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Introduction & boom  Beginning of Industrial Climate change
of Nile perch eutrophication  pollution of B&Gs
1950s - introduced Mid 1970s, 1980s Mid 1990s Late 1970s; Mid 2000s
Mid 1980s - boom in & early 1990s up to date up to date
the fishery
1999 - 2001 2000 - 2005 2005 - 2009 2008 - 2012 2017 - 2020
Lake Victoria Fisfheries Implementation of (LVEMP II) WaSAf
Research Project Fisheries Research Project
Lake Victoria Environmental Project
Management Project I
(LVEMP I

* Human activities that have resulted into
=2 Loss of 300+ Haplochromines = simplified food web
=» Explosion of water hyacinth and cyanobacteria = cyanotoxins

* Interest in cvanobacterial studies in early 2000s (microcystins

Matsuishi et al. 2006; Mkumbo et al. 2007; Mkumbo & Marshall, 2015
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= The factors influencing dynamics
of cyanobacteria - complex

B&Gs

= Rapid urbanisation - direct
discharge (N & P) e.g. a daily
waste loading in Murchison Bay is
up to 0.2% of its total volume

(Luyiga et al, 2015).

Main lake

» Defforestation & intensive
agriculture - aerial deposition
(mainly P) (Tamatamah et al., 2005)

Increase in human population density

Food demand

Cultivated soils Farming  Fishing
[ deforestation activities activities

Dust Soil Trophic
emission erosion networks
Aerial OM and nutrient

deposition  discharge by rivers
of P&N

Eutrophication
of the open lake

Cyanobacteria

Housing demand

settlement

degradation

Product demand

Industrial/commercial
activities

Solid and
liquid wastes

Decrease of  OM and nutrient
natural discharge by
depuration  rivers & channels

Hyper-eutrophication
of the bays and gulfs
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Climatic and limnological factors play
different roles in driving variations of At B B
dominant cyanobacteria

- ) Potential health threat
during recreation & WTPs
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Efficiency of WTPs in removal of MCs ﬁ:- Diveit'se. tox(igﬁegic 8?)sl.lrj)cz;)acteria andd
cyanotoxins (MCs co-occurred.

good indicator of health threat .
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There is eutrophication with massive cyanobacteria blooms
(CyanoHABs)

=»Cyanotoxins e.g., CYN, ATX, STX, and MC

=>» Exposure through consumption of water, recreation and
fish

=» Conventional WTPs- inefficient in removal of
cyanotoxins (Chorus and Bartram, 1999)

=>» Bioaccumulation of cyanotoxins in fish (Hardy et al., 2015;
Brown et al., 2018) s e

Thus, need for characterization threats from cyanobacterial toxins in
northern Lake Victoria
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Biomass, phytoplankton community, and potential toxicity of cyanobacteria

Bays & gulfs

- Increase in Chl-a concentrations since the 2000’s

- Large dominance of cyanobacteria (Microcystis &
Dolichospermum)

VGANDA

Major MC
5 - 30 MC variants with concentrations of 0.1 - 81 pg/L
8 . £ (Okello et al., 2010; Sitoki et al., 2012; Mbonde et al. 2015)
' “Rately Bay
Bukoba

‘ +,. Main lake
= ' > Low Chl-a concentrations since the 2000’s
- Co-dominance of phytoplankton community by diatoms
and cyanobacteria
900,000 /Y - 3-6 MC variants with concentrations of 0.01- 3.5 ug/L

Oote: 20912978 — — — (Sekadende et al., 2005; Sitoki et al., 2012)
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Ecological impact of the blooms

« Change in fish communities e.g. decline in

the stocks of Nile perch 2005 — 2011
(Mkumbo & Marshall, 2015)

« Disturbance of trophic network — lower and
higher level

Sanitary risk
= Contaminated water — direct exposure to toxins

=>» Consumption fish food — indirect exposure e.g. up

to 128.5 pg/kg of commercial fish species from LV
(Semyalo et al., 2010; Poste et al., 2011)

> Swimming — chances of direct water consumption

Satellite image of Ggaba WTP

and exposure through the skin
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impact of this the greening?




Knowledge
Sharing &
Management

Series

Capacity: 220 L 220 L of Lake water in each mesocosm bags instalied in MB and NG

— 89

b) Experimentation

3
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Inoculation of mesocosms Introduction of 15 ‘
with different treatments ﬁs: into m':snocosms End & removal of fis
("Bottom — up®) (“Top — down") mesocosms
T e B e S
Da
Y o 1 2 3 4 5 6 7

|

T
Daily measurements of in-situ parameters, chlorophyll-a & phycocyanin

Duration: 7 days l l
Parameters:

Nutrients, Sampling phytoplankton; Sampling phytoplankton
Chl-a, zooplankton & cyanotoxins & cyanotoxins
Phyto &
Zooplankton l
Cyanotoxins in water , o
Cyanotoxins in fish Fish dissection

L

Sampling phytoplanktc
zooplankton & cyanotc

Fish dissection

T

Intestine; Liver & Muscle P R
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% 4°§ Group
Z 50 50 5 [ Crorooryse
oy 3 Cyanobacteria
5] 3, Others
% c @Hamlaow S.
& 25 25 20
Nile tllapla caused decrease in the total
phytoplankton biovolume in both MB and NG
5 6 " Mesocosms.
EEIEN =>» Consumption of cyanobacteria;
6& & é e < ® “Q ‘\ Q; Q§ ,66 \\ é ® Q “Q 2 ((; . . .
<’°° & & & <’° d’“ TEL =>» Potential to control cyanobacterial biomass;

=>» Exposed to transfer of cyanotoxins

« The differences observed on the effects of fish addition mesocosms, may be dependent of the relative abundances of
. fish and cyanobacteria.
i « Furthermore, large biovolume of M. aeruginosa might clog the gills |
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 Evidence of consumption of cyanobacteria resulted into
MC

* Only 4 fish (7% of the fish) in the MB mesocosms tested
positive for MC in the muscle

=>transfer (0.03 - 27.5 ug MC-LR g ) and possible
biomagnification of MC in tilapia in MB

———————————————————————————————————————————————————————————————

.« Confirmed transfer and possible

Intestine Liver Muscle biomagnification of MC in the Nile tilapia
E 15 Day g muscle ‘
g 10 I B? % * Increase in cyanobacteria blooms,
2 5 b7 :'E' results into contamination of the fish.
= = i
'30 g = | —= | '« Humans might exposed to chronic MC
o™ z . given that the total daily intake (TDI) for
0 0.2 B an adult consuming 200-300 g of fish is
= S 0.04 pg MC-LR kg! day.
801 L ﬁ 3
o =4
~ 0.0l N

Control MN+P+Fish Control M+P+Fish N+P+Fish
Treatment




What does it mean for fisheries and aquaculture
RN

/'A‘ !|’ [O) @Olokotum Research Team
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. There mlght be no s1ghts for o
aquaculture in the inshore SN &

* Offshore aquaculture development
T - [ will be share

Scale - e

“I% @NaFIRRI e Potential accumulation of toxins
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i. Turning an environmental nuise

economic products e.g.:

a.  fish feed ingredient

b. sustainable wastewater treatme

ii. Elsewhere especially in Asia, industries have
integrated microalgae technologies to tackle

pollution issues that generally affect fisheries

iii. In Uganda, there is little documentation on use
of Spirulina for pollution reduction & as a fish

feed ingredient

@Wanda et al. Research Team
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Ruto fights back as probe into the
ShaObo gun fraud moses to Rome
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Harraful Algse 96 (2000) 101829

Algal Bloom (;msm looins over,

g i m e
& ) | Ral 2020901829
s Mmlﬁdﬂofqﬂo 0164}
Harmful Algae
journal homepage: www elsavier. com/iocataal
- PP -t — + Review
A review of the socioecological causes and consequences of cyanobacterial )
blooms in Lake Victoria =
Mark Olokotum™", Veronica Mitrol*, Marc Troussellier’, Ronald Semyalo®, Cécile Bernard',
Bernard Montuelle’, William Okello”, Catherine Quiblier™*", Jean-Frangols Humbert™"
* Dagaromes of Toobgy, Drmwsciopy and Maherss Sciences, Maherere Uneversity, Kampeale. Cpande
* Nasonal Fakeries Kirsourves Resorch Sty (NGFUOR), Joe. Uiponde
* INIAS S of Boolngy and Snvirommenssl Scamces of Parde (UEX), Serdonne University, Parss, Fromce
© MR MARNY, rmw--u,.lmvm'm s Fugive Adation, Maguber, Frans
T UMK 248 Mubdondes de O v (MCAM). CNRS MNHN. Mastun Nassonal O ismerr Mmool Perw, frome
' ENRAELUMR CARRTEL, Thonem, France
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Physical Biological

= g * Water * Nutrients * Chorophyll a
| 5B Mavuon 2 Temperature TN e Cyanotoxins
ST T T * pH * NO,;-N * Phytoplankton
. / b | ~ e+ Conductivity * NH,-N
Ty I * Dissolved e TP
oamaan -ttt Oxygen « SRP
ey e  Turbidity * SRSi
| TN * Wind - fDOM
S - . * Solar radiation
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= Increasing population thus predicted increase in eutrophication and cyanobacteria
» (lear distinction in B&Gs and main lake of LV - with complex factors
= Understand the ecological fuctioning of the lake e.g. dynamics of cyanobacteria

= Monitoring of cyanobaterial toxins in water & fish for transfer and
bioaccumulation

= Long term monitoring to develop decision tree with adotpion of WHO guidelines
for drinking and bathing water

= Dissemination of public information for better use raw water - sanitary aspects

= Protection and restoration of numerous wetlands around the B&Gs to prevent
direct nutrient loading into LV e.g.

* Improved wastewater treatment
* Sustainable land use management
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Thank you

Mark OLOKOTUM

Senior Research Officer/Programme Leader - Fish Habitat Management Programme
National Fisheries Resources Research Institute (NaFIRRI) (https://www.firi.go.ug/Statf%20Profiles /index.html)

Tel: +256782758159
Email: markolokotum@yahoo.com
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