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CTD stations and acoustic transects
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Upwelling occurrence along the Kenyan Coast
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highlights

» There has been a growing interest in the North Kenya Banks ecosystem and
the associated fishery.

» The North Kenya Banks (NBKSs) has high abundance of fish larvae and are
more diverse than other coastal ecosystems along the Kenyan coast.

» Some specific environmental factors need to be taken into account when
developing management plans towards a sustainable North Kenya Banks
resource exploitation.



highlight

» The higher abundance of larvae, taxon richness and diversity makes the NKBs
a distinct region that plays a key role providing a favorable reproductive and
nursery habitat for a wide range of commercially important fish species.

» The nearby estuaries, mangrove habitats and seagrass beds are important
nursery and feeding grounds for larval fish and crustaceans that grow to
recruits thereafter join offshore harvestable adult stocks.

» These habitats should therefore be protected from the negative effects of
human pressure and climate change to ensure sustainability of the NKBs
fisheries.



Recruitment areas of NKB prevalent with fish larvae (Tunas, Snappers and
Jacks 4.0-5.0 mm)

» Recent scientific research demonstrates that the NKB region
contains important breeding and nursery grounds for
migratory fish including tuna and tuna-like species.

» The NKB region is therefore predicted to play a crucial role in
the management of commercially important migratory species
in the future and requires development of a tuna and tuna-like
species monitoring strategy.
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Threats to this fishery associated to Climate change: "
Assemblage structure and distribution of fish larvae on the North Kenya
Banks during the Southeast Monsoon season
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nzi ", Mike Roberts ", Ekatarina Popova ", Stuart C. Painter

» Climate change is already altering marine ecosystems; changes in the
intensity and timing of coastal upwelling will impact fish migration
patterns, recruitment, growth, distribution, abundance and
predator and prey relationship.




CONCERNS

» The North Kenya Banks ecosystem has a rich and diverse fishery but it is not well

harnessed.
» There is a high unique fishery located at the canyons which is totally unexploited.

» Whereas information on fish productive zones can be availed, there lacks
prerequisite capacity to effectively take advantage of the information. This may be
addressed through an elaborate investment on fishing capacity and fish marketing

structures.



CONCERNS

»The North Kenya Banks form an important ecological habitat, however,
only limited studies have been conducted. The system is highly connected
to the ABNJ.

»The sea is rough during the South East Monsoon when the NKBs is highly
productive. Local fishermen do not have the necessary capacity to fish in
rough seas.

»Market outlets are not well developed, as such the fishermen are limited by
supply and demand, limiting the extent of their catch during the high fishery
seasons.

»The fishery ground lacks clear management structures to ensure
sustainable exploitation.
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RECOMMENDATIONS

Develop fisheries management plans which consider strong variability in the North Kenya Banks upwelling,
its associated productivity and uncertainty of its response to climate change. Allow for adjustment of
management measures as new information becomes available.

Evaluate the overall exposure of the fishery to climate stressors and expected impacts, including uncertainty
in response of the NKBs upwelling strength and location as climate change progresses.

Ensure adaptive capacity of the emergent fleet to anticipate and respond to natural variability and to
minimize, cope with, and recover from the consequences.

Strengthen expertise in operational remote sensing. Investigate feasibility of remote sensing data guiding
fishing fleets to locate fish schools more efficiently.

Develop risk-based management approaches to cope with ‘good’ and ‘bad’ years for productivity and
fisheries yield.

Establish management mechanisms that protect stocks from overfishing during the ‘bad’ years, as well as the
livelihoods of all actors involved.



Tuna Catches
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The North Kenya Bank ecosystem has a rich and diverse
fishery but it is not well harnessed. Whereas information on
fish productive zones can be availed there lacks perquisite
capacity to effectively take advantage of the information.
Requiring elaborate investment on fishing capacity and fish

marketing structures.

Management challenges
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14 °
Recommendations

Inform IOTC on recent scientific advances in characterization of the North Kenya Banks upwelling
and its potential importance for regional fisheries.

Initiate and develop a monitoring plan for the North Kenya Banks upwelling system that includes
oceanographic and socio-economic components.

Initiate a regional scientific “upwelling-watch” working group via WIOMSA or the Nairobi Convention
to facilitate sharing of information on responses of regional upwelling systems to extreme events.
Ensure the North Kenya Banks upwelling is represented in such a group along with Somali, South
Madagascar and Pemba Channel upwelling systems.
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The global skipjack (a) and yellowfin (b) catch by all gear types
and by major oceanic region, 1950—-2009
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Upwelling systems supporting the Western Indian Ocean Tuna Fishe

The varying upwelling systems in the WIO can be grouped into 9
systems

1.Upwelling in the Mozambique Channel
2.Madagascar Ridge and seamounts upwelling i
3.Southeast Madagascar shelf and (SICC) chlorophyll bloofni s

4UpweII|ng in the East African Coastal Current (EA
ence of major islands (Mafia, Zanzibar, Pemba)

aYa e r

Source Mike Roberts



Current and projected scenario

» Studies have shown that the whole Indian Ocean has been warming throughout the
past half century.

» During 1901-2012, the western Indian Ocean experienced anomalous warming of
1.2°C

» However in comparison with the rest of the Indian Ocean, the western Indian Ocean
generally has cooler mean SSTs in summer, owing to the strong monsoon winds and
the resultant upwelling over the western Indian Ocean (Rao et al. 2012; Swapna et al.
2013).

> The western Indian Ocean is also one of the most biologically productive regions
Immer due to the intense upwelling (Ryther and M 9

» The migration of several coastal and oceanic pelagic fishes is also known to follow
changes in ocean circulation pathways

» Large projected reductions in marine fish biomass for Kenya and Tanzania in the
absence of climate mitigation
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Ecosystem shift
» A multi-species fish model (Size Spectrum Dynamic Bio-climate Envelope Model; SS-
DBEM) for 43 species of commercial and artisanal importance was run, to investigate the
effects of climate change.

» Future changes in fish biomass have been projected for the EEZs of Kenya and Tanzania

» Forty-three fish species that are representative of exploited fish species were modelled,
and the species choice aims to represent both commercial and sustenance types of
species.

» Changes in key physical and biogeochemical propertles such as temperature, salinity, pH,
hlorophyll and velocmes A ken from ve .0 of the NEMO odel

The outputs from NEMO-MEDUSA were used to drive a dynamic bioclimate envelope
model (DBEM), which projects changes in fish species distribution and biomass while
explicitly considering known mechanisms of population dynamics and dispersal (both
Iarval and adult), as well as eco-physiological changes caused by changing ocean
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Confluence shift

We define the Confluence Zone (CZ ) as the latitude where the northward flowing EACC
meets the southward flowing SC.

Model analyses presents evidence that the position of the confluence zone is highly variable

The departure of the SC and EACC from the coast induce upwelling at the shelf-edge,
observed in both model and remotely sensed SST and chlorophyill.

The major monsoonal variability of the surface circulation is apparent during the NEM with
reduced velocities visible in the Northeast Madagascar Current (NEMC) and EACC,
specifically a reduction of more than 0.5 ms-1 in AVISO

The model circulation shows a fast (>1.25 ms—1 ) SC meeting a weak EACC, likely pushing
the confluence south wards away from the productivity region of the North Kenya Banks.



Enhance productivity in the Somali Upwelling

SCIENTIFIC REP{{}}RTS

» Regardless of global or regional circulation models
and the greenhouse warming scenario a significant
upwelling increase ranging from 0.05 to 0.07m2
s—1dec—-1 was projected for the whole Somali
upwelling ecosystem along the twenty first century.

» Projected land-sea air temperature and air pressure
differences along the twenty first century show a
clear intensification as a consequence of the global
warming. This intensification has a strong influence
on coastal upwelling strengthening

» The most direct implication of a coastal upwelling
strengthening is a projected nearshore SST
warming less intense than at the adjacent ocean

Received: 22 October 2015
Accepted: 28 June 2016
Published: 21 July 2016

How will Somali coastal upwelling
evolve under future warming
scenarios?

M. deCastro?, M. C. Sousa?, F. Santos'?, J. M. Dias? & M. Gomez-Gesteira®

Somali upwelling system, the fifth in the world, presents some unique features compared with the
other major upwelling systems: 1) it is a Western Boundary Upwelling System located near the Equator
and 2) upwelling affects the moisture responsible for monsoon rainfall. The intensity of Somali coastal
upwelling during summer was projected for the twenty first century by means of an ensemble of
Global Climate Models and Regional Climate Models within the framework of CMIP5 and CORDEX
projects, respectively. Regardless global or regional circulation models and the chosen greenhouse
warming scenario, the strengthening of Somali coastal upwelling, which increases with latitude, is
even higher than observed for the Eastern Boundary Upwelling System. In addition, coastal upwelling
strengthening is mainly due to Ekman transport since Ekman pumping shows no clear trend for most
of the latitudes. Projected land-sea air temperature and pressure show a clear intensification of land-
sea thermal and pressure gradient as a consequence of the global warming, which is likely to affect the
strengthening of Somali upwelling verifying the hypothesis of Bakun. As a consequence, projected sea
surface temperature warming is less intense nearshore than at oceanic locations, especially at latitudes
where upwelling strengthening is more intense.

The ecological and socio-economic impact of coastal upwelling along Eastern Boundary Upwelling Systems
(EBUS) has been extensively Jmumcnu—d in the past, mainly related to the productivity of fisheries' or to the
distribution of marine biodiversity?. In 1990 Bakun® hypothesized the strengthening of upwelling intensity along
tlu major upwelling ecosystems due to the inc rease in ocean- land thermal gra adient induced by global warming.
he hypothesis of Bakun, different studies
sults highly dependent on the area,

analyzed \\lllnn the framework of global warming
y. Sydeman et al.* shows that the first three up\\kllul\.,Lun\\lun\]l av
was Inund stronger at higher latitudes consistently with the war
authors’ also found upmllm strengthening in coastal areas of Be

9 dealing with coastal upwelling intensification \hm\ contradic
e. 1 ¢

la, Peru, Canary and nnnhun( lelulnll
using reanalysis data over the ;mmd 1982-2010. These trends w gnificant only in the last two systems. In
contrast, llu\ muml mulu ant up\u]]lm., we Iksnxn}, \lunL,( hile, nul]urn md centra \l C |]||ur|u a coasts,
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Next proposed research interventions

 Endorsement of Decade Action entitled “No.11.4. The Western Indian Ocean
(WI0), Productivity under climate change” as a project forming part of the UN
Decade of Ocean Science for Sustainable Development 2021-2030.

* Project attached to “No. 63. Fisheries Strategies for Changing Oceans and
Resilient Ecosystems by 2030 (FishScore)”

« KMFRI sponsoring research to determine the fate and pathway of Tana river
sediments as well as determine their nutrient pool.

Currently developing a proposal iversity, UK to provide easy
access climate prediction tools that combine global modelling and monitoring
data and Atrtificial Intelligence to improve the accessibility of predictive

models to support marine and fisheries managers and policy-makers.




Acknowledgement

National

Oceanography
Centre

<, KMFRI

\@SSOLSTICE

National
PARTNERS Research
) RF Foundation
LN 50 [

1972-2022
programme

People

Department:
Science and Technology
REPUBLIC OF SOUTH AFRICA




	Slide 1
	Slide 2
	Slide 3: CTD stations and acoustic transects
	Slide 4: Upwelling occurrence along the Kenyan Coast
	Slide 5: highlights
	Slide 6: highlight
	Slide 7: Recruitment areas of NKB prevalent with fish larvae (Tunas, Snappers and Jacks 4.0-5.0 mm) 
	Slide 8: Concerns
	Slide 9: Concerns 
	Slide 10
	Slide 11: Recommendations  
	Slide 12: Western Indian Ocean Tuna Cates
	Slide 13
	Slide 14: Recommendations  
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Confluence shift
	Slide 23: Enhance productivity in the Somali Upwelling
	Slide 24
	Slide 25
	Slide 26
	Slide 27: Next proposed research interventions
	Slide 28

