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Mugidde, Rosemary. M. Sc., The university of Manitoba, L992.

chanqes in phytoplankton primarv productivity and biomass in
Lake Victoria (Ugandaì. Major Supervisor; Dr. R.E. Hecky.

Phytoplankton primary productivity and biomass of Lake

Victoria, Uganda !,¡ere studied during 1989-91-. The daily
integral production (rPD) was between B-2o g oz.m-2.d-l offshore

and 8-43 g oz.m-z.d-l inshore, which is about a two ford increase

over varues obtained in a study conducted 30 years ago. The

mod.ern, maximum producÈivity per unit chlorophyll (p.o) is
l-ower than historic but still high when compared. to literature
values. chlorophyll-a (chr) ranged from g-40 mg.m-3 offshore
and 2o-7o mg.m-3 inshore, and this high argar biomass causes

rapid extinction of light. rntegral photosynthesis is nor,/

light linited by self shading whÍch iauses row mean light
int,ensities in the water column Gù of (2-3 mEin.m-2.min-1¡.

The increases in productivity and biomass have been

accompanied by phytoprankton taxonomic changes from diatoms to
predominantly cyanobacteria, especially the filarnentous
heterocystous cyanobacteria which no!,r seem to have a

biological advantage in Lake Victoria.
The increases in photosynthesis over the historic values

rnight be due to reduced herbivory because of fish community

changes or increased nutrient roading. However, further
increases in daily integrar production wirr not be possibte

because of self-shading effects.
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INTRODUCTION

Phytoprankton photosynthesis, composition and abundance

in relation to thermal and nutrient chemistry of Lake

victoria, near Jinja, uganda were studied by rirnnorogists in
the 1950s and 1960s (Fish L9s2t L9s7; Talrinq L9s7a, b¡ Evans

7962; Talling 1,965; Talling and Tatling Lg65; Talring 1966).

fn the l-960s integral photosynthesis was 5-j-l- g Or.rn-z. d-r

offshore and 1o-1r g oz.rn-2.d-l inshore (Talling j,965). At that
time the phytoplankton rnras composed prirnariry of coÌoniar
coccoid Myxophyceae during stratification, with a diatom

community of Mel-osira and stephanodiscus predominating during
the mixing period of July-August.

since those earrier studies, there have been changes in
the catchment of Lake victoria prirnarily caused by population
increase and urbanization. The l-ake and its surround.ing lands

are heavily utirised by the rocal popuration for fishing,
curtivation, water supply, woodfuel, grass cutting and animal
grazing. other changes in land use practices in the watershed

incrude use of fertirisers, pesticides, herbicides and intense
deforestation (Bugenyi and Barirwa t-999). The impacts of
these activities remain to be assessed. The disturbances in
the drainage basin, industrial influent and sevrage disposal
into the Lake together with changing atmospheric chemÍstry
(Hecky and Bugenyi L992) may have led. to markedry increased
nutrient input into the lake. Nutrient enrichment from these

sources could cause increased phytoplankton biomass and
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productivity. rndeed, there are recent observations that the
nutrient chernistry of Lake victoria has changed (Hecky and

Mungoma 1990; Hecky and Bugenyi rssz; Hecky 1993; Bootsma and

Hecky, subnitted) and algar brooms are more prominent (ochumba

and. Kibaara 1-989).

Profound changes have also occurred in the food-chain
relationships and energy frow patterns within Lake victoria
(Ligtvoet et al. l-989; witte et aI. Lggz). over-exploitation
of the fisheries and the establishment of the introduced
piscivore, Nile Perch (Lates niloticus) and argivorous, Nile
Tirapia (oreochromis nitoticus L. ) in Lake victoria over the
rasÈ three decades have been accompanied by reduction in fish
species diversity (ogutu-ohwayo J-990a, b; witte et ar. L992¡

Goldschmidt and witte t99z). These introduced fish species
along with the native, but now more numerous, Rastrineobol-a

arqentea currentry dominate the fish community, having
repraced the endemic haplochromines species flock (ogutu-

ohwayo l-985; ogari l-985; Irtandera j-9BB; ?üitte et aI. Lggz).

Lake trophic structure may have changed as a resurt of
increased predator abundance at the top of the food web. rt
is believed that decline of the endemic pranktivorous fish
species has eased predation pressure on the invertebrate
community such as the shrimp, caradina nilotica, morluscs and

insects (Mbahinzireki 1990; lrÏitte et al . L9g2) whire increased
zooplanktivory by the now abundant species R. argentea and

large invertebrates (chaoborids, chironomids; Mbahj_zireki and
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Ndawula 1990) nay have reduced zooplankton abundance.

According to the trophic cascade theory, increased

pranktivory would cause decreased zooprankton populations and

decreased grazing pressure on the algae resurting in increased

algal biomass and productivity (Carpenter et al. j,985). ft
seems possible that the increase in the abundance of
introduced fish species into Lake Victoria and the reduction
of many of the originar trophic groups courd have artered the
energy flow in these rake communities and coul-d cause

increases in phytoprankton production and biomass.

Alternatively, phyÈoplankton crop and production may have

increased because more abundant invertebrates have enhanced

internal nutrient regeneration from bottom detritus into the
water column.

Given the significant changes occurring in Lake victoria
and its catchment, and evidence of eutrophication, a study of
the current limnology of the lake hras undertaken by

researchers at the uganda Freshwater Fisheries Research

organisation, Jinja to address concerns about future fish
production. The purpose of this study was to determine the
modern rates of phytoplankton photosynthesis and biomass (as

chlorophyll-a) in Lake victoria. The present condition r{ras

compared to the historic lirnnological data base of
phytoplankton photosynthetic rates and biomass. The objective
was to test the null hypothesis that phytoprankton

productivity in Lake victoria has increased. To examine this,
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observations vtere done inshore and offshore in Lake Victoria
using in situ methodology similar to that of Tarting (l-965).

The data Ì¡rere obtained and analyzed in a manner

previousry used by Talling (1965) in Lake victoria to
facilitate direct comparison of current observations to the
historical limnological data base of phytoprankton

productivity and abundance. The results obtained are

discussed in the context of other chang,es in the lake that
have occurred. In addition measurements lrere also rnade in
Lakes Kyoga and Arbert (Fig.r-) to determine regional
variabílity in phytoplankton photosynthesis.
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CHAPTER I

SEASONAL, SPATTAL AND TNTER-I,AKE VARIABILITY IN PHYTOPLANKTON

PHOTOSYNTHESIS TN LAKES VTCTORIA, KYOGA AND ALBERT (UGANDA).

Abstract

Mean daily integral productivity in Lake Kyoga was

30? and 5oå lower than in offshore and inshore regions of Lake

victoria respectivery. The inshore integrar production in
Lake Albert approached levels of offshore Lake victoria
v¡aters, while offshore Arbert, was 4oz l-ower. phytoplankton

photosynthesis was less fight, lirnited in Lake Kyoga (Izq/Tu :

0.8), but v¡as severe and soz more extreme in offshore Lake

Arbert than in Lake victorj-a. rn Lake Albert dairy integral
production was 4oz higher in inshore than offshore and this
corresponded to a 4x higher mean Tu/I,r. ratio inshore.

rn offshore Lake victoria seasonality in phytoplankton

photosynthesis and biomass hrere pronounced reflecting the
effects of the annuar nixing regime. Argar biomass maxima

hrere in May and september to November, while production peaked.

in Jury and December. There was rower seasonar variance in
chlorophyll concentrations and production at inshore regions
than offshore Lake Victoria.

Introduction

Few studies have examined seasonal, spatial and.
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inter-rake variability of phytoplankton photosynthesis and

biomass in African lakes. some of these lakes exhibit
pronounced seasonal fluctuations that usually correspond with
variations in rainfarr, river discharges and verticar mixing
(Talling l-965, Lg66r. Melack 1-g7g; Hecky and Fee l-9g1; Hecky

and Kling 198L, L987; Bootsma l-993). The abiotic and biotic
factors in regulation of phytoplankton productivity and

biomass can vary within and between lakes so that
extrapolation of causative factors can be difficult.
Differential nutrient loading, underwater right avairabilty
and food web effects are recognised as potent regulators of
biomass and primary productivity in Iakes. one or more of
these factors may be changing in the rakes of eastern Africa
and especially Lake Victoria (Hecky Lgg3), Africa's rargest
Iake and inland fishery.

The objective of this study was to examine seasonal

variability in Lake victoria. rn addition, to measure and

compare phytoplankton productivity and biornass j-n Lake Kyoga,

which has gone through sirnilar fish community changes as

victoria (ogutu-ohwayo 1-990a, b) and Arbert, the original
habitat of the introduced species, but whose fish community

has not been altered. The aim was to attempt to determine if
increases in productivity and biomass r¡¡ere regional in scope

or reflect recent alterations in the Victoria ecosystem only.



MATERIALS AND METHODS

Study areas

victoria is the largest freshwater lake in Africa (69ooo

km'). It occupies a single basin at altitude 1135 m, with a

bottom gently sloping to a maximum depth of 79 m. Much of the

coastline is irregular, and shallow bays and gulfs are

especiarry numerous on the northern and southern shores

(Beadre l-981). Rainfarl occurs throughout the year with a

major wet season in March-April and a lesser one in
october-November. The offshore regions are thermally
stratified most of the year, but mix completely in July-August

during the dry season when strong south-east trade winds brow

across the lake (Tarring L966) causing increased cooling by

evaporation. Phytoplankton measurements r^/ere done in the

northern waters of Lake victoria (Fig. 2) at sites for which

historicar data exist: inshore pilkington Bay (Tarring L96s;

Kendal-l L969; Stager 1984; Stager et aI. 1996) and at a deep

offshore station (Bugaia) (Talling L965, a966). Further
measurements $/ere made in Buvuma channel-, Napoleon Gulf and

other areas covered by the ongoing bio-ecological studies on

Lake Victoria.

Lake Kyoga lies on the Nile down stream of Lake victoria,
between rongitude 32oE and 34oE and ratitude 10 N and 2o N (Fig.
3). It has an area of 27OO km', and an average depth of 3.5

m and a maximum of about 4 m. sarnpling on Lake kyoga was done
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ofat six locations (Fig. 3). These areas $¡ere chosen because

accessibility from the main fish landings.

Lake Albert, uganda is a characteristic Rift valley rake

(5500 km'; maximum depth 58 m; mean d.epth 25 m) . It lies
between latitude Loo' N and 2"2otN and longitude 3oo2o'E and.

31020'8. The victoria Nile enters its northeast corner, but

al-most irnrnediately turns away, making a variable contribution
to the lake proper (Talling L9s7c). A1l samples were taken in
the north-eastern part of this rake Albert (Fig. 4'). sampring

areas incruded a 45 m deep offshore station (Bj.) where

previous surveys Í/ere done by Talring (1965), and inshore
regions: vilanseko, Butiaba, Bugoj-gro, panyarnur, Irlarukuba and

$Iaki.

Sample collection, treatment and analysis
Field (in situ) measurements

The method of Talling (L965) was used to estimate jn situ
gross phytoplankton product,ion. At alr stations water samples

were drawn from discrete depths within the euphotic zor.e with
a van Dorn prastic sampler of z L capacity. I{ater rnras

siphoned into either cl-ear or bl-ackened l-20 ml glass bottles.
The light and dark bottles v/ere suspended. without shading at
several depths in the euphotic zorte (o to 6 m). A1r bottles
hrere filled with water taken from the depth of exposure and

incubation lasted usually two hours at or around midday. At
the end of the incubation sarnpres, v/ere fixed using manganese
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Lake Albert

Fig. 4. Map of Lake Atbert showing the main
81 (Butiaba 1), 82 (Butiaba 2), 83 (Butiaba
I{a (I{anseko) and Panyamur (Pa) .

stations sanpled:
3), Bg (Bugoigo),
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chloride or sulphate and potassium iodide (with sodium azide

added). Gross photosynthesis at each depth was estimated by

chang:es in the dissolved oxygen in light and dark bottle using
the winkler method. Approximately 0.1 N thiosulphate was used

to titrate the whore vol-ume of the light or dark bottle (about

l-20 mls) with Lz starch as the end. point indicator. rnitial
oxygen concentrations v/ere also measured at each sampled

depth, prior to incubation.

Light and Temperature measurements

Light attenuation, secchi transparency and temperature
profires v/ere measured at all sites during sample correction.
lilater column temperatures l^rere measured as a funct,ion of depth

using a resistance thermometer and/or a Hydrolab (svR2- sonde

unit). secchi disc measurements, defined as the average of
the depth of disappearance and reappearance of the disc, were

rnade using a 25 cm diameter white disc. These readings were

made on the shaded side of the boat. underwater right
attenuation was measured at 0.5 or L.o m intervals throughout
the water corumn using a Li-cor l-ooo quantum sensor and meter

which measures the totar quanta of photosyntheticalty
available (PAR). These measurements were used to calcurate
the total vertical light extj-nction coeffi_cient (k) and the
mean tight intensiLy in the water column over 24 hours (Tù.
The natural logarithn of irradiance (with surface illunination
as 100?) was used to calculate the total verticar light
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extinction coefficient (k), (Hutchinson 1957). The extinction
coef f icient T¡ras determined by using rinear regression to
estimate the srope of the logarithm of measured light versus

depth. The mean tiqht intensity over 24 hours (rù T¡ras

carculated as in Hecky and Guirdford (l-984) with the folrowing
equation:

Tu=Io(l--e-k-

kz-

where ro is the surface light and z- is the mixed depth layer
depth. ro v¡as obtained from a croudless sol_ar irradiance
(Fee 19eo).

The oxygen produced per unit vorume at optimar irradiance
for photosynthesis h/as normalised, by dividing it. by the
chrorophyll concentration; This parameter is referred to as

P.o by Talling (L965) and P"^n by Fee (r-990). The light
intensity at the onset of right saturation of photosynthesj_s

(r*, was calcurated using the computer proglranme of Fee (1990);

r* defined as P"r/au where aB is the slope of the light rinited
chlorophyll-specific photosynthesis vs pAR curve at row pAR

(Fis. s) .

The ratio of the sorar radiation integrated over the
whore day to that received during the incubation period was

used to esti-mate in situ dairy gross production as detaired in
Talling (t965), but cloudl-ess weather was always assumed (and

often observed) during incubations. Talring (L96s) usually
reported near cloudress conditions on his dates of
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measurements.

Phytoplankton chlorophyll concentrations (ChI) (n in
notation of Talling 1965) was determj-ned by filtration of l_oo

m1s of sampre water on to a GF/c filter; the firter was

immersed in i-0 mrs of 95å methanol for approximatel_y 20 hours

at 4"c and in dark. This extract hras read on a Turner

fruorometer which was calibrated using standard chrorophylr-a
solutions calibrated using a spectrophotometer (stainton et
aI. L977).

Results and discussions

Photosynthesis and biomass offshore

The in situ photosynthesis versus depth profiles of Lake

victoria r¡rere shallow, refrecting the rapid underwater light
attenuation typícal of eutrophic rakes (Fig. 6). Most

profiÌes showed a decline in photosynthesis at the surface.
Maximum photosynthesis per unit vorume (np-*) was in the range

235-600 m9.oz.m-3.h-l with a mean of 4oo m9.oz.m-3.h-l offshore
(Fig. 6 and Tabre 1). The highest photosynthetic rates
occurred between o.5-4 m below the water surface in 7-2g m

euphotic zone.

At the offshore station, seasonality in phytoplankton,
with a biomass was pronounced with a maxima in september to
November and in May (Fig. 7a). Lower chÌorophyrl-a
concentrations occurred during nixing periods (June to August)

and during the period of pronounced and prolonged
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300 600

Fig. 6. The depth distribution of the photosynthetic rates per unit volume

offshore (Bugaia) Lake Victoria during 1990-91.
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Table 1. Means and standard deviation of photosynthet,ic

parameters and integral productivity per unit area of Lake

Victoria during 1989-91. chI, chlorophyll-a (ng.n4) i Dp_"*r

maxinum productivity per unit volume (ng or.d3.fr-t) ; p,o,*r

maximum productivity per unit chlorophyll (mg oz.mg chI-r'

ht); nP.,*/k, ratio of nP-* to k, the vertical light, extinction
coefficient (In.m-t); fPH, hourly integral productivity (g oz.

m-2.h-r); rPD, daily integral production per unit area (g oz.m-,.

d-l)

Station Chl DP-* P."* np,,*/k IpH

Bugaia mean 25

std

Pilkington mean 47

std 11

Buvuma mean

std

Napoleon mean

std

10

401

125

765

234

738

279

752

23L

l_9

6

19

4.9

889

366

744

2ro

955

345

797

229

L.4

o.4

13

L7 22

38 2019

4L

L2

2

0.5

18



L9

qr

F
brÉ30
rü
I

à20E
9{
o
¡{
o

610

1^

i2s
5
¡20
o
Uì
EIi15
ô¡o
g' 10

x
Ipis

0

30

Fig.7. Seasonal (a) chlorophyll concentrations and (b) ma¡<imum specific

produc'tivity (Pmax) at the otfshore (Bugai) region of Lake Victoria during

1990-91



20

stratification (December to April). chrorophyll-a
concentrations varied five ford (8-40 ng.mr) with a mean of
25.O mg.m-3 for the entire period (Tab1e l_).

seasonal changes in the maximum photosynthetic activity
per unit chlorophyll (p.*) are indicated in Fig 7b. p-o

showed a two fold range (tL-zB mg oz.mg chlr.h{¡ and was

highest during July-August. rt varied inversery with
chrorophyll-a, especially so during the biomass maxima (Fig.
7a & b). Daily integral production per unit area (rpD)

varied between 8-20 g oz.m-2.d-r (Fig. s) and the mean hras j_3.0

g oz-m-2.d-l. (Table 1). production declined sharpry in August

and January and peaked in July and December (Fig. 8). Lower

values were rnaintained during'January to April, but there was

a minor peak in June that v¡as synchronous with the minor

biomass maxima (Fig. 7a & 8).

Fig 8 shows the seasonal changes in the secchi depth

(sD, metres) which is used here as an index of the underwater

light availability offshore. production tended to increase
when there was an increase in secchi transparency (Fig. g).

However, once, in July i.991-, this was not observed because of
the unusually deep euphotic depth (29.2 m) and row biomass

(8.4 ng.rni) associated with a phytoplankton crash. There was

a high correlation between chrorophylr-a and the inverse of
the secchi transparency (R2 = o.g5) which was significant
(p<0.01, Fig. 9).
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Phytoplankton photosynthesis and biomass inshore

Photosynthetic depth profiles inshore were shalÌower,
reflecting the more rapid und.erwater light attenuation inshore
than offshore (Fig. 10). The highest Dp."* occurred between

0.5-3 m in a euphotic zone of s-6 m mean depth that $¡as

sharlower than offshore waters (Tabte 2). Maximum

photosynthesis per unit volume ï/as higher in the inshore
areas, with mean estimates in the range of 73g-76s mg oz.m-3.h-l

(Fig. 1o & Table 1) . surface photo-inhibition rnras as

frequent as offshore.

There v¡ere minimal differences in areal productivity and

biomass among, the inshore regrions of Lake victoria (Table i-) .

As offshore, the trends Ín p,,* vrere not associated with trends
in chlorophyll-a concentration (Fig. 1-1a, b & c). Alr the
inshore regions had chrorophylr-a concentrations of the same

order of magnitude but these were higher than offshore. Mean

chlorophyll-a concentrations in pirkington bay, Buvuma channer

and Napoleon gulf v¡ere 47 .o il9.il-3, 3g. o mg.m-3 and 4L.o mg.m-3

respectively (Table r-). The correlation between the inverse
secchi transparency and chlorophylr v¡as rov¡er than offshore
refrecting the row seasonar variance, (R2=0.3) but significant
at p<0.05 (Fig. Lz). Fluctuations in hourly integrar
production with the secchi transparency and. light extinction
coefficient inshore showed no obvious trend (Fig. 13a, b, )

Hovrever, a slight tendency for increased production was

observed in september and November in pilkington bay and
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ProductÍvity lug Or.ná.hr¡

Fig. 10. Selested profiles of the depth distibution of photosynthetic rates per

unit water volume at inshore stations: Pilkington Bay, Buvuma Ghannel and

Napoleon gulf during 1989-91.
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Table 2. Light characteristics of Lake Victoria during
1989-91-. SD, Secchi depth (n); k, vertical light
extinction coefficient (ln.rnt) ; Zetr, euphotic depth
(n); Ik, irradiance at the onset of light saturated
photosynthesis (nEin.m-2.min1 ì Tu; mean light
intensity in the water column integrated over 24 hours
(urEin.n-2.minr¡ ; Íu/Ty, the ratio of I, to r*.
STA SD Zeu ïk rro Trol T,k

BUG

PLK

BIIV

NAP

mean

std

mean

std

mean

std

mean

std

2.O

0.4

1.0
o.2

1.6
o.2

1.3
o.2

l_. o

o. 1_

1.0
0.1

1.0
o. t_

5.0
l_. 0

6.0
l-. 0

5.0
1.0

0.5 14.0 1l_.O 2.O

o.2 9.0 1-.0 0.3
o.2
o. 04

0.3
o. 06

o.2
o.07

o.2
o. 09

t-o. o 3. o

2.O 0.5

1-1-.0 2.1-

2.O 0.3

r_1 .0 3. o

2.O 1. O
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Buvuma channel. The estirnated average hourly and daily
integrar productivity per unit area was about 60-80 å higher
than offshore despite fact that the euphotic zor,e was half as

deep as offshore (Tab1e t- & 2) .

variation of liqht characteristics of Lake victoria
offshore the secchi visibility showed a two ford range

with a mean of 2 m (Tabre 2). The vertical right extinction
coefficient (k) decrined. from o.62 ln.m-r in May to 0.16 In.m-l

in July 1991 offshore. rnshore, the mean k val-ues hrere twice
@

as high and secchi disc visibility was rower than offshore;
The higher light absorption inshore is undoubtedly caused by

higher phytobiomass (Tab1e 1 & 2). offshore, the euphotj_c

depth (zeu) showed a four ford range and was deepest in Jury-
August, the nixing period. The right intensity at the onset
of light saturation of photosynthesis expressed as the
quantity (rt) varied lÍttle throughout the period. of study at
arl stations. The average varue was between 10 to l_1 rnEin

-m-2.min-r (Tabre z). The average ru offshore was 2 mEin.m2

-min-I, which !ìras about 2sz rower than inshore. The r24 may

actuarly have been higher in the shallow inshore bays because

it was calculated using the maximum depth in the sampling

area, âs the mean depth was unknown. Because these inshore
areas shoal to zero depth at nearby shorerj_nes, use of the
maximum depth overestimates mean depth of the nixing in the
vicinity of the station. Arl inshore sites mix dairy to the
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maximum depth. The (rr) values for phytoprankton of Lake

victoria h/ere consistentry much higher than the corresponding

varues of the mean light intensity in the water column

integrated for 24 hours (Tù.

Photosvnthesis and biomass in Lakes Kvoga and Albert.
Table 3 shows the mean photosynthetic and light

parameters of Lakes Kyoga and. Arbert phytoprankton

photosynthesis in Lake Kyoga was 30å lower than rates observed

in offshore victoria. Daily integrar production per unit area

ranged from 6-L6 g Oz.m2.d-l, with an average of t-O g 02.

m-2-d-1. The euphotic zone hras compressed (mean depth of 4 m;

Tabre 3). High average photosynthetic activÍty per unit
voLume (mean 650 mg or.m-3.h-l¡ corresponding to average

chlorophyll-a concentrations of 41 rng.m-3 were observed during
1989-9L. Mean secchi transparency was low (0.9 rn), while the
average lighÈ extinction coefficient was L.z rn.mr
(occasionarly>3.0 ln.m1¡ probabry due to high turbidity and

sometimes coroured waters. The mean r. was 10.o mEin.m-2.

min-l (range 7-L4 mEin.m-2.min-1) for Lake Kyoga and was cl_ose to
those of Lake victoria (Tables 2 and 3). However, the Íu
varues in Lake Kyoga (mean 7.0 rnEin.rn-2.min-1' rang:e 4-L2 mEin.m-
2.min{¡ are about 30-50å higher than those of Lake Victoria.
The ru/rt ratio was usually close to lt and occasionarly
greater than L, indicating moderate or no light rimitation.
There are no earlier phytoprankton productivity and right data
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Table 3. Average photosynthetic and light parameters of
Lakes Kyoga and Albert during 1989-91. Chl, chlorophyll
(ng.rn"); IPD, daily integral production (q oz.m-2.d-t) i
Zerr, euphotic depth (m) ; SD, Secchi depth (rn) ; k, light
ext,inction coefficient (In.n-t); Ik, irradiance at the
onset of light saturated photosynthesis (mEin.m-2.min-r,.

T^, mean light intensity in the water column integrated
over 24 hours (mEin.m-2.m-t); tu/It, the ratio of Ïro Eo

rk.

Kyoga Al-bert
OffshoreInshore

chI
IPD

Zeu

SD

k
rk

Tu

Tu/ fr
zÃ

41. O

10. 0

4.0
0.9
L.7
10. o

7.O

0.8
4.O

16. 0

1,3.0

9.0
2.O

1.0
15. 0

6.0
o.4
15. 0

9.0
8.0
11. O

3.5
0.5
16. O

L.4
0. l_

60. o
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for Lake Kyoga with which to compare these results. However,

qualitative consideration of the present phytoprankton

community showed similar phytoptankton species composition as

Lake Victoria in the L96os with the diatom Melosira appearing

regularly in the plankton.

The inshore íntegral production in Lake Arbert approached

Ievels of offshore Lake Victoria waters, while offshore Al-bert

values were lower. The estimated mean dairy integral
production in Lake Albert vras I g or.m-2.d-l offshore and l-3

g.oz.m-2.d-r inshore (Table 3). Albert's photosynthetic rates
are integrated over a deeper photosynthetic zone (9 rn inshore

and 1-1 m offshore). chlorophylr concentrations vrere 3-20 mg

.m-3 offshore and 6-29 mg.m-3 inshore, with mean varues of g

and 16 mg.m-3 respectively. Albertr s mean chlorophylr
concentrations are less than those of Lake Victoria (Tab1e 1

& 3). Arbert had higher mean secchi disc transparency

offshore (3.5 m) than inshore (2.0 m), with the latter egual

to values observed offshore in Lake Victoria. Albertsrs mean

vertical light extinction coefficient (k) inshore and offshore
were l-.0 rn.m-l and 0.5 rn.m-l respectivery. These values are

similar to those of the correspond.ing regions in Lake

victoria. The mean rk of Lake Albert was about 30 z higher
than lakes Victoria and Kyoga. The inshore regions of Lake

Albert had a 4 ford higher mean rzq (6.0 rnEin.m-2.min-1) than

offshore (L.4 mEin.m-2.min-l) 1rabIe 3). The inshore and

offshore regions of Lake Albert yielded a ratio Tu/Ty always
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below l-. The r, values at the inshore areas of Lake Arbert
(mean 6.o mEin.m-2.min-l, range 3-r-r- mEin.m-2.min-l) was similar to
that of Lake Kyoga (mean 7.0 mEin.m-2.min-1, rangie 3-L2 mEin.

m-2.mina¡ , but 2-3 times higher than that in Lake victori-a
(Tab1es 2 e. 3).

The daily integral production in offshore Lake Atbert has

not apparentry changed over the last 3o years. rn,the 1960s

production ranged from 2-12 with a mean of 7 g Or.m-2.d-r for
three observations (Ta1ling L965) and in the 1990s it ranged.

from 2-LO g Oz.il-2.dL with a mean of g g Or.m-2.d-l for 6

observations. similarly, ì-ight penetration offshore Lake

Albert is of the same rang'e in the L99os (0.4-j_.0 In.m-r) as in
the 1960rs (0.5-1.0 ln.n-l) . The euphotic zone \^ras measured as

6-11 m deep (Talling l-963) which is crose to that seen in the
l-990s (4-14 m) . The algar composition in Lake Albert v¡as

dominated by cvcloster¡hanos and Nitzchia species during the
mixing period (Ju1y-August, r-990) . Anabaena species v/ere

very abundant during June 1990 and May l_991_ inshore. These

species composed the main part of the phytoprankton in the
L960s and l-970s (Tarring J,963; Hecky and Kring L9B7).
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DISCUSSION

Seasonality in biomass (as chlorophyll-a) and

productivity offshore Lake victoria during trr*e study r¡/ere

similar to that observed. by Talling (1965 & l-9 66) , except for
the trends in P-,*. Historically, there v¡as an annual biornass

maximum offshore in August to November dominated by Merosira;
blue green algae were of secondary importance (Fish L9s7 ¡

Tarring 1-965; Tarling 1"997). The major chrorophylt maximum

now occurs in september-November and is dominated by the
diatom Nitzchia acicularis (H. Kling and R. Mugidde,

unpublished). rn the 1960-61- seasonarity in primary
productivity in Lake victoria rnras l-ess pronounced than it
currentry is but highest rates stilr occurred in october-
November.

The fact that seasonar patterns of arear productivity and

chlorophyll-biomass are noT^r similar to those observed. in the
1960s suggests that these are driven by annual mixing regime,

which has not changed frorn that reported in the L95os and

1960s (Talling 1965, L966; Bugenyi, F.I4I.B, unpubrished data on

temperature and oxygen). The major chrorophylr maxima and

maximum areal productivity occurred when stratification was

moderate (october-December l-990) while the minor peaks

coincided with breakdown of thermar stratification (May 1991).

Higher phytoprankton productivity and biomass during
september-November may be a consequence of increased light.
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availabilitlr to the algae due to rerativery shalrower mixed

depth as thermar stratification is re-estabrished (Tarling
1966). At this time the argar celrs offshore are exposed to
Iow unsaturating irradiances for a shorter time than during
the near isothermar conditions in July-August when the lake is
deepry mixing or from January-April when the thermocrine is
deep. Nutrients previously added to the mixed layer during
the mixing period are also available at that time.

Low production and biomass in Juty-August is probably

caused by extreme light li¡nitation; mean right intensities in
the water column at that time are at a seasonal minima because

of the deep mixed depth (Fig. 7) . Lack of obvious seasonal

trends inshore is because these bays are shalrow (]-o-2om);

these stations have no marked thermal or chemicar

stratification (Bugenyi, unpubrished) and probably experience

regurar diurnal nixing. The higher productivity and biomass

inshore than offshore may be because right is more avail-able

due to a sharlower mixed depth for most of the year.
consequently, higher biomass is produced before serf-shading
limits further increases.

The seasonar changes in the specific prod.uctivity per

unit chlorophyll (P*) offshore Lake Victoria vrere different
than Talling (L965) observations in l-960-6j-. p_,* hras highest
when the lake v/as destratified (Ju1y-August), and

het'erocystous cyanobacteria !.¡ere less abundant. Heterocystous

cyanobacteria are thought to dominate at other times because



36

of their ability to fix nitrogen (Hecky l-993). rt has been

suggested that the energetic costs of N-fixation, which

competes with C-fixation for reducing pov/er, might

systematicalry rower P-o* at times of peak N fixation in Lake

victoria (J.Lehnan, pers. com. ) . Alternatively, extreme light
rinitation during deep mixing may increase chlorophyrl content
per cerr (Hecky and Guildford ]-9g4) and thereby resurt in
lower Prr* values.

Phytoplankton photosynthesis in Lake Albert and Kyoga is
frequentry light l-inited (Tu/T.k<<L. Light extinction, k, and

therefore, r, seem to be controrred by different factors in
the three rakes. Thermar data suggest deep rnixing offshore
Lake Albert during l-999-91-, which !,¡as in agreement with
Talling (1-963) findings of a weak or non-existent thermal_

stratification. Lake Albert stirt mixes deeply throughout the
year with a strong diurnal heating in surface waters. This
great,er mixed depth (60 rn) coupled with the suspended high
sediment load and the high totar dissolved solids (Talling
L963) reduce light penetration. This apparently controls k in
Lake Albert, which is armost certainly controlred by

chlorophyll concentratíons in rakes victoria and Kyoga.

The mean r, was higher in Lake Kyoga than j-nshore Lake

victoria despite the higher k values in Kyoga and the almost

similar mean chlorophyll concentrations. rro is a function of
depth and k, and the shallower mean rnixed depth (4.0 n) in
Lake Kyoga compensates for higher values of k and causes
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higher mean rr. Argar cells in Lake Kyoga on average are thus

exposed to saturating irradiances for a long'er time than in
Lake victoria. Therefore, higher phytoplankton photosynthesis

than in victoria is expected since right linitation ís
moderate, âs evidenced by the mean Iu/Tt ratio (0.8) being

cl-ose to 1.0. However, integrar production is Lower in Lake

Kyoga than in Lake victoria (where right lirnitation is more

severe), suggesting that light is not the only factor
controlling phytoplankton production in Lake Kyoga.

fn Lake Albert the four fold higher mean Tu/Tr values

inshore than offshore suggests that severe Iight limitation is
relieved inshore. That is, low right causes phytoplankton
production offshore to be lor,rr. This conclusion is supported

by the fact that offshore fu/fy ratios in Lake Arbert were 5oå

lower than in offshore victoria and dail-y integrar production

was about 40 ? rower in Lake Albert than in victoria. rt seems

cert.ain that there .have been no significant changes in right
ext.inction coefficients, biomass and integrar production in
offshore Lake Albert since the 1960s. since the current k

varues in Lake Albert equal those of the corresponding regions
in Lake victoria which is now right linited these data infer
thaÈ argal- growÈh in Atbert was light rimited in the t_960s.

Because of this, substantiarry higher integral production

wourd not be expected in Lake Albert even if nutrient
enrichment had occurred.
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CHAPTER IÏ

THE INCREASES IN PHYTOPLANKTON PRIMARY PRODUCTIVITY AND

BIOMASS IN LÀKE VICTORIA (UGANDA): A coMPARISoN oF HISTORIC

AND MODERN PHOTOSYNTHETIC PARAMETERS.

ABSTRACT

The daily integral phytoplankton productivity per unit area

v¡as two times higher both inshore and offshore in the l-990s

than in the 1960s. Phytoplankton photosynthesis has not

increased in proportion to chtorophyll-a concentrations, which

are about 2 to 10 times (offshore) and 5 to fO times (inshore)

higher than 30 years ago. Production in Lake Victoria is

offset by the decreased efficiency of the photosynthetic

system at low light intensities, and there is evidence

suggesting that photosynthesis in Lake Victoria is now light

Iirnited.

INTRODUCTION

Initial studies on the phytoplankton photosynthesis on

Lake Victoria near Jinja, Uganda were done by Talting (1"965).

He reported rates of prirnary productivity of the range 5-1-1- g

oz.il-z.d-l at inshore stations. The phytoplankton and nutrient

regimes of the Ugandan waters of Lake Victoria lvere also

examined in the 1950s and 1960s by Fish (1952,57) , lalling

(L957a,b), Evans (1961-,L962), TaIIing and TaIIing (l-965) '
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TaIIing (1966). Recently algal bloorns are thought to have

become more cornmon and intense in Lake Victoria and have been

observed in the Kenyan (Ochunba and Kibaara 1989) as well as

Tanzanian and Ugandan waters. Since earlier limnological

surveys, various changes have taken place in Lake Victoria and

its catchment area. Land use has intensified as population

increased, especially along the lakeshore and islands of Lake

Victoria. The food web of the lake also has been radically

altered partly due to over exploitation of the fisheries and

introduction of the piscivorous NiIe perch and herbivorous

NiIe Tilapia (Ogutu-Ohwayo l-990a, b). Benthic invertebrates

especially Chirononids, Chaoborus and Caridina, are reported

to have increased in abundance following the decline of the

haplochromines (L. Ndawu1a, unpublished; G. t'thahizireki,

unpublished; I{itte et aI. 1992). There is also evidence that

nutrient chemistry of Lake Victoria has changed (Hecky and

Bugenyi L992; Bootsna and Hecky, subrnitted).

From many studies it is evident that changes in the

nutrient loading and/or alterations in the food-web structure

can change phytoplankton productivity through either the
rrbottom uprr or rrtop downrr effects (Shapiro 1980, Carpenter et

aI. L985). For exanÞIe, abundance of benthic feeding fishes

and invertebrates have been observed to release nutrients from

bottom sediments and stinulate algal production (Lammens,

1988). Changes in the grazing pressure will prirnarily affect
phytoplankton production and biomass and may consequently
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affect the abiotic properties of the water.

the objective of this study was to determine the present
phytoplankton photosynthesis änd biomass in Lake victoria in
the same areas previously studied by Talring and others in the
1950s and l-960s. The work described here was carried out
during l-989-91.

Materials and methods

Study areas

Lake victoria (69000 km2, mean depth 40 m; maximum 90 m;

Beadre 1981) has an extensive open water region that,
experiences seasonar stratification and sharlow, protected
regions which nix daily (Tarting, L963). The phytoprankton

measurements hrere done in the northern, ugandan portion of
Lake victoria due to the availability of historical
rimnological data for pirkington bay and a 65 rn depth offshore
station (Bugaia) near Talling's (1965) offshore station.

Sample collection, treatment and analvsis
The methods of Talling (i-965) were used to estimate

integral hourly and dairy phytoplankton production and the
maximum specific productivity per unit of chrorophyrl-a at
optirnal irradiance for photosynthesis (p,o*) .

Light. attenuation, secchi transparency and temperature
profiles were measured directry at sampring st,ations using Li
cor l-000 quantum sensor'and meter, resistance thermometer
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and/or Hydrolab and Secchi d.isc. Und.erwater irradiance hras

used to carculate the total verticar right, extinction
coefficient (k) (Hutchinson 1957) and mean water corumn light
intensity for 24 hours (Íu ) (Hecky and Guirdford l_984). The

f, was calculated using simulat.ed cloud.less solar irradiance
based on grobal- models (Fee i-990) " The light. intensity which
measures the onset of right saturation of photosynthesis (rt)
was calculated using a computer progranme (Fee l-990). The

ratio of the grobal-radiation integrated over the whole day to
the sum of the radiation during the incubation period was used

to estimate daily gross production as detailed in Talting
(r.e65).

Phytoprankton chlorophylr was determined by fittrat,ion of
l-00m1s of sample on to a eF/c firter. The filter was immersed

in 10 mrs of 95å methanol for approximately 20 hours at 4oc in
the dark, and the extract anarysed on a Turner fruorometer
(Stainton et aI. L977).

Results and Discussion

Comparison of inshore and offshore stations
Seasonality in phytoplankton productivity and biomass rrras

werl defined offshore (Fig. 1-4a) . The biomass maxima and

especially the July-Àugust minima, rüere synchronous in
offshore and inshore waters, but the yearry average

chlorophyJ-I-a concentrations hrere about twice as high inshore
than offshore (Tabre 4). variance analysis of p** indicated.
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Table 4. The present (l_989-91_) and past (1960-61)

phot,osynthetic characteristics of Lake Victoria. Chl,

chlorophyll-a (ng.m-t) i pmaxr maxj-mum productivity per unit
chlorophyll at optirnal irradiance (ng oz.mg chl-l.h-t); IpD,

daity integral production per unit area (g oz.r-r.a-,); zev,

euphotic depth (n); k, verticar light extinction coefficient
(ln.nl); SD, Secchi depth (m).

Present Past

Low mean High n Low mean High n

Offshore (Bugaia)

Chl-a 8.4 24.5 40.0 15 L.2 5.s L4

P."* lL.z 19.0 28.0 15 19.0 25.O 31.0 L4

ïPD 8.2 13.0 20.4 15 4.9 7.4 LL.A 14

Zeu 7.8 13.5 29.2 4 l-5.0 2O.O 1,4

k o.2 0.5 0.6 4 0.2 0.3 4

sD 1,.3 2.O 3.0 l_5 6.4 8.4

fnshore (Pilkington bay)

chl 22.2 46.7 67.t t_s l_0.0 1,2.5 l-5.0 2

P.", 10.5 L7 .L 2g .5 15

rPD 8.9 22.3 36.2 L4 LO.2 10. 6 11. O 2
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no significant statistical difference between inshore and

offshore regions (p:0.09). This courd be due to similarity in
phytoprankton species composition (H. Kling and R. Mugidde,

unpublished). The trends in p-,* were not associated with the
trends in chlorophyll-a concentrations offshore. Modern

phytoplankton photosynthesis v/as higher than in the l_960s

(Table 5) and underwent great seasonarity offshore (Fig. 14b).
some of the variations in photosynthesis per unit vorume at
optinar light (P"eti the notation of Fee L99o) offshore can be

exprained by variations of chlorophyrr-a 1R2: 0.51), but there
r,üas poor correlation (R2<0.2) at the inshore stations (not
significant at p<0.05). Regression analysis of integral
productivity per unit area per hour and chlorophylr-a per unit
vorume yierded poor correlations ¡*<o.z¡ not significant).
Estimates of integrar photosynthesis per unit area regressed
as a function of the ratio P',r/k yielded a positive correlation
(Rz= 0.45) that was significant. Gross production v/as about

622 higher inshore than offshore (Table 5) despite the
sharrower euphotic zone (about harf as deep as offshore).

rnshore and offshore phytoprankton communities had

similar rk values (Tab1e s). The rk values for the
phytoplankton of Lake victoria were consistentry higher than
the correspondÍng fu, thus the ratio rro/T, was always berow 1,

suggest,ing light availabirity may timit on photosynthesis in
Lake Victoria.
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Table 5. Summary of the light. and photosynthetic
characteristics of Lake Victoria during l-989-9i-.
SD, Secchi depth (m); k, Iight extinction coefficient
(ln.nt) ¡ Zeu, euphotic depth (m); Poe,/k, the ratio
of optiural photosynthesis per unit volume (P.p,)

to k; Ir, irradiance at the onset of light saturated
photosynthesis (mEin.m-2.min-l¡ ; Iro, mean light
intensity in the water column integrated over 24 hours
(nEin.m2.minl¡; Tu/Tt, the ratio of I, to In.

max

mean

min
n

Pilkington
max

mean

min
n

3. O 0.6 29.2
2.O 0.4 13.5
1.3 0.1_ 7.8
1544

bay (inshore)
L.7 l_.3 6.7
L.2 1.0 5.0
0.8 0.8 3.7
15 l_1 r_1

1-4.4 3.8
9 .6 2.8
7.7 2.O

i_i- 1-l_

L468.8 13.1 2.L O.2

889. 1 10.8 1.8 0.2
511.8 9 .4 1. 3 0. t_

4444

1102.0
740.O

450.5
t_5

o.4
0.3
0. t_

LL

Zeu P-r/R

Bugaia (offshore)
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Present and Past.

Fig. l|b depicts the seasonal fluctuations of
phytoprankton production per day based on the present, and past

observations. seasonality in the phytoplankton product,ion and

biomass at the offshore station is similar to that described

by Talring 30 years ago" The most striking feature of the
comparison between the present and past is the higher biomass

both inshore and offshore than 30 years ago. chrorophylr-a
increased from L.2-S.S mg.m-3 to a range of g.3g-40 mg.m-3

offshore and from lo-1s to 22.2-67.1- mg.m-3 in pirkington bay

(Table 5). These higher biomasses have caused the euphotic to
move upwards, and photosynthesis is now confined to shallovrer

depths than in the t-960s. This has been accompanied by

reduced secchi transparency of the lake: from values of 7-g m

(Worthington, L93O) to L.5-3 m offshore. Sinilarly, light
attenuation is more rapid as depicted by the increased k
values (Tab1e 5).

Dairy integrar productivity per unit, area at the offshore
station increased from an average of 7.O g Or.ffr.d-l to 13.9 g
oz.m-2.d-l offshore. rnshore (pilkington Bay) it increased from

an average of 10-11 g oz.m-2.d-l Eo 22.2 g oz.m-2.d.-1. However, the
maximum specific productivity per unit chlorophyll-a (p-*)

decreased from a mean of zS to 19 mg Oz.m.¡.h-l (Tab1e 5).
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Discussion

The present measurements of phytoprankton photosynthesis in
Lake victoria suggest that higher productivity is naintained
throughout the year than that reported by Talring (1965).

Phytoplankton photosynthesis has not increased in proportion
to chlorophyll-a concentrations. This may be due to the
negative effect of higher chrorophyll concentrations on the
underwater light observed in this study. The maximum

population density observed in the euphotic zone (37o rng chl.
m-') exceeds Talrj-ng's pred.icted maximum (J-85 mg chl.m-2. The

ratio P',r/k ratio is now t-960, which exceed the maximum

theoretical varue of 1,250 (Tarring Lg6s), also indicating
right limitation. Light linitation of photosynthesis in Lake

victoria is further indicated by values of fzq/Ty (below 1.0)

(Hecky and Guildford, L9B4¡ Guildford et ar. LggT). The

maximum rates of photosynthesis at right saturation per unit
chlorophyll-a (P.,*) are about 222 rower than 30 years agor

indicative of a less efficient photosynthetic systern. Further
increases in integral photosynthesis are unl_ikely because of
self shading effects.
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GENERAL DTSCUSSION

The recent significant increases in phytoprankton

productivity and biomass in Lake victoria rikely involve the
role of one or more critical nutrients, either by altered
input or altered circulation and /or reduction in herbivory.
Lake victoria is clearly more eutrophic than it was 30 years

ago (ochumba and Kibaara 1989; Hecky and Bugenyi Lggz; Hecky

et.al- 1993; Hecky L993; Mugidde 1993). Two theories are
available to exprain the increase in phytoprankton
productivity and biomass.

rrBottorn uprr theories ernphasize the importance of nutrient
loading or physicar effects upon species cornposit,ibn, biomass

and production. rn contrast ,ttop d.ownlr theories emphasize the
role of the top predator and serective grazing controlling
these variables (shapiro, 1980; carpenter et ar. 1987).

There is a great dear of evidence rinking phytoprankton
productivity, biomass, and species composition to changed

nutrient loading (scherske L97s; schind.Ler L977, t97B; Kirhan
et ar. 1-986; Hecky and Kilharn 1-988). Nutrients, especially p

and N, enter the mixed layer of the lake from precipitation,
runoff from the catchment area, and. from internal recycling.
Nutrient inputs to victoria through precipitation and runoff
have undoubtedly increased because of d.iverse naturar and

anthropogenic act,ivities in the catchment area of Lake

victoria (Hecky and Bugenyi Lgg2; Hecky 1993; Bootsma and

Hecky, submitted). The effect of these nutrients shoul-d be
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more dramatic inshore where dilution by offshore waters is
poorest. However, profound increases in phytobiomass and

productivity have occurred lake-wide, suggesting that
increased nutrients are widespread.

Most of the water input (gOå) of Lake Victoria comes

from direct rainfall (Hecky and Bugenyi Lgg2) which sugg.est,s

that atmospheric sources of nutrients are important.

Phosphorus, nitrogen and surphur input into the rake through

precipitation may have increased (Hecky and Bugenyi ],992¡

Bootsma and Hecky, submj-tted). rt has also been suggested

that acidity of the rain in Africa caused by s and N compounds

has increased because of the increased frequency savanna and

woodrand. burning (simons l-989). phosphorus has been observed

to exceed argal demand Ín some tropicat rakes (Talring and

Tarling L965; Melack et aI. L9B2), but t,otar phosphorus

concentrations have not changed significantry since the l_960s

in Lake Victoria (Talling 1,966; Hecky and Bugenyi l-gg}),

suggesting that P may not be the nutrient, directty responsibre

for the increases in phytobiomass and productivity. Nitrogen

is known to linit algar production in many tropicar lakes
(Melack et aI. L982; Hecky and. Kling L9B7). Talling and

Talring (l-965) and Talling (L966) suggested nitrogen
limitation in Lake victoria. past evidence of N deficiency
vras from algar bio-assays of phytoplankton samples from Lake

Victoria (Evans l-961). The concentration of dissorved
inorganic fixed nitrogen in Lake victoria is stitr very low
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(Hecky and Bugenyi ]-992) and can lirnit phytoprankton growth

(Lehman and Branstrator L993) of some phytoprankton species
which cannot fix nitrog'en. Any increase in the direct input
of N or N-fixation rnay therefore stirnulate algal growth and

hence increase productivity and biomass as seen in Lake

victoria. Heterocystous nitrogen fixing cyanobacteria nov/

dominate the phytoplankton of Lake victoria throughout the
year and nitroqen fixation may dominate N input to the lake.

The alternative theory that has been advanced to exprain
increases in algar biomass and productivity in Lake victoria
is based on the chang'es in fish fauna. According to this
theory, the abundance of a piscivore, Nile perch (ogutu-ohwayo

1990 a, b), and the disappearance of many of the native fish
species, especially the haprochromines (witte et aI. L9g2,),

reduced herbivory, resurting in increases of algar biomass and

productivity. It has been shown elsewhere that alteration in
the food-web structure is associated with changes in the
abundance and composition of herbivore populations, and argal
responses (shapiro j-980; carpenter et ar. L9B5 | L9B7). For

example, in Lake Michigan a trophic cascad.e resurt,ing in water
clearity was proposed (scavia et ar. L9B6). Turner (i_982)

showed that as zooplanktivore abundance increased, herbivorous
zooprankton were reduced, phytoprankton increased and water
crarity decreased. rt is therefore possible that the
increases in phytoptankton productivity and biomass refl-ect
consequences of the íntroduction of the Nil_e perch Ínto Lake
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Victoria.

studies of the variabitity and magnitude of phytoplankton
phot.osynthesis and biomass have been investi-gated in other
tropical African rakes (Tal1ing Lg65; Burgis et al. Lg73i

Melack and Kilham 1974; Melack L979a, b¡ Hecky and Fee 1981).

Moderate to high phytoplankton productivity and biomass have

been measured in Lakes George, Edward, and. occasionarry Arbert
and inshore victoria (production ín the range 10-16 g oz.m-r.d-t,

Talring 1965). chrorophyrl concentrations in Lake George

(uganda) ranged from l-50-350 mg.m3 (Burgis et ar . 1_973) while
Lake Aranguadi, in Ethiopia had even higher revers (gL7-zL7o

mg.m-3' Talling et,.al Lg73). The trophic efficiency and water
quality of the East African great Lakes are in part a product
of the distinctive fish faunas (Hecky l-9gl_) .

The lower phytoplankton productivity in Lake Arbert,
where diversity and endemism of the fish species is stirl
preserved, suggest that the increases in prinary productivity
and biomass observed in Lake victoria are not happening in all
rakes of this region. Moreover, the relativery rower
productivity in shall-ow Lake Kyoga compared to stations of
simj-lar depth in Lake victoria suggests that the changes in
Lake victoria are not soleJ-y a resurt of alterations in the
food-web structure. The Lake Kyoga fish community underwent

a símplification similar to that of Lake Victoria, with the
Nile perch, Nile Tilapia and Rastrineobola arsentea nov,

dorninant in Kyoga (vüandera l-988; ogutu-ohwayo 1990a, b), yet
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the productivity of Kyoga is 50å ress than inshore areas of
victoria. These differences strongly suggest that al-tered
nutrient, inputs in Lake victoria, which remain to be

quantitativery determined are the primary cause of its more

eutrophic state compared to the l-960s and to lake Kyoga.

Based on the Tz¿/Ív ratio, phytoplankton photosynthesis

in rakes victoria, Arbert and frequentry Kyoga are light
limited to varying degrees. rt seems possible that the
phytoptankton community in Lake Albert has rinited abirity to
respond to nutrient, enrichment because of extreme liqht
limitation. on the other hand phytoplankton production would

likely increase in Lake Kyoga if more nutrients were input
into it because it is less light rimited. Lake victoria's
light, environment has changed dramaticalry from what it was in
the L96os and it exhibits many symptoms of extreme

eutrophicat j-on. ft is probable that phytoplankton
photosynthesis in Lake victoria is now light rirnited much of
the time due to seÌf-shading, therefore, it is unlikery that
substantially higher integrar production can be achieved.
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CONCLUSIONS

Lake victoria exhibits 2x higher phytoprankton
photosynthesis and chlorophylr concentrations about 3-5x
higher than the mean values of the l-960s. photosynthesis has

not increased proportionally to chlorophyrr. These lower
specific productivity rates per unit chrorophyll-a (p-*)
suggest a general decrease in phytoplankton growth rates since
the 1960s. The high mean phytobiomass and more frequent algar
bloorns in Lake victoria result in greater light absorption in
the water column, and photosynthesis has becorne right limited,
especially in the of f shore waters. photosynthesis is nor¡r

operating near the theoreticar maximum much of the year and

further increases in integrar production are not rikely
because of self shading effects.

The increases in productivity and biornass have been

accompanied by quaritative changes in phytoplankton
cornposition, with greater representation of brue-greens
especially the fil-amentous nitrogen fixing cylindrospermopsis
(H- Kring and R. Mugidde, unpublished). changes in diatom
dominance from Melosira to Nitzschia have coincid.ed with
increased depretion of soluble-reactive siricon, which is
about r-0 fold lower than recorded in the r-96ors (Hecky and

Mungoma 1990; Hecky and eugenyi tggz; Hecky 1993). The

decrease in the rake's transparency because of higher
chlorophyll concentrations has resulted in a sharrower
euphotic depth which causes ross of the photosynthetic zone.
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Higher biomass accompanied by the more frequent algar blooms,

can result in hiqh oxygen demand during decomposition which

can result in fish kilrs (ochumba and Kibaara 1989) and

increasing deoxygenation of the hypolirnnion (Hecky et ar. in
review). overall there has been a reduction in the volume of
the oxygenated habitabre waters. These changes are cause for
concern as the remaining fish fauna is threatened. by habitat
degradation from eutrophicatÍon, putting in doubt, the
sustainability of the present, high fish catches (ogutu-ohwayo

1990). The possibte contributing factors to the dramatic
changes in the Lake victoria ecosystem in the 1990s are the
rarge and increasing human population and rand use activity in
the catchment area (Bootsma and Hecky, in review), and fish
introductions in the late r-950 and earry L96os, with
subsequent reduction in faunar diversity. Arthough the causes

of eutrophication are yet to be determined fulry, the fact of
higher primary production and phytobiomass are definitively
established by this study.
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Appendix 1. The in situ phytoplankton parameters
of Lake Victoria during 1989-91. Chl, chlorophyll-a
(ng.nt)i DPnxr maximum productivity rate per unit volume
(ng oz.m-2.h-l) i pr"*, naximum productivity rate per unit
chlorophylJ-(rng oz.mg ch1-r.h-t); np,"*/k, the ratio Dp_"*

to k, the vertical light extinction coefficient(ln.m-t);
IPH, hourly integral productivity per unit area (g Oz.m-t.h-t)

d/f, day hour factor (h) ; fpD, the daily rate of integral

STA Date Chl np,n* p** npo,,"*/k TpH d/f IpD
BUG 15-Mar-9O 39.5

2O-Ju1-9O 1,5.7

O1-Aug-90 12.3
24-Aug-90
25-Sep-90
30-Oct,-90
27-Nov-90
18-Dec-9O

29-Jan-91
26-Feb-91
23-Apr-91-
29-May-gL

25-Jun-91
3O-Jul-91

mean

l_8.5 325

39.1 505

34.4 460

39.8 600

23.4 550

2L.4 365

L4 .4 r_80

28.3 3L7 .3
22.9 535

8.4 235

25.8 653.2

27 .3

L7 .6
L2.9
L3 .4
15. L

23.5
1_5. 6

t2 .5
LL.2 511_. I
23.4 922.4
28. O l_468.8

L2.5 20.2
8.8 L7 .t
9 8.3
9 L4.9

8.5 L2.2
9.3 13.9
9 .9 20.4
8.8 LO.2

9.4
8.5 1_1.1

9 .4 10.4
9 .6 1-3 .4

9 8.2

9 .4 26.5
9.6 3L.4
9 13.0
9 28.7
9 26.L

24 401 889

566.7
1088.7
560. O

806.5
952.4

405

335

1_. 6

t-.9
0.9
L.7
L.4
1.5
2.r
L.2

L.3
l_. 1

L.4
0.9

l-

2.8
3.3
L.4
3.2
2.9

T9 1_3

PLK 10-May-89 52.4
O1-Jun-89 67.I
19-JuI-89 49.5
22-ArÌg-89 52.8
22-Sep-89 42.2

540 10.3
9L4.5 L3. 6

644 13. O

650 L2.3
1200 28.5

productivit or. m-2. d-l¡
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Àppendix 1. (continued)
STA Date Chl- DP,* P.* npo,",/k IpH d/ f IpH

BIry

02-Nov-89 58 . 1- ]-250 21".5 1,024 .6 3 . O 9 .3 ZB . O

23-Nov-89 57 .4 564 9.8 4L4 .Z 3 .9 9. 3 36.2
17-Jan-90 2.2 g. B 19.1
22-lifar-90 47.O 668.3 L4.2 7Ls.6 2.L 9.1 19.5
24-lt'l,ay-90 43 . L 87 5 20 .3 7 LL . 4

13-Ju1-90 48. O 1080 22.S LLO2.O 2.2 g Lg.7
13-May-91 38.5 5OO 13 . o 4S0.5 0.9 g .4 g.7
2L-Jun-91 44.3 73O 1-6.5 776.6 3.0 9.6 28.3
16-Ju1-91 48.0 630 13.i_ 670.2 l_.6 9 L4.6
3O-Ju1-91- 22.2 600 27.O 7os-9
22-Aug-91, 30.3 635 zL.O 6l_6.5 L.4 9 L2.3

mean 47 765 L7 744 Z g 22

O3-Mar-89 32.4 282 8.7 O I.62 9 . L 1,4 .7
26-Apr-89 39.0 500 1-2.8 505 i_.6 8.5 l_3.3
O9-Jun-89 43.0 73O L7.O 2.4 9.6 Z2.B
22-Jun-89 32.O 615 L9.Z 809 2.O 9.6 19.3
09-Aug-89 39.7 630 i.5.9 630 2.4 9.0 Zt.6
22-Sep-89 46.5 1135 24.4 14SS 4.7 9. o 42.6
14-Nov-89 46.O 1400 30.4 1505 3.7 9.3 34.5
07-Feb-90 41.5 l-055 25.4 L3O2 3 . O g .4 29. O

O9-Mar-90 39.4 950 24.L LO92 2.2 9.L 19.6
13-iIuI-90 31.9 2 ..O 9. O LB.z
23-JuI-90 44.9 485 l_O.B I.6 9.0 l_4.1
3O-Aug-90 47.1- 52O l_1.0 2.2 9.0 L9.7
20-Feb-91 51,. 0 78L l_5. 3 t_.9 g .4 L6.7
07-Jun-91 36.3 630 i,7.4 685 r.6 9.0 :-4.5
12-Ju1-91 29.8 630 2J..t 643 l_.3 g.O 11.9
02-Aug-91 26.2 720 27.5 923

22-Aug-91 24.3 L.34 g L2.O

mean 38 738 19 95S 2 9 20
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Appendix 1-. (continued)

DP.* IPH d/ f rPD

NAP 25-Sep-89 53.4 720 13.5
28-Oct-89 52.2 7 OO 1-3 .4
O2 -Feb-9 0 67 .9 7 1,o 10 . 5

O9-Feb-90 36.8 l_055 29.7
07-Mar-90 54 .2 11,92 22 " O

O2-May-90 4L.4 592.5 L4.3
O4-Jun-90 33.3 820 24.6
29-Jun-90 45.5 83O Lg.z
11-oct-90 5L.4 77O 15. O

O9-May-91 36.3 510 L4.o
28-May-91 38.5 465 LZ.L
14-Jun-91 33.5 745 22.2
19-Jun-91 51.5 1050 20.4
26-Jun-91 42.9 91_5 2J..3

O4-Ju1-91 32.7 82O 2s.a
l-1--JuI-91 29.2 590 20.2
3O-JuI-91 23.9 600 ZS.L

28-Aug-9L 22.L 455 20.6

mean 752

720.O

72r.6
542.O

r-034.3

l_045.6

73L.5
854.2
864 .6

629 .6
447.t
856.3
i-250. 0

91_5.0

9l_l_. 1_

702.4
7 40.7
583.3

797

3.0
2.9
2.9
2.7
r-. 9

1.6
2.O

1.9
2.6
1.3
L.2
1_. 9

2.O

t-. 6

1-. I
L.2
t_.9

0.9

2

9.O 26.8
8.5 24.6
9.4 26.9
9.4 25.8
9.1- 1_7 .5
9.4 15.0
9 .6 19.3
9.6 18.s
8.5 22.1,

9 .4 11.8
9.4 l_1.5

9.6 18.6
9 .6 1,9 .7
9 .6 1_5. 6

9. O l-5.9
9.0 1_1.0

9.O 16.8
9. O 8.2

L94L l_8
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Appendix 2. The light and photosynthetic data of
Lake Victoria during l_999-91 . eB, the slope of the
irradiance curve per unit chrorophyll(mg oz.m9 chl-l.mEin-r
.rn4); PBM, the rate of photosynthesis per unit chlorophyrl
at optirnal pAR(mg oz.mg ch1-r.m-2.ht); f*, irradiance at
the onset of light saturated photosynthesis(mEin.m-2.min-r

i Íu, mean light, intensity in the water column integrated.
over 24 hours(mEin.m2.min-l¡ ; /lL the ratio Tro to Ik.

BUG

PLK

13 .5
20.4
49.7

32

26.9
23.2
3t-.0
22 .8
45.7
25 .5

l_0. 6

L2.4
31. 3

20

L5.7
l-3.1
1,4.4

19.7
32 .8
]-9.9

l-5-Dec-89
l-5-Mar-90
04-JuI-90
20-JuI-90
0l-Aug-90
24-Aug-90
3O-Oct-91
27-Nov-91
L8-Dec-91
29-Jan-9L
2 6-Feb-9 1

23-Apr-91
29-May-9L

25-Jun-91
3 0-Jul-9L

mean

10-May-89

01-Jun-89
19-Ju1-89
22-Aug-89
22-Sep-89
02-Nov-89

44.O 24 .8 9.4

L3. 0

LO.2

Lo. 5

11

9.7
9.4
7.7

L4.4
L2. O

L3. o

1.8

2.L
t_.3

2.L
2

2.O

3.6
2.7
3.8
2.8
2.6

o.20

0.16
o.L2
0.20
o.2

o.2L
0. 38

0.34
o.26
o.24
o.20
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(continued

BUV

25.7
42.9
25.2

25.2
24.7
26.1,

49 .6
38.1

31

24.4
22.5
1,7.8

36.1
23.8
3L.6
45.3

32.3

l_8.9

18.8
32.4

39.8
29

L2.6
20.7
13.8

L3.8
L4.3
13. 1_

24 .8
l_8 . l_

l_8

1_5. 6

72. O

1,6 .7
16. 1-

1-4.9

2L.7
24 .5
22.O

10. 3

16. I
2L. O

26.7
1_8

8.2
8.0
9.1

9.1
9.7
8.4
8.3
8.1

10

LO.7

8.9
L5.7
7.4

1-0.4

r_1. 5

9.0
L1,.4

9.L
L4.9
i-0. I

LL.2
11

3.2
2.3
2.4

2.8
3.1
2.8
2.9
2.5

3

2.7

2.4
l_. 9

1.6
2.4
1.8
2.3
1.8
2.2
2.L
l_. I

2.5
2

0. 39

o.28
o.27

0.30
o.32
0.33
0. 35

0.31

0.3

0.25

0. r-5

o.25
0. 15

o.2L
o.20
0.20

o.24
o.L4
o.L7

o .22

o.2

23-Nov-89
l-7-Jan-90
O7-Feb-90

22-NIar-9O

24-May-90

13-Jul-90
21--Sep-90

13-May-91

2l--Jun-91
16-Ju1-91
31-Ju1-91
22-Aug-91-

mean

03-Mar-89
26-Apr-89
09-Jun-89
22-Jun-89
09-Aug-89

22-Sep-89
14-Nov-89

09-Mar-90
l-3-Ju1-90
23-JuI-90
O7-Jun-91-

12-Jul-91
02-Aug-91
22-Aug-9L

mean
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Appendix 2. (cont,inued)

NAP 27 .8
20.7
3r_.3

40.6

22.O

l_5. 3

23.8
2]-.3

24.7
27.2
29.8
44 .6
L9 .6
28. 0

36.3
28 .5
33.8

28

13. 0

L2.8
L8.2
26.4
1_8. 1

12.3
18.5
t7.o

L2.7
LL.7
2L.8
24.5
L6.2
19.5
L9.2
23.L
23 .8

18

7.8
10. 3

9.8
10.8
t3.7
r_3 .5
13.0
13. 3

8.6
7.2

L2.2
9.2

l-3.8
l-1. 6

8.8
1_3. s

LL.7

1l_

25-Sep-89
28-Oct-89
O2-Feb-9O

09-Feb-90
O7-Mar-90

02-May-90

04-Jun-90
29-Jun-90
l-1-Oct-90
09-May-91_

28-May-91

1-4-Jun-91
19-Jun-91
26-Jun-91_

04-Ju1-91-

l-1-Ju1-91
3 1-JuI-9 1

28-Aug-91-

mean

2.9
4.7
2.9
3.8
2.L
2.5
2.4
2.3

2.L
2.O

2.2
1.5
l_. 9

2.4
L.9
1.9
2.9

2

o.37
o .46
o.29
0.35
0. r.5

0. l-8

0. 18

o.t7

o.25
0.28
0. 18

0. L6

0. 14

o.20
o.22
0. i.4

o.25

o.2
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Appendix 3. The sD, secchi d.epths (n); k, verticar light
extinction coefficient (1n.rn-1) ¡ zeu, euphotic depth (rn);
and Pont, photosynthesis per unit vorume at optimal (pAR).

photosynthetically active radiatíon (mg oz.m-3.h-r) of Lake
Victoria during 1989-91.
Station Date

15-Dec-89
15-Mar-90
O4-Jul-90
2 0-JuI-90
o1-Aug-90
24-Aug-90
3 O-Oct-9l_

27-Nov-9L
18-Dec-91
29-Jan-9L
26-Feb-91_

23-Apr-91-

29-May-91-

25-Jun-91_

30-Jul-91
mean

1o-May-89

01-Jun-89
19-JuI-89
22-Aug-99
22-Sep-89
02-Nov-89

23-Nov-89
l-7-Jan-9 0

O7-Feb-90

SD

PLK

L.7
2.2
l_. 9

1.9
2.5
2.3
1.3
7.4
1, .9
2.O

1.8
2.O

1.7
2.O

3.0
2

1.3
1. l_

L.1
1.3
0.9
1.0
0.9
0.8
1.0

0.5

0.6
0.6
o.2
0.5
1.0
0.8
L.2
0.8
1.3
L.2

8.6

7.8
8.3

29.2
1_3

5.2
6.7
4.4
6.6
3.7
4.0

389

300

294

200

296

457

846

332

527

697

694
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(continued)ndix
Station Date SD P

BUV

22-Mar-9O

24-May-90

13-JuI-90
2 L-Sep-g0
13-May-91

2l--Jun-9L
16-JuI-91-
31-JuI-91-
22-Aug-9L

mean

O3-Mar-89

2 6-Apr-89
09-Jun-89
22-Jun-89
09-Aug-89

22-Sep-89
14-Nov-89

09-Mar-g0
13-Jul-90
23-Jul-90
07-Jun-91
l-2-Jul-91
02-Aug-91
22-Aug-9L

mean

25-Sep-89
28-Oct-89

1.3
1.0
l_. 1

L.7
1,.4

L.2
L.4
L.4
7.4

l_

2.O

1.6
L.5
L.6
1.6
L.7
1.6
l_. 5

l_.3

1_. 3

1.5
l-. 5

1.9
2.O

2

1.3
]--2

0.9
L..2

1.0

1.1
0.9
0.9
0.9
l-. 0

1

5.4
4 .1-

4.7

4.6
5.4
5.5
5.7
4.6

5

603

987

990

529

638

629

549

559

646

507

469

720

5L4

590

101-0

LLz6

869

46L

6l-0

546

43L

654

692

666

o.7

0.8
1,. O

0.8
0.9
0.9
0.9

0.9
1.0
o.7
o.7

l_

1.0
1.0

6.2

6.3
4.7
7.3
5.2
5.6
5.5

5.5
4.9
6.2
6.7

6

5.1
6.2

NAP
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Appendix 3. (continued)
Station Date SD Zeu P

02-Feb-90
09-Feb-90
O7-Mar-90

O2-May-90

04-Jun-90
29-Jun-90
11-Oct-90
09-May-9J-

28-May-91_

L4-Jun-91-
1-9-Jun-91

2 6-Jun-9 1

O4-JuI-91
1l--Jul-91
3l--Jul-91
28-Aug-91

mean

1_. 0

L.2
L.2
L. l_

L.4
L.4
0.9
L.2
L.4
L.4
1.3
1.2
t_.5

L.5
1.3
L.4

l_

1.3
l_.0

L.1-

0.8
1.0
l_. 0

0.8
1.0
0.9
0.8
1.0
0.9
0.8
0.8
0.8

L

4.L
5.3
4.3
5.8
4.6
5.2

5.6
4.8
5.4
4.7
5.6
5.4
5.5
5.8
6.1

5

688

970

900

510

383

822

490

452

6L8

897

696

70L

46L

552

439

643
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Appendix 4. The int,egrar product,ion and photosynthetic
data of Lake Kyoga during l_989-91. ChI, chlorophyll-a
(mg.rn") i DP-"xr maximum productivity per unit volume
(rng oz.m-'.ht) i pnaxr maximum productivity per unit
chlorophyll (¡ng Oz. Or.h-t) r- np_o/k the ratio np-o* to k,
right extinction coefficient. (ln.rn-l); rpH, hourly integraÌ
productivity per unit metre area (g oz.rn-2.h-r) i d/f, day
day hour factor (h); rpD, dairy integral per unit area
(g oz.m-2.d")

STA

Bba 1-4-Apr-89

0B-Dec-89

29-Jun-91
11-Aug-91-

mean

31. 0

52.0
29.5
28.2
35

MTA L3-Apr-89 2g.s
08-Dec-89 43.s
13-Feb-90 42.1
30-Ju1-9O 32.9
L2-Nov-9O 48.4
19-Apr-91- 51.3
01-Jun-91 39.6
01-JuI-9L 53. B

12-Aug-9i- 46.9
mean 43

MTB L3-Apr-89
13-Feb-90
1-9-Apr-9L

01-Jun-91 32.2
01-JuI-91 57.3

720

746

405

677

637

386

650

900

800

550

657

23.2
L4.3
L3.7
24.O

l_9

13 .5

15.5

l_8.6

15.6

LO.2

15

809

228

296

5L7

462

382

0

546

1_.8 8.5 L5.2
4.4 9.9 t4.L
0.9 9 .6 8.2
r_. 3 9 11.9
L91-2

o.7 8.5 5.8
9.9

L.7 9.4 15.8
9

1.5 9.3 L3.7
1_.0 8.5 8.9

9.6
l_.0 9 9.2

9

l_ 9 1_1

8.5
0.9 9.4 8.6
1.0 8.5 8.9

309

L220 2L.3 758 l-.3 9 L2.1
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Appendix 4. (continued
STA

Mus

1-2-Aug-91

mean 45

01-Apr-89 2L.3
07-Dec-89 5l-.5
30-JuI-90 42.a
1O-Nov-90 37.1
19-Apr-91 51.3
31--May-91 30.5
30-Jun-91- 27.O

10-Aug-91- 31-.7

mean 34

Kiw 12-Apr-89 48.z
07-Dec-89 40.L
30-JuI-90 42.L
10-Nov-90 37.L
01_-Jun-91 32.O

30-Jun-91 26.O

12-Aug-91 2L.7

mean

Kaw l-1-Nov-90 45.8
2O-Apr-91
31-May-91 37.2
11-Aug-91 53.9

L220

200

585

590

605

620

620

s83

543

808

909

600

5l_9

2L

9.4

l_3.9

15. 9

11. I
20.3
23.O

18.4

L6

16.8
22 -7

758

290

279

339

353

3 l_5

646

659

167

49L

1_

7.9

199
0.8 8.5 7.O

. 9.9
0.6 9 5.s
0.8 9.3 7.6
1. O 9.3 9.7
0.9 9.4 8.4
1.0 9.6 9.6
0.9 9 7.7

L.4 8.5 1_2.3

L.2 9.9 i.l-.8
9

9.3
9.6

0.8 9 .6 8.2
9

1_.5 9. 3 l_3 . 6

0.9 8.5 7.9
L.4 9.4 13.0
1-.8 9 L6. 0

35 709

915

690

850

1-010

866

18.8
20.o

20

20. o

22.9
25.3

23

697

962

429

1i-

46mean L.4 t-0
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Appendix 5. The liqht and photosynthetic data of
of Lake Kyoga during l_989-91 . eB, slope of the
irradiance curve per unit chlorophyll (mg Oz

.mg chl-l.mEin-l.rn¿); pBr,r, the rate of
photosynthesís per unit chlorophyll at optimal
PAR (mg oz.mg ch1-I.h-l) ì I,,¡ the irradiance
at the onset of 1ight saturated. photosynthesis
(nEin.m-2.min-r¡; Í^, mean light int,ensity in
the water column integrated over 24 hours (mEin.
(mEinr.m-2.mín-t') ì Iro/I*, the ratio Tz+ to Io.

Bba l-4-Apr-8 9 22 .7 l_3 . O

08-Dec-89 33.2 L4.L
29-Jun-91 26.2 ]-Z.4
J-J--Aug-91 39 .4 23 .5

mean 30 16

LL.7

L4.9

29 .4
23.3
28.9

27

L6.9
t2.3
19. s

15

MTA J.3-Àpr-89
08-Dec-89
13-Feb-90
30-Jul-90
1-2-Nov-90

1_9-Apr-91_

O1-Jun-91

Ol--Ju1-91_

12-Aug-91

mean

25.9

26.3

9.5 Ll_.2

7 .L 8.8
7.9 7.5

l_0. o 8. 3

99

7.5

9.4

1-. l_8

1.23
0. 95

0.83
1.0

11-. I L. 58

5.0
LO.2 0.92

5.6 0.58
5.8 0.66
4. 8 0.42
7 0.83

9.6
8.8
11. 3

9

MTB 13-Apr-89
l_3-Feb-90

19-Ä,pr-91_

0l--Jun-g1 27 .06 L9.04 L1,.7 6.7 0.57
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Appendix 5. (continued)

Mus 01-Apr-89
07-Dec-89
3 0-JuI-90
l-O-Nov-90

19-Apr-91
31-May-91

30-Jun-91
1-O-Aug-91

mean

Kiw 12-Apr-89
07-Dec-89

30-JuI-90
l-0-Nov-90
01-Jun-91_

3O-Jun-91-

12-Aug-91

mean

Kaw 1l--Nov-90
2 0-Àpr-91
3L-May-91

11_-Aug-91

mean

O1-Ju1-91 26.83
12-Aug-91

mean 27

L7 .34 10.8 4.7 0.44
3.5
5.0 0.s0

8. 9 l-. 09

4.7 0.63
3.6 0.45
5.6 0.70

5.7 0.7L

7 .3 0.82
7.O 0.83

6.4
8. I l_. 06

2.8 0.30

6.5 0.75

7 .4 0.73
8.3 0.58
8.9 0.6s

28.9

33.8
38.8
42.7

36

25.3
27.2

38.7
39.9

33

35. O

30. 1-

33

l_8

L4.2

L5.2
18.6
20.4

L7

13.5
L3.7

L9 .4
22 .4

L7

2L.5
26.O

24

1t_

8.2

7.5
8.0
8.0

8

8.9
8.4

8.3
9.3

9

LO.2

L4.4
L2
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Appendix 6. The SD, Secchi transparency (m); k,
light extinction coefficient (ln.n-1) ¡ Zeu, euphotic
Èepth (m) of Lake Kyoga during 1989-91-.

STA Date SD Zel¿

Bba

MTA

MTB

1_. 5

0.6
0.8
1.0

1

1,.2

0.6
o.6
1.0
o.7
0.6

0.9
3.3
L.4
1.3

2

l_.0

7.4
1,.2

5.9
1.8
3.9
4.1

4

5.2
4 .1-

4.4

14-Apr-89
08-Dec-89

29-Jun-91
11-Àug-91_

mean

L3-Apr-89
08-Dec-89

L3-Feb-9o
30-Jul-90
12-Nov-90
19-Apr-91_

01-Jun-91-

01-Jul-91
12-Aug-91-

mean

L3-Apr-89
l-3-Feb-90
19-Apr-91
01-Jun-91
o1-Jul-91_

12-Aug-91

mean

0.6

0.8

o.7
0.8
0.6
o.7

2.7

2

1.6

2.7

2

2.5

4

3.4

2.5

3o.7
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Appendix 6 (continued)
STA Date SD k Zelo

Mus

Kiw

Kaw

o1-Apr-89
O7-Dec-89

3O-JuI-90
10-Nov-90
L9-Apr-91-
3l--May-91

3 0-Jun-91
10-Aug-9L

mean

J-2-Apr-89
O7-Dec-89

30-Ju1-90
l-0-Nov-90
0l--Jun-91-

30-Jun-91
L2-Aug-91

mean

11-Nov-90
20-Apr-91
3l-May-91
11-Aug-91

mean

1.6
0.6
0.6
0.6
o.5

0.6
o.7

o.7

1.0
0.8
l_. 5

0.6

0.6
0.6

0.8

1.3
1.6
t.2
L.4

1.3

o.7

2.2
1.8
L.7

2

1.3
L.4

1.1
3.L
3.0

2

2.5
2.9
3.2

3

4.4
3.9

2.2

L.2
L. l_

1

4.2
4.9

5
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Appendix 7. The photosynthetic parameters and integrar
production of Lake Albert during 1989-91_. ChI,
chlorophylr-a(mg.n-t) i Dp."xr maximum productivity per unit
vorume(ng oz.m-2.h-ri P*xr maximum prod.uctivity per unit
chlorophyll(mq Oz.mg chl-r.h-t); np*/k, the ratio
nP.o to k, the verticar light, extinction coefficient
(ln.m-1); IPH, hourly integral productivity rate(g oz.m-2.

h-1) i d/ f day hour factor(h); IpD, daity integral
roduction (g Oz.rn-2. dr)

STA Date

BL

3 0-9-89
L7 -6-90
26-7 -90
L2-8-90
2L-5-91
24-7 -9L
mean

1-10-89
t7 -6-90
19-6-90
2L-6-90
27 -7 -90
11-8-90
23-5-9L
26-7 -9L
mean

02-l_o-89

03-10-89
20-5-9L
mean

20.L 480

5.4 L60

3.2 92

9.3 270

7.L 230

6.0 190

9 237

23.4 590

l-l_.8 31-O

l_5. l_ 460

5.9 ]-75

6.4 1_90

l_0.3 275

l_8.5 450

11. t- 280

1-3 341_

686

400

i_53

675

s75

475

494

775

920

350

380

687 .5
1,]-25

706

22.4 550

l_0.8 320

L7 435

24.6 9]-7

29.8 640

27 778

9 7.8
9.6 7 .5
9 2.O

9 LO.z

9.4 10.0
9 9.8
98

8.5 L4.9
9.6 13.0
9 .6 L6.7
9 .6 6.0
9 4.9
9 9.8
9 .4 L8.7
9 8.7
9L2

8.5
8.5 2t.3
9 .4 L2.9
9L7

24

29

29

29

32

3l-

29

25

26

30

30

30

27

24

25

27

0.9
0.8
o.2
l-. 1

1_. l_

l_. l_

1

1_. I
L.4
1,.7

0.6
0.5
L. l-

2.O

1.0
l-

B2

2.5
L.4
2

B3
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Appendix 7. (continued)
STA Date ChI nP nP-*/k IPH d/f IpD
Bg

Wa

L8-6-90
20-6-90
22-5-9t
25-7 -9]-

mean

20-6-90
2L-7 -91_

mean

22-7 -9L

29.O 67A

15. 6

L8.7

2L

18.3
LO.4

L4

475

675

609

52L

335

428

23

3l-

36

30

28

32

30

32

848

950

1350

LO49

744

4L9

582

22

1.8
2.1-

2

1.3
0.8

1

1

2 .L 9 .6 20.T.

10

9.6
9.4 L7.L
9.6 L9.9

9 .6 L2.2
9 7.5

l- l-

19

t_0

Pa 29.2 940
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Appendix 8. The light and photosynthetic data
of Lake A1bert during i_989-91_. eB, the slope
of the irradiance curve per unit chlorophyll
(rng oz.mg chl-1.mEin-1.rn-2); pBM, the rate of
photosynthesis per unit chlorophyll at
optirnal PAR (rng oz.mg chl-t.h-l) ì I,t, the
irradiance at the onset of light, saturated.
photosynthesis (nEin.m-2.rnin-l) ; T24, mean

Iight intensity ín the water column integrated

STA Date aB Psr.r r I^/T
Bl- 30-Sep-89

l-7-Jun-g0
26-Ju1-90
12-Aug-90
21-May-91_

24-Jul-91-
mean

16.5
26.9
26.4
25.4
35.6
28.0

26

L3.2
19. O

L4.3
1_4.5

l_6.5

L8.3
1_6

1_. 3

l_. 6

l_. 3

l_. 3

L.4
l-. 5

L.4

0.1
o. 08

0. 09

0. 09

0. 08

0. 08

0. 09

78.2 ]-3.4 7 .9 0.59
22.5 2L.4 5.9 0.28
25.3 L4.8 5.4 0.36
27 .6 l_1-. 3 4.7 0.42
23 .6 1_4.9 4 .8 0.32
25.2 ]-8.2 6.4 0. 35

2L.9 19.5 7.2 0.37
l-5.9 9 .7 5.4 0. 56

23.O L5.0 6.0 0.4

2L.7 1-5.2 LL.2 0.74

20.9
23 .6
30.7
29.3
36.0
25.6

28

B2 01-Oct-89 22.7
17-Jun-90 L7.5
19-Jun-90 28.5
21-Jun-90 40.8
27-Jul-90 26.4
11-Aug-90 23.L
23-May-91 18.8
26-Ju1-9L 27.2

mean 26.O

02-Oct-89
03-Oct-89 23.8

over 24 hours (mEin.m2.min-l) ; Íu/ly, the
ratio Tzo/Í

B3



9IA Date__-. ¡-¡ase cB pBM fu T^_
20-May-91 36.4 ,,

82
4Ppendix B. (continued)

mean 30. O 25.O

Bg 18-Jun-90
2O-Jun-90
22-lvlay-9]-

25-Jul-91_

33.8 20.g

24.9 27 .6
29.0 29.o

L4.o 10.o o.7

l_0.3 4.3 o.42

18.5 6.5 0.35
L6.7 6.1_ 0.38

mean 29 26 L5.2 5. 6 0.4

Ita

Pa

2O-Jun-g0 33.2 27.3
21-Jul_91_ 48.s 30.6

L3.7 4.3 o.3l_
1_0.5 3.g o.37

rnean 4l_.0 Zg.O J,Z.O 4.O 0.3

22-JuI-91 38.Z 29.S L2.T 2.5 O.2
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Appendix 9. The SD, Secchi transparency (n); k,
the vertical light extinction coefficj-ent
(In.ml) î ze:u, euphotic depth (m) of Lake

Albert during l-989-91.

STÀ Date SD k Zeu

B1

B2

30-Sep-89
L7-Jun-90
26-JuI-90
1-2-Aug-90

2l--May-91

24-Jul-91-

mean

O1-Oct-89
l-7-Jun-90
l-9-Jun-90
2L-Jun-90
27-JuI-90
LL-Aug-90
23-May-91-

2 6-Jul-9 1

mean

03-Oct-89
2O-May-91

mean

2.L

2.2
4.4
4.5
4.2

3

2.4

3.8

2.4
2.5
3.3
2.3

3

2.2
2.3

2.O

o.7
o.4
0.6
o.4
o.4
o.4

0.5

0.5
o.4
0.5
0.5
0.5
0.4
o.4

o.4

o.4
0.5

0.5

6.6
L2.7
7.9

1_r_. 0

13.6
1l-.5

l_ l-

l-0.8
L2.7
l_0. 5

9.9
LO.2

L2.2
L2.O

B3

11

L]-.7

9.L

r_1. 0
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STA

ndix (continued)
Date SD

Wa

Pa

l-8-Jun-90
l-8-Jun-90
20-Jun-90
22-lr'låy-9L

25-JuI-91

mean

2 0-Jun-90
2l-Jul--91

mean

22-J1rL-9L

l_. 8

2.3
3.4
2.4

2

2.3
2.3

2

0.9

0.8
o.7
0.5
0.5

L

o.7
0.8

1_

1,.4

6.2
6.6
9.4
9.3

I

6.5
6.3

6

3.6


