
Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) 

Vol.5, No.1, 2015 

 

142 

Study on the Water Quality Parameters in Semi-Intensive Coastal 

Shrimp Culture System in Mafia Island, Tanzania 
 

Hassan A. Mateka
1,2*

      Rashid Tamatamah
1
       Magreth Kyewalyanga

3 

1.Department of Aquatic Sciences and Fisheries, University of Dar es Salaam, Tanzania 

2.Department of Environmental Studies, Open University of Tanzania 

3.Institute of Marine Sciences, University of Dar es Salaam, Tanzania 

*E-mail of corresponding author: hmateka@gmail.com 

 

Abstract 

This study was conducted to understand the effect of coastal shrimp farming on water quality properties in the 

surrounding area of a semi-intensive culture system in Mafia Island, Tanzania. Monthly water samples were 

collected from six stations located within culture ponds, inlet creek and outlet/effluent creek, from June, 2008 to 

May, 2009, and November, 2009 to March, 2010. The samples were used for the analysis of the selected water 

quality parameters following the standard procedures. The data obtained was analyzed using one way ANOVA 

and significant differences accepted at p ≤ 0.05. Post Hoc Turkeys’ test was used to determine the specific 

stations which were sources of differences. Correlation co-efficient (r) was performed to establish the relation 

between independent and dependent parameters. Results showed that DO, salinity, NH4-N, NO2-N and PO4-P 

were significantly (p<0.05) higher in sampling stations inside culture ponds. NO3-N had significantly (p<0.05) 

higher mean values at the stations along the effluent creek. No significant differences (p>0.05) were recorded 

between the stations in terms of temperature, EC and chlorophyll-a. High positive correlations (r = 0.646–0.927) 

between EC and dissolved nutrients is an indication of common origin of these parameters that is, mineralization 

of organic materials. In general, concentrations of all analysed parameters were within the desirable and 

acceptable limits for marine ecosystems. To sustain the present conditions it is being recommended to adopt 

better farm husbandry as well as treating effluent materials before discharging them to the marine water medium. 

The study would provide essential information on which further studies can be carried out to evaluate the 

environmental impacts of marine aquaculture and, supports protection and decision making for sustainable 

development in the coastal areas. 

Keywords: Semi-intensive shrimp culture, Water quality, inorganic nutrients, environmental impacts, Mafia 

Island. 

 

1.0 Introduction 

As the world human population continues to expand, the demand for high protein foods also rises. This demand 

is not likely to be covered by livestock production and with capture fisheries which are being exploited to their 

sustainable limit and beyond. Aquaculture is therefore expected to be the major means of promoting production 

to meet the increasing demand for quality protein for human consumption (Boyd, 2003; Pulatsü et al., 2004). 

The farming of marine organisms (mariculture) is also recognized as one of the most important instrument for 

promotion of economic growth, provision of food, employment as well as foreign exchange earnings in most 

coastal areas worldwide. Ecologically, marine aquaculture could play an important role in restocking over-

exploited wild stocks and saving threatened species (Pulatsü et al., 2004). 

Nevertheless, the negative environmental impact associated with coastal aquaculture is a very big 

threat to the surrounding environment and marine ecosystems in general and thus, the industry is receiving 

increasing criticism. Supplementary feeds, fertilizers and metabolic wastes are the main source of inorganic 

nutrients input and particulate loads in semi-intensive and intensive aquaculture systems and the surrounding 

environments (Pulatsu et al., 2004). These materials may contribute significantly to nutrient enrichment 

(eutrophication), increased suspended solids, build-up of anoxic sediments and changes in benthic community 

structure of receiving coastal waters (Boyd and Green, 2002). 

Although the adverse environmental impact of marine fish farming has been a subject of increasing 

attention worldwide, there have been very few such studies conducted in Tanzania on this subject (e.g. Mmochi 

and Mwandya, 2003). In the same way, large body of existing information from temperate countries (e.g. 

Samocha et al., 2004) cannot be used to predict with certainty the adverse environmental effects of coastal 

aquaculture in tropical countries. Furthermore, severe environmental effects of aquaculture systems tend to be 

site-specific as they are influenced by production characteristics at each farm-site and environmental conditions 

in the surrounding areas (Wu et al., 1994). Thus, each coastal area influenced by aquaculture activities requires 

its own specific study since data collected from other areas may not be correctly applicable to it. This study, 

therefore sought to determine the physicochemical properties of water in relation to the coastal shrimp culture 

operated in a semi-intensive system in the Mafia Island, Tanzania. A particular focus was given to relative 

changes in water temperature, dissolved oxygen (DO), pH, salinity, electrical conductivity (EC), turbidity, 
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ammonium-N, nitrite-N, nitrate-N, phosphate-P and chlorophyll–a among sampling stations. It is expected that 

the study will be of significance in environmental research and for protection of the coastal ecosystems. Its data 

would provide essential information on which further studies can be carried out to assess the environmental 

impacts of marine aquaculture. In addition, it would contribute essential information for environmental 

protection, management and sustainable marine aquaculture development in Tanzania and probably in the whole 

region of East African coast. 

 

2.0 Materials and Methods 

2.1 Study Area 

The study was carried out in the Mafia Island (07
o
45′S and 39

o
50′ E); the island is in the shore of the Indian 

Ocean (Figure 1). The Mafia semi-intensive coastal shrimp culture system is situated about 25 km northeast of 

the Mafia district administrative township, Kilindoni. The system is developed in the wetland area that was 

previously covered with mangrove forest and inundated with sea water during high tides. The area had a narrow 

creek (about 3.5 km) draining its water into the nearby Kirongwe bay. Thus; with the development of shrimp 

farm, upper section of the creek (inlet creek) has become the water source for the culture ponds, while the lower 

section (outlet/effluent creek) carries aquaculture effluents to the sea. At the beginning of this study, the farm 

was operating sixteen earthen shrimp culture ponds while during the last sampling session the number had risen 

to thirty ponds but operating in alternation. Each culture pond has an average water surface area of 1.5 ha and 

depth of 1.7 m, and stocking density of averages 15-20 post-larvae/m
2
 in a production cycle of 140-180 days. 

The ponds are treated with agricultural lime (CaCO3), and fertilized with urea (30-45kg/production cycle) and 

triple super-phosphate (10-15kg/production cycle). The shrimps are also fed directly with commercial feeds 

containing 36-40% crude protein. 

 
Figure 17: The map of Mafia Island showing the location of sampling stations in the shrimp farm. 

 

2.2 Sampling Stations 

Six sampling stations: ST 1, ST 2, ST 3, ST 4, ST 5 and ST 6 were established at three key sections of the 

culture system; inlet creek, the culture ponds and outlet/effluent creek (Figure 1). The ST 1 was located along the 

inlet/influent creek approximately 50 m to the pump house, a point at which ambient sea water is pumped into 

the culture ponds. The ST 2 and ST 3 were situated within culture ponds, whereas ST 4, ST 5 and ST 6 were 

located along the effluent creek. The ST 4 was situated at the confluence point for all outlet canals from the 

culture ponds, ST 5 was about 450 m downstream of ST 4, and ST 6 was at the point where effluent creek and 
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sea water meet during high tides, about 700 m downstream of the ST 5. 

 

2.3 Sampling Strategy 

Surface water samples were collected at monthly intervals from June, 2008 to May, 2009 and, then from 

November, 2009 to March, 2010. Measurements of temperature (
o
C), DO (mg/l) pH, salinity, EC (mS/cm) and 

turbidity (NTU) were done in situ using a multimeter water quality checker (HORIBA-U10). For the 

determination of dissolved nutrients and chlorophyll-a, three replicates of water samples were collected from 

different locations of the same sampling station and mixed together into one composite-sample. The samples 

were preserved in 500 cm
3
 acid-washed polyethylene sampling bottles. The bottles were also rinsed several 

times with distilled water followed by thorough rinsing with water from the respective sampling station before 

being filled with samples. The appropriately labeled sample bottles were immediately kept in ice-filled cooler 

box, transported to the laboratory within 36-48 hours and stored into a deep freezer at -20
o
C until analysis. 

 

2.4 Laboratory Analysis 
Prior to analysis, refrigerated water samples were thawed to reach room temperature. Then, the samples were 

filtered using GF/C Whatman
®
 filter papers (0.45 µm pore size) and the filtrates were analyzed for the 

concentrations of inorganic nutrients: ammonium-nitrogen (NH4-N), nitrite-nitrogen (NO2-N), nitrate-nitrogen 

(NO3-N) and phosphate-phosphorus (PO4-P), while filter papers were used for the analysis of chlorophyll-a 

concentration. Concentrations of inorganic nutrients (µm/l) and chlorophyll-a (mg/m
3
)

 
were determined 

following the standard analytical procedures (Parsons et al., 1984; APHA/AWWA/WEF, 2005) using a JENWAY 

6505 UV/VIS spectrophotometer. 

 

2.5 Data Analysis 

Calculation of range, mean and standard error for each parameter and stations were made and presented using 

tables and graphs. The data obtained were subjected to one way analysis of variance (ANOVA) and significant 

differences accepted at p≤0.05. In case of significance, the mean values were separated using post-hoc Tukey’s 

‘Honest Significant Difference’ (HSD) tests to ascertain the stations which were sources of differences. 

Correlation co-efficient (r) was performed to establish the relationship between parameters. Data analyses were 

carried out using the statistical software GraphPad Instant tm version 2.04 and Microsoft office Excel 2007. 

 

3.0 Results and Discussion 
Mean values and range of water quality parameters (mean ± SE) from the six sampling stations in the coastal 

shrimp culture system in Mafia Island are given in Figures 2-4 and correlation coefficients among water quality 

parameters are shown in Table 1. 

 

3.1 Temperature 

In the present study, there was no significant variation in temperature between stations (p>0.05). Its values 

ranged between 29.67 ± 0.56
o
C and 30.95 ± 0.48

o
C recorded at ST 1 and ST 6, respectively with an overall mean 

value of 30.28 ± 0.21
o
C (Figure 2). This temperature range, although small and insignificant, followed closely 

the changes in diurnal air temperatures on the shallow waters. The small range in water temperature could be 

explained by the statement made by Nkwoji et al. (2010) that temperature is not a major factor in tropical aquatic 

ecosystems. The values of water temperature in this study were within the desired range of 25-32°C for normal 

growth and survival of aquatic organisms in tropical aquatic environments as well as favorable conditions for 

tropical aquaculture activities (Boyd and Pillai, 1984). 

 

3.2 Electrical Conductivity 

There was no significant variation in EC values between sampling stations (p>0.05). The highest mean EC 

values were recorded at ST 2 and ST 3 (48.67±0.89 mS/cm) and, the lowest value at ST 1 (41.77±2.77 mS/cm) 

while the overall mean value was 45.92±1.04 mS/cm (Figure 2). The relatively high EC values recorded in the 

culture ponds might imply that the applied agrochemicals, food additives and shrimp excreta were the major 

sources of ionic substances in the water column of the culture system. This corroborates with the findings of 

Mishra et al. (2008), and Bhadja and Kundu (2012). The overall mean EC for the present study is slightly higher 

than the EC range of 17.17-17.58 mS/cm obtained by Bhadja and Kundu (2012) and 20.0-36.1 mS/cm reported 

by Ideriah et al. (2010) in the industrially impacted coasts of the tropical ecosystems. Furthermore, EC had 

strong positive significant relationships with DO (r=0.917), PO4-P (r=0.871), NH4-N (r=0.905) and NO2-N 

(r=0.927) (Table 1). Such relationships might imply that increased DO levels could have favoured the biological 

decomposition of organic matter and consequently release of ionic substances mainly nutrients to the water 

column. From their studies in the aquaculture settings, Mishra et al. (2008), and Bhadja and Kundu (2012) 

reported similar relationships between EC and dissolved inorganic nutrients concentration. 
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3.3 Salinity 

In the present study, salinity of water sample varied significantly at the different sampling stations (p<0.05). 

Respectively, the lowest and highest values of 30.12±0.09 and 34.4±0.1 were recorded at ST 6 and ST 2, while 

the overall mean value was 32.33±0.10 (Figure 2). Factors such as high rates of evaporation of the confined 

ponds’ water and the elevated concentration of dissolved solids from the aquaculture inputs such as fertilizers 

could be considered for the high salinity in culture ponds. This is consistent to the findings of Guerrero-Galvan 

et al. (1999), Kumar et al. (2012) and Barraza-Guardado et al. (2013) who studied the water quality parameters 

of the coastal shrimp farms. The strong significant positive correlation between salinity and PO4-P (r=0.869) as 

well as excellent positive relationships with NH4-N (r=0.774), NO2-N (r=0.779) and EC (r=0.646) (Table 1) 

favours the idea that agrochemicals and shrimp excreta are the major factors for the elevated ionic content of the 

water column of the culture systems. This corroborated with the findings of Chagas and Suzuki (2005) and, 

Carvalho et al. (2010). 

 

3.4 Dissolved Oxygen 
The mean DO concentration was highest (6.77±0.35 mg/l) at ST 2 and lowest (4.63±0.23 mg/l) at ST 1 with the 

overall mean value of 5.77±0.28 mg/l. Other peaks were 6.04±0.49 mg/l and 5.91±0.24 mg/l recorded at ST 4 

and ST 3, respectively. Results showed a significant variation amongst the stations (p<0.05). A post-hoc test 

revealed that ST 1 had significantly lower mean DO concentrations than both ST 2 (p<0.001) and ST 4 (p<0.05) 

(Figure 2). Decomposition of the vegetal matter from the surrounding mangrove forests could probably be 

related to the depletion of DO in the inlet creek (ST 1). This biodegradable material is more oxygen demanding 

during its bacterial decomposition. This was similar to results of Boyd and Pillai (1984) and Barraza-Guardado 

et al. (2013) during their study in the tropical aquatic ecosystem. High DO concentrations in the culture ponds 

(ST 2 and ST 3) could be related to the mechanical aeration and high phytoplankton biomass with a resultant 

increase in photosynthetic activities as confirmed by the high chlorophyll-a concentrations within production 

ponds. Comparable observations were also made by Maia et al. (2011) from their studies in aquaculture settings 

elsewhere. The minimum limit of DO concentrations suitable for aquatic organisms recommended by Global 

Aquaculture Alliance (GAA) standards is 4 mg/l (Boyd and Gautier, 2000 in: Boyd, 2003) and 3 mg/l for marine 

shrimp farming (Ferreira et al., 2011). When compared to all these standards, the mean DO value (4.63±0.23 

mg/l) with a range of 4.63±0.23 to 6.77±0.35 mg/l observed during the present study was within the safe limits. 

 
Figure 2: Mean variations (±SE) of the water quality parameters recorded in the Mafia shrimp farm 

during the study period. 

 

3.5 pH 

The pH values recorded in this study were not significantly different across the sampling stations (p>0.05). Mean 

pH values ranged between 7.15±0.24 and 7.41±0.15 recorded at ST 1 and ST 2, respectively (Figure 3). This 

high value at ST 2 may be attributed to the influence of liming treatments and high rates of photosynthesis by 

phytoplankton in the culture ponds (ST 2 and ST 3). This corroborates with the finding of Guerrero-Galvan et 

al., (1999) and Manna et al., (2003) in the tropical aquaculture systems. Pond liming is a common procedure 
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used to neutralize sediment acidity, increase temporarily total alkalinity and total hardness of pond waters 

(Johnston et al., 2002; Sipauba-Tavares et al., 2003; Nyanti et al., 2011). The overall mean pH value (7.27±0.05) 

obtained in the study area shows that the water is slightly alkaline and the value is within the permissible limit of 

6.0-9.0 for estuarine and marine ecosystems (Boyd and Green, 2002). 

Moreover, pH showed strong significant positive relationship with EC (0.936), PO4-P (0.905), NH4-N 

(r=0.868) and NO2-N (r=0.912). Again, pH is strongly correlated with DO value (r=0.796) (Table 1). This 

relationship might be an indication that the pH variation in the study area was rather controlled by the 

involvement of these variables in the processes of photosynthesis and decomposition of organic materials. 

According to Guerrero-Galvan et al. (1999), photosynthesis increases oxygen and pH of water, and accelerates 

decomposition of organic materials resulting in a higher concentration of ionic substances such as nutrients 

which further accelerate the phytoplankton productivity. 

 

3.6 Turbidity 

Results showed that the mean turbidity values of water samples fluctuated between 11.14±2.09 and 25.71±6.60 

NTU. The lowest and highest values for the study were recorded at ST 1 and ST 5, respectively (Figure 3). There 

was no significant variation across sampling stations (p>0.05). Poor renovation with a resultant long retention 

time of turbid water from the shrimp culture ponds could be related to the high turbidity values recorded in the 

effluent creek. This assertion concurs with previous findings (Rajasegar, 2003; Pulatsu et al., 2004; Bui et al., 

2012) from the tropical aquaculture systems. The overall mean turbidity value (17.47±3.82 NTU) obtained in 

this study was below the upper limit (42.5 NTU) recommended for marine shrimp culture (Ferreira et al., 2011). 

 
Figure 3: Mean variations (±SE) of the water quality parameters recorded in the Mafia shrimp farm 

during the study period. 

 

3.7 Chlorophyll-a 

Chlorophyll-a concentration for the present study fluctuated between 103.20±32.06 mg/m3 (ST 1) to 

210.99±60.97 mg/m3 (ST 2). ANOVA showed non-significant variation among the sampling stations (p>0.05) 

(Figure 3). When compared with the recommended guidelines by Boyd and Green (2002) (>10 µg L-1), mean 

values for this study (165.26±16.82 mg/m3) showed preliminary signs of eutrophication development. However, 

chlorophyll-a concentrations found in this study are generally lower than those reported by Setiarto and Suradi 

(1999) in the coastal waters adjacent to shrimp ponds in Indonesia. Seemingly, the higher chlorophyll-a 

concentrations in the culture ponds may in part be related to the nutrient supply through supplementary fish feeds 

and fertilizer input that stimulated the growth of phytoplankton. This corroborates with several previous reports 

in the fish culture systems (Guerrero-Galvan et al., 1999; Ferreira et al., 2011; Kumar et al., 2012). High positive 

correlations between chlorophyll-a with DO and NO3-N (Table 1) could imply that photosynthesis by 

phytoplankton raises oxygen of water and accelerates the rate of nitrification. Similar relationship was reported 

by Samocha et al. (2004) from their studies in intensive and semi-intensive shrimp culture systems. 

 

3.8 Ammonium-Nitrogen 

The NH4-N concentration varied significantly across the sampling stations (p<0.05); and fluctuated between 
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2.98±0.20 µm/l and 7.96±1.03 µm/l recorded at ST 1 and ST 2, respectively. Moreover, there was a slight 

decrease in NH4-N concentration downstream the effluent creek with increasing distance from the culture ponds 

(Figure 4). The overall mean concentration of NH4-N in this study (5.54±0.84 µm/l) was lower than the 

allowable concentration of (<3 mg/l ≈ <54.12 µm/l) for protecting aquatic ecosystems (Boyd and Green, 2002). 

Similarly, this result was slightly lower than those observed in the Integrated Mariculture Pond Systems (IMPS) 

by Mmochi et al. (2002) and, Mmochi and Mwandya (2003). This variation might be attributed to the applied 

commercial feeds and inorganic fertilizers such as urea in Mafia shrimp farm in comparison to locally produced 

fish feeds (rich in organic content) used at IMPS, Zanzibar. High concentrations of NH4-N in culture ponds 

could be ascribed to the addition to the system of inorganic nitrogenous fertilizers as well as the accumulation 

and microbial decomposition of organic materials from unconsumed food materials and waste products excreted 

by fish. This can be verified by the work of Boyd et al. (2002), and Mmochi and Mwandya (2003) who noted 

that organic materials from the fish feed as well as fish excretion and secretion to be the dominant sources of 

organic carbon and nutrients input into the culture system. 

Self-purification mechanisms of the running water and tidal dilution of effluent water may have 

accounted for a gradual decreasing trend of NH4-N concentration with increasing distance from the effluent 

discharge point (ST 4). Cancemi et al. (2003) and Biao et al. (2004) observed similar fluctuations pattern in 

NH4-N concentrations in the fish culture systems. Alternatively, low concentration of NH4-N in the inlet creek 

(ST 1) could be attributed to the presence of higher plant organic matter that are quite resistant to decomposition 

by microorganisms and nutrients release as previously reported by Strömberg et al. (1998) and Boyd et al. 

(2002). 

 

3.9 Nitrite-Nitrogen 

In the present study, the average NO2-N concentration (0.31±0.04 µm/l ≈ 0.01 mg/l) was below the upper limits 

of <0.2 mg/l and 0.3 mg/l for marine shrimp culture systems recommended by Ferreira et al. (2011) and Maia et 

al. (2011), respectively. Likewise, these values were lower than those reported by several studies in marine 

shrimp aquaculture elsewhere (Guerrero-Galvan et al., 1999; Bui et al., 2012). This low concentration could be 

related to its short residence time in the environment under optimum conditions such as water temperature and 

high concentrations of DO. According to Samocha et al. (2004), increase in water temperature and DO 

concentration causes an increase in the rate of nitrification while reducing the concentration of NO2-N of the 

water column. 

As shown by Figure 4, concentration of NO2-N varied between 0.18±0.03 µm/l and 0.44±0.06 µm/l 

recorded at ST and ST 2, respectively; and it varied significantly across the sampling stations (p<0.05). The high 

NO2-N concentrations in the shrimp culture ponds may be attributed to the influence of the applied nitrogen 

fertilizers such as urea as well as oxidation of ammonia. According to Maia et al. (2011) and Devi et al. (2012), 

there is a close association between levels of NOx with oxidized nitrogen inputs originating from terrestrial run-

off or intensive N-fertilizers use. The strong positive correlation between NO2-N and NH4-N concentrations 

(r=0.995; p=0.00) (Table 1) could suggests the production of nitrites through nitrification process of ammonium 

as previously reported by Manna et al. (2003) and Bui et al. (2012). 

 

3.10 Nitrate-Nitrogen 

Results showed that NO3-N concentrations of water sample varied significantly between sampling stations 

(p<0.05); with the highest value of 1.98±0.39 µm/l and lowest of 0.32±0.07 µm/l recorded at ST 5 and ST 1, 

respectively (Figure 4). The high concentrations recorded at ST 4 and ST 5 may be attributed to the inadequate 

management of the effluent creek with a resultant build-up of organic materials in the sediments from the 

preceding production cycles. According to Gross et al. (2000), concentration of nutrients of the nitrogen species 

is mainly associated with organic compounds because about 90% of nitrogen in sediment exists in organic form. 

Thus, sediment drying, tilling and removal are among the regular and important aquaculture farm management 

practices for removing all the accumulated organic materials in the pond floors. The overall mean concentration 

of NO3-N (1.08 µm/l ≈ 0.02 mg/l) determined during the present study was below the range (0.4–0.8 mg/l) 

proposed by Nunes (2001) in: Maia et al. (2011) for protecting aquatic ecosystems. Moreover, NO3-N 

concentrations obtained in this study were lower than those found by several studies from the tropical 

mariculture systems (Guerrero-Galvan et al., 1999; Mmochi et al., 2002; Ferreira et al., 2011; Bui et al., 2012). 

 

3.11 Phosphate-Phosphorus 
Results showed that there was a significant variation in PO4-P concentrations between sampling stations 

(p<0.05). As presented in Figure 4, the highest mean concentration of PO4-P recorded was 1.36±0.19 µm/l at ST 

2, while ST 6 had the lowest value of 0.54 ± 0.07 µm/l. Relatively high PO4-P concentrations obtained at ST 2 

and ST 3 as well as at ST 4 may probably be attributed to the application of phosphorus-containing fertilizers 

such as triple superphosphate (TSP) as well as shrimp excreta. Kumar et al. (2012) attributed that nearly all 
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fertilizers used in aquaculture systems contain phosphates which stimulate the growth of plankton and water 

plants that provide food for fish. Application of liming materials to increase pH of bottom sediments could also 

be associated with elevated PO4-P concentrations in the culture ponds as it makes phosphorus accumulated in 

sediments more available in the water column (Boyd et al., 2002). This statement could be substantiated by a 

strong significant positive correlation between PO4-P and pH (r=0.905) of the water column (Table 1). 

The general tendency of running water to undergo self purification would have caused the stations in 

the effluent creek to record lower PO4-P concentrations. These results may be supported by the work of Wu et al. 

(1994) who found that the impact of shrimp farm effluent usually concentrates within 1-1.5 km from the 

discharge point. The average PO4-P concentration (0.92±0.14 µm/l ≈ 0.0.01 mg/l) obtained in this study was 

lower than levels set as guidelines for protecting aquatic life in estuaries (<0.045 mg/l) and coastal waters 

(<0.015 mg/l) (Biao et al., 2004). Moreover, these values were lower than those reported by Guerrero-Galvan et 

al. (1999), Mmochi et al. (2002) and Bui et al. (2012) from the related studies in the marine aquaculture systems. 

 
Figure 4: Mean variations (±SE) in concentrations of inorganic nutrients recorded in the Mafia shrimp 

farm during the study period. 

 

Table 1: Pearson correlation coefficient (r) for the water quality parameters determined during the study 

period in the Mafia shrimp farm. 

Parameter Chl-a 
Turbid

ity 

Salinit

y EC DO pH Temp PO4-P NH4-N NO3-N NO2-N 

Chl-a 1           

Turbidity 0.376 1          

Salinity 0.363 -0.427 1         

EC 0.590 0.202 0.646 1        

DO 0.730 0.239 0.538 0.917 1       

pH 0.359 -0.122 0.748 0.936 0.796 1      

Temp 0.510 0.824 -0.555 0.016 0.113 -0.284 1     

PO4-P 0.377 -0.127 0.869 0.871 0.793 0.905 -0.423 1    

NH4-N 0.481 0.065 0.774 0.905 0.875 0.868 -0.256 0.976 1   

NO3-N 0.621 0.824 0.065 0.542 0.638 0.234 0.522 0.375 0.558 1  

NO2-N 0.456 0.022 0.779 0.927 0.879 0.912 -0.276 0.983 0.995 0.500 1 

*Significant (p<0.05) correlation coefficient is presented in bold. 
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4.0 Conclusion and Recommendations 

The health of the aquatic environment could easily be assessed by considering its water quality characteristics. 

Thus, when taking into account the results of this study, it is clearly showing that activities in the Mafia shrimp 

farm did not cause any significant and irreversible changes in the environment. This is an indication that the 

level of farming has not gone beyond the carrying capacity of the coastal area under shrimp production. Overall, 

findings of this study are consistent with a number of other studies in the tropical ecosystems (Wu et al., 1994; 

Rajasegar 2003) that have reached similar conclusion concerning changes in water quality parameters in the 

vicinity of the shrimp farm. However, fairly high concentration of nutrients observed in the culture ponds and 

along the effluent creek could imply that the area is starting to experience environmental degradation. Thus, with 

increasing production and age of the farm, significant environmental deteriorations of the surrounding 

environment are expected. This study therefore, suggests that environment impacts could be avoided or reduced 

through better culture husbandry, mixed culture as well as implementing regulatory, control and monitoring 

measures It is also expected that this study could provide essential information on which further studies can be 

carried out to assess the environmental impacts of commercial marine aquaculture development in Tanzania and 

the whole of East African coast. 

 

Acknowledgements 

The authors are grateful to the Institute of Marine Sciences (IMS), UDSM through SIDA-SAREC (currently 

Sida) Bilateral Marine Sciences Program for providing funding for this study. We also wish to thank the owner 

of the Mafia shrimp farm, the Alphakrust Company, for its kind permission to conduct this study and imparting 

valuable information. The authors would like to thank the numerous people and organizations that offered all 

necessary help, advice, guidance, and inspiration during the course of the present study. 

 

References 

APHA/AWWA/WEF (2005). Standard Methods for the examination of Water and Wastewater, 21
st
 edition. 

American Public Health Association/American Water Works Association/Water Environment 

Federation, Washington, DC. 

Barraza-Guardado, R. H., Arreola-Lizárraga, J. A., López-Torres, M. A., Casillas-Hernández, R. Miranda-Baeza, 

A., Magallón-Barrajas, F. and Ibarra-Gámez, C. (2013). Effluents of Shrimp Farms and Its Influence 

on the Coastal Ecosystems of Bahía de Kino, Mexico. The Scientific World Journal, 8 pages. 

Bhadja, P. and Kundu, R. (2012). Status of the seawater quality at few industrially important coasts of Gujarat 

(India) off Arabian Sea. Indian Journal of Geo-Marine Sciences, 41(1): 90-97. 

Biao, X., Zhuhong, D. and Xiaorong W. (2004). Impact of the intensive shrimp farming on the water quality of 

the adjacent coastal creeks from Eastern China. Marine Pollution Bulletin 48: 543-553. 

Boyd, C. E. (2003). Guidelines for aquaculture effluent management at the farm-level. Aquaculture. 226: 101-

112. 

Boyd, C. E. and Green. B. W. (2002). Coastal Water Quality Monitoring in Shrimp Farming Areas, An Example 

from Honduras. Report prepared under the World Bank, NACA, WWF and FAO Consortium Program 

on Shrimp Farming and the Environment, 29 pages. 

Boyd, C. E. and Pillai, V. K. (1984) Water Quality Management in Aquaculture. CMFRI Special Publication, 

Number 22, pp: 96. 

Boyd, C. E., Wood, C. W. and Thunjai, T. (2002). Aquaculture Pond Bottom Soil Quality Management. Pond 

Dynamics/Aquaculture Collaborative Research Support Program, 41 pages. 

Bui, T. D., Luong-Van, J. and Austin, C. M. (2012). Impact of Shrimp Farm Effluent on Water Quality in 

Coastal Areas of the World Heritage-Listed Ha Long Bay. American Journal of Environmental 

Sciences, 8(2): 104-116. 

Chagas, G. G. and Suzuki, M. S. (2005). Seasonal Hydrochemical Variation in a Tropical Coastal Lagoon (Açu 

Lagoon, Brazil). Braz. J. Biol., 65(4): 597-607. 

Cancemi, G., Falco, G. D., and Pergent, G. (2003). Effects of organic matter input from a fish farming facility on 

a Posidonia oceanic meadow. Estuarine, Coastal and Shelf Science, 56: 961-968. 

Carvalho, A. P. A., Zhonghua, T., Correia, M. M. F. and Neto, J. P. C. (2010). Study of Physical-Chemical 

Variables and Primary Productivity in Bacanga River Estuary Dam, Sao Luis, Maranhao, Brazil. 

Researcher, 2(2): 15-24. 

Ferreira, N. C., Bonetti, C., Seiffert, W. Q. (2011). Hydrological and Water Quality Indexes as management 

tools in marine shrimp culture, Aquaculture. 

Guerrero-Galvan, S. R., Páez-Osuna, F., Ruiz-Fernández, A. C. & Espinoza-Angulo, R. (1999). Seasonal 

variation in the water quality and chlorophyll a of semi-intensive shrimp ponds in a subtropical 

environment. Hydrobiologia, 391(1-3): 33-45. 

Ideriah, T. J. K., Amachree, O. and Stanley, H. O. (2010). Assessment of Water Quality Along Amadi Creek in 



Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) 

Vol.5, No.1, 2015 

 

150 

Port Harcourt, Nigeria. Scientia Africana, 9(1): 150-162. 

Johnston, D., Lourey, M., Tien, D. V., Luu, T. T. and Xuan, T. T. (2002). Water quality and plankton densities in 

mixed shrimp-mangrove forestry farming systems in Vietnam. Aquaculture Research, 33: 785-798. 

Kumar, P., Jetani, K. L., Yusuzai, S. I., Sayani, A. N, Dar, S. A. and Rather, M. A. (2012). Effect of sediment 

and water quality parameters on the productivity of coastal shrimp farm. Advances in Applied Science 

Research, 3(4): 2033-2041. 

Maia, E. P., Alfredo Olivera Gàlvez, A. O. and Silva, L. O. B. (2011). Brazilian shrimp farms for Litopenaeus 

vannamei with partial and total recirculation systems. International Journal of Aquatic Science, 2(1): 

16-27. 

Manna, N. K., Banerjee, S. and Bhowmik, M. L. (2003). Hydrobiology of Wastewater-fed Man-made Lotic Fish 

Culture Ponds in Relation to Pollution Physico-Chemical Characteristics. Philippine Journal of 

Science, 132(1): 47-58. 

Mishra, R. R., Rath, B. and Thatoi, H. (2008). Water Quality Assessment of Aquaculture Ponds Located in 

Bhitarkanika Mangrove Ecosystem, Orissa, India. Turkish Journal of Fisheries and Aquatic Sciences, 

8: 71-77. 

Mmochi, A. J., Dubi, A. M., Mamboya, F. A. and Mwandya, A.W. (2002). Effects of Fish Culture on Water 

Quality of an Integrated Mariculture Pond System. Western Indian Ocean Journal of Marine Sciences. 

1(1): 53-63. 

Mmochi, A. J. and Mwandya, A.W. (2003). Water Quality in the Integrated Mariculture Pond Systems (IMPS) at 

Makoba Bay, Zanzibar, Tanzania. Western Indian Ocean Journal of Marine Sciences. 2(1): 15-23. 

Nkwoji, J. A., Yakub A., Ajani, G. E., Balogun, K. J., Renner, K.O., Igbo, J. K., Ariyo, A. A. and Bello, B. O. 

(2010). Seasonal Variations in the Water Chemistry and Benthic Macroinvertebrates of a South 

Western Lagoon, Lagos, Nigeria. Journal of American Science, 6(3):85-92. 

Nyanti, L. George, B. and Ling, T.Y. (2011). Treatment of Shrimp Pond Effluent Using Sedimentation Pond in 

the Tropics. Journal of Environmental Science and Engineering, 5: 381-387. 

Parsons, T. R., Maita, Y. and Lalli, C.M. (1984). A manual of chemical and biological methods for seawater 

analysis. Pergamon Press, New York, pp: 170. 

Pulatsü, S., Rad F., Köksal G., Aydin F., Benli, A. C. K. and Topçu, A. (2004). The Impact of Rainbow Trout 

Farm Effluents on Water Quality of Karasu Stream, Turkey. Turkish Journal of Fisheries and Aquatic 

Sciences, 4: 09-15. 

Rajasegar, M. (2003). Physico-chemical characteristics of the Vellar estuary in relation to shrimp farming. 

Journal of Environmental Biology, 24(1): 95-101. 

Samocha, T. Z., Lopez, I. M., Jones, E. R. and Lawrence, A. L. (2004). Characterization of intake and effluent 

waters from intensive and semi-intensive shrimp farms in Texas. Aquaculture Research, 35, 321-339. 

Setiarto, A. and Suradi (1999). The Measurement of Chlorophyll a Concentration in the Coastal Waters Adjacent 

to Karang Anyar Shrimp Ponds, Tugu Semarang. Journal of Coastal Development, published by the 

Research Institute of Diponegoro University, Semarang, Indonesia. 

Sipaúba-Tavares, L. H., Millan, R. N. and do Amaral, A. A. (2013). Influence of Management on the Water 

Quality and Sediment in Tropical Fish Farm. Journal of Water Resource and Protection, 5: 495-501. 

Strömberg, H., Pettersson, C. and Johnstone, R. (1998). Spatial Variations in Benthic Macrofauna and Nutrient 

Dynamics in a Mangrove Forest Subject to Intense Deforestation: Zanzibar, Tanzania. Ambio, 27(8): 

734-739. 

Wu, R. S. S., Lam, K. S., Mackay, D. W., Lau, T. C. and Yam, V. (1994). Impact of Marine Fish Farming on 

Water Quality and Bottom: A Case Study in the Sub-tropical Environment. Marine Environmental 

Research, 38: 115-145. 

 

  



The IISTE is a pioneer in the Open-Access hosting service and academic event management.  

The aim of the firm is Accelerating Global Knowledge Sharing. 

 

More information about the firm can be found on the homepage:  

http://www.iiste.org 

 

CALL FOR JOURNAL PAPERS 

There are more than 30 peer-reviewed academic journals hosted under the hosting platform.   

Prospective authors of journals can find the submission instruction on the following 

page: http://www.iiste.org/journals/  All the journals articles are available online to the 

readers all over the world without financial, legal, or technical barriers other than those 

inseparable from gaining access to the internet itself.  Paper version of the journals is also 

available upon request of readers and authors.  

 

MORE RESOURCES 

Book publication information: http://www.iiste.org/book/ 

Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/  

 

IISTE Knowledge Sharing Partners 

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 

Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek 

EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar 

 

 

http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

