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Abstract

Water temperature (WT), Secchi depth (SD), Percent dissolved oxygen (%DO), Dissolved oxygen (DO), Total nitrogen (TN), Total 
phosphorous (TP), and Chlorophylla (Chla) were measured in three sites, one at the farm (site 2) and two, 5 km northwest (site 1) and 
southeast (site 3) of the farm respectively, in February, April, June, and August 2012 to assess their spatial and temporal change in relation 
to cage aquaculture. There was clear seasonal change in % DO, DO, Chla, and SD at all sites. WT, % DO, and DO were consistently greater at 
site 1 than at site 3. Chla and SD were inversely correlated. The highest Chla and lowest SD occurred in April. The water was less clear at the 
farm, relative to the non-farm sites. Interestingly, this pattern was not seen in the Chla suggesting that decreased transparency at the farm 
was caused by some other factors in addition to Chla. DO, TP, and Chla are among the water quality parameters frequently used to assess 
aquaculture impacts. In this study, none of these indicators including the TN were consistently different at the study sites, suggesting that fish 
stocking densities present during the sampling period did not affect these water quality parameters; alternatively, it may suggest that high 
dispersion of nutrients mask the effect on water quality. However, water quality should be monitored at the farm during the upwelling period 
between April and July to avoid potential stress or fish kills.
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Abbreviations: WT: Water Temperature; SD: Secchi Depth; %DO: Percent Dissolved Oxygen; DO: Dissolved oxygen; TN: Total Nitrogen; TP: 
Total Phosphorous; Chla: Chlorophylla; FAO: Food and Agriculture Organization; P: Phosphorous; N: Nitrogen; C: Carbon; CTD: Conductivity 
Temperature and Depth; ANOVA: Analysis of Variance; LSD: Least Significant Difference; SRP: Soluble Reactive Phosphorous; PP: Particulate 
Phosphorous; PC: Particulate Carbon; PN: Particulate Nitrogen

Introduction

Aquaculture continues to be the world’s fastest growing 
animal-food industry with global contribution of about 46 
percent of total food fish supplied in 2008, when landings 
from both capture fisheries and aquaculture accounted for 142 
million tons [1]. In 2011, the industry achieved a remarkable fish 
production overtaking beef; this gap further increased in 2012 
when the industry produced about 66 million tons compared to 
63 million tons of beef produced in this year [2]. This growth 
increases fish consumption, creates employment opportunities, 
and boosts local economies; however, concerns are often 
expressed about possible negative impacts on receiving waters 
due to accumulation of nutrients linked to primary production 
of aquatic ecosystems. 

Håkanson et al. [3] estimated that about 80% of phosphorous 
(P) provided in fish feed is lost to the environment in particulate 
(70%) and dissolved (10%) form, and only 20% of P is used for 
fish growth and eventual harvest, while only 25% of nitrogen (N) 
in feed is used for fish growth, 75% lost is to the environment. 
Islam (2005) [4]estimated that in one ton of fish produced, about 
132.5 kg of N and 25 kg of P are released into the environment. 
Bristow et al. [5] investigated the effect of a rainbow trout 
(Oncorhynchus mykiss) cage farm in the Experimental Lakes 
Area in Canada during the first three years of its operation and 
concluded that the annual input of P from waste (67-100 kg) 
exceeded the natural budget inputs (4-18 kg) from atmospheric 
deposition and inflows to the small study lake. In an earlier study 
of the impact of aquaculture in Lake Malawi, Gondwe et al. [6] 
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estimated average discharges of 12,341; 1,303; and 534 kg/year 
of carbon (C), N, and P, respectively at Maldeco Aquaculture farm 
at a production capacity of ~200 tones fish/year in 2007. 

In poorly flushed areas, the increase in suspended solids 
derived from fish farms in the form of uneaten feeds and feces, 
organic and inorganic nutrients mainly N, P, and C in the water 
column and sediments [3] is accompanied by increased lake 
productivity, a process called cultural eutrophication (Laws, 
2000) [7] , characterized by overall degradation of water quality 
status. The effects of eutrophication include oxygen depletion in 
the water column [8], increased phytoplankton production and 
blooms [9], presence of cyanobacteria associated with organic 
enriched nutrients [7], presence of sulphur bacteria Beggiatoa 
spp. beneath the cages [10], impacts on benthic diversity and 
communities [11], and dominance of opportunistic polychaetes 
Capitella capitata and Scolelepis fuliginosa [10]associated with 
organically polluted areas [12-13]. Impacts from increased 
nutrients may be severe in oligotrophic lakes such as Lake 
Malawi where N, P, and iron are the main limiting nutrients [14]. 
Thus, addition of large amounts of these nutrients, especially 
P, whether from aquaculture operations, agricultural runoffs, 
or other point or non-point sources will not only increase 
phytoplankton biomass, but will favor nitrogen fixing bacteria 
and the presence of potentially toxic phytoplankton species to 
fish and humans [15]. 

Monitoring of water quality is important not only for the sake 
of complying with regulations and providing data to regulatory 
authorities to show that the farm is not having negative impacts 
in water bodies, but also because it is important to the fish being 
cultured as they are dependent on water for all their bodily 
requirements and functions; therefore, it becomes important 
to monitor the water quality for the overall farming success. 
Thus, the current study assessed temporal and spatial changes 
of water quality associated with cage aquaculture operation in 
Lake Malawi. DO and Chla, the two parameters most associated 
with poor water quality were the main focus of the study. 
Other parameters measured that are highly relevant to Chla 
concentration are algal nutrients N and P. SD, a measure of 
water transparency which can inform about the amount of light 
available for algal growth and can also be highly correlated to 
Chla concentration was measured. In addition, WT was measured 
as it can impact metabolism of all organisms from bacteria to fish 
and it can determine the strength and duration of stratification 
in the water column. 

Materials and Methods

Study area

Lake Malawi as it is known internationally and in Malawi, 
Lago Niassa in Mozambique, and Lake Nyasa in Tanzania lies in 
south/central Africa between 9o30’S and 14o30’S. Lake Malawi as 
it will be treated throughout the study is the third largest lake in 
Africa after Lakes Victoria and Tanganyika. Internationally, the 
lake is known for its spectacular species diversity of endemic 

cichlid fauna [16-17]. Importantly, the lake has more fish species 
diversity than any other lake in the world which is estimated 
between 500 and 1000 species in which more than 90% are 
endemic[17-18]. The majority of fish species are haplochromine 
cichlids [19]. Being a shared water resource, the riparian 
countries benefit from Lake Malawi as a source of drinking 
water, domestic use, irrigation, fishing, transportation, tourism, 
scientific research, and electricity [20]. 

Maldeco Aquaculture farm was established in the year 2004 
and is the only commercial cage operation in Lake Malawi, 
farming chambo species, an aggregate of three endemic cichlids 
native to Lake Malawi (Oreochromis karongae, O. lidole, and O. 
squamipinnis). In addition to chambo, O. shiranus, a native cichlid 
species similar to chambo is farmed and sold as chambo. There 
are 51 circular cages, each with 16 m diameter and 6 m deep. The 
average stocking density per cage during the study period was 
130,000 fish corresponding to 108 fish per m3. 

Sampling sites

The data set in the current study was measured in three sites, 
one at the farm (site 2) and two, 5 km northwest (site 1) and 
southeast (site 3) of the farm in February, April, June, and August 
2012, during the day in the south east arm of Lake Malawi (SEA) 
along a 10 km south-northwest transect (Figure 1) which include 
the Maldeco cage aquaculture farm, the focal study area. Sites 1 
and 3 were at similar distance from the shoreline but had the 
same water depth (~16 m) range as site 2 at the fish farm. At 
each of the three widely separated sites, in situ measurements 
and water sample collections were made at two closely spaced 
locations to provide replication of the measurements for each 
site (Figure 1).

Figure 1: Lake Malawi (left) and sampling sites (ST-1,1 is site 1 
replicate 1, ST-1,2 is site 1 replicate 2, ST-2,1 is site 2 replicate 
1, ST-2,2 is site 2 replicate 2, ST-3,1 is site 3 replicate 1, and 
ST-3,2 is site 3 replicate 2) including Maldeco Aquaculture farm 
(right).

In-situ measurements

In-situ measurements for WT (oC), %DO (%), DO (mg/l) 
and Chla fluorescence (µg/l) were made using a Conductivity 
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Temperature and Depth (CTD) (Branckner, XR- 620). Inspection 
of the profiles revealed no persistent thermal stratification at 
any of the sites. However diel heating and cooling of the surface 
at 3 m was observed occasionally. In order to eliminate these 
diel variations which could depend strongly on time of sampling 
and to examine the portion of the water column that is within 
the same depth range as the aquaculture cages (6 m), only the 
data from 4.5 to 5.5 m in the profiles was used. This depth range 
was chosen after examining all the profiles and was found to be 
the most representative depth. SD was determined by manual 
deployment of the Secchi disk, a white and black disk with 20 
cm diameter Wildco Secchi disk attached to measuring line. The 
depth at which the disk was no longer visible was the measured 
Secchi depth.

Water sample collection

Water was collected at each sampling site by dipping a clean 
nalgene bottle just under the water surface (0-0.1 m). Water 
was used for extraction of Chla which was used as an estimate 
of phytoplankton biomass in this study. Water samples were first 
pre-screened with a Nytex netting material (210 µm nominal 
pore size) to remove large organisms such as zooplankton or 
suspended organic and inorganic particles and then passed 
onto 47 mm Whatman GF/F filters (0.7 µm nominal pore size). 
The filters were then wrapped in aluminum foil and kept frozen 
for subsequent analysis. Chla was extracted from filters in 90% 
acetone for approximately 24 hours and fluorescence readings 
were made using a Turner 10AU fluorometer calibrated with a 
pure Chla standard. 

Water samples (0-0.1 m) for TP and TN were also collected 
directly into clean nalgene sample bottles and preserved by 
storing them frozen. Before proceeding with preservation, 
the samples were pre-screened by passing through a netting 
material (210 µm nominal pore size). TP analyses followed a 
protocol adapted from Stainton et al., Murphy and Riley, and by 
Wetzel and Likens [21-23]. Freshly made saturated potassium 
persulphate (K2S2O8) was added to the samples and digested in a 
Harvey sterileMax sterilizer for an hour. TP (µg/l) was quantified 
after the addition of the reagents and development of color [21] 
by reading the absorbance at 885 nm in a UV spectrophotometer 
(UV-1800). Digestion with K2S2O8 was also applied in TN analysis. 
TN (µg/l) was analyzed and the concentrations estimated by the 
flow injection method in a Lachat (QuikChem, series 8000). 

Statistical methods

Bi-monthly and site mean values were plotted to visualize 
and describe seasonal and spatial trends in water quality 
parameters. Analyze of Variance (ANOVA) using SPSS Statistics 
v-20 was applied to identify significant differences within and 
between months and sites, respectively. In addition to general 
p-values provided by ANOVA; Post Hoc multiple comparison 
used Least Significant Difference (LSD) to discriminate months 
and sites that were significantly different from each other and 
those that were not, at a significance level of p≤0.05. 

Results

Surface Chla concentrations were low in February (site 
1=0.57±0.01 µg/l, site 2=0.63±0.06 µg/l, and site 3=0.65±0.05 
µg/l) (Figure 2a) but increased to significantly higher 
concentrations in April (site 1=3.95±0.19 µg/l, site 2=4.79±0.65 
µg/l, and site 3=5.54±0.29 µg/l) than those recorded in February, 
June, and August (p<0.05) (Figure 2a). Since changes in surface 
Chla concentrations were similar at all three sampling sites, 
no significant differences were detectable among the sites in 
February, June, and August (p>0.05), except in April (p<0.05) 
between site 3 (5.54±0.29 µg/l) and site 1 (3.95± 0.19 µg/l) 
(Figure 2a), but not between sites 1 and 2, nor between sites 2 
and 3 in April (p>0.05).

WT exhibited a clear seasonal pattern characterized 
by coolest temperatures in June (site 1=22.73±0.05oC, site 
2=22.40±0.04oC, site 3=22.49±0.00oC) and warmest in February 
(site 1=28.15±0.04oC, site 2=27.95±0.09oC, site 3=27.77±0.01oC) 
(Figure 2b). Overall, the lake WT dropped by 5.42oC, 5.56oC, 
and 5.28oC in sites 1, 2, and 3 respectively between the warmer 
(February) and cooler (June) month. Significant differences in 
February were observed between sites 1 and 3 (p<0.05), but not 
between sites 1 and 2, nor between sites 2 and 3 (p>0.05). The 
first drop in WT was observed in April and the WT measured 
in this month was significantly lower than that recorded in 
February (p<0.05); the loss of heat in the lake in April was strong 
and similar at all sites, therefore, no significant difference were 
detected among the sites (p>0.05, Figure 2b). Lake water was 
significantly cooler in June than the rest of the months (February, 
April, and August) (p<0.05) (Figure 2b). Although June was the 
coolest month, site 1 had significantly warmer waters than sites 
2 and 3 (p<0.05), but no significant difference was detected 
between sites 2 and 3 in June (p>0.05). A rise in WT was noted 
in August when the lake became significantly warmers than the 
WT measured in June in all sites (p<0.04) (Figure 2b). In August 
the sites were not significantly different from each other with 
respect to WT (p>0.05) (Figure 2b).

Low SD, which indicates reduced water clarity or increased 
turbidity was recorded in April in all sites (Figure 2c), resulting 
in April being significantly different from February, June, and 
August (p<0.05, Figure 3-2c). Sites 1 (6.00± 0.00 m) and 3 
(6.25± 0.35 m) had similar SD values in February, and both 
had significantly higher values with those measured in site 2 
(p<0.05). Site 1 maintained higher water clarity than other sites 
even when all the sites had increased turbidity in April; as such 
site 1 (4.00±0.00 m) clarity was significantly higher than those 
recorded in sites 2 (1.9±0.10 m) and 3 (2.00±0.00 m) (p<0.001, 
Figure 2c), but sites 2 and 3 were not significantly different 
from each other (p>0.001). Although there was no significant 
difference in SD values among the sampling sites in June and 
August (p>0.05, Figure 2c), the values recorded in these month 
were significantly different from those recorded in April (p<0.05, 
Figure 2c). 
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Significant temporal changes observed in %DO (p=<0.05) 
(Figure 2d). The lowest values (site 1=76.06±0.07%, site 
2=74.07±0.14%, and site 3=71.06±0.77%) and the highest 
(site 1=98.31±0.39%, site 2=91.94%, and site 3=93.61±0.24%) 
were recorded in June and February respectively (Figure 2d). 
The waters from site 1 were significantly closer to saturation 
than sites 2 and 3 in February (p<0.001), April (p<0.05), and 
in August (p<0.001) (Figure 2d), but not in June. Sites 1 and 2 
were similar in June and both had significantly higher %DO than 
site 3 (p<0.05). Sites 3 had higher %DO than site 2 in February 
(p<0.001). %DO was similar between sites 2 and 3 in April and 
August. As the lake was becoming cooler (Figure 2b), the %DO 
also followed suit; the lake gradually becomes less oxygen 
saturated towards June, but in August the oxygen saturation 
returns to previous values seen in April (Figure 2d), therefore, 
there was no significant difference in %DO recorded between 
April and August in sites 1 and 3 (p>0.05). Other significant 
differences were observed between February and April (p<0.05), 
February and June (p<0.05), and between June to August (p<0.05, 
Figure 2d).

There was a strong seasonal effect on DO concentrations 
(Figure 2e). Site 1 had significantly higher DO than sites 2 and 
3 in February, April, and August (p<0.05) but not in June. In 
June, the DO was similar in sites 1 and 2, but were both sites 
had significantly higher than DO that recorded in site 3 (p<0.05) 
(Figure 2e). Site 3 had higher DO than site 2 in February (p<0.05), 
but the concentrations were similar in April and August. Oxygen 
concentrations were significantly different between February 
and April (p<0.05) (Figure 2e) when the lake was cooling; the 
difference was even higher between February and June, the 
beginning of the windy, upwelling season (p<0.05) when the 

lake recorded the minimum DO (site 1=6.53±0.01 mg/l, site 
2=6.39±0.02 mg/l, and site 3 = 6.13±0.07 mg/l). Regardless of 
increased DO in August, the concentrations were significantly 
different with those measured in June and February (p<0.05), 
there was no significant difference with those recorded in April 
(p>0.05). The concentrations remained significantly higher in 
August in site 1 compared to sites 2 and 3 (p<0.05) (Figure 2e). 

Relative temporal changes in TN concentrations over the 
sampling period had similar trend at sites 2 and 3, but with 
different values (Figure 2f). For instance, in February the TN 
at site 2 (148.45±1.67 mg/l) was significantly higher than that 
recorded at site 3 (93.85±0.64 mg/l) (p<0.05). TN concentrations 
declined at sites 2 and 3 in April to minimum values June and 
stayed relatively low in August. Sites 1 and 3 had similar TN 
concentration in February but then the concentrations increased 
in site 1 and reached the highest TN in August. 

Similar to the temporal trends observed in TN, TP 
concentrations exhibited almost a similar pattern. For instance, 
sites 2 and 3 had similar trend (Figure 2g). Both sites started with 
relatively high TP in February though they were significantly 
different from each other (p<0.05, site 2=23.64±2.01, site 
3=17.36±0.65 µg/l). Site 2 lagged behind in reduction of its 
TP compared to site 3, while the concentrations dropped 
immediately in site 3 in April (Figure 2g) and were then stable 
in April, June and August (non-significant months, p>0.05), the 
concentrations in site 2 dropped to a minima in June and this 
concentration was significantly lower than those recorded in 
February and April (p<0.05) at the same site, but higher than 
those recorded in sites 1 and 3 (p<0.05) in the same month 
(Figure 2g). 

Figure 2: Temporal (month) and spatial (site) changes in surface water quality parameters in Lake Malawi along a northwest-southeast 10 
km transect including the tilapia cage aquaculture farm.
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Discussion

High %DO, DO, and SD readings were first recorded in 
February when the highest WT were reported for all sampling 
sites. The lake became less oxygen saturated with relatively 
low DO starting in April and reached minimum concentrations 
in June, but in August it recovered to previous saturated values 
seen in April (Figure 2d) at all sampling sites. Minor lags in 
cooling and warming of water, decrease and increase in %DO and 
DO were observed among the sampling sites. For instance, April 
and August marks the months on which there was no significant 
difference in WT in the three sites. Site 1 had high WT in June, 
while in February the WT at site 1 was only higher compared 
to that recorded in site 3 (p<0.01). The slightly warmer site 1 
(Figure 2b) had significantly higher %DO than sites 2 and 3 (the 
significantly cooler sites) (Figure 2d). %DO concentration was 
always higher in site 1, as was the DO concentrations regardless 
of changing WT. When water is equilibrated with the atmosphere, 
warmer waters hold less oxygen than colder water. The fact that 
%DO was higher at site 1 compared to site 2 and 3 suggests 
that whatever phenomenon was causing oxygen to be depleted 
at sites 2 and 3 was stronger than at site 1. These results are 
an important component for both Maldeco farm and lake wide 
management.

DO plays an important role in fish production as it directly 
effects feed consumption, energy expenditure, and the rate of 
metabolism in farmed fish [24, 25]. Thus the DO concentrations 
have the potential of affecting farm’s operational costs if they fall 
below optimum recommended levels for a particular organism. 
Although DO varies inversely with WT, WT is a difficult physical 
parameter to control in cage aquaculture systems. Therefore, 
farms should try to control the DO required by the fish to 
aerobically generate required energy for growth [25]. Some 
active management strategies to prevent oxygen stress would 
include avoiding overcrowding of fish in cages, frequent sampling 
for DO, and partial harvests in the farm to prevent low DO if the 
problem is thought to be due to high stocking biomass. 

The climate in Malawi is characterized by warm and dry 
(October–November), warm and wet (December–April), and 
cool and dry (May - September) periods [26, 27]. Similar to the 
current study, Macuiane et al. [28] observed a drop in WT in a 
nearby Lake Chilwa from 28.0oC in February to 21.6oC between 
May and July. Low WT during this period was also noted in 
southern Lake Malawi in Monkey-Bay station in 1967 and 1968 
[26]. Although site 1 has statistically significant higher WT than 
site 2 and 3 the absolute difference in temperature is negligible. 
What is most interesting is that the DO is much higher at site 1 
than at sites 2 and 3. Site 1 closer to the deep open lake is well 
supplied with oxygen, however site 2 and to some extent site 3 
have lower oxygen suggesting that there is some source of lower 
oxygen water at these sites. Low DO concentrations at site 2 
could be influenced by the farm itself due to oxygen consumption 
by farmed fish and wild fish populations thereby reducing the 

concentration at the farm perimeter. Site 3 is located at the 
same depth with sites 1 and 2 and all sites are located at similar 
distance to the shore. However, the bathymetry surrounding site 
3, nearer the southern end of the basins is overall shallower than 
that of sites 1 and 2, therefore, low DO concentrations at site 
might be related to the surrounding shallow areas.

Despite the fact that all sampling sites had high WT and 
DO concentrations most of the time, minimum WT and DO 
were recorded in June (Figure 2b and 2d). Gondwe et al. [29] 
observed a similar trend; they also found minimum bottom DO 
of 3.0 mg/l at 23oC in May. Cooler waters equilibrated with the 
atmosphere would be expected to have higher DO than warmer 
waters, but the opposite trend was seen in these sites in the 
SE arm suggesting that the upwelling during May through June 
creates upward transport of low oxygen waters to the surface. 
It is therefore, important for aquaculture operations in Lake 
Malawi to appreciate that there will be periods of low oxygen in 
this area created by lake wide processes. Upwelling is important 
in Lake Malawi. As noted earlier by Bootsma et al. [30], the 
nutrients at the surface waters are low and increase with depth. 
Lack of thermal mixing prevents the nutrients from reaching the 
upper photic zone, especially in deep areas of the lake. Hamblin 
et al. [31] noted on four occasions from May to August 1997 
upwelling driven by offshore south east winds which resulted in 
longitudinal temperature gradients in the southern part of Lake 
Malawi. 

The minimum DO observed in the current study (above 
6.0 mg/l) was higher than 3.0 mg/l regarded as minimum 
recommended in catfish raceways and tilapia farming [32,33] 
, thus, the farm and remote sites from it at the time of data 
collection were well ventilated and the captive fish were 
provided with optimum DO. In addition, the %DO was above 
70%, a level below which is known to affect feed consumption 
of channel catfish [34]. However, it should be noted that oxygen 
demand by captive fish depend on the standing biomass in the 
cages plus that of wild fish populations at the farm which can 
further reduce DO locally in and around the cages. Taking into 
consideration that tilapias exhibit optimum growth rates above 
3.0 mg/l[33] and based on Brown et al. [32] estimates that only 
3.38 mg/l DO is available to fish if the inflowing DO waters are 
6.38 mg/l. then it suggests when the inflowing DO at Maldeco 
farm is 6.0 mg/l, only 3.0 mg/l is available to fish. Therefore, farm 
operators should carefully monitor farm water quality for low DO 
and % DO, especially between April and July. April, on the other 
hand exhibited the highest phytoplankton biomass estimated 
by Chla concentrations and the lowest water clarity which may 
have resulted from increased dissolved nutrient concentrations 
advected from deeper waters early in the upwelling period. 

Dissolved inorganic nutrients can affect the pelagic 
ecosystems most since they are quickly absorbed and assimilated 
by phytoplankton and bacteria [35] and may consequently 
increase lake’s primary productivity and cause algal blooms and 
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eutrophication when the system is unable to handle increased 
loading rates of nutrients. Depending on the system, the amount 
of nutrients released in one system with no signs of negative 
effects may have deleterious effects in another system which 
may be more poorly ventilated by current. Thus, it becomes 
important to investigate the capacity of a particular lake location 
to process nutrient loadings that are projected for cage culture 
or expansion of cages while maintaining healthy ecosystem for 
potential and alternative use of the water resource. 

Mass balance analyses have been used to quantify the amount 
of nutrients released by cage farms into the environment. 
Unfortunately, association of cage aquaculture effluents to 
nutrients concentrations in Lake Malawi environment and 
probably elsewhere seem to be difficult to trace owing to energetic 
lake dynamics and potential imports of nutrients advected from 
other areas e.g. during upwelling; the calm and stratified period 
prior to upwelling of higher nutrient concentrations in the water. 
Site 2 had significantly higher TN and TP in February compared 
to other sites, suggesting that this nutrient concentration may be 
deriving from the farm during this period. A decrease in TN and 
TP was noted in April in sites 2 and 3 with an opposite trend in 
site 1 which reached its higher TN and TP concentrations than 
sites 2 and 3 in August. In addition to maximum upwelling in 
June, Eccles [26] noted that during April and May the southern 
winds become predominant in Lake Malawi, suggesting that 
it is within this period that locally accumulated nutrients are 
dispersed to the north, hence, site 1 located to the northwest 
had high TN and TP concentrations. This result is supported by 

a significant decrease in TN and TP in site 3 between February 
and August. The minimum and maximum TP of 4.34±0.27 µg/l 
and 29.19±1.64 µg/l recorded in April and August in site 1 
respectively and those recorded in other sites (Figure 3-2g) are 
comparable to values recorded by Nordvarg and Johansson [36] 
in fish farming areas of Järsö, Nyhamn, Flisö, and Björkö in the 
Åland archipelago Baltic coastal areas between 1997 and 1999 
where they investigated six farms producing between 4637 and 
5274 tons of fish. TN values recorded by Nordvarg and Johansson 
[36] were relatively higher compared to those recorded in the 
current study (Figure 3-2f). However, no significant effects of the 
farms in surface water quality were detected. 

This result is not surprising since it is quite difficult to 
detect the impact of cage aquaculture farms on the environment. 
Similarly, an earlier study in Lake Malawi found no impact on 
cage aquaculture on the environment (Gondwe et al., 2011b) 
[29] . They found slightly or no spatial and temporal changes in 
ammonium (NH4+), nitrate (NO3-), soluble reactive phosphorous 
(SRP), particulate phosphorous (PP), particulate carbon (PC), 
and particulate nitrogen (PN) in the water column, despite high 
fish biomass at the farm (Table 1). While Gondwe et al. [29] 
attributed the contribution of strong bottom currents and wild 
fish populations on dispersion of nutrients and consumption of 
cage effluents respectively, the current study suggests that more 
frequent sampling during the stratification and mixing periods is 
likely required to detect sources or changes in nutrients at sites 
where cage aquaculture operations are active and currents can 
be strong.

Table 1: Mean Secchi depth (SD), total suspended solids (TSS), extracted chlorophyll (Chla), ammonium (NH4+), nitrate (NO3-), soluble 
reactive phosphorous (SRP), particulate phosphorous (PP), particulate carbon (PC), and particulate nitrogen (PN) sampled along four station 
transects at one km intervals to  the southeast (near site 3) and northwest (near site 1) and at the farm. Source: Gondwe et al. (2011b).

Site
SD TSS Chla NH4+ NO3- SRP PP PC PN

(m) (mg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l) (µg/l)

Southeast 6.1±1.9 1.22±0.53 0.81±0.49 8.4±3.2 7.1±4.9 4.2±2.4 3.6±1.5 291±77 38±10

Farm 5.7±1.8 1.45±0.89 0.91±0.54 7.9±2.6 8.1±5.9 4.3±2.2 3.8±1.7 284±53 38±6

Northwest 5.9±1.8 1.38±0.86 0.83±0.52 8.2±4.2 6.4±4.4 4.7±3.0 3.4±1.3 294±92 40±12

Other sources, including land clearing and erosion contribute 
to the nutrient pool in Lake Malawi [20] . Hecky et al. [37] also 
suggest that agricultural development may have already increased 
nutrient loading to Lake Malawi by 50% owing to clearing of 
the forest. These early observations were made before the 
recent introduction of fertilizer subsidy program that promotes 
crop production by poor farmers and before the introduction 
of cage aquaculture in Lake Malawi. Based on the previous 
observations and finding from the current study, the question is 
how increased nutrient loading from cage aquaculture and other 
sources will affect the primary productivity, phytoplankton 
and phytoplankton communities, wild fish populations in Lake 
Malawi? Skewed fish abundances towards site 2 and high fishing 

pressure at site 3 have been noted, however, without any impact 
of fish diversity [38].

A single peak in April at all sites (site 1=3.95±0.19µg/l, 
site 2=4.79±0.65 µg/l, and site 3=5.54±0.29 µg/l) with Chla 
concentrations significantly higher than others months 
(February, June, and August) (p<0.05) which were not different 
among themselves (Figure 2a) characterized the temporal 
differences in Chla concentrations. Site 2 which was expected 
to have high Chla due to its proximity to the farm did not. The 
results revealed otherwise, the concentrations were significantly 
higher at site 3 than other sites in April, June and August, except 
in February, the only month on which Chla concentrations 
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were similar at all sampling sites (Figure 2a). It is interesting 
to note that Chla concentrations increased towards northwest 
to southeast direction (from site 1 to 3) as revealed by higher 
Chla concentrations at 3, but also by significantly higher 
concentrations at site 2 than site 1 in April, June, and August 
(p<0.05). The pattern in extracted surface Chla concentrations 
found in the current study is similar to that observed extracted 
Chla by Gondwe [39]. He found low Chla, less than 1.0 µg/l 
most of his sampling period and a single peak in May (2.4 µg/l) 
in all sampling sites. The peak Chla concentrations in May 
[39] and the peak found the current study (April), although 
occurring at different months (May and April), but same 
meteorological period, suggest dominance of diatoms which 
benefit from suspension of nutrients during short mixing period 
characterized by single peak. In both studies, the peaks seem 
not having direct effect from the cage aquaculture farm, but 
from lake wide seasonality. However, Chla concentrations in this 
study were higher than historical values reported for the main 
lake, less than 1.0 µg/l recorded before the establishment of cage 
aquaculture in Lake Malawi and 2.4 µg/l after the establishment 
[39, 40]. The results shown in Figure 3 reveal underestimation 
of Chla concentrations from surface samples (Figure 2a) since 
they are not representative of whole water column and the 
concentrations are not uniform throughout the depth (Figure 3). 
In addition, the high Chla concentration of 5.54±0.29 µg/l is the 
highest recorded in this oligotrophic lake, thereby, suggesting 
increased lake productivity. 

Figure 3: CTD chlorophyll a profiles at sampling sites (1-ST-1, 
2-ST-2, and ST-3) in February: a), b), c); April: d), e); f); June: 
g), h), i); August: j), k), l). Red dot is replicate 1 and blue dot is 
replicate 2.

While the surface Chla did not represent whole water column, 
the minimum and peak concentrations (Figure 2a) observed 
in the current study seem to be responsible to high and low 

water clarity through accumulated phytoplankton cells (Figure 
2c). Secchi depths recorded in February, June, and August are 
relatively similar to those recorded by Gondwe et al. [29], but 
significantly different to those recorded in April. The importance 
of water transparency in African cichlids is well explained by 
Seehausen et al. [41]. While working in Lake Victoria, they found 
a relationship between species diversity and color diversity and 
distinction of male coloration with high water transparency. 
Finally, reduction of water transparency in Lake Malawi has the 
potential to affect haplochromine cichlids and therefore, reduce 
their potential as food source or ornamental fish that fetch high 
export values, as low fish species diversity are found in turbid 
areas due to cultural eutrophication [41].

Conclusions

•	 DO and Chla frequently used as indicator parameters 
of healthy or impacted aquatic ecosystems did not show 
any significant association to cage aquaculture farm. Both 
followed a clear seasonal pattern mediated by seasonal 
changes in water temperature related thermal mixing in 
the lake and do not indicate being affected by the farm 
operation or any other site. 

•	 The peak Chla concentrations above 5.0 µg/l 
reported here is much higher than previous observations 
in Lake Malawi and specifically in SE Arm of the lake and 
suggests increased phytoplankton biomass in the lake. 
Surface Chla may underestimate whole water column 
concentrations as Chla increased with depth. 

•	 Surface nutrient concentrations (TN and TP) were 
higher in southeast and at the farm during the warm 
stratified period but may have been advected to the 
northwest by strong south eastern winds starting from 
April and seem not to be directly responsible for changes 
in Chla concentrations. 

•	 The farm did not cause any measurable significant 
effect on WT and SD. 

•	 Given the strong and seasonally variable currents 
in the SE Arm, much more frequent or even continuous 
monitoring of temperature and oxygen will likely be 
necessary to separate farm related impacts from wider 
scale seasonal ecosystem changes.

•	 Associations of Maldeco Aquaculture Farm’s water 
quality parameters seem to be difficult to detect probably 
due to the lake dynamic or because the scale of operation 
during the sampling period was low and consequently it 
is difficult to detect the effects. Increased fish production 
or number of cage aquaculture farms have the potential 
to overwhelm the capacity of the lake to handle increased 
nutrients and productivity 

•	 Monitoring programs for cage aquaculture in 
Malawi should consider the period between April and 
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July as potentially stressful because of sub-optimum WT 
(less than 24oC), decreased %DO, DO, and reduced water 
transparency. 
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