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ABSTRACT 

The Olifants River System is one of the most polluted river systems in Southern Africa. The Olifants River 

catchment is characterized by large-scale mining, power generation, heavy industry and inadequate 

domestic sewage treatment. Fish and crocodile kills have become commonplace over the past decade, 

especially in the upper catchment and Kruger National Park. The present study was carried out at Loskop 

and Flag Boshielo dams, two major impoundments in the Olifants River. Water and sediment samples were 

collected at each dam during winter (July 2011) and summer (November 2011), frozen and sent to an 

accredited water lab for chemical analysis. Atleast fifteen fish specimens from each dam were collected 

during each survey using gill nets. To evaluate the health of red-nose labeo, (Labeo rosae) in the two 

dams, fish organs were assessed macroscopically using the fish Health Assessment Index (HAI) protocol 

and a section of liver tissue and gills were dissected out, frozen and sent to an accredited water lab for 

metal analysis. The remainder liver samples were fixed in 10% buffered formalin and sent to University of 

Pretoria Pathology Laboratory for histopathological analysis. The concentration of nutrients and ions were 

higher at Loskop Dam whereas most metal concentrations were found to be higher at Flag Boshielo Dam. 

The present study categorised Flag Boshielo Dam as oligotrophic with Loskop Dam being mesotrophic. 

The concentration of aluminium, copper, antimony, iron, lead, selenium and strontium was higher at Flag 

Boshielo Dam with manganese, silica and zinc being higher at Loskop Dam. Although the concentrations of 

these toxic constituents varied, there were no significant differences between localities (p>0.05). The 

constituents that showed high concentrations in sediment were iron and aluminium. The general trend of 

accumulation in sediment was as follows: Fe > Al > Si > Mn > Zn > Cu > Sb > Sr > Pb > Se at Loskop Dam 

whereas at Flag Boshielo Dam was as follows: Fe > Al > Mn > Si > Zn > Cu > Sr > Pb > Sb > Se.  The liver 

generally accumulated higher concentrations of metals than the other tissue. General trend of liver > gills > 

muscle was reported for Al, Cu, Fe, Pb, Sb, Se, Si and Zn with gills > liver > muscle trend being reported 

for Mn and Sr at both localities. Macroscopic abnormalities were observed for some gills and liver at both 

localities. Parasite (Lernaea cyprinacea) induced lesions on the skin and mild erosion on the tail fin of some 

fish were recorded at Flag Boshielo Dam. Most of the histopathological alterations were common at both 

localities but hydropic glycogen and hyaline droplets were observed only at Loskop Dam, with 

haemosiderin being observed at Flag Boshielo Dam. Both quantitative HAI results and histopathology have 

shown that the fish population from Flag Boshielo Dam are in better condition/health than the population 
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from Loskop Dam. There might be a correlation between the nutrient levels and fish health. The overall 

ecological state is better at Flag Boshielo Dam than Loskop Dam. 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND INFORMATION 

Freshwater ecosystems are the most threatened ecosystems in South Africa suffering from over-extraction 

of water, flow regulation and the most common problem, pollution. Water pollution can be defined as the 

altering of features of water to the detriment of its users or inhabitants (Davies & Day 1998). The adverse 

effects of all these are the decline of water quality and availability, loss of native species and change in the 

distribution and structure of the aquatic biota (Dallas & Day 2004). The Olifants River System is currently 

one of the most threatened river systems in South Africa. This river has been used and abused for the past 

five decades, and pollution is getting progressively worse. This can be seen in the character of the water 

quality, which has worsened markedly over the years (Van Vuuren 2009). 

In South Africa, water quality management mainly focused on measuring chemical and physical water 

parameters. Dallas (2000) suggested that aquatic biota and physico-chemical monitoring should actually be 

viewed as complementary. Physico-chemical analysis can give very accurate measure of the amount of 

individual substances in the water of a river, but they only consider the water passing at the moment of 

collection; they are thus instant „snapshots‟ of the environment (Davies & Day 1998). A biomonitoring 

programme, the River Health Programme (RHP) were thus developed in 1997 in order to incorporate 

several components of the biota, including macro-invertebrates, fish and riparian vegetation with the 

physico-chemical components (Dallas 2000). Although biomonitoring is less detailed, it provides a bigger 

picture of both the past and the present conditions of a river. This is because the organisms that live in the 

river must have been able to survive whatever chemical and physical conditions the river has been 

subjected to in the recent past (Davies & Day 1998; Palmer et al. 2004). 

In essence, biomonitoring is a scientific procedure which uses the aquatic biota to monitor the ecological 

state of an aquatic ecosystem (Dallas 2000; Van Dyk 2003b). Furthermore, biomonitoring is used to 

provide resource information by repetitive measurement, continued observation and evaluation of 

environmental data (Van Dyk 2003b). Two distinct approaches of biomonitoring are stressor and response 

monitoring. Stressor monitoring focuses on the stressors that are assumed to be associated with the cause 

of pollution and ecological change whereas response monitoring refers to the monitoring of bioindicators 
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(including biomarkers) in order to characterize the response of the environment to disturbances (Davies & 

Day 1998; Palmer et al. 2004). 

Bioindicators are organisms or communities that can integrate and reflect the effects of chemical and 

physical parameters over an extended period of time (Palmer et al. 2004). Bioindicators can be subdivided 

into two groups; effect indicator and accumulation indicator (Sures 2001). Several indices were developed 

to monitor the health of aquatic ecosystems in South Africa e.g., Riparian Vegetation Index (RVI), South 

African Scoring System (SASS 5) and Biological Diatom Index (BDI) (Chutter 1998; Kemper 1999; De la 

Rey 2008). All these indices were based on the fact that different organisms have different tolerance levels. 

Palmer et al. (2004) further emphasized that, in any ecological sample collected from a specific ecosystem, 

the presence or absence of sensitive organisms, or simply a change in community composition, can 

indicate a change in water chemistry that may not be detected by the chemical data record. 

Another bioindicator that has proved to be a successful monitoring tool is the health of fish population. Fish 

health as bioindicator were introduced by Adams et al. (1993) based on the assumption that the ecological 

health of an ecosystem can be reflected by the health of organisms that reside in that system. Fish are 

relatively sensitive to changes in their surrounding environment including an increase in pollution. Fish 

health may thus reflect, and give a good indication of the health status of a specific aquatic ecosystem (Van 

Dyk 2003a). Goede and Barton (1990) developed a field necropsy method that provides a health profile of 

fish based on the percentages of anomalies observed in the tissues and organs of individuals sampled from 

a population. The major limitation of this necropsy or health profile method was that it could not provide 

quantitative results that were amenable to statistical comparison of data among sites, species, or years. 

Adams et al. (1993) modified and refined the necropsy method to provide a quantitative index so that 

statistical comparisons can be made between data sets and the index termed quantitative Health 

Assessment Index (HAI) was developed. 

This quantitative HAI entails the macroscopic examination of various fish organs. Scores are assigned to 

fish organs depending on the degree of abnormalities observed. The sum total of values awarded being the 

index value for that fish and the mean calculated for all fish in the sample being the index value for that 

locality. An increase in index value correlates with decreased water quality, and hence increased stress 

(Crafford & Avenant-Oldewage 2009). Other variable of HAI is the parasite load whereby scores are 

assigned based on the number of parasites recovered. In the original HAI parasites were recorded as 
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present or absent. Based on the premise that contaminants have different influences on endo- and 

ectoparasites, they were incorporated as separate variables in the HAI tested in South Africa (Marx 1996; 

Robinson 1996; Luus-Powell 1997; Watson 2001). The quantitative HAI has been successfully applied in 

the Olifants River system (Avenant-Oldewage et al. 1995) in South Africa. Crafford and Avenant-Oldewage 

(2009) further applied the macroscopic HAI in the Vaal River, and it has proved to be effective in 

distinguishing two localities known to differ with regard to water quality. 

Furthermore, fish are located near, or at the top of the food chain and are known to bioaccumulate 

toxicants. Bioaccumulation is an increase in the concentration of a chemical in specific organs or tissues at 

a level higher than would normally be expected (Barbour et al. 1999; Van Dyk 2003a). The process of 

bioaccumulation repeat at each level of the food chain, with the toxins becoming more and more 

concentrated until the top organisms accumulate a lethal dose; the phenomenon called biomagnification 

(Davies & Day 1998). The metal concentration in fish organs may tell the concentration that the fish has 

been exposed to in the environment. Nevertheless, the organs with the ability to accumulate toxicants could 

be overwhelmed by an elevated concentration and could subsequently result in structural damages of cells 

and tissues of a target organ. Furthermore, the macroscopic abnormalities of a fish are the net results of 

microscopic abnormalities (histopathological alterations) occurring at the lower biological levels, i.e., cellular 

and tissue levels (Van Dyk 2003b). Therefore, the early toxic effects of pollution in fish may, however, be 

evident on cellular or tissue level before significant changes can be identified at the higher levels, i.e., fish 

organ or behaviour. 

1.2 MOTIVATION 

Heavy metal pollution in South Africa‟s aquatic ecosystems, especially river systems, is a major 

environmental concern. It is therefore necessary to investigate not only the possible organism and 

population response to heavy metal pollution, but also the underlying causes of the specific response, for 

example histological alteration or damage caused by the specific exposure (Van Dyk 2003b). The Olifants 

River is one of the country‟s hardest working rivers and very little information is available on the histology 

and histopathology of endemic fish species from this river (Van Vuuren 2010; Van Dyk 2003a). It is 

becoming unfortunate that the area which was supposed to offer sanctuary to organisms is now becoming 

dangerous to them (Van Vuuren 2010). 
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The Loskop and Flag Boshielo dams are both situated in the Olifants River System. The river has been 

subjected to prolonged and cumulative ecosystem stress as a result of anthropogenic activities, which is 

thought to have resulted in the death of aquatic biota (Van Vuuren 2009). Recent investigations indicated 

that many of the fish caught in the Olifants River show multi-organ pathology, presumably caused by poor 

water quality (Van Vuuren 2009). The scope of the current study is to investigate the ecological state of the 

two dams, the Loskop and Flag Boshielo dams based on the quantitative macroscopic HAI, microscopic 

HAI (histopathology) and bioaccumulation of selected metals in fish tissues. 

The rednose labeo, (Labeo rosae) are commonly found in both dams. In 2006 Loskop Dam experienced its 

largest fish kills to date, with thousands upon thousands of indigenous fish being found dead along the 

shoreline of the dam (Fig. 1.1), including a big number of Oreochromis mossambicus for which Loskop 

Dam was famous in the past, as well as rednose labeo (Legrange 2007; Van Vuuren 2009). 

 

Figure 1.1 Fish died at the shoreline of Loskop Dam (from Legrange 2007). 

The upper catchment of the Olifants River is characterised by extensive rainfed cropping and stock farming, 

coal mining and coal-fired power generation (De Lange et al. 2003). Loskop Dam serves as a repository for 

pollutants from the upper catchment of the Olifants River System (Grobler et al. 1994). The middle Olifants 

River catchment comprised of an intensively irrigated area growing a variety of crops, with a trend towards 

permanent high value crops, including large citrus plantations and export table grape production under hail 
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netting (De Lange et al. 2003). Therefore Flag Boshielo Dam is subjected to pollutants from agricultural 

activities. The lower Olifants River is characterised by game farms and industrial activities which are 

abundant at the Phalaborwa town. The tributaries such as the Ga-Selati River carry the industrial effluents 

from the Phalaborwa industrial complex into the Olifants River. The impact of these effluents on the quality 

of water entering the Kruger National Park (KNP) is of particular concern to conservationists (De Lange et 

al. 2003; Van Vuuren 2009). 

Despite signs that water quality in the Olifants River has been deteriorating as a result of industrial, mining 

and agriculture activities, the trigger for episodic fish and crocodile deaths in the river system remains 

elusive (De Villiers & Mkwelo, 2009). According to Van Dyk (2003a), fish will either adapt to environmental 

change or may slowly vanish. In order to manage healthy fish populations, it is necessary to identify early 

detectable warning signs of damage on cellular and tissue level (Van Dyk 2003a). Taking the above 

mentioned into consideration the study is currently relevant and crucial to determine the effects toxicants 

may have on the health status of fish at the two dams in the Olifants River. 

Since fish are located near or on top of the food chain and are known to accumulate toxins, 

histopathological investigations may prove not only to be an indicator of prior exposure to toxins but also a 

cost-effective tool to determine and monitor the health of a fish, hence reflecting the health of the entire 

freshwater ecosystem (Barbour et al. 1999; Van Dyk 2003b). Furthermore, histopathological investigation 

could provide valuable information to help access the potential for human exposure to the environmental 

pollutants and for predicting human health risks (Van Dyk 2003a). 

1.3 HYPOTHESES 

 The sediment and water quality at Flag Boshielo Dam is more acceptable than at Loskop Dam. 

 The Labeo rosae population at Flag Boshielo Dam is healthier than at Loskop Dam. 

 Fish can be used as an accumulation indicator of heavy metals in an aquatic ecosystem. 

 Elevated concentration of metals can cause gross alterations and histological alterations in organs 

and tissues of fish. 

1.4 AIM 

To evaluate the impact of water quality on the health of Labeo rosae based on the quantitative HAI, 

bioaccumulation levels and histopathology at the Loskop and Flag Boshielo dams of the Olifants River 

System, South Africa. 
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1.5 OBJECTIVES 

 To determine selected water quality constituents at Loskop and Flag Boshielo dams during the two 

seasons. 

 To determine the concentration levels of selected metals in the sediment, muscle, gills and liver of 

Labeo rosae from Loskop and Flag Boshielo dams. 

 To compare the health of L. rosae populations from Loskop and Flag Boshielo dams by applying 

the HAI. 

 To compare the condition factor (CF) and hepatosomatic index (HSI) of L. rosae populations 

between the two localities. 

 To identify parasites found in/on L. rosae from Loskop and Flag Boshielo dams (forms part of HAI). 

 To compare statistical infestation of parasites and Parasite Index (PI) between the two localities. 

 To describe and quantify the histopathological alterations in the gills and livers of L. rosae. 

 

1.6 RESEARCH QUESTIONS 

 Does the sediment and water quality differ between Loskop and Flag Boshielo dams? 

 Is the health of fish populations from Loskop and Flag Boshielo dams affected by different water 

quality? 

 Is the fish parasite diversity higher at Flag Boshielo Dam than Loskop Dam? 

 Is there any difference on histopathological alterations of gills and liver between the two localities? 

 Are the bioaccumulation levels in fish from Loskop Dam higher than fish from Flag Boshielo Dam? 

 

1.7 DISSERTATION OUTLINE 

Chapter 1 comprises the introduction to the ecological state of freshwater ecosystems in South Africa. It 

outlines the background of water quality monitoring, how biomonitoring has emerged and various indices 

that are used in biomonitoring. It also describes the ecological status of the Olifants River with respect to 

fish and crocodile deaths reported recently. Furthermore, this chapter includes the hypotheses, aim and 

objectives of the study. Chapter 2 describes the materials and methods used to conduct this study. It 

includes the description of study areas, selected fish species and all equipment used to achieve the 

objectives, water sampling and the procedure of tissue processing for bioaccumulation analysis and 
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histopathology. This chapter further described the various indices are that used in the current study. 

Chapter 3 contains water quality results, discussion and conclusion for Loskop and Flag Boshielo dams. 

Chapter 4 provides bioaccumulation results including bioaccumulation factors for both dams. Chapter 5 

contains the results for HAI, PI, CF and HSI as well as discussion and conclusion. Chapter 6 gives 

histopathology results of fish from both Loskop and Flag Boshielo dams. Chapter 7 gives a summary for the 

overall results, conclusions as well as recommendations. 
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CHAPTER 2 

MATERIALS AND METHODS 

 2.1 SAMPLING LOCALITIES 

The Olifants River catchment is about 54 750 km2 with mean annual rainfall of 2 400 x 106 m3 (De Villiers & 

Mkwelo 2009). The river originates from the east of Johannesburg but the larger part lies in the Limpopo  

and Mpumalanga provinces. The Olifants River catchment has been divided into the upper, middle and 

lower reaches. Loskop Dam is located in the upper reach while Flag Boshielo Dam is found in the middle 

reach (Fig. 2.1) (De Lange et al. 2003). 

 

Figure 2.1 Map showing all reaches of the Olifants River System (modified from De Lange et al. 2003). 

2.1.1 Loskop Dam 

N 

= Sampling localities 
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Loskop Dam (LD) is located in the upper reach of the Olifants River within the Loskop Nature Reserve (Figs 

2.1 and 2.2). The dam is found approximately 32 km south (upstream) of the town of Groblersdal in 

Mpumalanga province, South Africa. The dam was constructed in 1938 by the Department of Water Affairs 

and in 1979 the wall was raised to its current height of 54 m above the foundation (Botha et al. 2011). The 

impoundment has a surface area of 24.27 km2 and a volume of 374 X 106 m3 at full supply capacity, and 

was designed primarily to supply water for agricultural irrigation downstream of the dam wall (DWAF 2004). 

But the dam serves as a repository for pollutants from the upper catchment of the Olifants River System 

(Grobler et al. 1994). 

  

Figure 2.2 Map showing the two sampling localities (Google Earth 2011). 

The upper Olifants River catchment is characterized by large-scale coal mining, coal-fired power generation 

plants, extensive agriculture, diverse array of heavy and light industries as well as several towns and 

smaller urban centres (Driescher 2008; Oberholster 2009). Several kills of aquatic biota such as fish and 

crocodile have been reported over the past 15 years and has become more frequently since 2003 at 

Loskop Dam (Driescher 2008; Botha et al. 2011). 

N 
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Figure 2.3 a and b: Loskop Dam. 

2.1.2 Flag Boshielo Dam 

Flag Boshielo Dam (FBD) is situated in the lower middle reach of the Olifants River System (Fig. 2.1). The 

dam is located about 85 km downstream (north) of Loskop Dam and approximately 25 km north-east of 

Marble Hall (Botha 2005). The dam was built to provide water for irrigation, for domestic and industrial 

supply and also for recreational purposes (McCartney et al. 2004). It was constructed in 1987 and raised by 

5 meters in 2005 (Ashton 2010). The dam was originally known as Mokgomo Matlala Dam and later 

changed to Arabie Dam (Botha 2005). The dam was further renamed in 2001, to Flag Boshielo Dam. 

 

a b 

a b 
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Figure 2.4 a and b: a – Flag Boshielo Dam; b – An island in the middle of the dam with crocodile and birds. 

Flag Boshielo Dam is home to vertebrates such as crocodiles and birds as well as various fish species. 

There are commercial and subsistence agriculture as well as numerous point and diffuse sources of 

industrial pollution along the Olifants River towards the dam (Heath & Claassen 1999). 

2.2 SELECTED FISH SPECIES 

Labeo rosae is a small headed, compressed fish. The base colour is golden green with silver pink scales, 

reddish eye and snout with red tubercles (Fig. 2.5). Juveniles are silvery with a black caudal peduncle spot 

(Skelton 2001). They are most common in the lowveld reaches of the Limpopo, Incomati and Phongolo 

river systems in South Africa, Botswana, Mozambique, Zimbabwe and Swaziland (Skelton 2001; Bills et al. 

2007). 

 

Figure 2.5 The rednose labeo, Labeo rosae. 

Labeo rosae prefers sandy stretches of larger perennial and intermittent rivers. The species is prevalent in 

Flag Boshielo and Loskop dams. It feeds on detritus, algae and small invertebrates. It is an active fish, 

leaping at barriers when migrating upstream in swollen rivers to breed in summer (Reid 1985; Skelton 

2001). It attains sexual maturity at about 150 mm total length (Skelton 2001). Labeo rosae is susceptible to 

the impacts of weir and net fishing as well as sedimentation (Bills et al. 2007). Numerous incidents of fish 

kills have been recently reported at Loskop Dam (Van Vuuren 2010). 

2.3 WATER SAMPLING 

The water samples were collected seasonally (summer and winter) at Loskop and Flag Boshielo dams. 

Loskop and Flag Boshielo dams are very huge; the sample from one site would not represent the entire 



Chapter 2 

 

Materials and Methods Page 12 
 

dam. Therefore, the samples were collected from the dam wall, middle and the inflow. The collected water 

samples were stored in acid treated sampling bottles and frozen. Frozen water samples were sent to an 

accredited water laboratory (WATERLAB (PTY) LTD) in Pretoria for chemical analysis. The following 

parameters were analysed: alkalinity, aluminium, ammonia, antimony, arsenic, calcium, chloride, copper, 

iron, lead, magnesium, manganese, nitrates, nitrites, phosphorus, potassium, sodium, sulphate, total 

dissolved solids (TDS), total hardness and zinc. These parameters were selected because of their 

importance in fish health and their toxicity. Dissolved oxygen (DO), electrical conductivity (EC), salinity, pH 

and water temperature were measured in situ by using a handheld multi parameter instrument (YSI 556 

Multi Probe System). The evaluation of water quality parameters was done by comparing the results with 

the TWQR, AEV and CEV for aquatic ecosystem and aquaculture suggested by DWAF (1996a) where 

applicable and available. 

2.4 BIOACCUMULATION 

Sample of gills, liver and muscle were dissected out from each fish, wrapped with plastic or put in small 

bottles and kept in the freezer. The samples were sent to the accredited laboratory in Pretoria for metal 

analysis. The following parameters were analysed: aluminium, antimony, copper, iron, lead, manganese, 

selenium, silicon, strontium and zinc. These parameters were selected because of their importance in fish 

health and toxicity of these heavy metals. Furthermore, in fish tissues these metals are of potential concern 

to consumer (human) health (Heath et al. 2004). The bioaccumulation factor (BAF) is the ratio between the 

accumulated concentration of a given pollutant in any organ and its dissolved concentration in the medium 

(Mohamed 2008). The BAF was calculated as used by Authman & Abbas (2007) and adapted by Mohamed 

(2008). 

BAF = Pollutant concentration in fish organ (mg/kg) 

 Pollutant concentration in water (mg/l) 

 

2.5 FISH SAMPLING 

Fish were sampled using gill nets with different stretched mesh sizes (30 - 110 mm). Relevant permit were 

obtained from .Twenty hosts were collected at each sampling site during each survey. If many other fish 

species were caught, they were returned to the dams. The specimens were put in a holder tank filled with 
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dam water, transported to a place where a temporary field laboratory was set up. The holder tanks were 

aerated to increase the oxygen concentration and minimize stress. 

 

Figure 2.6 a and b: a – Labeo rosae caught by gill net; b – holder tanks aerated by air pump. 

 

2.6 HEALTH ASSESSMENT INDEX 

As mentioned previously fish were removed from the gill nets and kept in a holder tank filled with aerated 

dam water. Blood were drawn from the fish using a syringe to fill capillary tubes. The capillary tube was 

plugged at one end using commercial CritosealTM clay. The tubes were centrifuged in a micro-haematocrit 

centrifuge for approximately ten minutes to separate the blood plasma from white blood cells (WBC) and 

red blood cells (RBC) and the haematocrit values were obtained. 

The fish was sacrificed by severing the spinal cord. Mass (g) and the length (cm) (standard length, folk 

length and total length) of the fish were measured. The fish were examined externally by using the revised 

HAI method (Table 2.1) and recorded on a HAI data sheet (Heath et al. 2004; Jooste et al. 2005). 

Depending on the degree of stressor-induced abnormalities, a numerical value were awarded to examined 

fish tissues and organs as suggested by Adams et al. (1993) and Jooste et al. (2005) (Table 2.1). The fish 

was then dissected and gills, eyes and the alimentary canal were removed and placed in separate Petri-

dishes filled with dam water. All internal organs were assessed with the help of a colour chart developed by 

Watson (2001) and values were assigned as indicated in the revised HAI table (Table 2.1). 

 

a b 
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2.6.1 Calculation of the Health Assessment Index 

Original field designations of all variables from the necropsy-based system were substituted with 

comparable numerical values into the HAI (Table 2.1). Each organ was assigned a score for its condition, 

according to the categories suggested by Adams et al. (1993) and Jooste et al. (2005). The variables of the 

HAI were presented with a value ranging from 0-30, depending on the condition of the organs tested, with 

normal conditions indicated by 0 and abnormal conditions indicated by 30. To calculate HAI for each fish 

within a sample, numerical values for all variables were summed (Adams et al. 1993). The HAI for a sample 

population was calculated by adding all individual fish HAI values and dividing it by the total number of fish 

examined for that sample. 

2.6.2 Condition factor 

The length and weight of the fish were measured. The condition factor determines the condition of fish in a 

habitat by correlating the length and weight of the fish. The condition factor was determined for each fish to 

ascertain the possible impacts of pollution on the fish. The correlation between the condition factor and the 

HAI for each fish were assessed to find out if there was a correlation among the two variables. Condition 

factor was calculated as suggested by Heath et al. (2004). 

CF = (W x 105) 
  L3 
 
W = Weight in g 

L = Total length in mm 
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Table 2.1. Fish health variables with assigned characters showing the norm and deviation from the norm in 

the necropsy-based system (Adams et al. 1993; Jooste et al. 2005). 

Variables Variable condition Original field 

designation 

Substituted value for 

the HAI 

External variables 

Length Total length in millimetres mm - 

Weight Weight in grams g - 

Eyes Normal 

Exopthalmia 

Haemorrhagic 

Blind 

Missing 

Other 

N 

E1/E2 

H1/H2 

B1/B2 

M1/M2 

OT 

0 

30 

30 

30 

30 

30 

Finsa No active erosion or previous erosion healed over 

Mild active erosion with no bleeding. (>10 parasite cysts)a 

Severe active erosion with haemorrhage/secondary infection. (>50 

parasite cysts)a 

0 

1 

2 

0 

10 

20 

Skina Normal, no aberrations 

Mild skin aberrations. (>10 parasite cysts)a 

Moderate skin aberrations. (>50 parasite cysts)a 

Severe skin aberrations 

0 

1 

2 

3 

0 

10 

20 

30 

Opercules Normal/no shortening 

Mild/slight shortening 

Severe shortening 

0 

1 

2 

0 

10 

20 

Gills Normal 

Frayed 

Clubbed 

Marginate 

Pale 

Other 

N 

F 

C 

M 

P 

OT 

0 

30 

30 

30 

30 

30 

Pseudobranch Normal 

Swollen 

Lithic 

Swollen and lithic 

Inflamed 

Other 

N 

S 

L 

P 

I 

OT 

0 

30 

30 

30 

30 

30 
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Table 2.1 Continued. 

Variables Variable condition Original field 

designation 

Substituted value for 

the HAI 

Thymusb No haemorrhage 

Mild haemorrhage 

Moderate haemorrhage 

Severe haemorrhage 

0 

1 

2 

3 

0 

10 

20 

30 

Internal variables (necropsy) 

Mesenteric fatb (Internal body fat expressed with regard to the amount present) 

None 

Little where less than 50% of each cecum is covered 

50% of each cecum is covered 

More than 50% of each cecum is covered 

Cecae are completely covered by large amount of fat 

 

0 

1 

2 

3 

4 

 

- 

- 

- 

- 

- 

Spleen Black 

Red 

Granular 

Nodular 

Enlarge 

Other 

B 

R 

G 

NO 

E 

OT 

0 

0 

0 

30 

30 

30 

Hindgut Normal, no inflammation or reddening 

Slight inflammation or reddening 

Moderate inflammation or reddening 

Severe inflammation or reddening 

0 

1 

2 

3 

0 

10 

20 

30 

Kidney Normal 

Swollen 

Mottled 

Granular 

Urolithic 

Other 

N 

S 

M 

G 

U 

OT 

0 

30 

30 

30 

30 

30 

Liver Red 

Light red 

“Fatty” liver, “coffee with cream” colour 

Nodules in liver 

Focal discolouration 

General discolouration 

Other 

A 

B 

C 

D 

E 

F 

OT 

0 

30 

30 

30 

30 

30 

30 
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Table 2.1 Continued. 

Variables Variable condition Original field 

designation 

Substituted value for 

the HAI 

Bileb Yellow or straw colour, bladder empty or partially full 

Yellow or straw colour, bladder full, distended 

Light green to “grass” green 

Dark green to dark blue-green 

0 

1 

2 

3 

- 

- 

- 

- 

Blood 

(Haematocrit) 

Normal range 

Above normal range 

Below normal range 

Below normal range 

30-45% 

>45% 

19-29% 

<18% 

0 

10 

20 

30 

Blood  

(plasma protein) 

Normal range 

Above normal range 

Below normal range 

30-69mg/dL 

>70mg/dL 

<30mg/dL 

0 

10 

30 

Parasites No observed parasites 

Few observed parasites 

0 

1 

0 

10 

Endoparasitesa No observed endoparasites 

Observed endoparasites         <100 

                                             101 – 1000 

                                                >1000 

0 

0 

1 

3 

0 

10 

20 

30 

Ectoparasitesa No observed ectoparasites 

Observed ectoparasites           1 – 10 

                                                11 – 20 

                                                   >20 

0 

1 

2 

3 

0 

10 

20 

30 

a – refinement of the HAI. 
b – no values were assigned to these values in the original HAI. 
 
 

2.6.3 Hepatosomatic Index 

The liver and fish were separately weighed and the masses used to calculate the Hepatosomatic Index 

(HSI). Hepatosomatic Index correlates the mass of the liver and the whole body mass. An organ or tissue 

can adapt to any changes occurring in the surrounding environment by undergoing hypertrophy, 

hyperplasia or atrophy (Van Dyk, 2003a). The index can tell whether the liver has undergone hyperplasia, 

hypertrophy or atrophy or the body mass has increased. In a normal fish the index range from 1 – 2% 

(Munshi and Dutta, 1996). The formula is as follows: 

HSI = (liver mass/body mass) x 100 
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2.6.4 Histopathology 

Immediately after euthanizing the fish, a gill arch and approximately a third of the liver were dissected out 

and fixed in 10% neutral buffered formalin. The samples were submitted to the Section of Pathology, 

Department of Paraclinical Sciences, Faculty of Veterinary Science, University of Pretoria for routine 

histological processing and haematoxylin and eosin (H&E) staining (Bancroft, 2003). 

a. Tissue processing 

The samples were dehydrated through a series of ethanol (70%, 80%, 96%, 100%). Xylene was used to 

clear the samples and making them transparent. The samples were infiltrated through increasing 

concentrations of Tissue-Tek® III wax in a 60˚C oven. According to the methods by Humason (1962), once 

thoroughly infiltrated, samples were embedded in Tissue-Tek® III wax blocks with careful orientation. 

Each block was sectioned at 4-5 µm using a rotary/sliding microtome (Reichert-Jung 2040). The samples 

were floated using gelatine and distilled water solution, and then mounted on glass microscope slides and 

air dried in 60˚C oven (Humason 1962). Dried samples were prepared for light microscopy analysis using 

standard technique for Haematoxylin and Eosin staining. The stained section was mounted with cover slips 

using Entellan. 

b. Quantitative histological assessment 

Prepared histological sections were examined using a standard light microscope. Histopathological 

assessment of gill and liver tissue was performed using the protocol proposed by Bernet et al. (1999). 

Histological alterations were classified into five reaction patterns. Each reaction pattern involves several 

alterations which concern either functional units of the organ or an entire organ (Table 2.2). 

i. Five reaction patterns 

Reaction pattern 1 (rp1): circulatory disturbances 

Circulatory disturbances can be caused by pathological conditions of blood and tissue fluid flow. The 

pathology includes: 

 Haemorrhage: blood leaking from blood vessels. 

 Hyperaemia: congestion of blood in an organ caused by venous as well as arterial processes. 

 Aneurysm: well out-lined dilations of arterial blood vessels. 
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 Intercellular oedema: the stagnant tissue fluid which has leaked from capillaries in to tissues 

(Bernet et al. 1999). 

Reaction pattern 2 (rp2): regressive changes 

Alterations in this reaction pattern include: 

 Architectural and structural alteration: changes in tissue structure as well as the shape and 

arrangement of cells. 

 Plasma alterations: changes in cellular plasma caused by hyaline droplets, colloidal droplets, 

degenerative fatty vacuolization or hydropic glycogen droplets, calcareous degeneration, and 

thickening of the fine fibres of connective tissue. 

 Deposits: intercellular accumulations of substances primarily caused by degenerative processes. 

 Nuclear alteration: changes in the nuclear shape and structure of chromatin. 

 Atrophy: reduction in number and volume of cells and/or a degreasing amount of intercellular 

substances. 

 Necrosis: morphological state of a cell or a tissue which appears after irrevocable loss of cell 

function. 

Reaction pattern 3 (rp3): progressive changes 

Typical lesions in this reaction pattern are: 

 Hypertrophy: enlargement of cell volume or tissue without increase in cell number. 

 Hyperplasia: enlargement of tissue or organ by a greater number of cells without change in volume 

of the cells. 

 

Reaction pattern 4 (rp4): inflammation 

Although it is often difficult to attribute inflammatory changes to one single reaction pattern, Bernet et al. 

(1999) used the term inflammation in a very strict sense which involves only three alterations. 

 Exudate: fluid containing a high protein concentration, and a large amount of cellular debris exuded 

from blood and lymph vessels. 

 Activation of reticuloendothelial system (RES): hypertrophy of the RES, which consists of 

endothelial cells and macrophages that line small blood vessels. 
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 Infiltration: leucocytes penetrating the walls of blood vessels and infiltrating the surrounding tissue. 

Reaction pattern 5 (rp5): tumour (neoplasm) 

Tumour is an uncontrolled cell and tissue proliferation. Two classes of tumour are: 

 Benign tumour: differentiated cells which replace or displace the original tissue; these tumour cells 

resemble the cells of the normal tissue. 

 Malignant tumour: poorly differentiated, rapidly multiplying cells which invade and destroy resident 

tissues, metastasis may be observed. 

ii. Two variables used when calculating lesion indices 

Importance factor (w) 

According to Bernet et al. (1999), importance factor ranges from 1 to 3 depending on how the alteration 

affect the organ functioning and the ability of the fish to survive. 

 1 = for minimal pathological importance, when the lesion is easily reversible as exposure to irritants 

ends. 

 2 = moderate pathological importance, when the lesion is reversible in most cases if the stressor is 

neutralized. 

 3 = for marked pathological importance, when the lesion is generally irreversible, leading to partial 

or total loss of the organ function. 

Score value (a) 

The score ranged from 0 to 6, depending on the degree and extent of alteration: (0) unchanged; (2) mild 

occurrence; (4) moderate occurrence; and (6) severe occurrence. However, intermediate values are also 

considered (Bernet et al. 1999). 

iii. Calculation of lesion indices 

Once the importance factor (w) and score value (a) has been assigned to each alteration identified in an 

organ, four different indices can be calculated: 
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Organ index (Iorg) 

Organ index aims to determine the degree of injury to a single organ. It is calculated by the sum (∑) of the 

multiplied importance factor (w) and score value (a) of all alterations (alt) identified in all the reaction 

patterns (rp) of a specific organ (org) (Table 2.3). A high index value indicates a high degree of injury. 

Iorg = ∑ rp 
∑ 

alt (a1 org all rp all alt x w1 org all rp all alt) 

Reaction index (Iorg rp) 

Determine the degree of injury within a single reaction pattern to a single organ. It is calculated by the sum 

(∑) of the multiplied importance factor (w) and score value (a) of all alterations (alt) identified in a single 

reaction patterns (rp) of a specific organ (org) (Table 2.3). A high index value indicates a high degree of 

injury. 

Iorg rp = ∑ 
alt (a1 org 1 rp all alt x w1 org 1 rp all alt) 

Table 2.2 Histopathological assessment tool, an importance factor with scores assigned for every alteration 

(Bernet et al. 1999). 

Organ Reaction pattern Functional unit of the 
tissue 

Alteration Importance factor Score value Index 

Gills Circulatory disturbance  Haemorrhage/hyperaemia/aneurysm 
Intercellular oedema 

wGC1 = 1 
wGC2 = 1 

aGC1 

aGC2 

IGC 

Regressive changes Epithelium 
 
 
 
 
 
 
 
Supporting tissue 

Architectural and structural alterations 
Plasma alterations 
Deposits 
Nuclear alterations 
Atrophy 
Necrosis 
Rupture of the pillar cells 
 
Architectural and structural alterations 
Plasma alterations 
Deposits 
Nuclear alterations 
Atrophy 
Necrosis 

wGR1 = 1 
wGR2 = 1 
wGR3 = 1 
wGR4 = 2 
wGR5 = 2 
wGR6 = 3 
 
 
wGR7 = 1 
wGR8 = 1 
wGR9 = 1 
wGR10 = 2 
wGR11 = 2 
wGR12 = 3 

aGR1 
aGR2 
aGR3 
aGR4 
aGR5 
aGR6 
 
 
aGR7 
aGR8 
aGR9 
aGR10 
aGR11 
aGR12 

IGR 

Progressive changes Epithelium 
 
 
Supporting tissue 

Hypertrophy 
Hyperplasia 
 
Hypertrophy 
Hyperplasia 

wGP1 = 1 
wGP2 = 2 
 
wGP3 = 1 
wGP4 = 2 

aGP1 
aGP2 
 
aGP3 
aGP4 

IGP 

Inflammation  Exudate 
Activation of RES 
Infiltration 

wGI1 = 1 
wGI2 = 1 
wGI3 = 2 

aGI1 

aGI2 

aGI3 

IGI 

Tumour  Benign tumour 
Malignant tumour 

wGT1 = 2 
wGT1 = 3 

aGT1 

aGT2 

IGT 

Liver Circulatory disturbance  Haemorrhage/hyperaemia/aneurysm 
Intercellular oedema 

wLC1 = 1 
wLC2 = 1 

aLC1 

aLC2 
ILC 
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Table 2.2 Continued. 

 Regressive changes Liver tissue 
 
 
 
 
 
 
 
Interstitial tissue 
 
 
 
 

Architectural and structural alterations 
Plasma alterations 
Deposits 
Nuclear alterations 
Atrophy 
Necrosis 
Rupture of the pillar cells 
 
Architectural and structural alterations 
Plasma alterations 
Deposits 
Nuclear alterations 
Atrophy 

wLR1 = 1 
wLR2 = 1 
wLR3 = 1 
wLR4 = 2 
wLR5 = 2 
wLR6 = 3 
 
 
wLR7 = 1 
wLR8 = 1 
wLR9 = 1 
wLR10 = 2 
wLR11 = 2 

aLR1 

aLR2 

aLR3 

aLR4 

aLR5 

aLR6 

 

 

aLR7 

aLR8 

aLR9 

aLR10 

aLR11 

ILR 

Liver Regressive changes Interstitial tissue 
 
 
 
Bile duct 

Necrosis 
 
Architectural and structural alterations 
Plasma alterations 
Deposits 
Nuclear alterations 
Atrophy 
Necrosis 

wLR12 = 3 
 
wLR13 = 1 
wLR14 = 1 
wLR15 = 1 
wLR16 = 2 
wLR17 = 2 
wLR18 = 3 

aLR12 

 

aLR13 

aLR14 

aLR15 

aLR16 

aLR17 

aLR18 

ILR 

Progressive changes 
 

Epithelium 
 
Interstitial tissue 
 
Bile duct 
 
 

Hypertrophy 
Hyperplasia 
Hypertrophy 
Hyperplasia 
Hypertrophy 
Hyperplasia 
Wall proliferation of bile ducts or 
ductules 

wLP1 = 1 
wLP2 = 2 
wLP3 = 1 
wLP4 = 2 
wLP5 = 1 
wLP6 = 2 

aLP1 
aLP2 
aLP3 
aLP4 

aLP5 

aLP6 

ILP 

Inflammation  Exudate 
Activation of RES 
Infiltration 

wLI1 = 1 
wLI2 = 1 
wLI3  = 2 

aLI1 

aLI2 

aLI3 

ILI 

Tumour  Benign tumour 
Malignant tumour 

wLT1 = 2 
wLT2 = 3 

aLT1 

aLT2 
ILT 

(G) gills; (L) liver; (C) circulatory disturbances; (R) regressive changes; (P) progressive changes; (I) inflammation; (T) tumour. The importance 

factors (worg rp alt) ranging from 1 to 3 is assigned to every alteration: it is composed of the respective organ (org), the reaction pattern (rp) and 

the alteration (alt) 

Total organ index (TotIorg) 

Determine the cumulative degree of damage to all target organs examined. It is calculated by the sum (∑) 

of the multiplied importance factor (w) and score value (a) of all alterations (alt) identified in all reaction 

patterns (rp) of all organs (org) (Table 2.3). This index represents a measure of the overall health status 

based on histological alterations. 

TotIorg = ∑ 
org 

∑
 rp 

∑ 
alt (aall org all rp all alt x wall org all rp all alt) 
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Total reaction index (TotIrp) 

Determine the degree of injury within a single reaction pattern to all organs. It is calculated by the sum (∑) 

of the multiplied importance factor (w) and score value (a) of all alterations (alt) identified in a single 

reaction patterns (rp) of all organs (org) (Table 2.3). This index represents the quality of the histological 

alterations in all examined organs of an individual fish. 

TotIrp = ∑ rp 
∑

alt (aall org 1 rp all alt x wall org 1 rp all alt) 

Table 2.3 Lesion indices (from Bernet et al.1999). 

 
Organ 

Reaction pattern 

rp1 rp2 rp3 rp4 rp5 Iorg 

Organ 1 
Organ 2 

Iorg1 rp1 

Iorg2 rp1 

Iorg1 rp2 

Iorg2 rp2 
Iorg1 rp3 

Iorg2 rp3 
Iorg1 rp4 

Iorg2 rp4 
Iorg1 rp5 

Iorg2 rp5 
Iorg1 

Iorg2 

TotI.rp I.rp1 I.rp2 I.rp3 I.rp4 I.rp5 Tot-I 

Iorg rp = Reaction index of an organ; Iorg = Organ index; TotI.rp = the total reaction index; Tot-I = the total index 

2.6.5 Parasites 

Immediately after removing fish from the gill nets, examinations for visible moving ectoparasites were done 

on the boat. If ectoparasites were collected, the collected hosts were marked in order to keep record of all 

parasites recorded from that specific host. The body surface, mouth cavity and fins of the fish were 

examined for ectoparasites. 

Skin smears were made by holding the fish firmly and scraping the skin on both sides with glass slides. The 

slides were examined carefully for parasites with the aid of a stereomicroscope. The fish were sacrificed by 

severing the spinal cord behind the head and opened ventrally. The body cavity and mesenteries were 

examined for parasites. Organs such as gills, eyes, gastrointestinal tract, liver, spleen, brain and kidneys 

were placed in petri-dish filled with dam water for parasite examinations. 

Monogeneans were placed in a small Petri dish filled with dam water and fixed by adding hot (±70°C) 

alcohol-formalin-acetic acid (AFA) fixative and stored in 70% ethanol. They were mounted by using 

glycerine jelly. Digeneans were fixed flat in AFA for approximately 10 minutes and preserved in 70% 

ethanol to which 5% glycerine were added. Cestodes were fixed and stored in warm buffered formalin. 

Nematodes were fixed in glacial acetic acid for approximately 2 minutes and preserved in 70% ethanol with 

2% glycerine added. Copepods were kept alive in dam water, fixed by adding 70% ethanol to the water in 

small quantities over a period of approximately one hour, where after they were stored in 70% ethanol. 
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a. Ecological terms used in infestation statistics 

Three ecological terms (prevalence, mean intensity and mean abundance) were calculated as suggested 

by Bush et al. (1997). Prevalence refers to the number of infested individuals of a host species divided by 

the number of hosts examined, expressed in percentage. Mean intensity is the total number of particular 

parasite species divided by the number of infested hosts. Mean abundance refers to the total number of 

particular parasite species divided by the total number of hosts sampled. 

b. Parasite Index (PI) 

In the original HAI (Adams et al. 1993), parasites were recorded as being present or absent. The inserted 

PI distinguished between the presence of ecto- and endoparasites. The PI was refined to distinguish further 

between the number of ecto- and endoparasites present (Table 2.4) (Crafford & Avenant-Oldewage 2009). 

In the refined PI the higher numbers of either endo- or ectoparasites were given higher score values. For 

ectoparasites, the refined PI was contradicting with the HAI because higher number of ectoparasites 

denote healthy ecosystem, so in order to incorporate inverted PI with the HAI, the PI was inverted. When 

inverting the PI, the larger numbers of ectoparasites were given a lower score for this correlation to be 

reflected in the HAI value (Table 2.4). The inverted PI is based on the premise that ectoparasites are more 

directly exposed than endoparasites to the effects of water quality. It follows that more ectoparasites are 

found when water quality is good. In turn, good water quality correlates with a low HAI value (Crafford & 

Avenant-Oldewage 2009). The PI were calculated as suggested by Jooste et al. (2005) and IPI as 

suggested by Crafford & Avenant-Oldewage (2009). 

Table 2.4 The revised Parasite Index (PI) (Jooste et al. 2005) and Inverted Parasite Index (IPI) (Crafford & 

Avenant-Oldewage 2009). 

Ectoparasites PI IPI Endoparasites PI 

Zero parasites observed 0 30 Zero parasites observed 0 

1-10 10 20 <100 10 

11-20 20 10 101-1000 20 

 >20 30  0  >1000 30 
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2.6.6 Statistical analysis 

The mean abundance, mean intensity and prevalence for parasites were calculated as suggested by Bush 

et al. (1997). The indices i.e. CF, BAF and HSI were calculated and the results were presented as mean 

value ± standard deviation. Analysis of variance (ANOVA) was used to determine differences between the 

localities and seasons. The significance level was p<0.05. For quantitative histological assessment the 

organ index, total organ index, reaction index and total reaction index were calculated as proposed by 

Bernet et al. (1999) and the results were presented as mean value ± standard deviation. 
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CHAPTER 3 

WATER QUALITY 

3.1 INTRODUCTION 

Water occupies about 70% of the earth‟s surface, but out of all that water, only 2.5% of it is fresh with the 

remainder brackish and salty seawater. On the little freshwater available, about 70% of it is locked away in 

the polar ice caps. The huge amount of unfrozen freshwater are hidden away as groundwater and only a 

small amount (0.01%) is found in streams, rivers and lakes (Van Vuuren 2011). Surface water is very 

limited, and the conservation of its quality and quantity is becoming of particular concern in South Africa but 

also globally. Water quality describes the physical, chemical, biological and aesthetic properties of water 

that determine its fitness for a variety of uses and for the protection of the health and integrity of aquatic 

ecosystems (DWAF 1996a). The quality of the water differs from continent to continent, and even from 

region to region, as a result of differences in climate, geomorphology, geology and soils, and biotic 

composition (Dallas & Day 2004). The properties of water are controlled or influenced by the constituents 

that are either dissolved or suspended in water (DWAF 1996a). 

Water quality constituents can be divided into physical attributes such as temperature, turbidity, total 

suspended solids (TSS); and chemical constituents such as the total dissolved solids (TDS) and the 

concentration of solutes such as gases and ions (Dallas & Day 2004). However, DWAF (1996a) divided 

water quality constituents into four categories based on the effects that the constituents may have on 

aquatic biota. System variables described as the constituents that regulate the essential ecosystem 

processes such as spawning and migration e.g. pH and dissolved oxygen (DO). Nutrients are generally 

not toxic but stimulate eutrophication if present in excess e.g. NO3, NO2, NH4, PO4 and SO4. Non-toxic 

constituents are described as the constituents that cause toxic effects at extreme concentrations e.g. 

TDS, TSS, electrical conductivity (EC), salinity and total water hardness. Toxic constituents seldom occur 

in high concentrations in unimpacted systems e.g. Cu, Fe, Pb, Al, Zn and Mn. 

South Africa is diverse in climate, geomorphology, geology and soils, and aquatic biotas, and so the 

different regions exhibit quite considerable differences in water quality, even when unaffected by human 

activity (Dallas & Day 2004). Aquatic ecosystems are very fragile; they have limited ability to absorb 

continual pollutant loads before a dramatic change takes place in the structure and functioning of the 

ecosystem components. If the system consistently moves beyond a critical threshold, it is likely to change 
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dramatically and start to behave in a different way, often with unforeseen or undesirable consequences for 

people who rely on the system for water supplies (Oberholster 2009). The altering of the features or 

constituents of water quality to the detriment of its inhabitants or users is called water pollution (Davies & 

Day 1998). Water pollution occurs when conditions exceed the aquatic ecosystem‟s ability to compensate 

for the changes (Chapman 1996). There are two kinds of water pollution, i.e. point source and non-point 

source pollution. Point source pollution occurs when the effluents are discharged from pipes or stormwater 

drains into the river, lakes and wetland or directly into the sea. The quantity of pollutants can be measured 

and it is fairly easy to control. Non-point source occurs when the pollutants enter the water body through 

runoff from urban and industrial areas, diffusion from the atmosphere, seepage from mines and leaching 

from domestic and solid waste disposal sites. This type of pollution is difficult to quantify and control due to 

irregular discharges (Davies & Day 1998; Heath & Claassen 1999; Dallas & Day 2004). According to 

Svobodóva et al. (1993), water pollution may reduce the ability of aquatic biota e.g. fish to maintain an 

effective immunological response system, so the pollution may increase the susceptibility of organisms to 

different diseases. 

Fish live in water for their entire life; therefore they are continuously exposed to the external water 

environment. Good quality water is the key to flourishing fish health. Poor water quality can kill fish directly; 

moreover, it is a major contributing factor to disease outbreaks since the fish‟s immune system is lowered 

in response to the poor conditions (Novotny 2003). Furthermore, Van Dyk (2003a) reported that the health 

and reproductive potential of a fish may reflect the quality of the water they live in. Numerous incidents of 

fish and crocodile kills have been reported in the Olifants River System (Oberholster 2009). 

The Olifants River System originates from the east of Johannesburg and initially flows northwards before 

curving eastwards towards the Kruger National Park (KNP) where it is joined by the Letaba River before 

flowing into Mozambique (Heath et al. 2010). The river is one of the hardest working river systems in South 

Africa, particularly at the upper catchment which is characterised by elevated levels of copper and zinc 

(Grobler 1994; Van Vuuren 2010). It has been used and abused for the past five decades, and this can be 

seen in the character of the water quality, which has worsened markedly over the years (Van Vuuren 

2009). The water quality in the Olifants River has been deteriorating as a result of mining, industrial and 

agricultural activities. Mining activities consist mainly of coal mining in the upper reaches of the catchment, 

platinum and chrome mining in the middle as well as copper and phosphorus mining in the lower catchment 
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(Claassen et al. 2002). Other activities that play a role on the deterioration of water quality in the Olifants 

River include power generations, agricultural runoff, informal rural settlements and urban runoff (Nussey et 

al. 2000). The recent investigations by an independent fish pathologist, Dr David Huchzermeyer, indicated 

that most of the fish caught in the Olifants River are not healthy and their internal organs and gills are badly 

affected by bad quality water (Van Vuuren 2009). 

Loskop Dam is found in the upper catchment of the Olifants River. The dam has been described as a 

repository for pollutants from the upper catchment (Grobler et al. 1994). Numerous incidents of fish kills has 

been reported during the past five years which were thought to be caused by the acid mine drainage 

flowing into the dam (Oberholster 2009). Flag Boshielo Dam is located about 85 km downstream of Loskop 

Dam and approximately 25 km north-east of Marble Hall (Botha 2005). There are commercial and 

subsistence agriculture as well as numerous point and diffuse sources of industrial pollution along the 

Olifants River towards the dam (Heath & Claassen 1999). Nevertheless, no recent fish and crocodile kills 

have been reported from Flag Boshielo Dam. 

3.2 RESULTS AND DISCUSSION 

3.2.1 System variables 

These are the variables that regulate essential ecosystem processes such as spawning and migration. 

System variables depend on the climate, geomorphology, geology and the aquatic biota of the area (Davies 

& Day 1998). The aquatic biota is usually adapted to the natural seasonal cycles of changing water quality 

which characterizes their systems. Anthropogenic changes in the amplitude, frequency and duration of 

these cycles may cause severe disruption to the ecology and physiological functions of aquatic organisms, 

and hence the ecology of the system (DWAF 1996a). These variables include temperature, DO and pH. 

Temperature 

All water bodies are subjected to natural daily and seasonal variations in temperature (Dallas & Day 2004). 

The temperatures of inland waters in South Africa generally range from 5 - 30°C (DWAF 1996a). All 

organisms have a specific temperature or range of temperatures at which optimal growth, reproduction and 

general fitness occur (Palmer et al. 2004). The metabolic rate of aquatic organisms is related to 

temperature, and in warm waters, respiration rates increase leading to increased oxygen consumption and 

increased decomposition of organic matter (Bartram & Ballance 1996). Dallas and Day (2004) reported that 
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the increase in water temperature decreases oxygen solubility and also increase the toxicity of certain 

chemicals, both which result in increased stress in the associated organisms. 

 

Figure 3.1 Temperature recorded at Loskop and Flag Boshielo dams. 

Since water temperature depends mostly on climatic conditions, it tends to change from time to time with 

water depth throughout the day and it depends on the vegetation cover as well. A temperature of 16.25˚C 

and 26.09˚C was recorded at Loskop Dam during winter and summer respectively with 13.76˚C and 

25.27˚C being recorded at Flag Boshielo Dam (Fig 3.1). There were no significant differences between the 

water temperature of the two localities (p>0.05). According to Svobodóva et al. (1993), fish can easily 

tolerate natural fluctuation of water temperature within the water body. However, the human induced water 

temperature fluctuation may have negative effects if the temperature becomes 12˚C colder or warmer than 

the original water temperature. Due to the natural diel fluctuation of water temperature, there is no specific 

target water quality range (TWQR), however, it has been suggested for aquatic ecosystems that the 

temperature should not be allowed to vary from the background average daily water temperature 

considered to be normal for that specific site and time of day, by > 2˚C, or by > 10% (DWAF 1996a). 

Dissolved oxygen 

Dissolved oxygen is one of the most important abiotic factors relating to the survival of most aquatic 

organisms (Dallas & Day 2004). It is defined as the amount of oxygen dissolved in the water at a given 
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atmospheric pressure, temperature and salinity. The DO is expressed in mg/ℓ or as a percentage of the 

saturation concentration at the time of sampling (DWAF 1996a). The major sources of oxygen are 

photosynthesis by plants and phytoplankton as well as atmospheric aeration during turbulent mixing 

(Mmualefe & Torto 2011). Aquatic organisms use DO during respiration and if DO levels decline, some 

sensitive species may become weak, migrate or die (DWAF 1996a; Dallas & Day 2004). A concentration of 

80% - 120% saturation is suitable for protection of all life stages of most southern African aquatic biota 

endemic to or adapted to aerobic warm water habitats (DWAF 1996a).  

 

Figure 3.2 Dissolved oxygen in % (a) and mg/ℓ (b) recorded at Loskop and Flag Boshielo dams. 

As mentioned previously, DO depend on water temperature and since there were no significant differences 

for the water temperature between the two localities, the same applied for DO (p>0.05). The concentrations 

of 8.17 mg/ℓ and 4.17 mg/ℓ of DO were recorded at Loskop Dam during winter and summer respectively 

with 12.35 mg/ℓ and 4.62 mg/ℓ being recorded at Flag Boshielo Dam (Fig. 3.2a&b). In percentage of 

saturation, a concentration of 77.47% and 57.47% were recorded at Loskop Dam during winter and 

summer with 118.43% and 55.07% being recorded at Flag Boshielo Dam (Fig. 3.2a&b). The mean DO 

recorded was found to be 6.17 mg/ℓ at Loskop Dam and 8.49 mg/ℓ at Flag Boshielo Dam. Different fish 

species have different requirements for concentration of DO and cyprinids can survive in lower 

concentration. Cyprinid fishes can thrive in water containing 6-8 mg/ℓ and show signs of suffocation only 

when the DO falls to 1.5-2 mg/ℓ (Svobodóva et al. 1993). The DO at both localities was between 4 mg/ℓ 

and 12.5 mg/ℓ, therefore, it was good for red nose labeo. 
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During summer, the concentrations were good to protect all life stages of most southern African aquatic 

biota endemic to, or adapted to aerobic warm water habitats as suggested by DWAF (1996a). The DO was 

also sufficient for growth of warm water fish for aquaculture (DWAF 1996b). Despite the direct impact of DO 

variation to aquatic biota, many toxic constituents such as ammonia, cadmium, zinc etc. may become 

increasingly toxic as DO concentrations get reduced, and when the temperature increases (Palmer et al. 

2004). 

pH 

The pH is defined as a measure of the hydrogen ion activity in a water sample. It is effectively the negative 

logarithm of the hydronium ion (H3O+) activity (DWAF 1996a&b). The mean of pH cannot be worked out 

since it is a logarithmic value. The pH of natural waters is determined largely by the geological and 

atmospheric influences. For surface water, pH values typically range between 4 and 11. According to 

DWAF (1996a), most freshwaters in South Africa are relatively well buffered and more or less neutral, with 

pH ranges between 6 and 8. The pH values above 10.8 and below 5.0 may be rapidly fatal to cyprinids 

(Svobodóva et al. 1993). Furthermore, the direct effect of pH on an organism includes alterations in the rate 

and type of ion exchange across the body surface (DWAF 1996a). 

 

Figure 3.3 pH recorded during winter and summer at LD (Loskop Dam) and FBD (Flag Boshielo Dam) 
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Alkaline pH values were recorded throughout the study with the highest pH value of 10.10 being recorded 

at Loskop Dam during summer. The slight difference of pH values were recorded between the inflow, 

middle and dam wall at both localities. The pH values ranged from 8.98 to 9.63 at Flag Boshielo Dam and 

7.81 to 10.10 at Loskop Dam (Fig. 3.3). However, there were no significant differences between the two 

localities (p>0.05). There is no pH TWQR set for aquatic ecosystem, however, most species will tolerate 

and reproduce successfully in the pH range of 6.5-9 in aquaculture (DWAF 1996b). An increase in pH may 

be affected by an increase in biological activities and photosynthetic activities of algae which are the results 

of industrial effluents and anthropogenic eutrophication (Palmer et al. 2004). According to Svobodóva et al. 

(1993), only alkaline pH values above 10.8 may have deadly effects to cyprinids. Therefore, in the present 

study, the pH was not deadly for L. rosae. 

3.2.2 Non-toxic inorganic constituents 

Total Dissolved Solids 

Total dissolved solids are natural constituents in a water body; mostly depend on geochemical, physical 

and hydrological processes. The TDS concentration is defined as a measure of the total amount of soluble 

materials in a sample of water while the total dissolved salts concentration is a measure of the quantity of 

all dissolved compounds carrying an electric charge (DWAF 1996a; Dallas & Day 2004). In natural aquatic 

ecosystems, TDS is determined by the degree of weathering and the chemical composition of rocks and 

the relative influences of evaporation and rainfall in the catchment (Davies & Day 1998). Dallas and Day 

(2004) reported that anthropogenic activities such as industrial effluents, irrigation and water re-use lead to 

increases in TDS. The constituents that form the bulk of TDS include the cations sodium (Na+), potassium 

(K+), calcium (Ca2+), magnesium (Mg2+) and the anions chlorine (Cl-), sulphate (SO4
2-), bicarbonate (HCO3), 

and carbonate (CO3
2-). The TDS and electrical conductivity (EC) usually correlate closely for a particular 

type of water (Davies & Day 1998). 

Total dissolved solids concentrations of 255.66 mg/ℓ and 345.80 mg/ℓ were recorded at Loskop Dam during 

winter and summer respectively with the concentrations of 274.95 mg/ℓ during winter and 310.70 mg/ℓ 

during summer being recorded at Flag Boshielo Dam (Fig. 3.4). There were no significant differences on 

the TDS levels between the two localities (p>0.05). The seasonal mean TDS concentration at Loskop Dam 

was found to be 300.73 mg/ℓ and 292.83 mg/ℓ at Flag Boshielo Dam. Throughout the study higher TDS 

concentrations were recorded during summer and it might be attributed to the evaporation since the dams 
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were sampled prior to rain. Little is known regarding the effects of increased TDS levels on freshwater 

organisms, but juvenile stages are often more sensitive than adults. Thus, increased TDS levels may have 

some negative impacts in areas where the organisms are adapted to pure waters (Davies & Day 1998). 

Dallas and Day (2004) reported that TDS concentration that is too high or too low may limit growth and may 

lead to the death of many aquatic organisms. There are no TDS TWQR set for aquatic ecosystem but the 

concentrations should not be changed by > 15% from the normal cycles of the water body under 

unimpacted conditions at any time of the year (DWAF 1996a). 

 

Figure 3.4 Total dissolved solids and alkalinity levels recorded at Loskop and Flag Boshielo dams. 

 

Alkalinity 

Alkalinity is defined as a measure of the number of H+ ions that have reacted over a given pH range during 

an acid titration, that is, a measure of the water's ability to neutralise acid (DWAF 1996a). It is determined 

as „acid neutralising capacity‟ which in freshwaters is usually due to HCO3
- and CO3

2- ions (Bartram & 

Ballance 1996). The chemical composition of rocks and soils strongly influences the natural alkalinity of 

water, which can range from very low values to several hundred milligrams per litre (DWAF 1996b). 

Alkalinity pollution may result from certain industrial effluents and anthropogenic eutrophication and is less 

common in South Africa (Palmer et al. 2004). 
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Alkalinity levels at Flag Boshielo Dam were insignificantly higher than at Loskop Dam (p>0.05). The 

concentrations of 58.0 mg/ℓ and 73.3 mg/ℓ were recorded at Flag Boshielo Dam during winter and summer 

respectively with 44.0 mg/ℓ and 42.67 mg/ℓ being recorded at Loskop Dam (Fig. 3.4). Oberholster et al. 

(2012) recorded the mean alkalinity of 53.0 mg/l at Loskop Dam from June to September 2009. The lower 

alkalinity at Loskop Dam might be attributed to the acid inputs from mining or industrial activities as well as 

atmospheric pollution. The higher alkalinity concentration at Flag Boshielo Dam might have been caused by 

the agricultural practices occurring in the middle catchment. However, there were no significant difference 

on the alkalinity concentrations between the localities and they were within the TWQR suggested by DWAF 

(1996b) for aquaculture. DWAF (1996b) emphasized that water in close proximity to intensive agriculture 

may have a measurable phosphate-based alkalinity. There is no TWQR set for aquatic ecosystem and 

domestic use. 

Electrical conductivity 

Electrical conductivity is defined as a measure of the water sample to conduct electric current and is 

expressed in millisiemens per meter (mS/m) (Dallas & Day 2004). This ability is a result of the presence of 

ions such as sodium (Na+), potassium (K+), calcium (Ca2+), magnesium (Mg2+), chlorine (Cl-), sulphate 

(SO4
2-), nitrate (NO3

-), bicarbonate (HCO3
-), and carbonate (CO3

2-) all of which carry electric charge (DWAF 

1996a). The EC of most freshwaters ranges from 0.1-10 mS/m but may exceed 10 mS/m, especially in 

polluted waters, or those receiving large quantities of land run-off. Electrical conductivity is sensitive to 

variations in dissolved solids, mostly mineral salts (Chapman 1996). Furthermore, DWAF (1996a) reported 

that the EC increases as the concentration of dissolved salts increases in an aquatic ecosystem. 

In the present study it has been found that lower EC was recorded during winter at both localities. An EC of 

39.33 mS/m and 53.20 mS/m was recorded at Loskop Dam during winter and summer respectively with 

40.80 mS/m and 47.80 mS/m being recorded at Flag Boshielo Dam (Fig. 3.5). There were no significant 

difference in the EC between the two localities (p>0.05). The EC mean were found to be 46.27 mS/m at 

Loskop Dam and 44.30 mS/m at Flag Boshielo Dam. Although Chapman (1996) reported a range of 

conductivity in natural waters as 0.1-10 mS/m, there are no health effects associated with the conductivity 

of < 45 mS/m (DWAF 1996c). The EC TWQR suggested for domestic use range from 0-70 mS/m, and the 

EC at both localities were within that range. According to Dezuane (1997), EC is a useful test in raw and 

finished water for quick determination of minerals. 
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Figure 3.5 Electrical conductivity recorded at Loskop and Flag Boshielo dams. 

 

Salinity 

The term salinity often refers to the saltiness of water. Salinity is defined as the mass (in grams) of the 

dissolved inorganic solids in 1 kg of sea water and the unit is often given as ‰ (parts per thousand). Sea 

water has a salinity of 35, or 35‰, or 35 g/ℓ. Since the quantity of dissolved organic matter in sea water is 

very small relative to the amount of inorganic matter, salinity and TDS are virtually identical in sea water. In 

freshwater, however, the proportion of dissolved organic matter may form a significant fraction of 

contaminants. In this case, values for salinity and TDS may vary quite significantly for a single sample 

(Dallas & Day 2004). Salinity and TDS are both measures of the mass of solutes in water; however they 

differ in the components they measure. Salinity measures only the dissolved inorganic content where as 

TDS is the mass of the dissolved inorganic and organic compounds in water (DWAF 1996b). Both 

parameters are of vital importance to fish health as they impact directly on the metabolic and physiological 

processes of fish (Jooste et al. 2005). Salinity is a natural component of an aquatic ecosystem. In a natural 

system salinity may be influenced by the geological characteristics; it may come from the dissolution of 

salts from land surface, soil and aquifer material by the rising groundwater (Chapman 1996). 

The variation pattern of salinity values recorded during this study was similar to the variation pattern of 

electrical conductivity with seasons and localities. Thus, salinity and conductivity depend on total dissolved 
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salts in a water body. A salinity concentration of 0.19‰ and 0.26‰ was recorded at Loskop Dam with 

0.20‰ and 0.23‰ being recorded at Flag Boshielo Dam (Fig. 3.6). The salinity difference was not 

significant between the localities (p>0.05) and it was within the TWQR set by DWAF (1996b) for 

aquaculture. There is no TWQR set for aquatic ecosystem since very little information is available on the 

salinity tolerances of freshwater organisms. In general, it seems that many species are able to survive and 

even flourish at relatively high salinities. Furthermore, it has been reported that a certain amount of salt in 

water can either protect aquatic organisms from, or sensitize them to, various pollutants such as heavy 

metals and biocides (Dallas & Day 2004).  

 

Figure 3.6 Salinity levels recorded at Loskop and Flag Boshielo dams. 

 

Turbidity 

Turbidity in water is caused by the presence of suspended matter which usually consists of a mixture of 

inorganic matter, such as clay and soil particles, as well as organic matter. It is defined as a measure of the 

light-scattering ability of water and is indicative of the concentration of suspended matter in water. 

Furthermore, turbidity of water is related to clarity, a measure of the transparency of water (DWAF 1996c). 

Continuous increase in turbidity may have serious consequences on the aquatic biota. Since light 

penetration is getting reduced, primary production also decreases and the food production decreases. In 
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natural waters, turbidity can range from <1 NTU in very clear water to more than 1000 NTU in turbid, 

muddy water (DWAF 1996b). 

In the present study, Flag Boshielo Dam showed to be more turbid than Loskop Dam. However, the 

differences were not significant (p>0.05). Turbidity values of 4.93 NTU and 7.93 NTU were recorded at 

Loskop Dam during winter and summer respectively with 6.5 NTU and 14.67 NTU being recorded at Flag 

Boshielo Dam (Fig. 3.7). The lower turbidity at Loskop Dam might be attributed to the bottom substrate 

which is dominated by rocks. Both localities however, were above the TWQR suggested for domestic use 

but only Flag Boshielo Dam showed to be >10 NTU during summer. According to DWAF (1996c), turbidity 

of >10 NTU may have severe aesthetic effects in terms of taste and odour. Furthermore, water carries an 

associated risk of disease due to infectious disease agents and chemicals adsorbed onto particulate 

matter. 

 

Figure 3.7 Turbidity recorded at Loskop and Flag Boshielo dams. 

 

3.2.3 Nutrients 

Ammonia 

Ammonia is produced naturally by the biodegradation of nitrogenous matter. It may be present in the free, 

un-ionized form (NH3) or in the ionized form as the ammonium ion (NH4
+). Both are reduced forms of 
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inorganic nitrogen derived mostly from aerobic and anaerobic decomposition of organic material (DWAF 

1996a). The ratio between these two ammonium forms depends on the pH, temperature and the DO of the 

water. Their toxicity increases as temperature and pH increases therefore, the lower the DO, the greater 

the toxicity of ammonia (Svobodóva et al. 1993; Palmer et al. 2004). Furthermore, Dallas and Day (2004) 

reported that natural waters contain ammonia and ammonium concentrations below 0.1 mg/ℓ. 

In this study, ammonium concentrations of 1.0 mg/ℓ and 1.1 mg/ℓ were recorded at Loskop Dam during 

winter and summer respectively with 0.27 mg/ℓ and 0.20 mg/ℓ being recorded at Flag Boshielo Dam (Fig. 

3.8). There were significant differences for ammonia concentration between the two localities (p<0.05). The 

seasonal mean concentration for both localities was found to be 1.05 mg/ℓ at Loskop Dam and 0.23 mg/ℓ at 

Flag Boshielo Dam (Fig. 3.9). Ammonium availability in a water body may be of organic origin by means of 

domestic sewage, agricultural wastes or the reduction of nitrates and nitrites by bacteria in anoxic water or 

of inorganic origin by means of industrial effluents from gas works, cooking plants and power stations 

(Svobodóva et al. 1993). The ammonia concentration at both localities was above the TWQR suggested for 

aquatic ecosystem (DWAF 1996a). However, the concentration at Flag Boshielo Dam was within the 

TWQR suggested for aquaculture. The possible sub-lethal effects in warm-water fish occur in the range of 

0.3-0.8 mg/ℓ (DWAF 1996b). The concentration of ammonia at Loskop Dam was above this range as well 

as the AEV for aquatic ecosystem. The mesotrophic condition at Loskop Dam was due to an elevated 

concentration of ammonia. However, the increased concentration of ammonia did not cause any serious 

threat to the health of fish at Loskop Dam. 

Nitrite 

Nitrite (NO2) is the inorganic intermediate, and nitrate (NO3) the end product, of the oxidation of organic 

nitrogen and ammonia (DWAF 1996a). Nitrite co-occur with nitrate and ammonia but they are usually found 

at low concentration because they are readily oxidized to nitrate or reduced to ammonia, both chemically 

and biochemically by bacteria. The conversion of nitrogen from one form to another in the water and soil 

involve two processes, nitrification and denitrification. During these processes, two groups of highly 

aerobic, autotrophic bacteria, mainly Nitrosomonas spp. and Nitrobacter spp. oxidise ammonia to nitrite, 

and nitrite to nitrate (DWAF 1996b).  

A nitrite concentration recorded at Loskop Dam was only at the inflow during summer whereby the 

concentration of 0.1 mg/ℓ was recorded with the middle and dam wall localities showing concentrations of 
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below detection levels (< 0.1 mg/ℓ) (Fig. 3.8). The nitrite concentration at Flag Boshielo Dam was found to 

be below detection value throughout the study. The low concentration of nitrite might be due to the fact that 

it is readily oxidized to nitrate or is reduced to ammonia. According to Davies and Day (1998), nitrite is toxic 

to aquatic organisms even at low concentrations. In aquaculture practices, a concentration ranging from 

0.06-0.25 mg/ℓ is considered to be safe for a number of warm water fish (DWAF 1996b). Therefore, the 

NO2 concentration of 0.1 mg/ℓ recorded at the inflow of Loskop Dam during summer might still be safe for 

fish. 

Nitrate 

Nitrates are the final product of the aerobic decomposition of organic nitrogen compounds. Davies and Day 

(1998) stated that nitrate is seldom abundant in natural surface waters because it is incorporated into cells 

or is chemically reduced by microbes and converted into atmospheric nitrogen. Nitrate is the least toxic of 

the inorganic nitrogen compounds to fish but concentrations in excess of 10 mg/ℓ may indicate pollution of 

water by industrial and agricultural wastes which may contain toxic substances, even though the NO3 at 

this concentration is not toxic (DWAF 1996b). 

 

Figure 3.8 Nutrients levels recorded at Loskop and Flag Boshielo dams. 
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The NO3 concentrations of 0.56 mg/ℓ and 0.60 mg/ℓ were recorded at Loskop Dam during winter and 

summer respectively (Fig. 3.8). At Flag Boshielo Dam a concentration of 0.40 mg/ℓ has been recorded 

during winter and 0.30 mg/ℓ during summer (Fig. 3.8). The seasonal mean concentration of NO3 at Loskop 

Dam was found to be 0.58 mg/ℓ and Flag Boshielo Dam being 0.35 mg/ℓ (Fig. 3.9) and it was within the 

TWQR suggested for aquaculture. An elevated concentration of NO3 at Loskop Dam might be attributed to 

the sewage pollution and extensive agricultural activities that occur in the upper Olifants River catchment 

(Oberholster et al. 2009). In aquaculture there are no known adverse effects for NO3 concentrations below 

300 mg/ℓ. Furthermore, Svobodóva et al. (1993) reported that the toxicity of nitrates to fish is very low, and 

mortalities have only been recorded when concentrations have exceeded 1000 mg/ℓ. 

Total Nitrogen 

Nitrogen (N2) occurs abundantly in nature and is an essential constituent of proteins, which include the 

enzymes that catalyse all biochemical processes, and is therefore a major component of all living 

organisms (Dallas & Day 2004). The total nitrogen includes all the major inorganic nitrogen components 

(NH3, NH4
-, NO2 and NO3) present in water. Inorganic nitrogen may enter aquatic ecosystems in effluents 

from industry but mostly from sewage and agricultural activities which include intensive animal culture like 

dairy farming (Davies & Day 1998). Low concentrations of nitrogen is essential for the growth of aquatic 

plants but high concentrations can cause rapid growth of algae and plants that may clog waterways and 

result in blooms of toxic blue-green algae (Mmualefe & Torto 2011). In South Africa, inorganic nitrogen 

concentrations in unimpacted aerobic surface waters are usually below 0.50 mg/ℓ but may increase to 

above 5-10 mg/ℓ in highly enriched waters. The presence of inorganic nitrogen and its components is 

regulated by the temperature, DO and pH of water (DWAF 1996a). 

The total nitrogen of 0.90 mg/ℓ and 1.00 mg/ℓ was recorded at Loskop Dam during winter and summer 

respectively (Fig. 3.8). A concentration of 0.40 mg/ℓ was recorded at Flag Boshielo Dam during winter and 

0.37 mg/ℓ during summer (Fig. 3.8). There were significant differences for the N2 levels between the two 

localities (p<0.05). The seasonal mean concentrations of N2 were found to be 0.95 mg/ℓ at Loskop Dam 

and 0.38 mg/ℓ at Flag Boshielo Dam (Fig. 3.9). Although the N2 concentration at Loskop Dam was found to 

be higher, it was below 2.5 mg/ℓ which categorise the water body as mesotrophic with Flag Boshielo Dam 

being oligotrophic (<0.5 mg/ℓ). Oberholster et al. (2012) reported eutrophic condition at Loskop Dam 
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between June and September 2009 whereby the mean concentration was 3.67 mg/ℓ. In the present study, 

the N2 concentration was still acceptable for both aquatic ecosystems and domestic use at both localities. 

 

Figure 3.9 The mean nutrient values recorded at Loskop and Flag Boshielo dams. 

 

Phosphorus 

Phosphorus is required in numerous life processes and is an integral part of DNA (Davies & Day 1998). It is 

an essential macronutrient, and is accumulated by a variety of living organisms. Phosphorus stimulates 

growth of both algae and aquatic macrophytes. The element phosphorus exists as orthophosphates, 

polyphosphates, metaphosphates, pyrophosphates and organically bound phosphates in natural waters. 
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surface waters receive most of their phosphorus (P) in surface flows rather than in groundwater since 

phosphates bind to most soils and sediment (Correll 1998). The phosphate ion is a highly surface-active 

species that is readily adsorbed to clay particles in the sediment and water column. Thus during low-flow 

periods, sediments act as a sink for P entering the stream at high concentrations from point sources 

(Webster et al. 2001). 

Sulphate 

Sulphate (SO4
2-) is an abundant ion in the earth‟s crust and its concentration in water can range from a few 

milligrams to several thousand milligrams per litre (Bartram & Ballance 1996). It is an oxy-anion of sulphur 

in the +VI oxidation state and forms salts with various cations such as potassium, sodium, calcium, 

magnesium, barium, lead and ammonium. Furthermore, sulphate occurs naturally in freshwaters; it arises 

from the dissolution of mineral sulphates in soil and rock, particularly calcium sulphate (gypsum) and other 

partially soluble sulphate minerals (DWAF 1996c). Anthropogenic sources of sulphate include acid mine 

wastes and many other industrial processes such as tanneries, textile mills and processes using sulphuric 

acid and sulphate (Bartram & Ballance 1996; DWAF 1996c). 

Naturally, the sulphate concentration in surface waters tends to be 5 mg/ℓ or less, although concentrations 

of several 100 mg/ℓ may occur where dissolution of sulphate minerals or discharge of sulphate rich 

effluents from acid mine drainage takes place. In the present study, SO4
2- concentrations of 119.0 mg/ℓ and 

141.77 mg/ℓ were recorded at Loskop Dam during winter and summer respectively (Fig. 3.8). At Flag 

Boshielo Dam, a SO4
2- concentration of 96.0 mg/ℓ was recorded during winter and 93.3 mg/ℓ during 

summer (Fig. 3.8). There were significant differences in the SO4
2- concentrations between the two localities 

(p<0.05). Although the water bodies showed significant difference in (SO4
2-) concentrations, they were all 

within the TWQR suggested by DWAF (1996c) for domestic use. There is no sulphate TWQR available for 

aquaculture and aquatic ecosystems in South Africa. Bartram and Ballance (1996) reported that the World 

Health Organisation (WHO) does not recommend any guideline value for sulphate since it is known as one 

of the least toxic anions. 
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3.2.4 Ions 

Chloride 

Chloride (Cl-) is the major anion in sea water and in many inland waters, particularly in South Africa (Dallas 

& Day 2004). It is found in various forms such as elemental chlorine, hypochlorites, chloramines, and 

hypochlorite-based compounds such as calcium hypochlorite and dichloroisocyanurates (DWAF 1996b). 

Naturally, it enters surface water with the atmospheric deposition of oceanic aerosol and with the 

weathering of some sedimentary rocks (mostly rock salts deposits). Anthropogenic sources include 

industrial and sewage effluents, agricultural and road run-off (Chapman 1996; DWAF 1996a). Chlorine is 

used extensively as a biocide for disinfecting and sterilizing drinking water (DWAF 1996b). The toxicity of 

chloride to fish increases as the DO concentration in water decreases (Svobodova et al. 1993). Chapman 

(1996) revealed that pristine freshwaters has a chloride concentration of <10 mg/ℓ and sometimes <2 mg/ℓ. 

However, it is only detectable by taste at concentrations exceeding approximately 200 mg/ℓ (DWAF 1996c). 

In this study, Cl- concentrations of 24.00 mg/ℓ and 27.67 mg/ℓ were recorded at Flag Boshielo Dam during 

winter and summer respectively (Fig. 3.10). There were significant differences on Cl- concentration between 

the two localities (p<0.05). A concentration of 14.33 mg/ℓ was recorded at Loskop Dam during winter and 

16.67 mg/ℓ during summer (Fig. 3.10). The higher concentrations of chloride at Flag Boshielo Dam might 

be attributed to the agricultural activities in the middle catchment. The mean concentrations of Cl- were 

found to be 15.5 mg/ℓ at Loskop Dam and 25.84 at Flag Boshielo Dam (Fig. 3.11). The Cl- concentration 

was within the TWQR suggested for domestic use but above the TWQR, CEV and AEV suggested for 

aquatic ecosystem. However, in aquaculture, there are no known adverse effects of chloride concentration 

of <1000 mg/ℓ (DWAF 1996b). Chapman (1996) reported that high concentrations of chloride can make 

waters unpalatable and therefore, unfit for drinking or livestock watering. 

Calcium 

Calcium (Ca2+) is an alkaline earth metal and exists as the doubly positively-charged ion, Ca (II) (DWAF 

1996c). It is one of the most essential elements in living organisms. The element Ca2+ is found as a 

structural material in the bones, teeth, mollusc shells and crustacean (e.g. crab) exoskeletons. It is vital for 

muscle contraction, nervous activity, energy metabolism and a great variety of other biochemical 

interactions (Dallas & Day 2004). It is one of the components that contribute to the total hardness of the 

water together with magnesium (Chapman 1996). Its solubility is usually governed by the 
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carbonate/bicarbonate equilibrium and is thus strongly influenced by pH and temperature (DWAF 1996c). 

The primary source of calcium may be the geological characteristics of the area where mineral deposits of 

calcium are common, usually as calcium carbonate, phosphate or sulphate (DWAF 1996c; Jooste et al. 

2005). 

 

Figure 3.10 Concentration of Ions recorded at Loskop and Flag Boshielo dams. 

Bartram and Balance (1996) reported that Ca2+ dissolves from almost all rocks and is consequently 

detected in many waters. Waters associated with granite or siliceous sand will usually contain a Ca2+ 

concentration of <10 mg/ℓ. Many waters from limestone areas may contain 30-100 mg/ℓ and those 

associated with gypsiferous shale may contain several hundred milligrams per litre. In the present study, a 

concentration of 35.30 mg/ℓ and 38.00 mg/ℓ was recorded at Loskop Dam during winter and summer 

respectively with 31.53 mg/ℓ and 26.33 mg/ℓ being recorded at Flag Boshielo Dam (Fig 3.10). There where 

no significant difference on Ca2+ concentration between the two localities (p>0.05). The mean 

concentrations were found to be 36.65 mg/ℓ at Loskop Dam and 28.93 mg/ℓ at Flag Boshielo Dam (Fig 

3.11). The TWQR suggested for domestic use ranges from 0-32 mg/ℓ, but the concentration of >80 mg/ℓ 

may still have no severe effects (DWAF 1996c). Furthermore, Jooste et al. (2005) reported that Ca levels 

up to 250 mg/ℓ may still be acceptable for all users. 
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Magnesium 

Magnesium (Mg2+) is a relatively abundant element in the earth‟s crust and hence a common constituent of 

natural waters (Bartram & Balance 1996). Together with calcium it forms the main constituents of total 

water hardness which is defined as the sum of calcium and magnesium concentration, expressed as 

calcium carbonate (DWAF 1996a). The main source of Mg2+ is the weathering of rocks containing 

ferromagnesium minerals and some carbonate rocks. Natural concentrations of magnesium in freshwaters 

may range from 1 to >100 mg/ℓ, depending on the rock types within the catchment. Although magnesium is 

used in many industrial processes, these contribute relatively little to the total magnesium in surface waters 

(Chapman 1996). 

Magnesium concentrations of 21.61 mg/ℓ and 19.00 mg/ℓ were recorded at Loskop Dam during winter and 

summer respectively with 20.79 mg/ℓ and 16.67 mg/ℓ being recorded at Flag Boshielo Dam (Fig. 3.10). The 

Mg2+ mean concentration was found to be 20.31 mg/ℓ at Loskop Dam and 18.73 mg/ℓ at Flag Boshielo 

Dam (Fig. 3.11). There is no Mg2+ TWQR suggested for both aquaculture and aquatic ecosystems, 

however, the concentration was within the TWQR for domestic use (0-30 mg/ℓ). The difference between the 

two localities was not significant (p>0.05). 

Potassium 

Potassium (K) is an alkali metal which reacts violently with water to form positively-charged potassium ions 

(DWAF 1996c). According to Chapman (1996), potassium is a relatively abundant element but its 

concentration in natural freshwater is usually less than 10 mg/ℓ. In addition, Bartram and Balance (1996) 

reported that potassium concentration in natural freshwater is usually less than 20 mg/ℓ. The low 

concentration of potassium in natural freshwaters is due to the fact that the rocks which contain potassium 

are relatively resistant to weathering. However, potassium salts are widely used in industries and in 

fertilizers for agriculture; therefore, it may enter freshwaters with industrial discharges and run-off from 

agricultural land (Chapman 1996). 

The potassium concentration between the two localities did not differ significantly (p>0.05) but a higher 

concentration was recorded at Loskop Dam. A potassium concentration of 5.87 mg/ℓ and 6.50 mg/ℓ were 

recorded at Loskop Dam during winter and summer respectively, with 5.45 mg/ℓ and 4.00 mg/ℓ being 

recorded at Flag Boshielo Dam (Fig. 3.10). The mean concentrations were found to be 6.19 mg/ℓ at Loskop 

Dam and 4.73 mg/ℓ at Flag Boshielo Dam (Fig. 3.11). Potassium concentrations were within the TWQR set 
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for domestic use at both localities. There is no TWQR for potassium available for aquatic ecosystems and 

aquaculture. Potassium together with sodium is the natural salts dissolved in freshwaters and they might 

have been contributed significantly to the TDS at both localities. 

 

Figure 3.11 Mean values of ions recorded at Loskop and Flag Boshielo dams. 

 

Sodium 

Sodium (Na) is one of the most abundant elements on earth and all natural waters contain some sodium 

since sodium salts are highly water soluble. The Na concentration in natural surface waters depends on the 

geology of the catchment. The anthropogenic sources include sewage and industrial effluents (Chapman 

1996). Sodium and potassium are known to be the most important extracellular and intracellular cations 

respectively, and vital to all living organisms (DWAF 1996c). According to Chapman (1996), Na is 

commonly measured where the water is to be used for drinking or agricultural purposes, particularly 

irrigation. Elevated Na in certain soil types can degrade soil structure thereby restricting water movement 

and affecting plant growth. Sodium is probably the least toxic metal cation and its effects on aquatic 

systems are almost entirely as a major contributor to TDS (Dallas & Day 2004). There is no Na TWQR 

available for aquatic ecosystems and aquaculture. 
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Sodium concentrations of 25.81 mg/ℓ and 26.00 mg/ℓ were recorded at Loskop Dam during winter and 

summer respectively with 34.47 mg/ℓ and 32.00 mg/ℓ being recorded at Flag Boshielo Dam (Fig. 3.10). 

There were significant difference on Na concentration between two localities (p<0.05). Although Flag 

Boshielo Dam had higher concentrations of Na than Loskop Dam, they were all within the TWQR for 

domestic use. Therefore, mining and industrial activities at the upper catchment as well as the agricultural 

activities at the middle catchment have not severely elevated the concentration of Na at both localities. 

3.2.5 Toxic constituents 

Toxic constituents seldom occur in high concentration in healthy aquatic ecosystems, however, their toxicity 

depend on physico-chemical properties of the water such as pH, temperature, TDS etc. (Svobodóva et al. 

1993; DWAF 1996a). Various toxic constituents find their way into the aquatic ecosystem as a result of 

anthropogenic activities such as mining. The toxic constituents cause a wide range of damage to 

vertebrates as well as invertebrates (Davies & Day 1998). Although the Olifants River is regarded as the 

third most polluted river in South Africa, most of the tested metals were detected during winter with only few 

being detected during summer at both Loskop and Flag Boshielo dams (Table 3.1). 

Aluminium 

Aluminium (Al) is the third most abundant element in the earth‟s crust but it is present in only trace 

concentrations in natural waters (DWAF 1996a). It is practically present in all surface water because its 

primary source is the geological characteristics of an area (Bartram & Balance 1996). The solubility of Al in 

water is strongly pH dependent; it becomes more soluble and toxic in an acidic pH. Under neutral pH 

conditions, Al becomes partially soluble. However, as the pH increases, Al undergoes hydrolysis resulting 

in a series of hydroxide complexes and decreases in solubility and toxicity (DWAF 1996a; Chapman 1996). 

Therefore, Al becomes more deleterious in acidic conditions. Svobodóva et al. (1993) revealed that freshly 

flocculated Al (as a colloid) may be toxic but fully flocculated hydroxide has a low toxicity similar to that of 

suspended solids in general. 

An Al concentration of 0.04 mg/ℓ was recorded during winter but no Al were detected during summer at 

Loskop Dam (Fig. 3.12 & Table 3.1). However, concentrations of 0.05 mg/ℓ and 0.11 mg/ℓ were recorded at 

Flag Boshielo Dam during winter and summer respectively (Fig. 3.12 & Table 3.1). There were no 

significant differences for Al concentration between the two localities (p>0.05). At Loskop Dam, the pH 
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ranged from 7.81-9.49 during winter and 8.07-10.1 during summer whereas at Flag Boshielo Dam it ranged 

from 9.34-9.63 throughout the study all of which were thus an alkaline pH (Fig. 3.3). 

Table 3.1 Concentration of toxic constituents at Loskop and Flag Boshielo dams. 

Constituents 
(mg/l) 

Winter Summer 

Loskop Dam Flag Boshielo Dam Loskop Dam Flag Boshielo Dam 

Al 0.0387 0.0543 - 0.1110 

Ag 0.0010 0.0020 - - 

As 0.0037 0.0040 - - 

B 0.1065 0.0767 0.0420 0.1110 

Ba 0.0533 0.0443 0.0580 0.0513 

Be 0.0043 0.0043 - - 

Cd 0.0010 0.0010 - - 

Cr 0.0010 0.0010 - - 

Cu 0.0020 0.0023 - - 

Fe 0.0767 0.1187 - 0.1130 

Li 0.0153 0.0090 - - 

Mn 0.0867 0.0343 0.2190 0.0250 

Pb 0.0100 0.0110 - - 

Sb 0.0047 0.0050 - - 

Se 0.0100 - - - 

Si 2.0677 0.8333 6.2267 5.2000 

Sr 0.1860 0.1807 0.1730 0.1490 

V 0.0020 0.0023 - - 

Zn 0.0040 0.0040 - - 

(-): not detected 

The pH of 8.07 at Loskop Dam was recorded at the inflow with 10.1 and 10.05 being recorded at the middle 

and dam wall respectively. Therefore, the insolubility of aluminium at Loskop Dam during summer might be 

attributed to the higher pH in the middle and at the dam wall. All the detected concentrations were above 

the TWQR suggested for aquatic ecosystems and aquaculture but within the TWQR for domestic use. 

Svobodóva et al. (1993) revealed that high concentrations of aluminium may significantly reduce the growth 

of a fish in an aquatic ecosystem. However, DWAF (1996a) reported that in alkaline pH values, Al is 

present as soluble but biologically unavailable hydroxide complexes or as colloids and flocculants. 

Therefore, an Al concentration was not toxic to aquatic life since the pH was alkaline at both localities 

throughout the study. 
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Figure 3.12 Concentration of toxic constituents at LD (Loskop Dam) and FBD (Flag Boshielo Dam). 

 

Copper 

Copper (Cu) is a common metal in the rocks and minerals of the earth's crust and it enters the aquatic 

environment naturally as a result of weathering processes or from dissolution of Cu minerals and native Cu 

(DWAF 1996a). Copper occurs in three oxidation states, as metallic copper(0), cuprous copper(I) and 

cupric copper(II). Its toxicity depends on the solubility and chemical species of the Cu present in water. 

Free cupric copper ions (Cu2+) are considered most toxic, whereas complex forms are the least toxic to 

aquatic organisms (DWAF 1996b). The mobility and solubility of Cu is high in acidic pH water and it 

precipitates in alkaline water and is thus not toxic. Furthermore, its toxicity may be reduced as water 

hardness increases and in the presence of Zn, Mo and SO2+ (Dallas & Day 2004). 
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According to DWAF (1996a), Cu is correlated with water hardness as follows: 

Water Hardness (mg CaCO₃/ℓ) < 60 

(soft) 

60-119 

(medium) 

120-180 

(hard) 

>180 

(very hard) 

TWQR 0.0003 0.0008 0.0012 0.0014 

 

The water hardness ranged from 120-180 mg/ℓ throughout the study, therefore water was categorised as 

hard at both localities. Copper concentration of 0.0020 mg/ℓ was recorded at Loskop Dam and 0.0023 mg/ℓ 

at Flag Boshielo Dam during winter (Fig. 3.12 & Table 3.1). Copper could not be detected during summer at 

both localities. Copper is easily adsorbed and precipitated in sediments at alkaline pH (DWAF 1996a). 

However, water hardness seems to influence the solubility and toxicity of Cu. According to DWAF (1996a), 

the toxicity of Cu decreases with the increase in water hardness. The copper concentration was within the 

TWQR suggested for aquaculture but above for aquatic ecosystem at both localities. Furthermore, Cu was 

detected during winter at both localities and it was not toxic since the pH was alkaline. 

 

Figure 3.13 Toxic constituents concentrations recorded at Loskop and Flag Boshielo dams. 
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Iron 

Iron (Fe) occurs in a natural system as a result of weathering of sulphide ores and igneous, sedimentary 

and metamorphic rocks. Leaching from sandstones releases iron oxides and iron hydroxides to the 

environment. However, anthropogenic activities such as burning of coke and coal, acid mine drainage, 

mineral processing, sewage, landfill leachates and the corrosion of Fe and steel can release Fe to the 

environment (DWAF 1996a). It occurs in two common states, as reduced ferrous (Fe2+) and the oxidized 

ferric (Fe3+) state. The form and solubility of Fe in natural waters are strongly dependent upon the pH and 

the oxidation-reduction potential of the water. Ferric iron is found in solution only at a pH of < 3 (Bartram & 

Ballance 1996). According to DWAF (1996c), the Fe concentration in unpolluted surface waters ranges 

from 0.001-0.5 mg/ℓ. 

Iron concentration of 0.08 mg/ℓ was recorded at Loskop Dam during winter while the concentration was 

below detection level during summer (Fig. 3.13 & Table 3.1). Concentrations of 0.12 mg/ℓ and 0.11 mg/ℓ 

were recorded at Flag Boshielo Dam during winter and summer respectively (Fig. 3.13 & Table 3.1). The 

concentration of Fe was within the TWQR as suggested for domestic use and above for aquaculture at both 

localities. In aquatic ecosystems, Fe concentrations should not be allowed to vary by more than 10% of the 

background dissolved Fe concentration for a particular site or case, at a specific time. However, it is 

generally accepted that the concentration of soluble ionized forms of Fe should not exceeds 0.2 mg/ℓ for 

cyprinids fish (Svobodóva et al. 1993). 

Lead 

Lead (Pb) is a common and toxic trace metal which has the capability of being accumulated in living 

tissues, and in vertebrates, to become immobilized in bone, where it does not exhibit toxic effects (Dallas & 

Day 2004). Lead toxicity to fish and other aquatic organisms is significantly influenced by the water quality 

and depends on the solubility of Pb compounds and on the concentration of Ca+ and Mg2+ in water 

(Svobodóva et al. 1993). Sources of Pb include industrial and municipal wastewaters discharge, mining, 

combustion of fossil fuel etc. Lead enters the aquatic ecosystem and largely accumulates at the bottom 

sediment at concentration about four times greater than in the water. Decreasing pH values increases the 

bioavailability of divalent Pb, which is accumulated by aquatic biota (DWAF 1996a). The water solubility of 

Pb compounds is reduced with increasing alkalinity at a constant pH. Furthermore, the toxicity of Pb is 

known to be reduced with increasing Ca+ and Mg2+ concentrations in water (Svobodóva et al. 1993; DWAF 
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1996a). Lead is correlated with the water hardness (DWAF 1996a) and the aquatic ecosystem TWQR was 

set with respect to water hardness and the table below shows how these two constituents are correlated: 

Water Hardness (mg CaCO₃/ℓ) < 60 

(soft) 

60-119 

(medium) 

120-180 

(hard) 

>180 

(very hard) 

TWQR 0.0002 0.0005 0.001 0.0012 

 

The Pb concentration could only be detected during winter at both localities. The concentrations recorded 

were 0.010 mg/ℓ at Loskop Dam and 0.011 mg/ℓ at Flag Boshielo Dam (Fig. 3.13 & Table 3.1). The Pb 

concentrations were above the TWQR for aquatic ecosystem but within the range for aquaculture and 

domestic use. Since the solubility of Pb strongly depend on physico-chemical properties of the water, the 

variation of system variables, non-toxic constituents, ions and nutrients might have had an impact on the 

insolubility of Pb at both localities.   

Manganese 

In aquatic ecosystems, manganese (Mn) does not occur naturally as a metal but is found in various salts 

and minerals, frequently in association with Fe compounds. Manganese exists in two forms, as soluble 

manganous (Mn2+) form, but is readily oxidised to the insoluble manganic (Mn4+) form (DWAF 1996a). 

Natural sources of Mn include soils, sediments and metamorphic and sedimentary rocks and anthropogenic 

sources are sewage and industrial effluents, and acid mine drainage (Bartram & Ballance 1996). Similar to 

Fe, the concentration of dissolved Mn is influenced by changes in redox potential, dissolved oxygen, pH 

and organic matter. In a natural system, the concentration of Mn ranges from 0.00002-0.13 mg/ℓ (DWAF 

1996b). According to Dallas and Day (2004), high concentrations of Mn are toxic to vertebrates leading to 

disturbances in various metabolic pathways. 

Manganese concentrations of 0.09 mg/ℓ and 0.22 mg/ℓ were recorded at Loskop Dam during winter and 

summer respectively with a concentration of 0.03 mg/ℓ being recorded at Flag Boshielo Dam during both 

seasons (Fig. 3.13 & Table 3.1). The Mn concentrations were within the TWQR which is 0.18 mg/ℓ for 

aquatic ecosystem except for Loskop during summer. The seasonal mean concentrations at both localities 

were found to be 0.16 mg/ℓ at Loskop Dam and 0.03 mg/ℓ at Flag Boshielo Dam. The solubility of Mn 
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decreases as the water hardness (CaCO3) increases (DWAF 1996a). There were no significant differences 

in the Mn concentration between the two localities (p>0.05). 

Selenium 

Selenium (Se) is a non-metallic element which occurs in five oxidation states, namely, -II, 0, II, IV and VI, of 

which the tetravalent state is the most common. It occurs naturally as ferric selenite, calcium selenate, as 

elemental Se and in organic compounds derived from decayed plant tissue (Bartram & Ballance 1996; 

DWAF 1996a; Dallas & Day 2004). It may occur at increased concentrations in water bodies subject to 

industrial pollution, or in the vicinity of industrial activities utilising or discharging Se or Se compounds 

(DWAF 1996a). Selenium interacts with sulphur (S), Fe and As and with metals such as Cu, Cd and 

mercury (Hg). Selenium speciation depends on pH and redox potential of an aquatic ecosystem. A 

decrease in water pH decreases the solubility of Se and hence, decreases in pH have very little impact on 

the toxicity of Se (DWAF 1996a). In aquatic environments with low pH values or high reducing capacity, 

elemental Se is reduced to selenides (Se2-). At high pH and/or under oxidizing conditions, elemental Se is 

oxidized to selenite (SeO3
2-) and then selenate (SeO4

2-), which represent Se(IV) and Se(VI), respectively 

(DWAF 1996b). 

Selenium was only detected at Loskop Dam during winter throughout the study. The concentrations were 

above the TWQR suggested for aquatic ecosystem. At Flag Boshielo Dam it could not be detected during 

both seasons. According to DWAF (1996b), dietary Se interacts with As and Cd and it decreases their 

toxicity. Arsenic and Cd were only detected during winter at both localities. Arsenic concentrations of 

0.0037 mg/ℓ and 0.0040 mg/ℓ were recorded at Loskop and Flag Boshielo dams respectively. Cadmium 

concentration of 0.001 mg/ℓ was recorded at both localities (Fig. 3.13 & Table 3.1). The solubility of Cd is 

high under acidic conditions and low under neutral and alkaline conditions, therefore, pH might have had an 

influence on Cd concentration in this study. The toxicity of As and Cd depends on physico-chemical 

properties such as water temperature, pH, chemical speciation etc. (DWAF 1996a). 

Silicon 

Silicon (SI) occurs predominantly as silica or as various silicates (DWAF 1996d). It is an essential element 

for certain aquatic plants (principally diatoms). It is taken up during cell growth and released during 

decomposition and decay giving rise to seasonal fluctuations in concentrations, particularly in lakes 

(Chapman 1996). Silica is a major constituent of igneous and metamorphic rocks, of clay minerals such as 
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kaolin, and of feldspars and quartz. It is likely that most of the dissolved silica in water originates from the 

chemical breakdown of silicates in the processes of metamorphism or weathering (Bartram & Ballance 

1996). Furthermore, Si may be discharged into water bodies with wastewaters from industries using 

siliceous compounds in their processes such as potteries, glass works and abrasive manufactures 

(Chapman 1996). The concentration of Si in most natural waters is in the range of 1-30 mg/ℓ (Bartram & 

Ballance 1996; Chapman 1996). 

A higher concentration of silicon was recorded at Flag Boshielo Dam than Loskop Dam with concentrations 

of 6.23 mg/ℓ and 5.20 mg/ℓ being recorded during winter and summer respectively (Fig. 3.13 & Table 3.1). 

A concentration of 2.07 mg/ℓ was recorded at Loskop Dam during winter and 0.83 mg/ℓ during summer 

(Fig. 3.13 & Table 3.1). There were significant difference in the Si concentration between the two localities 

(p<0.05). As mentioned previously, Bartram and Ballance (1996) and Chapman (1996) reported that the Si 

concentration in most natural waters ranges from 1-30 mg/ℓ. Struyf et al. (2011) reported that Si is a key 

nutrient in determining the species composition of aquatic and coastal phytoplankton communities but there 

is no TWQR available for aquatic ecosystems. However, the concentration at Flag Boshielo Dam was 

above the TWQR suggested for industrial use and values at Loskop Dam were within the range. Riparian 

vegetation are often characterized by large standing stocks of biomass and can contain a large amount of 

Si so it can serve as a source of Si in an aquatic ecosystems particularly lakes or dams (Struyf et al. 2011). 

Zinc 

Zinc (Zn) is an essential nutritional trace element for plants and animals. Humans have a high tolerance 

level to elevated Zn concentrations, while fish are highly susceptible to Zn poisoning (DWAF 1996c). Zinc 

occurs in rocks and ores and is readily refined into a pure stable metal. It can enter aquatic ecosystems 

through both natural processes such as weathering and erosion, and through industrial activity. It occurs in 

two oxidation states in aquatic ecosystems, namely as the metal, and as Zn(II). Zinc(II) ion is toxic to 

aquatic ecosystems particularly to fish even at a relatively low concentration (DWAF 1996a). The toxicity of 

Zn to fish is influenced by the chemical characteristics of water; in particular, increasing Ca concentrations 

reduce the toxicity of Zn (Svobodóva et al. 1993). The concentration of Zn in inland waters is usually low, 

typically about 0.015 mg/ℓ. Elevated Zn concentrations arise at neutral and alkaline pH (DWAF 1996b). 

However, the lethal Zn concentrations are around 0.5 to 1.0 mg/ℓ for cyprinids fish (Svobodóva et al. 1993). 
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Zinc concentrations of 0,004 mg/ℓ were recorded at both localities during winter (Fig. 3.13 and Table 3.1). 

The concentration at both localities was below detection levels during summer. According to DWAF 

(1996a), the greatest dissolved zinc concentrations will occur in water with low pH, low alkalinity and high 

ionic strength, hence, chemical speciation of zinc is affected primarily by pH and alkalinity. The zinc 

concentrations recorded during winter was above the TWQR for aquatic ecosystem (0.002 mg/ℓ) but within 

the range for aquaculture (1 mg/ℓ) and domestic use (3 mg/ℓ). 

3.3 CONCLUSION 

The Olifants River System is known as one of the most polluted river systems in South Africa with Loskop 

Dam serving as a repository for pollutants from mining and industrial activities in the upper catchment. In 

the present study, lower concentration of metals were recorded at Loskop Dam than Flag Boshielo Dam but 

the difference were not significant (p>0.05). However, Ca, K and Mg ion concentrations were higher at 

Loskop Dam with Na and Cl- being higher at Flag Boshielo Dam. All nutrients were higher at Loskop Dam 

than Flag Boshielo Dam and Oberholster et al. (2010) noted eutrophic to hypertrophic condition at Loskop 

Dam. However, the present study noted mesotrophic state at Loskop Dam with Flag Boshielo Dam being 

oligotrophic. Sources of pollution in the upper Olifants River include acid mine drainage emanating from a 

number of abandoned coal mines and the discharge of treated, partially treated and untreated domestic 

and industrial sewage from municipal sewage treatment works (Oberholster 2009). But, these 

anthropogenic activities did not severely elevate the nutrients levels at Loskop Dam during the present 

survey. 

Some metals are insoluble in alkaline pH, so they tend to precipitate in some cases and sink to the bottom 

sediment. Water quality does not reflect the overall chemical condition within the catchment; therefore, 

metal accumulation analysis was also carried in the sediment and fish tissues. Water quality study is a very 

complex study, because the solubility of constituents depends on one another. A high concentration of 

some metals can reduce the solubility and toxicity of another. For example, the toxicity of copper is reduced 

in the presence of Zn, Mo and SO2+ (Dallas & Day 2004). The present study showed that the water quality 

is in acceptable conditions at both localities although some constituents were above TWQR for aquatic 

ecosystems. 
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CHAPTER4 

ACCUMULATION OF SELECTED METALS 

4.1 INTRODUCTION 

All metals are natural constituents of the environment and are found in varying levels in all ground and 

surface waters. However, anthropogenic activities such as industries, mining, agriculture etc. may release 

contaminants into the environment which increase the concentration levels of metals. Metals tend to 

accumulate in sediment through adsorption and precipitation processes; therefore, sediments are 

considered to be the ultimate sink for contaminants (Coetzee et al. 2002; Wepener & Vermeulen 2005). 

Sediment may accumulate excessive quantities of contaminants that directly disrupt aquatic ecosystems 

(Burton 2002). Furthermore, metals can be reintroduced into the water column in a bioavailable form and 

organisms such as fish absorb these metals from the water by means of gills or epithelial tissues and 

accumulate them in their body tissues (Coetzee et al. 2002). 

Some of these metals are required for the normal metabolism of aquatic organisms, while others are non-

essential and play no significant biological role. However, organisms can accumulate metals to levels 

above which are required for normal physiological functioning (Coetzee et al. 2002). According to 

Moiseenko and Kudryavtseva (2001), a significant deviation from the natural ratio of these substances in an 

organism causes negative, frequently deadly consequences. Davies and Day (1998) reported that the 

concentration of a particular chemical substance in the body of an organism is seldom directly proportional 

to the concentration of it in the surrounding water. 

Metals may enter a fish‟s body in five possible ways; through the body surface, gills, ingestion of food, non-

food particles and oral consumption of water (Muhammad 2005). Once the metals are absorbed, they are 

transported by the blood to either a storage point or to the liver for transformation and storage (Ayandiran et 

al. 2009). The toxicity of the metals may not be easily defined due to the number of factors that may 

influence or modify them. Some of the factors that can influence metal toxicity include: the metal species in 

the water, the presence of other metals, abiotic factors such as water temperature, dissolved oxygen (DO), 

pH, water hardness and salinity, biotic factors such as age, size and sex, stage in life history and adaptive 

capabilities as well as behavioural responses (Van Vuren et al. 1994a). Ayandiran et al. (2009) further 

revealed that the toxicity of metals may vary along the food chain. 
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Aquatic biota accumulate metals along the food chain with the organisms higher in the food chain 

accumulating more until the organisms at the top of the food chain accumulate lethal dose, the 

phenomenon called biomagnification. The organisms at the top of the food chain may accumulate a million 

times more than the organisms at the bottom (Davies & Day 1998). Fish is one of the organisms situated 

near or at the top of the food chain and they are known to accumulate metals within their organs and 

tissues (Barbour et al. 1999). Therefore, in an ecological study, fish can be used as an accumulation 

indicator. According to Abel (1996), the levels of pollutants within the tissues of living organisms can be 

used to indicate the degree of contamination of the waters in which they live. 

This chapter present the results on accumulation of metals (aluminium, antimony, copper, iron, lead, 

manganese, selenium, silicon, strontium and zinc) in the muscle, gills and liver of L. rosae as well as in 

sediment. 

4.2 RESULTS AND DISCUSSION 

4.2.1 Metal accumulation in sediment 

Sediment tends to accumulate metals from surface water through adsorption and precipitation processes 

whereby under some circumstances, e.g. change in pH, the metals can be reintroduced into the water 

column in a bioavailable form (Coetzee et al. 2002). In despite, benthic organisms in close proximity to the 

sediment can assimilate metals bound to sediment. Some of these organisms may then be subjected to 

predation, thus transferring metals throughout the food web and/or food chain, a process known as 

biomagnification (Barker 2006). Metal accumulation in sediment occurs over a long period of time; 

therefore, sediment can provide information on the contamination history of the system. Sediments are 

considered to be the ultimate sink for pollutants (Greenfield et al. 2007). The results of metal accumulation 

in sediment at Loskop and Flag Boshielo dams are presented in Figure 4.1a&b. 

The metals that showed high concentrations in sediment were iron and aluminium. The general trend of 

accumulation at Loskop Dam was as follows: Fe > Al > Si > Mn > Zn > Cu > Sb > Sr > Pb > Se whereas at 

Flag Boshielo Dam was as follows: Fe > Al > Mn > Si > Zn > Cu > Sr > Pb > Sb > Se. Sediment showed to 

have accumulated higher concentrations of iron and aluminium with lesser concentration of selenium. 

Osman and Kloas (2010) reported that the toxicity, mobility and bioavailability of metals depend on physico-

chemical properties of water such as pH, temperature, water hardness, etc. 
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The levels of aluminium, copper, iron, manganese, lead, silicon and strontium were higher at Flag Boshielo 

Dam with antimony, selenium and zinc being higher at Loskop Dam (Figs 4.1a&b). Despite selenium 

concentration being below detection level in the water at Flag Boshielo Dam, the concentration of 0.0034 

mg/g could be detected in sediment. Svobodóva et al. (1993) described selenium as a metal with high 

bioaccumulation capacity. Therefore, the concentration of this metal in the water may not provide a true 

indication of the total concentration in the system; it is better to integrate sediment as well as tissues of 

predatory organisms found at the top of the food chain as indicators. All other metals could be detected in 

the water, sediment and fish tissues. 

 

Figure 4.1 Mean concentration of metals in sediment from Loskop and Flag Boshielo Dam. 

4.2.2 Bioaccumulation in fish tissues 

Aluminium 

Higher concentration of aluminium (Al) was recorded in the liver followed by gills and muscle respectively at 

both localities (Fig. 4.2a & Figs 4.3a&b). The liver and gills of fish from Flag Boshielo Dam exhibited higher 

Al concentration than the liver and gills from Loskop Dam with muscle having higher Al concentration at 

Loskop Dam than Flag Boshielo Dam. Aluminium concentration was higher in the water and sediment at 

Flag Boshielo Dam than at Loskop Dam and these might have resulted in the Al concentration in the liver 

and gills being higher at Flag Boshielo Dam than at Loskop Dam. However, there were no significant 

differences between the Al concentrations in the liver and gills between the two localities (p>0.05). In 

contrast, Al concentration in the muscle was significantly higher at Loskop Dam than at Flag Boshielo Dam 

(p<0.05). 
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Coetzee et al. (2002) noted gills of L. umbratus accumulating high levels of Al followed by liver and muscle 

respectively. Consistent with Coetzee et al. (2002), Crafford and Avenant-Oldewage (2010) recorded 

higher Al concentration in the gills, followed by liver and muscle respectively from Clarias gariepinus. 

Aluminium is highly pH dependent, and its bioavailability may as well be influenced by water hardness and 

temperature (DWAF 1996a). The pH of the water was alkaline (> 7.5) at both localities; therefore, the 

variation of Al levels within different tissues and localities might have been influenced by its solubility, 

bioavailability and mobility. 

Table 4.1 Mean concentration of metals in the muscle, gills and liver of Labeo rosae collected from Loskop 

and Flag Boshielo dams. 

Metals 
(mg/g) 

Muscle Gills Liver 

       Loskop Flag Boshielo       Loskop Flag Boshielo      Loskop Flag Boshielo 

Al 0.1051 ± 0.02 0.0779 ± 0.01 0.2334 ± 0.28 0.4335 ± 0.58 1.0604 ± 1.58 2.3902 ± 3.97 

Cu 0.0018 ± 0.002 0.0119 ± 0.01 0.0001 ± 0.0004 0.0494 ± 0.07 2.0442 ± 2.55 0.4635 ± 0.42 

Fe 0.0901 ± 0.07 0.0818 ± 0.05 0.3243 ± 0.34 0.4583 ± 0.66 7.0999 ± 12.22 10.8468 ± 7.37 

Mn 0.0038 ± 0.003 0.0041 ± 0.002 0.0761 ± 0.09 0.1164 ± 0.15 0.0731 ± 0.12 0.0388 ± 0.04 

Pb 0.0039 ± 0.01 0.0019 ± 0.002 0.0069 ± 0.005 0.0059 ± 0.01 0.0308 ± 0.07 0.1425 ± 0.22 

Sb 0.1194 ± 0.02 0.0069 ± 0.008 0.2470 ± 0.31 0.0212 ± 0.03 1.2692 ± 1.89 1.5564 ± 2.23 

Se 0.0186 ± 0.01 0.0075 ± 0.005 0.0336 ± 0.05 0.0204 ± 0.30 0.2749 ± 0.36 0.1528 ± 0.24  

Si 0.1247 ± 0.10 0.0785 ± 0.04 0.5759 ± 0.86 1.0068 ± 1.23 1.1019 ± 1.52 3.6450 ± 4.71 

Sr 0.0088 ± 0.004 0.0097 ± 0.004 0.3605 ± 0.49 0.5231 ± 0.67 0.0362 ± 0.008 0.0433 ± 0.06 

Zn 0.4873 ± 0.13 0.3052 ± 0.03 1.0356 ± 1.19 1.3606 ± 1.65 5.0261 ± 7.30 6.4553 ± 8.85 

 

Copper 

Higher concentrations of copper (Cu) were recorded from the liver than other organs with higher levels 

being recorded at Loskop Dam than Flag Boshielo Dam (Fig. 4.2b & Table 4.1). The muscle of fish at 

Loskop Dam has accumulated a higher concentration of Cu than the gills while gills at Flag Boshielo Dam 

accumulated higher concentration than the muscle (Fig. 4.2b & Table 4.1). No definite pattern was 

observed for Cu accumulation among the three tissues. However, there were significant differences 

between the Cu concentration in the liver, gills and muscle between the two localities (p<0.05). Wepener et 

al. (2001) reported the gills of Tilapia sparrmanii accumulating Cu from the water at a faster rate than the 

liver. 
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Luus-Powell (1997) revealed that the liver of L. rosae accumulating high concentrations of Cu, followed by 

gills with muscle accumulating a lower level. Consistent with Luus-Powell (1997), Coetzee et al. (2002) 

noted higher Cu accumulation in the liver followed by gills and muscle in L. umbratus from Klein Olifants 

River in Mpumalanga. Although Robinson and Avenant-Oldewage (1997) have studied Oreochromis 

mossambicus, similar pattern (liver > gills > muscle) was reported for Cu accumulation. In very alkaline 

water, Cu forms hydroxides of low solubility, and in waters with a high bicarbonate/carbonate concentration, 

Cu precipitates as poorly soluble or insoluble cupric carbonate (Svobodóva 1993). In the present study the 

water was alkaline at both localities, with the pH ranging from 7.8 to 10.1. This pH levels might have had an 

influence on the bioavailability of Cu. 

Table 4.2 The ranking of metal concentration in the tissues and sediment in a descending order.   

Metals                Loskop Dam          Flag Boshielo Dam 

Al sediment > liver > gills > muscle sediment > liver > gills > muscle 

Cu liver > sediment >muscle > gill liver > gills > sediment > muscle 

Fe sediment > liver > gills > muscle sediment > liver > gills > muscle 

Mn sediment > gills > liver > muscle sediment > gills > liver > muscle 

Pb liver > sediment > gills > muscle liver > sediment > gills > muscle 

Sb liver > gills > muscle > sediment liver > gills > sediment > muscle 

Se liver > gills > muscle > sediment liver > gills > sediment > muscle 

Si liver > sediment > gills > muscle liver > gills > sediment > muscle 

Sr gills > liver > sediment > muscle gills > liver > sediment > muscle 

Zn liver > gills > sediment > muscle liver > gills > sediment > muscle 

 

Iron 

Both localities showed a similar pattern for the accumulation of iron (Fe). Liver has accumulated a higher 

concentration of iron followed by gills and muscle respectively (Fig. 4.2c & Table 4.1). The liver and gills 

from Fag Boshielo Dam showed to have accumulated higher amount of Fe than the liver and gills from 

Loskop Dam (Fig. 4.2c). However, muscle showed to have accumulated more iron at Loskop Dam than at 

Flag Boshielo Dam (Fig. 4.2c). The difference of Fe concentrations in the tissues was not significant 

between the two localities (p>0.05). The liver has accumulated higher concentrations of Fe than gills and 

muscle whereby mean concentrations of 7.1 mg/g and 10.8 mg/g were recorded at Loskop and Flag 

Boshielo dams respectively. The concentration in gills and muscle were below 1 mg/g. 
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Luus-Powell (1997) also recorded higher Fe concentration in the liver followed by gills and muscle in L. 

rosae from the lower Olifants River. Furthermore, Coetzee et al. (2002) noted the same trend (liver > gills > 

muscle) for Fe accumulation in L. umbratus and attributed the high Fe concentrations in the liver tissue to 

the iron-containing enzymes and the extensive vascular system of the liver, as the haemoglobin in the 

blood binds approximately three quarters of the Fe in the body. Robinson and Avenant-Oldewage (1997) 

revealed a higher concentration of Fe in the liver of Oreochromis mossambicus followed by gills and 

muscle. The higher levels of Fe in the liver might as well be due to liver detoxification function which makes 

it a target organ for various xenobiotic substances (Van Dyk 2003a). 

Manganese 

The manganese (Mn) concentration was found to be higher in the gills, followed by liver and muscle 

respectively (Fig. 4.2d & Table 4.1). The concentrations in the gills were found to be 0.12 mg/g at Flag 

Boshielo Dam and 0.08 mg/g at Loskop Dam (Table 4.1). There were no significant differences in the Mn 

concentration in the liver, gills and muscle between the two localities (p>0.05). The concentration variation 

between gills and liver were minimal with a far lesser concentration being recorded in the muscle. The 

muscle and gills from Flag Boshielo Dam showed to have accumulated higher concentrations of Mn than 

the muscle and gills from Loskop Dam (Fig. 4.2c). In contrast, the Mn concentration in the liver was higher 

at Loskop Dam that at Flag Boshielo Dam (Fig. 4.2c). 

Coinciding with this study, Luus-Powell (1997) recorded higher Mn concentration in the gills with lower 

concentration being recorded in the muscle. Furthermore, Nussey et al. (2000) and Coetzee et al. (2002) 

supported the fact that Mn accumulation in Labeo sp. may be higher in the gills, followed by liver and 

muscle respectively. Robinson and Avenant-Oldewage (1997) observed a similar trend (gills > liver > 

muscle) for Mn in O. mossambicus from the lower Olifants River inside the Kruger National Park (KNP). 

The Mn concentration in the water at Loskop Dam was higher than at Flag Boshielo Dam and so was Ca2+ 

concentration. According to Robinson and Avenant-Oldewage (1997), Ca2+ ions compete with Mn+ ions for 

absorption through the gills; therefore the lower Mn levels in the gills at Loskop Dam might be attributed to 

the higher Ca+ concentration recorded in the gills. 

Lead 

The muscle and gills showed to have accumulated higher concentration of lead (Pb) at Loskop Dam than at 

Flag Boshielo Dam with liver having accumulated higher levels at Flag Boshielo Dam than at Loskop Dam 
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(Fig. 4.2e). The general trend showed that liver has accumulated more Pb than gills and muscle (Figs 4.2e 

& 4.4a&b). The mean concentrations of 0.0308 mg/g and 0.1425 mg/g were recorded for Pb at Loskop and 

Flag Boshielo dams respectively in the liver (Figs 4.2e & Table 4.1). There were no significant difference in 

the Pb concentration in the tissues between the two localities (p>0.05). 

 

Figure 4.2 Concentration of metals in the muscle, gills and the liver of Labeo rosae from Loskop and Flag 

Boshielo dams. 

Luus-Powell (1997) noted variation of Pb concentration levels between tissues of L. rosae. Coetzee et al. 

(2002) reported higher Pb concentration in the gills followed by liver and muscle respectively for Labeo 
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umbratus. In despite, Nussey et al. (2000) reported a higher amount of Pb in the gills followed by muscle 

and liver. Therefore, Pb shows no specific patterns of bioaccumulation in different tissues of fish. The 

toxicity and bioavailability of Pb is inversely related to the calcium content of water, with Pb less toxic at 

high calcium concentrations. Elevated concentration of Pb can pose serious threat to aquatic ecosystem as 

well as to human who consume fish from Pb contaminated water body. Heath et al. (2004) reported that Pb 

can damage the nervous system, kidneys and reproductive system but the most sensitive is the central 

nervous system, particularly in children. In the present study, Loskop Dam had higher concentration of Ca2+ 

as compared to Flag Boshielo Dam; therefore, the bioavailability of Pb was lower at Loskop Dam than at 

Flag Boshielo Dam. 

Antimony 

Higher concentrations of antimony (Sb) were recorded in the liver, compared to gills and muscle of fish 

(Figs 4.2f & 4.4a&b). The liver concentrations were found to be 1.2692 mg/g at Loskop Dam and 1.5564 

mg/g at Flag Boshielo Dam (Table 4.1). Although Fu et al. (2010) reported that Sb is generally not readily 

mobilized in the environment despite its high concentrations in the soil at smelter and mining sites; the 

present study has recorded Sb concentration in the water, sediment and fish tissues at both localities. 

There were significant difference on the Sb concentrations in gills and muscle between the two localities 

with higher concentration recorded at Flag Boshielo Dam (p<0.05). In contrast, no significant difference 

were observed in the Sb concentrations in the liver between the two localities (p>0.05). 

Antimony pollution is a global issue because of its toxicity to humans and its role in causing diseases of 

liver, skin, and respiratory and cardiovascular systems. The International Association for Cancer Research 

(IARC) has reported that inhalation of Sb oxides can be carcinogenic in vertebrates (IARC, 1989). Other 

studies have shown that Sb is a human carcinogen and it has been listed as a priority pollutant of interest in 

both the United States and European Union (Wu et al. 2011). However, little has been done in South Africa 

on the bioaccumulation of Sb in aquatic biota. 

Selenium 

Selenium (Se) could not be detected in the water at Flag Boshielo Dam whereas a mean concentration of 

0.01 mg/ℓ was recorded at Loskop Dam. However, concentrations of 0.0075 mg/g, 0.0204 mg/g and 0.1528 

mg/g were recorded in the muscle, gills and liver of fish at Flag Boshielo Dam (Fig. 4.3a & Table 4.1). 

Muscatello et al. (2008) also recorded high concentration of Se in the fish and sediment even though the 
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concentration in the water was below detection level. The liver, gills and muscle from Loskop Dam had 

higher Se concentration than the liver, gills and muscle from Flag Boshielo Dam (Fig 4.3a). Significant 

difference of Se concentration was only observed in the muscle between the two localities (p<0.05) and no 

significant difference was noticed in the liver and gills (p>0.05). The general pattern of Se accumulation has 

shown liver accumulating a higher concentration of Se followed by gills and muscle respectively (Fig. 4.3a). 

According to Lemly (1999), once Se is released into the aquatic environment, it can be removed from the 

water column and deposited into sediments by adsorption, complexation, and coprecipitation processes, as 

well as, absorption by aquatic organisms. Furthermore, Muscatello et al. (2008) stated that even though the 

uptake of Se by aquatic organisms can occur through water or diet, dietary uptake is usually the dominant 

pathway of Se accumulation in upper trophic levels such as in fish. Therefore, Se might have been 

accumulated through dietary uptake at Flag Boshielo Dam. 

Silica 

The general pattern of silica (Si) accumulation showed liver accumulating more silica followed by the gills 

and muscle respectively at both localities. The Si concentration in the liver was found to be 1.1019 mg/g at 

Loskop Dam and 3.6450 mg/g at Flag Boshielo Dam. The concentrations in the muscle and gills exhibited 

minimal variation although gills had a higher Si concentration than the muscle. In the gills and liver, the 

concentrations of Si were found to be higher at Flag Boshielo Dam with Loskop Dam exhibiting high Si 

concentration only in the muscle (Fig. 4.3b). There were no significant difference in the Si concentration in 

the liver and gills between the two localities (p>0.05). Only Si concentration in the muscle has showed to 

differ significantly (p<0.05) between the two localities. 

Strontium 

The present study showed strontium (Sr) concentrations being higher in the gills, followed by liver and 

muscle respectively at both localities (Fig. 4.3c). The difference in Sr concentration in the liver, gills and 

muscle was not significant between the two localities (p>0.05). Although Loskop Dam had higher 

concentration of strontium in the water, Flag Boshielo Dam exhibited higher concentration in the liver, gills 

and muscle of fish. According to Seymore et al. (1995), when calcium concentration in the water is high, 

calcium will compete with Sr in the uptake process, resulting in lower Sr accumulation by fish. Therefore, 

the higher concentration level of Sr in tissues at Flag Boshielo Dam might be attributed to the fact that Ca 

level was lower in the water at Flag Boshielo Dam than at Loskop Dam. 
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Furthermore, Chowdhury and Blust (2002) reported that the uptake of Sr is suggested to occur through Ca 

transport systems located in the chloride cells of gills and enterocytes of the intestine in fish. No study has 

been done in South Africa on Sr bioaccumulation in L. rosae; the only study done was on Labeobarbus 

marequensis (formerly known as Barbus marequensis) in the lower Olifants River. Seymore et al. (1995) 

recorded higher level of Sr in the gills, followed by muscle and liver respectively in L. marequensis. 

However, Crafford and Avenant-Oldewage (2010) recorded higher Sr concentration in the gills, followed by 

liver and muscle in Clarias gariepinus from Vaal River System and gills > muscle > liver trend were 

observed at Vaal River Barrage.  

 

Figure 4.3 Concentration of metals in the muscle, gills and the liver of Labeo rosae from Loskop and Flag 

Boshielo dams. 

Zinc 

The liver showed to have a far higher concentration of zinc (Zn), followed by gills and muscle respectively 

at both localities (Fig. 4.3). The concentrations recorded in the liver were 5.0261 mg/g at Loskop Dam and 

6.4553 mg/g at Flag Boshielo Dam. The liver and gills accumulated more Zn at Flag Boshielo Dam than at 

Loskop Dam while the muscle exhibited higher Zn concentration at Loskop Dam than at Flag Boshielo 
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Dam. There was a significant difference in the concentration of Zn accumulated in the muscle at both 

localities (p<0.05). However, the Zn concentration in the liver and gills showed to differ insignificantly 

(p>0.05). Luus-Powell (1997) recorded higher concentration of Zn in the gills, followed by liver and muscle 

in L. rosae. Coinciding with Luus-Powell (1997), Coetzee et al. (2002) also recorded a higher concentration 

of Zn in the gills, followed by liver and muscle respectively in L. umbratus. 

According to Osman and Kloas (2010), fish assimilate Zn directly from the water by mucus and gills, 

therefore, gills are the primary target organ for Zn. However, the relative proportion of Zn uptake from each 

route varies with the bioavailability of the metal in water and diet (Sappal et al. 2009). Osman & Kloas 

(2010) recorded higher concentration of Zn in the liver of Clarias gariepinus and suggested that the higher 

Zn concentration in the liver of various fish species may be due to the role of Zn as an activator of 

numerous enzymes present in the liver. 

 

Figure 4.4 Percentage composition of each metal in the water, sediment, liver, gills and muscle of Labeo 

rosae from Loskop and Flag Boshielo dams. 

4.2.3 Bioaccumulation factor 

The bioaccumulation factor (BAF) can be seen as a constant of proportionality between the concentration 

of a certain metal in fish tissue and the concentration in the water (BAFw) and/or sediment (BAFs) (Coetzee 

et al. 2002). In addition, Arnot and Gobas (2006) defined the bioaccumulation factor as the ratio of chemical 

concentration in an organism to the chemical concentration in the media. The bioaccumulation factor 

provides some indication of the bioavailability of metals to the fish from the water and/or sediment (Coetzee 

et al. 2002). Bioaccumulation factors for Al, Cu, Fe, Pb, Sb, Se, Si and Zn were high for liver, followed by 

gills and muscle at both localities (Tables 4.3 & 4.4). In contrast, Mn and Sr deviated from the liver > gills > 

a b 
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muscle pattern whereby higher bioaccumulation factors were recorded for gills followed by liver and muscle 

respectively (Tables 4.3 & 4.4).  

Table 4.3 Bioaccumulation factors between water and tissues (BAFw) of Labeo rosae at Loskop and Flag 

Boshielo dams. 

Constituents 
Flag Boshielo Dam Loskop dam 

muscle gills liver muscle gills liver 

Al 928.20 5685.85 23465.77 2718.28 6037.89 27423.66 

Cu 5122.51 18882.86 197658.94 2746.43 199.16 3066341.65 

Fe 734.03 4166.60 94797.16 1136.21 4088.59 89494.84 

Mn 142.35 3998.33 1635.56 24.73 497.93 478.29 

Pb 131.35 478.95 10111.31 398.12 692.94 3081.94 

Sb 1686.07 3180.45 262662.23 25604.65 52936.59 271976.38 

Se - - - 2790.27 5041.70 41238.66 

Si 14.02 138.76 540.89 85.96 397.02 759.68 

Sr 63.60 2789.94 228.07 48.04 1966.38 197.50 

Zn 126979.66 488059.35 2317640.15 182743.41 388352.75 1884786.28 

(-): concentration in water was below detection level. 

The concentrations of metals in the tissues were far higher than the concentration in the water resulting in 

very high BAFw. The lowest BAFw recorded was 14.02 for Si in muscle whereas the highest was 

2317640.15 for Zn in the liver (Table 4.3). The BAFw recorded by Seymore et al. (1995) for Mn, Pb and Sr 

ranged from 0.7 to 23533 in various tissues of L. marequensis. According to Mohamed (2008), 

bioaccumulation factor gives an indication about the accumulation efficiency for any particular pollutant in 

any fish organ. 

The lowest BAFs recorded was 1.63 for Mn in muscle with 123897.28 for Sb recorded in the liver (Table 

4.4). There was no vast difference between the concentration of metals recorded for sediment and fish 

tissues. As mentioned earlier, metals tend to accumulate in sediment through adsorption and precipitation 

processes and fish has the ability to accumulate metals within their tissues (Coetzee et al. 2002; Wepener 

& Vermeulen 2005). The BAF between water and tissues (BAFw) were higher than the BAF between 

sediment and tissues (BAFs). Similar results were obtained by Seymore et al. (1995) and Coetzee et al. 

(2002) on Labeobarbus marequensis, and C. gariepinus and L. umbratus. The BAFs recorded for Mn, Pb 

and Sr by Seymore et al. (1995) ranged from 0.001 to 7.  
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Table 4.4 Bioaccumulation factors between sediment and tissues (BAFs) of Labeo rosae at Loskop and 

Flag Boshielo dams. 

Constituents 
Flag Boshielo Dam Loskop dam   

muscle gills liver muscle gills liver 

Al 4.01 24.56 101.36 13.41 29.79 135.29 

Cu 266.80 983.48 10294.74 73.83 5.35 82428.54 

Fe 2.29 13.00 295.79 6.13 22.04 482.54 

Mn 1.63 45.89 18.77 4.68 94.17 90.46 

Pb 80.27 292.69 6179.13 545.36 949.23 4221.84 

Sb 795.32 1500.21 123897.28 5063.07 10467.69 53780.64 

Se 2052.85 5616.35 38776.64 3263.47 5896.73 48232.36 

Si 63.79 631.23 2460.62 140.81 650.34 1244.39 

Sr 480.75 21088.29 1723.87 672.31 27519.35 2764.00 

Zn 541.66 2081.91 9886.34 836.31 1777.26 8625.53 

 

4.3 CONCLUSION 

Various metals precipitate to the bottom sediment in alkaline conditions (Svobodóva et al. 1993). In the 

present study, Al, Fe and Mn were higher in sediment than in water, liver, gills and muscle at both localities 

(Figs 4.4a&b). The higher concentration of Al, Fe and Mn in the sediment might be attributed to the alkaline 

pH at both localities. The present study proved that sediment can serve as a source of pollution as 

suggested by Van Vuren et al. (1994b). According to Van Vuren (1994b), metals are not permanently fixed 

by sediments; therefore, sediments act as carriers and thus possible source of pollution since metals can 

be released back into the water column by changes in environmental conditions such as pH, redox 

potential or the presence of organic chelators. Due to the acid mine drainage that drains into the upper 

Olifants River, these higher concentrations of Al, Fe and Mn in sediments might become a threat to the 

ecological state of Loskop and Flag Boshielo dams. 

Moreover, the present study deduces that metals at elevated levels do accumulate in the tissues and 

organs of the organisms in an aquatic ecosystem. Labeo rosae has proved to be a reliable bioindicator for 

bioaccumulation study. Liver is a good indicator of metal pollution due to its capability of bioaccumulation 

and detoxification function. However, the direct contact with the external water environment of the gills and 

their capability of bioaccumulation make them a good indicator of prior exposure to both metals and 
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suspended irritant materials. The Cu, Pb, Sb, Se, Si and Zn concentrations were higher in the liver than in 

the gills, muscle and sediment at both localities. Gills showed a high concentration of Sr at both localities. 

The liver and gills have proved their effectiveness in reflecting the chemical condition of an aquatic 

ecosystem. Muscle showed to have accumulated lesser metal concentrations than gills and liver, however, 

the concentrations of Al, Cu, Sb, Se and Zn were higher in the muscle than in the water at both localities. 

Furthermore, muscle is the tissues that are consumed by human. Therefore, muscle cannot be excluded in 

bioaccumulation studies. 

Water quality gives a snapshot at the time of sampling while bioaccumulation can provide information on 

the contamination history. The inclusion of bioaccumulation in aquatic ecosystem monitoring provides a 

bigger picture on the chemical condition that the system has been through. Furthermore, bioaccumulation 

factor is a reliable tool in estimating the extent of bioaccumulation relative to the medium. Since little has 

been done regarding bioaccumulation of L. rosae in the Olifants River, this study will serve as baseline 

information for the future studies. 
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CHAPTER 5 

HEALTH ASSESSMENT INDEX AND PARASITE INDEX 

5.1 INTRODUCTION 

The ecological health of freshwater ecosystems cannot be measured directly but rather by the health of the 

biota found in the system (Robinson 1996). This statement emphasizes that, if the organisms in a particular 

ecosystem appear normal, there is a high probability that the ecological state of that particular system is 

good. Although fish in their natural environment are subjected to numerous stressors such as fluctuating 

water temperature, low dissolved oxygen, limited food availability and high sediment load, they are 

relatively sensitive to anthropogenic changes such as pollution (Adams et al.1993; Van Dyk 2003b). Fish 

health may thus reflect and give a good indication of the health status of a specific aquatic ecosystem (Van 

Dyk 2003a). 

A variety of approaches have been used over the past years to evaluate the effects of contaminants on the 

health of fish populations and most of them could not be rapidly and inexpensively applied to field studies 

(Adams et al. 1993). As an alternative to the more sophisticated approaches, Goede & Barton (1990) 

developed a field necropsy method that provides a health condition of fish based on the percentages of 

anomalies observed in the tissues and organs of individuals sampled from a population. Adams et al. 

(1993) improved the method of Goede & Barton (1990) by developing a quantitative Health Assessment 

Index (HAI), intending to minimize the limitations of the necropsy-based system. 

The quantitative HAI is an index that allows statistical comparisons of fish health among data sets (Adams 

et al. 1993). The fish HAI comprises the evaluation of the external condition of fish (any aberrations of the 

skin, fins, opercules and eyes) as well as all internal organs and assigning values based on the degree of 

severity, i.e. 0 represent normal conditions while abnormal condition can assume values of 10, 20 or 30, 

depending on the degree of severity. The sum total of values awarded being the index value for that fish 

and the mean calculated for all fish in the sample being the index value for that locality (Crafford & 

Avenant-Oldewage 2009). An increase in index value correlates with decreased water quality, and hence 

increased stress (Adams et al. 1993; Crafford & Avenant-Oldewage 2009). 
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When using an autopsy-based system such as the HAI, the following assumptions are required: 

I. When all organs and tissues appear normal according to the autopsy criteria, there is a good 

probability that the fish is normal. 

II. When fish are exposed to elevated levels of contaminants (fish under stress), tissue and organ 

function will change in order to maintain homeostasis. 

III. If a change in function persists in response to continuing stress, there will be a gross change in the 

structure of organs and tissues and 

IV. If the appearance of an organ or tissue system departs from the normal or from a control condition, 

the fish is responding to changes brought about by the environmental stressor (Goede & Barton 

1990). 

The HAI has been successfully tested in United States of America in the pulp-polluted Tennessee River 

basin contaminated with polychlorinated biphenyls and in the Pigeon River that receives effluents from a 

bleached kraft mill (Adams et al. 1993). Avenant-Oldewage and Swanepoel (1993) were the first to suggest 

the use of fish health studies in South Africa. Subsequently, the fish HAI has been applied and adapted for 

local conditions, through studies on the Olifants River system (Avenant-Oldewage et al. 1995, Jooste et al. 

2005). The indicator species used are Clarias gariepinus (Marx 1996; Watson 2001; Jooste et al. 2005; 

Labeo spp. (Luus-Powell 1997) and Oreochromis mossambicus (Robinson 1996; Jooste et al. 2005). After 

successful application in the Olifants River, the HAI was also tested in the Vaal River system on C. 

gariepinus (Crafford & Avenant-Oldewage 2009). Furthermore, Madanire-Moyo et al. (2012) successfully 

applied HAI with C. gariepinus as an indicator species in the Limpopo River system. 

Other variables of the HAI that receive assigned values based on the severity of condition are parasite 

loads. Contaminants have different influences on endo- and ectoparasites and therefore these were 

incorporated as separate variables in the HAI tested in South Africa (Marx 1996; Robinson 1996; Luus-

Powell 1997; Watson 2001). In the original HAI by Adams et al. (1993), parasites were recorded as present 

or absent. The inserted Parasite Index distinguished between the presence of ecto- and endoparasites. 

The refined Parasite Index (PI) was then introduced to distinguish further between the number of ecto- and 

endoparasites present (Table 2.4). Due to the premise that ectoparasites are more directly exposed to the 

effects of water quality than endoparasites, the Inverted Parasite Index (IPI) was introduced. Larger 
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numbers of ectoparasites are indicative of better water quality and should be given a lower score for this 

correlation to be reflected in the HAI value (Table 2.4) (Crafford & Avenant-Oldewage 2009). 

5.2 RESULTS AND DISCUSSION 

5.2.1 Health Assessment Index 

Fish live in water for their entire life span. In aquatic ecosystems, fish are continuously exposed to natural 

variation of environmental factors as well as anthropogenic pollutants. Consequently, the health of the fish 

can reflect the quality of the water they live in. If the pollution level reaches a critical concentration, changes 

may be seen in the fish organs while some fish species may die, migrate or fail to reproduce (Hinton & 

Laurén 1990). As mentioned earlier, some of the assumptions required when applying the HAI is that, when 

fish are exposed to elevated levels of contaminants, tissue and organ function will change in order to 

maintain homeostasis and if the appearance of an organ or tissue system departs from the normal 

condition, the fish is responding to changes brought about by the environmental stressor (Goede & Barton 

1990). 

  

Figure 5.1 Health Assessment Index values for Labeo rosae at Loskop and Flag Boshielo dams.  

The highest HAI value, which signifies poorer quality water, was recorded at Loskop Dam during summer 

(Fig. 5.1a). The HAI values of 18 and 41.5 were recorded during winter and summer respectively at Loskop 

Dam with 37.3 and 30.7 being recorded at Flag Boshielo Dam (Fig. 5.1a). The mean index value at Loskop 

Dam was 29.7 while at Flag Boshielo Dam was 34. The HAI showed that differences between the two 

localities were not significant (p > 0.05). Due to the discrepancy between the refined PI and the HAI, refined 

PI was inverted so that the higher number of ectoparasites will be given lower score for compatibility with 
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the HAI. For the HAI incorporated with the IPI, a lower index value was recorded at Flag Boshielo Dam with 

37.65 as the index mean value. The highest index value of 73.5 was recorded at Loskop Dam during 

summer (Fig 5.1b) and the mean index value was found to be 58.5. The HAI incorporated with the IPI 

showed that the difference between the two localities were significant (p<0.05). 

A high prevalent of abnormalities were observed at Flag Boshielo Dam with liver, fins and skin 

abnormalities being recorded the most. The fish at Flag Boshielo Dam were medium sized with the 

maximum mass of 546.6 g being recorded. A maximum fish mass of 2080.9 g was recorded at Loskop 

Dam with little abnormalities being observed for the gills and livers. When fish are exposed to 

environmental stressors, their vulnerability may differ according to the competence of their immune 

systems and other inherent biochemical and physiological factors. Furthermore, factors such as fish size 

and sex may influence the inherent variability of stress responses in fish (Adams et al. 1993). These factors 

might have had an influence on the health condition of fish from Flag Boshielo and Loskop dams. 

a. Variables of HAI 

i. External variables 

Skin 

The skin is extremely important for the ability of fish to maintain proper osmoregulatory as well as for 

protection. The skin is directly exposed to contaminants and acts as the initial barrier to infections (Roberts 

2012). Although covered by scales, the skin has been described as the first organ to be attacked by 

numerous environmental factors and parasites (Bowser 1999). According to Adams et al. (1993), skin 

abnormalities are rated as mild aberrations, moderate aberrations and severe aberrations. 

 In the present study no skin infection has been observed at Loskop Dam during summer and winter 

whereas several skin infections by L. cyprinacea were observed at Flag Boshielo Dam during winter. The 

skin abnormalities recorded at Flag Boshielo Dam were parasite induced lesions (Fig. 5.2a). No pollutant 

induced skin abnormalities were observed at both localities during both seasons. 

Fins 

Fins are in direct contact with the water environment and they are subjected to all dissolved and suspended 

materials in the water bodies. According to Jooste et al. (2005), forked fins and abnormally long fins may be 

a result of genetic variation or they may originate from environmental influences. Pelis & McCormick (2003) 

B 
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further reported that factors that are associated with fin abnormalities include overcrowding, water quality, 

temperature, feed type, malnutrition, bacterial infection, handling, and exposure to excessive sunlight and 

environmental contaminants. 

 

Figure 5.2 a. Lernaea cyprinacea infections on the skin of Labeo rosae; b. mild erosion on the tail fin of 

Labeo rosae at Flag Boshielo Dam. 

Mild erosion of fins has been observed on one fish from Flag Boshielo Dam during this study (Fig 5.2b). 

Sindermann (1979) reported that fin rot and red sores are generalized disease signs and may be 

characteristic of fishes resident in degraded aquatic systems where environmental stresses of toxic 

chemicals exist. No parasites infections or cysts were recorded on the fins at both localities during winter 

and summer. Loskop Dam showed to be mesotrophic with Flag Boshielo Dam being oligotrophic; however, 

various metals were found to be above TWQR suggested by DWAF (1996a) for aquatic ecosystem at both 

localities. Therefore, the lower diversity and abundance of ectoparasites might be attributed to the elevated 

metals concentrations at both localities. 

Eyes 

The eyes are organs that indicate the well-being of fish in several ways (Goede & Barton 1990). There are 

numerous lesions occurring in the eyes of fish and the most frequent lesions involve swelling of the orbit or 

discolouration of the cornea (Roberts 2012). Reichenbach-Klinke (1973) revealed that severe internal 

illness, starvation, chlorine poisoning, unfavourable conditions during winter, etc. may cause sunken eyes 

a b 
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in fish. Adams et al. (1993) and Crafford and Avenant-Oldewage (2009) rated the eye abnormalities as 

follows; opaque eye, swollen protruding, haemorrhagic, blind or missing (Chapter 2: Table 2.1). 

No eye abnormality was recorded throughout the study at both localities, but several Nematobothrium sp. 

parasites were recorded in the eye orbits of fish at both localities. According to Reichenbach-Klinke (1973), 

bacterial or parasitic infection of the eye usually results in lesions of the peri-orbital tissue. Roberts (2012) 

further reported that the lens can be affected by a number of pathological processes, all leading to 

progressive degenerative cataract formation. No cater act or haemorrhagic eyes were recorded for L. rosae 

during this study. 

Opercula 

The opercula are the hard bony flap covering and protecting the gills. In most fish, the rear edge of the 

operculum roughly marks the division between the head and the body (Zapata et al. 1996). According to 

Reichenbach-Klinke (1973) shortened and perforated opercula might be observed in fish as a result of 

calcium deficiency, environmental damage or predation, or it might be of genetic origin. No shortening or 

perforations were recorded during this study at both localities. Although most of the gills were infected by 

monogeneans, the gill abnormalities did not have an effect on the morphology of the opercula. 

Gills 

Gills are respiratory organs found in many aquatic organisms including fish. According to Ackermann 

(2008), the gill is a system for bringing the blood haemoglobin into close contact with the water, so that 

oxygen can be absorbed and carbon dioxide released. Apart from respiratory function, the gills are 

responsible for regulating the exchange of salts and water, and play a major role in the excretion of 

nitrogenous wastes products. They are among the most delicate organs of the fish. Their vulnerability is 

thus considerable because their external location and necessarily intimate contact with the external water 

environment means that they are liable to damage by any irritant materials, whether dissolved or 

suspended in water (Roberts 2012). Hinton and Lauren (1990) reported that gills are sensitive indicators of 

environmental stress, including exposure to harmful compounds present in aquatic ecosystems as a result 

of human activities. 

Variety of gills abnormalities were observed at Flag Boshielo Dam during summer and winter whereas at 

Loskop Dam this condition was only observed during summer (Figs 5.3a&b). Many monogeneans were 
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recorded at Loskop Dam during summer with only few being recorded during winter. Most gill lesions are 

more frequently associated with lethal, rather than sublethal, exposure to irritants and are sensitive primary 

target organs for a variety of stressors including metals (Mallatt 1985; Van Dyk et al. 2009). Quantitative 

HAI does not tell whether the anomalies were pollutants or parasites induced, in this regards the 

histopathological analysis were done and the results are discussed in Chapter 6. 

 

Figure 5.3 a & b. Frayed gills of Labeo rosae at Loskop dam. 

 

ii. Internal variables 

Liver 

The liver is unique among organs, because it is composed of a large mass of glandular tissues.  It is a 

dense organ located ventrally in the cranial region of the body cavity (Van Dyk 2003a). The liver is 

important in many aspects of nutrition including lipids and carbohydrates storage. It is further known as the 

detoxification organ which is essential for the metabolism and excretion of toxic substances (Hinton & 

Lauren 1990). Although the liver has the ability to degrade toxic compounds, its regulating mechanisms can 

be overwhelmed by elevated concentrations of these compounds and subsequently results in structural 

damage (Van Dyk 2003a). The normal colour of a fish liver is considered to be red or light red and the 
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abnormal manifestations of the liver include fatty liver, light tan in colour, liver nodules, focal discolouration 

and general discolouration (Goede 1992). 

Various abnormalities of the liver have been recorded at both localities with more severe abnormalities 

being recorded at Flag Boshielo Dam. Some of the livers were found to be yellowish to orange in colour 

with some few nodules (Fig. 5.4a). The liver of fish from Loskop Dam exhibited some abnormalities, 

although the conditions were better than at Flag Boshielo Dam (Fig. 5.4a). No parasites or parasite induced 

anomalies were observed on the liver at both localities throughout the study. In the present study the liver 

has proved to be a good indicator and reliable on distinguishing localities with different water quality. 

 

Figure 5.4 a. Liver of Labeo rosae at Loskop Dam; b. discoloured liver of Labeo rosae at Flag Boshielo 

Dam.  

 

Kidney 

The fish kidney is a mixed organ comprising haemopoietic, reticuloendothelial, endocrine and excretory 

elements (Roberts 2012). The primary function of the kidney in freshwater fish is to excrete any excessive 

water and is also known as the primary haemopoietic organ (Ellis et al. 1978). Thophon et al. (2003) 

reported that the teleostean kidney is one of the first organs to be affected by contaminants in the water. 

The most common alterations found in the kidney of fish exposed to water contamination are tubule 

degeneration (cloudy swelling and hyaline droplets) and changes in the corpuscle, such as dilation of 

capillaries in the glomerulus and reduction of Bowman´s space (Takashima & Hibiya 1995). Normal kidneys 
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have a light to dark brown colour and might appear dark red to black in some species (Ellis et al. 1978). In 

the present study, no kidney anomalies were recorded at both localities. 

Spleen 

The spleen is the only lymph-node like organ to be found in the teleost fish. The normal colour ranges from 

dark red to black and under normal conditions, spleen has sharply defined edges. Although usually single, 

it may in some species be divided into two or more smaller spleens (Roberts 2012). The histological 

changes, including increased vacuolation of hemoblasts and swelling, can be expected in the splenic blood 

cells of some fish during stress conditions (Peters & Schwarzer 1985). No spleen anomalies were recorded 

in this study from either locality. 

Bile and mesenteric fats 

Bile is produced by the liver and stored in the gall bladder. It is difficult to tell if the bile or mesenteric fats 

were normal or abnormal because bile can take on different colours depending on feeding regimes of the 

fish (time since last meal, meal quantity and quality, etc.) and mesenteric fat deposits in the fish, or the lipid 

index, can vary widely depending not only on food availability and feeding regimes, but on other interacting 

factors such as fish size, sex, time of year, and stress level (Adams et al. 1993). Fat abnormality that has 

been a deadly incident over the last few decades and has even led to an increasing attention in the Olifants 

River is pansteatitis which is the hardening yellow discolouration of the fat. 

The mesenteric fats were recorded based on the caecum coverage. The fish at Loskop Dam were larger 

with greater than 50% of the caecum being covered by fats. Less than 50% of the caeca of fish were 

covered at Flag Boshielo Dam (Fig 5.5b). No pansteatitis signs were observed for L. rosae during this study 

at both localities. The colour of the bile varied from yellow to dark blue green depending on the feeding 

regime. 
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Figure 5.5 a. Bile of Labeo rosae from Flag Boshielo Dam (arrow); b. Mesenteric fats (more than 50% of 

cecum covered) of Labeo rosae from Flag Boshielo Dam. 

 

Hindgut 

The hindgut is the last part of the intestine; it is the site where the final digestion and absorption of mineral 

salts occur before defecation of waste products. In some fish species, during cyclical periods of starvation, 

spawning and migration, the cells of the intestine become shrunken; the intestinal folds flatten and become 

darkly stained and extensive epithelial necrosis become present (Ellis et al. 1978). However, most of the 

hindgut anomalies can be as a result of parasite infections (Goede & Barton 1990). No parasites or 

pollutants induced anomalies were recorded in the hindgut of fish at both Loskop and Flag Boshielo dams. 

Blood (haematocrit) 

Fishes are poikilothermic and many external factors operating in the aquatic environment can therefore 

modify their haematological constants. These have made haematological parameters a great concern on 

ecological impact studies. The use of haematological parameters in fish has became increasingly more 

prevalent in the assessment of environmentally stressful conditions because the properties of blood are 

very sensitive to physiological as well as pathological changes in fish (Alexander et al. 1980). 

As mentioned in chapter 2, the capillary tubes were filled with blood, plugged on one side using 

CritocealTM commercial clay. The tubes were centrifuged using microhaematocrit centrifuge for about 7 
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minutes and the readings were obtained.  When a blood sample taken with a capillary tube from the fish is 

centrifuged to separate the cells from the serum, the ratio of the cellular fraction to the total blood volume is 

called a haematocrit. According to Schuett et al. (1997), haematocrit values reflect the percentage of red 

blood cells to total blood volume. The haematocrit value will vary depending on the health and physiological 

condition of the individual fish (Jawad et al. 2004). According to Cyriac et al. (1989), haematocrit values 

increase when fish are exposed to metals for longer than 24 hours. A high haematocrit value can result 

from acute stress while a low haematocrit value may indicate a diseased state (Barton et al. 1985). 

Furthermore, Ots et al. (1998) reported that starvation and high parasite infestation may lower haematocrit 

levels.  

Although the normal range for haematocrit levels is from 30% – 45%, Adams et al. (1993) reported that 

normal ranges should be established for each species or groups of similar species for major geographical 

areas of the country (e.g., southeast, northwest). In the present study, haematocrit values ranged from was 

21% - 31% during winter and 10% - 29% during summer at Flag Boshielo Dam. At Loskop Dam the 

haematocrit values ranged from 18% - 44% during winter and 18% - 37% during summer. No significantly 

higher haematocrit values were recorded during this study. According to Goede and Barton (1990), low 

haematocrit levels indicate the presence of disease in a population and can also be due to parasitic 

infestations. The higher infestation of ecto- and endoparasites were observed at Flag Boshielo Dam than 

Loskop Dam, therefore, the parasite infestations might have had an impact on the lower haematocrit values 

at Flag Boshielo Dam. 

 5.2.2 Parasites 

Almost all free-living organisms are host to parasites and parasitism. In its broadest sense, parasitism is 

considered to be the most common life style on earth. Parasites are ubiquitous, they occur in almost all 

food webs at all trophic levels (Marcogliese 2005). Fish parasites are the indigenous components of healthy 

ecosystems and their presence or absence can serve as an indicative tool of ecosystem health (Sures 

2001). 

A total number of 64 Dactylogyrus pienaari (Fig. 5.7a) was recorded at Loskop Dam throughout the study 

with a total of 195 being recorded at Flag Boshielo Dam (Table 5.1). The other ectoparasites recovered 

from L. rosae at Flag Boshielo Dam include Lambroglena sp., Ergasilus sp., Paradiplozoon sp. and 

Lernaea cyprinacaea (Fig. 5.6a-f). In contrast, Dactylogyrus pienaari was the only ectoparasites recorded 



Chapter 5 

 

Health Assessment Index and Parasite Index Page 81 
 

at Loskop Dam (Table 5.1). The endoparasite species recorded for L. rosae included Nematobothrium sp. 

and Paracamallanus cyathopharynx (Figs 5.7b-d). Only Nematobothrium sp. was recorded at Loskop Dam 

with Nematobothrium sp. and Paracamallanus cyathopharynx being recorded at Flag Boshielo Dam. A total 

number of 78 Nematobothrium sp. were recorded at Loskop Dam with 13 Nematobothrium sp. and 5 

Paracamallanus cyathopharynx being recorded at Flag Boshielo Dam (Table 5.1). 

Table 5.1 Number of parasites recovered from the different organs of Labeo rosae at Loskop and Flag 

Boshielo dams. 

  Name of Parasite Site/organ Number of parasites in seasons Total 

Loskop Dam  

   

Summer Winter  

Ectoparasites Dactylogyrus pienaari         Gills 47 17 64 

Endoparasites Nematobothrium sp.      Eye orbit 49 29 78 

Flag Boshielo Dam  

Ectoparasites Dactylogyrus pienaari Gills              170 25 195 

 

Lernaea cyprinacaea Skin               0 8 8 

 Lambroglena sp. Gills               2 0 2 

 

Paradiplozoon sp. Gills               0 1 1 

 

Ergasilus sp. Skin               0 2 2 

Endoparasites Nematobothrium sp. Eye orbit               4 9 13 

  Paracamallanus cyathopharynx Intestine               3 2 5 

 

Higher numbers of ectoparasites as well as a higher diversity were recorded at Flag Boshielo Dam than at 

Loskop Dam. However, a higher number of endoparasites was recorded at Loskop Dam. The infestation 

statistics showed that a prevalence of 30% for ectoparasite was recorded at Loskop Dam and 81% at Flag 

Boshielo Dam during summer (Fig. 5.8a). For endoparasites, a prevalence of 25% was recorded at Loskop 

with 47% being recorded at Flag Boshielo Dam during summer (Fig. 5.8b). The prevalence of ectoparasites 

were always higher at Flag Boshielo Dam than at Loskop Dam with prevalence of endoparasites being 

higher at Loskop Dam than at Flag Boshielo Dam (Figs 5.8a&b). The mean abundance of ectoparasites 

was higher at Flag Boshielo Dam than Loskop Dam throughout the study (Fig. 5.8c). In contrast, the mean 

abundance of endoparasites was higher at Loskop Dam than Flag Boshielo Dam during both seasons 

(5.8d). The mean intensity for ectoparasite was higher at Flag Boshielo Dam than Loskop Dam with 

endoparasites showing a higher mean intensity at Loskop Dam (Fig. 5.8e&f). 
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Figure 5.6 Ectoparasites recorded from Labeo rosae: a. Lambroglena sp.; b. Ergasilus sp.; c & d 

Paradiplozoon sp.; e. Labeo rosae infected by Lernaea cyprinacea (arrowed); f. Lernaea cyprinacea 

(showing modified antennae on the anterior end). 

a b 

c d 

e f 
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Figure 5.7 Ecto- and endoparasites recorded from Labeo rosae: a. Dactylogyrus pienaari; b. 

Paracamallanus cyathopharynx; c. Eye orbit of Labeo rosae infected by Nematobothrium sp.; d. 

Nematobothrium sp. 

c d 

a b 
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Figure 5.8 Statistical infestation of Labeo rosae from Loskop and Flag Boshielo dams: a. Ectoparasite 

prevalence; b. Endoparasite prevalence; c. Ectoparasite mean abundance; d. Endoparasite mean 

abundance; e. Ectoparasite mean intensity; f. Endoparasite mean intensity. 

Parasite Index 

Avenant-Oldewage (1998) described the Parasite Index (PI) as a useful biomonitoring tool which provides a 

reliable indication of water quality. In the original HAI (Adams et al. 1993), parasites were recorded as 

being present or absent. Due to their great diversity in terms of number of species and their number of life 

stages, there is an increasing interest in using parasites as ecological indicators of their fish host life 
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conditions (Marcogliese 2005). Furthermore, Blanar et al. (2009) reviewed the specific use of aquatic 

parasites data in environmental studies. Given the relevance of parasite data in environmental monitoring, 

the original HAI notation was thus expanded and developed into a PI tested in conjunction with the HAI 

(Marx 1996). 

According to Jooste et al. (2005), ectoparasites are in a direct contact with the external water environment 

and some ectoparasitic groups tend to reduce when water is heavily polluted. A higher number of 

ectoparasites should be expected in good quality water while the number of some endoparasites, on the 

other hands, tends to increase in polluted water. However, some ectoparasites e.g. Trichodina (protozoans) 

tend to increase in number in organic pollution (Ogut & Palm 2005). Due to the variety of response that the 

parasites might exhibit when exposed to contaminants, endo- and ectoparasites were incorporated as 

separate variables in the HAI tested in South Africa (Marx 1996; Robinson 1996; Luus-Powell 1997; 

Watson 2001). 

Ectoparasites are expected to range from 1 to greater than 20 (Table 2.8.1). The absence of parasites is 

indicated by zero. Due to the fact that zero denotes ectoparasites absence and a high number of 

ectoparasites denote good quality water, the ecto PI was inverted so that it can be incorporated in the HAI. 

On the IPI, the presence of more than 20 ectoparasites were denoted by 0 (because 0 indicate good water 

quality) and the absence denoted by 30 (Crafford & Avenant-Oldewage 2009). Endoparasites are usually 

much higher in number as compared to ectoparasites, such that, more than 1000 endoparasites can be 

observed in a single host (Jooste et al. 2005). 

A higher ecto-PI value (which denotes good quality water) was recorded at Flag Boshielo Dam during 

summer. Ecto-PI values of 4 and 2.5 were recorded at Loskop Dam during summer and winter respectively 

with 15 and 6 being recorded at Flag Boshielo Dam (Fig. 5.11a). For the ecto IPI, the highest index value 

was recorded at Loskop Dam whereby values of 26 and 27.5 were recorded during summer and winter 

respectively. At Flag Boshielo Dam, an ecto-IPI value of 15 was recorded during summer with a value of 24 

being recorded during winter (Fig. 5.11b). The mean values for the ecto-IPI were found to be 27.75 at 

Loskop Dam and 19.5 at Flag Boshielo Dam. The differences were found to be highly significant between 

the two localities (p<0.05). 
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 Figure 5.11 Ecto-PI and IPI of parasites of Labeo rosae at Loskop and Flag Boshielo dams. 

Endo-PI values of 4 and 3.3 were recorded at Flag Boshielo Dam during summer and winter respectively 

with values of 2.5 and 3.5 being recorded at Loskop Dam (Fig. 5.12). The mean value at Flag Boshielo 

Dam was 7.3 and 6 at Loskop Dam. The endo-PI mean values did not differ much, therefore, statistical 

differences between the two localities were found to be insignificant (p>0.05). Endoparasites are protected 

by the body of the host; their abundance should increase when the immune system of the host is impaired 

due to polluted conditions (Luus-Powell 1997). 

 

Figure 5.12 Endo-PI of Labeo rosae at Loskop and Flag Boshielo dams. 
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5.2.3 Condition Factor 

The length-weight relationship has been widely used in fish biology with several purposes i.e. to estimate 

the mean fish weight based on the known length, morphometric interspecific and intrapopulational 

comparison and to assess the index of well being of the fish population (Da Costa & Araújo 2003). Jenkins 

(2004) reported that heavier fish are in better condition than lighter fish of the same length. The condition 

factor is strongly influenced by the biotic and abiotic environmental conditions and can be used as an index 

to assess the status of the aquatic ecosystem in which fish live (Anene 2005). Any stresses in the natural 

environment can have an effect on fish overall health and condition. Nevertheless, there are natural 

fluctuations in condition factor of fish due to locality, species, sex and season (e.g. temperature, spawning, 

photoperiod, prey quantity/quality) (Jenkins 2004). Yousuf and Khurshid (2008) further stated that the 

condition factor may vary for the same fish from different localities or for the same fish at different seasons. 

According to Gomiero and Braga (2005), drops in condition factor values may indicate the reproductive 

period and/or changes in the foraging habits of certain species. 

 

Figure 5.13 Condition Factor for Labeo rosae at the Loskop and Flag Boshielo dams. 

Condition factors are believed to be good indicators of the general well-being or fitness of fish populations 

(Bolger and Connolly 1989) and are often used as indicators of pollutant exposure and the effect thereof 

(Kloepper-Sams et al. 1994). The condition factor allows quantitative comparison of the condition of fish 

populations from different localities, but it is important to sample the individuals or populations at the same 
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time of the year so that the individuals or populations were at the same stage of the reproductive cycle 

(Barnham & Baxter 1998). 

According to Barnham and Baxter (1998), the condition factor of 1.60 indicate an excellent condition (trophy 

class fish) while 0.80 indicate extremely poor fish resembling a barracouta, big head and narrow, thin body. 

However, Jooste et al. 2005 reported that condition factor of fish is classified as ideal when a value of one 

is recorded. In the present study, condition factors of 1.34 and 1.35 were recorded at Loskop Dam during 

winter and summer respectively while 1.05 and 0.98 were recorded at Flag Boshielo Dam during winter and 

summer (Fig. 5.13). There were significant differences between the two localities (p<0.05). The fish at 

Loskop Dam were bigger than the fish at Flag Boshielo Dam. According to Barnham and Baxter (1998) and 

Jenkins (2004), the condition factor is greatly influenced by the age of fish, sex, season, stage of maturity, 

fullness of gut, type of food consumed, amount of fat reserve, degree of muscular development and stage 

of development of the reproductive organ. In the present study, condition factor indicates that the fish from 

both localities were in a fairly good condition. A bit higher condition factor at Loskop Dam might be 

attributed to the fact that the fish from Loskop had heavier body weights than at Flag Boshielo Dam. The 

heavier body weight of fish from Loskop Dam could be due to nutrients enrichment, hence more food 

availability at Loskop Dam. 

The overall health of L. rosae seems to be fairly better at Flag Boshielo Dam than Loskop Dam (based on 

HAI). However, the condition factors were not very indicative in distinguishing the two localities. The 

limitations of condition factor as that it can change with physiological development and sexual maturation 

(degree of maturity influencing weight) (Strange & Pelton 1987). Furthermore, Jooste et al. (2005) 

emphasised that it is not justifiable to compare the condition factor on length criteria only due to the 

existence of a big overlap in length between different age groups in a fish species. 

5.2.4 Hepatosomatic Index 

Liver has the ability to degrade toxic compounds, but it may be overwhelmed by elevated levels of these 

compounds, therefore hyperplasia or hypertrophy may be an adaptive response to increase the 

detoxification capacity (Salamat & Zarie 2012). The hepatosomatic index of each fish specimen was 

calculated to determine any deviation in terms of ration of liver weight to body weight. Marchand (2006) 

reported that the normal HSI values for Osteichthyes range from 1 – 2%. The HSI values may increase or 
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decrease due to hypertrophy (increase in cell size), atrophy (decrease in cell size), hyperplasia (increase in 

cell number) and cellular necrosis (Salamat & Zarie 2012). 

The HSI values recorded at Loskop Dam ranged from 0.57% – 1.19% with the mean values found to be 

0.75% and 0.91% during winter and summer respectively (Fig. 5.14). At Flag Boshielo Dam the HSI values 

ranged from 0.62 – 1.8% with the mean values found to be 0.9% during winter and 1.2% during summer 

(Fig. 5.14). Although the HSI values between the two localities varied, they did not differ significantly 

(p>0.05). Marchand (2006) reported that a decrease in HSI may be a direct response to starvation since it 

drops drastically during fasting period. Due to the fact that the fish are actively feeding during summer than 

winter, the higher HSI values were recorded during summer at both localities than in winter. The index 

values at Flag Boshielo Dam were less than the normal range, but they were close to one which tells that 

there was no drastic change on the ration of body to liver weight. 

 

Figure 5.14 Hepatosomatic Index values for Labeo rosae at the Loskop and Flag Boshielo dams. 

5.3 Conclusion 

In the present study, HAI proved to remain a rapid and inexpensive method to indicate the occurrence of 

change in an aquatic ecosystem. Heath et al. (2004) mentioned the primary objective of this method as not 

to understand the reasons for a change in population health or condition, but to document in a relatively 

rapid and inexpensive manner the occurrence of a change in a fish population. Furthermore, the HAI 

cannot be used for the identification of type of chemicals or compounds to which the fish respond in the 
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same way as physical-chemical techniques. Jooste et al. (2005) reported that the HAI is not designed to be 

a substitute for the other methods, to be diagnostic or to solve specific problems related to fish health or 

environmental conditions. In addition, Heath et al. (2004) reported that applying HAI with other biological 

indices such as SASS 4 simultaneously should increase the value of all. 

The HAI on its own is unlikely to provide sufficient information for environmental decision-making purposes 

unless consistent and dramatic differences are observed (Jooste et al. 2005). In the present study, there is 

no definite trend on the health condition of the fish and the concentration of water quality constituents 

between the two localities. Avenant-Oldewage (2001) emphasized that it should not be attempted to 

compare different environment with one another and that the index is valuable when it is used repetitively 

over a period of time in the same locality with the survey carried out at the same time of the year and the 

same species being used as a test organism. 

The present study showed that the health of fish population at Loskop Dam was more affected than the 

population at Flag Boshielo Dam during summer. In contrast, Flag Boshielo Dam exhibited higher HAI 

value than Loskop Dam during winter. The population HAI value was higher at Loskop Dam than Flag 

Boshielo Dam during summer and higher at Flag Boshielo Dam than Loskop Dam during winter.  The 

seasonal mean HAI values were 37.65 at Flag Boshielo Dam and 58.50 at Loskop Dam. Loskop Dam was 

characterised by elevated concentration of nutrients and ions. Low parasite diversity was recorded at 

Loskop Dam whereby one endoparasite and one ectoparasite species were recorded throughout the study. 

Based on the HSI no drastic deviation from the normal range was observed between the two localities. 

High concentration of nutrients and ions might have had an effect on lowering the diversity of parasites at 

Loskop Dam. The levels of metal and non-toxic constituents were higher at Flag Boshielo Dam than at 

Loskop Dam but the overall health of fish population at Flag Boshielo Dam was fairly better as compared to 

Loskop Dam. 
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CHAPTER 6 

HISTOPATHOLOGY 

6.1 INTRODUCTION 

A variety of approaches have been used to evaluate the ecological integrity of aquatic ecosystems and 

most of them focused on higher level of biological organization, e.g. on individual, population or community 

level.  The use of biomarkers has emerged during the last few decades whereby the lower levels of 

biological organizations are being used to determine prior exposure to toxic pollutants and the magnitude of 

organism‟s response (McCarthy & Shugart 1990). Cells respond to the metabolic demand of the body, 

energy supply and various physiological and pathological stimuli by adaptation. Cellular adaptation is a 

reversible adjustment to environmental conditions that includes changes in cell function, morphology or 

both (Damjanov 1996). Furthermore, Van Dyk (2003a) reported that the early toxic effects of pollution may 

however, be evident on cellular or tissue level before the significant changes can be identified in fish 

behaviour or external appearance. 

The study of the structure of abnormal, diseased tissues is termed histopathology (Marchand 2008). 

Histopathological analysis appears to be very sensitive in measuring parameters that could be crucial in 

determining cellular changes that may occur in target organs, such as gills and livers (Munshi & Dutta 

1996; Van Dyk 2003a). Apart from being a biomarker of prior exposure, histopathology has proved to be a 

cost-effective tool to determine the health of fish, hence reflecting the health of the entire freshwater 

ecosystem (Van Dyk 2003a). 

The advantages of using histopathology as a biomarker as suggested by Hinton & Laurén (1990) and Van 

der Oost et al. (2003) include the following: 

 Different organs can be assessed. 

 Histological responses can indicate potential problems before the effects appear at higher 

organization levels. 

 No geographical or ecosystem limitations.  

 Histology sections retain in situ relationships of different cell types and tissues in organs. 

 Many alterations persist even after exposure to a toxicant has ceased so that host response to 

prior toxicity can also be used to determine effects. 
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 Acute changes are seen when contact levels are sufficiently high, while chronic duration is required 

to determine sub lethal aspects of change. 

The disadvantage is that the ability to detect alterations depends on the investigators expertise i.e. 

experience in recognition and interpretation of different alterations in different tissues and lack of specificity 

of certain detected lesions in reference to causality (Hinton & Laurén 1990). 

The first effects of contaminants usually occur at the cellular or subcellular level. After the cellular changes, 

a sequence of pathologies is observed in the tissues, compromising survival and consequently the 

structure of the population, affecting the ecosystem. Therefore, it is important to study the effect of 

pollutants at all levels, taking into account that in the natural environment many different factors interact to 

affect ecological health (Sindermann 1979). 

Gills 

Teleosts have four pairs of respiratory gill arches. Each gill arch comprised of filaments, the primary and 

secondary lamella. Gills are in direct contact with the external water environment and the main functions 

include gaseous exchange, ion regulation, maintenance of acid-base balance, and excretion of nitrogenous 

wastes (Roberts 2012). Yasutake & Wales (1983) reported that the gill is a system for bringing the blood 

haemoglobin into close contact with the water, so that oxygen can be absorbed and carbon dioxide 

released. The normal histological structures of primary and secondary lamellae are illustrated in Figure 

6.1a. 

The vulnerability of gills is considerable because their external location means that they are liable to 

damage by any irritant material, whether suspended or dissolved in the water (Roberts 2012). The most 

frequently observed alterations reflect changes in membrane permeability at the cellular and tissue level in 

terms of swelling of epithelial cells, vacuolation, or as oedema of the interepithelial space. If the irritant 

stimulus is more severe there may be an occurrence of lamellar oedema, hyperplasia, fusion and necrosis 

of pillar cells leading to telangiectasia (Figs 6.1b-f) (Ackermann 2008). 
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Figure 6.1 Diagrammatic representations of gill lamellae with different lesions. Six lamellae are shown with 

(a) as the normal lamella and (b-f) showing possible alterations. 1=epithelial lifting; 2=necrosis; 3=lamellar 

fusion; 4=hypertrophy; 5=hyperplasia; 6=epithelial rupture; 7=mucus secretion; 8=aneurism; 9=congestion; 

10=mucus cell proliferation; 11=chloride cell damage; 12=chloride cell proliferation; 13=leucocyte 

infiltration; 14A=dilated blood sinus; 14B=constricted blood sinus (Ackermann 2008). 
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Liver 

The liver is the largest mass of glandular tissues in the body and is unique among organs (Van Dyk 2003b). 

The colour of a fish liver is usually reddish brown in carnivores and lighter brown on herbivores (Roberts 

2012). Fish liver comprises two tissue compartments, parenchyma and non-parenchyma or stroma (Hinton 

& Laurén 1990). Parenchyma tissue comprised of various cells i.e. hepatocytes, biliary epithelial, 

endothelial, ito cells, macrophages. In association with hepatocytes are extracellular spaces, sinusoids and 

space of disse (Fig. 6.1). Non-parenchyma or stroma comprises the blood vessels and connective tissues 

(Hinton & Laurén 1990; Van Dyk 2003b; Ackermann 2008). 

 

Figure 6.2 Classical vertebrate liver. Arrangement of hepatocytes and sinusoids in the classical liver lobe 

(Ross et al. 1989; Ackermann 2008). 

Hepatocytes constitute about 80% of the cell population in the liver and perform most of the functions of the 

liver (Ackermann 2008). These cells are larger in size with distinctive centrally situated nucleus (Roberts 

2012). The liver serves as a storage and central metabolizing organ that plays a dual role of secretion of 

digestive enzymes and as storage organ for nutrients as well as detoxification of metals (Reddy 2012). 

Although liver has the ability to degrade toxic compounds, it may be overwhelmed by elevated levels of 
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these compounds and subsequently get damaged (Ross et al. 1989; Van Dyk 2003b). The alterations in 

liver structure may be useful as biomarker that indicates prior exposure to environmental stressors (Hinton 

& Laurén 1990). 

6.2 RESULTS AND DISCUSSION 

6.2.1 Gills 

Fish gills are dominant site for gaseous exchange, ionic-regulation, acid-base balance, and nitrogenous 

waste excretion of fishes. The epithelium of fish gills is comparable to the total area of the skin and in many 

species is considerably larger, making its structure a major consideration in the homeostasis of the body of 

a fish (Roberts 2012). Epithelial lifting and oedema on the secondary lamellae was common at both 

localities with occasional pillar cell rupture (Figs 6.3a&b). According to Bhagwant and Elahee (2002), 

epithelial lifting is often accompanied by oedema. 

The primary lamella showed some hyperplasia at both Loskop and Flag Boshielo dams (Fig. 6.3d). These 

alterations might be attributed to the concentration of metals and nutrients at both Loskop and Flag 

Boshielo dams. According to Arellano et al. (1999), the lifting, oedema, swelling, and hyperplasia of the 

lamellar epithelium serve as a defence function, because these histological changes could increase the 

distance across which waterborne irritants must diffuse to reach the bloodstream. 

Fusion of primary and secondary lamella was recorded at both localities (Figs 6.3c&d) but it was observed 

more often at Flag Boshielo Dam than at Loskop Dam. The fusion of lamella may impair respiratory 

functions, especially at higher temperature when DO is lower and metabolic oxygen demand is higher 

(Roberts 2012). The gills from Flag Boshielo Dam exhibited more haemorrhage (aneurism) (Fig. 6.3e) than 

the gills from Loskop Dam and these aneurisms were observed on both primary and secondary lamella. 

According to Salamat and Zarie (2012), aneurism in secondary lamella is related to pillar cell rupturing as a 

result of an increased blood flow or direct effects of chemicals on the cells. Moreover, Figueiredo-

Fernandes et al. (2007) noticed lamellar epithelium lifting, epithelium proliferation, lamellar axis 

vasodilation, oedema in the filament, fusion of lamellae and lamellar aneurisms on Oreochromis niloticus 

exposed to copper. In the present study, the concentrations of Al, Pb, Fe and Cu were above the TWQR for 

aquatic ecosystems, with Flag Boshielo Dam showing higher concentrations than Loskop Dam. Therefore, 

the higher magnitude of aneurism at Flag Boshielo Dam might be attributed to the elevated concentration of 

these metals. 
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Figure 6.3 Gill alterations of Labeo rosae from Loskop and Flag Boshielo dams: a. epithelial lifting (solid 

arrow), monogenean parasites (dotted arrow); b. epithelial lifting; c. primary lamella fusion; d. secondary 

lamella fusion & hyperplasia on primary lamella (encircled); e. Haemorrhage (aneurism) (dotted-lined 

arrow), primary lamella fusion (solid-lined arrow); f. protozoan parasites infection (arrow), interstitial 

oedema (star). 
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Some cell necrosis and nuclear alterations were noticed at both localities. Most of the cells that showed 

necrosis were in the supporting cells. Some protozoan infections were recorded from both primary and 

secondary lamella at Flag Boshielo Dam (Fig. 6.3F). No protozoan infections were recorded at Loskop 

Dam; however, some ectoparasites such as Dactylogyrus pienaari were recorded (6.3a). According to 

Roberts (2012), metazoan parasites may induce severe lesions on the gills of a fish. Among them, 

monogeneans can cause severe damage with their hooks which provide a suitable milieu for protozoans. 

6.2.2 Liver 

The liver is comprised of a large mass of glandular tissues. In polluted water bodies, fish liver is a target 

organ for metals due to its detoxification function and bioaccumulation capabilities (Roberts 2012; Van Dyk 

2003a). When the concentration of metals exceeds the threshold of the liver, metal-related pathological 

conditions occur (Hinton and Laurén 1990). The histopathological alterations of the liver of L. rosae were 

more or less similar at both localities. They included degenerative fatty vacuolization, necrosis, sinusoidal 

congestion (haemorrhage), lymphocytic infiltration, hepatocellular pleomorphism and hypertrophy, nuclear 

change, hyaline droplet and, hydropic (glycogen) degeneration, lipofuscin and haemosiderin pigment 

accumulation (Figs 6.4a-f). 

All these alterations were observed at both localities with hyaline droplet and hydropic degeneration only 

recorded at Loskop Dam. Van Dyk (2003b) observed hyalinization, vacuolization, congestion of red blood 

cells and cellular swelling (hydropic degeneration) in Clarias gariepinus exposed to cadmium and zinc. 

Figueiredo-Fernandes et al. (2007) observed vacuolization and degenerative necrotic conditions in the liver 

of Oreochromis niloticus which was exposed to copper and Mohamed (2008) reported degeneration and 

necrosis in the liver of O. niloticus and Lates niloticus which were exposed to Fe, Zn, Cu, Pb, Cd and Co. In 

the present study, the concentrations of Al, Pb, Cu and Zn were above TWQR for aquatic ecosystem at 

both localities. Therefore, the histopathological alterations at both Loskop and Flag Boshielo dams might be 

attributed to the elevated concentration of metals in the water bodies and the metals cumulative effects in 

the liver. 

The hepatocytes were normal during winter. Similar trends were observed for hepatocellular arrangement, 

differentiation as well as irregular and non-homogenous cell sizes during summer at both Loskop and Flag 

Boshielo dams. The hepatocytes were hypertrophied during summer and might be due to the fact that the 

fish were actively feeding. 
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Figure 6.4 Liver histology observed during this study: a. lipofuscin and haemosiderin pigment (encircled), 

fatty vacuolization (arrow); b. lipofuscin (encircled), fatty vacuolization (arrows); c. bile ducts (dotted-line 

arrows), portal artery (solid-lined arrow); lipofuscin and haemosiderin pigment (encircled); d. hypertrophied 

hepatocyte (thick arrow), hyaline droplets (solid-lined arrows), hydropic/glycogen droplet degeneration 

(dotted-lined arrow); e. severe pigment (haemosiderin and lipofuscin) accumulation (FBD): lipofuscin and 

haemosiderin pigment (encircled), fatty vacuolization (arrow); f. scant pigment (haemosiderin and 

lipofuscin) accumulation(LD): central vein (star), lipofuscin (encircled). 
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Fish from Loskop Dam exhibited plasma alterations such as hyaline droplets degeneration and 

hepatocellular hydropic (glycogen) which were not evident at Flag Boshielo Dam. Van Dyk (2003b) 

reported that hyaline droplets are the results of disturbances of protein synthesis and were observed 

increasingly as the short-term exposure period progressed, but were mostly absent in fish exposed over the 

long-term exposure period in O. mossambicus. 

Degeneration of hepatocytes such as non-homogeneity of size and peripheral situated nuclei were 

observed in most specimens at both localities. Damjanov (1996) reported that the move of nuclei to the 

periphery of the hepatocytes is often accompanied by large vacuoles as well as nuclear atrophy in the cells. 

However, Roberts (2012) reported that hepatocytes are often swollen with glycogen or neutral fat when 

nutrition is even marginally less than ideal and during cyclical starvation phases, the cells may be shrunken 

and the entire liver loaded with yellow ceroid pigments. 

The liver of fish at Flag Boshielo Dam showed some yellow to yellow-brown granular pigments called 

melano-macrophage centre pigments which were comprised of haemosiderin and lipofuscin. Within the 

macrophages, lipofuscin generally appears to be the most abundant pigment and haemosiderin can be 

present in considerable quantities under certain conditions such as haemolytic anaemia. Haemosiderin 

pigmentation was only observed at Flag Boshielo Dam with lipofuscin being observed at both localities. 

Agius & Agbede (1984) reported that haemosiderin may either be the results of increased catabolism of 

damaged erythrocytes or increased retention of iron within melanomacrophage centres as a protective 

mechanism. Therefore, haemosiderin pigmentation at Flag Boshielo Dam might be attributed to the higher 

concentration of iron in the water. 

Lipofuscin is formed as the cells die as well as when the age of a fish increases. It has been known as wear 

and tear pigment. Lipofuscin has been recorded in the liver of fish from both Loskop and Flag Boshielo 

dams. According to Van Dyk (2003a), lipofuscin itself does not signify cell damage, but increased amounts 

are the results of abnormalities or deaths of other cells. Furthermore, lipofuscin deposition has been 

observed in fish displaying a wide variety of pathological conditions, including nutritional deficiencies, 

bacterial and viral disease and disturbances caused by toxic material (Agius & Roberts 2003). Higher 

amounts of lipofuscin pigment were observed from fish at Flag Boshielo Dam than at Loskop Dam. The 

concentrations of metals in the water, sediment and tissues were higher at Flag Boshielo Dam than at 
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Loskop Dam, therefore the higher amount of lipofuscin at Flag Boshielo Dam might be due to the elevated 

concentration of metals. 

6.2.3 Lesion indices 

Alterations such as degenerative fatty vacuolization, necrosis, haemorrhage, lymphocytic infiltration, non-

homogeneity of hepatocytes/hypertrophy, nuclear change, hyaline droplet, hydropic (glycogen) 

degeneration, lipofuscin pigment accumulation were common at both localities but they differed with their 

severity. In the present study, the alterations were weighed based on the extent, how it affects the organ 

function and the ability of the fish to survive. Four indices were calculated according to the protocol by 

Bernet et al. (1999) (refer to chapter 2) and the results are presented in table 6.1. 

Table 6.1 Lesion indices calculated for gills and liver of Labeo rosae from Loskop and Flag Boshielo dams. 

Organ 
CD RC PC I T Iorg. 

LD FBD LD FBD LD FBD LD FBD LD FBD LD FBD 

Gills 3.19 3.27 20.34 14.45 6.58 4.35 2.69 2.86 0 0 32.80 20.93 

Liver 2.48 2.08 15.39 14.37 0.65 0.57 3.39 3.12 0 0 21.91 20.13 

I.rp 5.67 5.35 35.73 28.82 7.23 4.92 6.08 5.98 0 0 54.71 41.06 

Abbreviations: (CD) circulatory disturbances; (RC) regressive changes; (PC) progressive changes; (I) inflammation; (T) tumour; (Iorg.) organ 

index; (I.rp) total reaction index; (FBD) Flag Boshielo Dam; (LD) Loskop Dam. 

The most prominent reaction pattern observed throughout the study was regressive alterations at both 

localities. However, there were no significant difference between Loskop and Flag Boshielo dams (p>0.05). 

Despite this, the gills from Loskop Dam showed to have undergone more alterations than the gills from Flag 

Boshielo Dam. Gill indices of 32.80 and 20.98 were recorded at Loskop and Flag Boshielo dams 

respectively (Table 6.1). Although the study showed insignificant differences between the lesion indices of 

the localities, the gills showed a vast difference in regressive change with the index value of 20.34 and 

14.45 recorded at Loskop and Flag Boshielo dams respectively (Table 6.1 & Fig. 6.5a). The higher gill 

index value at Loskop Dam was caused by necrosis which was observed on the supporting cells and 

epithelial lifting of the secondary lamella. No tumours were observed in the gills at both localities throughout 

the study. 
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 Figure 6.5 Lesion indices for the gills (a) and liver (b) of Labeo rosae from Loskop and Flag Boshielo 

dams. 

As mentioned earlier, liver is known as a detoxification organ; hence the primary target organ for metals, 

but during the present study gills sustained more and severe alterations than the liver. Higher lesion indices 

were recorded for the gills at both localities (Figs 6.5a&b). This might be due to the intimate contact with the 

external water environment of the gills (Roberts 2012). However, there were no significant differences 

between all indices calculated between the localities (p>0). No tumours were observed in the liver at both 

localities throughout the study. 

6.3 CONCLUSION 

This study proved the effectiveness of gills and liver histopathology as a biomarker which can be used in 

any ecological study. There were no significant differences in histopathological alterations recorded on the 

gills and liver from both localities. Although, the pollutant concentrations were dissimilar between the 

localities, the difference was not significant as well. Therefore, the histopathological alterations might be 

attributed to the pollutant concentrations at both Loskop and Flag Boshielo dams. The pollutant 

concentrations at Loskop and Flag Boshielo dams showed to have had almost similar effects on the gills as 

well as on the liver. Secondary lamella epithelia of gills have shown to be more sensitive due to its intimate 

contact with the external water environment. This has been witnessed in the present study whereby 100% 

prevalence of oedema and epithelial lifting was recorded at both localities. However, chondrocytes are not 

in a direct contact with water but they showed to have undergone some architectural alterations as well. 

Roberts (2012) reported that nuclei of the hepatocytes are situated at the centre of the cell. Coinciding with 

Roberts (2012), Reddy (2012) observed nuclei being situated at the centre of the hepatocyte in the control 
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group. During the present study, some hepatocytes have undergone hypertrophy, which led to the non-

homogeneity of cell size in the liver (at both localities) with nuclei being situated on the periphery of the 

hepatocytes. The concentration of Al, Pb, Cu and Zn were above TWQR for aquatic ecosystem at both 

localities with Flag Boshielo Dam showing to have higher concentration than Loskop Dam. Hepatocytes of 

the liver seemed to respond quickly when exposed to elevated concentrations of pollutants because the 

livers of fish from Loskop Dam showed to be macroscopically normal but some histopathological alterations 

were observed at cellular and tissue levels. In the present study, the components at the lower levels of 

biological organizations (cells and tissues) proved to be suitable tools to be used as biomarkers of prior 

exposure to toxic pollutants even at low concentration. Due to the fact that both Loskop and Flag Boshielo 

dams are polluted, histopathological alterations could not distinguish between the two localities. 
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CHAPTER 7 

GENERAL CONCLUSION AND RECOMMENDATIONS 

Freshwater ecosystems are the most severely degraded ecosystems in South Africa, suffering from over 

extraction of water, pollution as well as flow and channel modifications. Pollution has been a great concern 

in the Olifants River System over the past decade. The river has experienced massive fish and crocodile 

mortalities, particularly in the upper and lower catchment (Van Vuuren 2010). Van Vuuren (2009) reported 

that the on-going pollution of the Olifants River System would eventually result in some kind of ecological 

disaster. The uncertainty on the cause of deaths of aquatic biota in the Olifants River resulted in the 

establishment of the “Consortium for the Restoration of the Olifants Catchment” (De Villiers & Mkwelo 

2009; Van Vuuren 2009). 

Loskop Dam has been described as a repository for contaminants from the upper Olifants River catchment. 

In the present study, no drastic difference in water quality constituents was recorded between Loskop and 

Flag Boshielo dams. The pH at both localities was alkaline with values ranging from 7.81-10.1. A slight 

difference in water temperature was observed between the two localities with a higher temperature 

recorded at Loskop Dam. Lower water temperature at Flag Boshielo Dam resulted in DO being higher at 

Flag Boshielo Dam than Loskop Dam. The mean concentrations for EC, salinity and TDS were higher at 

Loskop Dam with alkalinity and turbidity being higher at Flag Boshielo Dam. According to DWAF (1996a), 

alkalinity, EC, salinity, TDS and turbidity cause toxic effects only at extreme concentrations. 

For the ions, Cl-, F- and Na concentrations were higher at Flag Boshielo Dam with Mg, K and Ca being 

higher at Loskop Dam. Jooste et al. (2005) reported that mine pollution may in terms of salts increase the 

conductivity and salinity of the water. Higher concentrations of NO2, NO3, NH3, N2, and SO4 were recorded 

at Loskop Dam than Flag Boshielo Dam. In the present study, N2 nutrients categorise Loskop Dam as 

mesotrophic and Flag Boshielo Dam as oligotrophic. Although nutrient levels were lower at Flag Boshielo 

Dam, NH3 was above the TWQR stipulated for aquatic ecosystems at both localities. There are no TWQR 

values for NO2, NO3, N2, and SO4 set for aquatic ecosystem. DWAF (1996a) reported that the chronic 

effects of NH3 include a reduction in hatching success and reduction in growth rate and morphological 

development, and pathological changes in gill, hepatic and renal tissues. 

Several toxic constituents (i.e. Al, Cu, Fe, Pb and Sr) were higher at Flag Boshielo Dam than at Loskop 

Dam even though most of them were below detection value during summer at both localities. The 
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concentrations of Se, Pb, Cu and Al were above the TWQR stipulated for aquatic ecosystems at both 

localities. The concentration of Mn at Flag Boshielo Dam was within the TWQR suggested for aquatic 

ecosystem but above at Loskop Dam. The availability, solubility and toxicity of metals depend on pH, 

temperature, TDS as well as interaction between them and other constituents. For example, the toxicity of 

copper is reduced in the presence of Zn, Mo and SO2+ (Dallas & Day 2004). Therefore, the effect of water 

quality parameter cannot be described on its own. The present study showed that the water quality is in 

acceptable conditions at both localities. 

Some of the metals could not be detected in the water but they were recorded in the fish tissues and in 

sediments. Fish are found near or at the top of the food chain and are thus known to accumulate metals 

within their tissues (Barbour et al. 1999). Selenium was below detection value in the water at Flag Boshielo 

Dam throughout the study but an elevated concentration was recorded in the fish tissues and sediment. 

The concentration of metals in the tissues and sediment did not differ much between the two localities. 

Higher concentration of metals (i.e. Cu, Fe, Mn, Pb, Se, and Zn) accumulated in the liver, followed by gills 

and muscle respectively. Bioaccumulation patterns of metals which has dominated throughout the study is 

liver > gills> muscle. This has resulted in higher BAFw for liver followed by gills and muscle. The only 

metals that deviated from this pattern are Mn and Sr which were high in the gills but followed by liver and 

muscle respectively. 

Due to the considerable high concentration of metals in sediment, the ratio of metals in fish organs to 

sediment (BAFs) was low. The general trend of accumulation in sediment was as follows: Fe > Al > Si > Mn 

> Zn > Cu > Sb > Sr > Pb > Se at Loskop Dam whereas at Flag Boshielo Dam was as follows: Fe > Al > 

Mn > Si > Zn > Cu > Sr > Pb > Sb > Se. Coetzee et al. (2002) reported that metals can be reintroduced into 

the water column from the sediment in a bioavailable form and organisms such as fish may absorb these 

metals from the water through  gills or epithelial tissues, potentially leading to accumulation in body tissues. 

Therefore, the sediment at Loskop and Flag Boshielo dams might be categorised among ecological 

stressors.  

Based on the HAI, fish from Flag Boshielo Dam were in better health condition than the fish from Loskop 

Dam. Most of the abnormalities were common at both localities and were prevalent in the gills and liver. 

Gills are in direct contact with the external water environment and liver is known for its detoxification 

function, therefore gills and liver are the target organs for pathological metal interaction in an aquatic 
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ecosystem (Osman & Kloas 2010). No abnormalities were observed for the kidney and eyes of fish at both 

localities. The fish from Loskop Dam showed more than 50% of their caeca being covered by mesenteric 

fats with less than 50% of the caeca being covered in fish from Flag Boshielo Dam. No pansteatitis were 

recorded for L. rosae throughout the study. Loskop Dam exhibited higher concentrations of ions (Mg, K, 

Ca) and nutrients (N2) therefore there might be a correlation between the fish health and nutrients and/or 

between the fish health and ions. 

Parasites (L. cyprinacea) induced lesions on the skin and erosion of fins were only observed at Flag 

Boshielo Dam. Five ectoparasite species (Dactylogyrus pienaari, Paradiplozoon sp., Ergasilus sp., 

Lamproglena sp. and Lernaea cyprinacea) and two endoparasites species (Nematobothrium sp. and 

Paracamallanus cyathopharynx) were recorded at Flag Boshielo Dam with only one ectoparasite species 

(Dactylogyrus pienaari) and one endoparasite (Nematobothrium sp.) being recorded at Loskop Dam. As 

mentioned earlier, several metals were higher at Flag Boshielo Dam than Loskop Dam. However, the 

nutrients levels exhibited Loskop Dam as mesotrophic with Flag Boshielo Dam being oligotrophic; therefore 

there might be a correlation between nutrients and metazoan parasites as a lower parasite species 

diversity was recorded at Loskop Dam. 

The condition factor did not differ much between the two localities. The factors ranged from 1.10 to 1.71 at 

Loskop Dam with the range from 0.79 to 1.18 being recorded at Flag Boshielo Dam. Condition factor of 

1.60 indicate an excellent condition (trophy class fish) while 0.80 indicate extremely poor fish condition with 

a big head and narrow, thin body (Barnham & Baxter 1998). The higher condition factor of fish from Loskop 

Dam might be indicative of abnormally high availability of food (eutrophic conditions causing abnormal algal 

blooms) in comparison to Flag Boshielo Dam, or it may indicate relative lack of food for fish at Flag 

Boshielo Dam. However, hepatosomatic index showed no drastic deviation from the normal range at both 

localities. The values ranged from 0.57% to 1.19% at Loskop Dam and 0.65% to 1.8% at Flag Boshielo 

Dam. The normal range of HSI values are from 1% to 2%; therefore this index showed that the health 

status of fish at both localities were not bad. The present study proved that HAI, HSI and CF are useful 

tools that can be used to detect gross change in the health of fish rapidly. 

Similar histopathological alterations were recorded at both localities but with different magnitude and 

severity. The organ index showed that the fish at Flag Boshielo Dam were in a more favourable health state 

than the fish at Loskop Dam, especially with respect to the gill index. Scant abnormalities were observed 
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for the gill during macroscopic assessment. However, histological examination showed that many 

significant lesions were present at both localities with regressive changes dominating at Loskop Dam. 

Prevalence of 100% for epithelial lifting and intercellular oedema were recorded at both localities. The 

fusion of primary and secondary lamella, necrosis in supporting tissues and haemorrhage were observed at 

both localities. In the present study, regressive changes dominated the alterations in the gills of fish from 

Loskop Dam. Regressive changes recorded included architectural and structural alterations, plasma 

alterations, nuclear alterations and necrosis. Some protozoan infections were recorded from both primary 

and secondary lamellae at Flag Boshielo Dam. No protozoan infections were recorded at Loskop Dam. The 

absence of protozoan infections in the gills of fish from Loskop Dam might be attributed to the historical 

distribution of the parasites or high concentration of nutrients and ions in the dam. However, some 

ectoparasites such as Dactylogyrus pienaari were recorded at Loskop Dam. 

For the liver, similar histopathological alterations were recorded at both localities but hepatocellular 

hydropic (glycogen) and hyaline droplet degeneration were more prominent in the fish from Loskop Dam 

during summer. No macroscopic abnormalities were observed for the liver of fish from Loskop Dam during 

winter but histopathological alterations such as infiltration of lymphocytes and nuclear alterations were 

prevalent. Therefore, the lower levels of biological organisation such as tissues and cells respond rapidly to 

increased concentration of contaminants. It is evident that with some significant histopathological 

alterations, no abnormalities will be observed during gross examination (like HAI).  Histopathology can thus 

be used as a useful tool to indicate and/or monitor prior or low grade exposure to harmful substances. This 

study has proven the effectiveness of gill and liver histopathology as biomonitoring tool for use in aquatic 

ecological studies. Little work on histopathology has been done in the Olifants River System; therefore, this 

study will provide a baseline data for L. rosae for upcoming histopathology studies in this river system. 

This study has shown that elevated concentration of toxic constituents in fish organ can result in structural 

alterations in the lower level of biological organisation such as tissues and cells. Therefore, the 

incorporation of histopathological assessment with macroscopic HAI and bioaccumulation in biomonitoring 

can provide a more expanded view of the ecological state of a river system and/or catchment as a whole. 

The present study has shown that the overall health of fish population were better at Flag Boshielo Dam as 

compared to Loskop Dam. 
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For future studies, aging of fish should be carried out to find out if the difference in fish size between the 

two localities was pollution induced or the smaller size of fish at Flag Boshielo Dam is because the sample 

only included younger fish. Muscle tissues seem to accumulate low levels of metals; however, due to the 

fact that they are consumed by humans, risk assessment should be carried out to evaluate the potential 

risks of humans upon consuming fish from these localities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 8 

 

References Page 108 
 

CHAPTER 8 

REFERENCES 

ABEL, P.D. 1996. Water Pollution Biology. 2nd Edition. Taylor & Francis, United Kingdom. Pp. 156-159. 

ACKERMANN, C. 2008. A quantitative and qualitative histological assessment of selected organs of 

Oreochromis mossambicus after acute exposure to cadmium, chromium and nickel. MSc 

Dissertation, University of Johannesburg. Johannesburg. 

ADAMS, S.M., BROWN, A.M. & GOEDE, R.W. 1993. A quantitative Health Assessment Index for Rapid 

Evaluation of Fish Condition in the field. Transactions of the American Fisheries Society 122: 63-

73. 

AGIUS, C. & AGBEDE, S.A. 1984. Electron microscopical studies on the genesis of lipofuscin, melanin and 

haemosiderin in the haemopoietic tissues of fish. Journal of Fish Biology 24: 471-488. 

AGIUS, C. & ROBERTS, R.J. 2003. Melano-macrophage centres and their role in fish pathology. Journal of 

Fish Diseases 26: 499-509. 

ALEXANDER, N., LAURS, R.M., MCINTOSH, A. & RUSSELL, S.W. 1980. Haematological characteristics 

of albacore, Thunnus alalunga (Bonnaterre), and skipjack, Katsuwonus pelamis (Linnaeus). 

Journal of Fish Biology 16: 383-395. 

ANENE, A. 2005. Condition Factor of Four Cichlid Species of a Man-made Lake in Imo State, Southeastern 

Nigeria. Turkish Journal of Fisheries and Aquatic Sciences 5: 43-47. 

ARELLANO, J.M., STORCH, V. & SARASQUETE, C. 1999. Histological changes and copper accumulation 

in liver and gills of the senegales sole, Solea senegalensis. Ecotoxicology and Environmental 

Safety 44: 62-72. 

ARNOT, J.A. & GOBAS, F.A.P.C. 2006. A review of bioconcentration factor (BCF) and bioaccumulation 

factor (BAF) assessments for organic chemicals in aquatic organisms. Environmental Reviews 14: 

257-297. 



Chapter 8 

 

References Page 109 
 

ASHTON, P.J. 2010. The demise of the Nile crocodile (Crocodylus niloticus) as a keystone species for 

aquatic ecosystem conservation in South Africa: The case of the Olifants River. Aquatic 

Conservation: Marine and Freshwater Ecosystems 20: 489-493. 

AUTHMAN, M.M. & ABBAS, H.H. 2007. Accumulation and distribution of copper and zinc in both water and 

some vital tissues of two fish species (Tilapia zillii and Mugil cephalus) of Lake Qarun, Fayoum 

Province, Egypt. Pakistan Journal of Biological Science 10: 2106-2122. 

AVENANT-OLDEWAGE, A. & SWANEPOEL, J.H. 1993. Fish health studies, in Proceedings of a workshop 

on aquatic biomonitoring, edited by R.G.M. Heath. HRI Report no. 0000/00/REQ/2893. Pretoria: 

Hydrological Research Institute, Department of Water Affairs and Forestry. 

AVENANT-OLDEWAGE, A., OLDEWAGE, W.H. & VAN VUREN, J.H.J. 1995. Development of a fish health 

and condition procedure. Final report to the Institute for water Quality Studies. 

AVENANT-OLDEWAGE, A. 1998. Parasite indicators for water pollution analysis. South African Journal of 

Science 94 (2): 3-4. 

AVENANT-OLDEWAGE, A. 2001. Protocol for the assessment of fish health based on the health index. 

Report and manual for training field workers to the Rand Water. Report No. 2001/03/31. Rand 

Water. Vereeniging. 

AYANDIRAN, T.A., FAWOLE, O.O., ADEWOYE, S.O. & OGUNDIRAN, M.A. 2009. Bioconcentration of 

metals in the body muscle and gut of Clarias gariepinus exposed to sublethal concentrations of 

soap and detergent effluent. Journal of Cell and Animal Biology 3(8): 113-118. 

BANCROFT, J.D. 2003. Theory and Practise of Histological Techniques. 5th edition. Pp130. 

BARBOUR, M.T., GERRITSEN, J., SNYDER, B.D. & STRIBLING, J.B. 1999. Rapid Bioassessment 

Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates and 

Fish, 2nd  Edition. USEPA, Office of Water, Washington. 

BARKER, J.H. 2006. Physico-chemical characteristics and metal bioaccumulation in four major river 

systems that transect the Kruger National Park, South Africa. MSc Dissertation, University of 

Johannesburg, Johannesburg. 



Chapter 8 

 

References Page 110 
 

BARNHAM, C. & BAXTER, A. 1998. Fisheries Notes: Condition Factor, K, for Salmonid Fish. State of 

Victoria, Department of Primary Industries. Accessed on 14 May 2007 at 

http://bamboorods.ca/Trout%20condition%20factor.pdf. 

BARTON, B.A., WEINER, G.S. & SCHRECK, C.B. 1985. Effect of prior acid exposure on physiological 

responses of juvenile rainbow trout (Salmo gairdneri) to acute handling stress. Canadian Journal of 

Fisheries and Aquatic Science 42: 710-717. 

BARTRAM, J. & BALLANCE, R. 1996. Water quality monitoring. A practical guide to the design and 

implementation of quality studies and monitoring programmes. Chapman & Hall, London. 

BERNET, D., SCHMIDT, H., MEIER, W., BURKHARDT-HOLM, P. & WAHLI, T. 1999. Histopathology in 

fish: Proposal for a protocol to assess aquatic pollution. Journal of Fish Diseases 22(1): 25-34. 

BHAGWANT, S. & ELAHEE, K.B. 2002. Pathologic Gill Lesions in Two Edible Lagoon Fish Species, 

Mulloidichthys flavolineatus and Mugil cephalus, from the Bay of Poudre d‟ Or, Mauritius. Western 

Indian Ocean Journal of Marine Science 1(1): 35-42. 

BILLS, R., ENGELBRECHT, J., MARSHALL, B.E. & CAMBRAY, J. 2007. Labeo rosae. IUCN Red List of 

Threatened Species. Version 2010.4. http://www.iucnredlist.org/apps/redlist/details/63285/0 

Accessed: 12th September 2007. 

BLANAR, C.A., MUNKITTRICK, K.R., HOULAHANA, J., MACLATCHY, D.L., MARCOGLIESE, D.J. 2009. 

Pollution and parasitism in aquatic animals: a meta-analysis of effect size. Aquatic Toxicology 93: 

18-28. 

BOLGER, T. & CONNOLLY, P.L. 1989. The selection of suitable indices for the measurement and analysis 

of fish condition. Journal of Fish Biology 34: 171-182. 

BOTHA, P.J. 2005. The ecology and population dynamics of the Nile Crocodile, Crocodylus niloticus in the 

Flag Boshielo Dam, Mpumalanga Province, South Africa. MSc Dissertation, University of Pretoria, 

Pretoria. 

BOTHA, H., VAN HOVEN, W. & GUILLETTE, L.J. 2011. The decline of the Nile crocodile population in 

Loskop dam, Olifants River, South Africa. Water SA 37(1): 103-106. 

http://bamboorods.ca/Trout%20condition%20factor.pdf
http://www.iucnredlist.org/apps/redlist/details/63285/0


Chapter 8 

 

References Page 111 
 

BOWSER, P.R. 1999. Diseases of fish: Normal anatomy and histology of fish – some unique aspects. 

Accessed on 12 March 2006 at http://www.afip.org/vetpath/POLA/99DiseasesofFish.htm. 

BURTON, G.A. 2002. Sediment quality criteria in use around the world. Limnology 3: 65-75. 

BUSH, A.O., LAFFERTY, K.D. LOTZ, J.M. & SHOSTAK, A.W. 1997. Parasitology meets ecology on its 

own terms: Margolis et al. Revisited. Journal of Parasitology 83(4): 575-583. 

CAMARGO, M.M.P. & MARTINEZ, C.B.R. 2007. Histopathology of gills, kidney and liver of a Neotropical 

fish caged in an urban stream. Neotropical Ichthyology 5(3): 327-336. 

CENGIZ, E.I. 2006. Gill and kidney histopathology in the freshwater fish Cyprinus carpio after acute 

exposure to deltamethrin. Environmental Toxicology and Pharmacology 22: 200-204. 

CHAPMAN, D. 1996. Water Quality Assessments: A Guide to Use of Biota, Sediments and Water in 

Environmental Monitoring. 2nd Edition. Chapman & Hall, London. 

CHOWDHURY, M.J. & BLUST, R. 2002. Bioavailability of waterborne strontium to the common carp, 

Cyprinus carpio, in complexing environments. Aquatic Toxicology 58: 215-227. 

CHUTTER, F.M. 1998. Research on the rapid biological assessment of water quality impacts in streams 

and rivers. WRC Report No. 422/1/98. 

CLAASSEN, M., DAMON, M., KING, N.A., LETSOALO, A., MOILWA, N., RAMOELO, A. & VISSER, A. 

2002. The feasibility of developing payments for catchment protection services and improved 

livelihoods in South Africa. Division of Environmentek, CSIR, Pretoria. Report No. ENV-P-C 2005-

014. 

COETZEE, L., DU PREEZ, H.H. & VAN VUREN, J.H.J. 2002. Metal concentrations in Clarias gariepinus 

and Labeo umbratus from the Olifants and Klein Olifants River, Mpumalanga, South Africa: Zinc, 

copper, manganese, lead, chromium, nickel, aluminium and iron. Water SA 28(4): 433-437. 

CORRELL, D.L. 1998. The Role of Phosphorus in the Eutrophication of Receiving Waters: A Review. 

Journal of Environmental Quality 27(2): 261-266. 

CRAFFORD, D. & AVENANT-OLDEWAGE, A. 2009. Application of a fish health assessment index and 

associated parasite index to Clarias gariepinus (Teleostei: Clariidae) in the Vaal River system, 

South Africa. African Journal of Aquatic Science 34(3): 261-272. 

http://www.afip.org/vetpath/POLA/99DiseasesofFish.htm


Chapter 8 

 

References Page 112 
 

CRAFFORD, D. & AVENANT-OLDEWAGE, A. 2010. Bioaccumulation of non-essential trace metals in 

tissues and organs of Clarias gariepinus (sharptooth catfish) from the Vaal River system – 

strontium, aluminium, lead and nickel. Water SA 36(5): 621-640. 

CYRIAC, P.J., ANTONY, A. & NAMBISAN, P.N.K. 1989. Hemoglobin Hematocrit Values in the Fish 

Oreochromis mossambicus (Peters) after Short Term Exposure to Copper and Mercury. Bulletin of 

Environmental Contamination and Toxicology 43: 315-320. 

DA COSTA, M.R. & ARAJO, F.G. 2003. Length-weight relationship and condition factor of Micropogonias 

furnieri (Desmarest) (Perciformes, Sciaenidae) in the Sepetiba Bay, Rio De Janeiro State, Brazil. 

Revista Brasileira De Zoologia 20(4): 685-690. 

DALLAS, H.F.  2000. Ecological reference conditions for riverine macroinvertebrates and the River Health 

Programme, South Africa. 1st WARFSA/WaterNet Symposium: Sustainable Use of Water 

Resources. 

DALLAS, H.F. & DAY, J.A. 2004. The effect of water quality variables on aquatic ecosystems. WRC Report 

No. TT224/04. 

DAMJANOV, I. 1996. Histopathology: A colour atlas and text book. Wiliams and Wilkens, Maryland, USA. 

DAVIES, B. & DAY, J.A. 1998. Vanishing water. Cape Town: University of Cape Town Press. Pp. 169-203. 

DE LANGE, M., MERREY, D.J., LEVITE, H. & SVENDSEN, M. 2003. Water Resources Planning and 

Management in the Olifants basin of South Africa: Past, Present and Future. Chapter 10 of the 

IWMI Book on River Basin Management. 

DE LA REY P.A., ROUX, H., VAN RENSBURG, L. & VOSLOO, A. 2008. On the use of diatom-based 

biological monitoring Part 2: A comparison of the response of SASS 5 and diatom indices to water 

quality and habitat variation. Water SA 34(1): 61-69. 

DE VILLIERS, S. & MKWELO, S.T. 2009. Has monitoring failed the Olifants River, Mpumalanga? Water SA 

35(5): 671-676. 

DEPARTMENT OF WATER AND FORESTRY (DWAF). 2004. Olifants water management area: internal 

strategic perspective. Report PWMA, 04/0000/00/0304. Pretoria, South Africa. 



Chapter 8 

 

References Page 113 
 

DEPARTMENT OF WATER AFFAIRS AND FORESTRY (DWAF). 1996a. South African Water Quality 

Guidelines 1: Aquatic Ecosystem, 2nd Edition, Pretoria. 

DEPARTMENT OF WATER AFFAIRS AND FORESTRY (DWAF). 1996b. South African Water Quality 

Guidelines 1: Aquaculture, 2nd Edition, Pretoria. 

DEPARTMENT OF WATER AFFAIRS AND FORESTRY (DWAF). 1996c. South African Water Quality 

Guidelines 1: Domestic Use, 2nd Edition, Pretoria. 

DEPARTMENT OF WATER AFFAIRS AND FORESTRY (DWAF). 1996d. South African Water Quality 

Guidelines 1: Industrial Use, 2nd Edition, Pretoria. 

DEZUANE, J. 1997. Handbook of drinking water quality. 2nd Edition. John Wiley & Sons, USA. Pp 36-37. 

DRIESCHER, A.C. 2008. A water quality study of Loskop Dam and the upper catchment of the Olifants 

River. MSc Dissertation, University of Free State, Bloemfontein. 

EL-NAGGAR, A., MAHMOUD, S. & TAYEL, S. 2009. Bioaccumulation of Some Heavy Metals and 

Histopathological Alterations in Liver of Oreochromis Niloticus in Relation to Water Quality at 

Different Localities along the River Nile, Egypt. World Journal of Fish and Marine Sciences 1(2): 

105-114. 

ELLIS, A.E., ROBERTS, R.J. & TYTLER, P. 1978. The anatomy and physiology of teleosts. In: R. J. 

Roberts (Ed.) Fish Pathology. Baillière Tindall, London. pp. 13-54. 

FIGUEIREDO-FERNANDES, A., FERREIRA-CARDOSO, J.V., GARCIA-SANTOS, S., MONTEIRO, S.M., 

CARROLA, J., MATOS, P. & FONTAÍNHAS-FERNANDES, A. 2007. Histopathological changes in 

liver and gill epithelium of Nile tilapia, Oreochromis niloticus, exposed to waterborne copper. 

Pesquisa Veterinária Brasileira 27(3):103-109. 

FU, Z., WU, F., AMARASIRIWARDENA, D., MO, C., LIU, B., ZHU, J., DENG, Q. & LIAO, H. (2010). 

Antimony, arsenic and mercury in the aquatic environment and fish in a large antimony mining area 

in Hunan, China. Science of the Total Environment 408: 3403-3410. 

GOEDE, R.W. & BARTON, B.A. 1990. Organismic indices and an autopsy-based Assessment as indicators 

of health and condition of fish. In: Adams SM (ed) Biological indicators of stress in fish. American 

Fisheries Symposium. 8: 93-108. 



Chapter 8 

 

References Page 114 
 

GOEDE, R.W. 1992. Fish health/condition assessment procedures. Part 1. Utah division of wildlife 

resources, Fisheries Experiment Station, Logan. 

GOMIERO, L.M. & BRAGA, F.M.S. 2005. The condition factor of fishes from two river basins in São Paulo 

state, Southeast of Brazil. Maringá Biological Sciences: 27(1): 73-78. 

GREENFIELD, R., VAN VUREN, J.H.J. & WEPENER, V. 2007. Determination of sediment quality in the 

Nyl river system, Limpopo Province, South Africa. Water SA 33: 693-700. 

GROBLER, D.F. 1994. A note on PCBs and chlorinated hydrocarbon pesticide residues in water, fish and 

sediments from the Olifants River, Eastern Transvaal, South Africa. Water SA 20(3): 187-194. 

GROBLER, D.F., KEMPSTER, P.L. & VAN DER MERWE, L. 1994. A note on the occurrence of metals in 

the Olifants River, Eastern Transvaal, South Africa. Water SA 20(3): 195-204. 

HEATH, R.G.M & CLAASSEN, M. 1999. An overview of the pesticides and metal levels present in 

population of the larger indigenous fish species of selected South African rivers. WRC Report No. 

428/1/99. 

HEATH, R., DU PREEZ, H., GENTHE, B. & AVENANT-OLDEWAGE, A. 2004. Freshwater Fish and 

Human Health Reference Guide.  WRC Report No TT213/04. 

HEATH, R., COLEMAN, T. & ENGELBRECHT, J. 2010. Water quality overview and literature review of the 

ecology of the Olifants River. WRC Report No. TT452/10. 

HINTON, D.E. & LAURÉN, J.L. 1990. Integrative histopathological approaches to detecting effects of 

environmental stressors on fishes. American Fisheries Society Symposium 8: 51-66. 

HUMASON, G.L. 1962. Animal tissue techniques. 4th edition. United States of America: Freeman and 

Company. 

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). Antimony trioxide and antimony 

trisulfide-summaries & evaluation. Available http://www.inchem.org/documents/iarc/vol47/47-1.html 

1989. (accessed 15 December 2010). 

JAWAD, L.A., AL–MUKHTAR, M.A. & AHMED, H.K. 2004. The relationship between haematocrit and some 

biological parameters of the Indian shad, Tenualosa ilisha (Family Clupeidae). Animal Biodiversity 

and Conservation 27(2): 47-52. 



Chapter 8 

 

References Page 115 
 

JENKINS, J.A. 2004. Fish bioindicators of ecosystem condition at the Calcasieu Estuary, Louisiana: USGS 

Open-File Report No. 2004-1323. 

JOOSTE, A., LUUS-POWELL, W.J. & POLLING, L. 2005. Biomonitoring the impact of pollution by means 

of the fish Health Assessment Index and fish parasites in the lower reach of the Ga-Selati River: A 

case study. Unpublished Foskor/NRF Report. 

KEMPER, N.P. 1999. RVI: Riparian Vegetation Index. WRC Report No. K5/850. 

KLOEPPER-SAMS, P.J., SWANSON, S.M., MARCHANT, T., SCHRYER, R. & OWENS, J.W. 1994. 

Exposure of fish to biologically treated bleached-kraft effluent: Biochemical, physiological and 

pathological assessment of Rocky Mountain whitefish (Prosopium williasone) and longnose sucker 

(Catostomus catostomus). Environmental Toxicology and Chemistry 13: 1469-1482. 

LEGRANGE, M. 2007. Pollution at Loskop Dam. http://www.fishingowl.co.za/WCweb/truds15.htm. 

LEMLY, A.D. 1999. Selenium transport and bioaccumulation in aquatic ecosystems: A proposal for water 

quality criteria based on hydrological units. Ecotoxicology and Environmental Safety 42: 150-156. 

LUUS-POWELL W.J. 1997. Evaluation of a Health Assessment Index with reference to bioaccumulation of 

metals in Labeo species and aspects of the morphology of Chonopeltis victori. MSc Dissertation, 

Rand Afrikaans University, Johannesburg. 

MADANIRE-MOYO, G.N., LUUS-POWELL, W.J., JOOSTE, A. & OLIVIER, P.A.S. 2012. A comparative 

assessment of the health status of feral populations of Clarias gariepinus from three dams in the 

Limpopo and Olifants river systems, Limpopo province, South Africa, using the fish health 

assessment index protocol. African Journal of Aquatic Science 37(1): 27-37.  

MALLAT, J. 1985. Fish gill structural changes induced by toxicants and other irritants: A statistical review. 

Canadian Journal of Fish and Aquatic Science 42: 630-648. 

MARCHAND, M.J. 2006. Histopathological assessment of selected organs as a biomonitoring tool to 

assess the health status of Clarias gariepinus in two dams in the Rietvlei Nature Reserve. MSc 

Dissertation, University of Johannesburg, Johannesburg. 

http://www.fishingowl.co.za/WCweb/truds15.htm


Chapter 8 

 

References Page 116 
 

MARCHAND, M.J. 2008. Histopathological assessment of selected organs as a bio-monitoring tool to 

assess the health status Clarias gariepinus in two dams in the Rietvlei Nature Reserve. MSc 

Dissertation, Rand Afrikaans University, Johannesburg. 

MARCOGLIESE, D.J. 2005. Parasites of the super organism: Are they indicators of ecosystem health? 

International Journal for Parasitology 35: 705-716. 

MARX, H.M. 1996. Evaluation of Health Assessment Index with reference to metal bioaccumulation in 

Clarias gariepinus and aspects of the biology of the parasites Lamproglena clariae. MSc 

Dissertation, Rand Afrikaans University, Johannesburg. 

MCCARTHY, J.F. & SHUGART, L.R. 1990. Biological markers of environmental contamination. In: 

Biomarker of environmental contamination. Lewis Publisher, CRC PRESS, Boca Raton. 

MCCARTNEY, M.P., YAWSON, D.K., MAGAGULA, T.F. & SESHOKA, J. 2004. Hydrology and water 

resources development in the Olifants River Catchment. Working Paper 76. Colombo, Sri Lanka 

International Water Management Institute (IWMI). 

MMUALEFE, L.C. & TORTO, N. 2011. Water quality in the Okavango Delta. Water SA 37(3): 411-418. 

MOHAMED, F.A.S. 2008. Bioaccumulation of selected metals and histopathological alterations in tissues of 

Oreochromis niloticus and Lates niloticus from Lake Nasser, Egypt. Global Veterinaria 2(4): 205-

218. 

MOISEENKO, T.I. & KUDRYAVTSEVA, L.P. 2001. Trace metal accumulation and fish pathologies in areas 

affected by mining and metallurgical enterprises in the Kola region, Russia. Environmental 

Pollution 114: 285-297. 

MUHAMMAD, J. 2005. Heavy metal contamination of freshwater fish and bed sediments in the River Ravi 

Stretch and related tributaries. Pakistan Journal of Biological Sciences 8(10): 1337-1341. 

MUNSHI, J.S.D. & DUTTA, H.M. 1996. Fish Morphology. Horizon of new research. Science Publishers, Inc. 

USA. 

MUSCATELLO, J.R., BELKNAP, A.M. & JANZ, D.D. 2008. Accumulation of selenium in aquatic systems 

downstream of a uranium mining operation in northern Saskatchewan, Canada. Environmental 

Pollution 156: 387-393. 



Chapter 8 

 

References Page 117 
 

NOVOTNY, V. 2003. Water Quality: Diffuse Pollution and Watershed Management. 2nd Edition. Pp. 130-

132. 

NUSSEY, G., VAN VUREN, J.H.J. & DU PREEZ, H.H. 2000. Bioaccumulation of chromium, manganese, 

nickel and lead in the tissues of the moggel, Labeo umbratus (Cyprinidae), from Witbank Dam, 

Mpumalanga. Water SA 26(2): 269-284. 

OBERHOLSTER, P. 2009. What is wrong with Lake Loskop? Sciencescope, Accessed in August. 

OBERHOLSTER, P.J., MYBURGH, J.G., ASHTON, P.J. & BOTHA, A. 2010. Responses of phytoplankton 

upon exposure to a mixture of acid mine drainage and high levels of nutrient pollution in Lake 

Loskop, South Africa. Ecotoxicology of Environmental Safety 73: 326-335. 

OBERHOLSTER, P.J., MYBURGH, J.G., ASHTON, P.J., COETZEE, J.J. & BOTHA, A. 2012. 

Bioaccumulation of aluminium and iron in the food chain of Lake Loskop, South Africa  

Ecotoxicology and Environmental Safety 75: 134-141. 

OGUT, H. & PALM, H.W. 2005. Seasonal dynamics of Trichodina spp. on whiting (Merlangius merlangus) 

in relation to organic pollution on the eastern Black Sea coast of Turkey. Parasitological Research 

96: 149-153. 

OSMAN, A.G.M. & KLOAS, W. 2010. Water quality and heavy metal monitoring in water, sediment and 

tissues of the African Catfish, Clarias gariepinus (Burchell, 1822) from the River Nile, Egypt. 

Journal of Environmental Protection 1: 389-400. 

OTS, I., MURUMAGI, A., HORAK, P. 1998. Haematological health state indices of reproducing great tits: 

methodology and sources of natural variation. Functional Ecology 12: 700-707. 

PALMER, T., BEROLD, R. & MULLER, N. 2004. Environmental Water Quality in Water resource 

Management. WRC Report No. TT 217/04. 

PELIS, R.M. & MCCORMICK, S.D. 2003. Fin development in stream- and hatchery-reared Atlantic salmon. 

Aquaculture 220: 525–536. 

PETERS, G. & SCHWARZER, R. 1985. Changes in hemopoietic tissue of rainbow trout under influence of 

stress. Diseases of Aquatic Organisms 1: 1 - 10. 



Chapter 8 

 

References Page 118 
 

REDDY, S.J. 2012. Cadmium Effect on Histo-Biomarkers and Melano-Macrophage Centers in Liver and 

Kidney of Cyprinus carpio. World Journal of Fish and Marine Sciences 4(2): 179-184. 

REID, G.M. 1985. A revision of African species of Labeo (Pisces: Cyprinidae) and re-definition of the 

genus. Pp. 322. 

REICHENBACH-KLINKE, H.H. 1973. Reichenbach-Klinke‟s Fish Pathology: A guide to the recognition and 

treatment of disease and injuries of fishes, with emphasis on environmental and pollution 

problems. T.FH. Publications. 

ROBERTS, R.J. 2012. Fish Pathology. 4th Edition. Wiley-Blackwell. United Kingdom. 

ROBINSON, J. 1996. Evaluation of a health assessment index with reference to bioaccumulation of metals 

in Oreochromis mossambicus (Peters, 1852) and aspects of the morphology of Lernaea 

cyprinacea Linnaeus, 1758. M.Sc. Dissertation, Rand Afrikaans University, Johannesburg. 

ROBINSON, J. & AVENANT-OLDEWAGE, A. 1997. Chromium, copper, iron and manganese 

bioaccumulation in some organs and tissues of Oreochromis mossambicus from the lower Olifants 

River, inside the Kruger National Park. Water SA 23(4): 387-403. 

ROSS, M.H., REITH, E.J. & ROMBELL, L.J. 1989. Histology: A text and atlas. 2nd Edition. Wiliams and 

Wilkens, Baltimore. 

SALAMAT, N. & ZARIE, M. 2012. Using of Fish Pathological Alterations to Assess Aquatic Pollution: A 

Review. World Journal of Fish and Marine Sciences 4(3): 223-231. 

SAPPAL, R., BURKA, J., DAWSON, S. & KAMUNDE, C. 2009. Bioaccumulation and subcellular 

partitioning of zinc in rainbow trout (Oncorhynchus mykiss): Cross-talk between waterborne and 

dietary uptake. Aquatic Toxicology 91: 281-290. 

SCHUETT, D.A., LEHMANN, J., GOERLICH, R. & HAMERS, R. 1997. Haematology of swordtail, 

Xiphiphorus helleri. 1: Blood parameters and light microscopy of blood cells. Journal of Applied 

Ichthyology 13(2): 83-89. 

SEYMORE, T., DU PREEZ, H.H. & VAN VUREN, J.H.J. 1995. Manganese, lead and strontium 

bioaccumulation in the tissues of the yellow fish, Barbus marequensis from the lower Olifants 

River, Eastern Transvaal. Water SA 21(2): 159-172. 



Chapter 8 

 

References Page 119 
 

SINDERMANN, C.J. 1979. Pollution-associated diseases and abnormalities of fish and shellfish : a review. 

Fishery Bulletin 76(4): 717-749. 

SKELTON, P. 2001. Freshwater fishes of Southern Africa. Struik Publisher. pp. 181-182. 

STRANGE, R.J. & PELTON, J.C. 1987. Nutrient content of clupeid forage fishes. Transactions of the 

American Fisheries Society 116: 60-66. 

STRUYF, E., KOTOWSKI, W., JACOBS, S., VAN DAMME, S., BAL, K., OPDEKAMP, W., BACKX, H., VAN 

PELT, D & MEIRE, P. 2011. Tracing Si–N–P ecosystem-pathways: is relative uptake in riparian 

vegetation influenced by soil waterlogging, mowing management and species diversity? 

Hydrobiologia 674: 41-50. 

SURES, B. 2001. The use of fish parasites as bioindicator of heavy metals in aquatic ecosystems. 

Germany. Aquatic Ecology 35: 245-255. 

SVOBODOVÁ, Z., LLOYD, R., MÁCHOVÁ, J., VYKUSOVÁ, B. 1993. Water quality and fish health. EIFAC 

Technical Paper 54: 53-58. 

TAKASHIMA, F. & HIBYA, T. 1995. An atlas of fish histology: normal and pathological features, 2nd ed. 

Tokyo, Kodansha. 

THOPHON, S., KRUATRACHUE, M., UPATHAN, E.S., POKETHITIYOOK, P., SAHAPHONG, S. & 

JARIKHUAN, S. 2003. Histopathological alterations of white sea bass, Lates calcarifer in acute and 

sub-chronic cadmium exposure. Environmental Pollution 121: 307-320. 

VAN DER OOST, R., BEYER, J. & VERMEULEN, N.P.E. 2003. Fish bioaccumulation and biomarkers in 

environmental risk assessment: a review. Environmental Toxicology and Pharmacology 13: 57-

149. 

VAN DYK, J.C. 2003a. Fish histopathology as a monitoring tool for aquatic health: A preliminary 

investigation. MSc Dissertation, Rand Afrikaans University, Johannesburg. 

VAN DYK, J.C. 2003b. Histological changes in the liver of Oreochromis mossambicus (Cichlidae) after 

exposure to cadmium and zinc. MSc Dissertation. Rand Afrikaans University. Johannesburg. 



Chapter 8 

 

References Page 120 
 

VAN DYK, J.C., MARCHAND, M.C., PIETERSE, G.M., BARNHOORN, I.E.J. & BORNMAN, M.S. 2009. 

Histological changes in the gills of Clarias gariepinus (Teleostei: Clariidae) from a polluted South 

African urban aquatic system. African Journal of Aquatic Science 34(3): 283-291. 

VAN VUREN, J.H.J., VAN DER MERWE, M, & DU PREEZ, H.H. 1994a. The effect of copper on the blood 

chemistry of Clarias gariepinus (Clariidae). Ecotoxicology of Environmental Safety 29 187-199. 

VAN VUREN, J.H.J., DU PREEZ, H.H. & DEACON, A.R. 1994b. Effect of pollutants on the physiology of 

fish in the Olifants River (Eastern Transvaal). WRC Report No. 350/1/94. 

VAN VUUREN, L. 2009. Experts unite to save abused river from extinction. The Water Wheel Jan/Feb. Pp. 

14-17. 

VAN VUUREN, L. 2010. All eyes on Olifants as experts search for answers. The Water Wheel May/Jun. 

Pp. 14-18. 

VAN VUUREN, L. 2011. Mine-water: The time to act is now. Water Wheel Jan/Feb. Pp. 5-37. 

WATSON, R.M. 2001. Evaluation of a fish Health Assessment Index as biomonitoring tool for heavy metal 

contamination in the Olifants River catchment area. PhD Thesis, Rand Afrikaans University, 

Johannesburg. 

WEBSTER, I.T., FORD, P.W. & Hancock, G. 2001. Phosphorus dynamics in Australian lowland rivers. 

Marine and Freshwater Research 52(1):127-137. 

WEPENER, V. & VERMEULEN, L.A. 2005. A note on the concentrations and bioavailability of selected 

metals in sediments of Richards Bay Harbour, South Africa. Water SA 31(4): 588-596. 

WEPENER, V., VAN VUREN, J.H.J. & DU PREEZ, H.H. 2001. Uptake and distribution of a copper, iron 

and zinc mixture in gill, liver and plasma of a freshwater teleost, Tilapia sparrmanii. Water SA 

27(1): 99-108. 

WU, F., FU, Z., LIU, B., MO, C., CHEN, B., CORNS, W. & LIAO, H. 2011. Health risk associated with 

dietary co-exposure to high levels of antimony and arsenic in the world's largest antimony mine 

area. Science of the Total Environment 409: 3344-3351. 

YASUTAKE, Y. & WALES, J.H. 1983. Microscopic anatomy of Salmonids. An Atlas. United States 

Department of Inferior Fish and Wildlife Service. Washington. 

mailto:Ian.Webster@cbr.clw.csiro.au
mailto:Phillip.Ford@cbr.clw.csiro.au


Chapter 8 

 

References Page 121 
 

YOUSUF, F. & KHURSHID, S. 2008. Length-weight relationship and relative conditions factor for the 

halfbeak Hemiramphus far Forsskål , 1775 from the Karachi coast. Rajshahi University Journal of 

Zoology 27: 103-104. 

ZAPATA, A.G., CHIBA, A. & VARA, A. 1996. Cells and tissues of the immune system of fish. In: Iwama G 

and Nakanishi T (eds) The Fish Immune System: Organism, Pathogen and Environment. Fish 

Immunology Series. New York: Academic Press, pp 1-55. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix A 

 

Appendix A Page i 
 

Table 1. Water quality variables recorded at Loskop and Flag Boshielo dams during winter (July 2011) and 

summer (November 2011). 

Variables 
Loskop Dam Flag Boshielo Dam Loskop Dam Flag Boshielo Dam 

Winter Summer 

Temperature (˚C) 16.25 13.76 26.09 25.27 

Dissolved Oxygen (%) 77.47 118.43 57.47 55.07 

Dissolved oxygen (mg/ℓ) 8.17 12.35 4.17 4.62 

pH 7.81 – 9.49 8.98 – 9.63 8.07 – 10.10 9.04 – 9.58 

Total dissolved solids (mg/ℓ) 255.66 274.95 345.80 310.70 

Alkalinity (mg/ℓ) 44.00 58.00 42.67 73.30 

Electrical conductivity (mS/m 39.33 40.80 53.20 47.80 

Salinity (‰) 0.19 0.20 0.26 0.23 

Turbidity (NTU) 4.93 6.50 7.93 14.67 

Ammonia (mg/ℓ) 1.00 0.27 1.10 0.20 

Nitrite (mg/ℓ) < 0.1 < 0.1 0.10 < 0.1 

Nitrate (mg/ℓ) 0.56 0.40 0.60 0.30 

Total nitrogen (mg/ℓ) 0.90 0.40 1.00 0.37 

Sulphate (mg/ℓ) 119.00 96.00 141.77 93.30 

Chloride (mg/ℓ) 14.33 24.00 16.67 26.67 

Calcium (mg/ℓ) 35.30 31.53 38.00 26.33 

Magnesium (mg/ℓ) 21.61 20.79 19.00 16.67 

Potassium (mg/ℓ) 5.87 5.45 6.50 4.00 

Sodium (mg/ℓ) 25.81 34.47 26.00 32.00 

Aluminium (mg/ℓ) 0.0387 0.0543 < 0.1 0.1110 

Antimony (mg/ℓ) 0.0047 0.0050 < 0.01 < 0.01 

Copper (mg/ℓ) 0.0020 0.0023 < 0.025 < 0.025 

Iron (mg/ℓ) 0.0767 0.1187 < 0.025 0.1130 

Manganese (mg/ℓ) 0.0867 0.0343 0.2190 0.0250 

Lead (mg/ℓ) 0.0100 0.0110 < 0.02 < 0.02 

Selenium (mg/ℓ) 0.0100 < 0.01 < 0.02 < 0.02 

Silica (mg/ℓ) 2.0677 0.8333 6.2267 5.2000 

Strontium (mg/ℓ) 0.1860 0.1807 0.1730 0.1490 

Zinc (mg/ℓ) 0.0040 0.0040 < 0.025 < 0.025 
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Table 1. Accumulation of selected toxic constituents in the muscle, gills, and liver of Labeo rosae and in sediment from Loskop and Flag Boshielo 

dams (mean concentration ± standard deviation). Units in mg/g. 

Metals 
Muscle Gills Liver Sediment 

Loskop Flag Boshielo Loskop Flag Boshielo Loskop Flag Boshielo Loskop Flag Boshielo 

Al 0.1051 ± 0.02 0.0779 ± 0.01 0.2334 ± 0.28 0.4335 ± 0.58 1.0604 ± 1.58 2.3902 ± 3.97 7.8381 ± 6.14 19.1379 ± 9.67 

Cu 0.0018 ± 0.002 0.0119 ± 0.01 0.0001 ± 0.0004 0.0494 ± 0.07 2.0442 ± 2.55 0.4635 ± 0.42 0.0248 ± 0.02 0.0448 ± 0.01 

Fe 0.0901 ± 0.07 0.0818 ± 0.05 0.3243 ± 0.34 0.4583 ± 0.66 7.0999 ± 12.22 10.8468 ± 7.37 14.7137 ± 11.92 35.4402 ± 10.30 

Mn 0.0038 ± 0.003 0.0041 ± 0.002 0.0761 ± 0.09 0.1164 ± 0.15 0.0731 ± 0.12 0.0388 ± 0.04 0.8081 ± 0.70 2.6068 ± 2.98 

Pb 0.0039 ± 0.01 0.0019 ± 0.002 0.0069 ± 0.005 0.0059 ± 0.01 0.0308 ± 0.07 0.1425 ± 0.22 0.0073 ± 0.002 0.018 ± 0.01 

Sb 0.1194 ± 0.02 0.0069 ± 0.008 0.2470 ± 0.31 0.0212 ± 0.03 1.2692 ± 1.89 1.5564 ± 2.23 0.0236 ± 0.005 0.0106 ± 0.004 

Se 0.0186 ± 0.01 0.0075 ± 0.005 0.0336 ± 0.05 0.0204 ± 0.30 0.2749 ± 0.36 0.1528 ± 0.24 0.0057 ± 0.0005 0.0034 ± 0.0009 

Si 0.1247 ± 0.10 0.0785 ± 0.04 0.5759 ± 0.86 1.0068 ± 1.23 1.1019 ± 1.52 3.6450 ± 4.71 0.8855 ± 0.33 1.2559 ± 0.58 

Sr 0.0088 ± 0.004 0.0097 ± 0.004 0.3605 ± 0.49 0.5231 ± 0.67 0.0362 ± 0.008 0.0433 ± 0.06 0.0131 ± 0.008 0.0213 ± 0.006 

Zn 0.4873 ± 0.13 0.3052 ± 0.03 1.0356 ± 1.19 1.3606 ± 1.65 5.0261 ± 7.30 6.4553 ± 8.85 0.5827 ± 0.08 0.547 ± 0.04 
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Table 1. Health Assessment Index of Labeo rosae from Loskop Dam during winter (July 2011). 

Fish Length Mass 
 

Sex Eyes Skin Fins Oper-
cules 

Gills Liver Spleen Hind 
gut 

Kidneys Hct Endo- 
PI 

Ecto- 
PI 

Ecto- 
IPI 

HAI 
Total 

HAI 
IPI TL SL 

1 45.8 38.1 1415.4 M 0 0 0 0 0 0 0 0 0 10 0 10 20 20 30 

2 46.1 39 1438.8 M 0 0 0 0 0 0 0 0 0 0 0 0 30 0 30 

3 47.9 39.8 1463.8 M 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

4 43.6 37 1057.7 M 0 0 0 0 0 0 0 0 0 0 10 10 20 20 30 

5 43.5 37.5 1037 F 0 0 0 0 0 0 0 0 0 0 0 0 30 0 30 

6 46.8 39 1433.4 F 0 0 0 0 0 0 0 0 0 0 0 0 30 0 30 

7 47.5 39.7 1435.1 F 0 0 0 0 0 0 0 0 0 20 0 0 30 20 40 

8 44.7 36.6 1074.2 M 0 0 0 0 0 0 0 0 0 0 10 0 30 10 40 

9 40 36 835.8 F 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

10 51.3 41.9 2080.9 M 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

11 49.5 43.5 1628.2 M 0 0 0 0 0 0 0 0 0 30 10 0 30 40 70 

12 47.6 39.5 1620.8 M 0 0 0 0 0 0 0 0 0 20 0  10 20 30 40 

13 47.1 39.4 1414.7 M 0 0 0 0 0 0 0 0 0 0 10 0 30 10 40 

14 44.2 38.6 1059.5 M 0 0 0 0 0 0 0 0 0 30 0 0 30 30 60 

15 44 37.3 1207.1 M 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

16 43.4 36.7 1130.2 M 0 0 0 0 0 0 0 0 0 0 10 0 30 10 40 

17 44.1 37.9 1097.5 M 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

18 40.3 33.1 766.2 M 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

19 38.1 31.2 746.6 M 0 0 0 0 0 0 0 0 0 0 10 0 30 10 40 

20 55.1 44.5 2068.4 M 0 0 0 0 0 0 0 0 0 20 10 10 20 40 50 

Total HAI 360 870 

Mean HAI 18 43.5 
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Table 2. Health Assessment Index of Labeo rosae from Loskop Dam during summer (November 2011). 

Fish Length Mass 
 

Sex Eyes Skin Fins Oper-
cules 

Gills Liver Spleen Hind 
gut 

Kidneys Hct Endo- 
PI 

Ecto- 
PI 

Ecto- 
IPI 

HAI 
Total 

HAI 
IPI TL SL 

1 55.5 43.8 2030.4 F 0 0 0 0 0 30 0 0 0 20 0 0 30 50 80 

2 50.6 42.5 1632.2 F 0 0 0 0 30 0 0 0 0 0 0 20 10 50 40 

3 55 42.3 1833.7 F 0 0 0 0 0 0 0 0 0 0 0 0 30 0 30 

4 46.7 39.2 1315.2 F 0 30 0 0 30 30 0 0 0 20 0 10 20 120 130 

5 44.5 37 1283.7 M 0 0 0 0 30 30 0 0 0 20 0 0 30 80 110 

6 48.1 40.5 1518.7 M 0 0 0 0 30 0 0 0 0 0 0 0 30 30 60 

7 41.3 34.7 1039.2 M 0 0 0 0 0 0 0 0 0 0 10 0 30 10 40 

8 39.5 33.5 780.1 M 0 0 0 0 30 30 0 0 0 20 0 0 30 80 110 

9 45 37.8 1333.3 F 0 0 0 0 0 30 0 0 0 20 10 20 10 80 70 

10 45.5 37 1127.5 F 0 0 0 0 30 30 0 0 0 0 10 0 30 70 100 

11 45.5 37.9 1313.5 F 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

12 47.5 39.5 1271.2 F 0 0 0 0 30 0 0 0 0 30 0 10 20 70 80 

13 47.3 39.9 1526.8 F 0 0 0 0 0 0 0 0 0 20 10 0 30 30 60 

14 48.8 41.2 1658.2 F 0 0 0 0 30 0 0 0 0 0 0 0 30 30 60 

15 46.1 38.6 1471.8 F 0 0 0 0 0 0 0 0 0 20 10 0 30 30 60 

16 47.1 40.3 1460.1 F 0 0 0 0 30 0 0 0 0 0 0 0 30 30 60 

17 44 40.2 1070.1 M 0 0 0 0 0 30 0 0 0 20 0 10 20 60 70 

18 48.7 40.7 1513.4 F 0 0 0 0 30 30 0 0 0 20 0 0 30 80 110 

19 49 37.3 2012.2 F 0 0 0 0 30 0 0 0 0 20 0 0 30 50 80 

20 44.5 38.1 1212.9 F 0 0 0 0 0 30 0 0 0 20 0 10 20 60 70 

Total HAI 1030 1470 

Mean HAI 51.5 73.5 
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Table 3. Health Assessment Index of Labeo rosae from Flag Boshielo Dam during summer (November 2011). 

Fish Length Mass 
 

Sex Eyes Skin Fins Oper-
cules 

Gills Liver Spleen Hind 
gut 

Kidneys Hct Endo- 
PI 

Ecto- 
PI 

Ecto- 
IPI 

HAI 
Total 

HAI 
IPI TL SL 

1 32.5 25.9 346.2 M 0 0 0 0 30 0 0 0 0 0 10 10 20 50 60 

2 30.2 23.4 297.3 M 0 0 0 0 0 0 0 0 0 10 10 20 10 40 30 

3 35.4 28.4 475.5 F 0 0 0 0 0 0 0 0 0 20 10 10 20 40 50 

4 30.5 24.6 295.2 M 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

5 33.9 27.5 434.9 F 0 0 0 0 0 0 0 0 0 0 0 10 20 10 20 

6 29.5 23.4 240.4 F 0 0 0 0 0 30 0 0 0 0 10 0 30 40 70 

7 29.4 23.2 233.7 F 0 0 0 0 0 0 0 0 0 30 0 30 0 60 30 

8 31.9 26 341.0 F 0 0 0 0 0 0 0 0 0 0 10 10 20 20 30 

9 30.5 23.4 290.1 F 0 0 0 0 0 0 0 0 0 0 0 30 0 30 0 

10 29.1 22.6 226.4 M 0 0 0 0 0 0 0 0 0 20 0 20 10 40 30 

11 28.3 22.7 225.6 F 0 0 0 0 0 0 0 0 0 0 0 30 0 30 0 

12 28.3 22.9 219.1 M 0 0 0 0 0 0 0 0 0 0 0 30 0 30 0 

13 22.0 17.1 93.1 M 0 0 0 0 0 0 0 0 0 0 10 10 20 20 30 

14 21.3 17.0 81.9 M 0 0 0 0 0 0 0 0 0 0 0 10 20 10 20 

15 20.0 15.3 62.8 M 0 0 0 0 0 0 0 0 0 0 10 10 20 20 30 

Total HAI 460 450 

Mean HAI 30.7 20 
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Table 4. Health Assessment Index of Labeo rosae from Flag Boshielo Dam during winter (July 2011). 

Fish Length Mass 
 

Sex Eyes Skin Fins Oper-
cules 

Gills Liver Spleen Hind 
gut 

Kidneys Hct Endo- 
PI 

Ecto- 
PI 

Ecto- 
IPI 

HAI 
Total 

HAI 
IPI TL SL 

1 33.7 26.6 416.7 F 0 0 0 0 30 0 0 0 0 20 0 10 20 60 70 

2 34.9 27.3 463.2 F 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

3 30.3 23.8 289.6 M 0 0 0 0 0 0 0 0 0 0 0 10 20 10 20 

4 34 27 406.2 M 0 0 10 0 0 0 0 0 0 20 10 0 30 40 70 

5 36.4 29 546.6 M 0 0 0 0 0 30 0 0 0 0 10 0 30 40 70 

6 27 21.7 206.8 M 0 0 0 0 0 0 0 0 0 20 0 0 30 20 50 

7 26.9 22 230.5 M 0 0 0 0 0 0 0 0 0 20 0 10 20 30 40 

8 28.5 23 242.8 F 0 10 10 0 0 0 0 0 0 0 0 10 20 30 40 

9 27.6 22.3 220.3 F 0 0 0 0 0 0 0 0 0 30 10 0 30 40 70 

10 33.2 27 338.4 M 0 0 0 0 0 0 0 0 0 0 0 10 20 10 20 

11 31 24.5 295.5 F 0 0 0 0 0 30 0 0 0 10 0 10 20 50 60 

12 29.8 24.1 265.3 F 0 0 10 0 0 30 0 0 0 30 10 0 30 80 110 

13 29.9 23.5 232.5 M 0 30 0 0 0 0 0 0 0 20 0 10 20 60 70 

14 28.6 23.1 225.6 F 0 0 0 0 0 0 0 0 0 10 10 10 20 30 40 

15 35.4 23.1 536.6 M 0 10 0 0 0 0 0 0 0 20 0 10 20 40 50 

Total HAI 560 830 

Mean HAI 37.3 55.3 
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Table 5. Hepatosomatic index of Labeo rosae from Loskop and Flag Boshielo dams during winter (July 

2011). 

Locality Fish # Sex TL (cm) SL (cm) Mass (g) Liver Mass (g) HIS 

 
  
Loskop Dam  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

1 M 45.8 38.1 1415.4 10.8 0.76 

2 M 46.1 39 1438.8 9.7 0.67 

3 M 47.9 39.8 1463.8 11.1 0.76 

4 M 43.6 37 1075.7 6.7 0.62 

5 F 43.5 37.5 1037 6.9 0.67 

6 F 46.8 39 1433.4 9.8 0.68 

7 F 47.5 39.7 1435.1 9.9 0.69 

8 M 44.7 36.6 1074.2 9 0.84 

9 F 40 36 835.8 9 1.08 

10 M 51.3 41.9 2080.9 13 0.62 

11 M 49.5 43.5 1628.2 10.5 0.64 

12 M 47.6 39.5 1620.8 10.6 0.65 

13 M 47.1 39.4 1414.7 8 0.57 

14 M 44.2 38.6 1059.5 8.7 0.82 

15 F 44 37.3 1207.1 9.3 0.77 

16 M 43.4 36.7 1130.2 10.3 0.85 

17 M 44.1 37.9 1097.5 8.1 0.74 

18 M 40.3 33.1 766.2 7.3 0.95 

19 M 38.1 31.2 746.6 5.8 0.78 

20 M 55.1 44.5 2068.4 15.4 0.74 

Average ± SD N/A N/A 45.53 ± 3.92 38.92 ± 3.06 1301.67 ± 372.25 9.49 ± 2.21 0.75 ± 0.12 

Locality Fish # Sex TL (cm) SL (cm) Mass (g) Liver Mass (g) HIS 

Flag Boshielo Dam 

1 F 33.7 26.6 416.7 2.8 0.67 

2 F 34.9 27.3 463.2 4.2 0.91 

3 M 30.3 23.8 289.6 2.5 0.86 

4 M 34 27 406.2 4.9 1.21 

5 M 36.4 29 546.6 5.8 1.06 

6 M 27 21.7 206.8 2.1 1.02 

7 M 26.9 22 230.5 2.3 1 

8 F 28.5 23 242.8 1.5 0.62 

9 F 27.6 22.3 220.3 1.7 0.77 

10 M 33.2 27 338.4 3.6 1.06 

11 F 31 24.5 295.5 3.1 1.05 

12 F 29.8 24.1 265.3 1.7 0.64 

13 M 29.9 23.5 232.5 1.8 0.77 

14 F 28.6 23.1 225.6 - - 

15 M 35.4 23.1 536.6 - - 

Average ± SD N/A N/A 31.15 ± 3.15 24.53 ± 2.36 327.77 ± 107.19 2.92 ± 1.35 0.9 ± 0.19 
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Table 6. Hepatosomatic index of Labeo rosae from Loskop and Flag Boshielo dams during summer 

(November 2011). 

Locality Fish # Sex TL (cm) SL (cm) Mass (g) Liver Mass (g) HSI 

Loskop Dam 

1 F 55.5 43.8 2030.4 22.1 1.09 

2 F 50.6 42.5 1632.2 15.3 0.94 

3 F 55 42.3 1833.7 10.7 0.59 

4 F 46.7 39.2 1315.2 11.1 0.84 

5 M 44.5 37 1283.7 9.5 0.74 

6 M 48.1 40.5 1518.7 14.9 0.98 

7 M 41.3 34.7 1039.2 6.8 0.65 

8 M 39.5 33.5 780.1 6.5 0.83 

9 F 45 37.8 1333.3 9.8 0.74 

10 F 45.5 37 1127.5 8.5 0.75 

11 F 45.5 37.9 1313.5 13.9 1.06 

12 F 47.5 39.5 1271.2 14.2 1.12 

13 F 47.3 39.9 1526.8 18.2 1.19 

14 F 48.8 41.2 1658.2 13.2 0.8 

15 F 46.1 38.6 1471.8 11.9 0.81 

16 F 47.1 40.3 1460.1 16.1 1.1 

17 M 44 40.2 1070.1 7.8 0.73 

18 F 48.7 40.7 1513.4 15.1 0.99 

19 F 49 37.3 2012.2 17.1 0.85 

20 F 44.5 38.1 1212.9 12.4 1.03 

Average ± SD N/A N/A 47.01 ± 3.75 39.1 ± 2.48 1420.21 ± 308.73 12.75 ± 3.95 0.91 ± 0.17 

Locality Fish # Sex TL (cm) SL (cm) Mass (g) Liver Mass (g) HSI 

Flag Boshielo Dam 

1 M 32.5 25.9 346.2 4.9 1.415367 

2 M 30.2 23.4 297.3 4.3 1.44635 

3 F 35.4 28.4 475.5 5.8 1.219769 

4 M 30.5 24.6 295.2 3.1 1.050136 

5 F 33.9 27.5 434.9 4.3 0.988733 

6 F 29.5 23.4 240.4 2.1 0.873544 

7 F 29.4 23.2 233.7 3.1 1.326487 

8 F 31.9 26 341 2.7 0.791789 

9 F 30.5 23.4 290.1 3.2 1.103068 

10 M 29.1 22.6 226.4 2.3 1.015901 

11 F 28.3 22.7 225.6 1.8 0.797872 

12 M 28.3 22.9 219.1 2.8 1.277955 

13 M 22 17.1 93.1 1.4 1.503759 

14 M 21.3 17 81.9 1.3 1.587302 

15 M 20 15.3 62.8 1.1 1.751592 

Average ± SD N/A N/A 28.9 ± 4.3 22.9 ± 3.6 257.5 ± 114.9 2.9 ± 1.3 1.2 ± 0.3 
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CHAPTER ONE 


BACKGROUND AND CONTEXTUALISATION OF THE STUDY 


 


1.1. INTRODUCTION  


Limpopo is one of the provinces with abundant horticulture and other agricultural resources in 


South Africa. The Limpopo Growth and Development Strategy (LGDS, 2005) puts emphasis on 


agriculture as a pillar of the economic development in the province. Aganang Municipality is one 


of the municipalities under Capricorn District Municipality. It has a Local Economic 


Development (LED) strategy that has identified three agricultural clusters for the development of 


people of this municipality: namely poultry, red meat and crop clusters. 


 


This strategy is also aimed at economic development in the rural areas. One of the strategies to 


improve the situation is to have more people engaged in agricultural businesses as a strategy to 


improve economic growth of the municipality, the province and the country at large. Agricultural 


business is defined as a group of industries concerned with agricultural produce and services 


(Kavanagh, 2002:22). 


 


According to King, Boehlje, Cook and Sonka (2010:554), agribusiness is the sum total of all 


operations involved in the manufacturing and distribution of farm supplies, production operation 


on the farm and storage, processing, and distribution of farm commodities and items made from 


them. Thus agribusiness essentially encompasses today the functions which the term agriculture 


denoted 150 years ago (King et al., 2010:554). 


 


Agricultural business is a generic term that refers to the industry concerned with the production 


and sale of farm produce (Horn, 2000:23). The term has two distinctly different connotations 


depending on the context. For the purpose of this research, agricultural business shall concentrate 
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on or cover crop and stock farming, food production as well as marketing and retailing of these 


agricultural produce.  


 


The Aganang LED Strategy (2007:3) identifies agriculture and tourism as the key economic 


drivers of the municipality. These areas are further in line with key economic drivers of the 


economy of Limpopo province as identified by the Limpopo Employment, Growth and 


Development Plan (LEGDP: 2008). However, a lot of work still needs to be done to take both 


agriculture and tourism to another level. 


 


The Aganang Integrated Development Plan (IDP 2010: 23) has a number of community based 


projects initiatives that are running within the municipality. These range from poultry farming 


(both broilers and egg production), goat farming, cattle projects and vegetables production. 


 


Assumptions by Callaghan and Zolin (2010:114) indicate that food security remains a primary 


objective of all government. Land, a rare factor of production should not be used for bringing 


about a solution to our country’s energy problems. The economic development of the Brazil, 


Russia, India, China and South Africa (BRICS) trade agreement, translates itself by an overall 


increasing imbalance between world supply of and demand for agricultural and energy products 


(Callaghan and Zolin 2010: 115). Agricultural business is seen to be one of the major drivers of 


the economy especially in rural areas and it is therefore important to nurture it. 


 


This research will therefore focus on the above activities with more emphasis on crop 


production, poultry (both broilers and egg layers) and red meat production (goat and cattle). The 


challenge is that most people in the municipality practice subsistence farming as a way of 


providing food (livelihood) to their families. These can be turned into agricultural businesses that 


can then contribute towards poverty alleviation and economic growth of the municipality and the 


province. 
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1.2. Problem statement 


Aganang Municipality is one of the five municipalities within the Capricorn District 


Municipality. There are limited economic activities within the municipality as such most of the 


income is from government employment like health, education and social and development 


departments. According to the Aganang Municipality LED strategy (2007:2), the total value of 


economic production in Aganang Municipality for 2005 was estimated at R440 million. This is 


only 3% of the Capricorn District Gross Domestic Product (GDP). The largest sector in the local 


economy by far is government services, with a contribution of 40,3% (Aganang 2007:2).  


 


This is represented mostly by salaries for government officials. The second biggest contribution 


is from finance, real estate and business services with a contribution of 16%. Trade and catering 


is in the third position with a contribution of 11%. According to the LED strategy, this poses a 


problem or challenge that economic development agents are faced with. It should be noted that 


agriculture only contributes 1% to the municipality’s economy. This is really low especially in 


an area that appears to have considerable agricultural potential. It could be that yields from 


subsistence agriculture are very low or under-recorded, or both. According to Aganang LED 


strategy (2007:3), participation in farming and productivity levels were very low. There are few 


agricultural activities within the municipality which can be supported and increased to boost 


economic growth within the municipality. Therefore, it is important to look into the challenges 


faced by farmers in this area as a way of checking how they can be assisted to be economically 


viable (Aganang 2007:3). 


 


1.3. The significance of the study 


The justification and significance of the study are concerned with three major questions 


identified by Creswell (1994:111): How is the study going to add to scholarly research and to the 


literature in the field? How will the study improve practice? Why will the study improve policy? 


i.e.  What prompted the researcher to conduct the study? 
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The aim of this study is to determine the situation of agricultural businesses, analyse the situation 


and give recommendations as input to the strategy that will assist to effectively improve the 


performance of agricultural businesses in Aganang Municipality. This will enhance economic 


growth of the municipality. The study will ensure there is information on the situation of 


agricultural businesses within Aganang Municipality. It is expected that there will be 


improvement in the operation of agricultural businesses. The situational analysis report will be 


given to the municipality as an input to review their LED strategy. 


 


The study could benefit the Aganang Municipality and other municipalities by offering them a 


situational analysis of agricultural business, to derive and effectively implement agricultural 


business strategy in improving economic growth and development. The analysis will also help in 


identifying factors that make it difficult for these businesses to thrive and thus help the economy 


of the area. Therefore, the agricultural businesses will know what to avoid in future in order to 


thrive. On the other hand, the study may identify critical success factors which some have 


experienced and which have helped them to thrive and grow. These will be documented to help 


others who are currently in agricultural business as well as those who aspire to enter this type of 


business. Thus, the main impact the study envisages is helping agricultural businesses to become 


economically viable and uplifting the economy of the area. 


 


 


1.4. Research questions 


The main questions guiding this research are:  


1.4.1. What is the situation of the agricultural businesses in Aganang municipality? 


1.4.2. Can these businesses assist in improving the economy of this area? 


Sub-questions are:   


a) Are agricultural businesses in Aganang effective in conducting their affairs, i.e. in the 


way businesses should ideally be conducted? 
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b) Do they have business skills (i.e. marketing, finance / bookkeeping), to run their 


businesses? 


c) What factors contribute to their success / sustainability or failure?  


d) Do they contribute to improving the economy of the municipality? 


e) Are subsistence farmers within the Aganang Municipality aware of government support 


initiatives? 


 


1.5. The aim and objectives of the study 


1.5.1. The aim of the study 


The aim of this study is to have a situational analysis of agricultural business in Aganang 


Municipality and assess their contribution to economic growth of the municipality.  


  


1.5.2.  Objectives of the study 


The objectives of this study are:  


(a) To determine the situation of agricultural businesses in Aganang Municipality. 


(b) To identify factors that contribute towards their success / sustainability or failure. 


(c) To identify support programmes available to assist the agricultural businesses within 


Aganang municipality. 


(d) To evaluate whether subsistence farmers are aware of agricultural business 


opportunities offered by government and private sector. 


(e) To find out if these farmers utilise the available opportunities 


(f) If they do, find out if they found such services useful or not 


(g) If they do not, find out reasons for not utilising those services. 


 


1.6. Assumptions 


The study assumes that agricultural businesses in Aganang municipality are not sustainable due 


to the fact that they: 
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 Do not conduct their businesses effectively. 


 Do not keep financial records for their entities. 


 Do not use effective marketing methods for their products. 


 Are not innovative, creative and not prepared to take risks to enable them to manage their 


entities and put down adequate capital needed for the establishment and growth of their 


businesses. 


 Are not able to perform the general management functions.  


 


1.7. Research methodology 


The study will focus on agricultural businesses in Aganang Municipality within the jurisdiction 


of the Capricorn District of the Limpopo Province. All agricultural businesses including crop 


production, poultry (both broilers and egg layers) and red meat production (goat and cattle) will 


be included in the study.  


 


1.7.1. Research design 


A research design can be defined as a plan according to which we obtain research participants 


(subjects) and collect information from them (Welman, Kruger and Mitchell 2005:52). This is a 


mostly quantitative study that will survey the situation of the farmers in Aganang municipality. 


 


1.7.2. Study area 


The study will be focused on agricultural businesses within Aganang Municipality. According to 


the Integrated Development Plan (IDP: 2011 - 2012), the municipality is situated 45 kilometres 


west of Polokwane. It is comprised of 105 villages and it is divided into 19 Wards. It covers an 


area of about 185.222 km
2
. It is a rural municipality and has four Traditional Authorities namely 


Moletši, Matlala, Maraba and Mashashane. It is the fourth densely populated municipality within 


Capricorn District and has a population of 142.861 and total of 33.214 households (Aganang IDP 







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


7 
 


2011-2012:7). The research will therefore focus on the agricultural activities with emphasis on 


crop production, poultry (both broilers and egg layers) and red meat production (goat and cattle). 


 


1.7.3. Target population 


The target population consists of the thirty two (32) agricultural businesses within Aganang 


Municipal area. These include those that are still operational and those that used to operate but 


for one reason or the other were closed down. Those that are not operational were included to 


determine various reasons for their failure. This is done to assist the municipality to come up 


with approaches to ensure they are resuscitated or to help those that are operational or aspire to 


get into business. 


 


1.7.4. Sampling 


The aim is to take a census of all agricultural business in Aganang municipality as per the list 


provided by the municipality. 


 


1.7.5. Method of collecting data 


Questionnaires were designed and then distributed to be completed by the owner / managers of 


all identified agricultural businesses in Aganang. The LED officers and officers from the 


Department of Agriculture distributed and then collected the completed questionnaires again. 


There are two officers in the area. The questionnaires were explained to them so that they were 


able to help the respondents where they did not understand something. 


1.7.6.  Data analysis 


Descriptive statistical methods were used (with the help of a statistician) to analyse the data 


collected. Analysis was done with the use of the Statistical Package for Social Science (SPSS). 
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1.8. Ethical consideration 


1) Permission was requested and obtained from the Aganang Municipal Management prior 


to conducting the study. 


2) The purpose of the study was explained, the questionnaire was sent to respondents in 


advance to obtain informed consent. 


3) No names or identifying information were recorded in order to maintain anonymity and 


confidentiality. 


4) All respondents were treated with respect and integrity. 


5) The results of the study will be made available and accessible to interested stakeholders. 


 


1.9. The outline of the study   


The chapters of the study will be as follows:  


 Chapter 1: Background and contextualisation of the study. 


Chapter one gives background information to the problem, research questions, how the study 


has been conducted and ethical consideration. 


 


 Chapter 2: Literature review. 


Chapter two provides a theoretical framework within which this study will be based. It 


explains what agricultural farming is, presents research on its contribution to economic 


development in other countries and challenges faced by agricultural businesses. It introduces 


the different support programmes such as capacity building programmes that assist 


municipalities in effective implementation of agricultural business strategy as well as various 


provisions of legislation adopted by government in order to improve small businesses and 


their growth in South Africa. 


 


 Chapter 3: Research methodology. 
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Chapter three will outline the selected research design and data collection procedures in order 


to reveal the situation of agricultural businesses within Aganang Municipality.  


 


 Chapter 4: Results.  


Chapter four will give a report on the findings from the research, and give graphical 


presentation of the research results.   


  


 Chapter 5: Discussion, conclusion and recommendations. 


The research findings will be discussed and linked to the literature review. Conclusions will 


also be drawn out from the research findings. The recommendations will be made as 


solutions to the problems identified.  


 


 


1.10. Summary 


This chapter has explained the background to the study, defined the problem and motivated the 


research, and explained the significance of the study. The research aims and objectives were also 


highlighted including a brief explanation of how the data will be collected. The next chapter 


reviews the literature.  
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CHAPTER TWO 


LITERATURE REVIEW 


 


2.1.   Introduction 


The previous chapter gave an introduction and background to agricultural business as a strategy 


to alleviate poverty and increase the economic growth in the Aganang Municipality, identified 


the problem, aims and objectives of the study. This chapter provides a theoretical framework 


within which this study will be based. It explains what agricultural farming is, research on its 


contribution to economic development in other countries, challenges faced by agricultural 


business, the different support programmes such as capacity building programmes that assist 


municipalities in effective implementation of agricultural business strategy, and highlights 


different provisions of legislation adopted by government in order to improve small businesses 


and their growth in South Africa. 


 


According to the Limpopo Employment, Growth and Development Plan (LEGDP, 2009 – 2014) 


Limpopo Province’s contribution to the national GDP increased from 5.6% in 1996 to 6.8% in 


2006 registering the highest percentage increase contribution over the period at 1.2%. This 


marked the province as the fifth biggest contributor to the national GDP. Besides the Western 


Cape, it is the only province which has increased its contribution to the national economy. This 


trend, which needs to be accelerated, will surely boost Limpopo’s vision to be a major 


contributor to the national economy by 2030 (LEGDP, 2008: 36). 


 


In 2008, the sectors that contributed the most to Aganang’s economy were Community Services 


(46.9%), Finance (13.4%) and Transport (11.7%). It is a matter of concern that the largest sector, 


Community Services which consists of government services, is driving the economy by 


contributing output to the value of R56 billion. The three sectors that contributed the least to the 
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economy were Agriculture (0.7%), Mining (1.0%), and Electricity (3.0%) (See figure 2.1 


underneath). 


  


Figure 2.1. Sectoral contribution to Aganang municipality’s economy. 


 


Aganang Municipality, as any other sphere of government, has a responsibility to ensure 


economic growth through sustainable agricultural business as indicated in its LED strategy and 


in the Integrated Development Plan (IDP) (Aganang IDP, 2010: 9).  Activities that could ensure 


growth of the agricultural sector at the municipality will be discussed in the section underneath. 


 


High poverty levels undermine income generation by Aganang Municipality. Assisting the poor 


to organize themselves and provide them with the necessary skills and knowledge enables them 


to take charge of their own lives.  Hence it is important to address hunger and starvation amongst 


the poor by promoting self-help subsistence and livelihood methods. This should be coupled with 
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facilitation of economic access and participation for the poor through co-operatives development, 


to improve quality of life (Aganang Local Municipality Economic Profile, 2010:23) 


 


2.2. The concept of agricultural business 


Agriculture is defined as the science and practice of farming, including the rearing of crops and 


animals while agricultural business is defined as the group of industries concerned with 


agricultural produce and services (Kavanagh, 2002: 23). Van Herren (1998), defines agriculture 


as the industry engaged in the production of plants and animals for food and fibre, the provision 


of agricultural supplies and services and the processing, sorting and distribution of agricultural 


produce. He further defines beef as the meat from cattle, usually to the meat of an animal over 


the age of one year (Van Herren, 1998: 465). His definition entails that for agricultural 


businesses, we have to put emphasis on both crop and stock production and processing. The sales 


of calves that are less than one year old will be excluded to the definition of beef or cattle 


farming. 


 


The National Small Business Act 102 of 1996 defines Small, Medium and Micro Enterprises 


(SMMEs) based on the annual turnover that such businesses are able to achieve, the total gross 


asset value and the total number of full time employees that the business is able to employ and 


pay an amount equal to a minimum living wage. The amendment thereof, i.e. the National Small 


Business Act 29 of 2004 defines Small, Medium and Micro Enterprises (SMMEs) as a separate 


and distinct business entity, together with its branches or subsidiaries if any, including a 


cooperative enterprise and non-governmental organisations, managed by one owner or more 


predominantly carried in any sector or sub-sector of the economy. 


 


Agricultural business, like any other business, falls within the definition of SMMEs and should 


thus follow all business management activities including planning. According to Maree and 


Casey (2003), production economics comprise of rules which will ensure that the choice or 


decision will achieve the maximum profit. They emphasise that these rules are normally applied 
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according to three steps namely: collecting physical and biological data and processing it into 


usable information, collecting price data and processing it into usable information, and applying 


the rules relevant to economic decision making in order to maximise profit.  


 


Success in a farm is not incidental.  Although good prices and timely rains contribute to success, 


profitable and growing business is the result of meaningful and thorough planning. Detailed 


planning is important, because farming is subject to numerous risks and uncertainty. Such risks 


and uncertainty stem directly from production and marketing circumstances peculiar to 


agriculture. Production is subject to climatic conditions that are neither predictable nor 


controllable, while marketing of agricultural produce is subject to fluctuations in demand and 


price. The risks and uncertainty related to production and to fluctuations in demand and price, 


make planning that more difficult, yet these very factors necessitate meaningful planning (Maree  


and Casey, 2003: 385). 


 


Financiers consider four main factors when evaluating credit applications. One factor is not 


necessarily more important than the others, and all should be met before credit is granted. If any 


doubts exist concerning any of these factors, it is usually reflected by a higher interest rate on the 


borrowed funds. The following information is the minimum which will be required from the 


borrower in future: 


 The financial achievement of the past: This information consists mainly of an income 


statement of the previous year’s farming activities, balance sheet of previous years 


and ratio analysis that indicates changes in critical ratios. 


 The current financial position as indicated by the current balance sheet and changes 


in the most important ratios. 


 The future financial requirements as given by current budgets and the debt 


repayment ability. 


 Security position as indicated by the valuation of land and other assets (Maree and 


Casey, 2003:394 -395). 
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2.3. Contribution of agricultural business to economic development  


King et al. (2010) indicated that agricultural businesses contribute largely towards growth in the 


economy. This is evident from the study undertaken by the Howard Business School (King et al, 


2010:554).  


 


According to Adams and Periton (2007), in its strictest sense, economic growth, is taken as 


meaning the growth of productive potential for the economy. However the usual definition of 


economic growth is an increase in real Gross National Product (GDP) (Adams and Periton, 


2007:220). 


 


A well functioning small business sector contributes to the economic and social growth of a 


country. It exerts a positive influence on the economies of all countries, particularly in the fast 


changing and increasingly competitive global market. SMMEs are recognised as playing a 


fundamental role in the advancement of prosperity in our communities. To ensure this economic 


prosperity in our country, the number of entrepreneurs who successfully establish and develop 


SMMEs needs to increase significantly (Nieman et al., 2007: 28).  The SA government 


recognises the importance of developing a strong Small, Medium and Micro Enterprises sector. 


Today it is internationally accepted and acknowledged that the SMME sector is an essential 


factor in promoting and achieving economic growth and development, and in the widespread 


creation of wealth and employment. To further this, a National Small Business Act was 


promulgated in 1996 (RSA 1996). 


 


According to Okpara and Kabongo (2009:8), developing and developed countries alike have 


recognized the role and importance of Small, Medium and Micro  Enterprises in generating 


employment, stimulating growth and creating social cohesion. Moreover, interest in SMMEs also 


seems to have been further revived in the face of globalization, which is increasingly becoming 


an influential force in the world economy. Because of their flexibility and quick adaptability to 


change, SMMEs are viewed as instruments capable of responding to globalization and poverty 







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


15 
 


alleviation in Africa. Although it is true that globalization creates opportunities for SMMEs in 


Africa to be effectively involved in the global economy, they must overcome the barriers 


constraining their development and survival. SMMEs’ flexibility and adaptability promise their 


success in both domestic and global trade. Many SMMEs in African countries operate in an 


unfriendly policy and regulatory environment, have difficulties in accessing credit, lack 


sufficient markets for their products, use outdated technology, lack adequate working places, and 


have no sufficient training facilities that are designed to meet their specific needs. If SMMEs are 


to play any meaningful role in local, regional, and global markets, they have to be put on a 


footing comparable to their competitors. Yet to put them on such footing requires nurturing them 


and providing support in strategic areas. SMMEs are considered the engine for national 


economic growth and competitiveness. Specifically, the interest among policy makers and 


academics in the development of (SMMEs) stems from their capacity for wealth creation as well 


as sustainable employment (Okpara and Kabongo, 2009:8). 


 


According to Mureithi (2002:63-64) a survey conducted in Kenya indicated that Small, Medium 


and Micro Enterprises (SMMEs) play a crucial role in the economy. The survey estimated that 


small business accounted for 12 - 14% of the GDP. They also created up to 250.000 new jobs 


annually but due to the vagaries of the economy and internal weakness, the rate of collapse 


among them was high. He indicated that 150.000 jobs were lost due to closures of small 


businesses, leaving a net of 100.000 jobs annually. The small businesses contributed 


significantly in poverty alleviation for households that would otherwise be desperately poor. He 


also noted the following challenges among the small business in Kenya: 


 


 The incomes among various SMMEs varied widely. Those in urban areas had more 


income than rural based businesses. Gender disparity was significant as is the level of 


education - women led businesses had less income than those led by men. 


 Lack of capital; 


 Access to markets hampers expansion of SMMEs.  
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Mureithi argues that information is cited as a major constraint to growth. It is information 


regarding markets and the difficulty in gathering it. Furthermore it includes cost of access, 


awareness and required skills. Whilst the issue of rural communications have been addressed 


through tele-centres, access to technology and information are crucial to effective operation of 


SMMEs. 


 


According to Ndabeni(2008), Small Medium and Micro Enterprises (SMMEs) are increasingly 


becoming a major feature of economic development policy in both developed and developing 


countries because of their labour-absorptive capacity and their contribution to poverty alleviation 


and employment creation. While SMMEs are acknowledged for their contribution to addressing 


poverty and employment creation, particularly in times of a shrinking public sector and big 


business, the conditions facing entrepreneurs, particularly in Africa, ‘make simply surviving a 


miracle’. Indeed, SMMEs are described as pioneers of development that have flourished under 


supportive policy regimes but have managed to survive even in hostile environments. According 


to the United Nations Industrial Development Organization (UNIDO, 1997), small enterprises 


have flourished – due more perhaps to their inherent characteristics than to the government 


programmes to promote them. A first step towards achieving SMME growth is to accept that 


SMME entrepreneurs can be agents of change and growth, albeit that they cannot achieve this 


objective alone. 


 


Indeed, South Africa’s SMMEs are acknowledged as having a significant role to play in 


achieving a variety of objectives: social (poverty alleviation), economic (employment creation, 


increased incomes, and economic growth), and political (black economic empowerment). 


However, in both the developed and developing countries, many new ventures fail and only few 


survive and grow. A key challenge, therefore, is to transform the traditional ways of supporting 


small enterprises in order to increase their competitiveness and efficiency (Ndabeni, 2008:2).  
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Local economic development (LED) offers local government, the private and not-for-profit 


sectors, and local communities the opportunity to work together to improve the local economy.  


It focuses on enhancing competitiveness, increasing sustainable growth and ensuring that growth 


is inclusive. LED encompasses a range of disciplines including physical planning, economics 


and marketing. It also incorporates many local government and private sector functions including 


environmental planning, business development, infrastructure provision, real estate development 


and finance (World Bank Report, 2000:5). 


 


The practice of local economic development can be undertaken at different geographic scales.  A 


local government pursues LED strategies for the benefit of its jurisdiction, and individual 


communities and areas within a local government's jurisdiction can also pursue LED strategies to 


improve their economic competitiveness. Such approaches are most successful if pursued in 


partnership with local government strategies. LED is thus about communities continually 


improving their investment climate and business enabling environment to enhance their 


competitiveness, retain jobs and improve incomes.  Local communities respond to their LED 


needs in many ways, and a variety of approaches can be taken that include: 


 Ensuring that the local investment climate is functional for local businesses; 


 Supporting small and medium sized enterprises; 


 Encouraging the formation of new enterprises; 


 Attracting external investment (nationally and internationally); 


 Investing in physical (hard) infrastructure; 


 Investing in soft infrastructure (educational and workforce development, institutional 


support systems and regulatory issues); 


 Supporting the growth of particular clusters of businesses; 


 Targeting particular parts of the city for regeneration or growth (areas based initiatives); 


 Supporting informal and newly emerging businesses; 


 Targeting certain disadvantaged groups. 
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The purpose of local economic development (LED) is to build up the economic capacity of a 


local area to improve its economic future and the quality of life for all.  It is a process by which 


public, business and non-governmental sector partners work collectively to create better 


conditions for economic growth and employment generation (World Bank Report, 2000:5-6). 


 


Local Economic Development (LED) represents an approach to economic development which 


encourages local people to work together to achieve sustainable economic benefits and improved 


quality of life for all the residents in a local municipal area. The LED programme is intended to 


maximize the economic potential of all municipal areas around the country and to enhance the 


macro-economic growth through increased local growth, employment creation and development 


initiatives within the context of sustainable development. The implementation of LED 


programmes often requires broad-based, comprehensive initiatives through public / private sector 


partnerships that are strongly driven or led by the local municipalities. The private sector is often 


keen to manage initiatives aimed at improving vitality and viability of town centres, or to 


become involved in business development initiatives. Community groups may seek to lead 


initiatives to improve health, housing and economic conditions of the target group of 


disadvantaged individuals (World Bank Report, 2000:8). 


 


The above mentioned literature indicates that the development of SMMEs, including agricultural 


businesses can contribute to the economic growth of the area where such businesses operate. 


 


 


2.4. Challenges faced by Small-, Medium- and Micro-Enterprises (SMMEs). 


Okpara and Kabongo (2009:10) indicated that while the contributions of small businesses to 


development are generally acknowledged, entrepreneurs are faced with many obstacles that limit 


their growth and survival. Research on small business development has shown that the rate of 


failure in developing countries is higher than in the developed world. It is also essential to 


understand the problems facing small business development in Africa because they are 


significantly different and unique from those being faced in developed countries. Problems 


facing the growth and survival of SMMEs in Africa can be generally classified into four broad 
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categories: (1) administrative, (2) operating, (3) strategic, and (4) exogenous problems. Okpara 


and Kabongo (2009) indicated that to date, very little research has been conducted on the factors 


constraining the growth and survival of small businesses in Nigeria in general, and none in 


particular on this specific topic. Thus, gaps exist with respect to understanding the problems 


facing small business owners in Nigeria.  


 


Okpara and Kabongo (2009) found that management problems, including accounting, finance, 


personnel, and management issues, have been cited as a major cause of business failure for small 


businesses. The findings of a study by Tushabomwe‑Kazooba (2006) as cited by Okpara and 


Kabongo (2009), revealed that poor record keeping and a lack of basic business management 


skills are major contributors to small business failure in Africa. The lack of management 


experience often makes it difficult for business owners to succeed. Researchers have also 


identified other factors hindering the success of small businesses, such as poor bookkeeping, 


inexperience in the field of business and the lack of technical knowledge, poor managerial skills, 


lack of planning, and lack of market research (Okpara and  Kabongo, 2009:11). 


 


In South Africa an unacceptable and disappointingly high number of SMMEs fail during their 


early years of operation. They face challenges. According to Nieman et al., (2007:32), the largest 


percentage of SMMEs fails during the first two years of their existence due to cash flow 


problems that arise because they could not manage growth. Taking into account the high failure 


rate of new small enterprises and their importance to the national economy, it is critical to look at 


how challenges facing SMMEs could be overcome. These challenges include: 


 Access to start-up and expansion finance 


 Access to markets 


 Access to appropriate technology 


 Access to resources (including human resources) 


 


2.4.1. Access to Start-up and Expansion Finance 







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


20 
 


 


According to Nieman et al. (2007: 33), access to appropriate finance is a major constraint on the 


successful development of SMMEs in SA. Too many creative ideas are not developed into viable 


new ventures due to lack of finance. The reasons for this lack of access to finance include: 


 Risk aversion of the banking sector towards SMMEs 


 There is a decline in strong alternative financial institutions  


 Inadequate funding proposals and business plans 


 


 Nieman et al. (2007: 33) indicate that the above challenges could be overcome by: 


 Business success: The business success and profitability of SMMEs need to be 


improved. 


 Financial products: Financial institutions and Micro-Finance Institutions (MFIs) should 


provide SMMEs with appropriate financial products 


 Training: SMMEs need to be trained and coached in conducting research on and 


presenting funding proposals, feasibility studies and business plans 


 Financial guidance: financial institutions must provide guidance and direction to 


SMMEs that were denied finance as well as give them viable reasons why their loans 


were rejected. 


 


2.4.2. Access to markets 


The other challenge facing SMMEs is the lack of sustainable markets for their products or 


services. They tend to produce and offer services that do not have a ready market. The above 


challenge could be addressed by the following: 


 Commitment to marketing training 


 Commitment to the market 


 Market-oriented products  


 Networking 
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2.4.3. Access to appropriate technology 


The lack of technology is another constraint facing SMMEs. The use of appropriate technology 


is one of the most important factors behind a successful SMME’s competitive advantage. The 


use of up-to-date and new technology leads to: 


 Better and more competitive products and services 


 Improved efficiency 


 Reduced operational and production costs 


 Improved quality of product and services (Nieman et al. 2007: 32-34). 


 


 


2.5. Challenges faced by agricultural businesses 


Agricultural businesses, as with any other small businesses, are also faced by the same 


challenges. According to Van Rensburg (2009: 34) in his study on the viability of the socio-


economic sustainability of underdeveloped farmers in the Driefontein Area in the North West 


Province, agricultural businesses, in particular encounter several challenges for development. 


The following were highlighted in the study: 


 


2.5.1. Farming systems  


Van Rensburg (2009:34) indicated that the only farming system which is easily distinguished 


from the rest is the commercial farming enterprise. There are numerous definitions to describe 


the systems from the non-commercial environment. Names like subsistence farmers, small scale 


farmers, emerging farmers, resource poor farmers, developing farmers or communal farmers are 


used. Thus there are no clear definitions of farming systems. 


 


There are mainly three categories into which underdeveloped farmers can be divided. The first 


group, subsistence farmers, are those who lack the necessary resources to implement a proper 


commercial production system, and cannot support their own families. Small scale farmers are 


described as farmers with small enterprises with little or no means to make use of applicable 
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suppliers of farming materials. Emerging farmers are described as farmers with low output 


production systems, uncertain property rights, uneconomical farms, lack of support and they 


have restrictions to participate in agricultural markets. The character of underdeveloped farmers 


does not agree with the applied autocratic perception of role-players in the agricultural sector. 


 


2.5.2. Climatic conditions 


According to Van Rensburg (2009:35), there are big differences between the maximum daily 


average of 28.6ºC in summer, and the daily minimum of 1.3ºC in winter. The low winter 


temperatures cause low soil temperatures, and the low soil temperatures are not conducive to the 


start of the production season and also suppress seed germination. Thus extreme temperatures 


affect farming negatively. 


 


2.5.3. Insufficient financial resources 


According to Okpara and Kabongo (2009: 10), one of the barriers hindering growth in small and 


micro-sized enterprises is the lack of or inadequate finance. They indicate that previous studies 


have shown that a number of factors hamper the growth of small businesses, including lack of 


capital or financial resources. However, the degree to which limited financial resources alone are 


a major obstacle to business development is still controversial. For example, findings show that 


additional capital is often not required to carry out a successful business activity and that lack of 


capital can be compensated through creativity and initiative. In addition, the amount of capital 


needed to start a business is significantly high when related to the rate of growth for the business. 


He also found that access to commercial credit did not contribute to entrepreneurial success in 


any significant way, and if it did, the relationship would be negative. 


 


On the other hand, some researchers have argued that small businesses are under‑capitalized. 


Many entrepreneurs tend to depend upon their own or their family’s savings to start and operate 


a business; this means of capitalization is limited. Thus, access to capital remains a challenge. 


For example, 65.6% of the firms studied depend upon personal savings as their sole source of 


capital, 10.9% have access to family savings, 9.4% use commercial banks, and 7.8% draw 
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resources from partners and shareholders and other sources. In Zambia, a lack of starting capital 


is a common problem for entrepreneurs, as only 24% of entrepreneurs received a loan to start 


their businesses. Another study by Koop, de Reu, and Frese as cited by Okpara and Kabongo 


(2009: 10), found that the amount of starting capital is positively related to business success.  


 


Research on the role of capital in determining the success or failure of small businesses in Africa 


is contradictory and therefore remains unclear. Overall, most small businesses cannot meet the 


requirements for commercial loans because they lack any collateral, and those who do meet the 


requirements still find them prohibitively expensive in terms of repayment terms  


 


The Capricorn LED Strategy (2010) emphasised that although accessible across the district, most 


of the financiers have more offices in Polokwane than anywhere else in the district. 


Entrepreneurs in Lepelle-Nkumpi and Polokwane have highlighted access to capital as a major 


challenge. This is even more so in the rural areas of the district. It is evident from the above that 


businesses in Aganang municipality may find it difficult to access these financiers or even access 


their services. Lack of collaterals can also be one of the limiting factors. Those that have 


collaterals might find such finances expensive to repay. 


 


2.5.4. Economic reasons 


In the environmental conditions for SMME development in a South African province, Mahadea 


(2008:433) indicated that as external factors change, it is expected that the alert entrepreneur 


would be pro-active in adapting to changes with suitable strategies so as not to miss out on 


business opportunities. However, not all entrepreneurs are sufficiently alert; some are content 


simply to operate a business as a going entity, as long as it generates a comfortable income. This 


can be a self-limiting choice for individuals with little ambition or motivation for onwards and 


upwards business development. 


 


Their firms are unlikely to experience rapid development, even when the external conditions are 


favourable, with an expanding GDP, increasing economic growth rates and a low rate of inflation 


or interest rate. It is usually firms whose entrepreneurs are high in need achievement, internal 
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locus of control, risk-taking propensities, innovative tendencies, leadership and organisational 


abilities as well as managerial skills that tend to grow and develop fast in a world of changing 


environmental conditions (Mahadea, 2008:433).  


 


These are internal driving factors brought to the firm mainly by the entrepreneur through his 


conduct of business. It is imperative for business development that individuals should have, or 


develop, the entrepreneurial attributes and management competencies against a background of 


changing environmental conditions. 


 


2.5.5. Skills and expertise  


Van Rensburg (2009:46) indicates that one of the challenges is the lack of management skills by 


some farmers and therefore commercial production is unsustainable. Regarding the economic 


commercial sustainability, it is clear that the infrastructures, accountancy literacy and support 


systems the farmers have at their disposal are insufficient to maintain sustainable agribusiness. 


The production units per farmer are too small to justify a sustainable crop production system 


according to commercial criteria. The condition of the infrastructures adds to the unsustainability 


of the farmers’ production units. Attempts to develop the underdeveloped farmers into 


commercial crop farmers are not possible in the extensive areas where they are situated. They 


will stay bound to Low External Input Agriculture (LEIA) which restricts any possible progress. 


These farmers however, will only be able to sustain a livelihood of their choice and support their 


families. 


 


Lack of skills is a common factor for all underdeveloped areas. This can be attributed to the 


disparities of the past and the education system. Aganang agricultural businesses cannot as a 


result be excluded from the challenges as mentioned above. 


 


2.5.6. Procurement opportunities 


Vermeulen, Kirsten and Sartorius (2008: 198), indicate that with the increasing 


commercialisation of agricultural and food systems worldwide, the food industry is increasingly 
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being dominated by supermarkets and agro-industries, whilst the influence of the farmer, small 


traders and neighbourhood stores is declining. This trend is fuelled by the increasing urbanisation 


of the world population, large-scale innovation in biological and information technologies and a 


strong consumer demand for high-quality food products. This is not only a trend in the 


industrialised nations of the world but is also happening in those middle- to low-income 


developing countries that are strongly integrated in the world economy, such as South Africa, 


Brazil, Chile, Thailand, China and India. Small farmers, in particular, may have difficulties 


making the transition to a more commercialised food system because they may struggle to meet 


the private quality and safety standards set by large retailers, wholesale buyers and exporters. At 


the same time they are constrained by limited support services provided by governments due to 


policy reforms, market liberalisation and fiscal and governance problems. 


 


This combination of forces presents the real danger that a majority of small farmers in 


developing countries could be excluded from commercial supply chains, resulting in serious 


questions being posed about the ‘future of small farms’ in the developing world. Because of 


these changes in agricultural and food systems and the dominant role played by large 


agribusiness firms in agricultural and food systems, it is important to find ways and means to 


effectively engage them in the important task of promoting market access for small-scale 


farmers. Agribusiness firms should therefore be considered partners in the challenge of 


establishing ways and means of strengthening their linkages with small farmers. 


 


Since South African agribusiness firms (including food manufacturers and food retailers) source 


large quantities of agricultural commodities, they certainly represent the major market for any 


farmer. The question, however, is: how do these firms source their raw material from farmers? 


What are the changes in procurement practices, and to what extent do they use spot markets or 


direct purchases from farmers? Are South African agribusiness firms following the trend in the 


US and Europe where an increasing share of agricultural commodity output is bypassing the 


traditional spot markets (Vermeulen, Kirsten and Sartorius, 2008:198)? 
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According to Vermeulen et al., the procurement of meat, poultry and eggs appears to favour 


vertical integration (and in some cases own production), medium- to long-term contracts and 


long-term “informal” supply arrangements with selected groups of farmers. Details for the 


different commodities are provided below: 


(a) Beef  


Since deregulation of the controlled marketing system in 1997, the South African beef supply 


chain has become increasingly vertically integrated, with the abattoir sector fulfilling an 


integrated wholesale function by sourcing animals on the hoof and directly selling carcases and 


meat cuts to the retail sector. Almost 60% of cattle in South Africa are finished for slaughter in 


feedlots. The other 40% of South African cattle are raised on natural pastureland. Feedlots 


normally buy weaner calves with a live mass of 230 kg from extensive cattle farmers and add 


105 kg carcases mass through intensive feeding for about 100 days, eventually slaughtering an 


animal at 215 kg carcase mass. The main feedlots (Karan Beef, Kolosus, Sparta Beef, SIS, 


Beefcor, EAC, Crafcor, Chalmar Beef and Beefmaster) account for 70% to 80% of the cattle in 


the feedlot industry. All have teams of buyers that visit breeders and farmers and carefully select 


weaner calves for purchase according to strict criteria applied by the feedlot or meat company.  


 


Many of the larger meat companies have a vertically integrated process of feedlot, slaughter, 


packaging and distribution. There is usually a long-term relationship between the feedlot and the 


breeder / farmer, with the farmers freed of the inconvenience and cost of transporting their cattle 


to auction and having to pay auctioneers' commissions. Although the beef supply chain largely 


ignores contract farming as an option, it mostly bypasses classical open market purchasing 


because animals are procured from own feedlots and the balance from long-term spot purchasing 


arrangements with selected farmers only.  


 


The spot purchase arrangement appeares to be offered by the companies to selected farmers on a 


specific day for a specific volume of beef. In other instances, food manufacturers (prepared food) 
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that are linked by long-term contracts to retailers prefer to employ a long-term contract with a 


single supplier of beef, who guarantees the consistency of quality. In this relationship the retailer 


(sometimes) exercises managed control over the selection of beef suppliers to the manufacturer, 


because of the need to ensure the quality and safety of its products. All these preferred suppliers 


arrangements make it difficult for small emerging farmers to enter the market. 


 


(b) Pork  


According to the South African Pork Producers’ Organisation, the South African pig industry 


boasts a national breeding herd of 125.000 sows and 7.000 boars owned by 600 pig farmers. The 


larger pig producers have their own breeding studs, artificial insemination units and feed mills. 


Their marketing channels include production contracts with meat processing companies, spot 


transactions, shareholdings in abattoirs, and contract slaughtering by abattoirs combined with 


collective marketing actions. They usually do not secure their entire production for contracting, 


so that they are able to utilise unexpected market opportunities when applicable. They emphasise 


that fresh pork destined for the retail market is derived from pigs with a carcase mass of 65 kg to 


80 kg (usually porkers, cutters and small baconers). Pigs destined for the processed products 


market usually have a carcase mass of 65 kg and higher (usually larger baconers, heavy baconers 


and sausagers). According to a representative of the Premier Pork Producers (the largest 


provincial pork association in the country, representing close to 60% of the sows in the country), 


about 60% to 65% of all pork produced in South Africa is processed, while the balance is sold as 


“fresh” pork by retailers and traditional butcheries.  


 


All carcasses sold in the retail market are bought directly from the abattoirs and there are, 


therefore, no wholesalers involved. The percentages of “fresh” pork sold by retailers and 


traditional butcheries are unknown.  


 


In the processed pork market, six companies (Enterprise, Eskort, Bullbrand, Debsteer, 


Vereeniging Meat Packers and RTV) account for up to 70% of the value adding activities. 
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Vertical integration and / or contract procurement are common practices amongst these large 


pork meat processing companies. A number of companies, such as RTV and Seemans, process 


for the niche market which supplies mainly German butcheries. The large abattoirs procure pigs 


through a combination of contracts with farmers and spot buying (usually about 75% and 25% 


respectively). Large processors like Enterprise and Eskort engage with a small number of 


contracted farmers (usually three to five farmers), for a number of reasons. In order to produce 


consistent processed pork products (in terms of product characteristics, quality and food safety 


associated with the specific brands of these companies), very stringent specifications are 


imposed on contracted farmers. These specifications lead to high entry barriers to pig farmers. 


Furthermore, these processors prefer to engage in long-term relationships with farmers supplying 


them with pigs.  


 


(c) Poultry and eggs  


There are three large broiler companies that operate fully integrated broiler production systems, 


which breed and rear their own poultry. They process the chickens and market fresh, frozen, 


value-added and further processed chickens nationally and internationally. These companies also 


have contracted growers who supply chickens reared according to specifications set out by the 


large companies in a three-year production contract. These firms often supply the chicks, feed 


and other inputs (like veterinary inputs) to the ‘outgrowers’, with the costs eventually being 


deducted from the farmer’s gross receipts. These costs are estimated at about R7 per bird. Only 


established poultry farmers are usually selected as suppliers, since it is required that the 


contracted farmers should have the necessary infrastructure in place for the poultry rearing 


activities required in terms of the contract. High levels of control by the processor ensure that 


contracted farmers comply with the necessary conditions of supply, including the type of 


birdhouse and equipment that is employed. Furthermore, the processor undertakes performance 


evaluation of the contracted farmers, who could pay a penalty or be paid a bonus. The price paid 


for poultry is usually set for a one-year period and depends on the bird’s age and weight. These 


farmers supply a total of 40% to 50% of the total number of birds processed by the processing 


companies. If one considers the vertically integrated production processing and the contract 
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rearing jointly in the commercial sector, they represent around 81% of total poultry sales in the 


country, while SMMEs contribute about 2% of total poultry sales in the country. The rest of the 


market is based on spot sales at local markets, which take place mainly in rural areas and in 


smaller urban settlements, where sales of live chickens are still popular among members of the 


black community.  


 


In a similar fashion to poultry, the procurement of eggs is managed by a combination of own 


production on large company estates and production contracts with egg-producing poultry 


farmers. According to a representative from the poultry industry, these farmers supply about 


25% of the total number of eggs procured by these companies. The incorporation of emerging 


farmers is usually done through the distribution of empowerment shares to farm workers in the 


egg industry. The time period relevant to these contracts varies from seven years to contracts 


with an open duration. These contracts specify volumes to be supplied, price ranges, as well as 


quality and delivery dates. 


 


One important fact established here is that the procurement of poultry and eggs completely 


excludes the open market and is largely procured by vertical integration or long-term production 


contracts. The spot market is only relevant in the informal and niche markets (Vermeulen et al., 


2008: 214 -217). 


 


2.6. Support initiatives for agricultural businesses 


There are different types of support services and programmes that the government and hence the 


municipality has come up with to stimulate small business (including agricultural business) 


development, which among others include: 


 Financial support 


 Development and adoption of proper legislative framework 
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 Government support programmes to agricultural businesses 


 Capacity building programmes 


 Market linkages 


 Provision of physical infrastructure 


 


 


2.6.1. Financial support 


Financial support implies the supply of grants and loans to small business for the sake of their 


sustainability, growth and financial independence.  It is believed that most enterprises fail within 


their first three years of existence because of lack of adequate financial resources. The granting 


of loans, seed funding and grants to enterprises would assist in their growth and development 


(Nieman et al., 2007: 33). 


 


Aganang IDP (2010: 43) indicates seed funding programmes for the LED projects. Apart from 


that, there are a number of government entities established with the mandate of offering financial 


support to agricultural business which includes among others, the South African Micro-Finance 


Apex Fund (SAMAF), Khula Enterprise Finance, the National Empowerment Fund, the Land 


Bank, and the Industrial Development Corporation (IDC). 


 


a. Industrial Development Corporation (IDC) 


The IDC was established in 1940 with the aim of developing the South African industry through 


the Industrial Development Corporation Act (No. 22 of 1940). The vision of the IDC is to be the 


primary source of commercially sustainable industrial development and innovation to the benefit 


of South Africa and the rest of the African continent. 


 


The IDC is a self-financing national development finance institution whose primary objectives 


are to contribute to the generation of balanced, sustainable economic growth in Africa and to the 
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economic empowerment of the South African population, thereby promoting the economic 


prosperity of all citizens. The IDC achieves this by promoting entrepreneurship through the 


building of competitive industries and enterprises based on sound business principles 


 


b. The Land Bank 


The Land Bank is a specialist agricultural bank guided by a government mandate to provide 


financial services to the commercial farming sector and to agri-business and to make available 


new, appropriately designed financial products that would facilitate access to finance by new 


entrants to agriculture from historically disadvantaged backgrounds. Today, the bank is a true 


South African development finance institution that serves all farmers equally. The mission of the 


Land Bank is: 


 To develop and provide appropriate products for commercial and developmental clients. 


 To leverage private sector investment into the agricultural sector. 


 To develop partnerships with intermediaries for on-lending. 


 To develop techniques for financing high-risk agriculture and new business areas. 


 To support programmes of the Ministry of Land Affairs and Agriculture by aligning the 


bank's products with these programmes. 


 To contribute to rural development by linking up with government structures and activities. 


 


The government structures that the Land Bank needs to link with include the Land Redistribution 


for Agricultural Development (LRAD), the Agricultural Sector Plan and the government's 


Integrated Sustainable Rural Development Strategy (ISRDS). The Land Bank is in the business 


of lending money to clients. As a development finance institution, the bank is also constantly 


looking at ways of supporting the farmer and contributing to development, without focusing on 


profit as the only motive. 
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c. The South African Micro Apex Fund (SAMAF) 


The South African Micro-Apex Fund (SAMAF) is a wholesale funding institution established in 


April 2006. It is a trading entity and is governed by the Public Finance Management Act 


(PFMA) of 1999. 


  


SAMAF is tasked to facilitate the provision of affordable access to finance by micro-, small and 


survivalist business for the purpose of growing their own income and asset base. The primary 


purpose of SAMAF is to reduce poverty and unemployment and also to extend financial services 


to reach deeper and broader into the rural and peri-urban areas. Further to this, SAMAF wants to 


build a network of self-sufficient and sustainable micro-finance institutions. 


  


The mandate is to contribute to government's poverty reduction goals by acting as a catalyst for 


the development of an effective micro-finance sector through: 


 support for the establishment of sustainable micro-finance institutions that can reach deeper 


and broader to the enterprising poor;  


 facilitating the establishment of an enabling environment for effective financial 


intermediation and creation of working markets for the enterprising poor; and  


 building a strong, effective and efficient apex fund (SAMAF, 2010: 13). 


 


d. Khula Enterprise Finance (KHULA) 


Khula Enterprise Finance (KHULA) is an institution established by the department of Trade and 


Industry to provide finance, mentorship services and small business premises to SMMEs through 


a network of partnerships and to encourage the sustainable development of SMMEs whilst 


ensuring that KHULA remains financially viable (KHULA, 2011: 1).  


 


KHULA also has a programme to assist agricultural business. The Khula Land Reform 


Empowerment Facility (LREF) is a Black Economic Empowerment Fund capitalised by the 
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Department of Rural Development and Land Reform and supported by the European Union. The 


fund is housed in and administered by Khula. The LREF is a wholesale financing facility through 


which Khula lends money to commercial banks and other reputable agricultural lenders for on-


lending to Land Reform beneficiaries. The aim of the LREF therefore is to broaden the control, 


management and ownership by Black South African citizens in land-based high-value income 


generating assets in the agricultural sector. 


 


To increase the commercial success of LREF-funded projects, LREF via Khula Mentorship 


scheme, assists these projects with training and skills development intervention through a 


training grant (Khula, 2011:2). 


 


Small business access to financial resources has become a general subject of discussion. It is 


prioritised in a large number of developing countries. According to the Integrated Small Business 


Development Strategy in South Africa (2004 – 2014) governments in the developing countries 


are strongly convinced that the promotion of small businesses is a viable solution for the high 


unemployment rate. It leads to job creation, the building of a country’s economy and the 


promotion of socio-political and economic stability.   


 


Access to finance and the cost of financing are major obstacles to business start ups and 


successful development of agricultural businesses in South Africa as well as in developed and 


developing countries (Mahadea and Pillay, 2008: 433). According to the above study, this is 


partly because financial institutions view small firms as high risk venture with a poor collateral.  


Lending to such firms means high administrative costs in relation to the size of the loans.   


 


The NTSIKA Report (2000: 5) states that the situation in South Africa became unique and 


serious because of many years of apartheid government and concentration of power in the hands 


of few individual families through their big conglomerates.  The new democratic government has 
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since 1994 regarded small business development not only as a stimulator of economic growth but 


also as a vehicle for black economic empowerment. The new government recognises the need to 


use the promotion of small business as a means to redress past inequalities, create jobs, upgrade 


skills, redistribute income, democratise the economy, reduce poverty, and ensure economic 


growth. Small businesses therefore have a major role to play in the South African Economy. 


 


The South African government has since 1994 adopted more acts in the promotion and the 


development of the small business sector.  Government legislation is now being geared towards 


the promotion of small business development and the creation of an environment conducive for 


small business to thrive. Small businesses in South Africa (including agricultural business) are 


expected to create jobs and alleviate poverty.   


 


2.6.2.  Development and adoption of supportive legislative infrastructure 


Mahadea and Pillay (2008) reveal that committed to promoting SMMEs, the government in 


South Africa has put in place various measures and strategies, such as the Small Enterprise 


Development Agency (SEDA), Khula, NTSIKA, the National Empowerment Fund, the 


Umsombovu Youth Fund and the Accelerated and Shared Growth Initiative for South Africa 


(ASGISA) to fast-track the empowerment of formerly disadvantaged individuals into business 


entrepreneurship. Apart from financial assistance and training through various Sector Education 


and Training Authorities (SETAs), numerous fiscal incentives have been offered in the last few 


annual budgets with a view to augmenting the supply of effective entrepreneurship at the SMME 


level. Despite all these commendable efforts, the total early stage entrepreneurial activity (TEA), 


as also reflected by the recent Global Entrepreneurship Monitor (GEM) reports, is rather low in 


South Africa in relation to that of other countries at a similar level of development. South 


Africa’s TEA rate actually decreased from 9,43 in 2001 to 5,29 in 2006, while, simultaneously, 


its ranking decreased from 14
th


 (out of 28 countries) to 30
th


 (out of 42 countries)  over the same 


period. The TEA is a measure of the percentage of individuals between the ages of 18-64 years 


who are involved in starting or operating a new business up to 3,5 years. As fewer people (5,29 


out 100) went into business in 2006, relative to 2001, when the figure was about 9,4, it seems 
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that the level of entrepreneurial activity is not high enough to sustain South Africa’s growth 


expectations and provide employment for an increasing number of school leavers (Mahadea and 


Pillay, 2008:432). 


 


In their publication, “A neoclassical Economic and Strategic Management Approach to 


Evaluating Global Agribusiness Competitiveness”, Harrison and Kennedy (1997), indicate that 


there  are a number of external factors that influence the competitiveness of agribusiness firms 


and industries. A variety of government policies can affect an industry's competitiveness in both 


domestic and international markets. These factors have a direct impact on the cost and demand 


structures of agribusiness firms.  


 


Government policies also affect agribusiness firms' ability to obtain world market share. For 


example, government export subsidies decrease the world price at which domestic industries are 


willing to sell various quantities of their product. As a result of the subsidy, exporters can sell 


their products at a discounted price on the world market while maintaining, or increasing, their 


effective price per unit. Although, individual firms have little influence on the exchange rate, 


they benefit from increased profits and market shares. Thus, government policies and other 


factors beyond the firms' control impact on agribusiness competitiveness (Harrison and 


Kennedy, 1997: 21). 


 


There is a number of legislations adopted to improve small business growth in South Africa, as 


indicated by Mahadea and Pillay (2008), which includes but is not limited to the following: 


 


(a) The National Small Business Act no 29 of 2004 


The main objectives of this act is to amend the National Small Business Act of 1996 so as to: 


 Promote small enterprise development 


 Repeal all provisions pertaining to the Ntsika Enterprise Promotion Agency (NTSIKA) 


 Provide for the establishment of the Small Enterprise Development Agency (SEDA)  
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 Make provision for the incorporation of NTSIKA, the National Manufacturing Advisory 


Centre (NAMAC) and any other designated institution into the SEDA. 


 Provide for the necessary transitional arrangements to this effect 


 


Prior to the adoption of this Act, NTSIKA, as established through the Small Business Act of 


1996, was providing capacity to enterprises through its local business services centres. On the 


other hand the Department of Trade and Industry (DTI) established NAMAC to provide 


developmental support service to enterprises in the manufacturing sector only. 


 


This Act assists business development in that there is now a proper coordination of business 


development services to enterprises in this country that is monitored through the National Small 


Business Advisory Council. 


 


The National Small Business Advisory Council will advocate on issues of importance to the 


small business sector and will advise the government on relevant issues. It will consider the 


impact of small business development in relation to the national economy, and will consider the 


impact of effectiveness of small development programmes (Department of Trade and Industry, 


2003: 46) 


 


The Small Business Advisory Council will assist small emerging agricultural businesses in the 


following ways: 


 Strategies to address identified market failures affecting the small business sector. 


Most small businesses fail as a result of lack of adequate market for their products. The small 


business owner in most cases lacks the resources to conduct a viability study before the 


establishment of the business and therefore relies on own observation about the market trends 







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


37 
 


that are prevailing. The council will assist in identifying market failures that affect the sector 


and come up with suggested solutions to address such. 


 The impact of current and new legislation on small business. 


As stated in previous sections, the South African government adopted a number of 


legislations on small business development. The Council will assist in making an analysis of 


the impact of the legislation on the development of small businesses. 


 National standards pertaining to small business infrastructure. 


There are standards that must be adhered to for proper monitoring of small business 


development by the South African Government. The Council will therefore assist in the 


monitoring of such standards. 


 Skills development in the small business Sector. 


The development and support of small business will be incomplete if emphasis is not put on 


the development of the management skills and the technical skills of all employees in the 


businesses. 


 Steps to be taken to create access for small business into value chains, beneficiation and 


value adding devices are essential for small business development if the economy is to create 


enough job opportunities to alleviate poverty and ensure that all people live above the 


poverty lines. The council will assist in coming up with up with opportunities for small 


businesses to develop a value chain for their production process (Department of Trade and 


Industry, 2003: 46) 


 


(b) The Cooperative Development Act 14 of 2005 


The purpose of this Act is to: 


 Promote the development of sustainable cooperatives that comply with cooperative principles 


thereby increasing the number and variety of economic enterprises operating in the formal 


economy 
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 Encourage persons and groups who subscribe to values of self-reliance and self-help, and 


who choose to work together in democratically controlled enterprises to register cooperatives 


in terms of this act 


 Enable such cooperative enterprises to register and acquire a legal status separate from their 


members 


 Promote equity and greater participation by black persons especially those in rural areas, 


women, disabled and youth in the formation and management of cooperatives 


 Establish a legislative framework that preserves a cooperative as a distinct legal entity 


 Facilitate the provision of support programmes that target emerging cooperatives specifically 


those consisting of black persons, women, youth, the disabled, or persons in rural areas and 


that promote equity and greater participation by its members 


 Ensure the design and implementation of the cooperative support programmes by all the 


agencies of the National Departments including but not limited to KHULA, SEDA, SABS, 


DBSA, SALGA, CSIR, IDC and SETAs and compliance with uniform norms and standards 


prescribed by this act 


 Ensure the design and implementation of the cooperative support measures across all spheres 


of government including delivery agencies and adherence to a uniform framework of 


established norms and standards that reflect fairness, equity, transparency, economy, 


efficiency, accountability and lawfulness 


 Facilitate the effective coordination and reporting mechanism across all spheres of 


government through the Department (Cooperative Act, 2005:12) 


 


The above purpose clearly specifies the use of the act and why the Department of Trade and 


Industry (DTI) specifically came up with an act to regulate cooperatives in South Africa.   


 


Initially cooperatives were registered in terms of the Social Development Act and as such not 


regarded as profitable entities. Since the development of the act, the cooperative has assumed its 


legal status as a business entity and thus could engage in profit making endeavours like any other 


business entity. However, it is worth mentioning at this point that cooperatives have their own 
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unique organisational problems that compel agencies dealing with them to specifically devise 


programmes to assist cooperatives. Agriculture is a field that needs masses of labour for 


performance. As a result the cooperative concept can work wonders in agricultural businesses. 


 


(c) Broad Base Black Economic Empowerment Act no 53 of 2003 


This act deals specifically with matters pertaining to Broad Base Black Economic Empowerment 


in South Africa. The focus in this document will be on the Black Economic Empowerment 


Advisory Council. The objectives of this Act are: 


 to facilitate broad-based black economic empowerment by promoting economic 


transformation in order to enable meaningful participation   of black people in the 


economy 


 achieving  a substantial change in the racial composition of ownership and management 


structures and in the skilled occupations of existing and new enterprises 


 increasing the extent to which communities, workers, cooperatives and other collective 


enterprises own and manage existing and new enterprises and increasing their access to 


economic activities, infrastructure and skills training 


 increasing the extent to which black women own and manage existing and new 


enterprises, and increasing their economic activities, infrastructure and skills training 


 promoting investment programmes that lead to broad-based and meaningful participation 


in the economy by black people in order to achieve sustainable development and general 


prosperity 


 empowering rural and local communities by enabling access to economic activities. land, 


infrastructure,  ownership and skills; and 


 promoting access to finance for black economic empowerment.(South Africa, 2003:6). 


 


Section 5 of the Act states the functions of the council as to: 


 Advise government on black economic empowerment 


 Review progress in achieving black economic empowerment 
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 Advise on draft code of good practice, which the Minister intends publishing for 


comment in terms of section 9 (5) 


 Advise on the development, amendment or replacement of the black economic 


empowerment strategy 


 If requested to do so, advise on draft transformation charters 


 Facilitate partnership between organs of state and the private sector that will advance the 


objectives of the Act. 


 


It is evident from the above that the South African government is serious about addressing the 


inequalities of the past by promoting and encouraging small business development (South 


Africa, 2003: 7) 


 


(d) The Integrated Small Business Strategy in South Africa 2004 - 2014 


The South African government adopted an Integrated Small Business Strategy in October 2003.  


The main objective of this strategy is the promotion of small business in the country. As one of 


the main foci the strategy deals with the establishment of the National Small Business Advisory 


Council. The National Small Business Advisory Council will be a statutory agency that advises 


the Minister on the following: 


 Strategies to address identified market failures affecting the small business sector 


 The impact of current and new legislation on small business 


 National standards pertaining to small business infrastructure 


 Skills development in the small business sector 


 Steps to be taken to create access for small business into value chains 


 Constraints affecting the viability of the small business sector 


 Methods to liaise with the small business sector and to identify its needs 


 Methods to monitor and influence the provision of support services to the small business 


sector 
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According to the Integrated Small Business Development Strategy in South Africa (2003: 22), a 


resolution taken by many governments to the development of small businesses has been to 


provide financial and business development services, either directly through their own agencies, 


or through intermediary agencies that may be closer to their target market. There are three 


common roles that describe the relationship government has with agricultural businesses which 


are: 


 Government as regulator that designs and implements laws and regulations that govern 


the activities of agricultural businesses 


 Government as a facilitator to provide an environment that is conducive to business 


promotion and to bring key stakeholders together in the initiation and support of 


agricultural businesses development efforts, by mobilising civic, private and public 


sector resources 


 Government as a promoter that intervenes directly in small enterprise development 


projects and processes and makes them explicit programmes of government. 


 


2.6.3. Government support programmes to agricultural business. 


The Department of Economic Development, Environment and Tourism in the Limpopo Province 


has put in place institutions to provide programmes directly to agricultural businesses catering 


for both financial and non-financial resource requirements which include the following: 


(a)  Limpopo Business Support Agency (LIBSA) 


LIBSA is a Section 21 company that was established in 1999 by the Provincial Department of 


Economic Development, Environment and Tourism to ensure viability of Small, Medium and 


Micro-enterprises. LIBSA's mandate is to provide non-financial support services to the 


agricultural businesses in the Limpopo Province. Its core functions are crucial to reduce poverty 


and create employment opportunities in the Limpopo Province (Limpopo SMME Strategy, 2006: 


68).  


The formation of the Limpopo Business Support Agency (LIBSA) is a resultant of the Northern 


Province Executive Committee (EXCO) Lekgotla (1998), which focused on exploiting 
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opportunities in all economic sectors for business development and promotion amongst existing 


and aspiring entrepreneurs in the whole Limpopo Province. Although the mandate of LIBSA is 


to focus mainly on the growth sectors, the scope of services to the business community is far 


beyond the scope given the dynamic environment within which LIBSA operates. With an 


evolvement of the strategies on an ongoing basis, LIBSA provides business support services to 


the broader business minded population by stimulating the spirit of entrepreneurship amongst 


women, the disabled and the youth. The contribution of this institution in Limpopo Province 


could best be summarised as: 


 Reducing poverty 


 Stimulating economic growth  


 Creating wealth and 


 Entrenching entrepreneurial concepts and practices in rural and economically disadvantaged 


communities. 


LIBSA provides easy access to essential business development services, including education, 


market access and promotion to entrepreneurs who need support to realise their business dreams.  


Incubatees are placed into the incubator at an infant stage and assisted with different support 


programmes until they are well matured and sustainable according to sustainability criteria as set 


out by LIBSA. Different researchers refer to all this endeavours as capacity building programmes 


(LIBSA Report 2005/6: 7). 


 


(b)   The Small Enterprise Development Agency (SEDA) 


The Small Enterprise Development Agency (SEDA)'s mandate is to: "improve the 


competitiveness and growth of South Africa's small and medium sized manufacturing firms. Its 


clients are small and medium-sized manufacturing enterprises within the region" (Limpopo 


SMME Strategy, 2006: 68). The organisation assists its clients to have ready access to high 


quality business and technical support services to improve their productivity and enhance their 


competitiveness. The organisation addresses the following SMME needs: 


 


 Helps in diagnosing the SMME problems 
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 Increases their productivity and competitiveness 


 Improves access to technologies 


 Access to better business management practices 


 Access to markets and better marketing techniques 


 Better human skills development of their workforce 


 Improves access to finance and 


 Increases awareness of available assistance resources (Limpopo SMME Strategy, 


2006: 68).   


 


 (c ) The Limpopo Economic Development Enterprise (LimDev) 


LimDev is a social and economic development enterprise, operating within the Limpopo 


province. LimDev delivers key services such as enterprise development, housing finance and 


assistance, and investment projects (Limpopo Business, 2008: 126). LimDev is a juristic person 


established in terms of the Northern Transvaal Development Corporation Act No. 5 of 1994 and 


operates as a Provincial Government Business Enterprise, entitled to make profit, as listed in 


schedule 3D of the Public Finance Management Act, Act No. 1 of 1999 (as amended by Act No. 


29 of 1999). 


 


LimDev is mandated to provide development finance to SMMEs to stimulate the growth and 


development of the Limpopo economy. Its vision is to be a pre-eminent catalyst and partner in 


economic growth and empowerment in Limpopo. It is on a mission of establishing and 


advancing a sustainable SMME sector through the provision and facilitation of business and 


investment opportunities, by providing finance to our subsidiaries to facilitate: 


 Industrial and economic development  


 Employment creation  


 Accelerated BBBEE (Broad Based Black Economic Empowerment) (Limpopo Business: 


2008: 126). 
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2.6.4. Other available support programmes 


According to Mahadea and Pillay (2008: 434), in today’s competitive and challenging business 


environment, it is not enough to have just the technical understanding of how to start a venture. 


The skills needed for initiating a business are different from those needed in managing it to a 


successful market growth stage. An entrepreneur who successfully starts a business may not 


necessarily be a good manager. The performance of agricultural businesses, and in effect any 


other organisation, is related inter alia, to the education, training, management skills and 


experience of their entrepreneurs and managers as well as the quality of their labour.  


 


2.6.5. Local Government support to agricultural businesses 


The municipal SMME programmes are often encapsulated in their Integrated Development 


Programmes (IDPs). Most municipalities focus on Local Economic Development Programmes. 


The municipalities are aware of their mandate to develop and implement SMME programmes, 


but the common problem amongst most municipalities is capacity and access to funding.   


 


Provincial governments are ideally placed to fulfil a co-ordinating, gap filling and bridge 


building role in the supply of support services. However, their funding resources are extremely 


limited. They must play a critical role in the establishment and seed funding of provincial 


development agencies or corporations which are active in the SMME support sphere. Sector 


support in certain departments like the Department of Roads and Transport, Agriculture and 


Health and Social Development were noted. However, many intervention strategies used are not 


formalised or structured.  


 


All sector departments do not have a budget and do not procure to an extent which they can 


visibly promote SMME development or BEE procurement. The department of agriculture 


provides support to agricultural businesses through the Extended Public Works Programme 


(EPWP) projects activities in the municipality since 2005. The problem is that there is no clear 
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policy on what percentage of projects done in Aganang municipality should be tendered by 


agricultural businesses from the local municipality. The department trains them on farming and 


awards them plots to practise their acquired skills.  


 


2.6.6. Capacity building programmes 


According to Dale (2004:187), capacity building may mean to augment people’s resources and 


other abilities to improve their own life situation. The resources and abilities to be augmented 


may be varied: from money, land and other production assets to health, vocational skills, 


understanding (of any issue relating to the persons living environment) or negotiating power. 


In the development sphere, capacity building in this sense will normally apply to disadvantaged 


people i.e. people who do not have capacities they need to ensure reasonable welfare for 


themselves and their dependents. 


Second development agents may seek to augment capacity of individuals not for their benefit or 


not primarily so, but for the benefit of others. An example might be the training of entrepreneurs, 


for the sake of increasing production and employment in an area, intended to benefit people who 


live there (Dale, 2004:187). 


 


Authors like Timmons and Spinelli (2003:228) have put more emphasis on training and 


development especially for franchise enterprises. Formal franchiser training programmes transfer 


knowledge of the service delivery system (SDS) to the franchisees, both managers and line 


workers. It is important before the launch and on an ongoing basis. 


Through an interview with entrepreneurs who have during the past five to ten years, started firms 


who are now profitable, one can gain insight into an entrepreneur’s reasons, strategies, 


approaches, and motivations for starting and owning a business. Timmons and Spinelli (2003:21) 


emphasise a point here of knowledge cross pollination by encouraging entrepreneurs to visit each 
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other and also ask one another about better ways of making profit and of running successful 


ventures. 


External and internal pressures mandate that the entrepreneur be a manager as the venture grows 


beyond being founder driven and dominated by the need for survival. The entrepreneurial 


manager’s development of competencies is critical. Acquired skills and relevant experience 


position entrepreneurs to see opportunities that others do not see or cannot grasp and these 


acquired skills and experience are key to achieving longer term sustained growth and eventual 


harvest (Timmons 2000: 43). 


 


The LIBSA Annual Report (2008) indicates that ongoing training and development is essential 


for business growth. The view that managers can be developed and are not born as such also 


adds to the value of regular training and development programmes for small business 


entrepreneurs. Capacity building activities given to small businesses include the following: 


(a) Business skills training 


This entails programmes that are geared towards certain businesses that display management 


gaps in their day-to-day operations. Several training programmes are to such enterprises to 


ensure improved capacity 


 


(b) Learnerships 


These are internships established according to the Skills Development Act 97 of 1998 where 


graduates and school leavers are given opportunities to undergo practical training through being 


placed with “Host Employers”. These employers assist the programme by giving learners 


practical exposure. 


(c) Exposure trips 


Networking is a popular term in the business world. In simple terms, networking involves 


keeping in touch with people in your community and your field of business. It is all about 
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building your business through ongoing communications. Professional isolation can be a 


problem for small business. 


Exposure trips are trips organised for small business owners to view their counterparts at other 


corners of the world. These type of trips will include visits by different enterprises to other 


businesses that provide more or less the same products and services and participation in seminars 


and conferences (LIBSA, 2005/6: 7). 


(d) Management of staff 


In a small business, every member of staff is in contact with customers. The quality of the 


contact determines how customers view the business. It is thus essential for small business 


owners to take serious consideration of contact with customers.  A small business support service 


is thus not complete until the issue of staff management is given priority. 


(e) Mentorship and aftercare programmes 


The ABSA website indicates that small business entrepreneurs who enrol for the mentorship and 


aftercare programmes will be introduced to the accredited ABSA mentoring services. As part of 


the initial relationship contract with ABSA, the mentoring services can provide guidance 


throughout the various stages of the businesses growth. Mentorship programs are designed to 


provide guidance and skills transfer to SME entrepreneurs in a supportive and developing 


environment. This is achieved through: 


 Skills transfer 


 Sourcing the required information 


 Completing the application for business finance for the bank 


 A supportive and developing environment 


 ABSA offers SME's the service of accredited business crisis managers. 


 


The team is able to address and provide solutions for managing crisis situations within a 


business. The cost of this service is related to the complexity of the situation. Upon funding, 


monthly visits are carried out by the appointed New Enterprise Banker or Mentor who will 
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monitor the progress of the business against the business plan and provide guidance where 


necessary. 


ABSA on their mentorship programme ensures that businesses under their programme and 


services are given the necessary advice and support that they require for their development.  This 


is a very important programme whereby the bank assists in the development of the economy of 


South Africa (ABSA .2011: 1) 


 


(f) Market linkages 


Market linkage activities will, among others, include the following to enhance markets for 


small businesses 


 Financing the compilation of marketing collaterals 


 Market research 


 Participation in shows and exhibitions 


 Marketing skills development (ABSA .2011: 1) 


 


(g) Provision of infrastructure 


The provision of physical infrastructure includes, but is not limited to the following: 


 Manufacturing sites and plants 


Small businesses could be provided with sites on which they could operate or be given 


manufacturing space or plants at a nominal fee. Limpopo Economic Development 


Corporation (LimDev) has sites to rent to businesses. 


 Office space 


To enable them to operate effectively, small businesses could be given an opportunity to 


operate in an “ideal” office for proper management of their businesses. 


 Equipment, machinery and furniture 
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Availability of the production and office equipment is essential for proper functioning 


and productivity of any business. The provision of such for use by small businesses will 


ensure their sustainability. 


 Transport facilities 


The provision of reliable transport facilities and infrastructure will assist in both the 


production and marketing processes for small businesses (ABSA, .2011: 2) 


 


2.7.  Summary 


This chapter has provided a theoretical review within which the research is based. It also 


examined the different support programmes that are in place such as capacity building 


programmes that assist municipalities in effective implementation of agricultural businesses 


strategy, highlighted different provisions of legislation adopted by government in order to 


improve small businesses and their growth in South Africa. It explained SMMEs and agricultural 


businesses within that context as well as challenges faced by SMMEs in general and agricultural 


businesses in particular. Chapter three will outline the selected research design, data collection 


procedures, and data analysis.  







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


50 
 


CHAPTER THREE   


RESEARCH METHODOLOGY 


 


3.1.   Introduction 


The previous chapter provided a literature review on which the research will be based. It has 


defined agricultural businesses, given a historical background of agricultural businesses, and 


highlighted different support services and programmes that the government has come up with in 


order to support growth in small businesses in South Africa. It has also outlined the relevant 


policies and legislation in relation to the promotion of small businesses and capacity programmes 


aimed at enhancing business performance. 


This chapter will present the methodology used to collect data for this study. Methodology is the 


theory of how research should be undertaken. According to Babbie and Mouton (2001:104), 


methods are techniques sufficiently general to be common to all sciences or to a significant part 


of them. Thus, methods include such procedures as forming part concepts and hypotheses, 


making observations and measurements, performing experiments, building models and theories, 


providing explanations, and making predictions. The aim of the methodology, then, is to describe 


and analyze these methods, throwing light on their limitations and resources, clarifying their 


presuppositions and consequences. Chapter three will outline the selected research design, data 


collection procedures and data analysis. 


 


3.2. Research design 


A research design can be defined as a plan according to which we obtain research participants 


(subjects) and collect information from them (Welman, Kruger and Michell, 2005:52). In the 


research design, therefore we have to specify the number of groups that should be used and 


whether the groups are to be drawn randomly from the population involved and whether they 


should be assigned randomly to groups.   
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Babbie and Mouton (2001:104) define research design as a plan that will assist the researcher to 


conduct the research in order to solve the research problem. Research methodology refers to the 


methods, techniques, and procedures that are employed in the process of implementing the 


research design or research plan. It can be defined as the study of the logic underlying the 


implementation of the scientific approach to the study of reality.  


 


According to Gerber and Alberts (1984:11), the objectives of an investigation, the available 


funds and time, the type of measuring instruments used for data collection and the extent and 


nature of the sample will largely determine the research design. This study is a survey that will 


be descriptive in nature. Data will mostly be quantitative. 


 


Quantitative research is a form of conclusive research involving large representative samples and 


fairly structured data collection procedures. Quantitative research tends to measure constructs 


through the use of questionnaires and / or some form of structured observation. The effectiveness 


of agricultural businesses strategy in improving the economic growth within the Aganang 


municipality will be measured through a quantitative method; the questionnaire as research 


instrument will be used in this study. 


 


3.3.  Target population 


Welman et al. (2005: 52) define a population as the study object and it consists of individuals, 


groups, organisations, human products and events, or conditions to which they are exposed. A 


research problem relates to a specific population and the population encompasses the total 


collection of all units of analysis about which the researcher wishes to make specific 


conclusions. The population for this research includes all the owners / managers of  agricultural 


businesses (farmers) in crop, poultry production (both broilers and egg layers) and red meat 


production (goat and cattle). It also includes the Department of Agriculture’s extension officers 
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and local economic development (LED) officials within the Aganang municipality. The 


extension officers are officials employed by the Department of Agriculture to provide technical 


support to agricultural businesses in the province. Each municipality has an office where they 


operate from. Local economic development (LED) officers are officials employed by Aganang 


municipality to coordinate and regulate local economic development of the municipality. The 


officers are included in the population to add a professional feel to the responses. They all deal 


with agricultural businesses on a daily basis and will have a general perspective of their 


successes and failures. Business owners may not be able to give a holistic view of the challenges 


they face. The total population is illustrated in table 2.1. underneath. The total size of the 


population is forty (40), thirty two (32) agricultural business owners and eight (8) officials. 


 


Table 3.1: The total population for the research 


Agricultural businesses Officials 


Category Number of businesses Designation Number of positions 


Crop 11 LED officers 2 


Poultry 10 Senior LED officer 1 


Cattle 8 Extension officers 4 


Goat 3 LIBSA development officer 1 


Totals 32  8 


 


 3.4. Selection of the sample  


According to Welman et al. (2005:55), sampling is “the process of selecting a sufficient number 


of elements from the population, so that a study of the sample and an understanding of its 


properties or characteristics would make it possible for us to generalize such properties or 


characteristics to the population elements”. The total population will be surveyed for this study. 


Thus the total sample consists of subjects from three categories of farmers: crop farmers; poultry 


farmers and red meat farmers.  
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The total number is forty (40), consisting of thirty two (32) business owners / managers  and 


eight (8) officers. A general census of all these agricultural businesses within Aganang 


municipality as registered in the municipal LED database is considered for the research. 


 


Bless and Higson-Smith (1995:89) state that the first means of ensuring a representative sample 


is the use of a complete and correct sampling frame, which is the list of all units from which the 


sample is to be drawn. The advantage of the census method is that it is representative of the 


population in the sense that it does not favour one unit of analysis over another. Representativity 


of the targeted population will thus be ensured. Data will be collected using researcher 


administered questionnaires, and analysed using descriptive methods, i.e. tables, graphs, and 


statistical methods. 


 


3.5.  Research instrument 


In this research, a questionnaire will be used as an instrument for data collection. De Vos 


(1998:152) defines a questionnaire as a set of questions in a form to be completed by respondents 


in respect of a research project.  


Dessler (in Leedy, 2005) indicates the following in terms of using a questionnaire as a method of 


collecting data: 


 It is a quick and efficient way to obtain information from a large number of individuals; 


 It is less costly than interviewing a vast number of people, and 


 Questionnaires secure participants’ anonymity. 


 


The aim of this instrument is to measure the perceptions of farmers, municipality LED officers 


and the Department of Agriculture’s extension officers about the situation of agricultural 


businesses within the Aganang municipality (Leedy,  2005:15). 
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Two different questionnaires were distributed to the two categories in the population, one for the 


officials and the other for business owners / managers. Both questionnaires comprised of four 


sections. The first section (section A) of the questionnaire requested biographical data from the 


respondents, the second section (section B) of the questionnaire, using Likert-type five point 


scales, focused on the factors contributing to business performance, the third section (section C) 


dealt with the respondents’ views about the Aganang LED strategy and the fourth and final 


section (section D) focused on the economic status and their experience regarding the practice of 


the agricultural businesses as a strategy used to improve economic growth and development in 


the municipality (see annexure A and B attached). 


The questionnaires consist of items that test whether subsistence farmers are aware of 


agricultural businesses opportunities, whether they have the capacity to engage in the program, 


whether the municipality has programmes in place to capacitate them to effectively participate in 


the programme and on how best the programme can be implemented to increase the economic 


growth. 


 


3.6.   Pilot study 


The pilot survey was conducted to test the questionnaire empirically. A total sample of six (6) 


respondents consisting of four (4) farmers, one from each category of farming, one (1) LED 


officer and one (1) Department of Agriculture’s extension officer completed the questionnaire. 


They were requested to indicate whether they understand the questionnaire’s instructions, the 


meaning of the questions, and the meaning of any words in the questionnaire. Their comments 


and suggestions were then incorporated into the final questionnaire.  


 


3.7.  Method of data collection 


At first, a letter asking for permission was drafted and hand delivered to the Aganang 


municipality management. The researcher then started collecting data from officers and farmers 
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after receiving permission. The three categories of farmers identified for the purpose of this 


study are: crop farmers; poultry farmers and red meat farmers who participated in the research 


project, Department of Agriculture’s extension officers and the LED staff. 


 


Prior to collection of data, the respondents received a letter that explained the nature of the study, 


and an indemnification clause assuring respondents of the confidentiality of any information they 


provided as well as a sample questionnaire. Respondents were also provided with detailed 


information of what the study entails as well as instructions as to how the questionnaires would 


be administered, completed and returned. The rationale behind providing clear instructions and 


assuring confidentiality of information was based on the fact that this significantly reduces the 


likelihood of obtaining biased responses and obtaining informed consent (Serekan, 1992:109). 


 


3.7.1. Administration of questionnaires 


Thirty two (32) questionnaires were distributed to the three categories of agricultural businesses 


and eight (8) to LED officers and Department of Agriculture’s extension officers. The researcher 


hand-delivered them to the respondents. The questionnaires were administered by the researcher 


to ensure the explanation of each question (questions to be asked in English and Sepedi 


depending on the literacy levels of respondents), clarity seeking and correct response by 


respondents. 


 


3.7.2. Collection of questionnaires 


Appointments were made and questionnaires distributed to the respondents two days prior to 


administration. The researcher completed the questionnaire as respondents answered the 


questions as per the questionnaires presented. Completed questionnaires were discussed with the 


respondents to insure mutual understanding and respect. The entire process of distribution and 


collection and analysis took two weeks, after the approval from the municipality to engage the 


staff and collect data was granted. 
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3.8.  Data analysis 


Data collected by means of structured questionnaires was analysed using the Statistical Package 


for Social Sciences (SPSS).  Excel was also used to augment data analysis. The data analysed 


include descriptive and inferential statistics. Serekan (in Leedy, 2005) asserts that inferential 


statistics allows the researcher to infer from the data through analysing the relationship between 


two variables; differences in a variable among different subgroups and how several independent 


variables might explain the variance in a dependent variable. 


Descriptive statistics in the form of arithmetic means, mode, kurtosis, median and standard 


deviations were computed for the various dimensions of the questionnaire. In the end the 


researcher was able to produce charts and tables from which summaries were drawn. In addition, 


the findings of the open ended questions of the questionnaires were matched against data 


collected in a quantitative manner, coded and common themes looked at. 


 


3.9.  Methods to ensure validity and reliability 


The researcher obtained data from questionnaires that were personally hand-delivered and 


collected without positive identification to ensure anonymity of respondents to all sampled 


respondents. Bless and Higson-Smith (1995:130) state that reliability is concerned with the 


consistency of the measure and contend that an instrument which produces accurate scores every 


time it is used to measure an unchanging value, has high reliability. A pilot study was also 


conducted in an attempt to ensure that the study measures what it intends to measure. 


Concerning validity of the content, De Vos (2002:167) states that it is concerned with the 


representativity or sampling of the content of the instrument. Therefore, the items on the 


questionnaire come from the literature overview. 


 


 







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


57 
 


3.10. Limitations of the study 


According to Serekan (1992), in the management and behavioural areas, it is not always possible 


to conduct investigations that are 100 percent scientific. He asserts that we are likely to 


encounter problems in the measurement and collection of data in the subjective areas of feelings, 


emotions, attitudes and perception. The other problem that he identified was that, we might also 


encounter difficulties in obtaining a representative sample, which would restrict generalization of 


the findings.  


The following limitations are anticipated in this study: 


 Since the study primarily focused on the experiences and perceptions of human beings, 


this poses a threat of bias and giving responses that the subjects think are expected of 


them. 


 The study was conducted in only one municipal area, which means that the results cannot 


be generalised to other areas. 


 


 


3.11. Summary 


This chapter presented the methodology that was used in the collection and analysis of data in 


order to arrive at the conclusions. It outlined the manner in which the sample for the study was 


derived and the population from which the sample was drawn. It also indicated the way in which 


data was collected and the questionnaire used for the collection of data. 


 


The next chapter will indicate the analysis and interpretation of the data collected for the study. 


The analysed data will be presented in the form of tables, graphs and charts. 
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CHAPTER 4   


 RESULTS  


 


4.1. Introduction 


In this chapter the data collected on agricultural businesses in Aganang local municipality will be 


presented. The chapter will indicate the status of agricultural businesses in the Aganang local 


municipality that are involved in crop, poultry, goat and cattle production and registered on the 


municipal database of businesses. The chapter will also check whether these agricultural 


businesses are aware of government initiatives available to support and improve them. The study 


will also find out whether these agricultural businesses are using those available initiatives to 


their advantage or not and if not why they are not using them. Data were analysed using the 


Statistical Package for Social Sciences and presented in frequency tables. There are also a few 


themes derived from the few open-ended questions in the questionnaire. 


 


4.2. Results from the current study 


4.2.1 Demographic information 


During the current study thirty two (32) agricultural businesses as listed on the Aganang 


municipality local economic development (LED) database were involved. The 32 businesses 


who were identified were all approached to participate in the study, i.e. a census was taken. 


However, only 30 agricultural businesses responded to the questionnaires. The two outstanding 


were not at their farms when the researcher visited them for the completion of the questionnaire. 


A response rate of 94% was thus recorded. 
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(a)  Study area 


There are four tribal offices in the Aganang municipality. Of the businesses who responded, 40% 


reside in the Matlala area, 27% in the Mashashane and 20% and 13% respectively in the Moletši 


and Maraba areas. An indication that people in the Matlala area take advantage of the land 


available for them to exercise agricultural activities while those at Maraba are at a disadvantage 


as a result of lack of arable land. All land available is used for residential and other uses and only 


a small portion for agriculture. 


 


(b)  Position of respondents 


The following table and figure indicate the position of the respondents (who participated in the 


study) in the businesses. 


 


Table 4.1:  Respondents according to their position in the business 


 


Position Frequency Percentage 


Chairperson 7 23% 


Director 4 13% 


Owner 18 60% 


Worker (employee) 1 3% 


Total 30 100% 
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Figure 4.1.  Representation of respondents according to position in the business 


 


Table 4.1 above indicates that 60% of the respondents are the owners of the business. This may 


be an indication that agricultural business owners will prefer to deal with outsiders than appoint a 


spokesperson to deal with them. Perhaps most of these respondents prefer to be hands-on in the 


day-to-day running of their businesses or there may be an element of mistrust among business 


owners. 


 


(c ) Gender 


The following table 4.2 indicates the gender of the respondents in the current study.  
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Table 4.2:  Respondents according to their Gender 


 


 Frequency Percentage 


Female  18 60% 


Male   12 40% 


Total 30 100% 


 


 


 


 


Figure 4.2: Representation of respondents according to their gender 


 


Table 4.2 above indicates that 60% of the respondents are female while only 40% of the 


respondents are male. An indication that although agriculture is a tough activity that often means 


long hours of work, women in Aganang municipality find themselves having to be in the sector 


perhaps for the sake of putting food on the table. This can also be due to the fact that the 


Department of Agriculture annually runs programmes and competitions to encourage women 


participation in the sector. The respondents indicated that males are not taking advantage of the 
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support services available for business development and promotion programmes and prefer to 


loafer at home if unemployed while women will always find a way out. 


 


(d) Age 


The following table 4.3 indicates the age group of respondents in the study.  


 


Table 4.3:  The age group of respondents 


 Age range Number of respondents Percentage 


Youths  18 -35 4 13% 


Adults 36 - 60 11 37% 


Pensioners  61+ 15 50% 


Total   30 100% 


 


  


 


Figure  4.3.  Respondents according to age 
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Table 4.3 indicates that only 13% of the respondents are youths and 37% are adults while 50% 


are pensioners. An indication that the majority of agricultural businesses in Aganang local 


municipally are operated by pensioners who are above 60 years followed by adults between 36 to 


60 years of age. Youth are in small percentage as agriculture is viewed as an activity for older 


persons while youth seek employment elsewhere. Pensioners often use their time to participate in 


agricultural activities, to keep themselves busy and to supplement their pension incomes. 


 


(e) Educational qualifications 


Table 4.4 indicates the results obtained from the respondents concerning their educational 


qualifications.  


 


Table 4.4:  Presentation of the respondents according to their educational 


qualification 


Level of Education Frequency  Percentage  


Below Matric 5 17% 


Matric 12 40% 


Certificate 7 23% 


Diploma 4 13% 


Degree 2 7% 


Total  30 100% 


 


 







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


64 
 


 


 


Figure 4.4: Respondents according to their educational qualification 


 


Table 4.4 indicates that a large percentage of respondents (57%) have only matriculation 


certificate and lower. The worrying factor is that 17% of the respondents have no matriculation, 


which may mean low educational level and thus a higher possibility of not understanding 


policies relating to agricultural businesses as well as how financial institutions and government 


bodies operate. 


 


(f) Type of business 


The following table indicates the type of businesses that respondents are in. 


Table 4.5. Analysis of respondents according to type of business 


Type of business Frequency Percentage 


Sole Proprietor 7 20% 
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Total 30 100% 
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The research indicates that a considerable number (70%) of agricultural businesses in Aganang 


municipality who responded to the questionnaire are cooperatives, an indication that groups are 


preferred as a means to advance business activities. This might be highly influenced by the 


government initiatives to boost economic growth through cooperative initiatives and financial 


and other support systems available for cooperatives.  


 


(g) Agricultural sector 


The following table 4.6 indicates the agricultural sector the respondents were involved in. 


 


Table 4.6: Respondents according Types of Businesses they are involved in 


 


Business Sector Frequency Percentage  


Crop 9 30% 


Poultry 10 33% 


Cattle 8 27% 


Goat 3 10% 


Total 30 100% 
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Figure 4.5: Respondents according types of businesses they are involved in 


 


The above figure 4.5 indicates that 33% of the respondents are involved in poultry projects, 30% 


in crop production, and 27% in cattle farming while only 3% do goat farming. However, 


according to the agricultural extension officers’ responses, the climate and the type of soil is 


conducive to goat and cattle farming. As a result they felt that farmers should be encouraged to 


farm in goats and / or cattle as there is grazing available for communal use. 


 


4.2.3 Reasons for starting a business 


The table 4.7 and figure 4.7 that follow show different reasons cited by the respondents for 


starting an agricultural business. It must be clarified that most respondents could identify at least 


two reasons for starting the business. 
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Table 4.7: Reasons for Starting the Businesses 


 


Reason Percentage 


Was unemployed 70% 


Was retrenched 56% 


Was interested in agriculture 24% 


Had prior experience in agriculture 16% 


  


 


 


 


Figure 4.6: Reasons for starting a business 


 


About 70% of the respondents indicated that they started their agricultural business mainly 


because they were unemployed and 56% cited the reason of being retrenched. This means 


basically that the majority started their agricultural businesses because they were not employed. 


Only 10% of the respondents had prior experience in agriculture before they established their 


agricultural businesses. Few (only 24%) respondents indicated they had interest in agriculture. 
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Respondents started their businesses based on reasons such as, being retrenched from whatever 


work someone was doing does not mean that the person will be a good business person.  


 


4.2.4 Training received before starting an agricultural business 


The following table illustrates the training received by respondents before starting their 


businesses, institutions involved and the skills programmes received. 


Table 4.8. Training received by respondents 


TYPE OF SKILL LIBSA 


(%) 


SEDA 


(%) 


SETAs 


(%) 


Dept of Agric 


 (%) 


Dept of Labour 


(%) 


Business Management 63 56 0 18 57 


Bookkeeping 60 35 0 26 46 


Crop production 0 12 25 65 28 


Stock farming 0 0 5 46 0 


Poultry management 0 0 38 68 0 


 


 


Figure 4.7: Training received by respondents. 
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About 70% of the respondents indicated that they received training before embarking on their 


journey as business owners or co-operators. About 67% of the training was on poultry 


management and was offered by the Department of Agriculture. 


 


The study reveals that the Sectoral Education and Training Authorities (SETAs) have not been 


offering sufficient training within the Aganang municipality. The Department of Agriculture 


extension officers have revealed that at some stage they had to appoint service providers to offer 


training programmes that could have been offered by the SETAs. 


 


Respondents indicated that the training programmes received have assisted them with the much 


needed skills to be able to run their businesses. However, they indicated that more training 


should be offered on bookkeeping skills as they still are unable to keep proper business books. 


 


4.2.5 Keeping financial records 


Table 4.9: Number of respondents who keep financial records 


Financial Records Frequency Percentage 


No financial records 4 13% 


Adequately 17 57% 


Unaudited financial statements 8 27% 


Audited financial statements 1 3% 


TOTALS 30 100 
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Figure 4.8: Number of respondents who keep financial records 


  


Only  3% of the respondents explained that they keep  audited financial statements. The majority 


of the respondents keep some record although it is not professionally done and audited financial 


statements. 13% indicated they do not keep any form of financial records, an indication that they 


have no way of monitoring whether they are operating at a profit or loss.  Financial statements 


are also needed by institutions that offer financial assistance to businesses. The only agricultural 


business that had their financial statements audited obtained a disclaimer, a proof that financial 


records were not kept according to the generally accepted accounting practices (GAAP). 


Corporate governance issues are not performed according to the King II Report and its 


recommendations. These agricultural businesses cannot keep abreast with the market factors. 


Changes in market factors cannot be regulated or observed. 
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The table below indicates how respondents market their products.  
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Table 4.10: Analysis of methods used by respondents to market their products  


Method Frequency  Percentage 


Pamphlets 2 7% 


Word of Mouth 6 20% 


Door to Door 8 27% 


Radio and / or television    0 0% 


Business cards 3 10% 


Bill boards  10 33% 


Newspapers and magazines 1 3% 


Total 30 100 % 


 


 


 


Figure 4. 9: Analysis of methods of marketing products used by respondents 
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indicated they sell from door to door and word of mouth respectively. This will limit their access 


to markets. 


 


4.2.7 Transporting goods to the market 


The following table indicates how respondents transport their products to their markets. 


Table 4. 11:  Transporting produce / goods to the market 


Mode of transport Frequency Percentage 


Own transport 3 10% 


Hired transport 9 30% 


No transport needed 13 43% 


Public transport 5 17% 


Total 30 100% 


 


 


 


 


Figure 4.10: Transporting produce / goods to the market 
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The above figure illustrates that about 30% of respondents hire transport to transport their goods 


to the market. This further increases their cost of production. About 43% of the respondents 


indicated that they do not need any transport to convey their goods to the market, while only 


10% use their own transport. 


 


4.2.8 Business planning 


About 80% of the respondents indicated that they have a business plan to run their businesses. 


They further indicated they were assisted by business development officers and agricultural 


extension officers to draft their own business plans. Their business plans, however, do not have 


any financial projections and are thus only an indication of what they wish to do or where they 


want to go as a business. 


 


4.2.9 Awareness of the Aganang Local Economic Development (LED) Strategy and 


Integrated Development Planning (IDP) Process 


 


About 73% of the respondents indicated that they have knowledge of the existence of the 


Aganang municipality LED and IDP strategies and plans. 40 % of those, however, indicated that 


the strategies and plans are not understandable and not inclusive to the residents of the 


municipality. About 83% of the respondents indicated that although they are invited to the 


planning processes, they do not participate in both the LED and IDP processes as they are not 


relevant to their sector. 


 


The resources and emphasis applied by the municipality in the development of agricultural 


businesses are considered by 80% of the respondents as not reflecting the true potential of the 


sector. It further appeared that the role of agricultural businesses is underrated from a number of 


perspectives. This is in terms of the potential economic value and in terms of the fulfilment of 


the objective of the municipality and the national government to improve the quality of life of all 


its citizens by creating economic activity and employment. 
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According to the current study, there appears to be a perception that the value to be added to the 


municipality by the agricultural businesses seems not to be seen or appreciated by various 


constituents in the municipality. This perception results in a lower priority being given to 


agricultural business issues in addition to inadequate resources applied to the development and 


growth of this sector. Lack of coordination and interaction of the various agricultural business 


related activities in the municipality is one of the perceived critical barriers limiting the 


development of agricultural businesses. 


 


According to the respondents in this study the municipality does not coordinate and mobilise the 


public about the value of the agricultural businesses and as a result, the agricultural sector is 


viewed as the employer of last choice by the youth and entrants to the job market. In addition, 


the economic value of agricultural businesses is not well understood. Many of the potential 


entrants to the sector are turned away because of its negative image. This will also restrict a 


number of people engaged in this sector and reduce the number of high calibre innovative people 


that want to join this sector.  


 


4.2.10 Number of employees 


The following table 4.12 indicates the results obtained from the respondents concerning the 


number of employees employed by the agricultural businesses during the data collection process 


of the study. 
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Table 4.12: Number of employees per agricultural businesses 


Number of employees Frequency Percentage                                          


Less than 5 2 7% 


5 – 10 18 60% 


11 -16 1 3% 


17 – 22 6 20% 


Above 22 3 10% 


TOTAL 30 100% 


 


 


 


Figure 4.11: Number of Employees per Agricultural Businesses. 
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responses indicated that about 75% of the 67% do not have any permanent employees but only 


appoint some when they acquire a service to render on an ad-hoc basis. According to this study 


33% of the respondents are classified as small enterprises on the basis that they have 11 to 50 


employees on their payroll every month. According to the respondents there are no businesses 


that can be classified as medium-sized enterprises or commercial agricultural businesses within 


Aganang municipality. 


 


This is an indication that agricultural businesses in Aganang show very little potential for growth 


as the majority of them have few employees on their monthly payroll. In addition, agricultural 


businesses in Aganang do not contribute much to development and economic growth as they 


have very few people in their employ. The study further suggests that, the growth of agricultural 


businesses is very slow. When agricultural businesses are not growing they create fewer 


opportunities for new agricultural businesses to enter the market. This potentially results in fewer 


individuals being able to participate in the sector and a greater chance of these individuals being 


unemployed and thus impoverished. 


 


4.2.11 Annual turnover 


The following table 4.13 indicates the results obtained from the respondents concerning the 


annual turnover of their agricultural businesses.  


Table 4.13:  Analysis of the Respondents on their Annual Turnover 


 


Annual Turnover Frequency  Percentage 


Below R5.000 1 3% 


R5.001 – R20.000 5 17% 


R20.001  - R40.000 7 23% 
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R40.001 – R60.000 14 47% 


Above R60.000 3 10% 


Total 30 100% 


 


 


 


Figure 4.12: Analysis of the respondents on their annual turnover 


 


The above table 4.13 and figure 4.12 indicate that 90% of respondents are still micro and 


survivalist as they record an annual turnover of less than R60.000. As a result of the small annual 


turnover agricultural businesses are not able to contribute much towards the economic growth. 


Only 10% of the respondents indicated their turnover to be more than R60.000 and therefore are 


regarded as medium enterprises. This may be an indication that agricultural businesses in 


Aganang are not farming commercially, but keep their businesses as a form of survival. 


 


0


5


10


15


20


25


30


35


40


45


50


Below
R5000 R5001 -


R20 000 R20001 -
R40 000 R40 001 -


R60 000 Above R60
000


Frequencies


Percentages







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


78 
 


4.2.12 Business funding 


About 90% of the respondents revealed that they have never received any financial assistance 


from any financial institution. The concern raised was that access to finance is one of the largest 


barriers for entry to SMMEs and to these agricultural businesses. The key reasons identified by 


the respondents were the following.  


 Limited or no collateral or assets  


 Unrealistic cash flows 


 High cost of finance charges. 


 Poor credit rating 


 Lack of track record. 


 Poor perception of the SMME market by funding institutions 


 The unavailability of financial information  


 


The restriction of access to finances is a primary barrier to entry for the establishment and 


growth of SMMEs. This barrier also stops people from seeking employment in this sector 


leading to limited access to this sector. Engagement of the micro-finance industry in the various 


SMME initiatives appears to be low to non-existent.  


 


4.2.13 Awareness of Government Support Programmes 


The study revealed that although more than 75% of the respondents are knowledgeable about 


available government programmes, 60% do not participate in such programmes as according to 


them they are often not easily accessible, not relevant to the sector, and are thus not viewed as 


useful to their survival. They view such initiatives as a waste of time and resources and would 


prefer support from experts in the field to enhance their performance and to sustain their 


businesses. 
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4.2.14 Training received while operational 


About 63% of the respondents indicated that they did not receive any training since they started 


operating their businesses, and there is dire need for the following skills to ensure proper 


management of their business. 


 


(a) Financial and bookkeeping skills 


Around 90% of the respondents indicated that they are not in possession of any skill in terms of 


financial management and bookkeeping. They do not have the expertise to run their day to day 


finances. As a result, they cannot come up with financial records which can motivate the 


financial institutions to offer them assistance. The 10% who indicated that they do have 


bookkeepers with some skill to keep their financial records and balance their books also 


indicated that they never managed to secure a loan from financial institutions for their businesses 


due to their credit ratings. According to this study, most of the agricultural businesses lack skill 


to manage the day to day operations of their businesses. They especially lack financial skills to 


run the finances of their businesses. Poor management practices like poor stock control, cash 


flow budgeting, and buying habits contribute to unsustainable business practices. A common 


trend noted is the inability of agricultural businesses to properly understand finances and cash 


flows which often results in the agricultural businesses overestimating or underestimating the 


funds required from funding institutions or even to run their businesses on a day-to-day basis. 


 


(b) Business management skills 


About 60% of the respondents indicated that they lack business management skills. It was 


evident that they are not able to draw up their production plan in a way that they can make an 


inventory control and be able to draw their bill of quantity which will assist them in making 


estimates for their budget needs. Business management skills are regarded as the point of 


departure for any business to survive. The issue of them not being able to manage their 
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businesses properly further complicates their ability to present themselves to potential clients as 


well as potential creditors / investors.  


 


(c) Marketing management skills 


About 80% of the respondents revealed that they do not have any marketing expertise and that 


they are not able to identify markets available for their own products. They do not advertise or 


promote their own products and mostly rely on word of mouth. As they do not have some skill 


they are not able to brand their products to be unique from those of the competitors. They also 


cannot do market research to see which markets need their services. 


 


(d) Crop production, stock farming and poultry management skills 


Respondents indicated that although they are in crop production, stock farming and poultry 


management they are not confident in running their farms efficiently as they still need to rely on 


Department of Agricultural extension officers to identify challenges with their crops and how to 


combat diseases. Agricultural business in cattle and poultry farmers also emphasised the point 


that they keep their stock as a result of lack of sufficient market for their produce. 


  


4.2.15 Awareness of services offered by government institutions and participation in the 


programmes 


 


According to the current study, 70% of the agricultural businesses are not aware of policies and 


regulations regulating the promotion of agricultural businesses. The 30% who are aware of the 


policies are not able to utilise them as they have a problem of understanding them as they say 


that they are written in a language they struggle to understand. They also reported that they do 


not know of any formal structure that can help them to understand those policies. About 80% of 


the respondents also stated that tendering documents are also written in English, which they have 
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difficulty understanding. This may be linked with the number of respondents in the study who 


have no Matric. It makes it difficult for them to complete forms and they end up being compelled 


to hire professionals or others who are too expensive to assist them. 


 


According to this study, it is quite evident that while extensive National, Provincial and Local 


Government policies for SMME development and support exist, their level of implementation 


and thus utilisation is still a problem. The sample / respondents interviewed for the current study 


showed that the agricultural sector participants are not aware of and / or cannot utilise these 


policies. The benefit of having a thriving sector which includes job creation and economic 


development will not be achieved if the implementation of policy related to agricultural 


businesses are not defined or acted upon effectively. The officers interviewed from the 


government department indicated that the ignorance is on the part of the agricultural businesses 


themselves as the government departments are doing everything possible to make them (the 


policies) accessible. 


 


From the current study, ensuring compliance to various laws and regulations such as taxation is 


an extremely lengthy, unclear and onerous task for these emerging agricultural businesses. 


Although they do not understand these laws and regulations non compliance to laws and 


regulations will result in punitive measures being placed on them. This punishment will 


negatively affect their business operations and ultimately affect their sustainability. 


 


The government must facilitate joint action by key stakeholders in the delivery of financial and 


business development services and review policies and laws to ensure that they are responsive to 


agricultural business experiences, making compliance easier and more beneficial for agricultural 


businesses. 
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4.2.16 Contribution of agricultural businesses to economic development 


 
The study reveals that the turnover for the agricultural businesses that were included in the 


current study in Aganang is too low. Only 10% of the respondents indicated a turnover of 


R60.000 and more. This is an indication that agricultural businesses in Aganang do not 


contribute much to the Gross Domestic Product (GDP) and economic growth of the municipality.  


 


It was indicated that agricultural business contributes largely towards growth in economies. This 


is evident from the study undertaken by the Havard business school (King et al. 2010:554). 


According to Adams and Periton (2007:220), in its strictest sense, economic growth is taken to 


mean the growth of productive potential for the economy. However, the usual definition of 


economic growth is an increase in real Goss National Product (GNP).   


 


The study revealed that more than 90% of respondents have annual turnovers of less than 


R50.000, a clear indication that they are not yet competitive and will still depend on grants for 


survival. This also suggests that they contribute very little to the economy and poverty 


alleviation of the area. 


 


 


4.3 Summary of the results  


The chapter discussed the findings based on the current study. It is evident that the agricultural 


businesses in the Aganang local municipality are experiencing challenges of not being able to 


access finances from the financial institutions. The agricultural businesses in Aganang are not in 


possession of the necessary business management skills to run their daily business activities. 


They lack the financial management skills to be able to account for their financial records and to 


monitor cash flow and lack marketing skills. Despite the government initiatives to assist 


agricultural businesses in the country the agricultural businesses in Aganang still find it difficult 
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to access and utilise those services. These businesses unfortunately contribute very little to 


uplifting the local economy. 


The next chapter will make conclusions on the study and come up with recommendations to 


assist the agricultural businesses in the Aganang Local Municipality in order for them to be able 


to remain sustainable as well as to help more people who may be aspiring to enter the industry. 
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CHAPTER 5 


DISCUSSIONS, CONCLUSION AND RECOMMENDATIONS 


 


5.1. Introduction 


This chapter discusses the conclusions deduced from the results based on data collected in the 


current study. Recommendations for future research and further agricultural business 


development are also presented as well as limitations of the study. From the research findings 


one could deduct that agricultural businesses in Aganang Municipality in the Limpopo Province 


are not stable, sustainable or rather viable. There are no systems put in place to ensure that the 


agricultural businesses in the municipality continue to operate and remain stable. The 


government has come up with a number of initiatives to develop agricultural businesses globally 


but the problem stays with the ways of implementing those initiatives. The local government 


must play a critical role to ensure that the strategies aimed at SMME development and promotion 


are taken into consideration to realise the government’s goal of having sustainable agricultural 


businesses which contribute towards economic growth and create employment. 


 


5.2 Discussion of research findings  


5.2.1 Demographic information  


There are four tribal offices in the Aganang municipality.  Of the businesses who responded 40% 


reside in the Matlala area, 27% in the Mashashane and 20% and 13% respectively in the Moletši 


and Maraba area. An indication that people in the Matlala area take advantage of the land 


available for them to exercise agricultural activities while those at Maraba are at a disadvantage 


as a result of lack of arable land. All land available is used for residential and other uses and only 


a small portion for agriculture. 
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About 60% of the respondents are the owners of the businesses while only 3% (only 1) of the 


respondents are employees.  


 


The study revealed that 60% of the respondents are female while only 40% of the respondents 


are male. Another revelation is that only 13% of the respondents are youths and 37% are adults 


while 50% are pensioners. An indication that the majority of agricultural businesses in Aganang 


local municipally are pensioners who are above 60 years followed by adults between 36 to 60 


years of age. Youth are in small percentages as agriculture is viewed as an activity for older 


persons while youth seek employment elsewhere. Pensioners often use their time to participate in 


agricultural activities and to supplement their pensions. 


 


The study indicates that a large percentage of respondents (57%) only have a Matric certificate 


and lower. The worrying factor is that 17% of the respondents have no Matric, which may mean 


low educational level and thus a higher possibility of not understanding policies relating to 


agricultural businesses as well as how financial institutions and government bodies operate. This 


low literacy level, may result in low understanding of business management issues and low 


business acumen. 


 


The study indicates that 33% of the respondents are involved in poultry projects, 30% in crop 


production, 27% in cattle farming while only 3% do goat farming.  According to this study 33% 


of the respondents are classified as small enterprises on the basis that they have 11 to 50 


employees on their payroll every month. According to the respondents there are no businesses 


that can be classified as medium-sized enterprises or commercial agricultural businesses within 


Aganang municipality. This is an indication that agricultural businesses in Aganang show very 


little potential for growth as the majority of them have few employees on their monthly payroll. 


In addition, agricultural businesses in Aganang do not contribute much to development and 


economic growth as they have very few people in their employ. 
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The study revealed that 90% of respondents are still micro and survivalist as they record an 


annual turnover of less than R60.000. As a result of the small annual turnover agricultural 


businesses are not able to contribute much towards the economic growth. Only 10% of the 


respondents indicated their turnover to be more than R60.000 and therefore regarded as medium 


enterprises. This may be an indication that agricultural businesses in Aganang are not farming 


commercially, but keep their businesses as a form of survival. 


 


From the current study, the majority of people who engage in agricultural businesses are 


pensioners. It would be better to have more youth involved with the hope that they will grow 


with these businesses. 


 


5.2.2 Challenges faced by agricultural businesses 


According to Van Rensburg (2009: 34) in his study on the viability of the socio-economic 


sustainability of underdeveloped farmers in the Driefontein Area in the North-West Province, 


agricultural businesses encounter several challenges for development. The following were 


highlighted in the current study: 


 


(a) Farming systems  


The study revealed that agricultural businesses within Aganang municipality still lack the 


systems and procedures to ensure they develop into commercial farming enterprises. There are 


numerous definitions to describe the systems from the non-commercial environment. Names like 


subsistence farmers, small scale farmers, emerging farmers, resource poor farmers, developing 


farmers or communal farmers are still used. 


 


(b) Climatic conditions 


According to the Capricorn District LED strategy (2008:27), one of the challenges for economic 


growth of the agricultural sector in the area is unfavourable climatic conditions. Management of 


the environment and monitoring of climatic conditions is essential. The respondents in this study 
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also indicated that they are still challenged by not knowing how to cope with adverse climatic 


conditions. 


 


(c) Insufficient financial resources 


Van Rensburg (2009: 35) argued that small businesses are under‑capitalized. Many 


entrepreneurs tend to depend upon their own or their family’s savings to start and operate a 


business; this means of capitalization is limited. Thus, access to capital remains a challenge. 


Research on the role of capital in determining the success or failure of small businesses in Africa 


is contradictory and therefore remains unclear. Overall, most small businesses cannot meet the 


requirements for commercial loans because they lack any collateral, and those who meet the 


requirements still find them prohibitively expensive in terms of repayment terms (Van Rensburg 


(2009: 35). 


 


In the current study, a conclusion is made that the agricultural businesses in Aganang are not 


able to access finances from the financial institutions because of the lack of financial skills to 


draw up their budget. These skills would help them to indicate their cash flows, which would 


motivate the financial institutions to fund their businesses. They also have a problem of 


accessing finance due to the fact that they cannot draw up their business plans that are usually 


used when approaching financial institutions. The respondents also do not have a collateral when 


applying for finance. Those that have collaterals might find such finances expensive as identified 


by respondents in this study. Not having finance to run their own business also means that their 


chances of growing are much slimmer. The study revealed that agricultural businesses in 


Aganang municipality cannot access these financiers or even access their services. 


 


(d) Skills and expertise 


Van Rensburg (2009:46) indicated that one of the challenges is the fact that management skills 


of the farmers are low and therefore commercial production is unsustainable. Lack of skills is a 


common factor for all underdeveloped areas within the country. This can be attributed to the 


disparities of the past and the education system. Aganang agricultural businesses cannot, as a 
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result, be excluded from the challenges as mentioned above. Respondents in this study indicated 


that they have challenges with the following skills: 


 


 Financial and bookkeeping skills 


The present study indicated that the agricultural businesses in the Aganang municipality do not 


have the necessary skills to keep their books to an extent that they can have certified financial 


statements for their businesses. The government support services to provide the necessary skills 


are available but simply because of poor coordination from the government they are not able to 


access them. 


 Business management skills 


The agricultural businesses in Aganang local municipality lack the basic business management 


skills in that they are not able to draw their own business plans. They are not able to draw their 


own budget and as such it is difficult for them to approach assistance even if they are aware of it. 


They also do not keep permanent employees, something that may make it difficult for them to 


improve as they will need to train employees all the time. 


 Marketing management skills 


According to this study agricultural businesses in the municipality face a challenge of not being 


able to look out for markets for their own goods and services. They are not able to brand their 


products and as such being labelled as delivering goods and services of a poor quality. The 


stigma of delivering poor quality products tarnishes their image to an extent that they are not 


given tenders by the government. 


 


(e) Infrastructure 


According to 60% of the respondents, the Department of Agriculture in the province often 


provides farming infrastructure through the Capital Accumulation and Support Programme 


(CASP). This has been verified with the Department of Agriculture extension officers who 
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indicated that 75% of the agricultural businesses have been provided with financial support for 


fencing, warehouses, chicken and pack houses. However according to this study, 80% of the 


respondents complained about the difficulty and long procedure they undergo when acquiring 


land to establish their businesses. They further argued that there are no proper structures or 


forums responsible to facilitate their application to access land and infrastructure. 


 


5.2.3 Awareness of policies and regulations that support small business 


Policies and regulations are put in place by the government to create a conducive environment 


for agricultural businesses to function effectively. The local government has got three roles to 


play in order to implement the policies and strategies aimed at developing and promoting 


agricultural businesses in the country. The government must act as a regulator regarding the 


regulations for agricultural businesses and as a facilitator for the available strategies available for 


SMME development and promotion. The government must monitor the implementation of the 


initiatives initiated by them.  


 


According to this study policies and regulations are not well understood by the respondents. 


They perceive them as poorly administered and rather poorly coordinated which leaves 


agricultural businesses being frustrated and not having ways on how they can be assisted. The 


majority of agricultural businesses are not VAT registered and the only compliance is in taxation 


because in order for them to be able to register in the government databases they should have tax 


clearance certificates. 


 


According to the current study, the issue of policy co-ordination, which is policy creation and 


policy enforcement, do not appear to be working together. This problem creates ineffective 


implementation of laws, regulations and policies as agricultural businesses are not aware of 


them. For purposes of proper planning, implementation, reporting, monitoring and review of the 
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impact of the development programmes of Government, there is a definite need for up-to-date 


information on business activities, trends and progress made. 


 


5.2.4 Awareness of government support initiatives  


According to the Limpopo SMME Strategy (2006: 68), the Department of Economic 


Development Environment and Tourism in Limpopo Province has put in place institutions to 


provide programmes directly related to SMME development and promotion. These cater for both 


financial and non-financial resource requirements. 


 


In this study, 90% of the respondents indicated that they are not aware of opportunities available 


from government to promote and support them. It can then be concluded that the agricultural 


businesses in Aganang municipality are not aware of initiatives the government has initiated for 


SMME development. Those who are aware of the available initiatives are not able to access them 


and utilise them for their own advantage because of illiteracy. The fact that from the list of 


institutions listed in chapter four (4) of this study, it is only LIBSA that is known well by these 


respondents as it has branch offices within the municipal premises, made the respondents not to 


be aware or utilise government support programmes. 


 


5.2.5. Contribution to the local economy 


The result of the above study indicates very low annual turnover for most of the small 


agricultural businesses surveyed. In addition, they tend to employ very few people in their 


businesses. Most of those employees are on an ad hoc, part time basis. Thus, these businesses are 


mostly survivalists and contribute very little to poverty alleviation and the economy in their area. 
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5.3 Recommendations 


5.3.1. Involvement of the younger generation 


It is recommended that agriculture be emphasised as a school subject and that youth be 


encouraged to study the field up to a degree level. Those that studied agriculture should also be 


encouraged and supported to establish their own businesses and not leave the municipality in 


search of employment opportunities elsewhere. The local municipality should consider the 


implementation of an active learning and entrepreneurship skill development programme at 


secondary school level which will facilitate the generation of new business ideas. The creation of 


the learning youth programme at high schools could also facilitate this approach in the long term 


and will attempt to manage the problem at the entry point as opposed to the exit. The current 


institutions like technical colleges and universities curricula should be geared to develop 


individuals that would be able to operate in the agricultural SMME environment. 


 


5.3.2. Type of business  


According to agricultural extension officers, the climate and type of soil in the Aganang 


municipal area is conducive to goats. Furthermore, land is available for cattle grazing. Thus more 


farmers should be encouraged to engage in goat and / or cattle farming. 


 


5.3.3. Education and training  


The study reveals that Sectoral Education and Training Authorities (SETAs) have not been 


offering sufficient training within Aganang municipality. The Department of Agriculture 


extension officers have revealed that they have appointed service providers to offer training 


programmes that could have been offered by the SETAs.  


 


The LED unit should improve skill levels of agricultural businesses. This should be done through 


evaluating the existing skills development initiatives that can be provided by the municipality, 


sector departments and external organisations. This would involve that all the relevant 
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stakeholders that are engaged in this field be fully understood and well documented with their 


responsibilities with those of their agencies. A gap analysis has to be performed. The identified 


gaps should be addressed in terms of intervention strategies. The development of a detailed 


compliance monitoring program together with periodic compliance visits would allow for 


meaningful measurement of the levels of skills.  


 


Respondents indicated that the training programmes received have assisted them with the much 


needed skills to run their businesses.  However, they indicated that more training should be 


offered on bookkeeping skills as they still are unable to keep proper business books. Thus, either 


the respondents or the department, through the help of extension officers, should arrange training 


in: 


 Keeping financial records and bookkeeping skills. 


 Marketing of products as well as doing market research. 


 Business management skills, together with drawing up business plans. 


 


 


5.3.4. Entrepreneurial spirit 


From their profile an inference was made that agricultural businesses in Aganang are not 


entrepreneurial based on the characteristics of an entrepreneurship. They do not have the 


entrepreneurial skills, they do not take risks and they do not seem to be innovative. Initiatives 


should be taken to ensure that on making an application to register a business, applicants are 


guided on how to become an entrepreneur. Therefore, it is recommended that these subjects be 


encouraged to put up an office structure which has become one of the qualifications to become 


registered in the government departments’ databases. This will help them to enhance their image, 


especially in the eyes of their potential customers. There must be a better coordination of SMME 


activities to encourage women and youth to take advantage of the available opportunities for 


SMME development and promotion. 
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5.3.5. Innovation and creativity 


Agricultural businesses entering the market should be guided to look for innovation by 


evaluating their existing product and service offerings. They should be stimulated to grow via the 


use of incentives and awards which will popularise the existence of the SMME Desk and 


increase trade in other less traded sectors. Innovation, creativity as well as differentiating 


themselves should be emphasised to make them more attractive to potential customers. 


 


5.3.6. Policy coordination and support centre 


There should be proper coordination of the existing policies together with the benefits of policy 


implementation. Thus needs to be done by all stakeholders including departments which are 


engaged in the implementation of various policies and regulations for SMME operations and 


development. The coordination will assist agricultural businesses to meet regulatory 


requirements. Accountability for policy creation and implementation should reside with the LED 


unit. Compliance based tools should be developed to ensure that existing policies are adequately 


implemented. The monitoring role should be ongoing and could also form part of the internal 


audit process. The internal audit should come up with statistics with regard to non-compliance to 


laws and regulations by agricultural businesses. 


 


The LED unit should support businesses across the spectrum from survivalist to the well 


established agricultural businesses. Queries made to the unit should be tracked and monitored to 


ensure that effective follow up is executed. Urgent focus needs to be given to the better provision 


of support services to agricultural businesses in order to assist them to comply with various laws 


and regulations which should include: 


 Increasing the awareness of the available support structures and programs 


 Coordinating the activities of various organisations that are involved in 


agricultural business support to improve their effectiveness. 
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 Improving communication between various organisations involved in agricultural 


business support. Consideration should be given to engaging the various 


agricultural business stakeholders at a broad based forum. 


 


A well coordinated support centre would be the foundation in improving and increasing service 


delivery support to agricultural businesses. The municipality should also review the resource 


allocation to agricultural businesses. By reviewing the resource allocation the municipality will 


assist agricultural businesses in selling healthy products to the community and also create a 


healthy environment and positive image of agricultural businesses. Policy coordination needs to 


be reviewed to increase transparency and to allow for management and enforcement to be 


working together in implementing policies and meeting its objectives. 


 


5.3.7. Coordination of SMME including agricultural business development activities 


There is an ever increasing need to co-ordinate and integrate LED programmes in the 


municipality. Through the LED office, a framework for integrated enterprise development 


support must be developed which will ensure that all LED programmes including agricultural 


programmes are coordinated. 


 


The level of agricultural business and BEE participation in the sector departments should be 


reviewed and evaluated. The review should include the formalisation of strategies in 


implementing preferential procurement processes. The strategy should have a detailed action 


plan with possible targets to be met regarding locality, disability, women and youth.  


Agricultural businesses with existing or potential capacity should be identified by the LED unit 


which must be rated with their capacity to deliver and cater for developments needs. Mentorship 


and business development programmes should be jointly identified and undertaken to increase 


the capacity of the identified agricultural businesses. 
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The LED unit should facilitate the context of understanding the value added by agricultural 


businesses to both communities and the economic base sector. Knowledge on key performance 


indicators and strategies should be shared. Workshops should be facilitated. The unit should 


investigate the central coordination of all agricultural business development activities. The 


central coordination will allow agricultural businesses to lobby with one loud voice around 


legislative issues that hinder their growth and development taking consideration of the 


educational level of agricultural businesses owners / managers. Agricultural business 


participation in procurement should be improved. The procurement procedure should be aimed at 


providing support to agricultural business development. The weighting allocated to pricing 


should be reviewed and more points given to locality. Consideration should be given to the 


conversion of tender documents and BEE procurement documents into more official languages 


or perhaps into simpler plain English and non-technical language. 


 


The LED unit should undertake a proactive approach in order to market the SMME sector 


through: 


 Building a unique SMME and agricultural business brand. 


 Advertising the roles and responsibilities of the various organisations participating in 


agricultural businesses. 


 Promoting SMME opportunities and benefits using a medium that is understandable by all in 


the sector. 


 Continuous use of role models from the community that have successfully evolved of the 


agricultural business sector. 


 


There are several institutions involved in business development programmes or activities within 


the Limpopo province. Their goals, objectives and activities are all geared towards improving 


and increasing the constitution of small businesses in the provincial economy. All these 


government departments, parastatals or institutions have common clients or beneficiaries. The 


activities and programmes of these institutions reflect that they are never engaged or do not 
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interact with communities on SMME programmes. Integrating small business development 


strategies will ensure streamlining of activities, maximising impact of resources allocated to 


small business development and eliminating duplication of services and resources allocation 


(Limpopo Growth and Development Strategy - January 2005). 


 


There are programs and government initiatives put in place to assist and promote the 


development of agricultural businesses. The question remaining is through whom all these 


programs and initiatives should be communicated to the relevant stakeholders. More importantly 


is whether they are co-ordinated, integrated and controlled. The availability of SMME data-base 


would assist emerging business owners including agricultural business owners in numerous 


ways:  for example, information on various sources of funding, capacity building and training 


programmes, procedures on how to start a business, markets, marketing and overall access to 


agricultural businesses (nationally and internationally).  


 


Accessibility of information on funding organisations, local and international organisations, and 


individuals within and outside the province by agricultural businesses is crucial. The areas of 


intervention for needs such as entrepreneurship development and funding can be easily addressed 


if an SMME data-base is established and regularly updated by experienced and professional 


employees (Limpopo Growth and Development Strategy - January 2005). There is a need to 


have evaluation mechanisms to look at support programmes impact on businesses. Business 


organisation must have a role in making an input to development programmes and updating of 


the growth levels of businesses. 


 


5.3.8. Allocation of resources to boost SMMEs and more specifically agricultural 


businesses 


The local municipality must facilitate the issue of allocating business sites to agricultural 


businesses. A zero based approach to the allocation of resources should be applied with an effort 
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to develop agricultural businesses. The LED unit should assess the allocation of resources to this 


sector. In addition to the allocation of additional resources for the development of agricultural 


businesses, the unit must also ensure that all stakeholders in the municipality are fully aware of 


its mandate and role. The LED unit should also look at the provision of reduced rentals for 


agricultural businesses via the utilisation of the existing unutilised municipality buildings in the 


local municipality. 


 


5.3.9. Research programmes 


To enable proper planning for business development support, it is critical that there is 


appropriate research on the impact of small business in the economy of the province.  Research 


should start by identifying the information needs, research programmes available and then 


commissioning research. Once research is done, there is a need to develop a plan on the 


establishment and implementation of a sound business information and management system.  


The LED unit in Aganang should develop the appropriate communication strategies to 


communicate information to assist planning and increase awareness.  A comprehensive reporting 


mechanism will ensure that there is proper monitoring of the impact of small businesses on the 


economy of the local municipality.  


 


According to the Limpopo Employment, Growth and Development Plan (2008:68), integration 


of service delivery institutions will also ensure that there is synergy in strategic movement, that 


the gaps realised when integration is done are closed and it will benefit entrepreneurs and 


accelerate service delivery. 


 


5.3.10. Final recommendation 


It is therefore highly recommended that Aganang Local Municipality should ensure that 


government institutions that have a mandate to develop agricultural businesses should establish 
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offices which will serve as an incubator for the new registering and existing agricultural 


businesses in the municipality. The roles and responsibilities of such institutions should be well 


defined and distinguished and be understandable by all agricultural businesses. The business 


database should be updated and the growth of each and every agricultural business should be 


monitored. The gaps should be identified and ways on how to close those gaps to the advantage 


of the agricultural businesses should be available. Review of the Aganang LED Strategy is 


critical at this juncture, to chart forward a development path that addresses the socio-economic 


and service delivery challenges in Aganang. 


 


5.4. Limitations of the study 


 The study was conducted only in one local municipal area, which means that the results may 


not necessarily be easily generalised. 


 The data collection method used was a researcher administered questionnaire. This may 


influence the result as the researcher may have own interpretation of answers to the questions 


and there may be some bias involved. All these may have some effect on the kind of 


responses and eventually on the results. 


 


5.5. Summary  


The current study aimed at investigating the situation of agricultural businesses in Aganang 


municipality and whether they contribute to the local economy or not. According to the study it 


was evident that the agricultural businesses in Aganang are not stable as they are faced with 


challenges of not being able to access the available initiatives by the government to assist them. 


They are faced with challenges of not being able to access finances due to the lack of financial 


management skills. They do not possess the general business management skills which will 


enable them to run their day to day business activities. They also lack the necessary marketing 


skills to take their perishable produce to the market. 
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Furthermore, the agricultural businesses in Aganang municipality have a problem of coming up 


with new ideas and creative minds to come up with new products or services which are not 


available in the municipality. They are not entrepreneurial as they depend mostly on government 


grants and procurement and are not able to produce and manufacture their own products.  


According to responses there has been quite a low level of innovation. New entrants into the 


sector see agricultural business as a last resort and do not come up with creative ideas to start 


new products but follow the existing models. This will impact negatively on the sector as it will 


force a large number of these businesses into a marginal existence as there will be too many of 


them doing the same thing. 


 


According to the study agricultural businesses in Aganang are growing at a very low rate as their 


annual turnover on registration and the current ones do not show any improvement at all. It is 


only three percent of the agricultural businesses which shows a potential for growth. As a result 


of the saturated turnover they are not able to employ permanent employees on their payroll and 


the money they get is only meant to support their families, i.e. they are survivalist. Due to the 


little turnover they do not contribute much to the economic growth and are also not able to create 


employment for the community. There is a high unemployment rate in the municipal area and 


agricultural business can be one of the vehicles that can be utilised to improve the economy of 


this area. 
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ANNEXURE A:  


Questionnaire for agricultural businesses 


MASTER OF BUSINESS ADMINISTRATION (MBA) 


RESEARCH QUESTIONNAIRE 


Topic:  SITUATIONAL ANALYSIS OF AGRICULTURAL BUSINESSES WITHIN 


AGANANG MUNICIPALITY 


STUDENT NAME: MAISHIBE JOHANNA MABELEBELE 


INSTITUTION: University of Limpopo Turfloop Graduate School of Leadership (TGSL) 


 


       P O Box 643 


       SESHEGO 


       0742 


Dear respondent 


 


The purpose of this survey is to solicit information from agricultural businesses in 


Aganang Municipality within the Capricorn district of the Limpopo province. The 


information provided will assist in obtaining the situation of your business and assist the 


authorities in identifying challenges and potential contributions of these businesses to 


local economic development.   


 


The questionnaire will only take a few minutes to complete. In this questionnaire, you are 


requested to indicate what is true for you, so there is no right or wrong answer to any 


question. You are at liberty to give comments on any issue discussed. The answers 


provided will be treated as confidential. 


 


Thank you for participating 


 


Signed ______________________________ 


Maishibe Mabelebele 
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SECTION A: DEMOGRAPHICAL INFORMATION 


1. Area of operation 


Moletši 1 


Matlala 2 


Maraba 3 


Mashashane 4 


 


2. Position in the business 


Chairperson 1 


Director 2 


Owner 3 


Worker 4 


 


3. Gender 


Male 1 


Female 2 


 


4. Age 


Youth 18 – 35 1 


Adult 36 – 60 2 


Pensioners  Above 60 3 


 


5. Highest Qualifications  


Below Matric 1 


Matric 2 


Certificate 3 


Diploma 4 


Degree 5 
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6. Type of business 


Sole Proprietor 1 


Partnership 2 


Company 3 


Cooperative 4 


 


7. Agricultural sector 


Crop 1 


Poultry 2 


Cattle 3 


Goat 4 


Other (Specify) ___________________________ 5 


 


8. Is the business operational? 


Yes 1 


No 2 


 


SECTION B: FACTORS CONTRIBUTING TO BUSINESS PERFORMANCE 


9. Why did you start your business? 


Was unemployed 1 


Was retrenched  2 


Was interested in agriculture 3 


Had prior experience in agriculture 4 


Other (Specify) ________________________ 5 


 


10. Have you received any training on business management prior to starting 


your business 


Yes 1 
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No 2 


 


11. If yes, which institution trained you? 


Limpopo Business Support Agency (LIBSA) 1 


Small Enterprise Development Agency (SEDA) 2 


Sectoral Training Authorities (SETAs) 3 


Dept of Agriculture 4 


Dept of Labour 5 


Other (Specify) ___________________________ 6 


 


12. What skills were you trained in? 


Business management 1 


Bookkeeping 2 


Crop production 3 


Stock farming 4 


Poultry management 5 


Other (Specify)__________________________ 6 


 


13. What value did this training add to the day to day operation of your 


business? 


__________________________________________________________ 


___________________________________________________________ 


 


14. Do you keep financial records? 


 No financial records 1 


Adequately 2 


Unaudited financial statements 3 


Audited financial statements 4 
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15. If your answer to question 14 above is 4, what are the results? 


Disclaimer 1 


Unqualified 2 


Qualified 3 


 


16. How do you market your products? 


Pamphlets 1 


Word of mouth 2 


Radio and/or television 3 


Business cards 4 


Bill boards 5 


Newspaper and magazines 6 


Door to door 7 


Other (specify)  _________________________ 8 


 


17. How do you transport your goods to the market? 


Own transport 1 


Hired Transport 2 


No transport needed 3 


Public transport (taxi, bus) 4 


Other (specify)___________________________ 5 


 


18. Do you have a business plan for your business? 


Yes 1 


No 2 


 


SECTION C:  AGANANG LED STRATEGY 


19. Do you know the Aganang Local Economic Development (LED) strategy? 


Yes 1 


No 2 







 MBA Research Paper for Maishibe Mabelebele  
 


 
 


112 
 


20. If yes, does the strategy address your developmental needs? 


Strategy not understandable 1 


Strategy not accessible 2 


Strategy not inclusive 3 


Other (Specify) ___________________________ 4 


21. Do you participate in the Aganang Integrated Development Plan (IDP) / 


LED planning process? 


Yes  1 


No 2 


22. If yes, what are the benefits? 


Inclusion of my projects in the LED strategy 


and / or IDP 


1 


Business funding 2 


Networking sessions 3 


Other (specify) ___________________________ 4 


23. If no, what are the reasons? 


Not accessible 1 


Not useful 2 


Waste of time 3 


Not relevant to the sector 4 


Excluded  5 


Other (Specify)_________________________ 6 


SECTION D: ECONOMIC STATUS 


24. No of employees (including Owner) 


Less than 5   1 


5 – 10 2 


11 – 16 3 


17 – 22 4 


23 and above  5 
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25. Annual turnover 


Below R5.000 1 


R5.001 –R 20.000 2 


R20.001 –R 40.000 3 


R40.001 – R60.000 4 


Above R60.000 5 


 


26. How were you funded? 


Own funds 1 


Loans 2 


Grant from Government 3 


Other (Specify) _________________________ 4 


 


27. Do you know any support programmes offered by government?  


Financial support 1 


Business training 2 


Marketing skills 3 


Marketing collaterals 4 


Operational site 5 


Other (Specify) __________________________ 6 


 


28. Since starting your business, did you receive any training from the 


following institutions ? 


Small Enterprise Development Agency (SEDA) 1 


Limpopo Business Support Agency (LIBSA) 2 


Dept of Labour 3 


Dept of Agriculture 4 


Sectoral Education and Training Authorities (SETAs) 5 


Other (specify) _________________________ 6 
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29. Do you know the services offered by the following institutions? 


INSTITUTION YES NO 


LIBSA 1 2 


SEDA 1 2 


Dept of Agriculture 1 2 


AgriSeta 1 2 


Department of Labour 1 2 


 


30. Do you participate in any of the above programmes? 


Yes 1 


No 2 


 


31. If yes, how did you benefit? 


____________________________________________________________________


____________________________________________________________________


____________________________________________________________________ 


 


32. If no, why did not you participate? 


Not accessible 1 


Not useful 2 


Waste of time 3 


Not relevant to the sector 4 


Excluded  5 


 


33. What influences the performance of your business? 


_________________________________________________________________ 


34. Overall what contributed towards the performance or sustainability of 


your business? 


____________________________________________________________________


____________________________________________________________________


____________________________________________________________________ 
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ANNEXURE B 


 Questionnaire for officials 


MASTER OF BUSINESS ADMINISTRATION (MBA) 


Topic:  SITUATIONAL ANALYSIS OF AGRICULTURAL BUSINESSES WITHIN 


AGANANG MUNICIPALITY 


STUDENT NAME: MAISHIBE JOHANNA MABELEBELE 


INSTITUTION: University of Limpopo, Turfloop Graduate School of Leadership (TGSL) 


 


        P O Box 643 


       SESHEGO 


       0742 


 


Dear respondent 


 


The purpose of this survey is to solicit information from agricultural businesses in 


Aganang Municipality within the Capricorn district of the Limpopo province. The 


information and ratings provided will assist in obtaining the situation of your business 


and assist the authorities in identifying challenges and potential contributions of these 


businesses to local economic development.   


 


The questionnaire will only take a few minutes to complete. In this questionnaire, you are 


requested to indicate what is true for you, so there is no right or wrong answers to any 


question. You are at liberty to give comments on any issue discussed. The answers 


provided will be treated as confidential.   


 


Thank you for participating 


 


Signed ______________________________ 


Maishibe Mabelebele.
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SECTION A: DEMOGRAPHICAL INFORMATION 


1. Area of operation 


Moletši 1 


Matlala 2 


Maraba 3 


Mashashane 4 


Aganang 5 


 


2. Institution 


Department of Agriculture 1 


Aganang Municipality 2 


Limpopo Business Support Agency 3 


 


3. Gender 


Male 1 


Female 2 


 


4. No of years experience in the agricultural field 


Less than 1 year 1 


2 – 4 2 


5 – 7 3 


8 – 11 4 


Above 11 years 5 


 


5. Highest Qualifications  


Below Matric 1 


Matric 2 


Certificate 3 


Diploma 4 


Degree 5 
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6. Agricultural sector specialisation. 


Crop 1 


Poultry 2 


Cattle 3 


Goat 4 


Other (Specify) ___________________________ 5 


 


SECTION B: FACTORS CONTRIBUTING TO BUSINESS PERFORMANCE 


7. Do you offer training to agricultural businesses or refer businesses to 


training? 


Yes 1 


No 2 


 


8. If yes, which institution offer training in the area? 


Limpopo Business Support Agency (LIBSA) 1 


Small Enterprise Development Agency (SEDA) 2 


Sectoral Training Authorities (SETAs) 3 


Dept of Agriculture 4 


Dept of Labour 5 


Other (Specify) ___________________________ 6 


 


9. What skills are the agricultural businesses trained in? 


Business management 1 


Bookkeeping 2 


Crop production 3 


Stock farming 4 


Poultry management 5 


Other (Specify)__________________________ 6 
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10. What value did this training add to the day to day operation of 


agricultural businesses? 


__________________________________________________________ 


___________________________________________________________ 


11. Do the agricultural businesses in your area keep financial records? 


 No financial records 1 


Adequately 2 


Unaudited financial statements 3 


Audited financial statements 4 


 


12. How do agricultural businesses generally market their products? 


Pamphlets 1 


Word of mouth 2 


Door to door 3 


Radio and/or television 4 


Business cards 5 


Bill boards 6 


Newspaper and magazines 7 


Other (specify)  _________________________ 8 


 


13. Which method is more effective to the target market? 


Pamphlets 1 


Word of mouth  2 


Door to door 3 


Radio and/or television 4 


Business cards 5 


Bill boards 6 


Newspaper and magazines 7 


Other (specify)  _________________________ 8 
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14. How do businesses transport goods to the market? 


Own transport 1 


Hired Transport 2 


No transport needed 3 


Public transport (taxi, bus) 4 


Other (specify)___________________________ 5 


 


15. Do agricultural businesses have business plans? 


Yes 1 


No 2 


 


16. How are business plans compiled? 


Owners compile own business plans 1 


Owner are assisted to compile business plans 2 


Professional compile business plans for businesses 3 


 


17. Comment on the use and compilation of business plans 


______________________________________________________ 


_________________________________________________________ 


SECTION C:  AGANANG LED STRATEGY 


18. Do agricultural businesses participate in the compilation of the Aganang 


Local Economic Development (LED) strategy? 


Yes 1 


No 2 


 


19. Does the strategy address their developmental needs? 


Strategy not understandable 1 


Strategy not accessible 2 


Strategy not inclusive 3 
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Other (Specify) ___________________________ 4 


 


20. Do you participate in the Aganang Integrated Development Plan (IDP)/ 


LED planning process? 


Yes  1 


No 2 


 


21. If yes, what are the benefits? 


Inclusion of projects in the LED strategy and /or IDP 1 


Business funding 2 


Networking sessions 3 


Other (specify) ___________________________ 4 


 


22. If no, what are the reasons? 


Not accessible 1 


Not useful 2 


Waste of time 3 


Not relevant to the sector 4 


Excluded  5 


Other (Specify)_________________________ 6 


 


SECTION D: ECONOMIC STATUS  


23. Annual Turnover of most agricultural businesses 


Below R5.000 1 


R5.001 –R 20.000 2 


R20.001 –R 40.000 3 


R40.001 – R60.000 4 


Above R60.000 5 
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24. How are most agricultural businesses funded? 


Own Funds 1 


Loans 2 


Grant from Government 3 


Other (Specify) _________________________ 4 


 


25. Do agricultural businesses utilise the services offered by the following 


institutions? 


INSTITUTION YES NO 


LIBSA 1 2 


SEDA 1 2 


Dept of Agriculture 1 2 


AgriSeta 1 2 


Department of Labour 1 2 


 


26. If yes, how do they benefit? 


____________________________________________________________________


____________________________________________________________________


____________________________________________________________________ 


____________________________________________________________________


____________________________________________________________________


____________________________________________________________________ 


 


27. If no, why do they not utilise the services? 


Not accessible 1 


Not useful 2 


Waste of time 3 


Not relevant to the sector 4 


Excluded  5 


Other (Specify) _____________ 6 
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28. What influences the performance of agricultural businesses in Aganang 


municipality? 


 


 


_________________________________________________________________ 


 


_________________________________________________________________ 


 


29. Overall what contributed towards the performance or sustainability of 


Agricultural businesses? 


 


_________________________________________________________________ 


 


_________________________________________________________________ 


__________________________________________________________________


________________________________________________________________ 








UNIVERSITY OF LIMPOPO 
TURFLOOP CAMPUS 
 


 
Faculty of Sciences and Agriculture 
Materials Modeling Center 
Dr Lutz Ackermann (Deputy Director) 


 


 
Private Bag X1106 
Sovenga 0727 
 
Tel: +27 15 268 3424 
Fax: +27 15 268 3268 
lutza @ ul.ac.za 


 


 


 
22 Feb 2012 


 


TO WHOM IT MAY CONCERN 


 


This is to confirm, that I, Dr Lutz Ackermann, have read the Research Dissertation 


entitled 


 


“SITUATIONAL ANALYSIS OF AGRICULTURAL BUSINESSES 


WITHIN AGANANG MUNICIPALITY” 


 
by Mrs MAISHIBE JOHANNA MABELEBELE 


 
and that I am satisfied with the quality of work she has produced in terms of structuring 


the document, in terms of style, grammar and spelling. Suggestions for suitable 


corrections and improvements have been made to the candidate. 


 


 


 


 


 


_____________________________ 
(Revd Dr Lutz Ackermann, Turfloop Campus) 





