChE activity in Eisenia fetida after a 96-h exposure to biochar-amended (5, 10 and 15%) and non-amended OECD artificial soil. Data represented

are the means of three replicates. Error bars represent standard deviations and different letters represent significant differences.

Our findings are supported by those of Han et al.®? who found no
appreciable variations in the catalase activity of E. fetida exposed to
0-5% biochar made from rice straws, although other authors such as
Shi et al.53 have reported a significant increase in catalase activity in
E. fetida exposed to soil amended with less than 5% biochar made from
cow dung. In our study, such low biochar rates did not result in any
significant alterations in catalase activity, indicating that the feed used
to make the biochar might play a role in the observed variations. The
pyrolysis temperature might also be a factor. Shi et al.%3 discovered
that biochar made at a pyrolysis temperature of 550 °C resulted in
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more increased catalase activity than those at the lower temperature of
350 °C or the higher temperature of 750 °C. Similarly, Kim et al.*®
examined how biochar generated from biomasses of perilla, sesame,
and pumpkin seeds affected the earthworm E. fetida, and discovered
that at 5% amendment, the biochar produced at a pyrolysis temperature
of 550 °C caused higher catalase activity than biochar produced at a
temperature of 300 °C. The biochar utilised in this study was made at
a temperature range that should cause relatively less catalase activity
(400-450 °C), although our pine tree biochar did cause noticeable
catalase increases at 10% amendment (Figure 5).
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Figure 5:

Catalase activity of Eisenia fetida after a 96-h exposure to biochar-amended (5, 10 and 15%) and 0% biochar amended OECD artificial soil. Data

represented are the means of three replicates. Error bars represent standard deviations and different letters represent significant differences.

Conclusions

We set out to test whether biochar amendment could help improve the
quality of sewage sludge by assessing multiple endpoints at biomarker
and whole organism levels in the earthworm Eisenia fetida. Our results
show little to no benefit to selected life-cycle parameters. A biochar
rate experiment revealed that biochar rates of 10% and 15% could
significantly increase catalase and AChE activities, respectively. Overall,
the results indicate that biochar amendment could help organisms such
as earthworms better withstand environmental stress brought about by
sewage sludge application or be used as a prior step to environmental
disposal of wastewater treatment waste.
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Multi-stakeholder value creation and appropriation
from food-related health claims

Health claims are considered a means to add value to food and beverages; however, itis not always evident
which stakeholders benefit and to what extent they benefit. In this paper, we extend the investigation of value
creation and appropriation into the domain of food, specifically food labels. Using a qualitative approach,
we aimed to elucidate which forms of value can be created by legislating health claims (including those
for bioactive compounds found in South African indigenous plants) on food labels. The findings reveal that
health claims have the potential to advance the sustainable development agenda in South Africa, but only
if structures can be put in place to appropriate human and intellectual (HI) value, as well as environmental
value. Currently, there is strong evidence for economic value creation and appropriation potential, but little
clear evidence that HI or environmental value will be appropriated from health claims, especially if these
health claims exclude benefits from bioactive compounds found in indigenous South African plants. If we
could find a means to measure the HI and environmental value creation potential of health claims, using
metrics that people understand, we may be able to develop strategies to ensure that such products can
benefit stakeholders beyond economic value alone (i.e. more sustainable value creation). The findings
could directly impact food labelling policy formulation, considering current draft regulations to implement
health claims in South Africa.

Significance:

The medicinal plant biodiversity of South Africa offers opportunities for economic, human and intellectual
(HI), and environmental value creation through legislated health claims. Without clear metrics for the HI and
environmental components, economic value creation may dominate, but the value created might not be
sustainable or appropriated by the desired stakeholders. Furthermore, because the current draft legislation
for health claims excludes any bioactives from indigenous South African plants, much of the economic, HI
and environmental value creation potential reported as potential outcomes for this research (e.g. funds to
communities, knowledge preservation or biodiversity conservation) will not materialise.

Introduction

In South Africa, as in much of the world, the growing incidence of non-communicable diseases (NCDs) is of
concern.' Key drivers of NCDs are more sedentary lifestyles and changes in the composition of our food.>*
Research highlights that, post-1994, South Africans have been eating fewer vegetables and consuming more
kilojoules — many derived from sugar-sweetened beverages and processed foods.® Not only is there an increase in
diabetes-related mortality (7% compared to a global average of 3%), but also in the challenges of living with such
a disease: reduced personal well-being, reduced capacity to work and increased healthcare costs®®.

Food labelling is considered a cost-effective tool in the fight against the rising NCD burden due to the potential it
holds to communicate information about the nutritional properties of food.® In particular, health claims on food
labels can bridge the information gap that exists between the consumer’s knowledge and the manufacturers’
understanding of the intrinsic qualities of a food product.’® In South Africa, ‘health claim’ means an effect on
the human body, including an effect on one or more of the following: (1) a biochemical process or outcome;
(2) a physiological process or outcome; (3) a functional process or outcome; (4) growth and development;
(5) physical performance; (6) mental performance; (7) a disease, disorder or condition; and (8) oral hygiene."
There are various means by which to establish such claims. Screening, identification and analysis of functional
ingredients, analysis of mechanism of action, and development of agricultural products rich in these functional
ingredients is a primary mechanism." Traditional medicinal use is another acknowledged method to establish a
health claim, although not widely accepted in food legislation.™

Japan is a good example of a country that has tailored food labelling and legislation to achieve better health
outcomes and has an established history of allowing foods to carry a range of scientifically validated health
claims." Food for Specialised Health Uses (FOSHU) was adopted by the Japanese government in 1991, followed
by Food with Nutrient Functional Claims (FNFC) in 2001, and Food with Function Claims (FFC) in 2015." The
introduction of FFC unlocked new market growth in a sector that had essentially become stagnant after 2007.'
One of the first primary processed products for which a claim was allowed was Japanese green tea, produced
from the Benifuuki cultivar.'® In comparison with common green tea, Benifuuki is rich in 0-methylated catechins,
responsible for anti-allergic effects.’” With the recent expansion of FFC to include selected fresh produce, producers
(i.e. farmers) can now also benefit from the system.'? Examples of FFC fresh produce are B-cryptoxanthin-
rich Satsuma mandarins' and the corresponding claim “This food contains B-cryptoxanthin, which reportedly
maintains bone health; 3 mg/day”*®.

South African legislation relating to health claims on food is still pending."" Claims under consideration include
function claims such as “Beta-carotene functions as a tissue antioxidant and so keeps cells healthy” and reduction
of disease risk claims such as “Diets low in sodium may reduce the risk of high blood pressure, a disease associated
with many risk factors, in some individuals”. Notably, there are no claims for plant bioactives such as mangiferin,
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aspalathin, and L-canavanine from the South African plants honeybush,
rooibos, and Sutherlandia frutescens'®?, typically consumed as
teas and with a long history of traditional use. Bioactive compounds
of indigenous plants such as these show promise in preventing and
reducing risk factors for NCDs, although human studies are still needed.

Consumers, producers, non-governmental organisations, industry
bodies, marketing agents and policymakers (to name but a few) all play
a role in influencing food policy.? When dealing with such a diverse
collection of stakeholders, there are complementarities and trade-offs
to consider and, thus, a holistic view of value creation and appropriation
from the perspective of these stakeholders could provide the ability to
maximise the value ‘pie’ that can be created from food labels. This study
examines the types of value that can be created by putting health claims
on food labels in South Africa (including claims related to bioactives
from indigenous plants). It also outlines the stakeholders for which value
can be created and where it might be captured.

Methods

Study design and setting and recruitment

A pragmatic paradigm was used to answer the research question.?” To
gain an in-depth understanding of potential value creation, in-depth
qualitative interviews were conducted with a focused sample. The aim
was not to make generalisations about the views of a larger population.”
The study was conducted in accordance with the Declaration of Helsinki,
and approved by the Research Ethics Committee of Stellenbosch
University (FESCAGRI-2020-11491) prior to commencement of the
research. Respondents provided informed consent before the start of the
interviews. They were thanked for their contribution, but not compensated.
Professionals were specifically recruited for their diverse professional
qualifications to achieve maximum variation in perspectives. Professional
contacts of the lead author were approached initially, followed by snowball
sampling (accounting for approximately 50% of respondents). Consumer
respondents were approached via Facebook through direct messaging
based on their ability to inform the research question. A deliberate effort
was made to exclude consumers who worked in the food or healthcare
industries.

Procedure

Prior to the interviews, the interview guide was tested with a convenience
sample of three professionals. All interviews, typically 45—-60 min long,
were conducted in English via video conferencing between February and
May 2020. Respondents were asked to share their views on what type
of value could be created by incorporating health claims on food labels
in South Africa. Based on their responses, follow-up questions, such as
“What other benefits are there from food labels, and who benefits from
them?” were asked to gain additional insight or clarity. Interviews were
conducted until theoretical saturation was achieved?, i.e. when no new
insights emerged from interviews.

Data analysis and trustworthiness

The interviews were audio recorded, transcribed and coded (i.e. names
assigned to segments of the interview transcripts, based on the
content). The six capitals model of the International Integrated Reporting
Council® was used as an initial guide to identify forms of value reported
by participants®. Thematic analysis was performed®" whereby codes
were arranged into groups with similar themes, resulting in three final
themes pertaining to value creation through health claims on food
labels. Trustworthiness was ensured through the process of respondent
validation (also known as member checking)®2* and by ensuring a clear
audit trail.

Results

Study sample characteristics

A total of 49 interviews were conducted with food-related professionals
accounting for 35% (n = 13) of the professional sample, healthcare-
related professionals for 32.5% (n = 12) and professionals not
associated with either industry (n = 12). Details of the professional
respondents, including potential conflicts of interest, are provided in
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. Furthermore, 12 consumer respondents were
interviewed; 7 of the 12 consumer respondents had a B-degree, while
4 had a postgraduate qualification.

Value creation by food labels incorporating health claims

Respondents initially struggled to answer the question, “What forms of
value do you think can be created by including health claims (including
indigenous health claims) on food labels?” Better responses were
obtained by rephrasing the question and replacing the term ‘value’ with
‘benefits’.

Using thematic analysis, we found support that food labels bearing
scientifically validated health claims could add value in three domains —
namely economic, human and intellectual (HI) and environmental — for
a range of stakeholders including farmers or producers, businesses,
government, individuals, communities, and society at large. It is
important to note that health claims are both a manifestation of, and
tool for, transferring ‘knowledge value’. This was captured as intellectual
value, incorporated into HI value.

Economic, HI and environmental benefits did not receive equal mention
(Table 1). Overall, the majority of respondents (7 = 38; 77.6%) believe that
food labels with health claims could generate economic value. Only two
respondents (4.1%) directly highlighted environmental benefits, whilst
approximately half of the respondents (7 = 27; 55.1%) felt that health
claims could create HI benefits. Some respondents mentioned broader
HI and environmental benefits associated with labelling in general, but
they did not explicitly link these to the presence of health claims. These
are reflected as indirect mentions in Table 1. lllustrative quotes used to
identify the value domains are available in

Economic value

Most respondents considered the value creation potential of food labels
with health claims to be primarily economic in nature but appropriated
by different stakeholders.

Farmers, producers and businesses

Health claims were predominantly considered to benefit (in terms of
economic value) businesses such as food manufacturers due to the
commercial opportunity they present (P17). This relates specifically to
opportunities to develop new products with claims that will drive product
differentiation and enhance desirability — ultimately leading to increased
sales or higher prices (P33, P13, P14, P21).

Health claims, according to Respondent P24, would increase product
appeal on the international market (thereby boosting market growth),
as well as allow producers to charge higher prices for their products
and generate higher profits. This was felt to be especially relevant when
communities are highlighted as beneficiaries (P24), as consumers
enjoy supporting such initiatives. Whilst respondents agreed that health
claims could generate economic benefits for businesses, several raised
concerns about whether such benefits would be evenly distributed
between smaller and larger enterprises (P37) (i.e. appropriation bias to
larger players).

Respondent E9 echoed the possibility of higher profits for all stakeholders
in the value chain, starting with farmers and producers. Respondent P12
indicated that plant breeders could benefit economically (financially)
from the cultivation of specific plants with desirable properties (including
substances that could be used to make health claims).

Finally, several respondents highlighted that the government would need
to be wary of unscrupulous manufacturers and marketers who might
make unsubstantiated claims to defraud consumers simply to make
profits. The quote from Respondent C3 is illustrative:

If I think about the average person, if you make
a claim, it will probably create a hype and
excitement and people will make decisions based
on that [substance] being in a product... It’s hard
for a consumer to know whether it’s a marketing
claim or a scientific claim...I think there’s too
much chance of corruption...
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Table 1:
Respondent
Yes
Not food nor healthcare industry n=12)
Food industry or related* (n=13)
Healthcare industry or related* (n=12)
Consumers (n=12)
Sub-total “Yes” (n=49)
Indirect
Not food nor healthcare industry (n=12)
Food industry or related* (n=13)
Healthcare industry or related* n=12)
Consumers (n=12)
Sub-total “Indirect” (n=49)
No mention
Not food nor healthcare industry (n=12)
Food industry or related* (n=13)
Healthcare industry or related* n=12)
Consumers (n=12)
Sub-total “No mention” (n=49)

TOTAL
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The percentage of respondents who mentioned economic, human and intellectual or environmental value for food labels with health claims

Economic I:Iuman and Environmental
intellectual

10 7 1
8 12 1
1" 6 0
9 2 0

38 (77.6%) 27 (55.1%) 2 (4.1%)
0 1 2
0 0 6
0 0 1
0 2 2

0 (0%) 3 (6.1%) 11 (22.4%)

2 4 9
5 1 6
1 6 1
3 8 10

11 (22.4%) 19 (38.8%) 36 (73.5%)
49 49 49

*One respondent worked in both the food industry and the healthcare industry; we counted the respondent in the healthcare group.

Government

The key anticipated economic value that can be created by health
claims would be a healthier public (P33), which spills over into
economic value in the form of reduced healthcare spending for
governments. If the public is not healthy, costs escalate, as articulated
by P34:

If our diabetics and hypertensives [i.e. hypertensive
patients] are on treatment but they are very unhealthy
and these conditions are poorly controlled, they cost
us more money. They cost everybody else more
money because of how medical schemes work - the
healthy people subsidise the sick people. So, if you
have more sick people, then the contributions go up,
and we spend more on health, and the cost of health
care just keeps going up, and up, and up.

Individuals, communities, and society at large

Links to economic value for individual consumers that can be derived
from health claims were limited. Respondent P17 alluded to the
idea that if consumers appropriately use health claim information, it
could presumably lead to better health and more efficient spending
(i-e. reduced personal financial health burden). This benefit, however,
is not necessarily available to all. Respondent P27 highlighted that
healthier products, including those with claims, frequently come at
a higher cost to individual consumers, limiting the ability of lower-
income consumers to reap such benefits. Respondent P37 also
highlighted an important caveat for the appropriation of economic
value to individuals:
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It really adds to the tools that you have at your
disposal... to use labels to educate clients and
patients. But it is within the limitations of saying
that it is more your well-educated consumer that
it will benefit, and it will probably not benefit the
others [less educated consumers] because it will
just make it more confusing.

Communities were highlighted as a potential beneficiary of economic
value only in cases where the health claims were derived from indigenous
knowledge (P12) and the source material is grown in such communities.
In such cases, government protocols must be in place to guarantee that
communities benefit. Respondent P11 expressed concerns around long-
term monitoring and evaluation of such benefits, citing past challenges
with Fairtrade rooibos where small-scale farmers did not experience all the
anticipated benefits due to the greater efficiency of larger-scale farmers.

Through healthier choices, individuals can also influence the market
in the longer term and make healthier choices the more economical
choices for society: “If we start seeing a shift towards healthier foods,
then economies of scale will drive down the costs and the unhealthier
ones will become less popular.” [C5]

Human and intellectual value

Health claims have the potential to create HI value for individual
consumers if consumers read the food label, interpret the information
and then use the information to make food-based decisions that benefit
their health (P27, P24, P13, P17). Apart from the economic benefit of
better health described in the previous section, good health has value in
itself in the form of quality of life, happiness, longevity, etc.
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Whilst HI value of health cannot be appropriated by business (as it is
a public good), it can be appropriated at an individual level in the form
of increased (individual) knowledge about the benefits of products (due
to claims). Respondent P16 spoke of the health platform that is well
established for cranberries and the prevention of urinary tract disorders
(i-e. when consumers understand the benefit and this drives its demand).
Health platforms, as a result of knowledge gain, result in economic value.

The potential for the sharing and preservation of traditional knowledge
is an interesting result from the interviews, although only one
respondent (P12) was able to expound on this. She emphasised the
need for preserving such knowledge because younger generations are
not always interested in doing so, and the knowledge may be lost as
a result. Furthermore, Respondents P12 and P16 stated that applying
this knowledge could result in economic benefits for communities by
creating jobs (due to the cultivation of indigenous plants). However,
concern was expressed about the materialisation and management of
such benefits (Respondent P12, Supplementary table 3).

Environmental value

Overall, respondents made very little mention of the potential for health
claims to create environmental value. Although two respondents (P18 and
P19) pointed out that smaller businesses can differentiate their products
by demonstrating greater care for the environment, they did not link this
directly to health claims. The most significant references to environmental
value from health claims concerned biodiversity preservation. Respondent
P13, an entrepreneur and marketer of indigenous teas, explained how
communities are preventing indigenous trees from becoming firewood,
and protecting them from ‘parasites’, so that the leaves might be sold
to her tea company. Her teas are widely linked to various health benefits
based on traditional knowledge, although she does not make direct health
claims on her products. Similarly, Respondent P12 shared insights into
how traditional healers are cultivating the plants used in their traditional
herbal remedies, thereby contributing to biodiversity preservation.
Respondent P25, using Fairtrade as an example, pointed out that, due to
various governance and certification procedures (and the cost involved),
such programmes do not represent the majority of products on the shelf
and therefore their total impact is limited.
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Integrated view of value creation

Based on interview responses, the key value creation ‘mechanisms’
from food labels with health claims, when such health claims are
derived from indigenous products, were integrated into a system
diagram (Figure 1). Reinforcing loop R1 shows that the consumption
of products with health claims can lead to increased demand for such
products, enticing farmers to cultivate indigenous crops, thereby
increasing industry capacity, as well as subsequent supply. Increased
supply generally has an inverse impact on product cost, hence the cost
of such products could reduce in the longer term. In the short term,
however, the higher cost of products with health claims would limit
their consumption. As highlighted by respondents, economic, HI and
environmental value may be created throughout this process, but the
stakeholders appropriating the value do not remain constant. This is
discussed further in the next section.

Reinforcing loop R2 shows that the consumption of products with
health claims can improve personal health, potentially reducing the
personal financial burden of ill health, and increasing expendable
income. This additional expendable income can presumably also
be spent on products with health claims, thus driving consumption
(feeding into R1). At the population level, improved personal health
drives the proportion of the public that are healthy, which would reduce
the public health burden (assuming real health benefits are attained
from the consumption of food products with health claims). Finally,
reinforcing loop R3 illustrates that the demand for products with
health claims can drive investment in research, increasing the level of
proof for the health benefits of indigenous products, as well as driving
consumption. In the process, indigenous knowledge is preserved.

Discussion

How, by whom, and for whom value is created are three perspectives
on value that can influence food policymakers’ decisions, and yet
are poorly described in food labelling policy literature. Based on
the interviews conducted, South Africa’s biodiversity presents an
opportunity for economic, HI and environmental value creation through
health claims. However, the distribution across these domains is not
equal. Health claims are only perceived as positive by specific target
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consumers — those who need the product, understand the benefit,
and can afford it. Similar findings exist in the literature®®; but what is
pertinent for South Africa, is that these customers appear to be from
higher-income and better-educated demographics, which are at odds
with where benefits are most needed (i.e. in the lower-income groups
who are less educated and largely reliant on public health). So, whilst
health claims can generate economic value for plant breeders, farmers,
communities, and businesses, achieving that value may conflict with
the HI value creation of making the wider society healthier. The wider
public may be able to reap the HI value (health benefit) if individuals with
greater purchasing power can push demand to the point where prices of
products with health claims fall; however, this could be at the expense
of farmers, communities, and businesses. In other words, in the longer
term, value could slip (i.e. when value is created by one source but
captured by another) from the plant breeders, farmers, communities
and businesses to the public.

A further challenge to value creation from health claims emanates from
the question of whether consumers will understand the health claims,
or what format they must take to sway consumer purchase decisions
(assuming they can afford the product). Health claim formats have not
been researched in South Africa. The increasing amount of information
on food labels increases the complexity of consumer decision-making
and can result in greater consumer scepticism toward food labels.*
Furthermore, we know that consumers are likely to receive the same
claims differently based on their pre-established networks and beliefs.®
We also know that food labels (without health claims) are not well
understood under current circumstances in South Africa®, so adding
more information might not have the desired effect, i.e. of enhancing
knowledge and health.

In the long run, health claims may lead to an increase in the number of
‘health platforms’, as more customers become aware of the benefits of
specific products, thereby driving sales. This raises the question of how
to create and grow such health platforms. One approach to accomplish
this could be through marketing by businesses that have conducted the
research or have access to research. Despite respondents in this study
being sceptical about the motivation of companies making health claims
(i.e. only to make money), we need to acknowledge that such companies
represent one lever that can be used to establish ‘health platforms’ that
can ultimately benefit the public.

The cost and time associated with validating health claims may be
prohibitive for smaller players, and thus to benefit more stakeholders,
the government would need to step in and make the research available
to all. This is the situation in Japan with FFC."2 South Africa, unlike Japan,
does not have approved health claims, so whilst the government’s bio-
economy strategy“® is already driving research on various indigenous
plants and other areas, it could be considered a waste of resources if
claims are not legally permitted (i.e. value is not captured).

Without health claims, consumers cannot learn of benefits; knowledge
cannot grow, be shared or preserved; ‘health platforms’ cannot form;
fewer products may be sold; and thus little to none of the economic,
HI or environmental value will be realised. This highlights the need to
reconsider how health claims could be verified and implemented in
South Africa. The Japanese FFC model might be the most advantageous
to investigate for possible implementation in South Africa, bearing
cultural differences in mind.

Various Fairtrade and other studies have shown that when products for
the mainstream market are derived from communities that have never
before participated in the economy, such trade has the potential to create
jobs and address HI challenges related to poverty.** The signing of the
Rooibos Benefit Sharing Agreement in South Africa is a local example of
international significance that has for the first time led to funding streams
for indigenous communities.*

There is little doubt that health information about specific food
products would enhance their sale and use — as highlighted by
Respondent P16 in his reference to the urinary tract ‘health platform’
for cranberries. Rooibos has benefitted from global demand and
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distribution due to its perceived health benefits?, although no such
claims are presently allowed. More human studies substantiating
the health benefits of rooibos are required.*® Care should be taken,
if health claims are legislated, that sustainable value is created for
multiple stakeholders rather than benefitting a few (as was the case in
the past with rooibos).*

Whilst environmental value can be created by labelling initiatives,
the present study highlights two key challenges. Firstly, there is a low
awareness of the environmental value creation potential of health claims.
Consumers in South Africa often struggle to identify environmentally
friendly goods and are unable to verify the environmental claims made
by these goods.*” Secondly, the costs of verifying the environmental
value could hamper the benefits. Without claims, there would be lower
demand and less incentive to cultivate indigenous plants, reducing the
potential for biodiversity preservation.*4

Lastly, health claims provide an opportunity to conserve knowledge, as
well as the possibility to create new knowledge as a result of further
research.% Because of cost and time, it may be necessary to adopt a
more innovative strategy, such as the formation of industry bodies that
can undertake research and disseminate the results to all stakeholders,
big and small. In Japan, the government coordinates knowledge
generation and dissemination®, but in a country with limited resources,
such as South Africa, private—public partnerships would be needed.

Limitations

Given the qualitative methodology, the study remains explorative.
Nevertheless, it can serve as a starting point for more research into
long-term value creation from food labels with health claims or any other
health-related on-pack mechanisms.

Conclusion

While the economic value creation potential of incorporating health
claims on food labels already appears to be fairly well understood, the
findings clearly indicate that more work is needed to close the gaps
in understanding how HI and environmental value can be captured.
If this is not done, the introduction of health claims is unlikely to
deliver sustainable value for multiple stakeholders. This research also
highlights a paradox: by boosting economic value for stakeholders
such as producers, communities, and enterprises (increased demand
and pricing, driven by health claims), a large percentage of the general
population may be excluded from the benefit of better health. That is,
without additional interventions, the wealthier and better educated in
South Africa may be the only ones who improve their health. Of final
concern is the fragmented approach to research on indigenous and other
products, as value can only be fully appropriated if health claims can be
made. There are opportunities for long-term value creation, but more
research is needed for a deeper understanding of what barriers exist and
how to overcome them.
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Shape analysis of the nasal complex among South
African groups from CBCT scans

Three-dimensional (3D) anatomical extraction techniques could help the forensic anthropologistin a precise
and inclusive assessment of biological phenotypes for the development of facial reconstruction methods.
In this research, the nose morphology and the underlying hard tissue of two South African populations
were studied. To this end, a 3D computer-assisted approach based on an automated landmarking workflow
was used to generate relevant 3D anatomical components, and shape discrepancies were investigated
using a data set of 200 cone-beam computer tomography (CBCT) scans. The anatomical landmarks were
placed on the external nose and the mid-facial skeleton (the nasal bones, the anterior nasal aperture,
the zygoma, and the maxilla). Shape differences related to population affinity, sex, age, and size were
statistically evaluated and visualised using geometric morphometric methods. Population affinity, sexual
dimorphism, age, and size affect the nasal complex morphology. Shape variation in the mid-facial region
was significantly influenced by population affinity, emphasising that shape variability was specific to
the two population groups, along with the expression of sexual dimorphism and the effect of ageing. In
addition, nasal complex shape and correlations vary greatly between white and black South Africans,
highlighting a need for reliable population-specific 3D statistical nose prediction algorithms.

Significance:
e 3D anatomical structures were acquired and extracted from 200 CBCT scans of modern South Africans.

¢ Geometric morphometric methods were applied.

e Soft- and hard-tissue nasal complex morphology vary across South African groups.

Introduction

The human phenotype is a suite of apparent morphological characteristics of a person, which are dependent on the
expression of genes (genotype) and the environment. Today, with the development of new technologies, biological
anthropologists are able to extensively and intensively collect these quantitative phenotypic data for evaluating
variation within and between populations. These population-specific data are often applied in the forensic sciences
(e.g. biological profile and facial reconstruction), medicine (e.g. orthopaedics, prosthetics, and plastic surgery),
and education.” Today, modern 3D digital imaging methods provide researchers with extensive in vivo and non-
invasive databases of 3D representations of the face (soft and hard tissues).

Ultrasound?, magnetic resonance imaging®, computer tomography (CT), and cone-beam computed tomography
(CBCT)*5 scans are examples of digital imaging modalities that provide an optimal means for capturing information
on facial appearance within a population.

However, standard approaches for working with big data, as represented in readily available 3D images from public
and private hospitals, have not grown as fast as the research ideas for applying variation found among phenotypic
features within a population to real-world outcomes. With knowledge of both soft tissue and hard tissue, we can
now use this understanding of variation in forensic anthropology, such as quantifiable biological variation among
population groups, which helps provide an accurate biological profile.® Precise quantification of anatomical shape
from digital images is essential for evaluating phenotypic variation and applying this knowledge to evolutionary
processes, medicine, and the forensic sciences. Nevertheless, standard guidelines for how to collect data from 3D
images need to be considered. Traditionally, in biological anthropology, this has been accomplished by collecting:
(1) linear distances; (2) measurements between manually set landmarks; or (3) shape data by assessing the entire
array of landmarks using geometric morphometric models (GMM). However, the manual placement of anatomical
landmarks is time-consuming, prone to significant intra- and inter-observer error, and remains challenging to
standardise in practice."*’ To avoid the problems of manually placing landmarks by multiple operators, the utilisation
of automatic anatomical extraction techniques, such as automatic landmarking, is more suitable for analysing large
data sets.>® Today, the utilisation of GMM instead of linear distances is fostered for phenotypic variation analysis
because it allows the extraction of size-free shape variables to elucidate the patterns of shape variation more
satisfactorily. Using a dense configuration of landmarks will also give a more comprehensive evaluation of the
morphology and is preferable for applications that need extensive knowledge of the biological phenotypic changes,
such as estimating a biological profile in forensic anthropology.

There are discrete patterns of biological variation among humans, such as clinal phenotypic variability, which is
often driven by social and cultural aptitudes and noticed at geographical distances.®® Numerous bioanthropological
investigations on population affinity related shape changes have proven the effect of environmental influences
on nose shape™®, emphasising the fundamental premise that the external nose shape and anterior nasal aperture
are pivotal in climate adaptation.’® From the scientific literature, discrete morphological differences have already
been noticed between all South African groups.''* Numerous osteometric investigations have indicated that some
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mid-face features, such as alveolar prognathism and nasal breadth, are
population affinity related morphological variations.'"-3

Identification of a person from their skeletal remains is problematic in many
developing-world countries, including South Africa.™ Due to social and
political situations, standard identification procedures such as fingerprinting
and DNA comparisons are not always applicable. Furthermore, many South
African people do not have identification documents. Further compounding
these circumstances is that many migrants are coming into the country
from all over Africa. Consequently, this context necessitates using creative
and cost-effective technologies such as facial reconstruction techniques
to assist in creating visual representations for the prospective identification
of deceased family members.

Craniofacial reconstruction (CFR) is defined as the presumed
morphological correlation between soft tissue and underlying hard tissue.
Three categories of facial reconstruction techniques exist: 2D, 3D manual
facial reconstruction, and 3D computer-based facial reconstruction.
The scientific community acknowledges that manual CFR techniques
necessitate a high level of sculptural and anatomical proficiency and
remain subjective in practice.'>'® Today, researchers in the field of CFR
utilise technological advances such as computer science and medical
imaging to develop alternative computer-based CFR methods to improve
the objectivity of facial reconstructions during criminal investigations.*%'”
Computers are more impartial and consistent than forensic artists."
The computer incorporates all modelling assumptions and provides
identical output data repeatedly.'” Furthermore, some techniques may be
automated, such as developing several reconstructions from the same
target skull based on various modelling assumptions (e.g. biological
variation)."” The history and evolution of craniofacial reconstruction
methods and their applications have shown the extent of human diversity
within and across communities, laying the foundations for the current
development of accurate population-specific standards.

The presumptive identification of an unknown person is predicated on
the existence of quantifiable phenotypic variations and the relationship of
these variations to the individual’s socio-cultural identity.'® Socio-cultural
identity in South Africa is based on the cohesive social classifications
imposed on people during the apartheid period, notably ‘White’, ‘Black’,
‘Coloured’, and ‘Indian’. People in these groups hail from vastly distinct

Non-rigid surface registration.

Automatic landmarking

Figure 1:
landmarks positioning; and (c) automatic landmarking.5®
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geographical environments and have already exhibited various cultural
and biological characteristics. For instance, ‘white’ people mainly
descend from European immigrants, including Dutch, German, British,
and French." In comparison, the modern ‘black’ population groups are
the descendants of Sotho, Venda, Nguni, and Shangaan-Tsonga migrants
who came to southern Africa due to Bantu language tribes migrating
from central and western Africa.'8'°

In addition, assortative mating among the modern South African
population enhanced the already substantial biological variability
between groups. Consequently, it fostered the persistence of skeletal
variation to the extent that forensic anthropologists may categorise an
unknown person into four major socially identifiable categories: black,
coloured, Indian or white South Africans.?

In this study, we aimed to establish standardised and comprehensive
morphological representations of the nasal complex (mid-facial skeleton
and external nose) within two South African population groups from an
extensive CBCT database that can be used to examine phenotypic diversity.
In this research, we propose a reliable assessment of morphological
variations attributable to variables (population affinity, age, sex, and
allometry) by applying an automated landmarking workflow® and GMM.

Materials and methods

A retrospective and anonymised database of CBCT scans was collected
from two South African institutions: the Life Groenkloof Hospital and the
Oral and Dental Hospital, Pretoria, South Africa. All CBCT scans were
acquired using a CBCT scanning modality with the following specifications:
90 kV, 11.2 mA, 0.4 mm voxel size, and 230 x 260 mm field of view.
Subjects were excluded if they presented with any condition that could
affect the morphology of the face (e.g. orthodontic treatment, pathological
conditions, facial asymmetry, or any facial interventional reconstructive
surgery), resulting in 200 usable scans. Therefore 200 adult South
Africans with an average age of 40.51 years (SD: 16.17), of whom 100
were black South Africans (33 women, 67 men) and 100 were white
South Africans (65 women, 35 men), were selected from the available
database for this study. Ethical approval (No: 301/2016) to conduct this
research was obtained from the Main Research Ethics Committee of the
Faculty of Health Sciences at the University of Pretoria in South Africa.

Anterior Zygomatic bones

nasal aperture
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We used the MeVisLab v. 2.7.1 software to create the triangular
surface mesh and carry out anatomical extraction. Relevant anatomical
structures in 3D were obtained and retrieved using an already tested
and published automatic dense landmarking workflow.>® The automated
landmarking workflow used is depicted in Figure 1.

Biological landmarks were respectively placed on the external nose (soft
tissue) and the facial skeleton (hard tissue) following the definition in
facial approximation literature*?' (Figure 1b). A total of 21 capulometric
landmarks were placed to capture the external nose morphology. Five
craniometric landmarks were recorded on the nasal bones and eight
craniometric landmarks on the anterior nasal aperture. On the zygomatic
bone, nine craniometric landmarks were placed, whereas, on the maxillary
bone, ten craniometric landmarks (two median and eight bilateral
pairs) were positioned. A total of 41 craniometric and 21 capulometric

Shape analysis of the nasal complex
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landmarks were recorded for 3D manual facial reconstruction and 3D
computer-based facial reconstruction, respectively. Table 1 shows
the definition and reproducibility of craniometric landmarks placed
automatically and used in this study.

In this research, all statistical analyses were carried out using R studio
for Windows?? version 1.0.44-®2009-2016. The complete sample (400
3D reconstructions) was subjected to a test of the repeatability of the
digitisation in terms of inter- and intra-observer errors using the dispersion®
for each landmark and specimen. The dispersion was used to assess the
reproducibility of digitisation across and between observers (inter- and
intra-observer) for the complete sample (400 3D reconstructions) based
on the utilisation of automatic landmarking. The mean Euclidean distance
between the landmark and the mean of the (x,y,z)-landmark coordinates
across all observations for each specimen is used to measure dispersion.

Definition

Intersection of the nasofrontal sutures in the median plane.

Midline point on the internasal suture midway between the nasion and rhinion.

Most rostral (end) point on the internasal suture.Cannot be determined accurately if
nasal bones are broken distally.

The point where a line drawn between the inferior most points of the nasal aperture
crosses the median plane. Note that this point is not necessarily at the tip of the
nasal spine.

The deepest point seen in the profile view below the anterior nasal spine
(orthodontic point A).

Most anterior midline point of the nasal spine.

Median point between the central incisors on the anterior most margin of the
maxillary alveolar rim.

Most superior point of the zygomatico-temporal suture.

Most inferior point of the zygomatico-temporal suture.

Vertex of the posterior zygomatic angle, between the vertical edge and horizontal
part of the zygomatic arch.

Most lateral part of the zygomaticofrontal suture.

Point on the orbital rim marked by the zygomaticofrontal suture.

Point at the intersection of the frontal, maxillary, and nasal bones.

Lateral point on the orbit at a line that bisects the orbit transversely.

Most inferior point on the inferior orbital rim. Usually falls along the lateral half of the
orbital margin.

Intersection of the orbital margin and the zygomaticomaxillary suture.

Intersection of the anterior lacrimal crest with the frontomaxillary suture.

Most inferior point of the nasomaxillary suture on the nasal aperture.

Instrumentally determined as the most lateral point on the nasal aperture in a
transverse plan.

Most infero-lateral point of the piriform aperture.

Most inferior point of the piriform aperture.

Most inferior point on the zygomaticomaxillary suture.

Most supero-medial point on the maxillary inflexion between the zygomaxillare and
the ectomolar.

Point on the superior alveolar ridge superior to the crown of the maxillary canine.

Table 1: Definition and reproducibility of craniometric landmarks placed automatically and used in this study*?'
Landmarks Abbreviation Nature

Craniometric

1 Nasion n M
2 Mid-nasal mn M
3 Rhinion rhi M
4 Nasospinale ns M
5 Subspinale b SS M
6 Akanthion ak M
7 Prosthion pr M
8/9 Zygotemporale superior zts B
10/11 Zygotemporale inferior zti B
12/13 Jugale ju B
14/15 Frontomalare temporale fmt B
16/17 Frontomalare orbitale fmo B
18/19 Nasomaxillofrontale nmf B
20/21 Ectoconchion ec B
22/23 Orbitale or B
24/25 Zygoorbitale 20 B
26/27 Maxillofrontale mf B
28/29 Nasomaxillare nm B
30/31 Alare al B
32/33 Piriform curvature cp B
34/35 Nariale na B
36/37 Zygomaxillare zm B
38/39 Submaxillare curvature csm B
40/41 Supra canine SC B
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Figure 2:  Between-group principal component (PC) analysis of external nasal soft tissue shape and mid-facial hard tissue and components grouped by

population affinity (a,b) and by sex and population affinity (c,d). (a

, ) Mid-facial hard tissue and (b, d) external nasal soft tissue. Red circles

indicate black South Africans; green triangles indicate white South Africans; purple circles indicate black women; blue triangles indicate black
men; yellow pluses indicate white women; and orange crosses indicate white men.

Geometric morphometric methods were used to quantify and evaluate
shape differences attributable to population affinity, sex, size, age
variables, and covariates in both shape configurations (soft and hard
tissues). Geometric morphometrics reflects the geometry of the placed
landmarks and enables visualisations of statistical findings as real shape
deformations.?

Prior to statistical analysis, a general Procrustes analysis, a principal
component analysis, and a multivariate normality test using Q-Q plots
were run on both 3D reconstruction types for the complete sample and
each population subgroup, namely white and black South Africans. First,
a general Procrustes analysis was used to provide pose-invariant shape
coordinates for both configurations.#%® Then, a principal component
analysis was applied to minimise the dimensionality of the data and
provide independent principal component scores that accounted for
95% of the sample’s total variance. Finally, by evaluating Q-Q plots®,
the normality of soft and hard tissue principal component scores was
examined. The effect of the population affinity, sex, age, and allometry
variables on the complete sample’s soft and hard tissues was first
performed. The expression of sexual dimorphism, ageing, and size effect
(allometry) was then analysed for each subsample independently to
identify population-specific variations. Finally, the covariations between
nasal soft and hard tissue and population affinity dependency were
analysed.

Using R-package geomorph?, simple and multiple analysis of variance
(ANOVA/MANQVA) parametric tests were applied to examine shape
variations across the population, sexes, and age groups. Additionally,
R packages ffmanova® and Morpho®® were used to execute two non-
parametric tests, 50-50 MANOVA? and permutation testing’, to support
the findings. Finally, standard discriminant function analysis (DFA)* using
the Morpho® R package was also carried out to categorise population
affinity and sex based on leaving-one-out cross-validation to evaluate the
classification’s reliability.

Using the JVM R package®, allometry’s impact was determined by
generating linear models using soft and hard tissue configurations
as response variables and population affinity, sex, age, and centroid
size as predictors. The significance of each variable was determined
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using 50-50 MANQVA and multivariate analysis of (co)variance
(MANCOVA)® with Pillai trace. MANCOVA is employed to analyse
the relationships between several dependent variables and one or
more categorical or continuous explanatory factors.?® In addition,
the correlation between the two blocks of shape coordinates was
examined using the two-block partial least squares®® analysis
available in the Geomorph R package.?

Results

Multivariate normality analysis indicated non-parametric distributions for
various hard tissue features, such as the anterior nasal aperture and the
maxillary morphologies, for the complete sample and within population
affinity subgroups. For this reason, all results were examined using both
parametric and non-parametric tests, and outcomes were only judged
acceptable if both tests yielded equivalent results. With regard to the intra-
and inter-measurement errors of the craniometric (mean: 0.22 mm; SD:
0.02mm) and capulometric (mean: 0.23 mm; SD: 0.04 mm) landmark
locations placed using the automatic landmarking procedure, lower mean
values were found for both configurations (soft and hard tissues).

Complete sample

The findings revealed that population affinity contributed the most to
shape variance in the complete sample for both soft and hard tissue
shape component configurations (Figure 2a,b). Moreover, all statistical
tests (Table 2) demonstrated a significant difference between the
population means. Finally, the classification reliability was 100% overall.
(Table 2). Judging by visual observation in Figure 4a,b of the hard tissue
(Figure 4a) and soft tissue (Figure 4c) mean shape representations, the
wider shape could be attributed to black South Africans. The box plots
(Figure 3a,b) further illustrated that the centroid sizes were slightly larger
within black South Africans than in white South Africans. Nonetheless,
this variance was limited in terms of the mean morphologies of the
groups, showing relatively small shape variations related to population
affinity specific size. Also, the interaction between size and population
affinity testing reported non-significant differences for hard tissue,
including all the skeletal elements evaluated separately, as well as for
the soft tissue (Table 2).
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Table 2:  Results of soft and hard tissue population affinity differences and covariation between soft and hard tissues and their dependence on population

affinity
Complete sample Black South African White South Africans
Population affinity Population affinity*Size Covariation* Covariation*
Test' Test? DFA Test® r-pls p-value r-pls p-value
Mid-facial region 0.001 0.001 100% 0.431 0.613 0.001 0.563 0.001
Nasal bones 0.001 0.001 100% 0.216 0.562 0.001 0.545 0.001
Nasal bone (left) 0.001 0.001 99% 0.554 0.549 0.001 0.492 0.002
Nasal bone (right) 0.001 0.001 100% 0.583 0.584 0.001 0.515 0.001
Anterior nasal aperture 0.001 0.001 100% 0.623 0.468 0.008 0.523 0.003
Anterior nasal aperture (left) 0.001 0.001 99% 0.580 0.460 0.007 0.477 0.008
Anterior nasal aperture (right) 0.001 0.001 100% 0.563 0.467 0.008 0.468 0.007
Zygoma 0.001 0.001 100% 0.556 0.570 0.001 0.458 0.022
Zygomatic bone (left) 0.001 0.001 100% 0.553 0.536 0.001 0.465 0.006
Zygomatic bone (right) 0.001 0.001 100% 0.534 0.577 0.001 0.414 0.052
Maxilla 0.001 0.001 100% 0.598 0.605 0.001 0.540 0.001
Maxillary bone (left) 0.001 0.001 100% 0.627 0.587 0.001 0.518 0.002
Maxillary bone (right) 0.001 0.001 100% 0.623 0.570 0.001 0.330 0.505

Test', MANOVA; Test?, permutation test; DFA, discriminant function analysis; Test’, ANOVA. Significant p-values (<0.05) are indicated in bold.

*Correlation between mid-facial region and external nose tested by two-block partial least square (pls) analyses.
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Figure 3:  Centroid sizes grouped by population affinity (a,b) and by sex and population affinity (c,d) of the mid-facial hard tissue (a,c), and the external nasal
soft tissue (b,d) shape components. Red: black South Africans; green: white South Africans; purple: black women; yellow: white women; blue:
black men; orange: white men.

The external nose and the underlying mid-face configuration of the two Furthermore, while evaluating the components of the mid-facial skeleton,
South African populations appeared morphologically distinct (Figure the nasal bones of black South Africans appeared to be more integrated

4a,b). Indeed, white South Africans were seen to have a longer and more into the skull (or blunt), whereas the nasal bones were more prominent in
prominent external nose than their black South African counterparts. white South Africans. The anterior nasal aperture of black South Africans
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External nasal soft-tissue shape

b
d
f
h
i

'

Mid-facial hard tissue and external nasal soft tissue shape differences between population affinity, sex, and age averages. (a,b) Mid-facial hard

tissue and external nasal soft tissue shapes. Red: black South Africans; green: white South Africans. (c,d,e,f) Sexual dimorphism in mid-facial
hard tissue and external nasal soft tissue shape differences for the black and white populations separately. (c,d) Soft and hard tissue shapes of
black South Africans (purple: black women; blue: black men). (e,f) Soft and hard tissue shapes of white South Africans (yellow: white women;
orange: white men). (g,h,i,j) Soft and hard tissue shape ageing differences for the black and white populations separately. (g,h) Soft and hard
tissue shapes of black South Africans (purple: 18 years; green: 79 years). (i,j) Soft and hard tissue shapes of white South Africans (yellow: 18

years; orange: 79 years).

is wider and more rounded than that of white South Africans, which is
smaller and more restricted (or pear-shaped). In terms of the maxilla,
black South Africans displayed prognathism, while white South Africans
displayed orthognathism. In both population groups, the zygomatic
bones were retracted, although this was more pronounced in the white
South Africans than in the black South Africans. Additionally, white South
Africans have narrower zygomatic bones than black South Africans.

Sexinteracted with population affinity in the complete soft and hard tissue
sample. The between-group principal component analyses (Figure 2c,d)
confirmed a strong separation between population groups and illustrated
a similar expression with sexual dimorphism (Figure 4c,d,e,f) for both
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soft (Figure 2c) and hard tissue (Figure 2d) shape components. However,
when elements of the mid-facial shape were considered separately,
the covariation between sex and population affinity was insignificant
(Table 3), demonstrating the absence of population affinity specific
expression of sexual dimorphism for the hard tissue shape. However,
the interaction between sex and population affinity was statistically
significant for the external nose, suggesting population affinity specific
expression of sexual dimorphism (Table 3).

In the complete soft and hard tissue sample, the interaction of age and
the covariate age with population affinity and sex was shown. For the
underlying bone tissue morphology, all tests did not report a similar
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Table 3: Soft and hard tissue sexual dimorphism in the complete sample and within population affinity groups
Complete sample Black South Africans White South Africans
Population affinity*Sex Size*sex Size*sex
Test Testd Test' | Test? | Test* | DFA Test? Test'" | Test? | Test' | DFA Test®
Mid-facial region 0.325 0.253 0.015 0.008 0.008 96% 0.270 0.017 0.019 0.616 93% 0.501
Nasal bones 0.121 0.086 0.053 0.049 0.000 76% 0.631 0.158 | 0.164 0.000 83% 0.629
Nasal bone (left) 0.364 0.396 0.036 0.034 0.052 71% 0.619 0.068 | 0.055 0.014 70% 0.620
Nasal bone (right) 0.060 0.082 0.006 0.006 0.000 79% 0.558 0.165 | 0.178 0.000 80% 0.621
Anterior nasal aperture 0.622 0.562 0.005 | 0.005 0.003 82% 0.378 0.514 0.516  0.476 79% 0.152
Anterior nasal aperture (left) 0.400 0.097 0.003 0.006 0.002 82% 0.618 0.454 | 0.424 0.234 68% 0.615
Anterior nasal aperture (right) 0.555 0.495 0.011 0.006 0.001 76% 0.571 0.239 ' 0.214 0.129 76% 0.587
Zygoma 0.249 0.372 0.001 0.001 0.000 91% 0.381 0.001 | 0.001 0.000 93% 0.593
Zygomatic bone (left) 0.394 0.502 0.002 0.002 0.000 86% 0.088 0.001 ' 0.001 0.000 90% 0.532
Zygomatic bone (right) 0.684 0.765 0.001 0.001 0.000 84% 0.521 0.002 0.001 0.000 94% 0.516
Maxilla 0.397 0.311 0.097 0.107 | 0.002 88% 0.531 0.029 0.021 0.000 94% 0.579
Maxillary bone (left) 0.173 0.188 0.025 0.032 0.000 82% 0.684 0.034 0.025 0.000 90% 0.378
Maxillary bone (right) 0.275 0.228 0.133 ' 0.147 | 0.003 82% 0.620 0.013 0.008 0.000 91% 0.641
External nose 0.008 0.008 0.005 0.005 0.014 88% 0.679 0.001 | 0.001 0.016 90% 0.378

Test', MANOVA; Test?, Permutation test; Test’, ANOVA; Test, MANCOVA; Test’, 50-50 MANOVA; DFA, discriminant function analysis. Significant p-values (<0.05) are indicated in

bold.

outcome for age, but significance was reported for the covariation
between population affinity and age (Table 4). Regarding the soft tissue
shape, both parametric and non-parametric tests reported significance
with age, and for the interaction between age and population affinity.
When the hard tissue elements were analysed separately, the right
anterior nasal aperture and the right maxilla seemed to show a higher
variability of shape with ageing when compared to the other skeletal
elements, as well as for the interaction between population affinity and
age (Table 4). On the other hand, apart from the right maxillary bone, all
tests on soft tissue and skeletal elements reported significance for the
interaction between sex and age, or for the interaction among population
affinity, sex, and age. Age and its interaction with population affinity
significantly contributed to overall soft and hard tissue shape variation
(Figure 4g,h,i,j).

All three variables — population affinity, sex, and centroid size — were
examined to create an impression of the extent to which allometry is
responsible for variability in the morphology of soft and hard tissues
in the complete sample. All statistical tests indicated size significance
for the hard tissue shape (Table 5). In addition, the nasal bones, the
left anterior nasal aperture, the left zygomatic bone, and the left
maxillary bone were significant for the interaction between size and
population affinity when all parts of the hard tissue area were evaluated
independently. On the other hand, no significance was found for the
interaction between sex and size, and only the nasal aperture and the
maxilla showed a significant interaction among population affinity, sex,
and size, with both parametric and non-parametric tests. Regarding the
soft tissue shape, both parametric and non-parametric statistical tests
reported significance for size (Table 5). No significant interaction was
observed between population affinity and size, or among population
affinity, sex, and size for soft tissue shapes. Qverall, size is an essential
contributor to the variation found in the soft and hard tissue shapes.

Population affinity subsamples

Population affinity differences were visible within the data, and to identify
significant population affinity specific variations, the expression of sexual
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dimorphism, the ageing process, and the impact of size (allometry)
were analysed for each population affinity subsample (white and black
subsamples) separately and on both soft and hard tissues.

Sexual dimorphism was verified in all hard tissue elements in the black
South African sample (Table 3), while only the maxillary and the right
maxillary shapes had no significance in parametric and non-parametric
tests. For the hard tissue structure, a DFA showed an accuracy rate of
96%. When we examined the anatomical parts independently in the
black South African population, the zygomatic morphology showed
the most significant sexual dimorphism, with a DFA of 91%. Only the
morphology of the zygoma and the maxilla demonstrated the presence
of sexual dimorphism in the white South African population, with DFA
achieving 93% and 94% accuracy, respectively. Sexual dimorphism
in the soft tissue shape was confirmed in both populations (Table 3).
Although sexual dimorphism of the soft tissue shape was accentuated
for the white South African sample, all tests also reported significant
differences between group means for the black South African sample.
A DFA on the soft tissue shape revealed an accuracy of 88% for the
black South African sample and 90% for the white South African group,
demonstrating the prevalence of sexual dimorphism in both populations.

The soft tissue and hard tissue shape differences between sex averages
for black South Africans (Figure 4c,d) and white South Africans (Figure
4e,f) confirm the statistical findings of sexual dimorphism in each
population group. Non-significant differences in the size variations for
the hard tissue, including all the skeletal elements evaluated separately,
as well as for the soft tissue (Table 3), were noted. For both population
affinity groups and for both soft and hard tissue shape configurations,
the centroid sizes were slightly larger in the male individuals than in the
female individuals (Figure 3c,d), demonstrating that the expression of
sexual dimorphism regarding centroid size is therefore very similar in
each population group.

Table 5 shows that, in both groups, age had a statistically significant
influence on hard tissue morphology, demonstrating that age affects
hard tissue shape variation. There was a strong correlation between
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Table 4: Soft and hard tissue shape change associated with age in the complete sample and within population affinity groups
Complete sample Black South Africans White South Africans
Population ey
Age ) p Sex*Age affinity*Sex* Age Sex*Age Age Sex*Age
affinity* Age
Age

Test* | Test = Testt | Test® | Test* | Test® | Test* = Testt | Test* | Test | Test* = Testt = Testt = Testt = Testt | Testt
Mid-facial
i 0.054 ' 0.012  0.002 0.000 0.454 0.288 0.317 | 0.302  0.006 0.000 0.001 0.064 0.001 0.015 0.020 0.015
Nasal bones | 0.420 | 0.309 @ 0.763 @ 0.484 0.501 0.760 | 0.989 @ 0.996 0.357 | 0.372 0.880 K 0.863 = 0.401 0.429 | 0.306 0.328
Nasal bone
(eft) 0.363 = 0.230 | 0.740 0.547 @ 0.782 | 0.632 0931 | 0975 0.670 0.694 | 0.758 0.770 0.548 0.583 | 0.565 0.586
Nasal bone
(right 0.507  0.298 | 0.391 0.266 @ 0.302 = 0.412 0981 | 0952 0.595 0.581 | 0.770 A 0.775 0548  0.548 | 0.754 = 0.797
Anterior
nasal 0.109 = 0.127  0.017 0.003 0.746 0.842 0.687 0.691 0.009 0.000 0.008 0.057 0.134 0.038 0.826 @ 0.901
aperture
Anterior
zszftlure 0.112  0.032 | 0.034 0.011 0598  0.796 0.348 | 0.533 0.115  0.057 | 0.368 0.454 0.282 0.276 | 0.904 0.934
(left)
Anterior
gszftlure 0.024 0.036 0.134 0.108 0.433  0.625 0.081 0.052 0.011 0.002 0.003 0.002 0.080 0.030 0.748 0.731
(right)
Zygoma 0.530 0.596 | 0.014 0.145 0.896  0.791 0769 | 0.700 0.040 0.092 | 0.070 = 0.151 A 0.102 @ 0.079 | 0.521 = 0.412
Zygomatic
bone (ift) 0.373 | 0.450 | 0.038 0.165  0.737 | 0.674 0210 | 0.193 0.121  0.113 | 0.153 = 0.155  0.574  0.408 | 0.304 0.188
Zygomatic
bone (right) 0.190 0.302 | 0.026 0.060 0.518 | 0.467 0.151 | 0.098 0.042 0.023 | 0.098 0.030 0.159 0.078 | 0.732 0.518
Maxilla 0.132 | 0.064 0.015 0.000 0.228 0.370 0.129 0.117  0.149 0.001 | 0.280 0.028 0.031  0.090 0.119 @ 0.121
Maxillary
bone (ieft) 0.137 | 0.094 | 0.079 0.038 0.379  0.279 0587 | 0.528 0.016 0.011 | 0.679  0.720  0.185 0.393 | 0.566 0.376
Maxillary
bone (right} 0.004 0.001 0101 0.019 0.009 0.020 0.005 0.002 0.109 0.043 | 0.044 0.046 0.039 0.057 | 0.075 0.017
External
nose 0.001 0.000 0.009 0.010 0.674 0.665 0.723 | 0.730 0.000 0.000 0.002 0.595 0.007 0.006 0.754 0.876

Test’, MANCOVA; Test®, 50-50 MANOVA. Significant p-values (<0.05) are indicated in bold.

the form of the anterior nasal aperture, right zygoma and left maxilla
in the black South African sample and the impact of age on shape
variability in the white South African sample, according to all statistical
tests. In both samples, significant interactions between age and sex
were found in the hard tissue shape, indicating that sex-dependent
ageing processes exist. In addition, all tests reported a significant
influence of age on the soft tissue, suggesting that age affects, or at
least influences, shape variability of the external nose (Table 4) in both
population groups. No significance was found for the interaction of sex
and age on the soft tissue, indicating that the influence of ageing was
independent of sex.

The statistical findings on ageing processes in each group are confirmed
in Figure 4, representing the external nose and the underlying hard tissue
shape differences between average age from 18 to 79 years for black
South Africans (Figure 4g,h) and white South Africans (Figure 4i,).

Separately for both population affinity groups, all tests showed
significance for size for all soft and hard tissue components. In both
groups, no statistical significance was noted for the interaction between
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sex and size on the soft and hard tissue shapes, demonstrating a similar
trend for allometry between the sexes and tissue types. Only the left
zygomatic bone and the right maxillary bone showed a significant
interaction between sex and size in the black South African sample
(Table 5). In both population groups, size is essential for explaining soft
and hard tissue shape variability.

Covariation within soft and hard tissues in each
population affinity subsample

Population affinity is paramount to evaluating shape variation in the soft
and hard tissues of the nose. Therefore, to assess covariation within
soft and hard tissue morphology and its reliance upon population
affinity, the data set was divided into subgroups specific to ethnicity
(white South African and black South African). In black South Africans,
all correlations between soft and hard tissue components were reported
to be significant. In comparison, most variables, excluding zygomatic
matrices and the right maxillary component, were significantly correlated
within white South Africans (Table 2).
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Table 5: Soft and hard tissue shape changes associated with size in the complete sample and within population affinity groups
Complete sample Black South Africans White South Africans
. Population e Population . o . o
Size affinity *Size Sex*Size affinity *Sex*Size Size Sex*Size Size Sex*Size
Test* | Testt Test* Tests | Test* | Testd Test* Tests Test* Test® | Test* | Test® | Test* = Test® | Test* | Test
Mid-facial region ~ 0.000 0.000 0.527 0478 0.636 0728 0467 0716 0.000 0.000 0280 0.277 0.000 0.000 0.124 0.098
Nasal bones 0.000 0.000 0000 0002 0611 0445 0313 0238 0.000 0.000 0.229 0.190 0.000 0.000 0.718 0.676
Nasalbone (left)  0.000 0.000 0.000 0.144 0312 0248 0577 0476 0.000 0000 0.142 0.142 0.000 0.000 0.780 0.780
Nasal bone (right)  0.000 0.000 = 0.014 0004 0287 0208 0466 0658 0.000 0.000 0323 0324 0.000 0.000 0.632 0.632
:‘p”;f{'uor;“asal 0000 0.000 0263 0215 0559 0444 0023 0013 0000 0000 0462 0406 0.000 0.000 0.090 0.072
Anterior nasal 0.000 0.000 0000 0021 0029 0122 0355 0092 0.000 0.000 0.042 0.065 0.000 0.000 0.135 0.135
aperture (left)
A S 0.000 0.000 0460 0329 0135 0.099 0159 0137 0.000 0.000 0.690 0.629 0.000 0.000 0.106 0.085
aperture (right)
Zygoma 0000 0.000 0227 0166 0405 0357 0264 0212 0000 0000 0.125 0187 0.000 0.000 0.122 0.362
fl‘é?t‘)’mat'c bone 5000 0.000 0017 0010 0298 0337 0552 0487 0000 0000 0.044 0020 0000 0.000 0230 0375
fr‘i’gst’)mmbone 0.000 0.000 0149 0078 0561 0482 0380 0481 0.000 0.000 0.373 0558 0.000 0.000 0.856 0.984
Maxilla 0.000 0.000 0074 0044 0718 0655 0.005 0012 0.000 0.000 0.35 0.303 0.000 0.000 0.780 0.709
Maxillary bone (eft) 0.000 0.000 0.024 0.013 0911 0856 0162 0127 0.000 0.000 0829 0749 0.000 0.000 0532 0.473
'(\fiZ’r‘]'l')arybO“e 0.000 0000 0012 0085 0610 0593 0.000 0.000 0.002 0.001 0.006 0.003 0.000 0.000 0577 0515
External nose 0000 0.000 0167 0189 0932 0932 0383 0383 0.000 0.000 0138 0191 0.809 0.000 0.047 0530

Test’, MANCOVA; Test®, 50-50 MANOVA. Significant p-values (<0.05) are indicated in bold.

Discussion

Variation in the mid-facial skeleton and related soft tissue (the
external nose) is influenced by a variety of factors, including
population affinity, sex, age and allometry. Nasal shape variation
results from the divergent development and growth of the craniofacial
skeleton. This biological variation, in both soft and hard tissues,
can be attributed to hormonal, genetic and epigenetic factors as
well as external stimuli (e.g. biomechanical factors)®-* and must
be considered in the approximation of the nose. The understanding
and quantification of human biological phenotypes allow for the
development of accurate facial approximation guidelines applicable
to forensic anthropology.

During skeletal development, and to preserve function and
proportionate growth, the bony elements of the face fluctuate in size and
morphology, as well as in location within the craniofacial complex.3'-%
During growth, the skull evolves through two concurrent and inter-
associated processes, namely ‘modelling’ and ‘displacements’ of the
skeletal components.®'-* Due to the bone growth biomechanics of
craniofacial morphology, such as the resorption of the canine fossae,
the nasal area, and the inferior edge of the zygomatic region, the adult
face exhibits forward and downward development directions.? During
adulthood, the remodelling of the underlying skeletal structure® and
changes in the facial musculature resulting from gravity and the effects
of hyperdynamic facial expressions may influence the soft tissue
morphology of the nose with advancing ageing.* Literature indicates
that facial soft tissue ageing varies by a decade of life, gender, and
population affinity.* Consequently, our findings demonstrate that the
remodelling of the underlying skeletal structure influences the shape
of the nose throughout craniofacial development, highlighting that the
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components of the nose cannot be regarded as independent aspects
of the craniofacial skeleton and that the effect of variables such as
population affinity, sex, and age must be taken into account to interpret
the observed variation.

Several bio-anthropological studies have demonstrated the effect
of environmental variables on variance in nose morphology across
populations.’® Generally, researchers consider that the shape of the
external nose and the anterior nasal aperture contribute to climate
adaptation by controlling air temperature to protect the pulmonary
functions against extreme environments.” On account of geographical
variation, physical anthropologists are able to estimate population
affinity by translating biological traits to a culturally elaborated labelling
system.®

In addition, Serre and Pd&bo®* noted a close relationship between
biology and culture and stated that “genetic discontinuities seen between
population groups are not racial or continental in nature but depend on
historical and cultural factors”. Moreover, Qusley and colleagues® have
demonstrated that biological phenotypic variation within population
groups is quantifiable and may be useful in providing a potential
classification of an unknown individual. Morphological variation is
observed over geographical distances, which is often driven by cultural
and social aptitudes.®

Apartheid-era categories are no longer enforced by law in South
Africa; yet contemporary South Africans continue to self-identify
according to such classifications. People’s cultural position in the
nation depends on their ability to socially identify as a member of one
of the several South African ethnicities.®” As a result, the majority of
South Africans (80.5%) identify as black, followed by coloured (8.8%),
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white (8.3%), and Indian/Asian (2.5%).*” The assortative mating
within these groups has bolstered the already evident morphological
differences within and across groups?, resulting in the continuation of
skeletal variation.?® Consequently, the three primary social categories
of South Africans are now black, coloured and white.

Several studies have described distinct biological variations in mid-
facial shape and size among South African groups.'-'3% Indeed,
distinct characteristics from the mid-face, such as inter-orbital breadth,
nasal width, alveolar prognathism and nasal bone morphology, are
significant population affinity related phenotypic variations.!-38
Variation in nasal soft and hard tissue structures between and among
worldwide population groups has also been described.* For instance,
Schlager* observed a significant difference in soft and hard tissue nasal
morphologies between Chinese and European groups. While European
nasal features are relatively pronounced, Chinese nasal shapes are
smoother and more integrated into the craniofacial skeleton.* In our
study, black and white South Africans demonstrated distinct population
shape variation in soft and hard tissues. These variations present a
challenge for facial reconstruction. Few effective techniques exist that
take into account the influences of biological parameters (population
affinity, sex, age) on the morphology of the face.*® Current facial
approximation approaches restrict the objectivity and precision of
the reconstruction by ignoring population-specific variables. Recent
research among South African groups® and on other European and
Asian populations* emphasises the significance of taking into account
the effect of variables such as population affinity, sex, and age on the
approximation of the nose. Disregarding biological parameters when
initiating approximations will affect the precision of the final facial
reconstruction.

The assessment of sex is dependent on quantifying and interpreting the
manifestation of sexual dimorphism in a population.*>4' Based on our
results, sexual dimorphism plays a crucial role in the overall variance
of the nose’s soft and hard tissues and might help discriminate
between the sexes. At birth, babies display a slight sexual dimorphism,
with significant divergence occurring during puberty, which is also
expressed as variation in nasal dimensions.*? In recent literature,
variation in nasal complex shape has been investigated using standard
morphometric methods, based on angles and distances*-6 or soft
tissue thickness®, that address a link between asymmetry and facial
masculinity.

In CFR, the nose is crucial in differentiating female and male facial
features, and therefore contributes to the creation of precise facial
approximation of an unknown individual.*6

Only one approach, developed by Schlager* using GMM on Chinese
and European samples, has been used to address these challenges
for reconstructing the nose. Schlager* observed that population affinity
seemed to statistically impact the manifestation of sexual dimorphism
in differences in the shape of the nose among Chinese and European
populations. Nevertheless, Schlager emphasised that “this impact is
negligible from a biological standpoint”. Numerous studies®'''® using
conventional morphometric techniques have shown considerable
variation in facial skeletal morphology (size and form) between the
sexes in the South African research environment. In general, it has
been established that sexual dimorphism is less pronounced in the
black South African population than in other populations (white and
coloured).81-13

In our study, visualisations of sexual dimorphism suggest that the shape
change is consistent between soft and hard tissue configurations, and
that the general similarity seems to outweigh the difference. Nonetheless,
the sex distribution in each sample (100 black South Africans (33 female,
67 male) and 100 white South Africans (65 female, 35 male)) may affect
the findings on sexual dimorphism to some extent.

Ageing is almost as important as sex when considering variation in
both soft and hard tissue shapes. Generally, studies focus on standard
metric measurements*® and/or additional area and volume analyses*
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of the external nose. These studies have revealed ageing-related nose
lengthening, broadening, and angle changes.**

Few studies using GMM describe age-related craniofacial shape
variations. Only two recent findings, on a French sample*® and a Chinese
and European sample®, found age-related changes in adults’ external
nose dimensions.

Our results on age-induced changes in the shape of soft tissues are
similar to those of prior research using conventional anthropometric
techniques. Indeed, in both population affinity groups, age influenced
soft and hard tissue shape. In this research, we observed that age-
related morphological differences across population affinity might be
explained by tissue deterioration and the effects of gravity. However,
findings on the effect of ageing may, to some extent, be impacted by the
sample’s age distribution.

Conclusion

Population affinity, sex, age, and size (allometry) influence the biological
variability of the nasal complex, both in soft and hard tissue shapes.
Population affinity was found to be an essential factor for shape variation
within the sample, highlighting population affinity specific differences.
Additionally, within population affinity groups, sexual dimorphism and
ageing appeared to influence distinct elements of the shape of the mid-
facial region. From the findings, the two South African groups varied
considerably in terms of soft- and hard-tissue nasal complex shapes
and their correlations, emphasising the importance of considering
biological parameters and highlighting the need for population-specific,
accurate, and reliable 3D statistical prediction methods. The current
situation of unidentified persons in South Africa will significantly benefit
from research into morphological variation among modern South African
populations to generate consistent and precise identification guidelines,
such as using South African standard facial reconstruction methods.
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