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North Kenya Banks Artisanal Fishing grounds
The region between latitude 2°50” - 3°00” S ; and Longitude  40°45” - 40°57” E. 



WIO region Tuna migration path; location indicated by month 

July is the month 
when tuna fishery 
migrate to the 
Kenyan coast 

Sardine run observed in July at the North in Lamu

During the SEM fishing is concentrated at 
the North Kenya Banks driven by the fast 
flowing EACC and the topographic forcing 
on the NKBs



Tuna distribution 
densities

The global skipjack (a) and yellowfin (b) catch by all 
gear types and by major oceanic region, 1950–2009



Upwelling occurrence along the Kenyan Coast

Upwelling 
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productivity



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

3.Southeast Madagascar shelf and (SICC) chlorophyll bloom

4.Upwelling in the East African Coastal Current (EACC) and influence of 
major islands (Mafia, Zanzibar, Pemba)

5.Upwelling Somalia Current system

6.Oman/Arabian Sea upwelling system

7.Chagos-Seychelles upwelling dome (SCTR) and Chagos Ridge

8.Mascarene Plateau induced upwelling

Upwelling systems supporting the Western Indian Ocean Tuna Fishery



Remote sensing 

Ocean modelling 
RV. Mtafiti

Insitu Sampling



➢ 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 during the 
summer due to the intense upwelling (Ryther and Menzel 1965). Hence a significant change in 
the SSTs of this region can also alter marine food webs (Behrenfeld et 42 al. 2006). 

➢ 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

➢ Studies have implied local ocean-atmosphere coupled mechanisms for the continuous warming 
over the region, in addition to anthropogenic forcing. 

Current and projected scenario



Some of these studies argue that the warming weakens the 
monsoon winds over the Indian Ocean which further enhance 
the warming, while others suggest that weakened monsoon 
winds have accelerated the warming (Rao et al. 2012; Swapna 
et al. 2013).

Indian Ocean is 
Changing!



Kenya

Ta
nz

an
ia

Mozambique

E
a

s
t 
A

fr
ic

a
n
 C

o
a

s
ta

l C
u
rr

e
n
t

0°
Lack of Coriolis Force

Somali Upwelling

Productivity Influencing systems

Somali upwelling

Mangroves & Rivers

Monsoon 
wind



➢ 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 properties such as temperature, salinity, pH, 
chlorophyll and velocities were taken from version 2.0 of the NEMO-MEDUSA model

➢ The model was forced at the surface using air temperature projections from the HadGEM2-ES Earth 
System Model (Collins et al., 2011). 

➢ 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 larval and adult), as well as eco-
physiological changes caused by changing ocean conditions (Cheung et al., 2011).

Ecosystem shift



Century-long trends in biomass indices for six tuna species 
(subset of 41 species) in the Kenyan and Tanzanian EEZs for 
varying catch scenarios.

A) annual mean sea surface temperature (SST), B) water 
column integrated net primary productivity (Net NPP), and 
C) sea bottom temperature. Column 1 shows 
climatological mean values (2000–09), 



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 chlorophyll. 

• 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.



Decadal average of surface currents (ms−1 ) during the NEM 
(DJF) and the SEM (MJJAS) (a and c) from altimetry and (b and 
d) from the model over the period 2001–2010. Model vectors 
are plotted every 3 grid points to appear consistent with AVISO

The NKBs are located in a very complex region where a 
multitude of factors may be causing, or influencing the strength 
of, the shelf‐edge upwelling over this topographic feature. 
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Recruitment areas of NKB prevalent with fish larvae (Tunas, Snappers and Jacks 4.0-5.0 
mm)

• Threats 

➢ 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. 

➢ 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.

Threats to this fishery associated to Climate 
change:



7 M tons of sediment 
discharged per year

Note: sediment not 
deposited in the bay

 The Tana, Kenya’s largest river, extends 
950km inland with a catchment of 
95,000km2 and

 Discharges freshwater and sediment 
annually into Ungwana Bay in the 
order of 4000 million m3





Enhance productivity in the Somali Upwelling

• Somali upwelling system, is a Western Boundary 
Upwelling System located near the Equator the 
upwelling affects the moisture responsible for 
monsoon rainfall

• 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
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