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Abstract: Biomass and net aboveground primary productivity of the macrophyte 
community was assessed at seven sites near the shore of Lake Ziway between August 2010 and 
July 2011 with the Weigert and Evans method. Typha latifolia (813.3 ± 27.8 g DW m-2) and 
Cyperus papyrus (795.1 ± 189 g DW m-2) were dominant in terms of biomass although their 
distribution was restricted to only a few parts of the lake. The productivity of these macrophytes 
was also found to be higher (2394 and 2196 g DW m-2 yr-1, respectively) than other macrophytes 
in the lake. Although Arundo donax and Potamogeton schweinfurthii had higher relative 
density and frequency than other macrophytes in the lake, their biomass and productivity were 
found to be low. Redundancy analysis suggested that relatively high concentration of soluble 
reactive phosphate, nitrate, total phosphorus, and total Kjeldahl nitrogen concentration in the 
sediment were correlated with high biomass and production of the macrophytes. pH was 
inversely correlated with most of the macrophytes which suggested that high pH of the lake 
may negatively influence the productivity and biomass of the macrophytes. Even though 
macrophytes seem to contribute more production (carbon) to the system than phytoplankton in 
Lake Ziway, their biomass and productivity is still low compared to other freshwater systems. 
Low nutrient levels in the lake system may be limiting the productivity and biomass of the 
macrophytes in the lake. 

 
Resumen: La biomasa y la productividad primaria aérea neta de la comunidad de 

macrófitasfueron evaluadas en siete sitios cercanos a la orilla del lago Ziway entre agosto de 
2010 y julio de 2011con el método de Weigert y Evans. Typha latifolia (813.3 ± 27.8 g PS m-2) y 
Cyperus papirus (795.1 ± 189 g PS m-2) fueron dominantes en términos de biomasa, aunque su 
distribución estuvorestringida a unas pocas partes del lago. También se encontró que la 
productividad de estas macrófitas fue mayor (2.394 y 2.196 g PS m-2 año-1, respectivamente) que 
la de otras macrófitas en el lago. A pesar de que Arundo donax y Potamogeton schweinfurthii 
tuvieronvalores mayoresde densidad y frecuencia relativas que otras macrófitas en el lago, sus 
valoresde biomasa y productividad fueron bajos. Un análisis de redundancia sugirió que las 
concentraciones relativamente altas de fosfatosolublereactivo, nitrato, fósforo total y la 
concentración total de nitrógeno Kjeldahl en el sedimento están correlacionadas con una 
biomasa yuna producción altas de las macrófitas. El pH estuvo correlacionado inversamente con 
la mayoría de las macrófitas, lo que sugiere que un pH alto del lago puede influir negativamente 
en la productividad y la biomasa de las macrófitas. A pesar de que las macrófitas parecen 
contribuir con una producción (carbono) mayor para el sistema que el fitoplancton en el lago 
Ziway, su biomasa y productividad siguen siendo bajas en comparación con otros sistemas 
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dulceacuícolas. Los niveles bajos de nutrimentos en el sistema lacustre pueden estar limitando 
la productividad y la biomasa de las macrófitas en el lago. 

 
Resumo: A biomassa acima do solo e a produtividade primária líquida da comunidade de 

macrófitas foram avaliadaspelo o método de Weigert e Evans,em sete locais perto da margem do 
Lago Ziway, entre agosto de 2010 e julho de 2011. A Typha latifolia ( 813,3 ± 27,8 g DW m-2) e 
Cyperus papyrus (795,1 ± 189 g DW m-2) foram dominantes em termos de biomassa, embora a 
sua distribuição fosse restrita a apenas algumas partes do lago. A produtividade das macrófitas 
também foi encontrada ser mais elevada ( 2394 e 2196 g DW m-2 yr-1, respectivamente) do que 
outros macrófitas no lago. Apesar da Arundo donax e Potamogeton schweinfurthii terem 
apresentadomaior densidade relativa e frequência do que outras macrófitas no lago, a sua 
biomassa e produtividade foi baixa. A análise de redundância sugeriu que a relativamente 
elevada concentração de fosfato solúvel reativo, nitrato, fósforo total, e a concentração total de 
azoto Kjeldahl no sedimento estavam correlacionados com a elevada biomassa e produçãodas 
macrófitas. O pH estava inversamente correlacionado com a maioria das macrófitas,o que 
sugerira que o alto pH do lago pode influenciar negativamente a produtividade e a biomassa das 
macrófitas. Apesar disso, as macrófitas parecem contribuir com mais produção (de carbono) para 
o sistema do que o fitoplâncton no Lago Ziway, mas a sua biomassa e produtividade ainda é 
baixa em comparação com outros sistemas de água de água doce. Os baixos níveis de 
nutrientesno sistema lagunar pode estar a limitar a produtividade e a biomassa das macrófitas 
no lago. 

Key words: Biomass, littoral zone, macrophytes, primary productivity, redundancy 
analysis, ziway. 

Introduction 

The littoral zone of lake ecosystems is an 
important region that affects the whole structure 
and function of the system. It buffers the move-
ment of substances that flows into the lake from 
catchment runoff or streams thereby affecting the 
physical and biological processes in lake 
ecosystems (Peters & Lodge 2009). It is also the 
most productive area of lakes and is known to be 
an important contributor of energy to higher 
trophic levels of the system (Goldsborough et al. 
2005; Peters & Lodge 2009; Wetzel 1990). 
Recently, the contribution of the littoral zone of 
shallow lakes to the ecological integrity and 
functions of the system has attracted the interest 
of many researchers. One of the means to describe 
the functions of the littoral zone of a lake 
ecosystem is by determining productivity of the 
zone to provide a quantitative base for further 
research on the whole lake ecosystem (Cronin et al. 
2006; Klopateki & Stearns 1978). 

For a number of years, most limnological 
studies on primary productivity of the littoral zones 
of lakes have focused largely on the photosynthetic 

bacteria and phytoplankton (e.g. Currie & Kalff 
1984; Wetzel 1964) and the contribution of 
primary production by other photosynthetic orga-
nisms was given less attention until recent years. 
Almost all primary productivity research on fresh 
waters conducted in Ethiopia has focused on 
phytoplankton (e.g. Kifle 1985; Kifle & Belay 1990; 
Tilahun 1988) whereas the contribution of other 
photosynthetic organisms was overlooked. Since 
the contribution of macrophytes to the productivity 
of lakes is sometimes higher than other producers 
in the system, the productivity of the system would 
be underestimated if macrophytes are not included 
in productivity studies in rivers, marshes, ponds 
and large shallow lakes (Wetzel 1964).  

Macrophytes not only serve as a nutrient 
source or sink (e.g. Carpenter 1980; Carignan & 
Kalff 1982) and substrate for other organisms in 
the littoral region of a lake, but also contribute 
energy and nutrient to the system by their 
primary production and detritus formation (Peters 
& Lodge 2009). According to Westlake (1963), the 
littoral zones of lakes and reservoirs are among 
the most productive regions of the world in terms 
of primary production, because of the contribution 
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of macrophytes. Thus, these plants can be an 
important component in the biogeochemistry 
process of aquatic ecosystems.  

Most of the earlier studies on macrophyte 
productivity focused on single species. Typha, 
Scirpus and Carex species have been intensively 
studied in many temperate aquatic systems 
(Auclair et al. 1976; Kistritz et al. 1983; Pegman & 
Ogden 2005), while Cyperus papyrus is the most 
commonly studied species in many tropical lakes 
(e.g. Saunders et al. 2007). However, attempts to 
simultaneously measure the primary production of 
several freshwater macrophyte communities have 
been few in number (Rich et al. 1971).  

It is evident that the primary production in 
aquatic ecosystems can affect other ecosystem 
functions (Wetzel 2001). Information of auto-
trophic production can help to understand the 
functioning of lakes which is fundamental to the 
sustainable management of the system. Esti-
mating macrophyte productivity and biomass in 
lakes is not only important for quantifying eco-
logical functions, but it also indicates the trophic 
status of the lake and contributes to the under-
standing of carbon dynamics in aquatic systems, 
which in turn can help to understand the role of 
macrophytes and their habitat in global climate 
change (Mitsch & Bouchard 1998). As the produc-
tivity of macrophytes and other producers can be 
highly influenced by the dynamics of many 
chemical elements and physical parameters, it is 
important to measure these parameters to explain 
trends in macrophyte productivity (Wetzel 2001).  

The present study attempts to determine the 
contribution of macrophyte primary productivity to 
the total photosynthetic carbon fixation or energy 
budget of Lake Ziway and is part of a larger 
research effort to describe the role of macrophytes 
in the function of the lake ecosystem.  

Materials and methods 

Description of the study area 
Lake Ziway is a freshwater lake that lies in 

the Ethiopian rift valley at 8° 01' N/38° 47' E 
(Fig.1) and at an altitude of 1636 m above sea level 
(Von Damm & Edmond 1984). The lake has a 
surface area of 442 km2, a maximum depth of 8.9 
m and an average depth of 2.5 m (Von Damm & 
Edmond 1984). Lake Ziway is an open lake which 
is fed by Ketar and Meki Rivers that drain from 
the Southeastern and Northwestern highlands, 
respectively, and drains into Lake Abijata through 

the Bulbula River in the south (Fig. 1). Climatic 
condition of Lake Ziway region is a semiarid type. 
The annual precipitation ranges between 650 and 
1200 mm whereas mean annual temperature is 
between 15 and 25 °C (Legesse et al. 2001). 

Recently, much research has been done on the 
ecology and biology of the lake in attempts to 
conserve the lake resources and come up with 
better management options. The ecology of 
phytoplankton (Tilahun 2006), zooplankton (Dagne 
et al. 2008), and fish (Yohannes 2003) were exten-
sively described by these authors and many other 
studies. Most of earlier researchers who conducted 
botanical studies around the lake focused on 
describing the diversity of the vegetation on the 
islands and the edge of the lake and on how 
lakeside community make of use of indigenous 
plants (Giday 2001; Zegeye et al. 2006). However, 
efforts to describe the role of macrophytes in the 
functioning of the lake are scarce. Since the 
macrophytes and trees around the shore are being 
heavily cleared by the lakeside communities for 
different purposes (e.g., house roofing, making 
rafts), knowing the status of the plants is crucial 
for wise use of these resources. Removal of 
macrophytes is intensified in the sites close to 
human settlements.   

Net aboveground primary productivity 
Net aboveground primary productivity (NAPP) 

of macrophyte species was determined at seven 
sites within the littoral zone of the lake (Fig. 1). 
The sites were selected based on their proximity to 
human settlements and anthropogenic effect and 
accessibility for the study. Bulbula, ZFR (near to 
Ziway Fisheries Research Center) and Kontula 
sites are close to human settlements, local farms, 
and some industries (e.g., floriculture, particularly 
at the Bulbula site) whereas the other sites, Kobo, 
Gelila, Abeye 1, and Abeye 2, are relatively far 
from such impacts. Relatively, the edges of the 
first three sites were better covered by riparian 
vegetation than the other sites. The aim of this 
category or site selection was to encompass 
varying environmental conditions in the assess-
ment of biomass and productivity of macrophytes. 

NAPP of each macrophyte species was esti-
mated between August 2010 and July 2011 with 
the method of Weigert & Evans (1964) as described 
in Cronk & Fennessy (2001), mainly after 
measuring the dry weight monthly and deter-
mining the average decomposition rate of each 
species.  The  method  sums  live and dead material  
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Fig. 1.  Map of Ethiopia (Inset) and the study sites in Lake Ziway. 

produced during each sampling interval and adds 
an estimate for the decomposed plant material 
during the interval (Cronk & Fennessy 2001). 
According to Santos & Esteves (2004), the methods 
that incorporate corrections for biomass loss 
during sampling intervals, such as Weigert & 
Evans (1964), should be used in net primary 
productivity studies in tropical aquatic systems. 
This is because, due to the dynamics of tropical 
environment, the use of methods that do not 
correct for biomass losses due to mortality during 
sampling intervals can greatly underestimate 
NAPP.  

A quadrat with 0.625 m2 area was used, as in 
Lee (1990), to harvest the macrophytes along 
transect that extended from the shore towards the 
open water of the lake as far as the depth where 
submerged species were found. At least four 
quadrats were laid in each site at 25 m interval 
along the transect following Gaudet & Muthuri 
(1981) and the quadrat samples were averaged for 
analysis. As much as possible, all aboveground 
parts of the plants, dead and live, were harvested. 
The macrophytes were washed to remove any 
attached organisms. Samples were segregated by 

species and placed in plastic containers. Dead and 
live species were also separated. All aboveground 
material was placed in plastic bags and taken to 
the laboratory for determination of dry weight. 
The aboveground dry weight biomass of each 
macrophyte species was measured by drying in an 
oven at 105 °C for 24 h (Wetzel & Likens 1991) 
and monthly (at the end of each month during the 
study time).  

Net Primary Productivity was calculated using 
the following formula:  

Yi=∆bi+di 
where, Yi is Net aboveground primary produc-

tivity, bi is standing crop of live material after 
time of i (a month in the case of this study) and di 
is mortality of live material, 

di =standing crop dead material + decomposed 
material during the month (which was estimated 
from ‘litterbag’ decomposition experiment).  

‘Litterbag’ decomposition experiment 
Fresh macrophyte samples of each species 

were harvested from the littoral sites of the     
lake,  washed to  remove  debris and other attached  
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material, chopped and weighed. 30 g of culm of 
each species was used for the study after drying for 
3 h in the air. The macrophytes litters were 
transferred to litter bags made of nylon net 
(replicated for each species) with standard size of 
15 x 20 cm and a mesh size of 1.5 mm after Kufel 
et al. (2004). The bags were incubated in situ at  
0.5 m below the surface (near the sediment) near 
the shore by tying with cemented stands following 
Wetzel & Likens (1991). Two litter bags of each 
species were retrieved at two week intervals for 
the determination of change in dry weight over the 
sampling time. 

Nutrient and physico-chemical variable 
analysis 

Physical parameters (pH, temperature, and 
conductivity) of the lake were measured in situ at 
the end of every month (once in a month) between 
August 2010 and July 2011. The measurements 
were taken twice at 1 m depth at each sampling 
plot of the sites during each visit and the averages 
were taken for analysis. pH and temperature were 
measured with a digital pH meter (Hanna 9024) 
and conductivity was measured using a conduc-
tivity meter (Elmetron - model of CC-411). Secchi 
depth was measured with a secchi disc of 20 cm 
diameter.  

Composite water samples (by merging sample 
from the surface and 1 m depth) were taken once 
in a month from each sampling site in duplicates 
for nutrient analysis. Water chemistry analysis of 
dissolved inorganic nutrients was conducted 
monthly spectrophotometrically in the limnology 
laboratory of Addis Ababa University. Nitrate was 
analyzed with sodium salicylate method (Roberg & 
Edwards 1983), ammonium with indo-phenol blue 
(APHA 1995), and soluble reactive phosphate (SRP) 
with ascorbic method (APHA 1999). Nitrite concen-
tration was determined by the reaction between 
sulfanilamide and N-naphthyl-(1)-ethylendiamin-
dihydrochloride (APHA 1995). Sediment samples 
were taken, twice during dry and twice during wet 
seasons, from each study site, for analysis of total 
nitrogen and phosphorous concentration in the 
sediment, using a 40 cm diameter PVC corer after 
Powel (2008) from approximately 15 cm of the 
sediment surface. When the depth didn’t allow the 
use of the PVC corer, an Ekman grab was used. 
Two samples were taken from each site during 
each visit and the result of the analysis was 
averaged. Total nitrogen was determined using the 
Kjeldahl procedure following Bremner & Mulvaney 

(1982) while total phosphorous was determined 
using vanadate-molybdate yellow method after 
ashing and nitric acid digestion following the 
procedure of Chapman & Pratt (1961).  

Data analysis 
An Analysis of Variance (ANOVA) was used to 

test if aboveground biomass of the macrophytes 
varied between sites followed by a Tukey test to 
identify which sites were significantly different 
from the others in terms of biomass. Redundancy 
analysis (RDA) was performed to observe the 
relation of species biomass and productivity data 
to environmental factors using CANOCO 4.5 
software. Before selecting RDA for this analysis, 
DCA (Detrended Correspondence Analysis) was 
conducted to check the response of the species data 
(biomass and productivity of the macrophytes) to 
the environmental variables. The results showed 
that the species data had linear responses to 
environmental variables and the range of variation 
of the environmental variables was narrow, as 
observed from the length of longest gradient which 
was less than 3 in both cases (ter Braak 1987). 
According to ter Braak (1987), and Leps & 
Smilauer (1999), RDA has to be used if the species 
data is assumed to show linear response to the 
environmental variables or if length of longest 
gradient is less than 3 during DCA analysis. Both 
data, species (biomass and productivity) and 
environmental, were log-transformed.  

Results 

Macrophytes biomass 
Mean macrophyte biomass of the lake was 

estimated to be 1020.2 ± 214.7 g DW m-2 and the 
highest biomass was recorded at Kontula (1996.7 g 
DW m-2) and the lowest at Kobo site (581.3 g DW 
m-2). Typha latifolia and Cyperus papyrus were 
found to be dominant in terms of aboveground 
biomass (813.3 ± 27.8 g DW m-2 and 795.1 ± 189 g 
DW m-2 respectively) on the sites where they 
occurred (Fig. 2). T. latifolia was found at Kontula 
and Bulbula site whereas C. papyrus at Kontula. 
On the other hand, in spite of their dominance in 
relative abundance and frequency and wider 
occurrence in the lake, the biomass (g DW m-2) of 

Arundo donax (251.7 ± 52.4), Echinochloa colona 
(211.2 ± 36.7), Cyperus articulatus (201.9 ± 39.7), 
Nymphaea lotus (139.1 ± 39.4), and Potamogeton 
schweinfurthii (167.8 ± 39.1 g DW m-2) was 
relatively low. The lowest macrophyte biomass  was  
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Fig. 2. Mean aboveground biomass of macrophytes at 
Lake Ziway sites (a refers sites and macrophytes that 
had significantly higher biomass than other groups, 
Tukey Games-Howell test, P < 0.05). 
 
recorded for Ludwigia erecta and Ludwigia 
stolonifera, 44.3 and 39.2 g DW m-2, respectively, 
which occurred only at one site (the same site).  

There was statistically significant variation in 
biomass of the macrophytes among the sites (one-
way ANOVA, F6,77 = 17.36, P < 0.05). Biomass of 
macrophytes was considerably higher at Kontula 
and Bulbula sites where T. latifolia contributed 
significantly to the total biomass (Fig. 2). On the 
other hand, Kobo, ZFR and Abeye 1 had lower 
macrophyte biomass than the other sites.  

The peak biomass attained by the species in 
the lake varied depending on season and the site. 
However, most of the species attained peak bio-
mass between March and July. T. latifolia attained 
peak biomass in May at both sites where the 
species occurred (Fig. 3b and c) and C. papyrus in 
March (Fig. 3c). A. donax, E. colona, P. schwein-
furthii, and C. articulatus attained their peak 
biomass between January and July in the sites 
where they occurred (Fig. 3). 

Macrophyte aboveground biomass in relation 
to environmental variables 

The first two axes of the RDA explained 70 % 
of the species-environment variance (Table 1). The 
RDA ordination of the species-biomass association 
indicated that secchi depth, SRP, nitrate, 
ammonium and total nitrogen of the sediment, 
conductivity, and temperature were positively 
correlated with the first axis. Except for the last 

two variables, the others were strongly correlated 
with the axis (Fig. 4). The biomass of C. papyrus, 
L. erecta, L. stolonifera, and T. latifolia was 
associated with relatively high values of secchi 
depth, SRP, nitrate, ammonium, and total nitro-
gen of the sediment. T. latifolia biomass was 
strongly and positively correlated with SRP 
concentration and it occurred only at Kontula and 
Bulbula sites where SRP concentration was 
relatively high. The biomass of C. articulatus was 
more strongly correlated with nitrate than other 
environmental variables. On the other hand, 
biomass of A. donax was inversely associated with 
SRP and nitrate concentrations of the water. 
Nitrite, total phosphorous of the sediment, and pH 
were negatively correlated with the first axis. The 
second axis was positively correlated with all 
environmental variables used in this study except 
pH, nitrate, and nitrite. Relatively high biomass of 
A. donax was associated with relatively high 
values of total phosphorous in the sediment. Bio-
mass of E. colona had a positive but very weak 
correlation with conductivity, and pH and a 
negative association with the other environmental 
variables. 

Net aboveground primary productivity 

The mean NAPP of macrophytes at the study 
sites was found to be 3623.7 g DW m-2 yr-1. The 
highest NAPP was recorded at the Kontula site 
(7224 g DW m-2 yr-1) and the lowest at the Kobo 
site (2192.6 g DW m-2 yr-1) (Fig. 5). T.latifolia and 
C. papyrus had the highest NAPP, 2394 and 2196 
g DW m-2 yr-1, respectively, followed by A. donax 
(864.2 g DW m-2 yr-1) and P. schweinfurthii (774.2 g 
DW m-2 yr-1). 

The RDA analysis indicated that the first two 
axes explained 69.6 % of the cumulative per-
centage of variance of NAPP of the macro-phytes 
versus physico-chemical factors correlation (Table 
2). The first axis was positively related with secchi 
depth, total nitrogen of the sediment, SRP, 
ammonium, nitrate, conductivity, and tempe-
rature. Except temperature and conductivity, the 
other parameters were strongly correlated with 
the axis (Table 2). The second axis, which 
explained 29.7 % of the variance, was positively 
correlated with secchi depth, total nitrogen of the 
sediment, SRP, ammonium, total phosphorous of 
the sediment, and nitrite. Nitrite had a weak 
association with this axis. 

Factors that affected the productivity of the 
macrophytes were variable for different macro-
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phytes. Productivity of T. latifolia, C. papyrus, L. 
erecta, and L. stolonifera were strongly and 
positively related to secchi depth, SRP, 
ammonium, total nitrogen in the sediment, and 
nitrate. On the other hand, productivity of A. 
donax, C. articulatus, P. schweinfurthii, and N. 
lotus was positively related with conductivity, 
temperature, and nitrate, though the correlation 
between conductivity and temperature and the 
productivity of the macrophytes was weak (Fig. 6). 
Conductivity and temperature seem also to have 
little influence in affecting both biomass and 
productivity of the other macrophytes as their 
correlations with the macrophytes were low.  

Discussion 

Aboveground biomass 
T. latifolia attained the highest biomass 

among the macrophytes in Lake Ziway during the 
present study. Biomass of T. latifolia (813.3 ± 27.8 
g m-2) observed in this study was in the range 
estimated for the species by Pratt et al. (1984) (4.3-
14 t ha-1), but was greater than most biomass 
estimates of T. latifolia, particularly in temperate 
freshwater marshes (e.g., Atkinson et al. 2010; 
McNaughton 1966). On the other hand, T. latifolia 
biomass in this study was lower compared to the 
biomass recorded in some fresh water systems 
(e.g., Boyd & Hess 1970; Kleopatic & Stearns 
1978).  

The biomass of T. latifolia seems to be stunted 
mainly due to the lower SRP in most sites of Lake 
Ziway and this agrees with the observation of 
Atkinson et al. (2010). Macek & Rejmankova (2007) 
hypothesized that phosphorous input into wetlands 
will result in expansion of T. latifolia biomass and 
can even lead to competitive exclusion of other co-
occurring species. Plants can uptake phosphorous 
only when dissolved in water as ortho-phosphates 
or poly-phosphates (Shuman 1994).  

Mean aboveground biomass of C. papyrus 
(795.1 ± 189 g DW m-2) in Lake Ziway was low 
compared to biomass of the same plant in many 
similar African lakes. For example, Jones & 
Muthuri (1997) reported the total standing bio-
mass of the papyrus in Lake Naivasha to be 7800 g 
DW m-2. Mnaya et al. (2007) reported the average 
value of above ground biomass of the plant in Lake 
Victoria to be 5789 g DW m-2. According to 
Perbangkhem & Polprasert (2010), papyrus can 
attain aboveground biomass of 2200 to 3100 g DW 
m-2 in tropical climate area with abundant sun-

light. This signifies the importance of other factors 
(mainly nutrients) in limiting the biomass of this 
species in the lake rather than factors associated 
with geographical location of the lake (e.g., light 
and temperature). 

RDA analysis suggested that relatively high 
total nitrogen concentration of the sediment, 
ammonium, and SRP were important factors 
which may support the high biomass of C. papyrus 
and T. latifolia. These species were absent in sites 
where the total nitrogen of the sediment, ammo-
nium, and SRP concentrations were low. Similarly, 
in Lake Naivasha, the concentration of ammonium 
ions and soluble reactive phosphate were higher in 
papyrus swamp water than in other regions of the 
lake (Muthuri & Jones 1997).  

Cyperus papyrus biomass was negatively 
associated with pH and nitrite. El Ghani et al. 
(2010) stated that the plant grows in fresh water 
with pH varying from 6.6 to 7.5. The presence of 
relatively high pH in Lake Ziway (7.8 - 8.6) may be 
negatively affecting the biomass of C. papyrus and 
most of other macrophytes in Lake Ziway. pH 
affects the rate of nutrient uptake by macrophytes. 
Titus & Stone (1982) observed that the increase in 
pH from 7.0 to 9.0 significantly reduced the rate of 
uptake of inorganic carbon by Myriophyllum 
spicatum. Van et al. (1976) also observed negative 
relationships between increases in pH and de-
creases in CO2 availability and the photosynthetic 
rate for Hydrilla verticillata, Myriophyllum 
spicatum, and Ceratophyllum demersum. Accor-
ding to Shuman (1994), the rate of uptake of ortho-
phosphates or poly-phosphates by plants is highly 
pH-dependent and optimal uptake occurs at 6.5. 
Thus, a relatively high pH might have hindered 
the expansion of macrophytes such as T. latifolia 
which require higher soluble phosphorous. It is 
highly possible that the relatively high pH in Lake 
Ziway could be one factor that has limited the 
biomass of macrophytes. pH and nitrite were not 
only negatively correlated with C. papyrus and T. 
latifolia biomass, but also with most of the macro-
phytes in this study. The negative correlation 
between the macrophytes and nitrite might be 
related to the toxicity of the nutrient to aquatic 
plants and inability of the plants to assimilate it 
(Alonso & Camargo 2009).  

A. donax biomass in this study (1.495-5.31 t h-1) 
was much lower than biomass of the species 
reported in many water bodies, both tropical and 
temperate (Giessow et al. 2011; Sharma et al. 
1998; Spencer et al. 2006). Sharma et al. (1998) 
reported the  aboveground  biomass  of the plant  to  
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Fig. 3.  Seasonal variation of macrophyte biomass in the study sites (A- ZFR, B-Bulbula, C-Kontula, D-Gelila, 
E-Kobo, F-Abeye 1 and G- Abeye 2; Abbreviations of legends: A.d- Arundo donax, C.a- Cyperus articulatus, C.p- 
Cyperus papyrus, E.c- Echinochloa colona, L.e- Ludwigia erecta, L.s- Ludwigia stolonifera, N.l - Nymphaea 
lotus, P.s - Potamogeton schweinfurthii, T.l – Typha latifolia). 
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Table 1. Result of redundancy analysis (RDA) of 
macrophyte biomass versus physico-chemical variables 
relationship including eigenvalues and percentage of 
variance explained by the first two axes. 

Variables  Axis 1 Axis 2 
Eigenvalues 0.423  0.277 
Cumulative percentage 
variance of biomass-
environment relation  

42.3 70.0 

 pH  -0.7245 -0.0050 
 Conductivity       0.0785   0.3149 
 Temperature      0.2183   0.1852 
 Secchi depth   0.9139   0.2304 
 SRP        0.8338   0.0607 
Nitrate    0.8253  -0.2084 
 Nitrite   -0.5048  -0.0484 
 Ammonium   0.6290   0.2943 
Sed TN    0.8225   0.2929 
 Sed TP   - 0.6682   0.2968 

 
be 36-167 t hr-1 in India, whereas Spencer et al. 
(2006) and Giessow et al. (2011) reported the 
biomass of the species to be 171 and 155 t hr-1, 
respectively, in different lake sites in the USA. 
The biomass of A. donax was associated with total 
phosphorous concentration of the sediment. It was 
recorded that the biomass of perennial plants such 
as A. donax was higher where there were higher 
nutrients (e.g. Ercoli et al. 1999; Maryan 1997). 
However, recently, Angelini et al. (2005) reported 
that higher biomass of this plant can also be 
observed where such resources are low.   

Net aboveground primary productivity 
The aboveground primary productivity of Lake 

Ziway was much higher than the average 
estimation of Colinvaux (1993) for lakes (tropical 
and temperate) (500 g DW m-2 yr-1). However, the 
NAPP of most of the macrophytes investigated in 
this study was lower than similar species in other 
water bodies. The productivity of A. donax (864 g 
Dw m-2 yr-1 or 8.64 t ha-1 yr-1) and C. papyrus (2196 
g DW m-2 yr-1 or 21.96 t ha-1 yr-1) was below the 
range observed by Westlake (1975) in freshwater 
systems (12-38 and 30-50 t ha-1 yr-1 of productivity 
for both species, respectively). The productivity of 
A. donax (8.65 t ha-1 yr-1) was also lower compared 
to estimates from the Mediterranean Sea where 
most of the research related to biomass and 
production of A. donax was done. Di Nasso et al. 
(2011) reported an average yield of 30 t ha-1 yr-1 of 
A. donax in Italy, whereas Angelini et al. (2009) 

stated that it can attain higher productivity (38 t 
ha-1 yr-1) in the same region.  

Productivity of A. donax was most highly 
correlated with nitrate in this study. A study on 
the impact of nutrient enrichment from residential 
and agricultural land use types on A. donax infe-
station throughout several watersheds in Southern 
California showed that water systems with 
enriched soil nitrate supported A. donax infe-
station whereas sites with lower nitrogen levels 
did not (Coffman 2007). Decruyenaere (2000) 
reported that the plant invaded more readily in 
areas where soil nitrogen was high, growing 
rapidly with elevated nutrients. In this study, such 
a strong association was not observed between 
productivity of A. donax and nitrogen concen-
tration of the sediment, most probably due to the 
low nitrogen level of the sediment in most of the 
study sites, except Kontula. In addition, only 
Kjeldahl total nitrogen was determined in this 
study. Sediment nitrate must be measured to 
characterize the relationship between A. donax 
productivity and total sediment nitrogen. How-
ever, nitrogen concentration in the sediment could 
increase in the lake from catchment erosion as 
some of the farms are expanding and using 
inorganic fertilizers which can facilitate the infe-
station of the reed. But, currently, the productivity 
of A. donax seems to be low in the lake.  

The productivity of T. latifolia (23.94 t ha-1 yr-1) 
was within the range estimated by Westlake 
(1975) (11-33 t ha-1 yr-1). The high productivity of 
T. latifolia can be explained in a number of ways. 
The most important reasons are that T. latifolia is 
not limited by the shortage of water in a natural 
wetland and the canopy arrangement of the leaves 
appears to increase the efficiency with which 
directly incident and reflected sunlight can be 
utilized in photosynthesis (Sheehy & Cooper 1973). 
Because of the upright leaf angle orientation, a 
greater proportion of the leaf area is exposed to 
direct sunlight.  

Comparison of macrophyte and phytoplankton 
primary productivity 

 Tilahun & Ahlgren (2010) estimated the 
primary production of phytoplankton in Lake 
Ziway to be 390 g C m-2 yr-1 which is equivalent to 
780 g DW m-2 yr-1 following the conversion factor of 
Strickland (1966) (mg DW of phytoplankton is 
approximately twice mg C). Phytoplankton produc-
tivity was much lower when compared to the mean 
macrophyte  productivity  of  the lake (3623.7 g DW  
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Fig. 4.  Biplots of the first two axes of the redundancy 
analysis showing the association of macrophyte species 
biomass and environmental variables (Abbrevation: Ar 
d - Arundo donax, Cyp a - Cyperus articulatus, Cyp p. - 
Cyperus papyrus, Ech c - Echinochloa colona, Ech s. - 
Ludl e. - Ludwigia erecta, Ludl s., - Ludwigia stoloni-
fera, Nym l. - Nymphaea lotus, Pot s. - Potamogeton 
schweinfurthii,  Typha l. - Typha latifolia, SRP - 
soluble reactive phosphate, Cond. - conductivity, 
Temp- Temperature, Sed TP- Sediment total phos-
phorous and Sed TN- Sediment total nitrogen). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Net aboveground productivity of macrophytes 
at Lake Ziway sites. 

m-2 yr-1). Furthermore, mean NAPP of macro-
phytes of Lake Ziway was also higher than 
phytoplankton mean gross integral photosynthesis 
or gross oxygen production with the concomitant 
production of carbon dioxide (3978.4 g O2 m-2 yr-1) 

obtained by Hailu (2011). The value was equi-
valent to 1193.5 g C m-2 yr-1 or 2387.04 g DW m-2 
yr-1 following conversion factors of Ryther (1956) 
and Strickland (1966). These results suggest that 
macrophytes contribute more primary production 
to the lake system than phytoplankton. It also 
supports the supposition that the lower biomass of 
phytoplankton in Lake Ziway might be due to the 
competitive dominance of macrophytes over phyto-
plankton for available resources or through 
production of repressive chemicals and increased 
turbidity (Beneberu & Mengistou 2010).  

The contribution of epiphytes and macrophytes 
to the total annual primary production is often 
significant in shallow lakes with large littoral 
zones such as Lake Ziway (Davis 1965; Galanti & 
Romo 1997). A study on the primary production of 
phytoplankton, submerged macrophytes, and their 
epiphytes, in two large shallow lakes, Lake Peipsi 
and Lake Vortsjarv (Estonia), showed that macro-
phytes accounted for the largest percentage of 
primary production, 84.2 % in Lake Peipsi and    
58 % in Lake Vortsjarv (Noges et al. 2009). 
Similarly, the macrophyte community in Lake 
Ziway (with its extensive vegetated littoral zone) 
seems to contribute the highest percentage of 
primary production than phytoplankton. However, 
the primary productivity of the macrophytes, 
especially T. latifolia, has to be corroborated by 
other methods, as the Weigert & Evans (1964) 
method was criticized by some researchers (e.g., 
Dickerman et al. 1986) to overestimate productivity.    

Seasonal variation in biomass dynamics of 
macrophytes in Lake Ziway 

Even though there was no statistically 
significant seasonal difference in abundance of 
macrophytes in Lake Ziway during the study 
period, the biomass of most species peaked bet-
ween March and July which was the beginning of 
the rainy season. Several reports have documented 
wide seasonal variation of biomass of macrophytes 
in tropical environments (e.g. Camargo & Esteves 
1995; Camargo & Esteves 1996). It is evident that 
seasonal variation of biomass production in 
tropical regions is usually related to the seasonal 
variation of rainfall and water level, usually 
produced by a flood pulse (e.g. Camargo & Esteves 
1995; Junk 1986, Junk & Piedade 1993), unlike 
temperate regions where a seasonal variation of 
aquatic macrophytes biomass production is a 
function of temperature and photoperiod (Payne 
1986).  
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Table 2. Result of redundancy analysis (RDA) of 
NAPP versus physico-chemical relationship including 
eigenvalues and percentage variance explained by 
the first two axes. 

Variables    Axis 1 Axis 2 
Eigenvalues                          0.399  0.297 
Cumulative percentage 
variance of productivity-
environment relation  

39.9   69.6 

pH       -0.7308  -0.0902 
Conductivity     0.1754  -0.1746 
Temperature    0.3112  -0.3926  
Secchi depth 0.9191   0.2315 
SRP      0.8133   0.2622 
Nitrate  0.7818  -0.3084 
Nitrite  -0.4762   0.0334 
Ammonium 0.6622   0.4127 
Sed TN    0.8200   0.4940 
Sed TP    0.6619     0.4359 

 

 

 

 

 

 

 

 

Fig. 6. Biplots of the first two axes of the redundancy 
analysis showing the association of macrophyte 
species productivity and environmental variables, For 
abbreviations, see the legend for Fig. 4. 

In conclusion, macrophyte production in Lake 
Ziway is low, though the macrophyte community 
may be contributing more carbon to the system 
than phytoplankton. The low macrophyte produc-
tivity is likely due the low availability of nutrients 
in the lake because aquatic ecosystems that have 
lower dissolved nutrients in the system generally 
exhibit low macrophyte primary productivity 
(Wetzel 1983). RDA analyses suggested that nu-

trients were relatively more important in affec-
ting productivity and biomass of macrophytes than 
physical factors such as conductivity and tempe-
rature, whereas pH and nitrite status of the lake 
negatively affected the biomass and production of 
most macrophyte species. In addition, the current 
practice around the lake, such as harvesting 
macrophytes by the lakeside community for diffe-
rent household purposes should be prohibited, 
since the biomass and production of most of 
macrophyte species is already low in the lake, even 
in the sites where the biomass and productivity 
was considerably higher (Bulbula and Kontula 
sites) than other studied sites. 
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