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Background and Welcome
It is 20 years since the University of Cape Town hosted a Benguela
Symposium. In 1996 the Benguela Dynamics Symposium was held, following
the earlier Benguela Trophic Functioning Symposium in 1991 and The
Benguela and Comparable Ecosystems in 1986. In hosting this year’s
Symposium on Benguela: Opportunity, Challenge & Change, UCT's Marine
Research Institute aims to provide a platform to showcase recent research in
the region, to place Benguela research in a global context and to promote
future research partnerships and collaborations.
Participants at the Benguela Symposium include researchers from countries
bordering the Benguela region (South Africa, Namibia, Angola), from
countries involved in research projects in the region (including France,
Germany, Norway, the UK and the USA) and from researchers working in
other eastern boundary upwelling ecosystems. We are very pleased to
welcome to the Symposium 185 participants from 14 different countries. We
hope the week will be stimulating and fruitful, and that many old friendships
will be renewed and new ones initiated.
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Registration
Registration and welcome function will take place in the Sports Science
Institute on Monday 14 November from 17h00- 19h30, with late registration
from 08h00 on Tuesday 15 November at the Belmont Conference Centre.
Please wear your name-tag at all times, as this acts as your ticket for entry,
refreshments and lunch.
Venues
Main venue: Sports Science Institute of South Africa. Boundary Road, Newlands,
Cape Town. This venue will be used on all days EXCEPT for the oral sessions
on Tuesday 15 November from 09h00 to 17h30. However, it WILL be used for
the poster session on Tuesday 15 November from 17h30 to 19h30.
The venue is situated next to the Newlands Rugby Stadium. There will be free
(nearby but offsite) parking at Kelvin Grove. The venue is within 200m of
Newlands Railway Station. It is about 30 minutes walk from UCT middle
campus.
Second venue: Belmont Square Conference Centre. Belmont Road, Rosebank,
Cape Town. This venue will be used ONLY for the oral sessions on Tuesday 15
November from09h00 to 17h30.
There will be free (nearby but offsite) parking. The venue is within 200m of
Rondebosch Railway Station. It is about 15 minutes walk from UCT middle
campus.
The venues are shown in a map that can be accessed at:
https://drive.google.com/open?id=1ATkWby90hN7ks05rIcY_6s2fRaE&usp=sharing

Welcome function and Poster Session
Light snacks and drinks will be served during the first two evening functions.
Two drink tickets per person per function can be found inside your name tag.
These will get you a complimentary wine, beer or soft drink. Cash bar available
thereafter.
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Presentations
Presentations (other than keynotes) are 15 minutes in total duration (12
minutes talk, plus 3 minutes for questions and changeover). The time schedule
will be strictly enforced by the session chairs. Presentations can be loaded
during registration or during any of the tea and lunch breaks – please enquire
at the registration desk. Kindly make sure that your presentation is loaded, at
the latest, during the tea or lunch break before your session.
Posters
Poster display boards will be erected before the welcome function and will be
labelled with numbers. Poster numbers are shown in the abstract book so
please consult that first. Posters should be hung by lunchtime on Tuesday 15th.
There will be opportunities to view posters during the tea and lunch breaks and
at the special poster session on Tuesday afternoon between 17:30 and 19:30.
Poster presenters should be in attendance at their posters during the poster
session.
Social Media
Tweeting about the symposium? Use #Benguela2016
To encourage debate and to further the wider scholarly knowledge project, the
symposium encourages sharing via social media: Blogs and Facebook for
example are welcome. Twitter in particular is a powerful platform and
attendees are “free to tweet” unless the poster or oral presentation has a “notweet” logo attached.
All the usual scholarly and academic rules still stand. If unpublished data is
being presented you cannot disseminate this without permission. If a slide or
poster has sensitive or unpublished data this may not be recorded or
disseminated unless permission is granted from the author/s. None of this is
really new. Use common sense and err on the side of caution when tweeting,
blogging, instagraming or sharing information in other ways.
** If you do not want your material to be shared please make use of a “no
tweeting” logo such as this one on slides/posters that are sensitive and/or
at the beginning of your presentation.**
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Symposium Banquet
 Transport: The Symposium Banquet will be held at Kenilworth
Racecourse on Thursday 17 November 18h30. If you require transport,
there will be a bus leaving from the UCT middle campus (All Africa
House) at 18h00 and returning at 22h30. Please make sure you sign up at
the registration desk before Thursday. Other transport options for your
own account include metered taxis or Uber (if you have a smartphone
and the Uber app loaded). Parking space is available should you wish to
take your own transport.
 Entrance: Please make sure you bring your name tag, this will be your
entry ticket for the banquet.
 Meal Choice: You will have already received an email requesting you to
choose your 3-course meal for the evening. In case you don’t remember
what you chose, we have printed it out and put it inside your name tag.
 Bar: Cash bar available, all major credit cards accepted. Please drink
responsibly; we do not encourage drinking and driving.
Special Issue - Journal of Marine Systems
From 15 November and for two weeks thereafter (until 30 November), all oral
and poster presenters are invited to submit manuscripts addressing the
conference themes for consideration as part of a special issue of Journal of
Marine Systems. Authors can find guidelines for submission at the following
link
https://www.elsevier.com/journals/journal-of-marine-systems/09247963/guide-for-authors
and should be sure to select the article type ‘SI: Benguela Symposium 2016’
when submitting.
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Dress: The weather in Cape Town is usually warm in November, but please be
prepared for cooler days as well. Casual wear is acceptable for the symposium
sessions, but more formal smart wear is expected for the symposium banquet .
Eating out: There are a variety of restaurants and take-away establishments in
the suburbs surrounding the symposium venue (Rondebosch, Newlands,
Claremont), and a large selection available in the city centre and V&A
Waterfront.
Contact details: General queries during the symposium can be directed to
Laura Blamey 082 775 4693
Map showing venues
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BENGUELA SYMPOSIUM 2016
Date & Time

Programme Outline
VENUE

Monday 14th November 2016
SPORTS SCIENCE INSTITUTE
14:00 - 17:00
Open information session : Opportunities for Future Collaborative Research
15:00 - 16:30
Benguela Current Commission (BCC) side event : Supporting multi-objective use of the BCLME
17:00 - 19:30
Registration and Welcoming function (snacks & drinks)
Tuesday 15th November 2016
BELMONT SQ. CONFERENCE CENTRE
08:00
Registration
09:00
Opening and Welcome
09:15 - Keynote :
John Compton
09:45 - Session 1 :
Upwelling systems as natural laboratories for global change : Environmental conditions
Convenor : Tarron Lamont
10:30
TEA
11:15 - Session 1 :
- - - continued
12:45
LUNCH
13:45 - Session 1 :
- - - continued
14:15 - Session 2 :
Upwelling systems as natural laboratories for global change : Biological implications
Convenors : Anne Gro Vea Salvanes & Azwianewi Makhado
15:15
TEA
15:45 - Session 2 :
- - - continued
17:30
> > > move to new venue > > >
SPORTS SCIENCE INSTITUTE
17:30 - 19:30
Poster Presentations and Evening Function
Wednesday 16th November 2016
SPORTS SCIENCE INSTITUTE
09:00 - Keynote :
William Sydeman
09:30 - Session 2 :
- continued : Upwelling systems as natural laboratories for global change : Biological implications
Convenors : Anne Gro Vea Salvanes & Azwianewi Makhado
10:30
TEA
11:15 - Session 2 :
- - - continued
12:45
LUNCH
13:45 - Keynote :
Shin-ichi Ito
14:15 - Session 3 :
Modelling the food web of the Benguela and other upwelling systems
Convenor : Yunne Shin
15:15
TEA
15:45 - Session 3 :
- - - continued
16:30 Close
Thursday 17th November 2016
SPORTS SCIENCE INSTITUTE
09:00 - Keynote :
Serge Raemaekers
09:30 - Session 6 :
Understanding change, socio-ecological vulnerability and adaptation in coastal fishing communities
Convenor : Serge Raemaekers
10:45
TEA
11:30 - Session 4 :
Challenges of living in the Benguela upwelling region
Convenors : Claude Roy & Carl van der Lingen
12:45
LUNCH
13:45 - Session 4 :
- - - continued
15:15
TEA
15:45
International Cooperation
16:30 Close
18:30 for 19:00

Symposium Banquet

( 24:00 Close )

KENILWORTH Race Course

Friday 18th November 2016
SPORTS SCIENCE INSTITUTE
09:00 - Keynote :
Yunne Shin
09:30 - Session 5 :
Managing human activities in the Benguela : learning to appreciate conflicting objectives
Convenors : Lynne Shannon & Hilkka Ndjaula
10:45
TEA
11:30 - Session 5 :
- - - continued
12:45
LUNCH
13:45 - Session 5 :
- - - continued
14:00
Video Footage Session
14:30
Closing Ceremony
15:00
TEA
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BENGUELA SYMPOSIUM PROGRAMME
TUESDAY 15TH NOVEMBER 2016
BELMONT CONFERENCE CENTRE
09:00
09:15

Session 1

09:45

10:00

10:15

10:30
11:15

11:30

11:45

12:00
12:15

12:30
12:45
13:45

14:00

Opening and Welcomes: Marcello Vichi & Lynne Shannon
Symposium Keynote: John Compton
Big history of the Benguela Upwelling System as revealed by phosphorite
deposits on the shelf : Ancient origins and future economic potential
Upwelling systems as natural laboratories for global change:
Environmental conditions.
Convenor : Tarron Lamont
Invited Presentation: T. Wassenaar, R. Gottlieb, G. Maggs-Kolling, D. Mitchell,
I. Murray, M. Seely
FogLife and FogNet: Long-term monitoring of Sea-Earth-Atmosphere linkages
Marie-Lou Bachèlery, Serena Illig (presenter), Isabelle Dadou
Forcing of nutrient, oxygen and primary production interannual variability in the
south-east Atlantic Ocean
Rodrigue Anicet Imbol Koungue, Serena Illig, Mathieu Rouault
Role of interannual Kelvin wave propagations in the equatorial Atlantic on the
Angola Benguela current system
TEA
R. Barlow, T. Lamont, S. Bernard, M-J. Gibberd, J. Aiken
Phytoplankton community response to the in-water irradiance field in the
Benguela
G.C. Pitcher, T.A. Probyn, A. du Randt, L.A. Mansfield
Water column autotrophy, heterotrophy and anoxia in St Helena Bay in the
southern Benguela
Natalie Ragoasha, Steven Herbette, Gildas Cambon, Claude Roy, Chris Reason,
Christophe Lett
The effect of high frequency atmospheric variability on Lagrangian transport in
the southern Benguela
Mathieu Rouault
Coastal climate change and variability in the Benguela Current system
Sven Kerwath, Stephen Lamberth, Tarron Lamont, Carl van der Lingen, Jean
Mwicigi, Jan van der Westhuizen
Climate change a blow for fishing? How changes in wind affect South African
fisheries
Robert J.M. Crawford, Azwianewi B. Makhado, W. Herman Oosthuizen
Bottom-up and top-down control of the Benguela’s seabirds
LUNCH
I. Dadou, E. Machu, B. Le Vu, K. Goubanova, V. Garçon
Coupled physical/biogeochemical processes for nitrogen and oxygen cycles in the
eastern boundary upwelling system : The Benguela upwelling system
C. Collins, T. Lamont, B. Backeberg, J. Veitch, J. Hermes
Towards a coastal modelling system for South Africa: A St Helena Bay case study
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Session 2

14:15

14:30

14:45

15:00

15:15
15:45

16:00

16:15

16:30

16:45

17:00
17:15

17:30
19:30

Upwelling systems as natural laboratories for global change: Biological
implications.
Convenors : Anne Gro Vea Salvanes & Azwianewi Makhado
Holger Auel, Werner Ekau, Maya Bode, Wilhelm Hagen, Flavia Höring, Rolf
Koppelmann, Anna Schukat, Lena Teuber, Hans Verheye
The northern Benguela upwelling system as natural laboratory for ocean
deoxygenation: Implications for the ecology, ecophysiology and life histories of
pelagic organisms
A. Barradas, A.A. Miguel, P.M. Djamila, B.B. Sangolay, R.A. Imbol Kounge,
M. Ostrowski
The evolution of the Angolan sardinella stock in relation to the climatic events in
the eastern tropical Atlantic 1985-2014
Ross Coppin, Laura K. Blamey, Albertus J. Smit
The recovery of the kelp Ecklonia maxima and its associated benthos from a
pulse disturbance event between two different temperature regimes along the
coast of South Africa
Josephine Edward
An ongoing study to determine the nursery area for Horse mackerel (Trachurus
capensis) using the larval stage technique.
TEA
Shannon Hampton, Coleen Moloney, Carl van der Lingen, Maylis Labonne
Spatial and temporal variability in elemental signatures of sardine otoliths in
South Africa
Anja Kreiner, Dawit Yemane, Erling Kåre Stenevik
The selection of spawning locations of three pelagic fish species in the northern
Benguela upwelling system
Deon C. Louw, Gregory J. Doucette, Elizabeth Voges
Annual patterns, distribution and long-term trends of Pseudo-nitzschia species in
the northern Benguela upwelling system
S.P. Kirkman, D.P. Costa, A-L. Harrison, P.G.H. Kotze, W.H. Oosthuizen,
S.A. McCue, M.A. Meyer, S.M. Seakamela, J.P.Y. Arnould
Variability in Cape fur seal foraging behaviour
Azwianewi Makhado, Robert Crawford, Herman Oosthuizen, Rod Randall,
Lauren Waller, Philip Whittingto
A changing distribution of seabirds in South Africa – the possible impact of
climate and its consequences
M. Phillips, D. Yemane, N. Twatwa, J. C. Coetzee
Classification of small pelagic species in southern Benguela using multiple models
W.H.H. Sauer, W. Potts, P. Shaw, C. Santos, R. Henriques
A reflective review of an integrated coastal research program in southern
Angola, 2004-2016
POSTER SESSION
CLOSE

SPORTS SCIENCE INSTITUTE
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BENGUELA SYMPOSIUM PROGRAMME
WEDNESDAY 16TH NOVEMBER 2016
SPORTS SCIENCE INSTITUTE
09:00
Session 2
continued
09:30

09:45

10:00

10:15

10:30
11:15

11:30
11:45

12:00

12:15

12:30

12:45

Symposium Keynote: William Sydeman
Climate Change and Upwelling Ecosystems
Upwelling systems as natural laboratories for global change: Biological
implications.
Convenors : Anne Gro Vea Salvanes & Azwianewi Makhado
Henrik Christiansen, Werner Ekau, Maria Larsen Seivåg, Arild Folkvord, Anne
Gro Vea Salvanes (presenter)
Otolith studies of females and territorial and sneaker male reproductive tactics in
bearded goby (Sufflogobius bibarbatus)
Anne Gro Vea Salvanes, Maria Larsen Seivåg, Yusra Taha, Henrik Christiansen,
Olav Sigurd Kjesbu, Arild Folkvord, Anne Christine Utne-Palm, Bronwen Currie;
Werner Ekau, Anja van der Plas, Christina Henseler
Variation in growth and reproduction of bearded goby (Sufflogobius bibarbatus)
in hypoxic waters of northern Benguela
W.M. Potts, W.H.H. Sauer, Paul W. Shaw, C. Santos, A-R. Childs, R. Henriques,
M.C. Parkinson, A.C. Winkler, T.J. Richardson, R.J. Bealey
Understanding the impacts of global change on coastal fishes - review of ten
years of research in a northern Benguela ocean warming hotspot
Fannie W. Shabangu, Ken P. Findlay
Acoustic monitoring of the recovery of blue and fin whales in the Benguela
ecosystem
TEA
Larvika Singh, Tarron Lamont
Temperature and oxygen preferences for juvenile hake size classes on the west
coast of South Africa
Svein Sundby
Life cycle adaptations to fish recruitment variability in the Benguela ecosystem
Mutshutshu Tsanwani, J.J. Bolton, L. Auerswald, P.M.S. Monteiro
The seasonal cycle of the carbonate system of the Benguela upwelling system and
its implications on the design of biological ocean acidification experiments
K.E. Watermeyer, L.J. Shannon, G.F. Midgley
Applying the Biodiversity Intactness Index to a marine ecosystem: The southern
Benguela
Margit R. Wilhelm, Sarah C. Paulus, Coleen L. Moloney, Suama Kashava, JeanPaul Roux, Astrid Jarre
Otolith zonation in response to shallow-water hake environment and change in
the northern Benguela
Dawit Yemane
Modelling habitats of selected demersal fishes using a Bayesian spatio-temporal
model
LUNCH
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Session 3
13:45
14:15

14:30

14:45

15:00

15:15
15:45

16:00

16:15

16:30

Modelling the full food web of the Benguela and other upwelling systems.
Convenor : Yunne Shin
Symposium Keynote : Shin-ichi Ito, Coleen Moloney, Enrique Curchitser
Our challenges for full food web modelling and future projections
Invited Presentation : Benjamin Planque
Marine ecosystems modelling. Coping with the known, the unknown and the
unknowable
Invited Presentation : Kay Emeis, Niko Lahajnar, Eduardo Zorita, Volker
Mohrholz, Martin Schmidt, Tim Rixen, Werner Ekau, Rolf Koppelmann, Willy
Hagen, Holger Auel, Friedrich Buchholz,
The ecological responses to physical forcing in the northern Benguela upwelling
system
Martin Schmidt, Anja Eggert
From wind stress to mud belt formation, the nutrient, oxygen and carbon budgets
of the Benguela upwelling system seen from a coupled 3-dimensional ecosystem
model of the south-eastern Atlantic ocean
Lynne Shannon, Marta Coll
Can available time series and current understanding of multiple drivers readily
explain observed temporal variability in the southern Benguela over the past four
decades?
TEA
Werner Ekau, Holger Auel, Katharina Bohata, Fritz Buchholz, Simon Geist,
Wilhelm Hagen, Rolf Koppelmann, Bettina Martin, Anna Schukat, Norbert
Wasmund, Thorsten Werner
Key species and mechanisms driving energy flows in the northern Benguela
upwelling ecosystem and their feedback into biogeochemical cycles
Eleonora Puccinelli, Christopher D. McQuaid, Margaux Noyon
The influence of coastal upwelling on filter-feeder trophic signatures in the
Benguela upwelling system
Johannes Iitembu
Trophic resources partitioning of hake species (Merluccius paradoxus and M.
capensis) off Namibia
CLOSE
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BENGUELA SYMPOSIUM PROGRAMME
THURSDAY 17TH NOVEMBER 2016
SPORTS SCIENCE INSTITUTE
09:00

Session 6

09:30

09:45
10:00

10:15

10:30

10:45
Session 4
11:30

11:45

12:00

12:15

12:30

12:45

Symposium Keynote : Serge Raemaekers
The ecosystem approach to fisheries (EAF) in small-scale fisheries (SSF) in
South Africa: Progress and transformation
Understanding change, socio-ecological vulnerability and adaptation in
coastal fishing communities.
Convenor : Serge Raemaekers
Invited Presentation :Merle Sowman, Serge Raemaekers
Socio-ecological vulnerability assessment in coastal communities in the BCLME
region
Natascha Visser, Astrid Jarre
Social vulnerability among fishing communities on the Cape south coast
Louise Gammage, Astrid Jarre, Charles Mather
A changing fishery system: Perspectives from the crew of the southern Cape's
handline fishery
Serge Raemaekers, Laura Blamey, Ross Blamey, Merle Sowman
Climate and marine changes along the southern Benguela: resonance between
coastal fishers’ knowledge and mainstream scientific data
Greg Duggan, Astrid Jarre, Grant Murray
Raising awareness of marine and climate issues through teaching across subjects
in a small, rural school in the southern Cape
TEA
Challenges of living in the Benguela upwelling region.
Convenors : Claude Roy & Carl van der Lingen
Invited Presentation : Xavier Capet, Eric Machu, Steven Herbette (presenter)
Descent in scales in the study of upwelling systems: motivations, recent progress,
and some perspectives for fisheries
Bronwen Currie, Volker Brüchert, Lisa Levin, Anne Gro Vea Salvanes, Anne
Christine Utne Palm
Winning ways with hydrogen sulphide
Invited Presentation : Dag L. Aksnes
Lessons from elsewhere on fish-jellyfish dynamics depending on the degree of
eutrophication and prey visibility
Invited Presentation : Ryan R. Rykaczewski
Wind stress, stratification, and source waters: How will the upwelling process
respond to climate change?
I. Dadou, E. Machu, B. Le Vu, K. Goubanova, V. Garçon
Potential changes over a warmer climate in the Benguela upwelling system
within an oxygen minimum zone
LUNCH
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13:45
14:00

14:15

14:30

14:45

15:00
15:15
15:45
16:00
16:15
16:30

18:30
for 19:00
to 24:00

Mark J. Gibbons
Jellyfish in the Benguela – a review of knowledge
Jennifer Jackson-Veitch, Juliet Hermes, Tarron Lamont, Pierrick Penven
Spatial and temporal variability of shelf-edge jet currents in the southern
Benguela
Natasha Karenyi, Lara Atkinson, Ronel Nel, Kerry Sink
Relating marine unconsolidated sediment biotopes to geophysical processes on
the South African west coast: A proposed conceptual framework
Harald Loeng, Paulus Kainge, Kumbi Kilongo, Steve P. Kirkman, Anja Kreiner,
Erling Kåre Stenevik, Pedro Tchipalanga, Hans M. Verheye
Climate effects on biodiversity, abundance and distribution in the Benguela: A
summary of the NansClim project and challenges
P.A. Pistorius, G.M. Rishworth
The role of parental behaviour in terms of chick growth and survival in a pelagic
seabird
C.D. van der Lingen, T. Lamont, Y. Geja, M. van den Berg
Harmful algal blooms and sardine in the southern Benguela
TEA
International Cooperation
Sigi Gruber
Gabriella Bianchi
The Nansen Programme: past and future research in Benguela waters
Discussion
CLOSE

Symposium Banquet

KENILWORTH RACECOURSE
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BENGUELA SYMPOSIUM PROGRAMME
FRIDAY 18TH NOVEMBER 2016
SPORTS SCIENCE INSTITUTE
09:00

Session 5

09:30

09:45
10:00

10:15

10:30

10:45
11:30

11:45

12:00

12:15

12:30

12:45

Symposium Keynote : Yunne Shin
Risks associated with combined effects of fishing and changes in primary
production on fish communities
Managing human activities in the Benguela: learning to appreciate
conflicting objectives
Convenors Lynne Shannon and Hilkka Ndjaula
Invited Presentation : A. Jarre, L.J. Shannon and the “SARCHI Marine Ecology
& Fisheries” Team
A Gordian knot that must not be cut: 20 years of learning in southern Benguela
fisheries
Invited Presentation : J-P. Roux
Namibia's long road to an ecosystem approach to fisheries
Invited Presentation : Janet C. Coetzee, Carryn L. de Moor, Carl D. van der
Lingen, Douglas S. Butterworth
Evaluating trade-offs: Sustainable management of sardine in the face of low
abundance, distributional changes, needs of the ecosystem and industry for
stability
Ken Findlay
Ecosystem accounting as a tool for ecosystem-based management of multisectoral resource use in the Southern Benguela
Laura K. Blamey, John J. Bolton
The economic value of kelp forests and temperate reefs in the southern Benguela:
past, present and future
TEA
Emma Lockerbie, Lynne Shannon, Astrid Jarre
The use of ecological, fishing and environmental indicators in support of decision
making in southern Benguela fisheries
D.W. Japp
Red, Orange, Green or Go. The potential for eco-label certification of fisheries in
the southern and eastern African region
Tracey P. Fairweather, Jean Glazer, Deon Durholtz, Doug Butterworth
A novel framework for the management of the Agulhas sole fishery to promote
sustainable livelihoods during conditions of uncertain resource status
Andrea Angel, Ross M. Wanless, Nini van der Merwe (presenter), Christina
Hagen
Preventing the extinction of Benguela Current endemic seabird species: A
categorization of current and future threats, and management actions
Sarah Wilkinson, Melanie Smith, Kevern Cochrane
Assessing the environmental impacts of offshore oil and gas extraction and
mining on fisheries in the Benguela
LUNCH
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13:45

Invited Presentation : Bronwen Currie
Standing up for Science

14:00

Special Video Footage Session
C.G. Attwood, L.J. Atkinson, K.J. Sink, C. von der Meden, R.W. Leslie
Measuring change in a southern Benguela benthic ecosystem after cessation of
trawling I. Experimental design and description of fish fauna

14:15

L.J. Atkinson, C.G. Attwood, C.E.O. von der Meden, K.J. Sink, K.L. Tunley,
N. Karenyi
Measuring change in a southern Benguela benthic ecosystem after cessation of
trawling II. Epifauna, infauna and sediment

14:30

Closing Ceremony

15:00

TEA
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Oral - Thursday
Lessons from elsewhere on fish-jellyfish
dynamics depending on the degree of
eutrophication and prey visibility

Political will and trade-offs, as well as the active
involvement of various economic sectors, are
required to thwart ongoing population decreases.
Some action is being taken to address some of the
threats, at sea and on land. Competition with
fishing, a topic which has been poorly addressed to
date is, paradoxically, cause for optimism. Managing
multiple threats such as climate change impacts and
lack of food are not easy challenges to overcome.
However, for the African Penguin new hope is in
sight. Collapsing seabird colonies are sentinels of
poor ocean health and it is in our interest to move
to direct actions aimed at improving their
conservation status.

Dag L. Aksnes
University of Bergen, Bergen, Norway
From a theoretical perspective visual fish predation
is much more efficient than tactile jellyfish
predation. It might therefore be hypothesized that
fish are stronger competitors than jellyfish. This
provides the expectation that fish dominated
systems should be more common than jellyfish
dominated systems. If this is true, under what
circumstances can we expect a shift from a fish to a
jellyfish dominated system? Here, I provide
theoretical and observational evidence that water
clarity is a driver for fish-jellyfish dynamics and that
decreased water clarity, caused by e.g. increased
eutrophication or supplies of terrestrial CDOM,
increases the likelihood for a shift from a fish to a
jellyfish dominated system.

Poster 43
Strength of trophic interactions in marine
ecosystems, including the Benguela and
Humboldt currents
Hugo Arancibia1,2, Sergio Neira1,2
1 Department of Oceanography, Faculty of Nature
Sciences and Oceanography, Universidad de
Concepción, Concepción, Chile
2 Doctoral Program in Aquatic Living Resource
Management, Faculty of Nature Sciences and
Oceanography, Universidad de Concepción, Chile

Oral - Friday
Preventing the extinction of Benguela Current
endemic seabird species: A categorization of
current and future threats, and management
actions

The effects of changes in the abundance of one
species on its food web will depend on its
interaction strength with other species. Keystone
species and/or species that have strong trophic
interactions play important roles in food web
structure and dynamics. This work aims to analyze
the role of groups as strong interacting species from
an arrangement of models representing 12 marine
food webs. Two indicators were selected to evaluate
the trophic role of groups: interaction strength (IS)
and keystoneness (Ks). IS informs the potential
importance of the group in an ecosystem as the
fraction of biomass change over the biomass
changes in all other groups in the system. Ks
highlights the importance of those groups having
low biomass that have high impact on the biomass
of the other groups such as in upwelling areas
(southern Benguela, Senegal, Gambia, northern
Chile, southern Chile), open continental shelves
(East China Sea, South Brazil Bight, North Sea,
southern Sinaloa), protected continental shelves
(North Adriatic Sea, upper Gulf of California) and
bights (La Paz Bay, Baja California). Positive
correlations between IS and Ks were found,
suggesting that species with high keystoneness are
also strong interacting species in their food webs.
All correlations were significant (p<0.05), the only
exception being the southern Benguela model
(p=0.59). In most cases, IS is highly variable
indicating that the analysis covers both
species/groups with strong and weak interactions.
A similar pattern is observed when analyzing the
variability of Ks.

Andrea Angel1, Ross M Wanless1,2, Nini van der
Merwe1, Christina Hagen1
1 Seabird Conservation Programme, BirdLife South
Africa, Cape Town, South Africa
2 Percy FitzPatrick Institute, DST/NRF Centre of
Excellence, University of Cape Town, South Africa
Six of the seven seabird species endemic to the
Benguela Current ecosystem are threatened with
extinction. We consider the top nine current or
future threats they face, and assess current
management options. Reduced food availability
affects the majority of the species. This is driven by
a combination of historical overfishing, the risk of
current overfishing at small spatio-temporal scales,
and large-scale shifts in abundance and distribution
of prey species. As colony numbers collapse, the
impacts of predation, disease and human
disturbance become increasingly problematic.
Other impacts are the lack of suitable breeding
habitat and marine pollution. Cross-cutting
concerns are climate change and marine mining,
with varying impacts depending on the species.
These are difficult to predict, and are expected to be
even more difficult to mitigate. Lastly, direct
mortality from fishing is known from gillnets,
longline and trawl fishing. Fatal interactions with
longline and trawl gear affect Cape Gannets in
particular. Managing population threats and
pressures on Benguela-endemic seabirds is not
straightforward and will require diverse strategies.

1

Poster 44
Phytoplankton cell size: How much can it tell us
about nitrogen dynamics in the southern
Benguela
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Measuring change in a southern Benguela
benthic ecosystem after cessation of trawling. II.
Epifauna, infauna and sediment
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The diversity in phytoplankton is vast and plays a
critical role in the rates at which nitrogen flows
through marine ecosystems, and yet remains a
major challenge in studies that aim to realistically
quantify nitrogen dynamics. It is hypothesised that
particle size distributions are an ecologically sound
representative of phytoplankton diversity, in as
much that nitrogen uptake is quantifiable by a sizedependence of phytoplankton metabolism. The
relationship between cell size and nitrogen
utilisation by diverse natural assemblages is
assessed using in situ data collected from Lamberts
Bay and Saldanha Bay, at several timescales off the
west coast of South Africa. Measured particle size
distributions were characterised by a single metric,
an effective diameter (Deff). The influence of Deff
was significant in the uptake of ammonium (NH4)
(t0.05,35=-2.24, p=0.03), but not nitrate (NO3)
(t0.05,35=-0.08, p=0.94) or urea (t0.05,35=- 0.67,
p=0.51). Diatoms were the most efficient utilisers of
NO3 and total nitrogen in these cases, irrespective of
cell size. The lack of statistical significance is
suggested to be due to cases of bimodal size
distributions, where an effective diameter did not
accurately represent the measured communities.
From this point, the full size spectrum of measured
phytoplankton was used to estimate the uptake of
NH4 and NO3. Variability in the estimated uptake
rates was similar to that of the measured values.
Representation of phytoplankton diversity by size
spectra allowed modification of model parameters
such that the uptake rates of NO3 and NH4 could be
accurately estimated for a fluctuating eutrophic
environment. At an assemblage level, the key state
variables required to reproduce values of measured
nitrogen uptake by phytoplankton are the
phytoplankton size distribution, the ambient
nutrient concentrations and size-dependent
Michaelis-Menten uptake parameters.

Globally, benthic biodiversity and ecosystem
functioning at depths below 200 m remain poorly
studied or understood. Increasing anthropogenic
and climate change pressure on deep sea
ecosystems intensifies the urgency for research
towards improved understanding of these habitats.
Impacts of demersal trawling have been cited as one
of the largest global anthropogenic sources of
disturbance to the seabed and its biota. The
implications of benthic disturbance resulting from
South Africa’s 100+ year-old hake trawl fishery
remains under debate. A previous study in the
southern Benguela reported greater impact on
epifauna in heavily trawled areas than infauna.
Representative untrawled areas were not available
for comparison in this study. Trawling impacts are
known to vary with habitat, gear type and trawling
practice, necessitating a site specific experimental
approach to quantify such impacts. A five-year
experiment is currently underway that aims to
measure changes in a southern Benguela outer shelf
ecosystem, after portions were closed to trawl
fishing. The baseline survey in 2014 showed that
the habitat in the experimental area is largely
homogenous, although depth appears to influence
biota composition. This validates the experimental
design implemented. Changes in epifauna are
assessed visually using a towed camera, whilst
infauna and sediment properties are quantified
from grab samples. Epifauna are dominated by
cnidaria, crustacea and echinoderms while annelids
and amphipods dominate the infauna. This research
enables the first deepsea habitat descriptions in the
southern Benguela based on in situ visual
assessment combined with quantified samples.
While no changes in fauna in untrawled areas have
been detected to date, unexpectedly high levels of
benthic biodiversity are reported in the
unconsolidated habitat types surveyed.
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Measuring change in a southern Benguela
benthic ecosystem after cessation of trawling. I.
Experimental design and description of fish
fauna
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The northern Benguela upwelling system as
natural laboratory for ocean deoxygenation:
Implications for the ecology, ecophysiology and
life histories of pelagic organisms
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Ocean deoxygenation, the decrease of dissolved
oxygen (DO) concentration in the ocean in spatial
extent, frequency and intensity of hypoxic events, is
a burning issue. Models forecast a further decline
related to global change. The northern Benguela
upwelling system is characterized by an extensive
oxygen minimum zone (OMZ) with DO<2 ml O2 L−1
extending from the shelf into adjacent oceanic
regions at 50-500 m depth. The presence of OMZs
makes upwelling systems natural laboratories for
the effect of ocean deoxygenation on the ecology,
ecophysiology and life histories of pelagic
organisms. Hypoxic conditions affect marine life in
various ways. Oxygen limitation can exclude
sensitive species from certain regions, whereas
others develop physiological and/or behavioural
adaptations to low DO levels. Zooplankton and
pelagic fish with high oxygen requirements are
restricted to the well oxygenated surface layer, if
OMZs extend into shallower depth, making them
more vulnerable to predation or fishing. Diel
vertical migrators face physiological challenges,
when passing through the OMZ twice a day. While
they have developed physiological adaptations
(anaerobic metabolism) to cope with temporal
oxygen limitation, intensifying deoxygenation may
affect their overall energy budget. The dominant
copepod in the Benguela Current, Calanoides
carinatus, conducts extensive ontogenetic vertical
migrations (OVM), where the active population
reproduces on the shelf, while a large pool of subadult individuals resides at depth in diapause to
quickly recolonise new upwelling plumes. OMZs
may act as a barrier for OVMs and, hence, disrupt
life cycles of key species. While OMZs represent
exclusion zones for many sensitive species, hypoxiatolerant taxa, specifically adapted to low DO, find a
refuge from predation and competition within the
OMZ. Since in general pelagic fish are more sensitive
to low DO concentrations than most zooplankton,
ocean deoxygenation will disrupt predator-prey
relationships and likely facilitate a shift from pelagic
fish to more hypoxia-tolerant jellyfish as major
planktivores.

Amid concerns around the impact of demersal
trawling on benthic ecosystems, and in response to
eco-certification audits, the South African Deep Sea
Trawling Industry Association is participating in an
experiment to monitor the recovery of fauna in
untrawled lanes. An earlier study of this impact
suggested that trawling is partially responsible for
variation in benthic invertebrate composition
between heavily and lightly trawled areas. The lack
of comparable untrawled ground limited the power
of the study. In a new design, we aim to measure the
effect of a cessation of trawling. A 15 x 6 km
rectangle orientated along the trawl lanes near the
edge of the continental shelf, west of Hondeklip Bay,
was selected as the study site. Here the depth
increases uniformly from 380 m to 510 m. Five
1.2 km-wide lanes were created within the study
site. From March 2014 trawling ceased in lanes 1, 3
and 5, but continued in lanes 2 and 4, creating a
contrast in trawl disturbance. An orthogonal, Latin
Hypercube design was used to sample the lanes
starting in January 2014, before the implementation
of the trawl displacement scheme, and will continue
every January thereafter until at least 2018. A
towed, benthic camera sled was used to obtain
video and still images of the seabed and its fauna,
and a grab was used to sample the sediment and
infauna. In the three surveys completed thus far, a
stable description of the fish fauna has emerged
from images. The suitability of the towed benthic
camera to survey fishes is affirmed. Twenty six fish
species were recorded. Abundances of spiny-eels,
congrid eels and skates responded to depth. No
effect of the trawling displacement scheme has yet
been detected.
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Forcing of nutrient, oxygen and primary
production interannual variability in the southeast Atlantic Ocean

mg m-3 chlorophyll a) and diatoms dominate, there
is high absorption of blue and red light, performed
mainly by the chlorophyll a, chlorophyll c and
fucoxanthin pigments. As a consequence of this
absorption pattern there is elevated scattering of
green wavelengths and the maxima of spectral
downwelling and upwelling irradiance imparts a
dark green colour to the water. In contrast, where
chlorophyll a is low (0.2-0.4 mg m-3) and flagellates
dominate, there is considerably less absorption of
blue and red light by chlorophyll a, chlorophyll c,
19’-butanoyloxyfucoxanthin and 19’hexanoyloxyfucoxanthin. More blue wavelengths
are therefore scattered in the water column and the
consequent downwelling and upwelling irradiance
maxima result in the appearance of blue waters. At
chlorophyll a levels of 6-10 mg m-3 where
dinoflagellates dominate, there is intermediate
absorption of blue-green light by chlorophyll a,
chlorophyll c and peridinin. The resultant scattering
of remaining blue-green wavelengths yields
downwelling and upwelling irradiance maxima that
impart a green colour. In the Benguela,
phytoplankton populations appear to be highly
adaptable and adjust their community structure,
pigment composition and absorption characteristics
to the changing irradiance conditions.

M.-L. Bachèlery1, S. Illig1,2, I. Dadou1
1 Laboratoire d'Etudes en Géophysique et
Océanographie Spatiales (LEGOS), University of
Toulouse, CNRS, CNES, UPS, IRD, Toulouse, France
2 Department of Oceanography & Marine Research
Institute (Ma-Re), LMI ICEMASA, University of Cape
Town, South Africa
The recurrent occurrences of interannual warm and
cold events along the coast of Africa have been
intensively studied because of their striking effects
on climate and fisheries. Using sensitivity
experimentation based on a coupled
physical/biogeochemical model, we show that the
oceanic remote equatorial forcing explains more
than 85% of coastal interannual nitrate and oxygen
fluctuations along the Angolan and Namibian coasts
up to the Benguela Upwelling System (BUS). These
events, associated with poleward propagations of
upwelling and downwelling Coastal Trapped Waves
(CTW), are maximum in subsurface and controlled
by physical advection processes. Surprisingly, an
abrupt change in the CTW biogeochemical signature
is observed in the BUS, associated with mixed
vertical gradient due to the strong local upwelling
dynamics. Coastal modifications of biogeochemical
features result in net biomass variations that affect
fisheries habitats and coastal biodiversity. Remote
forcing may also affect hypoxia events, greenhouse
and toxic gas emissions in the BUS.
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The evolution of the Angolan sardinella stock in
relation to the climatic events in the eastern
tropical Atlantic 1985-2014
A. Barradas1, A.A. Miguel1, P.M. Djamila1, B.B.
Sangolay1, R.A. Imbol Koungue2,3, M. Ostrowski4
1 Instituto Nacional de Investigacaõ Pesqueira Ilha de
Luanda, Luanda, Angola
2 Nansen-Tutu Center for Marine Environment,
University of Cape Town, South Africa
3 Department of Oceanography& Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
4 Institute of Marine Research, Bergen, Norway

Oral - Tuesday
Phytoplankton community response to the inwater irradiance field in the Benguela
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The Angolan stock of sardinella (Sardinella aurita
and S. maderensis) has been exposed to moderate
fishing pressure during the last 30 years. During the
same period the coastal ocean off tropical Angola
(5-13°S) experienced a series of climatic
interannual perturbations, exhibited a systematic
warming trend on the decadal time scale, and was
dominated by a strong seasonal variability
characterized by contrasting seasons of the
equatorial water intrusions (February-March and
October-November) and a windless upwelling
(June-August). Here we relate trends in the biomass
of the two species of sardinella derived from
acoustic surveys, and in the length and composition
structure by region derived from concurrent trawl
observations during 1985-2014, to the climatic
variability off Angola during the same period.

Light is a major driver of primary production. In the
Benguela ecosystem the in situ irradiance field is
highly variable due to the large range in particle
loading in the water column. Profiles of water
column absorption and scattering, pigment spectral
absorption, and spectral downwelling and
upwelling irradiance were utilized to assess the
relationship between phytoplankton communities
and irradiance. Where biomass is high (20-35
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As the coastal ocean has become warmer,
sardinella biomass has been increasing. While the
more oceanic S. aurita dominated the biomass of the
two species during most of the observational
period, the more sedentary S. maderensis became
dominant during 2002-2005. Results of particle
dispersal experiments suggest that for sardinella
spawning in the vicinity of the Congo River mouth
larvae would be generally carried northwards
towards nursery areas in the Congo-Gabon. In
contrast, for sardinella spawning in the Central
Region (south of 9°S) retention of larvae would tend
to occur to the south of the spawning grounds.
However, this general pattern exhibits large
variability that depends strongly on the timing of
spawning and strength of interannual Benguela
Niño events.

Plio-Pleistocene resulted in a change from relatively
large (>1 mm) benthic, warm-water subtropical
foraminifera adapted to suboxic conditions to
foraminifera adapted to cooler and more dysoxic
bottom water conditions during the intensification
of the BUS.
Oral - Thursday
The Nansen Programme: past and future
research in Benguela waters
Gabriella Bianchi
Institute of Marine Research / Centre for
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Since 1975 the Nansen programme, a joint initiative
of Norway, UNDP and FAO, has supported
developing countries in their efforts to sustainably
manage their fisheries. The Nansen programme has
carried out fisheries resources and environment
surveys in developing countries in Africa, Asia and
Latin America using the R/V Dr Fridtjof Nansen,
operated by the Norwegian Institute of Marine
Research (IMR). The early phases of the programme
focused on exploration of fisheries resources for
development, and later resource evaluation (or
assessments) and monitoring with standardized
information collection systems. The Benguela
region has been one of the main partners, both
through bilateral cooperation with Angola, Namibia
and South Africa as well as through regional
collaboration with the Benguela Environment
Fisheries Interaction and Training programme
(BENEFIT), later on with the Benguela Current LME
project, and more recently the Benguela Current
Commission (BCC). The present phase (the EAFNansen Project) will end in 2016. A new phase, the
EAF-Nansen Programme will start with a new
research vessel available from early 2017. This new
phase is intended to further strengthen the
knowledge base and the overall institutional
capacity for the implementation of the EAF in
developing countries with additional effort on the
impact of climate variability and change, pollution
and other anthropogenic stressors. In November
2015 a meeting was held in Cape Town with
partners from the region to identify possible
collaborative work as part of the new phase of the
programme. This presentation will: i) Summarize
the main activities of the Nansen programme in the
Benguela current region; ii) Give some highlights of
the results achieved; iii) Present the programme
(and the new research vessel) and discuss possible
collaborative work for the coming years.
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From warm to cool: foraminifera record the
transition into the northern Benguela upwelling
system
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Middle Miocene to Plio-Pleistocene fossil
foraminifera on the northern Namibian continental
shelf reveal a palaeoenvironmental shift from warm
to cool conditions associated with the initiation of
the northern Benguela Upwelling System (BUS) in
the late Miocene. The Angola-Benguela Front moved
northwards prior to the initiation of the BUS which
was followed by cooling phases in the late Miocene
and Pliocene. The compact sediments of the
Namibian continental shelf contain a variety of
components including phosphorites, mollusc shell
fragments, sponge spicules, echinoid spines, fish
debris, whale bone fragments and the fossilised
shells (tests) of foraminifera. Three vibracores from
the northern Namibian shelf were studied with
foraminiferal indicator species and Strontium
Isotope Stratigraphy (SIS) of the basal olive-green
mud unit indicating an age of 16 to 14 Ma (middle
Miocene) coinciding with the timing of the MidMiocene Climatic Optimum (MMCO). The MMCO
was a time period associated with elevated global
temperatures and higher sea levels. The basal mud
is separated from the overlying Plio-Pleistocene
gravelly pelletal phosphorite sands by a sharp,
erosional contact. Benthic foraminiferal
palaeobathymetric ranges and planktic/benthic
(P/B) ratios indicate a deeper outer shelf
environment shoaling during the intensification of
the BUS. Indicator planktonic foraminifera reveal
warmer surface water temperatures during the
middle Miocene and mid-Pliocene. The transition
from warm conditions to gradual cooling during the
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The economic value of kelp forests and
temperate reefs in the southern Benguela: past,
present and future
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Ecosystem-level management is increasingly the
focus of governments, NGOs and scientists, across
fisheries, natural resource management and
biodiversity conservation. Effective management
relies on understanding the risks to biodiversity at
the ecosystem-level. The Red List of Ecosystems
was developed to provide a set of transparent,
repeatable and quantitative rules for assessing the
risk of ecosystem collapse. This inclusive and
scientific process included development of risk
criteria, and their application to a wide range of
ecosystems, and culminated in their formal
adoption by the IUCN (International Union for
Conservation of Nature) in May 2014. The criteria
assess (A) change in distribution, (B) restricted
distribution, (C) change in abiotic processes, (D)
change in biotic function, and (E) quantitative risk
analysis through process-based modelling. Based on
quantitative thresholds within each criterion,
ecosystems can be placed in threat categories that
mirror the IUCN Red List of Threatened Species
categories, ranging from Least Concern to
Collapsed. I will present several marine case studies
demonstrating the applicability to the criteria
beyond terrestrial ecosystems, including the MesoAmerican Reef and a preliminary assessment of the
Southern Benguela. I will present a synthesis of
environmental and biotic changes in the last 50
years in the Southern Benguela that can be
incorporated into a Red List of Ecosystem
assessment. I will also contrast trajectories between
the Northern Benguela and the Southern Benguela,
two ecosystems illustrating the Collapsed vs. Extant
dichotomy. The aim of the presentation is to gain
feedback on the criteria in the context of marine
ecosystems, and to seek further collaboration and
input from marine scientists to expand robust
assessments of marine ecosystems and to improve
methods for tracking biodiversity change.

Laura K. Blamey, John J. Bolton
Department of Biological Sciences & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
Kelp ecosystems dominate nearshore temperate
reefs on ca. 25% of the world’s coastline, and host a
variety of valuable species that contribute to global
fisheries, many of which are overexploited. In the
southern Benguela, kelp forests and associated reefs
are a major ecosystem, which dominates the
nearshore subtidal zone and provides considerable
economic benefit to South Africa. A number of key
species on these subtidal reefs are overexploited
and have reached a state of crisis since the 1990s.
Many linefish stocks are considered collapsed or
overexploited, West Coast rock lobster populations
are estimated to be at ca. 3% of pristine exploitable
biomass and abalone are similarly overexploited,
with two of the four major historical fishing
grounds now closed to fishing. In this paper we aim
to evaluate the economic worth of kelp forest and
temperate reef ecosystems in the southern
Benguela. Firstly, we identify the various goods and
services that these ecosystems provide, ranging
from commercial fisheries to coastal protection.
Secondly, we briefly summarize changes in key
resources over the past 30-40 years and drivers
thereof, and then assess the past, current and future
worth of these ecosystems under various fishing
scenarios (unfished, sustainable, overexploited).
Thirdly, we consider patterns of South African
marine research funding in the past 10 years in
relation to the demonstrated value of the kelp
ecosystem. Finally, we identify gaps in knowledge
and future research directions pertaining to
temperate reefs and kelp ecosystems in the
southern Benguela.
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Microzooplankton abundance, species composition
and distribution were studied along and across an
upwelling filament off the south‐west coast of Africa
at approximately 20°S using water bottle samples
and 55 μm net samples. The filament was located in
the mixing and transition area of two different
central water masses, the Eastern South Atlantic
Central Water (ESACW) and South Atlantic Central
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Water (SACW). Differences in the distribution of
some microzooplankton species in relation to the
ESACW and SACW were detected. A rapid change
was found within the tintinnid group, from
cosmopolitan species in the south (pure ESACW) to
warm‐temperate species in the north (mixture of
SACW and ESACW). Therefore this group could be
used as an indicator of different water masses. High
microzooplankton abundances were observed at
the southern front and in the upper layers of the
filament centre, whereas lower abundances were
found at the northern front of the filament, probably
because of currents associated with the filament.
Due to changing phytoplankton compositions, the
microzooplankton composition changed from
ciliate‐dominated in the centre of the filament to
dinoflagellate‐dominated further offshore along the
filament. Such a shift also affects the efficiency of
the organic matter transfer from primary producers
to higher trophic levels since more steps are
necessary within the food chain.

nitrate uptake rate increased until day 5. The f-ratio
increased from 0.3 on day 1 to 0.9 on day 5,
indicating that growth in the mesocosms was
predominantly supported by nitrate. We expect the
ratio of the specific rates of carbon fixation and
nitrogen uptake to be roughly 1:1; however, the
measured ratio was ~0.5:1, suggesting a decoupling
of photosynthesis and nitrogen uptake. We
interpret this as indicating luxury nitrate uptake
early in the experiment by nutrient-starved
phytoplankton. The phytoplankton community was
dominated by diatoms throughout the experiment,
of which Pseudonitzschia spp. comprised ~40%.
These findings will be compared to data from a
similar experiment performed in the southern
Benguela Upwelling System.
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Oceans and Coastal Research (OCR) of the South
African National Department of Environmental
Affairs (DEA) has developed a medium- to longterm Marine Science Plan (MSP). This Plan is a
contribution toward identifying national challenges
in the marine sciences and defining national foci
and priorities in response to these on the five-, ten-,
and fifteen-year horizons. It was written in the
context of the National Environmental Management
of the Oceans policy paper, Operation Phakisa, the
growth of the Blue Economy, and driven by the need
for reliable marine information for decision-making
and policy implementation. We want to initiate a
national dialogue about the scientific activities
required by this Plan, and the role of the broader
marine science community. The ultimate goal is to
anticipate changes to ocean, coastal and estuarine
(marine) ecosystems, and to maximize the societal
impact of marine science in South Africa. The OCR
MSP calls for: the establishment of baselines
describing the present state of the marine
environment, the development of indicators of
marine ecosystem health and vulnerability,
investment in integrated marine observing systems,
and routine monitoring in order to determine
variability and trends. The Plan includes the
establishment of a national oceanographic
modelling system, and the creation of a marine data
management system in support of National needs. It
recommends the continuation of long-standing time
series and promotes the initiation of new ones. The
Plan includes research and operational science and
provides specific implementation objectives for DEA
with measurable targets and estimates of the
resources required. South Africa’s ability to

The high primary productivity associated with
eastern boundary currents is supported by coastal
upwelling, which supplies the euphotic zone with
cold, nutrient-rich water from depth. Annually, the
phytoplankton growth supported by upwelled
nitrate (“new production”) is balanced by the export
of organic matter from surface waters, which
sequesters atmospheric CO2 “fixed” as organic
carbon biomass at depth. Here, we compare metrics
of ecosystem productivity from two major eastern
boundary currents, the California Upwelling system
and the southern Benguela Upwelling System. In the
California Upwelling System, upwelling conditions
were simulated in summertime mesocosm
experiments. Large (200 L) mesocosms were filled
with deep seawater and inoculated with 20 L of
surface water, pre-filtered (200 µm) to remove
large grazers. The mesocosms were incubated in
running seawater baths under shaded screens for
six days. Nutrient concentrations (nitrate, nitrite,
ammonium), nitrate, ammonium, and inorganic
carbon uptake rates, and phytoplankton community
composition were measured daily. Nitrate was
rapidly drawn down to undetectable levels by day 4,
and was balanced by the accumulation of
particulate organic nitrogen (and carbon) biomass.
The specific ammonium uptake rate decreased
throughout the experiment, while the specific
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sustainably use and safeguard marine resources
affects the wellbeing of current and future citizens.
Our success in mitigating environmental
degradation and adapting to changes requires
greater knowledge than currently exists. The OCR
MSP is a first step in determining how we will
collectively address these challenges.

transports, and observe mesoscale features from
high-resolution in-situ observations. The four
moorings are positioned on the 1000 m, 2000 m,
3000 m and 4000 m isobaths. In this study, the
year-long (Sept 2014 to Dec 2015) mooring data set
is used in conjunction with altimetry data to
describe the cross- and along shelf transports, and
identify mesoscale features along the upwelling
front. At the shelf edge (1000 m), surface current
speeds ranged between 0 and 1.1 m s-1, with northwestward flow for 56.2 % of the year and southeastward flow for 7.3 % of the year. Moorings at
2000 m, 3000 m and 4000 m, recorded northwestward flow for 34,6%, 33,7%, 36,9% of the year,
respectively. At each mooring, surface along-shelf
flow was dominated by the north-westward
Benguela Current, while stronger flow at 1000 m
indicated the edge of the Benguela Jet. Substantial
cross-shelf flow was observed throughout the water
column. Onshore (north-eastward) flow occurred
for 29.1%, 22.71%, 23.8% and 21.20% of the year,
while offshore (south-westward) flow was observed
for 6.1%, 18.3%, 21.81% and 24.3% of the year at
1000 m, 2000 m, 3000 m and 4000 m, respectively.

Oral - Thursday
Descent in scales in the study of upwelling
systems: motivations, recent progress, and some
perspectives for fisheries
Xavier Capet1, Eric Machu2, Steven Herbette2
1 LOCEAN, Paris, France
2 Université de Bretagne Occidentale, Brest, France
Significant progress has been made over the last
two decades on realistic regional modeling of
upwelling systems. Dynamical simulations now
provide useful information at kilometer scale and
less. In parallel, satellite and in situ fine-scale ocean
observations are becoming increasingly available.
This opens new research opportunities on the
dynamic and ecological functioning of nearshore
areas where key trophic interactions take place.
This also allows us to gain insight into the processes
taking place in the 100-500 km wide transition
zone, where cold upwelled and warm offshore
waters meet and mix. Recent progress will be
reviewed in the context of the California, Benguela
and Canary system. The understanding of small
pelagic fish (SPF) habitat variability, and SPF
interactions with the planktonic ecosystem, could
greatly benefit from present and future advances.

Oral - Wednesday
Otolith studies of females and territorial and
sneaker male reproductive tactics in bearded
goby (Sufflogobius bibarbatus)
Henrik Christiansen1,2, Werner Ekau2, Maria Larsen
Seivåg3, Arild Folkvord3 , Anne Gro Vea Salvanes3
1 BreMarE (Bremen Marine Ecology), University of
Bremen, Germany
2 Leibniz Center for Tropical Marine Ecology (ZMT),
Bremen, Germany
3 University of Bergen, Norway

Poster 3
Mesoscale activity within the southern Benguela
and associated influences on the upwelling front

The abundant bearded goby
(Sufflogobius bibarbatus) has received considerable
attention in the light of recent investigations that
demonstrate its ecological importance for the
Benguela upwelling ecosystem. Next to remarkable
physiological and behavioural adaptations such as
hypoxia tolerance, predator avoidance, and diel
vertical migration, the male individuals display
alternative reproductive tactics (ARTs). Because
territorial behaviour including nest building, and
guarding and fanning of eggs is more likely to be
successful in large specimens, the adoption of ARTs
has been linked to growth. Here, gonado-somatic
indices were used to identify ARTs of male
individuals from the northern Benguela.
Subsequently, otolith analyses shed light on age and
growth differences between females and territorial
and sneaker males. Growth was modelled with von
Bertalanffy functions and various otolith shape
characteristics have been investigated using linear
models and principal component analyses (PCA). As
preliminary genetic analyses indicate population
structure of this endemic species, findings were also
compared along a latitudinal gradient. Territorial

Matthew Carr
Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
On the South African west coast between 27°S and
35°S, the southern Benguela system is characterised
by a unique combination of strong coastal upwelling
and high offshore mesoscale activity. Offshore
mesoscale activity occurs in the form of both
cyclonic and anti-cyclonic eddies shed from the
Agulhas retroflection as well as cyclonic eddies
formed along the continental shelf. The mesoscale
activity is known to interact with and modify the
upwelling front which follows the shelf. Interaction
between mesoscale features and the upwelling front
allows for coastal-open ocean exchanges, which
influences both physical and biological processes on
the shelf. The South Atlantic MOC Basin-wide Array
(SAMBA) mooring line, located along 34.5°S, across
the continental slope, provides an invaluable
opportunity to assess both cross- and along-shelf
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males grew larger (141.4±13.55 mm; modelled
Linf±SE) than both females (109.3±5.84 mm) and
sneaker males (92.2±7.78 mm). Analyses of otolith
increments, however, revealed that sneakers grow
faster during early life history. They may thus
capitalize on reproducing earlier, yet it remains
unclear, if they can become territorial males
afterwards. Evidence for differences between
specimens from different latitudes was sparse,
although condition of individuals from the most
southern part was highest. The groups
differentiated by PCA mainly in relation to size,
indicating that otolith characteristics do not vary
with ART or latitude. The apparent flexibility in
investment in growth and reproduction may
contribute to the success of the bearded goby in the
Benguela ecosystem.

richness of the invertebrate macrofaunal
communities. These conditions persisted for the
duration of mining operations, and were followed
by an initial period of rapid recovery (one to two
years) after cessation of mining, and thereafter by a
more protracted period (three to five years) during
which abundance, biomass and community
composition reverted to a more natural state.
Monitoring ceased in 2015 following evidence of full
functional recovery (in terms of the definition
adopted for this study) at all previously mined sites.

Poster 58
Impacts of diamond mining on beach
macrofaunal communities – findings from a long
term study in southern Namibia

Janet C. Coetzee1, Carryn L. de Moor2, Carl D. van der
Lingen1,3, Douglas S. Butterworth2
1 Branch Fisheries Management, Department of
Agriculture, Forestry and Fisheries, Cape Town, South
Africa
2 Marine Resource Assessment and Management
Group (MARAM), Department of Mathematics and
Applied Mathematics, University of Cape Town, South
Africa
3 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa

Oral - Friday
Evaluating trade-offs: Sustainable management
of sardine in the face of low abundance,
distributional changes, needs of the ecosystem
and industry for stability

Barry Clark1, Andrea Pulfrich2, Kenneth
Hutchings1,3, Aiden Biccard1
1 Anchor Environmental Consultants, Cape Town,
South Africa
2 Pisces Environmental Services (Pty) Ltd, Cape Town,
South Africa
3 Marine Research Institute (Ma-Re), University of
Cape Town, South Africa

Following a boom in abundance of >4 million tonnes
in 2002, the South African sardine (Sardinops sagax)
biomass has averaged only 500 thousand tonnes
over the past 10 years. Whereas the fishing industry
has been able to deal with large fluctuations in
sardine biomass in the past, recent changes in
distribution have resulted in a large proportion of
this biomass being located on the south coast – far
from west coast-based vessels and most of the
existing sardine processing infrastructure. This has
resulted in relatively higher sardine exploitation
rates on the west coast, and sparked debate about
the need for spatial management of the resource.
This is partly due to the poor status of several west
coast avian predators, but in particular because
hydrodynamic models for sardine egg drift indicate
that future sardine recruitment relies almost
entirely on adults spawning on the west coast.
Whereas the benefits of spatial management of
completely separate stocks is readily understood,
the uncertainty about the extent of mixing between
probable west and south sardine stocks, the
difficulty of balancing resourced-based and
ecosystem (predator-related) objectives for each of
these two stocks, and the need for ensuring the
viability of the west coast-based fishing industry,
makes implementation difficult. An interim
gentlemen’s agreement, whereby the sardine TAC is
split west and east of Cape Agulhas in proportion to
the relative abundance of sardine in these regions,
has been in place for the past two years. This

Beach macrofauna inhabiting six “pocket beaches”
in southern Namibia were surveyed in 1998 and
annually between 2004 and 2015. Mining
commenced in 2004 in the south of the target area
and proceeded northwards over the following eight
years, resulting in three of the six beaches being
subjected to intense mining activity for a 2-5 year
period. The data comprise a 13-year data series that
includes the pre-mining, mining, and recovery
phases at three impact sites and background data
for a further three control sites. The mining
approach involved reclamation of the shoreline
through the construction of a seawall across the
beach face using dune and beach sediments, and
mining the underlying diamondiferous material
using conventional opencast mining techniques. All
the beaches in the study area were classified as
exposed to very exposed, and had a
morphodynamic status of intermediate or reflective.
Despite high levels of natural variability in respect
of physical characteristics and macrofauna
assemblages, as was evidenced pre-mining and at
the control sites, it was still possible to discern
mining impacts on these sites and characteristic
post-mining recovery patterns. Typical patterns
observed following the onset of mining included an
initial increase in median particle size (associated
with seawall construction), an increase in the beach
slope, reduction in beach width, and a drastic
reduction in abundance, biomass and species
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arrangement has however led to new complexities
which may result in under-caught TACs and certain
undesirable fishing practices. Here we demonstrate
the various trade-offs that need to be taken into
account when considering moving from a single
sardine TAC to regional TACs, and the implications
of such a change on the future of the sardine
resource, the ecosystem and the sardine fishery.

Oral - Tuesday
Big history of the Benguela Upwelling System as
revealed by phosphorite deposits on the shelf:
Ancient origins and future economic potential
J.S. Compton
Department of Geological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa

Oral - Tuesday
Towards a coastal modelling system for South
Africa: a St Helena Bay case study

The Benguela Upwelling System (BUS) is the most
productive globally and exemplifies key interactions
between the biological and geological realms. The
high primary productivity at the surface is reflected
in the underlying seabed by the accumulation of
organic-rich sediments. Intense microbial activity
associated with early burial diagenesis generates
by-products, some of which end up forming new
(authigenic) minerals, such as pyrite, carbonate
fluorapatite and glauconite. Precipitation of
microcrystalline carbonate fluorapatite forms
phosphorite, a rock type rich in phosphorus
(>18 wt% P2O5). Phosphorite and glauconite sand
deposits are concentrated on the shelf through
repeated cycles of accumulation and reworking,
largely driven by fluctuations in sea level over
major glacial to interglacial climate cycles. The
southern BUS extends from the Cape Peninsula to
the Orange River and is particularly rich in
glauconite sands. Strontium isotope stratigraphy
reveals that the southern BUS was initiated in the
latest Oligocene 26 million years ago, possibly
related to the final, deep water opening of Drake
Passage and establishment of the Antarctic
Circumpolar Current, and was most intense during
the early Miocene (24-16 million years ago). The
northern BUS between the Orange and Kunene
rivers has extensive phosphorite sand deposits
(24,700 km2 in extent) containing an estimated
7800 million tonnes of phosphate ore at an average
grade of 19 wt% P2O5. The Namibian phosphorite
deposits date from the latest Miocene 6 million
years ago, but the bulk of the highly condensed, 2 m
thick deposit is Pleistocene in age (<2.6 million
years old). There has been recent interest in the
seabed mining of both phosphorite and glauconite
sand deposits from the shelf off South Africa and
Namibia for phosphorus and potassium,
respectively, but the impacts mining will have on
the ecosystem are unclear.

Charine Collins1, Tarron Lamont2, Bjorn Backeberg3,
Jennifer Veitch1, Juliet Hermes1
1 South African Environmental Observation Network
(SAEON), Egagasini Node, Cape Town, South Africa
2 Department of Environmental Affairs, Cape Town,
South Africa
3 Coastal Systems Research Group, CSIR, Cape Town,
South Africa
St. Helena Bay, forming part of the southern
Benguela ecosystem, is the largest bay on the west
coast of South Africa and is a biologically important
region for pelagic fish, hake, and rock lobster. To
date, only a few infrequent studies have focussed on
variations in the bay scale circulation. A monthly
ship-based monitoring line, the St Helena Bay
Monitoring Line (SHBML), was initiated in 2000 to
determine the seasonal changes in cross-shelf
hydrography and biology. Even though there has
been an increase in ocean modelling in and around
South Africa in recent years, coastal modelling is
still in its infancy. The 12-year observational data
set in the St Helena Bay region, the only long-term,
cross-shelf, full water column data-set for South
Africa, makes this area the perfect natural
laboratory for the development of a coastal
modelling system. In this study, the climatological
mean temperature and salinity from three different
ROMS simulations and a HYCOM simulation are
evaluated against in situ observations from the
SHBML with the aim of determining the influence of
different forcing products, horizontal and vertical
resolution as well as vertical coordinate schemes on
the vertical structure of the ocean. The model
simulations tend to overestimate the temperature
and salinity across the shelf, and particularly within
St Helena Bay. Furthermore, the models
misrepresent the vertical salinity and temperature
structures. Interestingly, below 800 m, there is a
better agreement between temperature in the
models and the in-situ observations. This is the first
detailed comparison of modelled and in-situ data
for the greater St Helena Bay area at this scale and
the next phase will examine whether the model that
is most congruent with the observations resolves
the same inter-annual signals as observed in the insitu data.
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Poster 59
Operationalizing co-viability in management of
resource use, an example framework from
fisheries management in the southern Benguela

Oral - Tuesday
The recovery of the kelp Ecklonia maxima and
its associated benthos from a pulse disturbance
event between two different temperature
regimes along the coast of South Africa

Rachel Cooper1,2, Lynne Shannon1, Astrid Jarre1,2,
Olivier Thebaud3, Luc Doyen4
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 Centre for Statistics in Environment, Ecology and
Conservation (SEEC), University of Cape Town, South
Africa
3 IFREMER, UMR AMURE, Unité d’Economie
Maritime, Plouzané, France
4 GREThA, CNRS, University of Bordeaux, Pessac,
France

Ross Coppin1, Laura K. Blamey2, Albertus J. Smit1
1 Department of Biodiversity and Conservation
Biology, University of the Western Cape, Cape Town,
South Africa
2 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
Kelp forests are important, highly productive
ecosystems which play a significant role in
temperate coastal food webs. Kelps themselves are
regarded as ‘ecosystem engineers’ that structure the
surrounding environment (light, water motion,
etc.), while also providing a habitat for various
fauna and flora including economically important
species such as rock lobster, abalone and fish.
Environmental variables have been shown to affect
kelp, with temperature being the main driver. Any
warming or cooling of ocean waters under climate
change will therefore have significant consequences
for kelp forests. The increased frequency and
severity of disturbance events such as storms,
which are also associated with climate change, may
also have effects on these ecosystems. The aim of
this study was to investigate the recovery of kelps
and associated benthos following a pulse
disturbance event under two different temperature
regimes. Two sites with differing temperature
regimes were selected on the coast of South Africa:
Oudekraal on the cold Atlantic side of the Cape
Peninsula and Bordjies Rif on the warmer False Bay
side. At each site, four 200 m2 circular plots were
marked (two controls and two experimental plots)
at similar depths (5-7 m). In the two control plots
kelps were left intact and in the two experimental
plots all adult and juvenile kelps were removed.
Benthic invertebrates and algae were recorded in
eight 0.25 m2 quadrats in each of the plots before
and after (3, 6 and 13 months) the removal
experiments. Smaller foliose seaweeds dominated
recovery on the Atlantic side, while juvenile kelp
recovered quickest on the False Bay side. We
discuss reasons for the differences in recovery and
highlight the importance of this study in the context
of climate change and overfishing.

The viability approach has been suggested as a
useful way to operationalize ecosystem based
fisheries management. Broadly speaking, a viability
approach seeks to discover what states and
associated regulations will assure a desirable (e.g.
healthy or operational) system, which might be
represented through desirable, measurable
objectives for a system, over time. In the context of
fisheries management, it examines how economic,
social and environmental constraints might be met
through time with various management conditions.
As opposed to managing for an optimal or steady
state of a system where management seeks to
achieve target reference points, in the viability
approach the linked human-natural system is
managed to be maintained within the bounds of
acceptable limits (limit reference points) for the
various ecological, economic or other criteria, which
are determined according to management
objectives. A review of the international literature
on the viability and co-viability approach (coviability is a term often used to refer to where a
system is managed to simultaneously achieve
desirable ecological and social/economic states),
with specific reference to marine fisheries
management, is made. It examines how the
conceptual thinking around the viability approach
has been or is proposed to be implemented into
fisheries management worldwide. The southern
Benguela ecosystem off of the coast of South Africa
is used as an example of how this approach might
be translated into a local framework for fisheries
management, including how it might relate to
ecosystem and economic objectives. An assessment
is then made of what appropriate indicators can be
extracted from existing ecosystem and economic
models for the region that speak to the objectives of
the management framework. Finally, suggestions
are made for future developments of the existing
models that might inform management in the
context of the viability approach in the southern
Benguela.
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Oral - Tuesday
Bottom-up and top-down control of the
Benguela’s seabirds

marine environment is not easily apparent; also it is
difficult, costly and sometimes impossible to
reverse. Our best chance of avoiding such damage is
for researchers to communicate definite advice to
decision makers, based on the available knowledge
and their experience, set within a precautionary
approach in what will always be incomplete
ecological understanding. We need to engage with
relevant managers and politicians to make the
information understandable, useful and applicable
within their decision-making framework: this
requires empathy in manner, content and delivery.
Although demands on the ocean are burgeoning,
environmental ownership is taking strides:
politicians are championing sustainability in their
marine jurisdictions, scientists are engaging with
louder voices, legal frameworks are increasingly
underpinning sound ecosystems to support
sustainable economies, and multidisciplinary
stewardship of the ocean is gaining traction
globally.

Robert J.M. Crawford, Azwianewi B. Makhado, W.
Herman Oosthuizen
Department of Environmental Affairs, Cape Town,
South Africa
Fifteen species of seabird breed in the Benguela
ecosystem, of which nine are endemic to the system
(seven as species, two as races) and nine are
classified in terms of criteria of the International
Union for the Conservation of Nature (IUCN) as
Threatened on account of small populations or
large, recent decreases in populations. The high
levels of endemism and of conservation concern
highlight the need to understand factors driving
populations and how they may be mitigated.
Information on bottom-up (via food, including
fishing and mismatches in the distributions of
forage resources and seabird breeding localities)
and top-down (via oiling, disease and predation)
control of populations is reviewed. Models are used
to consider how the relative impacts of these two
processes may change for two of the Threatened
seabirds as their populations and colony sizes
decrease, and to examine the impacts of different
conservation interventions.

Oral - Thursday
Winning ways with hydrogen sulphide
Bronwen Currie1, Volker Brüchert2, Lisa Levin3,
Anne Gro Vea Salvanes4, Anne Christine Utne-Palm5
1 Ministry of Fisheries and Marine Resources,
Swakopmund, Namibia
2 Stockholm University, Stockholm, Sweden
3 Scripps Institution of Oceanography, La Jolla,
California, USA
4 University of Bergen, Bergen, Norway
5 Institute of Marine Research, Bergen, Norway

Oral - Friday
Standing up for Science
Bronwen Currie
National Marine Information and Research Centre,
Ministry of Fisheries and Marine Resources,
Swakopmund, Namibia

The shelf sediments off Namibia are some of the
most unusual and extreme marine habitats because
of their extremely high hydrogen sulphide
concentrations. High surface productivity of the
upwelling system provides benthic life with so
much carbon that benthic processes must rely on
innovative mechanisms to cope with perennial
anoxia and toxic hydrogen sulphide. Over the last 20
years, biogeochemical studies here have revealed
much about the processes associated with hydrogen
sulphide production and release into the water
column. During sporadic “events”, hydrogen
sulphide coupled with lack of oxygen pervades the
water column to create transient deadly conditions.
Hydrogen sulphide and little oxygen forces benthic
communities to adapt lifestyles to deal physically,
physiologically and behaviourally with these
stressful conditions. The upside of hydrogen
sulphide is that it fuels extensive mats of large
sulphide-oxidizing bacteria on the seabed, which
create detoxified habitat niches and food for the
animals living there. Even fish - gobies - exploit this
oxygen-starved benthic system. For animals in the
overlying water column, including the valuable
fisheries and aquaculture resources, hydrogen
sulphide events pose an ever-present threat. To
date revealing, but limited experimental studies

Scientists are celebrated as leaders of knowledge
and innovation yet society has frequently managed
to blunder into ecological and socio-economic
disasters, despite early science-based warnings.
Predicted impacts and the need for caution were
either not strong enough or lacked delivery to the
correct audience.
Our oceans can no longer be regarded as infinite in
their capacity to absorb and deliver whatever we
desire: escalating human demands outpace both our
legislative custodianship of the ocean’s resources,
and frequently, the scientific certainty to inform
sensible, forward-looking policy. The Benguela
region is especially rich in resources. Our political
leaders face decisions on a rapidly-growing array of
industrial development opportunities in the ocean,
which promise wealth and employment for their
countries. Scientists working on marine ecosystems
are at the forefront of society's understanding of
how these systems function. Yet unless these
researchers interact with decision-makers to
transfer understanding, such knowledge will not
influence the important decisions regarding the
sustainability of those systems. Damage to the
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have investigated the survival capacities of selected
species to sulphide - horse mackerel, hake, gobies
and oysters, while community-scale benthic studies
have not yet been characterized. These have the
potential to uncover biotic adaptations to toxic
sulphide with novel industrial, biomedical,
biomaterial, or other applications. This fascinating
biological system likely operates close to a tipping
point, balancing always on the edge of hydrogen
sulphide toxification and limited oxygen availability
against the abundance of particulate food. The next
challenges to this finely-tuned system could include
remotely-induced environmental changes related to
climate change, or man-made physical disturbances
to the seabed.

The studied area does not significantly contribute to
N2O emissions compared to the global coastal
upwelling emissions. Locally-produced N2O is
mostly advected southward by the poleward
undercurrent.
Oral - Thursday
Potential changes over a warmer climate in the
Benguela upwelling system within an oxygen
minimum zone
I. Dadou1, E. Machu2, B. Le Vu1, K. Goubanova1, V.
Garçon1
1 Laboratoire d'Etudes en Géophysique et
Océanographie Spatiales (LEGOS) UPS/IRD/CNRS,
Toulouse, France
2 Laboratoire d'Océanographie Physique et Spatiale
(LOPS) IRD, Brest, France

Oral - Tuesday
Coupled physical/biogeochemical processes for
nitrogen and oxygen cycles in the eastern
boundary upwelling system: The Benguela
upwelling system

The Benguela upwelling system (BUS) presents one
of the highest primary productions of all eastern
boundary upwelling systems with an Oxygen
Minimum Zone (OMZ) in its northern part. We
investigate the impact of different drivers on
production, biomass and acidification in the BUS
under future potential climate change (scenario
A1B2, 2080-2100: A1B (2080-2100)) compared to
present period (PD (1980-2000)). A 3-D regional
high resolution coupled physical-biogeochemical
model (ROMS/BioEBUS) (already validated for the
BUS (Gutknecht et al., 2013)) was forced by global
climate simulations with downscaled winds from
the IPSL model projection. The results show that in
the BUS this forcing corresponds to a mean sea
surface temperature increase of 1.4°C over the
whole domain and is associated with a decrease of
alongshore winds' magnitude (-10% in its northern
part) and also a decrease of oxygen concentrations
(-20-30 mmol O2.m-3 in its northern part). These
climate drivers influence the ecosystem of the
Benguela upwelling system with a subsequent
decrease of the surface pH (-0.24) and decrease of
primary production (-0.12; fractional change = (A1B
(2080-2100)/PD (1980-2000))-1 (-1 to 0: decrease,
positive values: increase)), phytoplankton (-0.148)
and zooplankton (-0.126) biomasses over the whole
domain. Moreover an unexpected ecological niche
with increased production and plankton biomass
could develop in the northern part of the BUS and
along the coast, associated with the increase of
temperature, stratification and decrease of the
winds. The coupled processes are analyzed in order
to understand this ecological niche (Dadou et al.,
2016). In the BUS area as well as in temperate
European seas (Atlantic Margin, North Sea) and in
the global ocean, primary production is projected to
decrease 3–12% on average under a future A1B
climate change scenario, whilst in the most
northern European sea, the Baltic Sea and Black Sea,
primary production is projected to increase 3–15%
(Chust et al., 2014).

I. Dadou1, E. Gutknecht2, B. Le Vu3, E. Machu4, V.
Garçon1
1 Laboratoire d'Etudes en Géophysique et
Océanographie Spatiales (LEGOS), Toulouse, France
2 Mercator-Ocean, Ramonville-St-Agne, France
3 Laboratoire de Sciences du Climat et de
l'Environnement (LSCE), Gif/Yvette, France
4 Laboratoire d'Océanographie Physique et Spatiale
(LOPS), Brest, France
Eastern boundary upwelling systems (EBUS) are
regions of high primary production associated with
oxygen minimum zones (OMZs). They represent key
regions for the oceanic nitrogen and oxygen cycles.
However, losses of fixed inorganic N through
denitrification/anammox processes take place in
OMZs. EBUS can also represent a considerable
source of nitrous oxide (N2O) to the atmosphere.
The relative contribution of the
physical/biogeochemical processes constraining the
OMZ is also not well known. In this work a high
resolution 3-D coupled physical/biogeochemical
model (ROMS/BioEBUS) is used to investigate the
nitrogen and oxygen budgets in the Benguela
upwelling system (BUS). The main processes linked
to EBUS and OMZs are taken into account. The total
N offshore export is estimated as
8.5±3.9×1010 mol N yr−1 at 10°E off the Walvis Bay
area, with a mesoscale contribution of +20%.
Extrapolated to the BUS, the coastal N source for the
subtropical gyre represents a major source of N for
the South Atlantic subtropical gyre compared with
other N sources. Export production coupled with
oxygen-depleted-water advection helps to maintain
an OMZ off Namibia in which coupled nitrification,
denitrification and anammox processes lead to
losses of fixed N and N2O production. However,
neither N losses nor N2O emissions significantly
impact the main N exports off the Walvis Bay area.
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Poster 45
A donor-driven approach to modelling anchovysardine dominance shifts in the southern
Benguela ecosystem

Poster 16
The transport and distribution of hake eggs and
larvae in the southern Benguela upwelling
system, and the potential impacts of climate
induced changes in ocean circulation

James A. de Haast1, Anne M. Treasure2, James J.
Ruzicka3, Coleen L. Moloney1
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 Department of Zoology & Entomology, University of
Pretoria, South Africa
3 Cooperative Institute for Marine Resources Studies,
Oregon State University, USA

N.J. Downey-Breedt1, L. Singh2, W.H.H. Sauer1, M.J.
Roberts3
1 Department of Ichthyology and Fisheries Science,
Rhodes University, Grahamstown, South Africa
2 Department of Agriculture, Forestry and Fisheries,
Cape Town, South Africa
3 Nelson Mandela Metropolitan University, Port
Elizabeth, South Africa

Ecosystem modelling forms an integral part in
setting management objectives both for fisheries
and conservation. The vast range in different
ecosystem and end-to-end models means that the
usefulness of each model must be evaluated based
on the research question asked. The change in
species dominance between anchovy and sardine
that took place during the 1980s in the southern
Benguela was investigated by Shannon et al. (2004)
using Ecopath with Ecosim. This research indicated
that fishing pressure was unlikely to be the driver of
change. Instead the findings indicated that changes
within lower trophic groups such as zooplankton
affected the prey availability of anchovy and sardine
leading to the shift in dominance. This paper applies
Steele and Ruzicka’s (2011) donor-driven model,
Ecotran, to a scenario representing the southern
Benguela in the 1980s. The model is used to
determine whether static responses to
hypothesised changes are qualitatively the same as
those predicted by Shannon et al. (2004). The
results indicate that for the majority of groups and
scenarios the Ecotran model predicts the same
direction of change as the Ecopath with Ecosim
model for the forward direction, 1980 to 1990.
However there are major disagreements between
the two models when they are applied to the 1990s
state in an attempt to recreate the 1980s state.
Qualitative methods were used to compare the
results of the Ecotran model with those published in
Shannon et al. (2004), as the available data do not
allow for a full dynamic Ecotran solution while the
results from Shannon et al. (2004) included a full
dynamic solution using Ecosim. The fact that the
forward results using Ecotran agree with those
using Ecopath with Ecosim indicates the driver of
change was most likely changes in the availability of
prey for anchovy and sardine.

The GULLS (Global Learning for Local Solutions:
Reducing vulnerability of marine-dependent coastal
communities to climate change) project focuses on
five global hotspot regions, areas warming faster
than 90% of the world’s oceans. One of these is the
Southern Benguela hotspot, which extends from the
Orange River mouth (northwest) to East London
(east). A number of commercially important
fisheries operate in this region, one of which is the
South African hake fishery. Apart from changes in
sea surface temperature (SST), climate change will
also impact ocean productivity and circulation. As
part of the GULLS study, and in collaboration with
the Department of Agriculture, Forestry and
Fisheries, individual-based modelling has been used
to investigate the transport of hake (Merluccius
capensis and M. paradoxus) eggs and larvae in the
southern Benguela upwelling and Agulhas Bank
systems. Also of interest is the modelled
distribution and concentration of eggs and larvae.
The release of 500 eggs, every five days, was
simulated for one model year. Species specific
spawning areas and release depths were used, and
particles transported for 40 days. Trajectory plots
showed the net westward and northwestward
transport of eggs and larvae along the Agulhas Bank
and up the west coast of South Africa. In
comparison, eggs and larvae spawned off the west
coast were not transported great distances and
were retained in the general area. Consequently,
although larvae were distributed throughout the
Agulhas and Benguela systems, model outputs
indicated a greater concentration of larvae off the
west coast. Model outputs will be presented and
discussed in light of the potential impacts of climate
change on larval transport and distribution.
Information on future changes in ocean circulation
(obtained through Lagrangian particle tracking of
passive particles through the circulation field of
high resolution ocean projections) has been
provided by the National Oceanography Centre,
United Kingdom.
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Oral - Thursday
Raising awareness of marine and climate issues
through teaching across subjects in a small,
rural school in the southern Cape

Poster 60
Recovery of deep-water benthic macrofauna
communities affected by diamond mining
operations

Gregory Duggan1, Astrid Jarre1, Grant Murray2
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 Duke Marine Laboratory, Duke University, Durham,
N.C., USA

O. Duna1, B.M. Clark1, N. Steffani2, L. Roos3
1 Anchor Environmental Consultants, Cape Town,
South Africa
2 Steffani Environmental Consultants, Cape Town,
South Africa
3 De Beers Marine (Pty) Ltd, South Africa

Ethnographic fieldwork conducted in rural,
underprivileged coastal communities in the
Blombos area of the southern Cape showed a strong
sense among teachers and learners, that the
national CAPS curriculum does not adequately
provide contextually relevant examples to tie
lessons to local experience. In collaboration with
educators from two schools in the area, educational
modules were developed across four subjects Science, Mathematics, English, and Art - focussing
on issues around marine ecosystems and climate
change. These modules were embedded in and
intended to augment the CAPS curriculum and were
taught in the 3rd term of 2015 and 1st term of 2016
to grades 6-9 in Vermaaklikheid School. We analyse
the value of these modules in opening up
conversations among the learners, their families,
and the local community on issues pertaining to
marine and climate variability. As an example,
water temperature data sampled on a commercial
ski boat operating in the southern Cape were used
in Mathematics and Science to teach the learners
how to draw graphs and interpret data. Related
lessons in English and Art drew upon the data to
open conversations around rising sea temperatures
and the impacts of sea change on the local
community. Homework exercises saw students
interview their parents, and fishers in their
community about the impacts of these changes on
fishing, fish stocks, and community interactions
with the sea. Through these exercises, the students
opened up conversations beyond the school. The
project was met with enthusiasm by the principal,
teachers and learners at the school as well as
parents in the community. The results of the
research indicate that while the integrated
curriculum modules were successful in
Vermaaklikheid School, success of such an
undertaking depends critically on the willingness
and ability of the school to take them onboard.

De Beers Marine South Africa (DBMSA) conducts
prospecting and mining for diamonds in the South
African Mining Licence Area MPT 25-2011, near the
Orange River. A monitoring programme was
initiated in 2003 to assess impacts on and recovery
of benthic macrofauna communities in this area.
The monitoring programme included baseline
geophysical, sediment and macrofauna surveys
conducted in 2003 and post mining surveys in 2008,
2010, 2011, 2013 and 2015. Results from the 2003
(pre-mining) and 2008 (post-mining) geophysical
surveys indicated that between 2 and 4 m of
sediment was removed from the substratum at the
mining sites. A follow-up geophysical survey
conducted in 2015, some eight years post-mining,
indicated that between 0.3 and 1.6 m of sediment
had accumulated at the mined sites. Clear changes
in sediment structure and macrofaunal assemblages
were also evident from before to after mining at the
mined sites. Sediment at the control and impact
stations was comprised mostly of fine mud (>75%
contribution) prior to the start of mining, but this
became much coarser after mining (mud fraction
was reduced to <50% in most cases, while medium
and coarse sand contributed up to 45% of the total).
A progressive increase in the contribution by mud
has been observed since this time, and was back up
to 70% in the most recent (2015) survey. Average
species richness, abundance, biomass and ShannonWiener diversity of macrofaunal assemblages was
similar at the mined and control stations prior to
the commencement of mining in 2003. These
indices were all very much lower at the mined
compared with the control sites in the period
immediately after mining, but have recovered
markedly since this time. However, data from the
latest (2015) survey indicated that levels for these
parameters remain slightly depressed (just under
80% of levels observed at the control stations) and
suggests that recovery of benthic macrofauna
communities in this environment is very slow and is
likely to take several more years to achieve.
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Poster 17
Transgeneration effects of parental hypercapnic
exposure of the Cape urchin – fertilization
success and larval development

Oral - Tuesday
An ongoing study to determine the nursery area
for horse mackerel (Trachurus capensis) using
the larval stage technique

Jacqueline Dziergwa1, Christopher R. Bridges1, Lutz
Auerswald2,3
1 Institute of Metabolic Physiology/Ecophysiology,
Heinrich-Heine University, Düsseldorf, Germany
2 Branch: Fisheries Management, Department of
Agriculture, Forestry and Fisheries (DAFF), Cape
Town, South Africa
3 Department of Animal Sciences, Stellenbosch
University, Stellenbosch, South Africa

Josephine Edward
National Marine Information and Research Centre
(NatMIRC), Ministry of Fisheries & Marine Resources,
Swakopmund, Namibia
Horse mackerel (Trachurus capensis) is a
commercially important fish species in Namibia and
contributes greatly to the national gross domestic
product. Thus, there is a need to understand the
larval stages as well as to determine its nursery
areas in the Benguela region. However the current
information on these nursery areas is
inconsequential, hence this study aims at filling
those information gaps on the early life of Horse
mackerel. It will in turn assist in accurately
estimating recruitment and regulating human
activities in these areas. The results obtained from
this study were collected from a Namibian and
German collaboration, with fish larvae sampled
along the Namibian coast line in 2013-2014. The
meristic and morphometric description of fish
larvae were used to distinguish the larvae into three
larval stages: the pre-flexion stage (3-7 mm) which
is the stage after the egg hatches, the flexion stage
(8-11 mm) which is the stage of fin development
and finally the post flexion stage (12-33 mm) which
is the stage before the process of squamation. The R
test was used to measure the significant differences
between the different sampled stations, and Primer
was used to class the standard length of fish larvae
into the three larval stages. The results showed that
the majority of the larvae completed their larval
stage along the northern-central areas of Namibia;
this area is presumably a nursery area. The results
obtained from this study can act as a blueprint in
aiding government officials to design and formulate
a pre-eminent fish larvae sampling survey as this
has never been done. This plan can further be
incorporated into the annual Horse mackerel
biomass surveys. This will provide additional
information and understanding of these nursery
areas as well as providing an opportunity to test for
other environmental and biological parameters
affecting larval survival.

The Benguela Current Large Marine Ecosystem
(BCLME) is characterized by upwelling events and,
in some areas, periods of low-oxygen due to algal
decay and bacterial respiration. Both phenomena
cause frequent hypercapnia, i.e. an increase in pCO2,
resulting in a drop in pH. It is expected that, with
ongoing ocean acidification, pH levels in the BCLME,
which are already lower than the global average,
will decline further. A global pH of 7.3 is expected
by the year 2300. Such a decrease in pH is likely to
have consequences for marine organisms, but
responses are often specific to families or even
species and the overall effect on marine ecosystems
remains unclear. The Cape urchin, Parechinus
angulosus, is a dominant echinoderm species in the
BCLME. Although not a fisheries resource itself, it is
a major food source for many species, for example
the West Coast rock lobster. The latter forms the
base for one of South Africa’s most valuable
fisheries. This led us to investigate various
responses of the Cape urchin to hypercapnic
conditions. In the present study, we investigated the
impact of increased hypercapnia on parts of the life
history of the Cape urchin: We exposed parent sea
urchins to chronic hypercapnia (normocapnia as
control) for 12 weeks, after which we investigated
1) gonad development, acid-base state and test
structure; and 2) we spawned incubated urchins
and fertilized eggs and sperm in all possible
combinations (for example sperm from
normocapnic males with eggs from hypercapnic
females) for testing fertilization success and larval
development. During the latter, development of
larvae from all combinations were compared in
normo- vs. hypercapnic seawater. Results revealed:
1) there is no impact on all measured aspects of
parent urchins. 2) all larvae, especially in their early
stages, are highly vulnerable to hypercapnic
conditions.

Oral - Wednesday
Key species and mechanisms driving energy
flows in the northern Benguela upwelling
ecosystem and their feedback into
biogeochemical cycles
Werner Ekau1, Holger Auel2, Katharina Bohata3,
Fritz Buchholz4, Simon Geist1,5, Wilhelm Hagen2,
Rolf Koppelmann3, Bettina Martin3, Anna Schukat2,
Norbert Wasmund6, Thorsten Werner4
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Oral - Wednesday
Ecological responses to physical forcing in the
northern Benguela upwelling system
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The northern Benguela Upwelling System (nBUS)
has been facing increasing temperatures and
decreasing dissolved oxygen (DO) levels over the
last decades. This has implications for key processes
and trophic interactions within the system
including shifts in community ranges and trophic
levels, changes in energy flows and migration
patterns. A feedback into biogeochemical processes
can be expected. As confirmed for other upwelling
systems, oxygen is a major factor structuring and
limiting the “living space” of pelagic organisms.
Adaptations to oxygen deficits happen at the
community level; species may either cope with
lower oxygen levels and migrate into or through the
oxygen minimum zone (OMZ), or leave the area. The
spatial and temporal distribution patterns of key
species of zooplankton and fish larvae and their
observed latitudinal shifts imply an overall change
of biomass distribution and impact on the vertical
(carbon) transport pattern. The importance of
microzooplankton in the system could be shown as
a strong link between primary producers and the
mesozooplankton. Changes in depth distribution of
key taxa showed their differences in hypoxia
tolerance, hence different strategies to cope with
the OMZ. Shrinkage of the oxygenated surface layer
constrains sensitive species and will lead to further
adjustments of daily and/or seasonal vertical
migrations. Oxygen consumption rates and isotope
concentrations (N, C) allowed a better
understanding of the role of plankton species and
their trophic positions in the system enabling better
high-resolution ecosystem modelling. Comparisons
of simulated oxygen consumption rates with
experimental data showed excellent agreement and
mass specific rates ranged between 10 and
50 ml O2 g-1 d-1. This may lead to the calculation of
oxygen budgets for different regions on the
Namibian shelf enhancing our understanding of the
future development of the nBUS under further
global change conditions.

Climate change has been postulated to re-structure
atmospheric and oceanographic circulation patterns
in the Benguela upwelling system that cascade from
oxygen concentrations and nutrient cycles to
productivity and trophic relationships of the
ecosystem. Six years of field work and evaluation of
climate observations and simulations of the past
decades do not verify this hypothesis and strong
teleconnections of upwelling intensity with global
or hemispheric atmospheric climate modes are not
evident. The northern and southern Benguela subsystems are clearly demarcated in seasonality,
thermocline depth, and water mass characteristics.
Physical observations and model results verify a
strong seasonality in the northern Benguela with
enhanced poleward transport of northern lowoxygen South Atlantic Central Water (SACW) from
October to April, and dominating inflow of highoxygen/low nutrient East South Atlantic Central
Water (ESACW) from the South. Wind-driven
coastal upwelling is the major source (75%) of
upwelling water and interannual variation of crossshelf Ekman transport is low. Advection of lowoxygen SACW dominates over local/regional oxygen
demands in creating the oxygen-minimum zone on
the shelf and upper slope, and variability in the
poleward transport of SACW imposes a pronounced
interannual variability on biogeochemical and
ecosystem processes. Differences in biogeochemical
characteristics of advected water masses are the
reason for contrasting CO2 balances, nutrient ratios,
and oxygen status of the sub-systems. Systematic
changes in phytoplankton successions are not
evident, but the biomass of mesozooplankton has
increased over the last decades, whereas average
concentrations of major copepod species decreased
from 2002 to 2011. Zoo- and ichthyoplankton
species gradually expanded southward,
accompanied by an increase in larval abundances of
Trachurus capensis and Sardinella aurita. Adults of
Sufflogobius bibarbatus were regularly detected
during camera observations at the bottom, but a
postulated increase in larvae of this species is not
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evident and shows lower abundances than in
historical assessments.

a consequence of a reduction in the overall effort
deployed by the fishery, rather than of a decline in
the abundance of the resource. However,
standardised commercial Catch-per-unit-Effort
(CPUE) indices of abundance have shown a
consistent negative trend from 2009 onwards. The
CPUE index for 2014 showed some improvement,
but remained well below the 2000-2013 average.
The decline in sole CPUE coincided with similar
declines for other species on the South Coast such
as horse mackerel and squid. However, available
data are insufficient to inform on the reasons for, or
mechanisms underlying, these declines, and it
remains unclear whether these declines reflect a
reduction in productivity or a decrease in
catchability. An approach to balance the uncertainty
of sole resource status against human social and
economic needs was urgently required. The novel
development of an effort limitation strategy applied
in a co-management framework in the inshore trawl
fishery is discussed.

Poster 18
Distribution and abundance of large-eye dentex
(Dentex macrophthalmus) and Benguela hake
(Merluccius polli) in Angolan waters during the
period 2002 to 2015
Virgílio Estevão1, Arved Staby2, Marek Ostrowski2
1 Instituto Nacional de Investigação Pesqueira,
Luanda, Angola
2 Institute of Marine Research, Bergen, Norway
Large-eye dentex (Dentex macrophthalmus) and
Benguela hake (Merluccius polli) are demersal fish
that are commercially exploited in Angolan waters,
and respectively inhabit the southern and central
shelf (50-300 m), and the central and northern
upper slope (> 300 m). During the last two decades
environmental conditions off Angola have varied
greatly, characterised by periods with abnormally
low (2002-2004) and high (2008-2012)
temperatures. Preliminary investigations into the
horizontal distribution and catch rates of these two
species show visible inter-annual variation. Here we
analyse catch per unit effort and biological data
collected annually onboard the R.V. Dr. Fridtjof
Nansen between 2002 and 2015 during summer
months (February – April) to investigate whether
changes in sea surface and bottom temperature and
bottom oxygen influence i) the horizontal
distribution of these two species, ii) their length
stratified abundance based on standardised catch
rates used for swept area estimates, and iii)
annually observed recruitment.

Poster 49
Benthic biota and oceanography of the Cape
Canyon
Z. Filander1, T. Lamont1,2, M. van den Berg1, L.
Jacobs1, L. Snyders1, A. Lombard3, K. Sink4
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4 South African National Biodiversity Institute, Cape
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Oral - Friday
A novel framework for the management of the
Agulhas sole fishery to promote sustainable
livelihoods during conditions of uncertain
resource status

The Cape Canyon is a significant geomorphological
feature situated off the west coast of South Africa.
The head of this feature has been previously
reported to incise the continental shelf at
approximately 200 m. Although canyons are
internationally recognized as potentially sensitive
systems and biological hotspots, regional studies
are required to validate this perception. During
March 2016, a cruise was conducted to obtain a
high-resolution bathymetric map of the Cape
Canyon and describe its biological uniqueness
relative to the surrounding area. Preliminary
bathymetric results agree with the previously
reported location. Camera and dredge samples
showed unconsolidated benthic communities
dominated by echinoderms, molluscs and
crustaceans. Additionally, these samples also
showed substantial amounts of phosphate rocks
with fossil mounds ranging from echinoids to
gastropods. A notable amount of dead cold-water
coral fragments were also observed from the dredge
samples. Profiles of temperature, salinity, and
dissolved oxygen showed anoxic conditions in the
bottom layers of the near-shore region. Grab

Tracey P. Fairweather1, Jean Glazer1, Deon
Durholtz1, Doug Butterworth2
1 Department of Agriculture, Forestry and Fisheries,
Cape Town, South Africa
2 Marine Resource Assessment and Management
Group (MARAM), Department of Mathematics and
Applied Mathematics & Marine Research Institute
(Ma-Re), University of Cape Town, South Africa
The inshore trawl sector is the oldest industrial
fishing sector in South Africa, catching Agulhas sole
and hake since the late 1890s. A global quota of
700 tons was set in 1978, and increased steadily to
930 tons in 1982 when individual quotas were first
introduced. In the subsequent 22 years to 2003, the
fishery prospered and landed an average 93% of the
TAC each year. The decline of annual landings from
702 tons to 127 tons over the period 2004 – 2013
seems alarming, but at first was certainly primarily
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sediment samples confirmed dark anoxic-hypoxic
mud inshore suggesting permanence of this low
oxygen environment. Further offshore, mineralized
sandy ecosystems were observed. Biota in the
nearshore mud differed substantially from that
found in the sandy sediment further offshore.
Within the canyon below 300 m depth,
oceanographic data indicated water which was
cooler, less saline, and more oxygenated than that in
the bottom layers further offshore, suggesting that
upwelling was occurring in the canyon. This study
improves the knowledge of the biological and
oceanographic distributions in Cape Canyon
environment and has valuable implications for
Marine Spatial Planning.

exploration and production, mining and tourism
industry activities within a diverse biophysical
region. Ecosystem accounting is introduced as a
potential decision support tool in the region.

Oral - Friday
Ecosystem accounting as a tool for ecosystembased management of multi-sectoral resource
use in the southern Benguela

Primary production is an indicator of the amount of
energy available to an ecosystem. Rates of primary
production are expected to be particularly high in
coastal regions associated with eastern boundary
currents where the upwelling of nutrient-rich
waters stimulates high levels of phytoplankton
growth. Upwelling systems are characterized by
high rates of “new production”, the phytoplankton
growth fuelled by nitrate upwelled from the
subsurface. Annually, new production is balanced
by the export of organic matter from surface waters,
which sequesters atmospheric CO2 “fixed” as
organic carbon biomass in deep waters and fuels
benthic communities. The southern Benguela
Integrated Ecosystem Programme (IEP) was
initiated to monitor the physics, biology, and
chemistry of the economically- and
environmentally-important southern Benguela
Upwelling System (BUS). In the framework of the
IEP we have begun implementing a protocol to
measure net primary production (NPP) and nitrateversus ammonium uptake (i.e., new versus
regenerated production) in the euphotic zone of the
southern BUS using 13C- and 15N-tracer addition
experiments. During a cruise aboard the RV Algoa in
May 2016, simulated in situ NPP and nitrogen
uptake incubation experiments were conducted
throughout the euphotic zone at six IEP stations.
Here, we present wintertime rates of euphotic zone
NPP and new and regenerated production, and
discuss the implications for southern BUS fertility
and carbon export. We compare the inshore region,
expected to be highly productive, with offshore
waters that should reflect open ocean conditions. In
addition, given the high variability characteristic of
the southern BUS, we evaluate the degree of
coupling between carbon fixation and nitrogen
uptake relative to expectations for typical marine
systems. In the long term, this work will improve
our understanding of southern BUS productivity at
the lowest trophic level, with implications for
fisheries and ecosystem management, regional
biogeochemistry, and ecosystem model validation.

Poster 4
Primary production and carbon export in the
Southern Benguela ecosystem
R.F. Flynn1, J.M. Burger1, K. Pillay2, S.E. Fawcett1
1 Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
2 Department of Environmental Affairs, Cape Town,
South Africa
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Countries and regions around the world are
expanding their national economies (as “ocean” or
“blue” economies) into the ocean space, with South
Africa’s Operation Phakisa being one such example.
These expansions include both an increase in the
extent of existing industry sectors and the
development and extension of emergent market
sectors. Ocean-system benefits to human welfare
(as provisioning, regulatory or cultural ecosystem
services) extend well beyond national economies,
and governance of both inter-sectoral and sectoralenvironmental divergences are required in
resource-use expansion within a limited ocean
space. Such governance should be seen as an
informed decision making process allowing tradeoffs between conflicting resource-user needs and
environmental sustainability requirements. Marine
Spatial Planning (MSP) is often proposed as a
panacea for governance of such conflicts and a
myriad of decision support tools exist within the
MSP realm for trade-off analyses. Ecosystem
accounting is a novel and emergent field which
integrates ecological and bio-physical information
in a spatial framework to identify and monitor
changes in the natural capital of ecosystems and the
relationship of identified changes to economic and
human activity. In doing so ecosystem accounting
evaluates the condition and extent of spatial
ecosystem assets, and flows of services (as support
services between or within ecosystems, or as final
ecosystem services to economic and other human
activity). While South Africa has been identified to
pilot ecosystem accounting, the framework has yet
to be applied to the marine sector. The southern
Benguela region includes a number of resource-use
sectors including fisheries, aquaculture, oil and gas
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Oral - Thursday
A changing fishery system: Perspectives from
the crew of the southern Cape's handline fishery

source of nutrient input across EBUS is nearshore
upwelling. Therefore, understanding variability in
coastal upwelling is an important first step for
projections of ecosystem change. Here we
investigate variability in upwelling-driving winds in
the Benguela upwelling system and on the Agulhas
Bank (South Africa southern coast), and drivers of
such variability. Through principal component
analysis we identify the main modes of variability in
alongshore NCEP-DOE winds, and then correlate
these with different atmospheric indices to identify
drivers of wind variability. Our results show that
most variability occurs during the upwelling season
(summer) in the southern Benguela, and it is weakly
related to the latitudinal position of the South
Atlantic High-pressure system (SAH). However,
there is also some influence from large El Niños via
variability in the SAH. The northern Benguela
region shows decadal variability in upwellingfavorable winds related to the magnitude of the SAH
for most of the study period. Notably, upwelling
winds variability on the Agulhas Bank is highly
correlated with El Niño-Southern Oscillation
variability. We also compare upwelling-favorable
winds variability between the Benguela and the
California EBUS, and find that there is shared
decadal variability between systems, possibly
related to changes in global patterns of atmospheric
circulation.

Louise Gammage1, Astrid Jarre1, Charles Mather2
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 Department of Geography, Memorial University, St
John’s, Newfoundland, Canada
Small-scale fishers and communities they support
face a range of social and ecological challenges that
undermine their ability to sustain livelihoods and
achieve resilience. Responding to these challenges
requires an understanding of how these stressors
interact in a context of a dynamically changing
regulatory environment. Complementing earlier
research with members of the small-scale
commercial handline fishery in the southern Cape,
we present a qualitative, thematic analysis of data
for the crew component of this fishery focussing on
stressors that bring about change in the coupled
social-ecological system. Themes presented and
discussed include variability of the natural
environment and its effects on fishers, the impact of
other fisheries as well as policy and regulatory
challenges. Broad themes identified are similar to
those identified from previous research which
focussed on the skipper and boat-owner component
of the same fishery. Although stressors identified by
the two groups are similar, the impact of these
changes and the experience thereof differ due to
differing social and economic conditions. Finally, we
illustrate how this information can be used to
inform a problem structuring process which
includes the construction of causal diagrams and
Bayesian network with an eye to using these as
tools in a transformative scenario building process.

Poster 6
Variability of oxygen in marine ecosystems and
climate change: VOYaGE
Véronique Garçon and the VOYaGE Consortium
Laboratoire d'Etudes en Géophysique et
Océanographie Spatiales (LEGOS), CNRS, Toulouse,
France
The VOYaGE ETN aims to train young investigators
to make significant advances in the field of regional
climate-related marine ecosystems prediction, an
emerging discipline spurred by societal demand for
mitigation and adaptation strategies. Unequivocal
indirect effects of climate change on the ocean due
to increased stratification on ocean circulation
include deoxygenation. VOYaGE focuses on oxygen
sensitive marine ecosystems over margins adjacent
to populous regions, i.e. the Black Sea, Benguela and
Humboldt upwelling systems. It adopts an
integrative modeling approach considering the
breadth of interactive processes between land,
atmosphere, ocean, sediments, marine resources
and society to address these main questions: What
are the key processes driving the marine ecosystem
state and variability in these regions? How will they
be modified in future reduced oxygen conditions?
How will deoxygenation affect these marine
ecosystems and alter sources of protein (fisheries)
they provide to society? Given the transnational and
global nature of deoxygenation, its scale and
complexity, activities are carried out at the EU level

Poster 5
Regional and global drivers of upwelling
variability in the Benguela and California EBUS
Marisol Garcia-Reyes1, William Sydeman1, Tarron
Lamont2, Bryan Black3, Ryan Rykaczewski4, Steven
Bograd5
1 Farallon Institute, Petaluma, California, USA
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Environmental Affairs, Cape Town, South Africa
3 Marine Science Institute, University of Texas, Port
Aransas, TX, USA
4 Marine Science Program, University of South
Carolina, SC, USA
5 Environmental Research Division, NOAA/Southwest
Fisheries Science Center Monterey, CA, USA
In eastern boundary current upwelling systems
(EBUS), ecosystem variability is mainly related to
environmental variability, although in some regions
fisheries are also a major factor. While many factors
exert control over biological productivity, the main
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and beyond. The ETN thus gathers seven academic
research teams and two non-academic beneficiaries
together with nine partner organizations from
across EU, EU associated and third world countries.
It commits to training 14 ESRs hired for 36 months.
VOYaGE delivers research products and
transferable skills thereby increasing employability
of the researchers in and out of academia to meet
the EU principles for Innovative Doctoral Training.
It provisions a highly skilled workforce required by
EU Growth in Blue Economy and Copernicus, that
will improve knowledge on the future state of the
oceans and environmental risks to marine habitats
and ecosystems. VOYaGE will provide to a
generation of young scientists the crucible for
designing innovative approaches for achieving the
societal transition towards the Sustainable
Development Goals approved by the UN.

November 2015 both groups were abundant
offshore. These results have been related to
physicochemical variables and, although there are
indications that picophytoplankton abundances are
greatest in upwelled water, this pattern is not
consistent. This study forms a basis for further
investigations of the roles these picophytoplankton
play in biogeochemistry and microbial food webs in
the southern Benguela.
Oral - Thursday
Jellyfish in the Benguela – a review of knowledge
Mark J Gibbons et al
University of the Western Cape, South Africa
There appears to have been a jellification of the
marine ecosystem off Namibia following the
collapse of the fishery there for small pelagic fishes
at the end of the 1960s and early 1970s. Here we
review what we know about jellyfish in the
Benguela ecosystem from work conducted over the
past 15 years. The journey is an eclectic one,
spanning studies on the taxonomy and ecology of
medusae, through to recent research on the allimportant polyp.

Poster 19
Spatio-temporal distributions of
picophytoplankton in the southern Benguela
Z. Gebe1, E.L. Rocke1, C.L. Moloney1, M.C. Pfaff2
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 Oceans and Coasts, Department of Environmental
Affairs, Cape Town, South Africa

Poster 20
Spatial variation in body shape of sardine off
southern Africa

Picophytoplankton are primary producers in the
size range from 0.2 to 2 µm, and are comprised of
prokaryotic cyanobacteria (primarily two genera,
Prochlorococcus and Synechococcus) and a diversity
of eukaryotic cells (here called picoeukaryotes).
There is very limited information on these groups in
the southern Benguela. This study sampled
picophytoplankton along four monitoring lines off
the west coast of South Africa in 2015, contributing
to the Integrated Ecosystem Programme of the
Department of Environmental Affairs. Sampling
occurred in each season (February, May, September
and November) to determine the distributions of
these groups, to investigate their seasonal
abundance, and to identify possible factors
influencing their distributions. Samples were
collected using CTD rosette sampling bottles, prefiltered through a 200 µm sieve and fixed with
glutaraldehyde in 2 ml cryovial triplicates. The
samples were snap frozen in liquid nitrogen and
transferred to a -80°C freezer to await further
analysis in the laboratory. Flow cytometers were
used to enumerate the picophytoplankton and to
identify the main types, based on their pigment
signatures. Two different flow cytometers (BD LSR
II and BD Accuri C6) were used to process the
samples after they were thawed at room
temperature for an hour. Results are presented here
for Synechococcus and picoeukaryotes. In May 2015
there was high abundance of picoeukaryotes close
to shore and low abundance of Synechococcus. The
opposite was observed in September 2015, and in

G. Groenewald1, C.L. Moloney1, C.D. van der Lingen1,2
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 Branch Fisheries, Department of Agriculture
Forestry and Fisheries, Cape Town
Spatial variability in morphometric (body shape)
characteristics was investigated for sardine
Sardinops sagax collected in 2009 from three
southern African regions: Namibia, the South
African west coast and the South African south-east
coast. A box truss method was used to compare the
body shapes of 1048 fish from 43 samples. Each fish
was photographed and standard linear
measurements were made between 11 body parts
(landmarks) marked on each photograph. The
resulting box truss network consisted of 21
morphometric measurements. Principal component
analysis of these measurements indicated regional
differences in body shapes. Group centroids from
discriminate function analysis of fish from the three
regions differed significantly (FNvsW = 29.49, FNvsSE =
27.16 and FWvsSE = 18.00, d.f. = 16.10, P < 0.001).
Sardine off Namibia have thicker bodies, larger
heads and smaller tails than South African sardine.
Off South Africa, sardine on the south-east coast
have thinner bodies and smaller heads than those
on the west coast. The same morphometric will be
re-analysed using a geometric morphometric
method to see whether there is a difference in the
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results obtained by the two methods or whether the
second method confirms the original results.

We will further infer on the future of developing the
OOS for South Africa and implications towards
demonstrating a BCLME-wide operational
oceanographic capability.

Poster 72
Rands and sense of a real-time operational
ocean observing system at Elands Bay in the
Benguela upwelling system: A practical case

Poster 37
Population analysis by microsatellite markers of
bearded goby Sufflogobius bibarbatus in the
Benguela system linked to hydrographical
conditions

Mthuthuzeli Gulekana1, Angelo Marco1, Christine
Illert1. Christopher Duncombe Rae1, Deirdre Byrne1,
Gavin Louw1, Franklin Frantz1, Gavin Tutt1, Leon
Jacobs1, Marcel van den Berg1, Mfundo Lombi1,
Mbulelo Makhetha1, Rick Harding1, Samantha
Ockhuis1, Sifiso Mbambo1, Selwyn Bergman1, Tarron
Lamont1, Bradley Blows2, Dick Muller3, Oscar
Philander3
1 Department of Environmental Affairs, Branch:
Oceans and Coasts, Cape Town, South Africa
2 Bayworld Centre for Research and Education
(BCRE), Cape Town, South Africa
3 Cape Peninsula University of Technology (CPUT),
Cape Town, South Africa

K.B. Suneetha Gunawickrama1,3, Torild Johansen2,
Anja van der Plas4, Anne Gro Vea Salvanes3
1 Department of Zoology, University of Ruhuna,
Matara, Sri Lanka
2 Institute of Marine Research, Tromsø, Norway
3 Department of Biology, University of Bergen,
Bergen, Norway
4 National Marine Information and Research Centre,
Namibia
Bearded goby, Sufflogobius bibarbatus Van Bonde
1923, is an abundant small fish in the Benguela
ecosystem, and its distribution overlaps
considerably with an area of hypoxic conditions
indicating tolerance towards extremely low levels of
oxygen. This study is aimed at analysing the
population structure of bearded goby using
microsatellite markers, and it is hypothesized that
population differences may exist linked to
hydrographical conditions including hypoxia.
Samples of goby from 14 stations distributed over
the entire area of the Benguela system from 19°S to
32°S were screened using multiplex PCR for ten
tetranucleotide microsatellite loci developed for
bearded goby. Multi-locus estimates of FIS, FST and
FIT for 14 sampling stations were 0.0777, 0.0002
and 0.0779 respectively, indicating overall weak
among-station genetic differentiation. Pairwise
comparisons between stations showed significant
genetic differences in 34% of the tests, while multidimensional scaling and the clustering tree based
on FST values showed that the pooled sample from
the latitude 22°20´ S (13°29´ E to 14°10´E) was the
most distinct one. The genetic differences were not
related to clines though. Pairwise comparison of
three stations over hypoxic and non-hypoxic waters
at around 23°S latitude revealed significant genetic
difference between the inshore hypoxic location
(14°22.7´E) and the most offshore location with
higher oxygen (13°43.8´E). This indicates that small
scale genetic divergence linked to hypoxia exists in
bearded goby of the Benguela system. The number
of migrants using private allele methods after
correction for size was 23.3 indicating that small
numbers of migrants can disrupt the observed
structure. The results indicate that heterogeneity in
the Benguela system supports genetic divergence of
partially isolated populations, while the genetic
divergence is also linked to hypoxic conditions
around 23°S latitude at Walvis Bay area.

There is a worldwide effort to understand the
dynamics of the global oceans through cooperative
and collective efforts across neighbouring countries
by developing local ocean observation systems that
can contribute towards regional and global ocean
observations systems (OOS). The principle
requirement of the OOS is to measure and observe
the ocean state in order to understand the dynamics
of the marine environment. Various user-needs
including resource management, disaster
mitigation, safe operations and ocean state
prediction require customized data and information
in real time. In the Benguela Current Large Marine
Ecosystem (BCLME), comprising Angola, Namibia
and South Africa, there is a dire need to have an
operational OOS given the vast economic, ecological
and social values of the BCLME. In 2011, a real-time
data buoy was planned and deployed at Elands Bay
by the Department of Environmental Affairs (DEA)
as a pilot project, funded by the Benguela Current
Commission, to establish a modern OOS that can
measure met-oceanic parameters and be used for
early warning. The buoy was initially equipped with
simpler and fewer sensors, and over time
progressively increasing sensors and capabilities to
include sensors that monitor chemical, biological,
physical, and meteorological variables. The data
buoy was operational for > 55% of the time (N=24
months) during which the data was transmitted
real-time to a server ashore. During this period, at
least 6 trips were undertaken to service, deploy or
fix problems. The substantial amount of capital
(financial, human and infrastructure) invested
demonstrates that it was a good return-oninvestment exercise, although some modifications
are required. We will present lessons learnt
regarding the data, achievements, failures, “thefts”,
financial implications, etc. encountered.
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Poster 21
Life-history traits and trophodynamics of
copepods in the northern Benguela upwelling
system

Oral - Tuesday
Spatial and temporal variability in elemental
signatures of sardine otoliths in South Africa
Shannon Hampton1, Coleen Moloney2, Carl van der
Lingen2,3, Maylis Labonne4
1 International Ocean Institute-SA (IOI-SA), Cape
Town, South Africa
2 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
3 Department of Agriculture, Forestry and Fisheries,
Cape Town, South Africa
4 Institut de Recherche pour le Développement (IRD),
France

Wilhelm Hagen, Anna Schukat, Holger Auel
Marine Zoology, BreMarE, University of Bremen,
Bremen, Germany
Life-history traits, feeding relationships and trophic
positions of calanoid copepods from the northern
Benguela upwelling system off Namibia were
determined via total lipid levels, lipid class
compositions, marker fatty acids and stable isotope
analyses respectively. Total lipid levels were quite
variable and ranged between 7% and 50% of dry
mass (% DM). Three of the dominant calanoid
copepod species deposited primarily wax esters,
four accumulated triacylglycerols and another three
species were characterised by high phospholipid
levels, probably reflecting different life strategies.
Biomarker approaches (via fatty acids and stable
isotopes) revealed a wide spectrum and complex
pattern of trophic positions for the various copepod
species, but also highlighted the dietary importance
of diatoms and dinoflagellates. The key species
Calanoides carinatus exhibited strong differences in
lipid and wax ester levels between the lipid-rich
copepodid stage CV (50% DM) and the lipid-poor
females (10% DM). This species occupied the lowest
trophic level (predominantly herbivorous)
corresponding to high amounts of fatty acid
markers indicative of diatoms (e.g. 16:1(n−7)) and
dinoflagellates (e.g. 18:4(n−3)). C. carinatus
represents the classical link between primary
production and higher trophic levels. As shown by
different fatty acid marker indices, all other
copepods were omnivorous or carnivorous, hence
belonged to secondary or even tertiary (some deepsea copepods) consumers. The calanoid copepod
15
species cover the entire range of δ N ratios, as
15
compared to δ N ratios of all non-calanoid taxa
investigated, ranging from filter-feeding salps to
adult predatory fish. These data emphasise that the
trophic roles of calanoid copepods are far more
complex than just interlinking primary producers
with pelagic fish. The findings need to be considered
in the context of climate change and potential
regime shifts for the development of realistic foodweb and energy flux models of coastal upwelling
systems.

Otolith elemental signatures can be used to identify
when groups of individuals are spending a
significant amount of time in different
environments. As part of a multidisciplinary study
into the stock structure of sardine in the southern
Benguela, elemental signatures were measured
from 34 otoliths from juvenile sardine caught in
winter 2008 and from 52 otoliths from juvenile
sardine caught in 2009 using ICP-MS. The elemental
signatures from fish caught in 2009 were measured
at both the edge (to represent conditions prior to
capture) and core (to represent conditions at time
of spawning in 2008) of the otolith. PCAs were used
to visualise the relationships of individuals to each
other in terms of their otolith chemistry, in twodimensional space. MANOVAs were used to
investigate differences among sites for samples
collected in 2008, and among sites for core and edge
measurements of samples collected in 2009.
Significant differences among sites were found in
each of the three MANOVAs, but the between-site
differences varied among the elements. Magnesium
concentration tended to decrease from the west to
the south coast, whereas barium concentrations
tended to increase. There was evidence of some
dispersal from natal areas, but two sites at the
extreme of sampling did not differentiate between
natal measurements of the sardine and
measurements from the one year old sardine in the
PCA. Otolith microchemistry provides evidence of
small scale differentiation in sardine that is not
necessarily temporally stable. The southern
Benguela is a dynamic and variable environment
and this is reflected in the inter-site differences of
elemental signatures of juvenile sardine.
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Poster 22
Assessing reef fauna of South Africa’s MPAs and
determinants of variability and change

Poster 23
Phylogeography, speciation and population
connectivity of the Sepia officinalis species
complex across the Benguela upwelling region

Tanya Haupt-Schuter1, Toufiek Samaai1, Steve
Kirkman1, Laurenne Snyders1, Darrell Anders1, Liesl
Janson1, Albrecht Götz2
1 Department of Environmental Affairs, Cape Town,
South Africa
2 South African Environmental Observation Network,
South Africa

Amy Healey1, Niall J. McKeown1, W.M. Potts2, W.H.H.
Sauer2, Paul W. Shaw1,2
1 Institute of Biological Environmental and Rural
Sciences, Aberystwyth University, Aberystwyth, UK
2 Department of Ichthyology and Fisheries Science,
Rhodes University, Grahamstown, South Africa

Marine protected areas (MPAs) are a valuable tool
for protecting marine ecosystems and play a key
role in marine ecosystem based management. With
the launch of Operation Phakisa, one of the key
focus areas includes MPA expansion for the
protection of biodiversity. However, for the MPA
expansion objectives to be met, South Africa needs
to improve the science base for the existing MPAs
by conducting co-ordinated and standardised
monitoring and research. This is important in
determining whether these protected areas are
meeting their objective of conservation. With the
primary goal being coastal protection and effective
management of fisheries, many MPAs were
established without any sound understanding of
whole communities or ecosystems. An obvious gap
is in our understanding of the structure and
functioning of subtidal reef communities,
particularly sessile and semi-motile reef
invertebrates, as well as the drivers of spatiotemporal variability within these communities. We
begin our quest in the local waters of Table Bay
Mountain National Park MPA (TMNP MPA), the
objectives being: to describe sessile and semi-motile
reef fauna; to determine the drivers of spatiotemporal variability, and importantly; to monitor
changes in these communities over time. Initial
work included installing permanent monitoring
lines on subtidal reefs to detect temporal changes in
community structure. Methods for installing fixed
transect lines were standardized to the long-term
monitoring programme successfully implemented
in Tsitsikamma National Park MPA. Marine
protected areas are generally undisturbed sites
which are ideal for long-term monitoring, as is the
case with TMNP MPA which is divided into both
restricted and controlled areas. Here, we discuss the
implementation of this programme, the initial
baseline surveys, and the projected plan for the
Department of Environmental Affairs to launch a
standardized monitoring programme for subtidal
reef invertebrates within MPAs across South
Africa's inshore bioregions.

Understanding the processes that shape the
evolutionary history, population connectivity and
genetic diversity of species is paramount in the
conservation and sustainable management of
fisheries resources, particularly under the threat of
anthropogenically driven environmental changes.
The intersection of the Atlantic and Indian Oceans
around South Africa is recognised as a marine
biogeographic breakpoint in widespread species
distributions. One potential explanation for this
breakpoint is that, in addition to physical barriers to
gene flow, the pronounced and persistent thermal
gradients that occur as a result of the interaction
between the cold Benguela upwelling system and
the warm Agulhas and Angola currents may
represent barriers to dispersal for many marine
species. To test this hypothesis samples of the
littoral, nektobenthic and directly developing
common cuttlefish (Sepia officinalis) species
complex were collected across the Benguela
upwelling region, as well as the north east Atlantic
and south west Indian Ocean. Sequence variation
was characterised across a range of mitochondrial
genes as well as allelic polymorphisms at
microsatellite DNA loci. Genetic patterns were
found to be incongruent with current taxonomy and
are discussed in the context of eco-evolutionary
drivers. This study will provide an insight into the
ecological and demographic implications of
historical and contemporary environmental
vicariance, as well as aiding in the delimitation of
cuttlefish stocks across the Benguela region.
Poster 24
Evolution in the face of climate change: lessons
from the Benguela Current
Romina Henriques, Sophie von der Heyden, Conrad
A. Matthee
Evolutionary Genomics Group, Department of Botany
and Zoology, Stellenbosch University, Stellenbosch,
South Africa
Genetic diversity is considered a fundamental
component of biodiversity, being linked to
ecosystem function and resilience and species longterm evolutionary potential. Preserving a species’
genetic diversity is thus critical to ensure survival to
future environmental changes. This is further
complicated for commercially exploited marine
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fishes, where decades of intense harvesting can
have a synergistic effect with on-going climate
change and contribute to faster decline of
biodiversity. The Benguela Upwelling System (BUS)
is considered one of the most productive upwelling
systems in the world, supporting high abundance
levels of a small number of species. The system is
characterized by complex oceanographic features
with marked regional and seasonal environmental
gradients. Recent studies suggest that the BUS is
experiencing climate change at a faster pace than
previously predicted. Changes in sea surface
temperatures, upwelling intensity, wind regime and
oxygen availability have been described throughout
the system, with shifts in species distributions
already reported. Despite the economic,
environmental and biological importance of the
BUS, very few population genetic surveys have been
conducted in the region. Recent studies on
commercially important species such as geelbek,
Cape hake, kobs and leerfish suggest that the
evolutionary history of these species is deeply
linked with historical environmental changes in the
region. In particular, evidence of selection-in-action
appears to have been uncovered for Cape hake,
while a range shift of west coast dusky kob may
have led to secondary contact and hybridization
with silver kob. Therefore, it becomes urgent to
carry on with genetic studies to investigate
diversity levels and potential for adaptation of local
populations, and to understand how species will
react in a changing environment. The Benguela
Current is a natural laboratory in which to study the
effects of climate change on the evolution of marine
species.

these measures need to be effectively implemented.
The Coastal and Marine Research Institute (based at
the Nelson Mandela Metropolitan University) and
the GIZ (Deutsche Gesellschaft für Internationale
Zusammenarbeit) are supporting the
implementation of EBSAs within the BCLME by the
Benguela Current Commission (BCC) and the BCC
member states (Angola, Namibia and South Africa).
The project will be run over the next three years.
The project itself has specific objectives in terms of
EBSAs (e.g. the delineation or refinement of EBSA
boundaries, undertaking vulnerability assessments
and formulating management options), but in many
ways the more important overall process is around
capacity development and embedding the process
within the marine management agencies of the
member states. The overall approach is around
improving the sustainable management of marine
biodiversity and resources of the BCLME through a
“move from maps to action” by translating the
scientific EBSA information into management of
those EBSAs within the national jurisdictions of the
three BCC member states. This goes far beyond
merely describing areas that meet the EBSA criteria
under the formal terms of the Convention on
Biological Diversity. Rather, it aims to fully embed
EBSAs as part of a robust spatially explicit Marine
Spatial Planning (MSP) process, strengthen the
capacities of the BCC and its member states in
relation to EBSAs and MSP, and secure tangible
improved management of these key biodiversity
assets.
Poster 25
Long-term declines in southern Benguela
zooplankton during summer: bottom-up or topdown forcing?

Poster 71
Ecologically or biologically significant areas of
the Benguela Current Large Marine Ecosystem:
identification, delineation, vulnerability
assessment and management
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3 Benguela Current Commission (BCC), Namibia

Copepods dominate zooplankton communities and
are important food for predators such as fish and
squid. With short life-spans, they respond quickly to
their environment and make excellent indicators of
ecosystem change. Copepods were collected
annually off the coasts of South Africa during
summer between 1988 and 2010 (West Coast, WC)
or 2011 (South Coast, SC). Here we investigate
variability in copepod biomass and size composition
off both coasts in relation to overlapping time-series
of satellite-derived indices of upwelling,
phytoplankton biomass (Chl a) and size

Ecologically or biologically significant areas (EBSAs)
contain the most important biodiversity assets
within the Benguela Current Large Marine
Ecosystem (BCLME). The appropriate identification
and delineation of these EBSAs is a critical building
block for the management of the system. However,
description and official recognition of EBSAs is only
the first step. Once this has been done, the
vulnerabilities of EBSAs need to be assessed,
appropriate management measures identified, and
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composition (% pico-, nano- & microplankton), and
of hydro-acoustic estimates of pelagic fish biomass
and composition (% anchovy, sardine & redeye).
There was a long-term decline in total copepod
abundance off the WC, albeit with considerable
interannual variability. Copepod species
composition (% biomass) also varied interannually,
but with no clear trends in size. There were no
significant trends in upwelling, Chl a or
phytoplankton size composition, negating the
likelihood of bottom-up forcing of the decline in
copepod biomass. Pelagic fish biomass off the WC
was low compared to the SC and highly variable,
with no clear trends, so pelagic fish predation may
not be important for top-down control here during
summer. The observed decline may therefore be
due to natural variability, or to an environmental
factor or planktivore not assessed here. On the SC,
while upwelling increased and phytoplankton
biomass and size composition showed no significant
trends, there was a long-term decline in total
copepod abundance, with less pronounced
interannual variability compared to the WC.
Copepod species composition indicated a gradual
decline in the proportion of Calanus agulhensis, the
dominant large copepod on the SC, with a
corresponding increase in the contribution of small
copepods to the zooplankton assemblage. This was
likely more a consequence of top-down control,
through increased size-selective predation, than
bottom-up forcing.

evidence of recovery in abundance to baseline
levels occurred at impact sites within 1-2 years
after the cessation of mining. However, the age/size
structure of T. granulatus populations at the
impacted sites remained substantially different
from the pre-mining size structure, and from that at
the control sites for four years at actively
rehabilitated sites and in excess of seven years at
sites left to recover naturally leaving flooded mining
excavations in the supra-tidal area.
Oral - Wednesday
Trophic resources partitioning of hake species
(Merluccius paradoxus and M. capensis) off
Namibia
Johannes A. Iitembu
Department of Fisheries and Aquatic Sciences,
University of Namibia, Henties Bay, Namibia
Two species of hake (Merluccius capensis and
Merluccius paradoxus) are important secondary
consumers in the Benguela Current ecosystem. The
objective of this study was to understand the
trophic resources partitioning of two hake species
using time-integrating trophic biomarkers (stable
isotopes and fatty acids). Ontogenic trophic niche
shift was observed in both hake species with
M. paradoxus displaying a steeper shift. Smaller
hake from both species were trophically
indistinguishable, while larger M. capensis (60–
70 cm) had a lower trophic level than M. paradoxus
of the same size. The significant difference of hake
species’ fatty acid (FA) profiles changed with
seasons, an indication of the complex and
temporally shifting trophic relationships that exist
between the two hake species. Two had overlapping
isotopic niches, an indication that they fed on a prey
composition that overlapped. M. capensis had a
larger trophic niche, an indication of enhanced
trophic diversity in their feeding patterns, than
M. paradoxus. This study contributes towards the
understanding of trophic interactions of these
species and can aid the implementation of a
knowledge-based fisheries management of the hake
resources in the Benguela current ecosystem.

Poster 61
Monitoring the impacts of diamond mining on
the southern Namibian sandy beaches: the use
of Tylos granulatus as an indicator species
Kenneth Hutchings1,2, Andrea Pulfrich3, Barry Clark1
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The oniscoid isopod Tylos granulatus was used as
an indicator species to assess the impacts of coastal
diamond mining at three paired control and impact
monitoring sites located in the Restricted Diamond
Mining Area in southern Namibia. Surveys were
initiated in 1998 and undertaken annually over the
period 2004-2015. Baited pit trap sampling was
conducted during each survey to estimate
T. granulatus abundance and collect population size
structure data. These data were analysed using a
Before-After-Control-Impact (BACI) experimental
design. Results show a dramatic and statistically
significant decline in abundance estimates with the
onset of mining at all three impact sites, with
abundance estimates remaining low or zero for the
duration of mining activity. Statistically significant

Oral - Tuesday
Role of Interannual Kelvin wave propagations in
the equatorial Atlantic on the Angola Benguela
current system
Rodrigue Anicet Imbol Koungue1,2, Serena Illig1,3,
Mathieu Rouault1,2
1 Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa.
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3 Laboratoire d’Etudes en Géophysique et
Océanographie Spatiales (LEGOS), Université de
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be properly resolved by these climate models. Full
life-cycle migratory fish models have also been
developed using high-resolution circulation models.
However, knowledge gaps in physical,
biogeochemical and biological processes, and
especially in trophic linkages, prevent improvement
of full food web modelling of marine ecosystems.
This presentation will 1) compare the ecosystem
structures of two high biological production areas:
the Benguela Current system and the western North
Pacific, and 2) discuss our challenges for full food
web modelling and future projections.

We investigate the link between equatorial Atlantic
Ocean variability and the coastal region of Angola
and Namibia from 1998 to 2012. There is a
significant correlation between monthly dynamic
height anomalies derived from the Prediction and
Research Moored Array in the Tropical Atlantic
(PIRATA) monthly Sea Surface Height Anomalies
(SSHA) derived from altimetry and SSHA calculated
with an Ocean Linear Model SSHA. Major warm and
cold events in the Angola-Benguela current system
are remotely forced by ocean atmosphere
interactions in the equatorial Atlantic. Wave
dynamics along the equatorial wave guide are at the
origin of their developments. Weaker than normal
easterly winds in the Western Equatorial Atlantic
force equatorial downwelling Kelvin waves that
propagate eastward along the equator and then
poleward along the African coast triggering warm
events. Conversely, cold events are driven by
upwelling Kelvin waves associated with stronger
than normal easterly winds.

Oral - Thursday
Spatial and temporal variability of shelf-edge jet
currents in the southern Benguela
Jennifer Jackson-Veitch1, Juliet Hermes1, Tarron
Lamont2, Pierrick Penven3
1 South African Environmental Observation Network
(SAEON), Egagasini Node, Cape Town, South Africa
2 Department of Environmental Affairs, Cape Town,
South Africa
3 Laboratoire des Physique des Oceans, Brest, France

Oral - Wednesday
Our challenges for full food web modelling and
future projections

Jet currents in the southern Benguela have an
important role to play in transporting fish eggs and
larvae from their spawning ground on the Agulhas
Bank to their nursery area in St. Helena Bay. We use
an experimental modelling approach to investigate
the underlying dynamics of the jet currents and
model output, satellite and in situ data to examine
the spatial and temporal (seasonal and interannual)
variability of these features on the shelf and shelfedge. We show that the jet current is observed along
the shelf-edge throughout the region, and is
associated with dynamic uplift at the via vortex
squashing. It is intensified off Cape Point (CP) and
Cape Columbine (CC) peninsulas throughout the
year, possibly due to the shape of the continental
shelf and coastline enhancing the effect of dynamic
uplift in these locations. On a temporal scale, the
intense offshore density gradient, and therefore the
jet current itself, is intensified in summer during
peak upwelling, and is also enhanced throughout
the year by the injection of warm water associated
with Agulhas leakage. During the upwelling season,
the intensified jet appears as a continuous feature
from Cape Agulhas to Cape Columbine, with only
slight enhancement at the CA and CP peninsulas. An
interannual model simulation, spanning 1978-2008,
is used to examine the role of atmospheric modes of
variability on the southern Benguela jet currents.

Shin-ichi Ito1, Coleen Moloney2, Enrique Curchitser3
1 Atmosphere and Ocean Research Institute,
University of Tokyo, Japan
2 Biological Sciences Department & Marine Research
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Africa
3 Rutgers University, New Jersey, USA
One of the most important marine ecosystem
services is provision of food, the rate of which has
increased over recent decades. Global food fish
supply increased at an average annual rate of 3.2%
over the last 50 years, outpacing world population
growth. However, the Earth is facing global change
impacts and it is an urgent task to assess marine
ecosystem responses to future global climate
change. To assess marine ecosystem responses to
climate forcing, it is essential to understand
mechanistic linkages from physics to phytoplankton
to zooplankton to fish. Recent improvements in
ocean model spatial resolution and data
assimilation techniques have enabled us to conduct
realistic simulations to test marine ecosystem
responses to climate forcing. However, for
projections of future states, typical climate model
resolution is half to one degree in
latitude/longitude for the ocean model component,
which makes it difficult to represent many ocean
structures and phenomena important to marine
ecosystems (e.g. upwelling, western boundary
currents, eddies). Coastal areas are some of the
most productive and biodiverse regions, and are
dominated by mesoscale phenomena, which cannot
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Oral - Friday
Red, Orange, Green or Go. The potential for ecolabel certification of fisheries in the southern
and eastern African region

stakeholders and trading off multiple, conflicting
objectives under high uncertainty. Recent research
in an interdisciplinary group including researchers
and students from anthropology, sociology, history,
geography, economics, mathematics, oceanography
and biology has focused on soft predictability and
structured decision making in social-ecological
marine systems under global change. Using three
management case studies from the southern
Benguela, i.e. purse-seine fisheries, conservation of
the endangered African penguin, and the
commercial handline fishery system in the southern
Cape, we review how modelling system dynamics
with stakeholders, semi-qualitative methodology
for the integration of a wide variety of indicators,
social learning, communication around shared
issues and dedicated conflict resolution have
supported softening of boundaries between
stereotyped stakeholders, and have contributed to a
shared knowledge base. We highlight remaining
critical loops of the knot with a view to generating
discussion on how these can be tackled
strategically.

David Japp
Capricorn Marine Environmental (Pty) Ltd, Cape
Town, South Africa
With increasing international market demand for
fish products sourced from sustainable fisheries
there has been significant growth in eco-labels of
fisheries. The use of eco-labels has its foundations in
the global move towards fisheries sustainability and
the promotion of instruments such as the Code of
Conduct for Sustainable Fisheries and the adoption
of an Ecosystem Approach to Fisheries. The South
African trawl hake fishery however remains the
only “African” fishery that has obtained Marine
Stewardship Council certification and has
successfully managed to retain its certification since
2004. A second fishery in the southern African
region, the Tristan lobster fishery, also gained MSC
certification and is currently under reassessment.
MSC certification however remains a dream for
many African fisheries where the rigorous
requirements and costs are prohibitive. Numerous
fisheries have been in Fisheries Improvements
Processes (FIPs), including lobster in Kenya,
octopus in Tanzania and Madagascar and deepwater shrimp in Mozambique. This presentation
will explore the reasons for success of some
fisheries and the difficulties of others. Large
industrial fisheries are the most likely to obtain and
benefit from eco-labels, while at the opposite
extreme small scale and artisanal fisheries are
unlikely to meet the MSC standard unless a less
rigorous or alternative standard is applied.
Perspectives are also considered, in particular the
realities of undertaking a full MSC assessment
compared to other labels such as the South African
Sustainable Seafoods Initiative (SASSI).

Poster 26
Is the importance of non-blooming periods
underestimated in upwelling ecosystems?
Tore Johannessen
Institute of Marine Research, Flødevigen, Norway
Upwelling ecosystems are characterised by high
biomass of phytoplankton, and algal blooms are
considered particularly important for fuelling the
plankton community. Many spring blooming
ecosystems are also characterised by high
phytoplankton biomass, with marked peaks in
spring and autumn. As in upwelling systems, algal
blooms are considered important for fuelling the
plankton community, in particular the spring bloom
of diatoms. However, long-term measurements in a
spring blooming ecosystem (Skagerrak, adjacent to
the North Sea) show that spring (Jan.-April)
contributes to <20% of the annual primary
productivity (PP). PP during the year is domeshaped with maximum in summer when the algal
biomass is low and nutrients hardly detectable as
measured at macroscales. Low algal biomass and
high PP imply grazing control of phytoplankton,
high grazing rates, high biomass of herbivorous
zooplankton and rapid cycling of ample nutrients at
microscales. To account for this phenomenon, a
conceptual model is proposed which suggests that
zooplankton stimulate the production of their
preferred algal prey. This is a win-win situation for
both the grazers and their algal prey. Conversely,
periods with algal blooms are characterised by lack
of gazing control. For example, in spring diatoms
outgrow their grazer and bloom in nutrient rich
water. After having depleted nutrients, the diatoms
sink rapidly to deeper water and thus fuel the
benthic community. Blooms occurring in summer

Oral - Friday
A Gordian knot that must not be cut: 20 years of
learning in southern Benguela fisheries
A. Jarre, L.J. Shannon and the “SARCHI Marine
Ecology & Fisheries” Team
Department of Biological Sciences & Marine Research
Institute (Ma-Re) & Centre for Statistics in
Environment, Ecology and Conservation (SEEC),
University of Cape Town, South Africa
The historic approach of sector-specific, largely topdown management in favour of highly capitalised
industry sectors has seemingly left southern
Benguela fisheries management in a Gordian knot.
The modern systems approach to management of
human activities in the oceans forbids cutting
through the knot, making it necessary to develop
methodology for including a wide range of
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and autumn are dominated by dinoflagellates which
are not popular among the grazers. Hence, blooming
algae do not contribute much to energy flow into
the plankton community. In contrast, edible algae
which live in balance with their grazers, i.e. growth
rates in phytoplankton balance grazing rates, are
the most important contributors to energy into the
plankton community and to higher trophic levels in
spring blooming ecosystems. These algae dominate
the system during non-blooming periods.

namely Etosha Pan, Kuiseb and Omaruru River in
Namibia and Makgadikgadi Pans in Botswana. Air
trajectories from these sources were modelled for
10 days forward when dust plumes occurred.
Density maps were created using ArcMap for
different seasons from the different dust sources.
Most of the modelled trajectories from the Etosha,
Kuiseb and Omaruru River travelled along the
Namibian coastline extending as far as north
western Africa, thus possibly providing essential
nutrients to the Benguela Current ecosystem. In
contrast, Makgadikgadi Pan air masses travelled
predominantly towards the south eastern regions
(as far as Australia) with only a small fraction
moving towards the north western part of the
Atlantic Ocean (Benguela Current). This showed
that air parcels from southern Africa affect regions
thousands of kilometers apart over a relatively
short time period. During winter, autumn and
spring, air masses predominantly travel along the
Namibia coastline towards the north-western
region while during summer months, air masses
travel more towards the Indian Ocean. Surface
sediment samples were collected from four known
dust plume source locations in order to determine
their physical characteristics and trace elemental
composition. Particle size analysis showed that
Etosha, Kuiseb and Omaruru samples were fine
grained (< 5 µm to 20 µm), Makgadikgadi Pans
being coarser averaging 145 µm. Trace elemental
chemistry revealed that Kuiseb and Omaruru River
dust sources are more enriched in Ti, Al, Fe, Cu and
Zn which are important micronutrients for
phytoplankton, although Cu can be toxic in high
concentrations. Etosha, in contrast, was more
enriched in Mg and Ca. The two ephemeral rivers in
Namibia are an important source of micronutrients
to the Benguela Ecosystem especially during the
winter, spring and autumn seasons, but less in
summer.

Poster 27
Predator-prey synergism – a novel perspective
in ecology
Tore Johannessen
Institute of Marine Research, Flødevigen, Norway
"From an antagonistic to a synergistic predator prey
perspective: Bifurcations in marine ecosystems" is
the title of a book that was published by Elsevier in
2014. It is a joint publication of Institute of Marine
Research in Norway and the University of Cape
Town in South Africa. The book presents predatorprey synergism as a novel perspective in ecology,
defined as predator-prey relationships enhancing
abundances of both predator and prey. The idea
emerged during analyses of near-century long time
series of observations of marine coastal ecosystems,
but it is suggested that synergism may be important
in some terrestrial systems too. Predator-prey
synergism has wide-ranging implications for
management of marine ecosystems and for theories
in ecology and evolution. Resilience in marine
ecosystems may be explained mechanistically by
synergism, as may repeated incidents of
bifurcations observed in the long time series.
Bifurcations are sudden and persistent regime shifts
as a result of gradually changing environmental
conditions. Evidence suggests that the observed
shifts originate in the plankton community, and are
propagated to higher trophic levels by causing
recruitment failure in fish. It is proposed that global
warming may induce bifurcations, recruitment
failure and substantially reduced fish abundances.

Oral - Thursday
Relating marine unconsolidated sediment
biotopes to geophysical processes on the South
African west coast: A proposed conceptual
framework

Poster 7
Trace metal concentration and solubility of
aerosols from southern African sources
transported over the Benguela Current
K. Kangueehi1, S. Fietz1, J. Von Holdt2, A.N.
Roychoudhury1, F.D. Eckardt2
1 Earth Science Department, University of
Stellenbosch, South Africa
2 Environmental and Geographical Science
Department, University of Cape Town, South Africa

N. Karenyi1, L.J. Atkinson2, R. Nel3, K.J. Sink4
1 Centre for Statistics in Environment, Ecology and
Conservation (SEEC) & Marine Research Institute
(Ma-Re), University of Cape Town, South Africa
2 South African Environmental Observation Network
(SAEON), Offshore Node, Cape Town, South Africa
3 Zoology Department, Nelson Mandela Metropolitan
University, Port Elizabeth, South Africa
4 South African National Biodiversity Institute
(SANBI), Cape Town, South Africa

The Hybrid Single-Particle Lagrangian Integrated
Trajectory model (HYSPLIT) was used to create
seasonal climatologies (2005-2008) of air parcel
trajectories from southern Africa’s dust sources,

Subtidal marine sediment habitats can either be
described by top-down or bottom-up methods. In
the top-down scenario, referred to as seascapes,
“relevant” geophysical variables are partitioned
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according to their range of variability and imposed
on biodiversity. Seascapes are therefore considered
process-based habitats although they are not
always biologically relevant. Biotopes, the bottomup scenario, combine biological communities and
their habitats, described by physical drivers such as
depth and sediment type, into tractable ecological
units for ecological research. These biotopes are
usually developed at a fine scale (i.e. 1-100 m2) in
localised bays or areas of economic interest. In this
study, however, we defined several sediment
biotopes based on benthic macrofauna at the
megahabitat scale (i.e. 1-100 km2) on the
continental shelf of the west coast of South Africa.
Key driving environmental variables included
location, sediment properties, temperature, oxygen
concentration and depth. These biotopes were then
related to higher level geophysical processes of the
southern Benguela, such as water movement or
upwelling-related productivity. We therefore
propose a conceptual framework that provides an
opportunity to elucidate the relationships between
geology, oceanography and macro-infauna through
hypothesis testing.

we investigate the effect of climate variability and
climate change, represented by changes in local
wind conditions, on four near-shore fisheries along
the South African coast. Our case studies include the
line fisheries at Arniston and False Bay, the small
pelagic fishery at Gansbaai, and the squid fishery off
Cape St Francis. Specifically we assess the direct
effects of wind strength and direction on boat
outing and fishing ability in these fisheries. Firstly
we analyse three decades of satellite-derived daily
wind data derived from around the various fishing
areas for changes and variability in speed and
direction. We then use a Generalized Additive
Modelling (GAM) framework to investigate the link
between wind and fishing success to test if the
fishers’ perceptions of deteriorating conditions can
be corroborated by quantitative analyses. Wind
strength emerged as a significant predictor of the
proportion of boats that attempt to fish whereas the
significance of wind direction and interactions
between speed and direction depended on fishing
sector. Moreover, deteriorating weather conditions
have resulted in a significant decrease in the
number of suitable sea-days over the last two
decades.

Oral - Tuesday
Climate change a blow for fishing? How changes
in wind affect South African fisheries

Oral - Tuesday
Variability in Cape fur seal foraging behaviour

Sven Kerwath1,2,3, Stephen Lamberth1,6, Tarron
Lamont4,5, Carl van der Lingen1,3, Jean Mwicigi1, Jan
van der Westhuizen1
1 Fisheries Research and Development, Department of
Agriculture, Forestry and Fisheries, Cape Town, South
Africa
2 Department of Animal Sciences, Stellenbosch
University, Stellenbosch, South Africa
3 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
4 Oceans & Coastal Research, Department of
Environmental Affairs, Cape Town, South Africa
5 Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
6 South African Institute for Aquatic Biodiversity
(SAIAB), Grahamstown, South Africa

S.P. Kirkman1, D.P. Costa2, A-L. Harrison2, P.G.H.
Kotze1, W.H. Oosthuizen1, S.A. McCue1, M.A. Meyer1,
S.M. Seakamela1, J.P.Y. Arnould3
1 Department of Environmental Affairs, Branch
Oceans and Coasts, Cape Town, South Africa
2 Department of Ecology and Evolutionary Biology,
University of California Santa Cruz, California, U.S.A
3 School of Life and Environmental Sciences, Deakin
University, Victoria, Australia
It is well known that top predators can play a
critical role in marine ecosystem structure and
dynamics through their effects on prey populations.
Key to understanding this role is their foraging
ecology, including trophic interactions and feeding
behaviour. It is also well recognised that changes in
attributes of top predator populations such as
reproductive success and abundance but also diet
and feeding behaviour are potentially useful
indicators of ecosystem processes, variability and
change. In the Benguela current upwelling system,
the Cape fur seal population constitutes a major
component of the top predator biomass. Despite
this, relatively little has been documented about its
foraging ecology, apart from dietary information. At
South Africa’s largest fur seal breeding colony
situated near Kleinsee in the Northern Cape, a
decline in seal abundance has been recorded,
corresponding with ecosystem changes that have
been in evidence on the west coast of South Africa.
This decline is expected to be food related and we
used electronic animal-borne devices to investigate
whether at-sea movements and diving behaviour of

South Africa’s marine fisheries harvest more than
200 different species from the surrounding Atlantic
and Indian oceans. The bulk of the catch is made on
the continental shelf or along the shelf edge, and the
majority of the 30 000 fishers are employed in the
near-shore fisheries and generally utilise small
(<35 m) fishing vessels. Influenced by two large
ocean current systems, the South African temperate
coastal waters represent a dynamic, high energy
environment with sea conditions that directly
influence the fishing operations of all but the largest
boats. There have been recent suggestions by local
fishers of deteriorating weather conditions in some
areas, linked to the effects of climate change. Here
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lactating female fur seals from Kleinsee have shown
changes between two study periods, 2006-2008 and
2013-2015. Using indicators of foraging effort
including distance, duration and location of
foraging, and the shapes, depths, durations and
frequency of dives, we investigated variability
between individuals, between years and between
the two periods. Preliminary results showed strong
individual preferences in foraging behaviour with
some individuals specialising in benthic feeding,
whereas the Cape fur seal is generally regarded as a
pelagic foraging species. Preliminary results also
indicated a significant increase in the prevalence of
benthic feeding in the second period compared with
the first period, which is possibly indicative of
changing feeding conditions.

Poster 10
Examining mesoscale variability across the
Crossroad Transect of the period between 2013
and 2015
Tarron Lamont1, Caroline Sejeng2
1 Oceans & Coastal Research, Department of
Environmental Affairs, Cape Town, South Africa
2 Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
South of Africa, the Agulhas Bank is an important
spawning area for numerous fish species. Flowing
along the shelf edge of the bank is the Agulhas
Current - one of the world’s strongest western
boundary currents. It is now known that this
current strongly influences oceanographic
conditions on the shelf. The Agulhas Current is a
complex system with a return flow and retroflection
loop. Located nominally between 38-39°S is the
return current known as the Agulhas Return
Current, where water properties differ significantly
relative to those of the Agulhas Current. The
Crossroads Transect was commenced in May 2013 –
its core objective is to simultaneously sample both
the Agulhas and Agulhas Return Currents, and also
extend onto the Agulhas Bank. In doing so, the interocean fluxes, as well as the influence of the Agulhas
Current on the shelf can be accurately monitored. In
this presentation, we show from in situ instruments
such as the Conductivity Temperature and Depth
(CTD), Expandable Bathythermograph (XBT),
Thermo-Salino Graph (TSG) and Acoustic Doppler
Current Profiler (ADCP) that surface waters on the
shelf are relatively cooler (18-21°C) and less saline
(34.7-35.38 psu) compared to both the Agulhas and
Return Currents which are 22-23°C and 34.7335.58 psu, and 15-19°C and 35.5-35.72 psu
respectively. In addition, we show interannual
variabilities in mesoscale features observed across
the Crossroad Transect for the period between
2013 and 2015. Variability thereof is defined on
both spatial and temporal scales across the
Crossroad Transect. A key finding of this study has
been the identification of a large number of submesoscale features in the Thermo-Salino graph
dataset, which are present in the CTD and XBT data
and are often overlooked. Given the inherent
advantage of remote sensing, different satellite
products are also used to examine sub-mesoscale
and mesoscale features across the Crossroad
Transect.

Oral - Tuesday
The selection of spawning locations of three
pelagic fish species in the northern Benguela
upwelling system
Anja Kreiner1, Dawit Yemane2, Erling Kåre Stenevik3
1 National Marine Information and Research Center,
Swakopmund, Namibia
2 Department of Agriculture, Forestry and Fisheries,
Cape Town, South Africa
3 Institute of Marine Research (IMR), Bergen, Norway
The selection of spawning locations of the pelagic
fish species sardine (Sardinops sagax), horse
mackerel (Trachurus capensis) and anchovy
(Engraulis encrasicolus) was studied in the northern
Benguela upwelling system. Changes in the stock
structure have been observed for both sardine and
horse mackerel and it has been suggested that these
changes in stock structure as well as a reduced
biomass for sardine have led to changes in
spawning behaviour. Furthermore, changes in
environmental regimes have been observed in the
northern Benguela system with a high upwelling
regime observed during the 1980s and a decrease in
upwelling favourable winds with an increasing
trend in sea surface temperature (SST) since the
early 1990s. Our results suggest that despite
changes in stock structure and environmental
regimes, spawning habitat selection for sardine and
horse mackerel has not changed. Horse mackerel
spawn over a wide range of environmental
variables suggesting that they are robust to changes
in the environment. Sardine spawning location
seems to be driven by interannual variability in
environmental conditions, with spawning occurring
further south in warmer years and in more
northern areas during cooler years. While the
geographical range of anchovy eggs does not differ
between the high and low upwelling regimes, eggs
were found at higher temperatures during the low
upwelling regime.
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Poster 8
Interannual phytoplankton size structure in the
Benguela upwelling system

Poster 9
Upwelling indices for comparative ecosystem
studies: variability in the Benguela upwelling
system

T. Lamont1,2, R.G. Barlow3,2, R.J.W. Brewin4
1 Oceans & Coastal Research, Department of
Environmental Affairs, Cape Town, South Africa
2 Department of Oceanography & Marine Research
Institute, University of Cape Town, South Africa
3 Bayworld Centre for Research & Education, Cape
Town, South Africa
4 Plymouth Marine Laboratory (PML), Plymouth, UK

T. Lamont1,2, M. García-Reyes3, S. J. Bograd4, C. D.
van der Lingen5,6, W. J. Sydeman3,7
1 Oceans & Coastal Research Branch, Department of
Environmental Affairs, Cape Town, South Africa
2 Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
3 Farallon Institute, Petaluma, CA, USA
4 Environmental Research Division, Southwest
Fisheries Science Center, NOAA, Monterey, CA, USA
5 Branch: Fisheries Management, Department of
Agriculture, Forestry and Fisheries, Cape Town, South
Africa
6 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
7 Bodega Marine Laboratory, University of California,
Davis, Bodega Bay, CA, USA

The three-component model of Brewin et al (2010)
computes fractional contributions of three
phytoplankton size classes (micro-, nano-,
picophytoplankton) to overall chlorophyll a (chla)
concentration. Using in situ HPLC data, model
coefficients were fine-tuned for application to the
Benguela Upwelling System (BUS). The refined
model was applied to monthly averages of SeaWiFS
(1997-2007) and MODIS Aqua (2002-2015) chla in
three regions of the BUS, namely northern Benguela
(NB), southern Benguela (SB), and the Agulhas Bank
(AB). The 1 mg m-3 chla contour was used to further
sub-divide each region into shelf and open ocean
domains. Annual (July-June) means of chla and
fractional contributions of micro-, nano-, and
picophytoplankton were computed and linear
regressions were calculated for both the SeaWiFS
and MODIS Aqua time series. On the shelf, microphytoplankton comprised 63-73% of the total chla
in the NB, 67-75% in the SB, and 50-66% in the AB
regions. Nano-phytoplankton proportions on the
shelf were 23-31% in the NB, 21-28% in the SB, and
23-38% in the AB region, while higher proportions
(45-48%) were noted in the open ocean domains.
Picophytoplankton proportions were lower (4-6%)
in the NB and SB shelf regions and slightly higher
(8-12%) in the AB region, while values were 2436% in the open ocean domains. In the shelf
domains, the MODIS Aqua time series showed
higher micro- and nano-, and lower
picophytoplankton proportions than the SeaWiFS
time series, while MODIS Aqua and SeaWiFS values
in the open ocean domains of each region were
similar. The SeaWiFS chla time series showed a
significant positive linear trend in the NB shelf
region, while the SeaWiFS picophytoplankton
proportion on the AB shelf showed a significant
linear increase. These trends are not evident in the
latter MODIS Aqua time series.

The influence of climate variability on Eastern
Boundary Upwelling Ecosystems (EBUE) is evident
through changes in productivity and shifts in
species’ distributions, yet to date, metrics of
upwelling variability appropriate for comparative
ecosystem studies have yet to be implemented. In
this study, we develop new synoptic-scale upwelling
indices to quantify inter-annual to decadal
variations in Ekman transport, at temporal and
spatial scales relevant to the biota of EBUE, and
apply them to the Benguela Upwelling System
(BUS). From 1979 to 2015, interannual, decadalscale, and unidirectional variability in upwelling
was observed, including a significant recent
decrease in upwelling in the northern BUS, and a
significant increase on the Agulhas Bank. These
trends are associated with changes in the number of
upwelling days and events in these regions, and
may correspond to a shift in the meridional
positioning of the South Atlantic high pressure
system.
Poster 28
E3C - Effects of climate change on cetaceans in
the Western Cape– preliminary results from
year one
M. Laubscher1,2, T. Lotriet1,2, E. Vermeulen1,2, B.
James2, T. Gridley2,3, S. Elwen1,2
1 Mammal Research Institute, Dept of Zoology and
Entomology, University of Pretoria,
2 Sea Search, Cape Town, South Africa
3 Centre for Statistics in Ecology, University of Cape
Town, South Africa
Global climate change affects biological systems at
all trophic levels from viruses to marine mammals.
The likely response of many marine species to these
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changes remains poorly understood, particularly for
cetaceans in South Africa. The confluence of the cool
Benguela and warm Agulhas currents makes the
south-western Cape a unique area to study this
issue, whereby the range of four different dolphin
species ends within ~100 km around the Cape
Peninsula. The aim of the project is to study
cetacean distribution, and relate the findings to
environmental variables which will aid in deducing
the factors responsible for range limits.
Subsequently we aim to model how these are likely
to change over time. A multidisciplinary approach is
being used including 1) passive acoustic
monitoring; 2) dedicated research surveys and 3)
citizen science, to develop a database of
opportunistic sightings for use in presence only
models. Three CPOD hydrophones have been
deployed on the west side of the Cape Peninsula,
which will record over 7 months of cumulative
effort in previously unstudied areas. So far,
dedicated surveys have resulted in high sighting
rates on both sides of the Peninsula (over 90
encounters), supporting existing knowledge of
ranges. The citizen science initiative incorporates
opportunistic sightings from the public, submitted
via a range of platforms, and previously existing
records from whale and shark tour operators dating
back several years. Over 150 sightings have been
collated from these sources since the start of the
project. Preliminary results obtained through
citizen science correspond to results found by the
dedicated boat surveys. Further analysis on the
related environmental variables and possible effects
of a changing climate will be analysed by the end of
the project, estimated by the end of 2018.

maximum after the upwelling season due to an
increase in nutrients from a pulse of SACW during
the upwelling season. Lithogenic matter was higher
on the shelf than reported in offshore studies with
maxima of 468 mg m-2 day-1. A direct relationship
between wind stress and fluxes (wind maxima
preceding flux maxima by 3 months) was observed
and there was an inverse relationship between
wind SST and fluxes. Productivity and consequently
fluxes, in the Benguela were determined to be
driven by winds and the contribution of SACW
during upwelling. Therefore an increase in
upwelling favorable winds would not increase
fluxes if SACW contribution does not increase too.
Lithogenic matter played an important role as
ballast and was funneled into the Atlantic via dry
riverbed channels which open up into the Atlantic.
Oral - Friday
The use of ecological, fishing and environmental
indicators in support of decision making in
southern Benguela fisheries
Emma Lockerbie, Lynne Shannon, Astrid Jarre
Department of Biological Sciences & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
Indicators are a useful tool aiding the
implementation of an ecosystem approach to
fisheries in marine ecosystems. Studies such as the
IndiSeas Project (www.indiseas.org) use a suite of
indicators to assess states and trends of several of
the world’s marine ecosystems. While both fishing
and climatic variability influence marine fisheries,
currently few studies of the southern Benguela
ecosystem in support of fisheries management
make use of environmental indicators to assess
climatic impacts. Trends in ecological, fishing and
environmental indicators can be utilised in a way
that allows an overall ecosystem trend to be
determined, and therefore aid decision support
within southern Benguela fisheries. Here trends in
indicators were determined using linear
regressions across three time periods, Period 1:
1978-1993, Period 2: 1994-2003 and Period 3:
2004-2010 (selected based on timings of ecosystem
regime shifts). Ecological indicators received a score
based on direction and significance of observed
trends. To account for the impacts of fishing and
environmental drivers on ecological indicators,
scores were adjusted by predetermined factors,
depending on the extent and direction of trends in
these indicators. Weightings were applied to
correlated ecological indicators to account for
potential redundancies. Mean weighted scores were
used to establish an overall ecosystem score for
each time period. Ecosystem classification was
determined as follows: 1-1.49 = improving, 1.5-2.49
= possibly improving, 2.5-3.49 = no improvement or
deterioration, 3.5-4.49 = possible deterioration, 4.55 = deteriorating. The ecosystem was observed to

Poster 11
Temporal variability in the inshore particle
fluxes of the Benguela current upwelling system
of Namibia
Victor Miti Libuku
Ministry of Fisheries & Marine Resources, Namibia
Particle flux is the key process of the biological
pump that transports carbon from the atmosphere
to the ocean's interior and controls the distribution
of nutrients in the ocean. A particle flux study was
conducted in the Benguela upwelling system to
determine the particle flux rates on the shelf and
better understand the flux drivers on the upwelling
system. Particle fluxes were intercepted with a
Hydrobios MST-12 time series sediment trap at a
water-depth of 60 m off Walvis Bay on the
Namibian coast. We showed that the sediment traps
were effective in this environment and the particle
fluxes ranged between 243 and 4790 mg m-2 day-1.
Bimodal fluxes were observed on the Benguela shelf
with the highest fluxes in austral spring. The main
contributor to the fluxes was opal indicating the
domination of diatoms on the shelf. Calcium
carbonate only increased in the second flux
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neither deteriorate nor improve across Period 1 or
2 (mean weighted scores: 2.75 and 2.56
respectively). However, during Period 3 a possible
improvement was observed (mean weighted score:
1.99). This study shows that the sequential analysis
of suites of ecological, fishing and environmental
indicators can be used to determine ecosystem
trends, accounting for both the impacts of fishing
and the environment on ecosystem components.

a) Large-scale changes in environmental forcing,
boundary conditions and ecological processes;
b) Spawning, recruitment and stock dynamics of
commercially and ecologically important fish
species; c) The ecological roles of non-exploited key
taxa in changing food webs; d) Linking spatiotemporal patterns in biodiversity to environmental
and human drivers; e) Modelling interactive effects
of environmental and human drivers on the
ecosystem. We conclude our presentation by
exploring how we see the way forward in this
context.

Oral - Thursday
Climate effects on biodiversity, abundance and
distribution in the Benguela: A summary of the
NansClim project and challenges

Oral - Tuesday
Annual patterns, distribution and long-term
trends of Pseudo-nitzschia species in the
northern Benguela upwelling system

Harald Loeng1, Paulus Kainge2, Kumbi Kilongo3,4,
Steve P. Kirkman5, Anja Kreiner2, Erling Kåre
Stenevik1, Pedro Tchipalanga3, Hans M. Verheye5
1 Institute of Marine Research (IMR), Norway
2 National Marine Information and Research Center
(NatMIRC), Ministry of Fisheries and Marine
Resources, Namibia
3 National Institute of Fisheries Research (INIP),
Angola
4 Benguela Current Commission (BCC), Namibia
5 Department of Environmental Affairs: Oceans and
Coasts Research (DEA:OCR), South Africa

Deon C. Louw1, Gregory J. Doucette2, Elizabeth
Voges3
1 Ministry of Fisheries & Marine Resources, Namibia
2 NOAA/National Ocean Service, Center for Coastal
Environmental Health & Biomolecular Research,
Charleston, USA
3 National Marine Information and Research Centre
(NatMIRC), Swakopmund, Namibia
Phytoplankton data obtained from a 14-year dataset
off the coast of Namibia were analysed. Temporal
distribution of species belonging to the diatom
genus, Pseudo-nitzschia, was sampled and examined
quasi monthly at both inshore and offshore
locations. Examination of this dataset revealed that
Pseudo-nitzschia blooms occurred sporadically
along the central coast of Namibia and cell
concentrations frequently exceeded 200 000 cells L1, with levels close to or exceeding one million
cells L-1 noted occasionally. Five periods, including
two relatively cold years in 2005 and 2010 as well
as the relatively warm years of 2001, 2003 and
2011 were found to be exceptional for high biomass
Pseudo-nitzschia blooms, so possible drivers (wind,
temperature, and nutrients) were evaluated.
Furthermore, climatology showed an increase in
Pseudo-nitzschia blooms during austral summer,
reaching a maximum in May, June or July. Wind was
determined to play an important role in controlling
these blooms. Low biomass Pseudo-nitzschia blooms
were observed during months with high or
irregular winds that coincided with periods of
upwelling, whereas high biomass blooms were
associated with the decrease of wind after the main
wind peak at the end of summer and beginning of
autumn.

The NansClim project (2009–2014) represented a
regional collaboration to assess the effects of
climate on Benguela dynamics. The objectives were
to identify and describe possible trends and
variability in ocean climate and corresponding
changes in marine biodiversity and fisheries in the
Benguela Current LME. The results underline the
overriding importance of considering the combined
effects of climate and fishing as the major drivers of
the dynamics of ecosystem components. Some
changes have been observed across several
subsystems, e.g. a coherent shift from one relatively
stable period to another occurred in the northern
and southern Benguela in the mid-1990s, except for
zooplankton. Future climate change could weaken
the boundaries between the four subsystems. The
findings underscore the need for continued interinstitutional and inter-disciplinary research
collaboration and standardized regional surveys
focused on ecosystem, rather than resource,
assessment. Our conclusions include implications
for ecosystem-based fisheries management and
recommendations for future regional research. The
main objectives of such research are to: i) increase
understanding of the impacts of climate and
anthropogenic stressors on the BCLME and improve
the knowledge base for ecosystem-based
management ii) strengthen the relevant scientific
capacity in the region and iii) enhance public
awareness regarding climate impacts in the BCLME.
These objectives could be achieved through various
approaches, but we suggest the following studies:
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Poster 62
The Namibian islands’ marine protected area:
protecting endangered seabirds in the Benguela
upwelling system

Information is reviewed on trends in distributions
and numbers of eight seabirds breeding in South
Africa. For five species that compete with fisheries
for prey, their populations off northwest South
Africa decreased markedly. Three of these seabirds
(African penguin, Cape cormorant, bank cormorant)
exhibit behavioural inertia, have restricted foraging
ranges when breeding and experienced large
decreases in their overall populations in South
Africa. Conversely, for two (Cape gannet, swift tern)
showing more plasticity and able to range over wide
areas or move between breeding localities there
were increases. Movement of forage resources away
from the northern islands are thought to have led to
a mismatch in the distributions of breeding
localities and prey of some seabirds off western
South Africa and to attempts by several species to
establish colonies on the southern mainland closer
to food resources. There also were shifts to the
south and east in the distributions of three seabirds
that do not compete with fisheries for prey
(crowned cormorant, white-breasted cormorant,
kelp gull), suggesting some environmental forcing,
but decreases of these species off northwest South
Africa were less severe and populations in South
Africa remained stable or increased in the long
term. It is likely, because many fishing plants are
located in the northwest, that there was increased
competition between seabirds and fisheries for prey
as forage resources moved south and east.

K. Ludynia1, J. Kemper2, J-P. Roux3
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 African Penguin Conservation Project, Lüderitz,
Namibia
3 Ministry of Fisheries and Marine Resources, Lüderitz
Marine Research, Lüderitz, Namibia
The northern Benguela upwelling system supports a
range of seabirds, including several globally and
locally endangered species. Threats to these species
include lack of food, human disturbance, habitat
destruction, pollution and severe weather
conditions. Namibia’s first Marine Protected Area
(MPA) was proclaimed in 2009. It stretches 400 km
along the southern Namibian coast, covers almost
10 000 km², and includes all seabird breeding
islands in Namibia. One of the MPA’s key objectives
is to protect the breeding sites as well as foraging
areas of three endangered seabirds breeding and
feeding along Namibia’s coast. Using a zoned
approach, the MPA places restrictions on human
activities, including fishing, mining, guano
harvesting and recreational activities. We present
data on the foraging ecology of endangered African
penguins (Spheniscus demersus), Cape gannets
(Morus capensis) and bank cormorants
(Phalacrocorax neglectus); this information played a
crucial role in the design of the MPA. Monitoring
programmes to track the species’ foraging ecology
are being continued to evaluate the MPA’s success
as a seabird conservation tool. We give an overview
of some of the management measures that have
been implemented and highlight some of the future
challenges facing the MPA.

Poster 15
Ecological relevance of salps and doliolids in the
northern Benguela upwelling
Bettina Martin, Rolf Koppelmann, Pawel Kassatow
Institute for Hydrobiology and Fisheries Science,
University of Hamburg, Hamburg, Germany
Thaliacea (Chordata, Tunicata) are very effective
pelagic filter-feeders that colonise all oceans. These
animals are able to spawn in massive blooms,
grazing large amounts of phytoplankton and
microzooplankton. Sinking fecal pellets as well as
dead and moribund animals provide an enhanced
carbon flux into deeper water and to the sea
bottom, and can thus contribute to the oxygen
minimum zones reported from the Namibian shelf.
However, data about the regional abundances and
ecological impact of this taxon is sparse. Seasonal
variations and spatial distributions were analysed
using samples taken in early summer 2009
(December), late winter 2010 (October) and late
summer 2011 (February) of the central (Walvis
Bay) and northern (Rocky Point) Namibian coast
using a multiple closing net (MOCNESS). Detailed
taxonomical analyses were conducted on the Walvis
Bay transect. Three Doliolida and four Salpida
species were identified and decreasing diversity
was detected towards the coast. In general,
Thaliacea preferred the upper 200 m of the water
column. In two thirds of the samples, the

Oral - Tuesday
A changing distribution of seabirds in South
Africa – the possible impact of climate and its
consequences
Azwianewi B. Makhado1, Robert J.M. Crawford1,2, W.
Herman Oosthuizen1, Rod M. Randall3, Lauren J.
Waller4, Philip A. Whittington5,6
1 Branch: Oceans & Coasts, Department of
Environmental Affairs, Cape Town, South Africa
2 Animal Demography Unit, Department of Biological
Sciences, University of Cape Town, South Africa
3 South African National Parks, Sedgefield, South
Africa
4 CapeNature, Hermanus, South Africa
5 East London Museum, East London, South Africa
6 Department of Zoology, Nelson Mandela
Metropolitan University, Port Elizabeth, South Africa
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abundances accounted for less than 1% of the
mesozooplankton. Blooms were detected at some
stations during moderate upwelling at surface
water temperatures above 20°C. During these
blooms, Thaliacea comprised up to 62% of the total
mesozooplankton standing stock. A bloom of Salpa
fusiformis with a standing stock of ~11 000 ind. m-2
(0-200 m) was detected at the shelf-break off
Walvis Bay in early summer, and one of Doliolida in
late summer at the shelf off Rocky Point with a
standing stock of ~130 000 ind. m-2 (0-150 m).
During bloom periods, the relative abundance of
asexually bred blastozooids was higher compared
to non-bloom periods. First calculations revealed
that almost the entire primary production was
consumed during the blooms.

The time-series of recruitment estimates showed
positive peaks in 2004, 2006 and 2008-2009
indicating strong recruitment of hake juveniles in
these years. Alongshore wind speed anomalies in
these years were negative, indicating a negative
relationship between recruitment and surface wind
speed along the west coast. Wind speeds on the
west coast region are strong in summer and spring
but less intense on the Orange Banks than in
surrounding areas. The intensity and timing of
upwelling favourable winds probably influence
recruitment and retention of deep-water hake
juveniles although the detailed mechanisms remain
unclear and need to be investigated.
Poster 30
Variability in growth and survival of anchovy
(Engraulis encrasicolus) larvae in relation to
environmental variables

Poster 29
Oceanographic conditions influencing
Merluccius paradoxus juveniles on the Orange
Banks nursery grounds

N.M. Mhlongo1,2, O. Maury3, C.L. Moloney2, D.
Yemane1,2
1 Department of Agriculture Forestry & Fisheries,
Cape Town, South Africa
2 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
3 Institut de Recherche pour le Développement (IRD),
International Laboratory ICEMASA, France

Fisokuhle Mbatha1, Marek Ostrowski2 , Marek
Lipinski3
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 Institute of Marine Research, Nordnes Bergen,
Norway
3 Rhodes University & South African Institute for
Aquatic Biodiversity (SAIAB), Grahamstown, South
Africa

Understanding the effect of changing environmental
conditions on population dynamics requires the
understanding of growth and survival as a function
of time, space, the size of an individual and its lifehistory. Anchovy (Engraulis encrasicolus) growth
and survivorship were simulated from first feeding
larvae to recruitment in the deterministic, spatiallyexplicit, bioenergetics-based and size-structured
fish population model “Apex Predator ECOSystem
Model-Estimation” (APECOSM-E). APECOSM-E was
forced with outputs from the hydrodynamic model,
Regional Ocean Modelling System (ROMS), which
was fully-coupled to the biogeochemical model,
Pelagic Interaction Scheme for Carbon and
Ecological Studies (PISCES). The coupled ROMSPISCES tri-dimensional model outputs
(temperature, currents, oxygen concentration, two
phytoplankton groups and two zooplankton
groups) were used as inputs to APECOSM-E. They
allow the determination of habitat, calculation of
passive drift, and provide constraints on larval
physiological rates in both space and time.
APECOSM-E calculates anchovy survival to fish
lengths at which they recruit to the fishery.
Simulated length distributions were compared with
literature values, and the sensitivity of the model
was examined by comparing simulated length
under a range of temperature and prey
concentration inputs.

Physical mechanisms were investigated that
influence recruitment and retention of deep-water
hake (Merluccius paradoxus) juveniles on nursery
grounds on the west coast of South Africa.
Hydrographical observations collected from ten
years of Nansen surveys (2003 -2013, 28°S-35°S)
were analysed in association with the abundance of
deep-water hake juveniles (length range 0–15 cm).
Recruitment estimates of deep-water hake from a
stock-recruitment model were compared with
alongshore wind speeds from combined satellite
wind data from 1999 - 2015. The catch rates of
deep-water hake juveniles in summer (January–
February) were greater (> 3000 fish/hour) over the
Orange Banks (29°S–32°S) than in other areas.
Near-bottom oceanographic variables (oxygen,
temperature, and salinity) varied in summer from
inner to outer shelf waters. Near-bottom waters
were cool with temperatures from 4–6°C on the
outer shelf and 8–9.5°C on the mid to inner shelf.
The outer shelf waters were well oxygenated (3.5–
5 ml O2/L) with relatively low salinity (34-34.5),
whereas inner shelf near-bottom waters had low
oxygen concentrations (0.2 – 2.4 ml O2/L) and
relatively high salinity (34.7-35.1). Low oxygen
concentrations have a negative impact on the
abundance of hake juveniles. Single parameter
quotient analysis showed that hake juveniles
avoided hypoxic conditions (< 2.3 ml O2/L).
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Poster 50
Agulhas leakage a challenge on the Benguela
upwelling cells

Here we present results of a multi-disciplinary field
study on upwelling filaments, conducted in the
northern Benguela system during September 2013
and January 2014. Data of the internal filament
structure were gained with a towed undulating CTD,
a towed current meter, and a microstructure probe.
Chemical underway measurements, plankton
sampling and a mesocosm experiment supplied
information on primary production. The observed
filaments cover the upper 100 m and were found
stable for a period of nearly one month. Because of
their long lifetime the filaments were
geostrophically adjusted. The resulting off-shore
and on-shore transports overlay and exceed the
wind driven Ekman transport. The filaments can
separate different central water masses and serve
as a mesoscale pattern extending the interface
between the water bodies. Compared to the
ambient water, oxygen concentration was
decreased, whereas methane and CO2
concentrations were enhanced within the filaments.
High phytoplankton biomass and primary
productivity in the front between filament and
ocean waters can be explained by simple mixing
without external forcing. In the mesocosm
experiments the mixed (frontal) waters reached a
much higher net primary production and
chlorophyll a (chla) concentration than the original
waters already 2-3 days after their merging. The
peak in phytoplankton biomass stays longer than
the chla peak. After their maxima, primary
production rates decreased quickly due to depletion
of the nutrients. The increase in colored dissolved
organic matter may indicate excretion and
degradation. We conclude that simple mixing of two
water bodies, which occurs generally at fronts
between upwelled and ambient water, leads to a
short-term stimulation of phytoplankton growth.

Ngwako Robadiba Adam Mohale1, Isabelle Ansorge1,
Tarron Lamont1,2
1 Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
2 Oceans & Coastal Research Branch, Department of
Environmental Affairs, Cape Town, South Africa
The Benguela upwelling system is known for its
cooler, less-saline and nutrient-rich character that
supports the large eastern boundary marine
ecosystem. The warm and highly saline Agulhas
Current borders this regional upwelling system in
the southeast Atlantic. The normal position of the
Agulhas Current can be found in close proximity to
the Agulhas Bank, influencing the amount of leakage
into the south Atlantic. It is now understood that a
weak Agulhas Current results in substantial
leakages that modify the temperature and salinity
characteristics and functioning of the Benguela
ecosystem. Satellite sea surface temperature
showed that in September 2014 the Agulhas
Current lay close to the Cape Columbine upwelling
cell at 18°E. Satellite sea level anomalies further
showed a strong advection signal extending
northwestwards from the Agulhas Bank to north of
34°S. In conjunction with satellite imagery, in-situ
data were collected along this latitude. TSG data
show a signal of warm saline surface water
extending from 12°E to 18°E, resulting in a
temperature increase at the coast while salinity
decreased by about 0.3. Further in-situ observations
from CTD confirmed that the high surface
temperatures extended with depth towards the
coast. SADCP also shows a strong current signal that
extends from 12°E to 15°E and at 18°E. Both
satellite and in-situ observations show high
variability in the south Benguela system induced by
changes in the intensity of Agulhas leakage.

Poster 63
Microplastic ingestion by sardine, Sardinops
sagax, in the Benguela region
Coleen Moloney1, Carl van der Lingen1,2, Peter
Ryan3, Shannon Hampton4
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Poster 51
The impact of upwelling filaments on cross shelf
matter transport and stimulation of
phytoplankton growth
V. Mohrholz1, N. Wasmund1, A. Flohr2, A.A. Muller1,
M. Schmidt1
1 Leibniz-Institute for Baltic Sea Research,
Warnemünde, Germany
2 Leibniz-Center for Tropical Marine Ecology Bremen,
Germany

Concerns over the increasing amount of plastic
debris in our oceans have resulted in an increase of
studies reporting ingestion of plastic in numerous
marine species. In South Africa, plastic has been
found in the digestive tracts of mullet, Mugil
cephalus, in Durban Harbour. However this is the
first study that will investigate plastic ingestion of

Surface patterns of upwelling filaments are well
investigated based on remote sensing data of SST
and water color. However, synoptic field studies of
internal filament structures are rare because of
their transient character.
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fish in the open marine environment. Sardine,
Sardinops sagax, were collected during the 2015
Recruit Survey and Spawner Biomass Surveys. The
digestive tracts were stored in 5% formalin buffer,
before being dissected and rinsed through a
320 micron sieve. The contents were then inspected
for microplastic under a dissecting microscope. All
equipment (Petri dishes, scalpel, forceps) used were
checked for plastic contamination using a dissecting
microscope.

Poster 64
Next-generation DNA sequencing as a tool for
defining management units for South Africa’s
yellowfin tuna fisheries
Rachel B. Mullins1, Warwick H.H. Sauer1, Niall J.
McKeown2, Paul W. Shaw2
1 Department of Ichthyology and Fisheries Science,
Rhodes University, South Africa
2 Institute for Biological, Environmental and Rural
Sciences, Aberystwyth University, UK

Poster 52
How does intra-annual variability affect marine
ecosystems?

Yellowfin tuna (Thunnus albacares) is a
commercially and economically important fisheries
species in southern Africa, comprising the second
largest component of the South African catch of
tuna and tuna-like species. It is assessed and
managed as two separate units in South Africa,
based on an early genetic study of the species’
global population structure which found Atlantic
and Indian Ocean populations to be genetically
distinct, and the confluence of these two oceans off
the Western Cape of South Africa. A recent genetic
study however found evidence to suggest that
yellowfin tuna in the Atlantic Ocean waters of South
Africa may originate in the Indian Ocean. Yellowfin
tuna exhibits shallow genetic structuring among
isolated populations; this is mainly due to its large
effective population sizes and limited time since
population expansion, which prevent the
accumulation of significant genetic differentiation,
as well as its life history traits (specifically its highly
migratory nature and pelagic larval dispersal)
which might allow for a small number of migrants
per generation, homogenising the gene pool. Based
on this shallow structure, the results of population
genetic analyses of the species depend on the
resolution of molecular markers to detect fine-scale
genetic structuring. This study therefore aims to
define the population structure of yellowfin tuna off
southern Africa using an array of molecular
markers, including highly variable genome-wide
nuclear single nucleotide polymorphisms (SNPs), in
both neutral and adaptive genomic regions. SNPs
will be identified by means of restriction-site
associated DNA (RAD) sequencing, a nextgeneration sequencing (NGS) technology that allows
for the screening of organisms’ entire genomes, and
which has not previously been applied in
population genetics studies in the Benguela system.
Population genetics software will be used to analyse
SNP datasets, using standard population genetics
statistics, to test the null hypothesis of a panmictic
yellowfin tuna population off southern Africa, and
improve the sustainability of fisheries for this
important resource.

Coleen L. Moloney, Fisokuhle Mbatha
Department of Biological Sciences & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
Marine coastal ecosystems experience intra-annual
variability at different time scales with a variety of
forcing factors. At high latitudes, the availability of
sunlight has a pronounced effect on ecosystem
primary productivity. As a consequence, there is a
strong, bottom-up seasonal effect, which is apparent
at multiple trophic levels. However, trophic controls
in high-latitude ecosystems generally have been
found to be top down, in contrast to mid-latitude
ecosystems where trophic controls are generally
bottom up. At mid latitudes, both light and nutrients
can be important forcing factors, and there is
pronounced seasonality only in some trophic levels.
This study examined seasonality of spawning in
relation to environmental factors in a high latitude
region off Norway and the mid-latitude southern
Benguela eastern boundary upwelling ecosystem.
Data on duration of spawning periods and timing of
spawning peaks for commercial fishes were
collected from the literature. Where possible, this
information was assigned to specific months and
years of sampling, although sampling methods were
not consistent across the time series. For Norway,
both spring spawning herring and Atlantic cod
generally displayed marked spawning seasonality,
with a spawning season of a few months that
showed little interannual variability. In the
southern Benguela, small pelagic fishes (sardine,
anchovy and round herring) had protracted
spawning seasons with multiple peaks, showing
high interannual variability. Cape hakes also had
protracted spawning seasons, typically being partly
seasonal for shallow-water hake and year-round for
deep-water hake, also with much interannual
variability. The impact of seasonal forcing on
different trophic levels is discussed.
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Poster 31
Where does Hake Merluccius paradoxus spawn
in Namibian waters

(conservation of ecosystem’s trophic structure)
objectives over 20 years. Results indicate that it is
not possible to maximise all management objectives
at the same time. Maximizing total income and jobs
is incompatible with stock recovery and ecosystem
conservation, and vice versa, maximizing stock
recovery and/or ecosystem structure results in less
income and jobs compared to the current situation.
The EwE-forecasted recovery in Chilean hake and
southern hake is slower than predictions from
single-species models. This means that trophic
interactions may be key to understanding the
recovery process of these stocks, since both species
have high trophic level. These results are of interest
for EAF in upwelling/non-upwelling systems.

Hilkka O.N. Ndjaula
University of Namibia, Namibia
The question of where exactly the spawning
grounds of the two hake species are along the
Namibian coastline lingers on. This study
approached this question through the study of life
history parameters and population dynamics.
Gonad maturation dynamics between and within
populations of Merluccius capensis and
M. paradoxus along the Namibian coastline were
studied for spawning curves. Results of this study
indicated differences in maturation dynamics
between the two species but dynamics were similar
within species. There are indications of spawning
waves in M. capensis, with smaller fish lagging
behind. Comparing and contrasting these two
species will provide information that could provide
management advice where two co-existing
commercial species have different life strategies.

Poster 32
Problems with female maturity scale of the
shallow water hake Merluccius capensis
investigated along the south coast of South
Africa
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Ecosystem approach for the stock recovery in
two hake species from southern Chile
Sergio Neira1,2, Hugo Arancibia1
1 Departamento de Oceanografía, Unviersidad de
Concepción, Chile
2 Programa Sur-Austral & Centro INCAR, Universidad
de Concepción, Chile

Development of the scientifically devised field
maturity scale for M. capensis in South Africa entails
the identification of well-defined and simple
characters which are validated using histology
throughout the physiological process of maturation.
This was the aim of the present study. The study
area was between 34° 39'South and 16°28 'East.
Samples were collected by both research and
commercial vessels from January 2014 and were
processed and analyzed in DAFF histological
laboratories. Morphological criteria were selected
in connection with the characteristics of ovary
development and six maturity stages were
determined. Histological assessment included
identification of primary growth cells (oogonia and
perinucleolar) for stage one which were also
present in all other stages as M. capensis is a serial
and indeterminate spawner. Stages two to six were
identified by the presence of cortical alveoli and
primary vitellogenesis; secondary to tertiary
vitellogenesis and nucleus migration; formation of
platelets, nucleus migration and hydrated oocytes;
numerous postovulatory follicles; thick ovarian
wall, muscle bundles and atretic follicles, beta
atresia. Non-parametric and parametric tests were
used to analyze the results. Unfortunately, results
indicated a significantly high disagreement between
purely morphological and microscopic readings,
demonstrating that macroscopic readings cannot be
used on their own. This is supported by other
previous studies and is attributed mostly to the

Chilean hake (Merluccius gayi) and southern hake
(Merluccius australis) support important fisheries in
Chile based on products of direct human
consumption. They also support jobs and income
for artisanal and industrial sectors. These fisheries
are either collapsed (Chilean hake) or overexploited
(southern hake) and for these cases the Chilean
Fishing Law mandates recovery programs (not yet
implemented) using the ecosystem approach to
fisheries (EAF). We assess stock recovery in Chilean
hake and southern hake using two food web models
representing Central Chile (33°-39°S, a well-known
upwelling area) and southern Chile (41°-57°S, nonupwelling area). Chilean hake and southern hake
are the most important demersal stocks in Central
and southern Chile, respectively. Models are built
using Ecopath with Ecosim (EwE) software with
information of year 2015 (current situation). We
consider artisanal and industrial fleets in each
model and for each fleet we collected the catch
value, number of jobs and costs (direct/indirect).
We run numerical optimization routines built in
EwE to obtain the fleet-specific fishing mortality
rates that maximise in each model the economic
(income), social (jobs), mandated recovery
(biomass increase to the level that result in the
maximum sustainable yield) and ecologic
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inadequately developed morphological criteria,
which should be a subject for further research.
Fortunately, a simple method of ovaries diameter
measurements complemented by measurements of
oocytes showed significant differences between
maturity stages. Although this method still cannot
be used in the field there is hope that oocyte
diameter, when combined with simple ovarian
measurements and an improved array of
morphological characters, can provide an excellent
six-step universal, ecological maturity scale for
hake.

Poster 33
Decadal changes in rocky shore community
structure in the Benguela bioregion and a
strategy for future monitoring
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Interannual variability of sulphur plumes off the
Namibian coast
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2 Leibniz Institute for Baltic Sea Research, Germany

Intertidal rocky shore ecosystems are shaped by
strong gradients in physical and biological factors,
and thus highly variable on a range of spatial scales.
Based on repeated biodiversity surveys conducted
in the Benguela bioregion in 2001 and 2016, we
address the following questions: (1) Are spatial
patterns in community structure consistent within
and among sites? (2) What effects do invasions of
species have on spatial patterns? (3) Are more
diverse sites more stable through time? Analyses
are based on data from in situ species identifications
conducted by trained teams, which also serve to
validate photographic data collected in parallel by
non-experts. This study therefore reports on
decadal changes in rocky shore community
structure as well as methodological considerations,
which inform the design of an adaptive long-term
monitoring programme for rocky shores in the
Benguela bioregion.

Coastal sulphur plumes in the Namibian Benguela
upwelling system are unique events not found
anywhere else in the world's oceans with such
intensity. These outbreaks influence the Namibian
ecosystem and can impact the local fishing industry
as well as aquaculture farming because of their toxic
properties. Their temporal and spatial development
and impact on marine life differ at a wide range. This
study compares different periods on the basis of
remote sensing satellite data and in situ
measurements of a mooring to demonstrate the
different strengths of sulphur plumes. The remotely
sensed derived intensity of coastal sulphur plumes of
2008 was very weak compared to 2004 and
especially to 2005, the year with the highest activity
during the study period. In 2008, the overall
maximum of sulphur plumes was observed in
February, about 2 months earlier than in 2004 and
2005 when highest intensity was detected in April.
The main season for the formation of H2S and the
occurrence of sulphur plumes at the Namibian coast
was between January and June for all time periods
investigated. Remotely sensed identified coastal
sulphur events correlate with periods of low oxygen
concentrations in bottom water and a high fraction of
South Atlantic Central Water at a mooring 20 nautical
miles off the central Namibian coast at 23°S. The total
variability of the sulphur plumes cannot be explained
by the observed oceanographic conditions alone.
Disastrous strong events were observed in 2008
although the averaged remotely sensed intensity was
low compared to 2004/2005. A study of the remotely
sensed sulphur events over a longer time period is
required, combined with local observations, in situ
measurements and modeling to explain their total
variability.

Poster 34
Shifts in benthic community structure following
a sweepstake recruitment event of alien mussels
Maya C. Pfaff1,2, Imtiyaaz Malick1,3, Imogen
Weidemann1, Raheem Dalwai1, Toufiek Samaai1,2
1 Department of Environmental Affairs, Branch:
Oceans and Coasts, Directorate: Biodiversity and
Coastal Research, Cape Town, South Africa
2 Biological Sciences Department & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
3 Zoology Department, Nelson Mandela Metropolitan
University, Port Elizabeth, South Africa
Upwelling facilitates the larval transport,
settlement, recruitment and adult growth rates of
intertidal mussels in the Benguela. Along the South
African west coast, two alien mussels (Mytilus
galloprovincialis, Semimytilus algosus) thrive on
wave-exposed rocky shores. In recent years
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S. algosus has started invading wave-sheltered
habitats, which would typically feature dense
aggregations of the indigenous limpet Cymbula
granatina among other grazers. In Februray 2016
an unusual mass recruitment event of alien mussels
occurred at Elands Bay at a wave-sheltered habitat.
A carpet of tiny mussel recruits was deposited over
the entire lower shore smothering all benthic life
under a layer of sand trapped by the mussels’
byssus threads. Following this event, we conducted
a clearing experiment and set up permanent
transects spanning the entire ledge. To test for the
effect of experimental clearings on the survival,
growth and recruitment of limpets and their
interactions with encroaching mussels, 50x50 cm2
plots were cleared of all mussels, leaving other
organisms in the plots. At monthly intervals, limpets
assigned to four size classes were counted in
clearings and un-cleared control plots during
consecutive daytime and night time low tides,
accounting for diel differences in grazer activity. Of
six species of limpets encountered, C. granatina
experienced the greatest losses, with gradually
declining numbers in uncleared plots and increases
in clearings. At night, limpet recruits grazed on bare
rock in clearings, and on the shells of adult limpets
in un-cleared plots, maximizing their competition
for a limited food source. Community data from
permanent transect lines were also scored monthly
during day and night using photo quadrats, showing
the succession of community responses following
this rare sweepstake recruitment event. While not
previously reported for South African shores, such
rare events likely have profound long-term effects
on coastal communities. Monitoring of community
responses will therefore continue in the future.

and important fishing areas where potential
pollution “gyres” may form. In this desktop-based
study, we provide a review and description of
identified pollution hotspots in the BCLME region
and their major sources of pollution. This
information, as well as discussions with relevant
stakeholders including government departments
and ports authorities, is used in the development of
site-specific monitoring programmes. A case study
of an individual pollution hotspot is presented
illustrating the analytical approaches used in the
classifications of pollution sources, assignment of
appropriate thresholds and predicted receptor
responses. The generic structure of system state
monitoring to ensure the maintenance of ecosystem
integrity is presented.
Oral - Tuesday
Classification of small pelagic species in
southern Benguela using multiple models
M. Phillips, D. Yemane, N. Twatwa, J.C. Coetzee
Department of Agriculture, Forestry & Fisheries, Cape
Town, South Africa
Biomass estimates derived from hydro-acoustic
surveys are key inputs for the management of South
Africa’s small pelagic fish stocks. These estimates
are used directly in the Operational Management
Procedure (OMP) for setting the annual Total
Allowable Catch (TAC). Improving the accuracy of
survey estimates is therefore very important. Small
pelagic fish species including anchovy, sardine and
round herring are of economic and ecological
importance in the southern Benguela. They form
schools that are easily detected using echosounders. Classification of schools to species is,
however, not straightforward and largely depends
on concurrent trawl sampling of detected schools.
Time and financial constraints, however, limit the
amount of trawling that can be accomplished during
a survey and some degree of interpolation between
trawl samples is necessary to apportion the acoustic
energy between schools of different species.
Information related to morphometric, bathymetric
and energetic features of schools can, however, be
extracted from the acoustic data. These features can
be used to classify fish species through the
development and use of classification methods. In
this study we employ five of the most common
classification methods; Linear and Quadratic
Discriminant Function Analysis (LDA and QDA),
Artificial Neural Networks (ANN), Random Forests
(RF) and Classification Tree Analysis (CTA). We
assess the relative importance of the different
predictors; compare the performance of the five
models, and their temporal transferability. We
found the performance of the models to be similar
and of the large number of school descriptor
variables, mainly physical variables were important
in classifying fish schools to the three species. The
addition of more variables in most cases did not
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Marine pollution monitoring at hotspots in the
BCLME
Raïssa Philibert1, Laura Weston1, Gerard Van
Weele2, Tandi Breetzke2, Robin Carter1
1 Lwandle Technologies, Cape Town, South Africa
2 Royal Haskoning DHV, Cape Town, South Africa
Marine pollution in the Benguela Current Large
Marine Ecosystem (BCLME) is worsening due to
land runoff and domestic and industrial discharges
from increased urbanisation, shipping and offshore
drilling and mining. Deterioration of coastal water
quality, pollution from river catchment areas,
discharges of effluents into estuaries, potential oil
spills, marine litter, noise pollution and emissions of
greenhouse gases are identified as key issues. To
control and manage this pollution, scientifically
sound environmental monitoring is required.
Pollution “hotspot” areas in the coastal zone of the
BCLME are defined in the Benguela Current
Commission Strategic Action Programme (SAP) as
major urban centres and industrial areas, including
the main shipping lanes, oil and gas developments
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result in higher overall accuracy. This study
demonstrates the potential for improved estimates
of biomass from the use of classification models but
also reveals potential issues regarding the
transferability of models over time.

Oral - Thursday
The role of parental behaviour in terms of chick
growth and survival in a pelagic seabird
P.A. Pistorius, G.M. Rishworth
Nelson Mandela Metropolitan University, Port
Elizabeth, South Africa

Poster 35
Physical-biological interactions in the Omani
and Benguela coastal upwelling systems

Long-lived organisms maximise lifetime
reproductive output by shifting the negative effects
of temporal environmental variability onto their
offspring while maintaining adult survival. Amongst
seabirds, chick growth and survival could be
influenced by a range of factors, including prey
delivery and parent behaviour, as well as predation
and exposure to adverse weather conditions. In this
study, an automated method of recording adult
Cape gannet Morus capensis time activity budgets by
means of new generation VHF technology was used
to relate their behaviour to chick growth and
survival at Bird Island, Algoa Bay, South Africa,
across 2 breeding seasons (2011−2012 and
2012−2013). Using one of the most comprehensive
datasets of breeding seabird foraging effort, we
showed that, although chick growth was
predominantly associated with age, parents which
made shorter foraging trips clearly raised chicks
which grew faster. Chick survival varied greatly
between the 2 seasons (40% versus 97%), which
was explained by different levels of nest nonattendance by parents. Chicks in the 2011−2012
season which were exposed to longer periods of
non-attendance were particularly vulnerable to
unseasonal storms and they were also more
vulnerable to kelp gull Larus dominicanus predation
while young. In contrast to Cape gannets in the
declining west coast populations, chick survival at
Bird Island was primarily related to parental
protection rather than food provisioning rate, which
probably reflects favourable foraging conditions
along the southern coast of South Africa. This study
highlights the importance of understanding the
interplay between factors affecting chick growth
and survival for the effective conservation of
threatened seabird populations.

S.A. Piontkovski1, M. Roberts2, B.Y. Queste3, K.A. AlHashmi1
1 Sultan Qaboos University, Sultanate of Oman
2 Centre for Ocean and Atmospheric Sciences,
University of East Anglia, UK
3 Ocean Sciences and Food Security, Nelson Mandela
Metropolitan University, Port Elizabeth, South Africa
Upwelling in the western Arabian Sea is the most
extensive in the Indian Ocean and is comparable, at
least in area, to the largest wind-driven, eastern
boundary upwelling systems. The upwelling
epicenter occurs off the south coast of Oman and is
the only large scale upwelling on a north-western
ocean basin boundary world-wide. The upwelling is
strongly seasonal in occurrence due to the reversal
of the Asian-African monsoon. In this study, we
compare the Arabian upwelling to that of the
Benguela system in the South Atlantic. Using
satellite data, calculated variation coefficients imply
seasonal variations of chlorophyll a concentrations
in the Oman system to be five times that of the
Benguela. This fivefold difference is also observed in
the seasonal variation of the meridional component
of the wind speed, which in essence reflects the
Omani coastal upwelling seasonality compared to
the permanent upwelling centre in the Benguela at
Lüderitz (27–28°S). A 13-fold difference is observed
in seasonal variation between the Omani and
Benguela upwelling indices. Results from the NASA
Ocean Biogeochemical Model (which is a coupled
three-dimensional 14 vertical layer model
incorporating general circulation, biogeochemical,
radiative components and assimilating monthly
global products, forced by winds, shortwave
radiation and sea surface temperature) indicates
monthly variations of sea surface nitrates in the
Oman upwelling system to be 4 times that of the
Benguela. Variation of the mixed layer depth in the
Oman region was 1.5 times higher. Vertical sections
of fluorescence reported for the Benguela system
were compared to field surveys carried out in
coastal waters of Oman. In both regions, the
development of the deep chlorophyll a maximum
was observed during periods of wind relaxation and
increasing stratification of the euphotic layer.

Oral - Tuesday
Water column autotrophy, heterotrophy and
anoxia in St Helena Bay in the southern
Benguela
G.C. Pitcher1,2, T.A. Probyn1, A. du Randt1, L.A.
Mansfield1
1 Fisheries Research and Development, Department of
Agriculture, Forestry, and Fisheries, Cape Town,
South Africa
2 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
St Helena Bay is a large open bay formed by the
Cape Columbine promontory. In this highly
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productive environment we investigated plankton
community metabolism through estimates of net
community production [NCP] and respiration [R] as
determined by oxygen fluxes in the water column,
providing information on the balance of autotrophy
and heterotrophy within the Bay. Rates of NCP and
gross community production [GCP] were typically
shown to be appreciably higher near surface,
despite the regular presence of subsurface biomass
maxima. Characteristically, NCP was a significant
fraction of GCP in the surface waters, but declined
sharply with depth, and in most cases the
community compensation depth [where NCP=0]
was <10 m. Autotrophic communities, where
organic matter is produced in excess of respiratory
demand, were therefore typically confined to the
upper 10 m of the water column, and often excluded
the bulk of the phytoplankton community, where
light limitation is considered to lead to
heterotrophic community metabolism. In near
bottom waters a seasonal decline in oxygen was
achieved through sub-seasonal events of hypoxia
and ultimately anoxia linked to episodic deposition
of organic matter as indicated by spikes in bottom
chlorophyll a concentrations. A seasonal shift in
phytoplankton composition during the upwelling
season from diatom to dinoflagellate dominance
was demonstrated with regular development of
nearshore blooms termed red tides. Our estimates
of NCP and R within these blooms are among the
highest values recorded. Ratios of R to GCP were
particularly high [0.6–0.73] and are considered a
function of the inherently high cellular respiration
rates of dinoflagellates. Night time R was shown to
be capable of removing 17 ml O2 L-1 from surface
waters. These exceptional rates of oxygen
utilization are likely to exceed oxygen
replenishment via air-water exchange leading
overnight to conditions of anoxia. Under these
conditions oxygen may be stripped from the entire
water column of shallow nearshore environments.

Oral - Wednesday
Understanding the impacts of global change on
coastal fishes - review of ten years of research in
a northern Benguela ocean warming hotspot
W.M. Potts1, W.H.H. Sauer1, Paul W. Shaw2, C.
Santos3, A-R. Childs1, R. Henriques4, M.C. Parkinson1,
A.C. Winkler1, T.J. Richardson1, R.J. Bealey1
1 Department of Ichthyology and Fisheries Science,
Rhodes University, Grahamstown, South Africa
2 Institute of Biological Environmental and Rural
Sciences, Aberystwyth University, Aberystwyth, UK
3 Faculty of Science, University of Agostinho Neto,
Luanda, Angola
4 School of Biological Sciences, Royal Holloway
University of London, Egham, United Kingdom
The southern Angolan coastal region has been
identified as a global ocean warming hotspot. This
presentation will summarise some of the findings of
a ten year coastal fish research program in the
region. These include observations of rapid
poleward distributional shifts, the first documented
case of a warming driven marine hybridization
event, changes in the reproductive scope of resident
species, alterations in predator feeding patterns and
intraspecies variation in thermal tolerance of
coastal fishes. These findings are discussed in the
context of developing our understanding of the
impacts of global change and their implications for
coastal communities in the northern Benguela.
Oral - Wednesday
The influence of coastal upwelling on filterfeeder trophic signatures in the Benguela
upwelling system

Benjamin Planque
Institute of Marine Research, Tromso, Norway
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Margaux Noyon1,3,4
1 Department of Zoology and Entomology, Rhodes
University, Grahamstown, South Africa
2 Department of Oceanography, University of Cape
Town, South Africa
3 SA-UK bilateral Research Chair: Ocean Science and
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4 National Oceanography Centre, Southampton,
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Marine ecosystems are open, highly complex and
adaptive systems. Several practical and theoretical
aspects seriously limit our capacity to construct
numerical models that can simulate their dynamics
with a sufficient degree of accuracy. Projecting
marine ecosystem states into the future, with some
acceptable level of confidence, is even more
challenging. In this presentation, I will show how
numerical modelling may be built in situations
when systems have many more unknown than
known features and will discuss expectations of
ecosystem model projections at time horizons from
seasons to centuries.

Upwelling plays an important role in driving coastal
primary production, and thus resource availability
for intertidal consumers. Earlier work identified a
biogeographic gradient in the stable isotope
signatures of mussels from the east to the west
coast of South Africa, with specimens from the west
coast being enriched in δ15N and depleted in δ13C.
We explored this gradient by examining the effects
of upwelling on filter feeder diets across 400 km of
the South African Benguela upwelling system. We
found that filter feeders at upwelling centres
showed no differences in δ15N values, but depleted
δ13C compared to those from non-upwelling sites,

Oral - Wednesday
Marine ecosystems modelling. Coping with the
known, the unknown and the unknowable
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indicating different food sources for filter feeders
under upwelling conditions. Studies conducted at
smaller scales (200 km) in the southern Benguela,
where upwelling usually occurs in austral summer,
partially agreed with the previous findings, showing
depleted δ13C signatures at one upwelling site only.
Simultaneous investigation of the FA signatures of
the same filter feeding species, showed that the FA
composition of these species did not vary as a direct
function of upwelling or upwelling season, but there
were strong dissimilarities among sites. Upwelling
influenced FA signatures at one upwelling site while
at another, the influence of upwelling was displaced
downstream of the upwelling centre. The results of
these studies suggest that the influence of upwelling
on the west coast of South Africa is detectable in
trophic signatures of filter feeders over large spatial
scales, but at smaller scales, it is pervasive and
diffuse, rather than discrete. At smaller scales,
nearshore retention or advection of upwelled water
is critical and site-specific so that the effects of
upwelling differ among upwelling centres.

consequence of redistributed sediments. In some
cases, the offshore accumulation of sand also
resulted in changes in wave exposure, with
concomitant responses by the rocky-shore biota.
Changes in community composition were, however,
also evident at control sites, indicating high natural
variability in rocky intertidal communities in
response to natural sand movements in the area
over time. Following suspension of mining
activities, erosion of accreted sediments and return
of community composition to the pre-mining state
became evident at all impacted sites, with impacted
communities recovering within 2-3 years. When
monitoring ceased in 2013, severe sediment effects
were still evident at some sites, but these were
attributable to natural seasonal sand inundations
and subsequent erosion.
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Monitoring the impacts of diamond mining on
rocky intertidal communities in southern
Namibia
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In southern Namibia coastal diamond deposits have
long been targeted by mining operations. In 2004
Namdeb Diamond Corporation (Pty) Ltd began
mining some of the pocket beaches and
commissioned a study to investigate the effects of
this mining on rocky intertidal communities. The
study included appropriate pre-mining baseline
information (1998, 2004), and spanned mining and
post-mining periods (2004-2013). Seawall
construction and gravel treatment processes
associated with mining operations involved the
mobilisation and discharge of large volumes of
sediment onto beaches, causing accretion opposite
the mining site and discharge point, and increases
in longshore sediment transport. This not only
affected the macrofaunal communities of the
impacted beaches, but also had important
consequences for nearby rocky shores. Using
standard rocky intertidal sampling techniques, the
biotic communities at seven rocky headlands
adjacent to the pocket beaches were sampled. Of
these four sites were in the immediate vicinity of
mined beaches and a further three sites served as
controls. A distinct shift in community composition
was discernible at all rocky intertidal sites
influenced by mining-related sediments. The
observed changes were directly attributable to
gradual and progressive sand inundation as a

Increased fishing effort and human-induced climate
change are putting severe pressure on marine
ecosystems. In the southern Benguela, a number of
key species have undergone spatio-temporal
changes over the last three decades, with
corresponding changes in climate. Coastal fishing
communities, dependent on the sea for their
livelihoods, are especially vulnerable to these
changes. In recent years, considerable effort has
been devoted to collecting and analysing scientific
data to identify and better understand climate and
resource changes in the southern Benguela.
However, data are often patchy or inconsistent and
authentic changes can be hard to identify in a highly
variable environment. Fishers spend a large amount
of time at sea and their cumulative body of
knowledge based on their observations, experiences
and perceptions of changes in the environment
including changes in key species and their
distribution, weather patterns and physical
oceanographic conditions, constitutes their local
ecological knowledge. This paper compares local
ecological knowledge from three fishing
communities living on the west and south coasts of
South Africa, with scientific knowledge in an
attempt to identify common trends and
environmental changes that could be attributed to
climate change. It also highlights areas of much-

Oral - Thursday
Climate and marine changes along the southern
Benguela: resonance between coastal fishers’
knowledge and mainstream scientific data
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needed research in the southern Benguela. While
the temporal scales cannot always be matched
across these two knowledge sources, we find that
there is indeed overlap between mainstream
scientific data and local ecological knowledge and
argue that both forms of knowledge are critical for
adaptation planning and management decisions as
they can complement one another.

approaches that are realistic within current South
African challenges, but considered legitimate by a
large group of stakeholders.
Poster 67
Stony Point: African Penguin management in a
residential area
S. Ragaller, A. Jarre
Department of Biological Sciences & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa

Oral - Thursday
The ecosystem approach to fisheries (EAF) in
small-scale fisheries (SSF) in South Africa:
Progress and transformation

Since 2010 a number of changes have occurred in
conservation management for the endangered
African penguin, Spheniscus demersus, at Stony
Point, Betty’s Bay. Stony Point has been through
numerous types of land-use and management
authorities, both before and since the arrival of
penguins. While this colony’s population is growing,
the situation of the rest of the African penguin
population in the Western Cape is dire, and a
biodiversity management plan was gazetted in
2013. Stony Point presents an unusual situation as
penguins began nesting here some 150 years after
people began frequenting and inhabiting the area.
Starting in 2010, ethnographic fieldwork revealed
some of the implications of these continual changes
for both human and penguin residents of Stony
Point. Being able to monitor and protect the
penguins effectively while also managing their
attempts at expanding into residential areas
requires good working relationships with residents.
Tracking and documenting these changes is
important and allows the management plan under
development to exist within a context. Surprisingly,
research results in 2014 indicated that residents
were overwhelmingly supportive of the colony and
an interpretative centre, on condition of good
management of both. Good relationships with
residents remains central to the management plan’s
role and needs to be spelled out therein, with
explicit goals, concrete steps and milestones to be
achieved. Two years after Cape Nature began
managing the colony and interpretative centre,
additional fieldwork was conducted to evaluate
whether the management of the colony has been
meeting its objectives as well as addressing some of
the residents’ suggestions and concerns. The
present poster evaluates these results in light of the
critical need to create a management plan that
enables relationship building between managers
and residents in the conservation management of
Stony Point.

Serge Raemaekers
Department of Environmental and Geographical
Science, & Marine Research Institute (Ma-Re),
University of Cape Town, South Africa
EAF strives to balance diverse societal objectives by
taking account of the knowledge and uncertainties
of a/biotic and human components of ecosystems
and their interplay, and applying an integrated
approach to fisheries within ecologically meaningful
boundaries. In South Africa, the new SSF Policy
embraces EAF as a core principle and calls for a
rethink in fisheries governance – beyond addressing
redress and societal justice, but arguing for
transdisciplinarity, a systems approach to fisheries
management and research strategies that
comprehends complex human dimensions. Current
SSF management has benefitted to an extent from
tools such as Ecological Risk Assessments. Current
EAF implementation, while commendable, is still
centred on utilisation of a particular stock at a
sustainable level while minimising ecological
effects, without rethinking the ‘bigger picture’:
fisheries interactions, distribution of ecosystem
services, customary rights, socio-economics and
local development. Knowledge on a/biotic and
human components of SSF is limited, no SSF
scientific or management groups are yet in place,
and understandings of EAF vary among
stakeholders, impeding implementation. At a local
level, SSF communities ‘live’ a deeper integration of
human and ecological parts of fisheries systems,
although this is often affected by market
interactions, current fisheries management, other
external drivers and Climate Change uncertainties.
This knowledge is often not shared in management
processes and studies are spatially or temporally
limited. Within a context of limited government
capacity and complex socio-ecological systems,
adaptive co-management and knowledge coproduction are required to bring a pragmatic drive
to EAF implementation. Current transdisciplinary
efforts by various stakeholders, combining
Participatory Action Research, social learning and
Bayesian design principles, are promising as they
can contribute to the intense data/knowledge
requirements within EAF. They can also inform the
design of governance models and transparent
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The effect of high frequency atmospheric
variability on Lagrangian transport in the
southern Benguela

nursery grounds for several fish species. Low
oxygen events inshore affect these resources.
Through seasonal cruises, microscopy, flow
cytometry and DNA surface samples were analyzed.
Results reveal highest concentrations of
Synechococcus, up to 10 x 105 cells/ml, during
strong upwelling in February. These results
correlate positively with 16S amplicon sequence
results from the alphaproteobacterial clade
Roseobacter, an anoxygenic phototroph. Micro and
nanoplankton were enumerated through
microscope counts, and were instrumental in both
validating 18S eukaryote sequence data, and flow
cytometry counts. Larger plankton cells were
abundant inshore, during the November cruise, and
correlated negatively with Synechococcus and
bacterial abundances. These results underline the
importance of applying different analytic
approaches in order to properly understand spatiotemporal distributions in this highly productive
region.

Natalie Ragoasha1,2,3, Steven Herbette2, Gildas
Cambon1, Claude Roy1, Chris Reason3, Christophe
Lett4
1 Institut de Recherche pour le Développement (IRD)
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France
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Institute (Ma-Re), University of Cape-Town, South
Africa
4 Institut de Recherche pour le Développement (IRD)
/ UMMISCO, Sète, France
This study analyses the physical mechanisms that
impact on Lagrangian transport in the southern
Benguela upwelling system, an environment in
which currents are key components of many
important ecological processes, including the
dispersal of marine larvae. Our study wishes to
disentangle the combined roles of mesoscale
turbulence, highly present in the region, and of
short-period (less than 10 days) wind variability. A
validated interannual simulation of the region,
using ROMS, over the period 1990-2010, provides
the mean dispersal patterns. Sensitivity of these
patterns to the atmospheric variability and to the
synoptic oceanic circulation is considered by
carrying a series of simulations with different initial
conditions and low-passed time-filtered
atmospheric forcing. Results highlight the
contribution of high frequency atmospheric forcing
on the variability of larval transport from the south
coast to the west coast of South Africa.

Oral - Tuesday
Coastal climate change and variability in the
Benguela Current system
Mathieu Rouault
Nansen Tutu Centre, University of Cape Town, South
Africa
Various sea surface temperature datasets are
analysed and trends in all months of the year are
calculated for the period 1982-2015 when satellite
remote sensing allowed full monitoring of the ocean
at high resolution. Changes in the Benguela
upwelling reflect a variety of processes and have
distinct seasonality. Some regions have warmed up
and some regions have cooled down while other
regions have not significantly changed. The Angolan
and North Namibian coastline displays a warming in
all months of the year from 0.2 to 0.5°C per decade
depending on season. The central part of the
Benguela upwelling has not changed while the
South Benguela has cooled down from April to
August by 0.3 to 0.5°C per decade suggesting
stronger unseasonal upwelling favourable winds.
Prior to the satellite era, it is difficult to ascertain
coastal changes using gridded products that are
based on a paucity of observations with gaps filled
up with statistical technics. For instance Hadley SST
version 1 uses satellite remote sensing estimates of
SST from 1982 and sparse observation before, and
cannot be used for trends analysis in upwelling
regions. Additionally, there is a clear impact of the
El Nino Southern oscillation on the Benguela system
due to a shift of the Santa Helena High pressure
system during ENSO leading to changes in SST of
opposite directions for Namibia and South Africa.
Finally, ENSO effects on the Benguela are poorly
represented in IPCC coupled models that have a sea
surface temperature warm bias of up to 6°C in the

Poster 54
Plankton community assemblages in the
southern Benguela: Complementary use of flow
cytometry, microscopy and next generation
sequencing
E. Rocke, D. Walker, Z. Gebe, C. Moloney
Department of Biological Sciences & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
Picoplankton (0.2-2 µm in diameter) are
responsible for fixing up to 50% of CO2 in the ocean
and are the most abundant photosynthetic
organisms. This size fraction of phytoplankton
however has been poorly studied, and to date there
exists virtually no picoplankton data from the
productive Southern Benguela upwelling. The
Southern Benguela, situated on the West coast of
South Africa is characterized by a pulsed, seasonal
wind driven upwelling at various coastal points
accompanied by warm Agulhas water offshore. High
primary productivity enriches the coast, creating
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Benguela Current. This hinders realistic global
warming scenarios for the Benguela.

Poster 55
Strengths and weaknesses of climate reanalyses
to quantify wind variability: a focus on the 20th
century reanalysis in the Benguela and adjacent
areas.
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Jean-Paul Roux
Lüderitz Marine Research, Ministry of Fisheries and
Marine Resources, Namibia
Following decades of marine resource plundering,
Namibia inherited severely depleted commercial
stocks at the time of independence in 1990, when
the young country gained full control of the
management of its fisheries. Less than a decade
later Namibia endorsed the concept of an EAF
(Ecosystem Approach to Fisheries). I review the
results of ecological research undertaken in the last
decade and a half and the advances gained in our
understanding of the Northern Benguela food web,
together with the regulatory and management
measures put in place towards EAF during this
period. The trends in the main fisheries commercial
resources as well as species of conservation
concerns show disappointing results however, with
the small pelagic species still depleted and the
hakes stocks, amongst others, far from recovered
from past overfishing, while most of the endangered
breeding seabirds have continued to decline during
this period. The fisheries management paradigm in
Namibia has not changed, with commercial stocks
still managed following “single stock” approaches.
The main challenges are identified as inadequate
capacity for ecological marine science, as well as the
failure of timely incorporating newly acquired
knowledge in the management procedures of our
main marine resources. As new challenges become
apparent (climate change, marine mining etc.), new
directions are suggested, both in the science and the
management realm in order to progress on the road
of ecological sustainability of the Northern
Benguela.

Climate reanalyses provide a synthesized estimate
of the state of the atmosphere over long periods of
time by objectively combining observations and
model simulations. Among the available products,
the 20th Century Reanalysis from NCEP (20CR) is
the only one covering more than a century,
spanning from 1851 to the present day. 20CR
assimilates only surface pressure data, with seasurface temperature and sea-ice concentration used
as boundary conditions. This makes 20CR
particularly interesting for exploring long-term
trends in the wind because the final output of the
reanalysis has not been contaminated through the
assimilation process by spurious trends or shifts
associated with wind data from iCOADS, coastal
stations or satellite instruments. We first test the
ability of 20CR wind data to represent observed
variability over the Benguela system. This is done
by comparing wind data from 20CR and coastal
stations. Interannual variability and trends are then
compared with the signal extracted from other
reanalyses or satellite-derived winds. Finally, 20CR
wind data are used to explore detailed patterns of
wind variability along the Benguela and South
African south coast and to test hypotheses such as
the intensification of the wind-induced upwelling
along the coast of the Agulhas Bank since the mid
1990’s and its relation to the eastward shift of
important marine resources.
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Wind stress, stratification, and source waters:
How will the upwelling process respond to
climate change?
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Distribution, trophic ecology and behaviour of
ghost crab (Ocypode cursor) on the Skeleton
coast, northern Namibia- a serendipitous
discovery of a “Skeleton coast beach cleaner”
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The close relationships among various atmospheric,
oceanic, and biological processes in the Benguela
Current continue to captivate the imagination of
oceanographers from all disciplines, particularly in
an attempt to explain the considerable ecosystem
fluctuations that have occurred over decadal and
multi-decadal periods. This natural variability in
physical and biogeochemical properties poses
challenges for marine populations inhabiting
eastern boundary upwelling ecosystems. As a
consequence, there is growing concern for the
sensitivity of these systems to climate changes that
may be exacerbated by anthropogenic activities. A
number of hypotheses have been offered to
describe the impacts of climate change on three key
components of the upwelling process: changes in
winds (including intensification, poleward shifts,
and altered seasonality), increased water-column
stratification, and modified characteristics of source
waters supplied to the upwelling systems. Rejection
of hypotheses based on observational records is
hampered by limited ability to distinguish the
impacts of anthropogenic climate change from those
of natural variability, but examination of numerical
model projections offers some insight to changes in
the upwelling process over the coming century. I
will describe the current understanding of the
upwelling response to basin-scale anthropogenic
climate change, compare the Benguela system to the
other prominent eastern boundary upwelling
systems, and postulate about the impacts of such
changes on the communities inhabiting the
upwelling regions. Improving such understanding is
critical for anticipating the future evolution of these
systems and their ability to sustain productive
ecological communities.

The ghost crab (Ocypode cursor) is found in
numerous aggregations and high densities along the
intertidal (surf) zone of the coast from the Kunene
river mouth and to Möwe Bay, a stretch measuring
280 km. In January 2011 we studied its morphology,
feeding ecology, behaviour and burrowing patterns.
Carapace width and height, and abdomen width
were measured, and sex determined. Predator-prey
interactions were studied using the stable isotope
technique on muscle samples, crab stomach
contents, scat samples from predator (most likely
jackal) and organisms crab were seen to feed on. A
major pathway for transfer of energy from ocean to
land was via feeding, burying fish, shredding, and as
prey for jackals and hyenas. The ghost crab ate at
the same trophic level as fish. Dense herds of crabs
aggregated in the intertidal zone in the morning,
where they made shallow but densely packed
burrows of various sizes. Mean size of aggregations
was 24 m2, housing on average 290 individuals and
thus a density of 12 individuals m-2. Individual open
and deep burrows just above the tidal zone, and in
the tidal zone, were further apart and with a mean
density of 0.55 individuals m-2. To get a first rough
estimate (making 540 000 individuals) of the size
order of the population, the numbers of small,
medium and large herds were counted for replicate
1 and 10min stretches from a car driving on average
80 km/hr. There were on average 5.3 large
herds km-2, 6.8 medium sized herds and 3 small
sized herds km-2 length of the shore line. Ghost
crabs were found scavenging on dead whale and
seal carcasses stranded on the beach and on
carcasses of seals, fish, jellyfish, ghost crab, mussels,
skeletons of fish and birds. Pieces of salt game
biltong were also accepted as food.
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Variation in growth and reproduction of
bearded goby (Sufflogobius bibarbatus) in
hypoxic waters of northern Benguela
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A coastal research program concentrating on
Southern Angola was initiated in 2004, as a joint
venture between the University of Agostino Neto,
the Instituto Nacional de Investiga Pesqueira (INIP),
and Rhodes University. Central to the success of the
project has been the establishment of a research
base between the towns of Namibe and Tombwa,
allowing for both sample collection and analysis.
The research project has been highly successful in
training postgraduate students, production of a
multitude of scientific data, and publication of more
than 15 scientific publications in peer reviewed
literature. The research has highlighted the
complexity of the ocean environment and the
influence of the Angola Benguela frontal zone on
coastal resources, and communities that rely on
them. Results have demonstrated that at least one
fish species important to the welfare of coastal
communities in the region has altered their
behaviour in response to climate change, and a
number of others are vulnerable due to their life
history characteristics. To investigate biogeographic
and evolutionary aspects of fish distributions across
the Benguela upwelling region we have used genetic
(DNA) markers to investigate levels of genetic
diversity and connectivity (gene flow) in a range of
species (12 to date). Key findings have been that in
all species the upwelling cell represents the major
barrier to dispersal and gene flow within the wider
Benguela system, that levels of genetic divergence
vary among species in relation to life history
characteristics, and that there is cryptic speciation
associated with the upwelling within some taxa.
Realising the importance of understanding the
physiological response of fish to the changing
oceanographic environment the program has
recently invested in an eco-physiology laboratory.
The program has also established an
interdisciplinary approach to the research with a
project planned to understand the sensitivity of
local communities to climate change and explore
adaptation options to mitigate against anticipated
challenges.

One of the endemic fish species off Namibia, the
abundant bearded goby, Sufflogobius bibarbatus, is
a major prey for large commercial fish populations.
Following the decline of clupeid populations in the
late 1960s, and their subsequent collapse in the
1980s, higher trophic predators off Namibia have
been increasingly dependent on bearded goby as
prey. Previous work has shown that this fish
species can cope better with low oxygen levels than
other species, but also that the spatial distribution
tends to vary with changes in available oxygen. Its
main geographical area coincides with that area of
the Namibian shelf where sea-bed oxygen levels
are <1 mg O2 L-1 [43.5 µmol kg-1]. Unlike their
predators, these fish can remain alert in complete
suboxia and can cope with gradual changes in
oxygen concentrations as well as with sulphide
shocks. Despite its importance to the northern
Benguela ecosystem, very little is known on its
recruitment biology. Here we report empirical data
on variation in maturation, growth, and male
reproductive morphologies representing sneakerand territorial tactics, and intermediates. Both
sexes matured and reproduced at oxygen levels <
0.5 ml/L, but low oxygen stood out as a limiting
factor for growth and reproduction. Large mature
fish were found on the outer central shelf,
indicating a spawning area there. Females were
smaller and grew slower than males, with an
average relative fecundity, including recruiting
oocytes, of 1600 g-1. Sneaker and territorial male
tactics differed in morphology and in age, size and
growth. The sneakers were smaller and younger
than the territorials. The findings are discussed in
view of environmental perturbation.
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From wind stress to mud belt formation, the
nutrient, oxygen and carbon budgets of the
Benguela upwelling system seen from a coupled
3-dimensional ecosystem model of the southeastern Atlantic Ocean
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We present an approach to integrate an ecosystem
model suitable for the oxygen minimum zones in
the south eastern Atlantic. We discuss the basic
skills of the circulation model, which are required to
reproduce a realistic ambient nutrient and oxygen
distribution for planktic and benthic organisms. The
ecosystem model follows the cycling of nitrogen,
phosphorus, oxygen and carbon through the trophic
levels. Phytoplankton and zooplankton are
represented explicitly, and the influence of
organisms on higher trophic levels is included
approximately. One important model aspect is diel
vertical zooplankton migration and the response of
zooplankton to oxygen depleted conditions.
Physiological properties of organisms are
parameterized from field data gained mainly in the
course of the project "Geochemistry and Ecology of
the Namibian Upwelling System" (GENUS). The
model system includes a sediment module that
treats the recycling of organic matter by benthic
microbes and considers the role of the sulfur
bacteria growing on the muddy sediments on the
Namibia shelf. The different nature of the oxygen
minimum zone in the Angola Gyre and the Benguela
system is challenging. The Angola Gyre as a
"shadow zone" in the tropical Atlantic is
characterized by low productivity, little ventilation
and low particle export. The winds in the northern
Benguela drive an intermittent but steady nutrient
supply into the euphotic zone, which fuels high
productivity, large particle export and oxygen
consumption. Our model equations reveal in
general, enough to reproduce both the oxygen
minimum zones. We discuss the contribution of
different organismic groups to the total oxygen
budget and compare the results with available field
data. The numerical results deliver the typical
residence time for different areas of the Benguela
system.

Feeding in Southern Hemisphere humpback whales
(Megaptera novaeangliae) is believed to be limited
to the southern polar region, where Antarctic krill
(Euphausia superba) has been identified as the
primary prey item. Three recent research cruises
(in October/November 2011, October/November
2014 and October/November 2015) identified
previously undocumented large tightly-spaced
groups (20 to 200 individuals) of feeding humpback
whales aggregated over at least a one-month period
across a 220 nautical mile region of the southern
Benguela System. Feeding behaviour was identified
by lunges, strong milling and repetitive and
consecutive diving behaviours, associated bird and
seal feeding, defecations and the pungent “fishy”
smell of whale blows. No dedicated prey sampling
could be carried out within these encountered
tightly spaced feeding “Super-Groups”. However,
the entrapped Euphausia lucens in two of the
suction cup accelerometry tags deployed in
November 2015, collection of E. lucens in the region
of groups and the full stomach contents of mantis
shrimp from both a co-occurring predatory fish
species (Thyrsites atun) and one entangled
humpback whale mortality suggest these may be
the primary prey items of at least some of the
feeding aggregations. Reasons for this recent novel
behaviour pattern remain speculative, but may
relate to; a) increasing summer humpback whale
abundance in the region b) alterations in prey
availability leading to a novel feeding strategy c) a
restoration of a previously unobserved feeding
strategy d) an increase in the probability of
detection of super-group behaviour as abundance
increases. The discovery of the “Super-Groups” is a
conservation milestone and of particular interest in
light of the partial recoveries of certain Southern
Hemisphere humpback whale stocks from severe
whaling last century.

Poster 38
Discovery of humpback whale (Megaptera
novaeangliae) “Super-Groups”: Low latitude
feeding in the Benguela Current Ecosystem
S.M. Seakamela1 , K.P. Findlay2, M.A. Meÿer1, S.P.
Kirkman1, J. Barendse1, D.E. Cade6, D. Hurwitz7, A.
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O.A. Vargas Fonseca4, C.G. Wilke3
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Acoustic monitoring of the recovery of blue and
fin whales in the Benguela ecosystem
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Tracking the effects of fishing on biodiversity
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ecosystems using ecological indicators
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Numerous large baleen whales were whaled to near
extinction in the South Atlantic Ocean; however
little is known about their recovery, distribution
and migration four decades after whaling
terminated. Passive acoustic monitoring technology
was used to detect blue and fin whale calls to
investigate their seasonal presence and behavior in
the Benguela ecosystem. Data were collected using
an autonomous acoustic recorder (at a sample rate
of 4 kHz for a minimum of 20 minutes every hour of
each day) attached to oceanographic moorings,
deployed for 17 months off the west coast of South
Africa between 2014 and 2015. Our results show
that migratory blue and fin whales are
predominantly present in South African waters
between May and August with some animals
extending their presence to November. Antarctic
blue whales were observed to produce both their
characteristic Z-call and the feeding produced Dcalls with totals of 8716 and 176 Z- and D-calls
detected, and might be indicative of the blue whale
population size increase. The detected 56503 fin
whale calls also suggest a potentially recovering
whale population. Both whale species were more
vocally active during day. Chlorophyll-a, sea surface
temperature, wind and sea surface height affected
the seasonal occurrence and diel acoustic behavior
of both whale species. Sounds from other whale
species, unidentified animals and anthropogenic
noise were also observed from these acoustic
recordings. Here we present the first acoustic
recordings of Antarctic blue whales in the Southeast
Atlantic Ocean, highlighting the importance of
monitoring Antarctic top consumer baleen whales
in low latitudes, and provide preliminary
information on which to concentrate further
research effort to investigate abundance,
distribution and seasonality of large baleen whale
populations in the Benguela system.

An expanded set of ecological indicators has been
proposed under the IndiSeas (“Indicators for the
Seas”) working group as a means of tracking the
effects of fishing on marine biodiversity across
ecosystems. Indicators were selected according to
their ecological meaning, sensitivity to fishing, data
availability, management objectives and public
awareness. The suite comprised: (i) the inverse
coefficient of variation of total biomass of surveyed
species, (ii) mean fish length in the surveyed
community, (iii) mean maximum life span of
surveyed fish species, (iv) proportion of predatory
fish in the surveyed community, (v) proportion of
under and moderately exploited stocks, (vi) total
biomass of surveyed species, (vii) mean trophic
level of the landed catch, (viii) mean intrinsic
vulnerability index of the landed catch, (ix)
proportion of non-declining exploited species in the
surveyed community, (x) the marine trophic index
of the landed catch, (xi) mean trophic level of the
surveyed community, (xii) mean trophic level of the
modelled community, and (xiii) proportion of
discards in the fishery. Comparative analyses (state
and trend analyses, correlation, redundancy and
multivariate tests) led to refinement of our
understanding of the ecological status of 29
exploited marine ecosystems. Our study revealed
that a combination of indicators is needed and that
indicators based solely on landings data from
commercial fisheries are often biased and lead to
inaccurate evaluations of ecosystem status. This
work specifically combined landings-based, surveybased and model-based ecological indicators, and
incorporated into their interpretation the context of
regional information and data on fishing history,
fishing intensity, and environmental conditions.
This knowledge, which was in large part provided
by ecosystem experts, was essential for the
assessment of the ecological status of marine
ecosystems.

51

Oral - Wednesday
Can available time series and current
understanding of multiple drivers readily
explain observed temporal variability in the
Southern Benguela over the past four decades?
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Previous trophic models of the Southern Benguela
ecosystem are updated, refined and refitted, using
newly available biological, fisheries and
environmental data series. In the last decade, there
have been notable advancements in our
understanding of dynamics and changes in the
Southern Benguela ecosystem and environment.
These findings are incorporated into an Ecopath
food web model of the system and fitted to catch
and species abundance data from 1978-2014. Using
Ecosim temporal dynamic modelling, we attempt to
shed further light on the processes by which
multiple drivers act to produce the ecosystem
trends and variability we observe. This
understanding is important in the light of
reconciling the attempts to manage fisheries, and to
protect marine biodiversity by means of ecosystembased management in South Africa, and to advance
management under future scenarios of global
change in the region. Future work will use this
updated model to look in detail at some of the most
pressing issues in South African fisheries
management.

Ecosystem impacts of multiple stressors depend not
only on species-level responses, but also on species
interactions, species diversity and redundancy,
ecological history, and ecosystem structure. We
explore the combined effects of fishing and primary
productivity across a suite of regional marine
ecosystems using four state-of-the-art ecosystem
models (EwE, OSMOSE, Atlantis, Multispecies Size
Spectrum). Owing to the structural differences
between the models, simulating changes in multiple
drivers can potentially produce a wide array of
ecosystem responses to changes. However, using
standardized simulation experiments, similar
responses obtained across this variety of ecosystem
and models would help identify plausible scenarios
of ecosystem change. We simulated a series of
biomass levels of primary producers and various
fishing scenarios across different trophic levels.
Most of the simulated scenarios revealed that
effects of combining fishing and primary production
were non-additive, usually dampened. Using an
additive effects model in a meta-analytic context, we
compared relative risks of negative synergistic and
positive dampened combined effects between
fishing and primary production scenarios. Negative
synergism of combined effects exacerbates the
reduction of fish biomasses compared with additive
effects; positive dampened effects result in lower
fish biomasses than expected for additive effects.
The risk of negative synergism was generally higher
for low trophic level (LTL) taxa, implying that
following an increase of fishing pressure on a given
LTL stock, the subsequent decrease of biomass
under low primary production would be higher
than expected when fishing is the sole driver. The
risk of positive dampened effects was generally
higher for high trophic level (HTL) taxa, implying
that given a management measure aimed at
reducing the impact of fishing on HTL stocks, the
subsequent rebuilding of these stocks would be
slower than expected under an assessment taking
into account the fishing driver only. These findings
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could help provide general guidance in fisheries
management in an ecosystem context.

climate change but are likely to be one of the main
sectors affected. Understanding the vulnerability of
these socio-ecological systems to climate change,
and identifying appropriate adaptation strategies
that are locally supported has become an important
focus of research projects and fisheries
management agencies in recent years. This paper
reports on a rapid vulnerability assessment
methodology developed and applied in small-scale
fishing communities in the Benguela Current Large
Marine Ecosystem region. This participatory
methodology takes place in a workshop setting and
draws on observations, perceptions and local
knowledge of fishers to better understand the
extent to which their livelihoods are susceptible to
various socio-ecological changes and their ability to
respond to these changes. Although there were
differences across the countries, findings suggest
that key stressors are mainly associated with socioeconomic and governance changes, and events and
climate-related changes were seen to exacerbate
vulnerability. Despite differences in spatial and
temporal scales of data provided by scientists and
fishers, certain changes observed by fishers
resonated with available science. Fishers identified
a number of adaptation strategies that could
address vulnerabilities and enhance resilience but
require support from government and other
stakeholders. Strengthening local organisations,
rebuilding fisheries through local co-management
plans, involvement of fishers in data collection and
analysis, developing complementary livelihoods,
and addressing broad socio-economic rights of
communities were identified as necessary to
address vulnerabilities. Participation in the
vulnerability assessment enhances understanding,
builds capacity, generates knowledge for
management, and allows communities to identify
locally appropriate adaptation strategies.
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Temperature and oxygen preferences for
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Hake is economically the largest fishery in South
Africa. With changes in ocean climate and
variability, the distribution of hake is likely to
change. The relationships between bottom
temperature, bottom oxygen and the distribution of
juvenile hake less than 21 cm on the West Coast
from 2002-2013 were investigated. It has been
postulated that juvenile hake use low oxygen
regions as refuges against predation, including intra
and inter specific cannibalism. Some interesting
differences, which may be biologically significant,
exist between the two species. Various juvenile size
classes of both species show preferences for
different oxygen and temperature ranges. Overall,
M. capensis juveniles are found at temperatures
between 8 and 11°C and in oxygen levels from 0.2 to
9.6 ml/L. Juvenile M. paradoxus are found in bottom
temperatures of 4 to 10°C and oxygen
concentrations from 0.97 to 5.6 ml/L. This suggests
that M. capensis juveniles are able to tolerate lower
oxygen concentrations than M. paradox juveniles. In
contrast, juvenile M. paradoxus are found in colder
water than M. capensis juveniles. Most M. capensis
juveniles are found between the oxygen range of 0.5
and 2.5 ml/L, whereas the majority of M. paradoxus
juveniles are found between 2 and 3.5 ml/L. The
results suggest that oxygen and temperature have a
substantial influence on the distribution of hake,
which is likely to influence juvenile hake differently
from adult hake.
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coastal communities in the BCLME region
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The R.V. Dr. Fridtjof Nansen conducted a widespread
survey of mesopelagic resources between Walvis
Bay off central Namibia and Cape Point, South Africa
in August 2006. Hydrographic and depth stratified
ichthyoplankton data were collected on eight
transects and a total of 41 stations. Preliminary
analyses of these data indicate that the vertical and
horizontal distribution of pearlside eggs and larvae
differs to that of the lanternfish, suggesting different

Environmental variability and climate change pose
a key threat to marine ecosystems and fisheries
resources as well as communities that depend on
these systems for food and livelihoods. Small-scale
fisheries have contributed little to the causes of
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spawning habitats of these two species. Highest
densities of pearlside eggs and larvae were
observed between 50-100 m depth, while
lanternfish densities peaked at < 50 m depth.
Pearlside eggs and larvae were distributed over a
larger area than those of lanternfish, and extended
further offshore. Highest densities of both eggs and
larvae of both species were observed at oxygen
levels above 4 ml/L, salinity > 35, and temperatures
above 12°C.
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Climate change and upwelling ecosystems
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Upwelling ecosystems provide vital services to
society, yet are at risk due to increasing
stratification, ocean acidification and deoxygenation, and changes in vertical mixing.
Unprecedented variation in fisheries and other
aspects of the pelagic ecosystem of the California
Current System (CCS) has prompted renewed
attention on upwelling, its drivers, and change
relative to global warming. I review the unusual
ecosystem variability that prompted new
investigations focused on the timing and intensity of
upwelling and ecosystem responses (Past, Present,
and Future of Upwelling Project). Key findings (i)
interannual variability in upwelling occurs in two
orthogonal modes: a winter/early spring mode
dominated by interannual variability, and a summer
mode dominated by trend (ii) winter/spring
upwelling is tied to positioning and amplitude of the
North Pacific High, and therefore to the large-scale
climate variability; (iii)substantial coherence in
year-to-year variability between the winter/spring
upwelling and upper trophic level demographic
processes, including fish growth (rockfish and
salmon) and seabird phenology, breeding success
and survival; (iv) increases in summer upwelling is
not related to the "global warming - upwelling
intensification mechanism originally proposed
(Bakun 1990), but rather by a redistribution of the
oceanic Highs. Winds appear to be changing in other
upwelling ecosystems, and there have been
biological fluctuations that may be related to these
changes in upwelling. The extent to which CCS
results apply to other systems is now under
investigation (California - Benguela Joint
Investigation). Upwelling-favorable winds appear
to be increasing in sectors of each ecosystem, but in
the CCS productivity has been affected, whereas in
the BCS, species' redistributions appears to be the
dominant pattern of response.

Oral - Wednesday
Life cycle adaptations to fish recruitment
variability in the Benguela ecosystem
Svein Sundby
Institute of Marine Research, Bergen, Norway
The physical setting in Eastern Boundary Upwelling
Ecosystems (EBUEs) with offshore transport of the
Ekman layer has led to a prevailing hypothesis that
variable advective loss of pelagic larvae out in the
blue ocean from the high-productive upwelling
habitat causes variability in recruitment to fish
stocks. Also, supercritical wind-induced mixing has
been hypothesized to be detrimental for successful
larval feeding. This paper explores mechanisms
behind these hypotheses with the Benguela
ecosystem as a case study. Two conditions are
needed in order to support the advective-loss
hypothesis. Firstly, the planktonic offspring must be
mainly confined to the Ekman layer. Secondly, there
must be significant interannual variability in the
Ekman transport. For conditions of supercritical
wind mixing, turbulence must be generated to a
level where contact rate between predator and prey
exceeds reaction and handling rates by the
predator. The analysis suggests that fish species in
the Benguela ecosystem have developed various
adaptive life cycle strategies to counteract larval
loss. These adaptations include 1) selection of
spawning area and spawning depth, 2) physicalbiological attributes of the eggs spawned, and 3)
vertical larval behavior. Supercritical wind-mixing
creating detrimental effects for larval feeding may
occur in the Benguela ecosystem, but probably only
occasionally at short periods. It is concluded that
there are substantial differences between the
Southern and Northern Benguela upwelling
ecosystems. In the Northern Benguela the stable
wind forcing enables fish stocks to develop more
robust strategies to counteract recruitment
variability caused by the two hypotheses above. The
large variability in wind forcing in the Southern
Benguela ecosystem, including the strong eddy
activity, makes it more difficult for fish stock to
develop robust adaptation to reduce larval loss. On
the other hand larger areas of hypoxic conditions in
the Northern Benguela may contribute to an
increase in recruitment variability induced by the
oxic conditions.

Poster 47
Seasonal and interannual variability of the
eastern boundary circulation and hydrography
off Angola
Pedro Tchipalanga1, Marissa Macuéria1, Marcus
Dengler2, Marek Ostrowski3, Peter Brandt2
1 Instituto National de Investigacao Pesqueira (INIP),
Luanda, Angola
2 GEOMAR Helmholtz Centre for Ocean Research, Kiel,
Germany
3 Institute of Marine Research (IMR), Bergen, Norway
Coastal countries of southwest Africa strongly
depend upon their ocean: societal development,
fisheries, and tourism face important changes

54

associated with climate variability and global
change. As an example, Angolan fisheries are
currently reporting reduced catches that may be
associated with variability of the eastern boundary
circulation and water masses along the Angolan
continental margin. In an effort to enhance
understanding of the seasonal and interannual
variability of the boundary circulation and
thermocline water masses and their relation to
warm and cold events in South East Atlantic,
existing in-situ observations from a multi-cruise
program were analyzed. Repeated hydrography and
ship-board ADCP measurements from the EAF Nansen Project collected during the Austral summer
and winter period between 1995 and 2014 are
used. From the ship-board velocity measurements,
the average eastern boundary circulation at 6°S, 9°S,
12°S, 15°S and 17°S is presented for the summer
and winter period. CTD data collected during 24
cruises along the Angolan continental margin
exhibit elevated interannual variability of heat and
salt content in the upper thermocline between 50
and 150 m depth. Warm and cold anomalies in the
upper thermocline are strongly correlated to the
Angola-Benguela area index and precede the
respective sea surface temperature signal. The
known warm events in 2001 and 2011 are well
represented in the subsurface data. This suggests
that thermocline heat anomalies serve as
preconditioning for the occurrences of Benguela
Niños/Niñas. The processes responsible for the
interannual variability of thermocline heat and salt
content are discussed.

prevailed in bottom waters of the northern
Benguela, whereas seasonally recurring pools of
water with such characteristics were constricted to
the near shore environments of the southern
Benguela. The partial pressure of carbon dioxide
(pCO2) in the northern Benguela reached a
maximum value of 1750 µatm, lowest ΩA of 0.61 in
the middle shelf of line 26°S in January 2015. This
highest pCO2 coincided with T of 12.11°C. Oxygen
depleted waters with ΩA < 1 were observed in all
bottom waters off Walvis Bay (line 20°S and line
23°S). The highest pCO2 of 2277 µatm observed in St
Helena Bay in the southern Benguela in February
2015 coincided with the lowest DO of 8.85 µmol/kg,
ΩA of 0.44 and T of 9.77°C. The results indicate that
the two subsystems have different levels of natural
corrosiveness and because of the high Revelle
factor, they are also more vulnerable to ocean
acidification as a result of the intrusion of
anthropogenic CO2. These results will be used to
reflect prevailing conditions in designing a series of
biological ocean acidification experiments with
inshore marine invertebrates likely to be sensitive
to ocean acidification. The aim of the experiments is
to investigate whether a multi-stressor approach
provides greater sensitivity on marine calcifiers'
physiological responses to simultaneous changes in
CO2, O2 and temperature.
Poster 56
Reconsidering the optimal environmental
window in the southern Benguela
Brendan D. Turley1, Tarron Lamont2, 3, Marisol
Garcia-Reyes4, Peter van der Sleen5, Bryan A. Black5,
Steven J. Bograd6, Sarah Ann Thompson4, William J.
Sydeman4,7, Carl van der Lingen8, 9, Ryan R.
Rykaczewski1, 10
1 Marine Science Program, University of South
Carolina, Columbia, SC, USA
2 Oceans & Coastal Research, Department of
Environmental Affairs, Cape Town, South Africa
3 Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
4 Farallon Institute, Petaluma, CA, USA
5 Marine Science Institute, University of Texas at
Austin, TX, USA
6 Environmental Research Division, Southwest
Fisheries Science Center, NOAA, Monterey, CA, USA
7 Bodega Marine Laboratory, University of California,
Davis, Bodega Bay, CA, USA
8 Branch: Fisheries Management, Department of
Agriculture, Forestry and Fisheries, Cape Town, South
Africa
9 Department of Biological Sciences & Marine
Research Institute (Ma-Re,) University of Cape
Town, South Africa
10 Department of Biological Sciences, University of
South Carolina, Columbia, USA

Oral - Wednesday
The seasonal cycle of the carbonate system of
the Benguela upwelling system and its
implications on the design of biological ocean
acidification experiments
M. Tsanwani1,2, J.J. Bolton2, L. Auerswald3, P.M.S.
Monteiro4
1 Department of Environmental Affairs, Cape Town,
South Africa
2 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
3 Department of Agriculture, Forestry and Fisheries,
Cape Town, South Africa
4 Council for Scientific and Industrial Research, Cape
Town, South Africa
In this study, we investigated the seasonal cycle of
the carbonate system of the Benguela Upwelling
System in order to assess the sensitivity of the
system to ocean acidification. A dataset of carbonate
chemistry across the shelf spanned seasonal
conditions between September 2013 and November
2015. These included dissolved oxygen (DO),
temperature (T) and CO2 in both the southern and
the northern Benguela. The study showed that low
DO and low aragonite saturation state (ΩA < 1)
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Future climate change is expected to impact
upwelling intensity in a manner that varies with
latitude, and the ecosystem consequences of such a
strengthening or weakening of upwelling are
dependent on physical and biogeochemical
processes including nutrient supply, turbulence,
and cross-shelf advection. The concept of an
“optimal environmental window” (OEW) was
originally proposed by Cury and Roy (1989) to
describe upwelling conditions favorable for
recruitment of coastal pelagic fishes. The OEW
hypothesis suggests that production of plankton
and fish are limited by nutrient supply during
periods of low upwelling, while during periods of
intense winds and high upwelling, production may
be limited by increased offshore advection,
disaggregation of prey layers associated with
turbulence, or reduced primary production in
response to light limitation. During periods of
moderate upwelling, conditions are hypothesized to
be most conducive for recruitment. Several
subsequent studies of eastern boundary current
upwelling regions have supported the OEW
hypothesis. Here, we apply the methods of Cury and
Roy to explore the OEW and its relevance to small
pelagic fish production in the southern Benguela
region using newly developed upwelling indices.
Initial results suggest that anchovy recruitment is
positively associated with upwelling intensity, while
recruitment of sardines demonstrates no clear
relationship to upwelling intensity. These results
are corroborated by a parallel generalized additive
modeling approach. With respect to productivity of
small pelagic fishes, limited support for the OEW
hypothesis was found in the southern Benguela
ecosystem. We intend to compare these results with
those derived from other mid-latitude eastern
boundary current upwelling ecosystems.

Scientific research into the development of marine
information systems and products in the South
African oceans environment has been conducted
before. The South African marine research
community has been proactive in proposing
coordinated and collaborative development of such
systems. We examine how we can take advantage of
remote sensing and information management
systems to deliver products of benefit to
communities and the South African nation.
Poster 48
The feeding ecology of two mesopelagic fishes
off the South African west coast: a comparative
analysis using stable isotope and dietary data
T. Tyler1, C.D. van der Lingen1,2, A. de Lecea3, A.
Jarre1
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
2 Department of Agriculture, Forestry & Fisheries,
Cape Town, South Africa
3 University of KwaZulu-Natal, Durban, South Africa
The trophic ecology of two principal mesopelagic
fishes off the west coast of South Africa, lanternfish
(Lampanyctodes hectoris) and lightfish (Maurolicus
walvisensis), sampled during spring 2014 and
autumn 2015, was examined using stable isotope
and stomach content analyses. Stable isotope values
were analyzed in duplicate (i.e. lipid-extracted δ13C
and non-extracted δ15N) to account for the high
lipid content of both species, while the relative
importance of prey items were expressed using
three measures: frequency occurrence (%F),
numerical abundance (%N), and dietary carbon
(%C). The two species occupied different isotopic
niches that were separated by their δ15N values
across a similar δ13C range. The relationship
between trophic position and standard length
emphasized a structuring effect of size within the
assemblage, with the larger species, L. hectoris
(SL 54.8±0.8 mm; δ15N 13.5±0.04‰), occupying a
higher trophic position than the smaller species,
M. walvisensis (SL 37.7±0.6 mm; δ15N
12.5±0.11‰). Although copepods dominated the
diet of L. hectoris in terms of numerical abundance
(42%), macro-zooplankton was by far the most
important dietary component, with euphausiids
contributing 53% of dietary carbon. Conversely,
copepods – particularly Calanus sp. – were the most
important component of the diet for M. walvisensis
in terms of their occurrence (84%), numerical
abundance (64%), and dietary carbon (67%).
Though some dietary overlap exists between
L. hectoris and M. walvisensis, the results suggest
resource partitioning within the mesopelagic
assemblage - likely facilitated by differences in
alimentary morphology and possibly by differences
in their respective foraging strategies. Samples
covering a larger area of the southern Benguela and

Poster 73
Oceans and coastal observation systems:
development of information and knowledge
products for societal benefits
Mbongeni Tyesi, Deirdre Byrne, Christopher
Duncombe Rae
Department of Environmental Affairs, Cape Town,
South Africa
The development of oceans and coastal information
management system(s) (OCIMS) under Operation
Phakisa and Marine Information Management
System (MIMS) as platform(s) for access to marine
information places government in a better position
to provide information as a service to society. This
process ushers the scientific community into a new
dispensation of demand for ocean data and
knowledge products intended for integration into
decision making processes. Understanding the
functioning of oceans environment, risk levels and
economic value depends on the availability of
dependable data sets from reputable data sources.
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multiple years would be needed for a more
complete understanding of the trophic ecology of
these two species.

Poster 12
Using the Continuous Plankton Recorder (CPR)
in the BCLME toward marine environmental
management and beyond

Oral - Thursday
Harmful algal blooms and sardine in the
southern Benguela

Hans M. Verheye1,2, Janine van der Poel1, Marco M.
Worship1
1 Department of Environmental Affairs, Oceans and
Coastal Research, Cape Town, South Africa
2 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa

C.D. van der Lingen1,2, T. Lamont3,4, Y. Geja1, M. van
den Berg3
1 Fisheries Management Branch, Department of
Agriculture, Forestry and Fisheries, Cape Town, South
Africa
2 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa
3 Oceans and Coastal Research Branch, Department
of Environmental Affairs, Cape Town, South Africa
4 Department of Oceanography & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa

Unlike satellites or costly, local-scale research
cruises, the Continuous Plankton Recorder (CPR)
collects both phytoplankton and zooplankton
abundance and community structure data over
large temporal and spatial scales. The CPR is a
robust, tried and tested, cost-effective plankton
sampling device deployed at high speeds (>20
knots) from commercial ships-of-opportunity on
their normal trading routes. Designed by Sir Alister
Hardy (1896-1985) to sample Antarctic krill on the
Discovery cruises of 1925-27, CPRs have – after only
minor modification – been deployed since 1931 in
the North Sea and subsequently in many other parts
of the world’s oceans, including the Benguela
Current Large Marine Ecosystem (BCLME) since late
2011, to map changes in abundance, distribution,
and species composition of near-surface plankton
assemblages. Despite several biases associated with
CPR sampling and data, plankton indicators derived
from CPR surveys are particularly useful in
assessing the marine environment as they can
provide information on a plethora of marine
management issues. As such, plankton indicators
have been used globally by marine scientists,
research institutes and governments in
environmental change studies addressing climate
change impacts, sustainable fisheries and marine
wildlife, habitat degradation and biodiversity loss,
invasive species and the introduction of alien
species, harmful algal blooms (HABs),
eutrophication, pollution (including micro-plastics),
and ocean acidification. While samples from CPR
tows in the BCLME are in the process of being
analysed, preliminary results already indicate the
potential of using CPR data as an essential
contribution to ecosystem-based management of
the BCLME. In addition, the recent detection in CPR
samples from the BCLME of the bacterium Vibrio
cholerae, the causative agent of epidemic cholera,
highlights the usefulness and value of CPR surveys
in studies of the origin and proliferation of the
disease in endemic areas for cholera, such as the
BCLME.

Most harmful algal blooms (HABs) in the southern
Benguela ecosystem historically occurred off the
South African west coast, but recent years have seen
several unprecedented, spatially extensive and
temporally persistent HABs occur off the south
coast. Two of these HABs occurred during surveys
to estimate small pelagic fish biomass conducted in
austral spring. In this presentation we describe in
situ abiotic and biotic data collected during those
surveys as well as remotely-sensed, larger spatialscale wind data, which have enabled an assessment
of the effects HABs may have on local small pelagics,
and investigation into the possible factors
promoting HAB development. The 2011 HAB was
dominated by Gonyaulax polygramma and the 2015
HAB apparently by Lingulodinium polyedrum, both
small phagotrophic dinoflagellates. In both years
sardine Sardinops sagax within the bloom areas
were in markedly poorer condition compared to
those outside the bloom, with this correspondence
particularly strong in 2011. There was no apparent
negative impact of the HABs on either anchovy
Engraulis encrasicolus or round herring Etrumeus
whiteheadi in either year. Unseasonal westerly
winds that resulted in strong downwelling off the
south coast facilitated the 2011 bloom, and whilst
the 2015 event was not as strong, the persistence of
downwelling conditions again led to a stratified
water column that promoted dinoflagellates over
diatoms. We hypothesize that sardine are negatively
impacted because their finer-meshed gill rakers are
in some way irritated by the dinoflagellates, which
are too small to be retained by anchovy or round
herring gill rakers. This irritation impedes sardine
feeding with resultant loss of condition, which may
adversely impact subsequent recruitment strength.
These results suggest that increased HABs off the
south coast are likely to have a more adverse impact
on sardine than on co-occurring small pelagic
species.
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Oral - Thursday
Social vulnerability among fishing communities
on the Cape south coast

for a lack of anchovy (Engraulis encrasicolus) and
sardine (Sardinops sagax) – their preferred live prey
– by feeding on discards from demersal trawling
vessels. Gannet chicks, reared between November
and February, however, have a narrow dietary
requirement, which fishery discards do not meet.
They need to be fed the lipid rich anchovy and
sardine for a proper growth rate. Chicks left
unattended by parents making longer foraging trips
to compensate for low food abundance, are exposed
to predation and other mortality risks. Thus, during
chick rearing, gannet populations are more
sensitive to fishing events in their foraging area.
From a time series on reported catches of anchovy
and sardine in South Africa, I estimated start and
end of each fishing season within the foraging area
of the cape gannet colony on Malgas Island. By
relating these variables to the fledging success of
this colony with generalized additive models, I
found that changes in the timing of fishing seasons
can explain variation in fledging success. Early start
and late end of the anchovy fishing season were
associated with lowered chick survival. The level of
overlap between this fishing season and the period
of chick rearing is negatively correlated with
fledging success. This suggests that a consideration
of the temporal distribution of fishing effort in
relation to breeding cape gannets may be
appropriate for ecosystem based fisheries
management.

N. Visser, A. Jarre
Department of Biological Sciences & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
As part of the Global Learning for Local Solutions
(GULLS) international research project, the Agulhas
bank was identified as a climate change hotspot. A
social vulnerability survey was conducted among
crew members of six handline fishing communities
on the south coast: the suburbs of De Almeida and
Kwanonqaba at Mossel Bay, Bitouville,
Melkhoutfontein, Vermaaklikhed and Slangrivier.
The survey was based on a vulnerability framework
that was developed collaboratively with research
teams in six southern hemisphere hotspot
countries, South Africa, Australia, Brazil, Solomons
Islands, India and Madagascar. It integrates
exposure, sensitivity and adaptive capacity in a
flexible framework that also incorporates social
livelihoods and food security approaches, and
furthermore allows the inclusion of appropriate
environmental indicators. Since the same survey
was conducted in the six hotspot countries in the
same period, it allows for comparative data analysis.
The opportunities and challenges of this process are
discussed. The South African dataset was analysed
using qualitative and multivariate statistical
methodology. Communities on the southern Cape
coast are less exposed to environmental hazards
than those in tropical countries and island nations,
reducing their vulnerability to climate change.
Changing weather patterns, a basically collapsed
handline fishery and uncertainty about the fishery’s
regulatory future, however, increase their overall
vulnerability. Although the respondents from these
southern Cape communities display strong
attachment to fishing as an occupation, their
households were critically dependent on secondary
sources of income or various forms of government
support, with 60% of households surveyed not
receiving the majority of their income from fishing.

Poster 57
Complementing scientific data and citizen
science: An example of land and sea climatic
observations in the southern Cape
Catherine Ward, Astrid Jarre
Department of Biological Sciences & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
Local climate impacts have numerous implications
for the future development of South Africa, and
require a deeper understanding into the dynamics
around such environmental changes within the
complex realm of social-ecological systems. Given
the high environmental variability in systems such
as the southern Benguela and southern Cape, there
is a need to understand the local context and ‘onthe-ground’ experiences of resident communities
(such as farmers or fishers), to contribute to the
understanding of social-ecological systems under
global change. From a climate perspective, it
appears that changes have been occurring in the
southern Cape in terms of weather patterns on land
and at sea, as well as off the southern Benguela
south coast (the Agulhas Bank). This study uses a
two-fold approach – climate change and variability
are assessed through analysing detailed scientific
climate data within the south coast region, and local
knowledge on climate variability within socialecological systems of the southern Cape are

Poster 68
Temporal shifts in fishing seasons influence
breeding success of a seabird
Eirik Walle
Department of Biosciences, University of Oslo,
Norway
Seabirds and fisheries in the southern Benguela rely
on the same resources. Over-exploitation of these
resources leaves several endemic species
vulnerable to nutritional stress. For a seabird, like
the cape gannet (Morus capensis), the level of
sensitivity to food depletion is not constant
throughout the year. Adult gannets can compensate
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assessed though engaging farming communities.
These two approaches are used in synergy to gain
insight into the larger network interplay between
terrestrial and marine social-ecological systems
along the southern Benguela south coast. This
poster examines the conversation between land and
shelf datasets with a view of crystallising their level
of agreement.

Oral - Wednesday
Applying the Biodiversity Intactness Index to a
marine ecosystem: the southern Benguela
K.E. Watermeyer1,2, L.J. Shannon1, G.F. Midgley2
1 Department of Biological Sciences & Marine
Research Institute (Ma-Re), University of Cape Town,
South Africa.
2 Department of Botany & Zoology, Stellenbosch
University, South Africa.

Oral - Tuesday
FogLife and FogNet: Long-term monitoring of
sea-earth-atmosphere linkages

Biodiversity is known to be an important factor in
the resilience of systems to perturbations in
environmental or other drivers, buffering the
system against the effects of large-scale change.
Human induced pressures on ecosystems such as
exploitation, habitat destruction, pollution and
indirect forcing via climate change are driving high
rates of biodiversity loss. Reducing biodiversity loss
is thus a common goal in management plans and a
means of measuring biodiversity change is
therefore necessary. Scholes & Biggs (2010)
proposed the biodiversity intactness index (BII) as a
simple but sensitive indicator of biodiversity loss
since pre-modern or baseline levels. The index has
been successfully applied to a terrestrial
environment in southern Africa. Here the
application of the BII in a marine environment, the
southern Benguela, is explored. The BII was
calculated both from data and expert opinion, and
its ability to assess biodiversity change due to
fishing pressure assessed.

T. Wassenaar1, R. Gottlieb1, G. Maggs-Kolling1, D.
Mitchell2, I. Murray2, M. Seely1,3
1 Gobabeb Research & Training Centre, Namibia
2 University of Witwatersrand, Johannesburg, South
Africa
3 Desert Research Foundation of Namibia
FogLife is composed of a loose consortium of
researchers addressing climate change in the
central Namib Desert. The biota of the central
Namib depends on fog as a key moisture source for
ongoing growth and reproduction as well as basic
distribution patterns. A core interest of the
consortium is to understand the dynamics of fog as
a key part of the climatological influence of the
Benguela system, and how changes in climate may
affect the role of fog in supporting the region’s
unique biological diversity. The central Namib
encompasses the heart of the coastal tourism
industry, the Namib Sand Sea – World Heritage Site,
the main concentration of uranium mines, the
regional harbor of Walvis Bay supporting, inter alia,
the Namibian fishing industry, all influenced by the
along-shore Benguela upwelling system. The
consortium of local, regional and international
researchers includes modelers, climatologists,
ecologists and meteorologists, and is open to all
interested researchers ready to share their data and
experience. The consortium is supported by an
array of 17 meteorological stations (FogNet) on
north-south and east-west gradients measuring
basic parameters including fog. Stations have been
in operation for varying periods up to 50 years.
Current climatological research focuses on climate
modeling, aerosols and fog characteristics while
enhancing understanding of the coastal climate and
sea-earth-atmospheric linkages. Current ecological
research targets four elements of the ecosystem: fog
dependence and uptake by two endemic Namib
plants (Arthraerua leubnitziae and Acanthosycios
horridus), and fog uptake and impact on distribution
of an array of lizards and invertebrates. These
observations are all being undertaken within the
context of climate change. Interpretation of
research results enhances our understanding of the
sea-earth-atmosphere linkage while being
integrated into education for school children and
the general public.
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Poster 69
Lessons learnt from system dynamics modelling
of African penguin populations in the southern
Benguela

Oral - Wednesday
Otolith zonation in response to shallow-water
hake environment and change in the northern
Benguela
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The formation of translucent zones on the otoliths
of fishes are known to indicate slowing in somatic
growth rate often linked to annual or multi-annual
stressful events in the life history of fishes.
Translucent zones (T-zones) on shallow-water hake
(Merluccius capensis) otoliths have been shown to
occur at least twice a year, in summer-autumn, and
in winter-spring. During summer-autumn warm
temperatures prevail in the northern Benguela and
the condition index of M. capensis is highest. During
winter-spring cold temperatures prevail and
M. capensis condition index is lowest as their
spawning peaks. In this paper, possible
environmental factors related to the timing of Tzone formation on M. capensis otoliths were tested
using randomization tests. The dates at which Tzones form were calculated using a back-calculation
formula (n=1229) and linked to environmental
variables in the week preceding the T-zone
formation week: daylight duration, sea surface
temperature (SST), a change in SST, the SST
anomaly from a cyclical model, the bottom
temperature and bottom oxygen concentration. In
this procedure, the mean of the specific variable
measured at all n T-zone formation events is
compared with the mean of the variables measured
at n events distributed randomly along the time
series under the null hypothesis that T-zone
formation events are independent of the
environmental variable tested. No significant
temporal correlation between T-zone formation
events and daylight duration, a change in SST, water
oxygen concentration or temperature anomaly was
detected. However, T-zone formation events
significantly correlated with warm bottom
temperatures (as most T-zones were formed in
summer-autumn). As shelf bottom temperatures are
expected to warm in the northern Benguela with
climate change, we predict that stressful events for
M. capensis will increase, and additional T-zones /
“checks” will form on their otoliths. This could
potentially lead to bias in age determination
methods.

African penguins (Spheniscus demersus) in South
Africa have been subject to rapid decline in the 20th
century and are currently listed as “endangered” on
the IUCN Red List. There is an urgent need for
decision support tools to enable effective colony
management. A stochastic, stage-specific system
dynamics model with spatial components was
developed to investigate the interaction of multiple
pressures on penguin population development. As
penguin colonies are subject to different
combinations of environmental and anthropogenic
pressures (including impacts on prey fish
availability by fishing, predation by fur seals, kelp
gulls, sharks, and terrestrial predators, climatic
influences, and human disturbance) the model can
be adapted to individual colonies to investigate
population dynamics and the relative effect of
management strategies in reversing the current
decreasing trends. We present results of the model’s
application to the penguin populations on Robben,
Dyer and Dassen islands, and discuss the impact of
different environmental parameters on population
dynamics, as well as the use of site-specific scenario
tools to explore conservation strategies in datapoor management situations.
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Oral - Friday
Assessing the environmental impacts of offshore
oil and gas extraction and mining on fisheries in
the Benguela

Poster 41
Using acoustic telemetry to understand the
intraspecific variation in the thermal range of
Lichia amia in southern Angola

Sarah Wilkinson1, Melanie Smith1, Kevern
Cochrane1,2
1 Capricorn Marine Environmental (Pty) Ltd., Cape
Town, South Africa
2 Rhodes University, Grahamstown, South Africa

A.C. Winkler1, M.C. Parkinson1, A.R. Childs1, W.H.H.
Sauer1, M.J. Roberts2, W.M. Potts1
1 Department of Ichthyology and Fisheries Science,
Rhodes University, Grahamstown, South Africa
2 Nelson Mandela Metropolitan University, Port
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The leerfish (Lichia amia) is an iconic large marine
predatory fish found in the coastal waters of the
Benguela region. It has a disjunction in its
distribution, hypothesised to be a consequence of
the cold Lüderitz upwelling cell which acts as a
biogeographic barrier to the species. It supports a
large recreational fishery in South Africa, is caught
incidentally in Namibia, and is an important
component of the catch in Angola’s coastal fisheries.
The northern Benguela region has been identified
as an ocean warming hotspot with temperatures
warming at a rate above the global average. The aim
of this presentation is to examine the intraspecies
variation in the thermal tolerance of L. amia. To do
this, acoustic receivers and temperature loggers
were deployed in three areas along a 160 km
stretch of southern Angolan coastline between
September 2013 and July 2015. The three areas
from north to south were the Flamingo fishing area
(FFA - 19 receivers), Tombua bay (TO – 4 receivers)
and Baia dos Tigres (BT – 16 receivers). Thirty adult
leerfish (20 in 2013 and 10 in 2014) were tagged
with acoustic transmitters in the FFA. Forty-eight
percent of the fish remained in water temperatures
between 15.5°C and 20°C, 29% utilised water
temperatures between 15.5°C and 22°C and 29%
between 15.5 °C and 25.5 °C. A southward
migration was observed as water temperatures
increased in 76% of the fish. However, the other
24% remained resident at the tagging site
throughout the study. Based on the rapid ocean
warming observed in the area, it is likely that
warming will lead to an earlier and longer
southward migration of the migratory individuals.
However, thermal physiology research or higher insitu temperatures will be required for an
understanding of the thermal limits of the resident
individuals.

There has been an increasing surge of interest in the
exploration and extraction of non-renewable
resources including oil, gas and minerals from the
marine environment. However, there are concerns
about the environmental impacts of such activities,
and potential conflicts with other economic
activities, particularly fisheries. While there is
already a range of existing mining operations in the
Benguela region, including oil and gas exploration
and extraction, and diamond mining, debates
surrounding their impacts are of increasing
relevance to African countries. In recent years
applications have been made to mine phosphate
deposits in Namibia and explore additional oil and
gas reserves in South Africa. Focusing on these case
studies, this presentation provides some detail on
the methodologies used to assess the direct and
indirect impacts of these activities on fisheries. The
primary impacts of exploration, extraction of oil or
gas and mining are potential loss of fishing grounds
and potential impacts on resources. In these
instances, spatial maps are used to show the
relative position of the proposed extractive activity
in relation to fishing activities and the percentage
overlap is calculated. The results are then used to
assign a significance rating to the potential impacts.
The limitation of using this conventional method of
assessing impacts is that it does not give any
indication of social or economic impacts. A
supplementary approach that includes a socioeconomic assessment should also be considered and
a simple approach for deriving a preliminary
estimate is presented.
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Distribution and abundance of fish populations are
influenced by multitudes of environmental
variables and direct and indirect effects of
exploitation. In this work we looked at subsets of
demersal fish, shark and cephalopod species, that
are least studied in terms of their distribution, in
the southern Benguela ecosystem. Usually data on
these less common species are characterized by
excessive zeros. In addition they exhibit spatial
dependence which renders analysis, and
subsequent inference difficult. The Bayesian
modelling framework using INLA (Integrated
Nested Laplace Approach) allows us to deal with
data characterized by these attributes and was used
in this study. Result from this type of analysis can
potentially be used in the identification of areas of
centres of distribution of these species, and will
have management and conservation implications.

Amy G. Wright, Charles L. Griffiths
Department of Biological Sciences & Marine Research
Institute (Ma-Re), University of Cape Town, South
Africa
Deep-water hermit crabs of the genera Parapagurus
(Smith, 1879) and Sympagurus (Smith, 1883),
family Parapaguridae (Latreille, 1802), are found at
depths of between 30 and 1000 m, and are one of
the most conspicuous and abundant invertebrate
groups on the continental and upper slope regions
of southern hemisphere oceans. Instead of the
gastropod shell homes occupied by most hermits,
these crabs form symbiotic associations with
colonies of pseudoshell-producing zoanthids, which
form a protective, living “cloak”, within which the
hermit crab dwells. Parapagurid hermit crabs are
important by-catch species in many southern
hemisphere trawl fisheries, where catches may
reach tens of tons per trawl. Despite this, no work
has been conducted thus far on the biology of these
species or the impacts of trawling on their
populations. This project seeks in part to use data
collected from the bi-annual South African hake
trawl surveys from the years 1987 - 2014 to map
the distribution patterns and densities of
S. dimorphus (Studer, 1883) and P. pilosimanus
(Smith, 1879) in the Benguela system, and to
determine if South African benthic trawl operations
have impacted the populations over time.
Preliminary data suggests that there has been no
long term change in the distribution patterns or
biomass of Parapaguridae hermit crabs, despite
changes in the South African trawl fishery catch
limits across the 30 years of data analysed.
However, there appears to be a link between the
distribution of the cloaked hermits and the areas of
trawl operation – the crabs seeming to move into
the trawl lanes to scavenge, taking advantage of
increased food supply and the removal of their
predators, a hypothesis supported by anecdotal
evidence from both the North Sea and Benguela
systems. Overall, a positive correlation between
trawling intensity and Parapaguridae biomass is
expected. Additional data on size distributions, sex
ratios, fecundity and dimorphism are also
presented.
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