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EXECUTIVE SUMMARY 

Large-scale fish kills have become a common phenomenon that is increasing internationally. 
An understanding of the causes of fish kills and why they occur is fundamental in order to 
implement preventative measures to reduce their frequency and magnitude. However, 
despite the advancements in fisheries and aquatic sciences, the science of fish kill 
investigations at an international level is still considered rudimentary, having advanced little 
since the 1960s despite significant economic damage to fisheries and disruption of aquatic 
ecosystem dynamics.  
 
In essence, a fish kill investigation is a tool that is available to the water resource manager, 
water pollution control officer or land owner to use in determining possible management 
actions that are required to ensure the maintenance of a sustainable aquatic ecosystem. It is 
however important to understand that it is often difficult to determine the exact causal 
mechanism of a fish kill event definitively without undertaking large-scale experiments and 
artificially manipulating various factors so as to understand how different stressors interact. 
Instead, investigators are often required to infer possible causal links and mechanisms 
following field-based observations and utilising the correct laboratory-based procedures and 
available scientific literature to reduce uncertainty and increase accuracy of the inference 
through a multi-disciplinary approach. 
 
The aim of a fish kill investigation protocol is to streamline the investigation and reporting of 
an incident so as to limit delays in terms of appropriate management decisions and 
prevention of future incidents. Such a protocol should also ensure that key information and 
data gathering is not neglected when urgently responding to a situation. Several authors 
have provided varying general frameworks regarding the protocol to be used when 
conducting fish kill investigations. However, a need exits for a standard protocol for 
conducting fish kill investigations that takes into consideration the capabilities of both 
developed and developing countries. The purpose of this study was therefore to adapt and 
refine current internationally-applied protocols and local guidelines for fish kill investigations 
specifically for the South African context, taking into consideration recent critical commentary 
on the key challenges that need to be addressed in order to advance the science and 
practice of fish kill investigations internationally. In doing so, this study seeks to promote a 
consistent national approach in response to the investigation of such incidents and improve 
the management thereof. 
 
Accordingly, a proposed national fish kill investigation protocol was developed that follows a 
phased approach to fish kill investigations, detailing the roles and responsibilities of the 
various parties likely to be involved in a fish kill investigation during the different phases. In 
addition, the study provides objectives and recommendations for each phase of an 
investigation, including training, the identification of the lead party, determining the need for 
initiating a formal fish kill investigation, the collection and reporting of relevant information, 
and the dissemination of information following the completion of a fish kill investigation. The 
study further includes detailed descriptions of the common causes of fish kills in South Africa, 
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including natural and anthropogenic causes, and the role of infectious agents in fish kills, 
thereby highlighting the complexities associated with fish kill investigations and aiding in the 
determination of the causal mechanisms of such events.  
 
In addition to the above, the study provides the recommended contents of a fish kill 
investigation kit, a standardised fish kill investigation form to be completed during the site 
investigation so as to ensure that all the information necessary to determine the causal 
mechanism is captured, a dichotomous key for the preliminary diagnosis of the mechanism 
of the fish kill, and a list of suitable techniques for the preservation, storage and transport of 
samples collected during a fish kill investigation. The study further provides a list of analytical 
and veterinary laboratories that may be contacted in the event of a fish kill, including contact 
details.  
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1. INTRODUCTION 

Large-scale fish mortalities have become a common phenomenon that occurs world-wide. 
Although such large-scale mortalities can be as a result of natural phenomena and life cycle-
related activities, human-related influences such as pollution and terrestrial and aquatic 
modifications are increasing the scale and magnitude of such events. Often, such events 
constitute a loss of recreational or commercial fish species, and may have a negative effect 
on the regulation of food-web dynamics and nutrient balances (Holmlund and Hammer, 
1999). 
 
As fish are regarded as sentinel species and are an important food source for many local 
communities, fish mortalities are often interpreted by the public as a measure of the health of 
the aquatic resource, and large-scale mortalities are inferred as a failure of regulatory 
mechanisms to ensure the maintenance of a healthy ecosystem. Large-scale fish mortality 
events are very visible when they occur in well frequented locations, and as a result often 
cause considerable public interest and concern, particularly with anglers, land owners, 
government departments and the media, and evoke an emotional response in many 
communities. As a result, an understanding of the causes and mechanisms of mortality 
events and why they occur is fundamental in order to implement preventative measures that 
will reduce their frequency and magnitude, particularly in the case of anthropogenically-
influenced mortalities (La and Cooke, 2011). 
 

1.1 Definition of a Fish Kill Event 

Globally, the differentiation between a mortality event and a fish kill event varies. For 
example, Lugg (2000) defined a fish kill as “a sudden and unexpected mass mortality of wild 
and cultured fish”, while the USEPA (2000) defined a fish kill as “a localized die-off of fish 
populations which may also be associated with more generalized mortality of aquatic life”. 
Similarly, the Commonwealth of Australia (2007) defines a fish kill as “a significant and 
sudden death of non-mammalian aquatic animals”, with the definition applying to mortality 
events that occur in the wild, but not referring to events occurring in aquaculture even though 
it is acknowledged that aquaculture operations may well be impacted by, or contribute to, fish 
kill events in the wild. 
 
In most instances, the use of phrases such as “mass mortality” and “significant” are regarded 
as very subjective and meant in the broadest terms, but do not provide clear guidance as to 
when a mortality event constitutes a fish kill event. As such, La and Cooke (2011) highlighted 
the requirement that a standard international definition is required in order to consistently 
identify and respond to fish kill events, and proposed that a mortality event should be defined 
as a fish kill event when: 

• the event is not part of the natural life cycle of the fish, for example, mass mortalities 
following spawning activities in semelparous fish (i.e. where the life cycle is 
characterized by a single reproductive episode before death, such as in the case of 
Salmon); 

• a minimum of 25 dead fish are found in one square kilometre of a lentic water body 
(i.e. dam) or in one kilometre of a lotic water body (i.e. river), and within a 48-hour 
period; and 
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• the mortality was not caused by predation, including harvesting by humans (e.g. 
fisheries by-catch). 

 
In this instance, a minimum number 25 dead fish was regarded as being representative of a 
fish kill event as it is statistically unlikely that numbers higher than this will be the result of 
natural causes such as old age that one can expect within a 48-hour period (Schneider, 
1998; cited in La and Cooke, 2011). Due to the robustness of the definition as provided by La 
and Cooke (2011), this definition was adopted within the context of the present study. 
 

1.2 Putting Fish Kill Investigations into Context 

Any organism residing in an aquatic environment is wholly dependent on the characteristics 
of the medium as well, as the medium’s reactions with the surrounding media, for its 
continued persistence. These characteristics may include physico-chemical characteristics, 
biotic interactions, flow regimes, habitat structure, temperature, etc., and be influenced by 
both natural and well as human-induced factors (Figure 1). Each characteristic therefore has 
the ability to act as stressor on the organism, the effects of which may be additive, 
multiplicative, synergistic and antagonistic (Folt et al., 1999; La Cooke, 2011).  
 
 

 

 
Figure 1: The complexity of the stress-response relationship in fish (adapted from Van der Oost et al., 
2003) 

 
The stress response in fish has been broadly categorized into the primary, secondary and 
tertiary responses based largely on their level of effect on the organism (Barton, 1997; 
Wendelaar Bonga, 1997; cited in Iwama et al., 1999). The primary response represents the 
perception of an altered state and initiates a neuroendocrine/endocrine response that forms 
part of the generalized stress response in fish. This response includes the rapid release of 
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stress hormones, catecholamines and cortisol, into the fish’s circulation in order to maintain 
cellular homeostasis. The secondary response comprises the various biochemical and 
physiological adjustments in order to compensate or adapt to the stressor, and is mediated to 
some extent by stress hormones. The tertiary response is typically expressed at the whole 
animal level, and is characterised by an inability of the organism’s stressor-response system 
to compensate or adapt to the stressor, the end result of which is ultimately the death of the 
organism (Iwama et al., 1999) (Figure 2).  
 

 

Figure 2: Typical stressor-response relationship at organism level (adapted from Depledge, 1989) 

 
However, there exist differences in the generalised stress response among different fish 
species, different stocks or lineages of the same species, as well as age groups of a species 
in terms of their tolerance to applied stressors. In addition, different stressors exert their 
effects in potentially different manners, resulting in the expression of their effects over 
differing time periods (Figure 3. Therefore, in order for a fish kill investigation to be conducted 
effectively, a holistic approach should be taken by the investigator, with a good 
understanding of all of the potential stressors that may exert their effects on fish residing 
within a given system.  
 
A fish kill investigation is therefore a tool that is available to the water resource manager, 
water pollution control officer or land owner to use, and should not be seen directly in a 
legally applicable context. As stressors may be additive, multiplicative, synergistic, or 
antagonistic, it is therefore important to understand that it is often difficult to determine the 
exact causal mechanism of a fish kill event definitively without undertaking large-scale 
experiments and artificially manipulating various factors so as to understand how different 
stressors interact. This would be a practice which is both expensive and difficult given the 
fact that the investigation of a fish kill event occurs after the event itself is observed, which 
makes it difficult to determine pre-event conditions (Scheiner and Gurevitch, 1993; La and 
Cooke, 2011). Instead, investigators are often required to infer possible causal links and 
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mechanisms following field-based observations and utilising the correct laboratory-based 
procedures and available scientific literature to reduce uncertainty and increase accuracy of 
the inference through a multi-disciplinary approach (La and Cooke, 2011). 
 

 
Figure 3: Population response (mortality) of fish over time based on various stressors (adapted from 
Meyer and Barclay, 1990) 

 
 
In essence, fish kill investigations will provide an indication as to whether fish that are found 
to be dead and/or dying are in that condition as a result of natural causes or whether due to 
some negligent or wilful act of man. In the case where some negligence or culpability can be 
highlighted as the most likely cause, information should then be passed on to the appropriate 
Department of Water Affairs (DWA) Regional Office personnel and/or the Blue Scorpions 
who should be well versed in the appropriate way to proceed legally, should the situation be 
deemed appropriate to proceed to litigation. However, difficulties relating to how much time 
has elapsed between a pollution pulse or event, causal atmospheric and/or weather 
conditions and other such possible mechanisms that have negatively affected the fish and 
other aquatic biota and the symptoms thereof, as well as the complexities associated with 
biological systems, play a large role in the difficulty of accurately proving beyond a 
reasonable doubt who the responsible polluter is. Therefore, the individual acting as the lead 
investigator must have a clear understanding of the nature of fish kills, fish biology, fish 
ecology, the protocol required to be followed in the investigation of such events, must be able 
to interpret the scene correctly in order to determine a preliminary cause, and must 
understand the rules of evidence, the chain of custody of samples and data, record keeping 
and so forth that may affect the admissibility of evidence in a litigation matter. It is clear, 
therefore, that fish kill investigations are not a field that can be embarked upon without some 
foreknowledge. 
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Improving the protocol of fish kill investigations with greater reliance on science to improve 
policy, management, and decision making is crucial considering the increases in fish kill 
events noted in the media and literature in recent years. In an attempt to determine trends 
and patterns in media reports to establish public interest and perceptions regarding fish kills, 
La and Cooke (2011) conducted searches in primarily English media publications for the 
period 1977 to 2007, and determined that media reports have risen from less than 50 reports 
per year in the 1970’s, to over 800 reports per year during recent times. Public and media 
reaction to such events therefore shows that public concern for the health of aquatic 
ecosystems has moved beyond being the exclusive concern of local anglers and has moved 
into the broader society. Furthermore, frustration is often expressed by the public at the lack 
of access to information regarding fish kill events, actions taken, results obtained following 
investigations, and management actions applied following such an event. 
 
However, La and Cooke (2011) determined that there is little evidence that the science and 
practice of fish kill investigations has paralleled the frequency of occurrence of these events 
or public concern, confirming that very few case studies relating to fish kill events are 
presently available in peer-reviewed publications, thereby limiting the volume of scientific 
information available for utilisation to support fish kill investigations. Indeed, most peer-
reviewed publications pertain specifically to economically-important fisheries (e.g. Cooke et 
al., 2004; Cooke et al., 2006; Donaldson et al., 2010), with very few peer-reviewed 
publications pertaining specifically to fish kill events in South Africa, most of which being fish 
kill investigation reports held internally by organisations. 
 
Many States in the U.S.A. have implemented databases for capturing fish kill events, 
allowing for public access to fish kill event information (including date, location, extent, type 
of affected organisms, and the likely cause) as well as providing the public with a means of 
capturing important information regarding such an incident (e.g. IDNR, 2012). While such 
databases are well established in several States in the U.S.A., South Africa has yet to 
develop a centralized database for the capturing of information pertaining to fish kills. A fish 
kill database has however recently been developed for the Upper Olifants River catchment, 
and should it prove successful, it may provide an ideal benchmark for national 
implementation.  
 

1.3 Objectives of the Study  

La and Cooke (2011) provided valuable critical commentary on the key challenges that must 
be overcome in order to advance the science of fish kill investigations. In particular, La and 
Cooke (2011) identified the need for a standardised core protocol for fish kill investigations 
on a global scale that could work in both developed and developing countries, while 
emphasising the need for the creation of standard national protocols that would take into 
account the technological capabilities of that nation. 
 
The objectives of this study therefore seek to adapt and refine current internationally-applied 
minimum protocols and local guidelines for fish kill investigations specifically for the South 
African context, taking into consideration recommendations made by La and Cooke (2011), 
and to promote a consistent national approach in response to and the investigation of such 
incidents, thereby enhancing the sharing and standardisation of relevant information between 
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government bodies and private organisations in a manner that would allow for the 
comparison of possible trends and the advancement of the science of fish kill investigations. 
The development of such a protocol further seeks to set out recommended minimum 
requirements for each stage of a fish kill investigation, including preparedness (pre-incident 
phase), determining the need for a further detailed investigation (trigger phase), the detailed 
investigation and reporting activities (investigation phase) and post-event requirements 
(closure phase). In summary, the report aims to provide: 

• guidance as to the common or potential causes of fish kills in South Africa; 

• a standardised minimum protocol to fish kill investigations in South Africa; 

• a field-guide to the interpretation of results obtained during fish kill investigations 
(specifically for freshwater ecosystems); and 

• standardised field-based information capturing and reporting templates for fish kill 
investigations in South Africa. 
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2. COMMON NATURAL AND ANTHROPOGENIC CAUSES OF 
FISH KILLS 

2.1 Oxygen Depletion 

Possibly the most important abiotic factor influencing the survival of aquatic organisms is the 
dissolved oxygen concentration present within a system (Davies and Day, 1998). 
Consequently, the depletion of dissolved oxygen within surface waters is often cited as the 
most common cause of fish kill events (Meyer and Barclay, 1990; Kibria, 2011; IDNR, 2012). 
However, La and Cooke (2011) reported that in only 5.3% of all fish kills within North 
American estuaries and freshwaters between 1890 and 2006 was oxygen depletion identified 
as the definitive cause of the fish kills, although its role as a significant contributing factor in 
fish kill events associated with other causes should not be underestimated. 
 
In contrast to air which contains around 21% oxygen, water typically contains less than 10 
mg/ℓ oxygen and is a much denser medium than air. This creates certain difficulties for 
aquatic organisms that, like terrestrial animals, are dependent on extracting oxygen from 
their surrounding medium for survival and their normal physiological needs. However, the 
concentration of dissolved oxygen present within an aquatic system is strongly dependent on 
a number of environmental factors, including atmospheric factors and water chemistry. More 
specifically, factors causing an increase in dissolved oxygen concentrations include re-
aeration from the atmosphere (dependent on turbulence and oxygen deficit), low 
temperatures and salinities, and photosynthesis by aquatic plants. In contrast, factors 
causing a decrease in oxygen concentrations include high temperatures and salinities, 
respiration by aquatic organisms, the aerobic decomposition of organic waste, chemical 
breakdown of pollutants and re-suspension of anoxic sediments, or the release of anoxic 
bottom water (e.g. turnovers; see Section 2.6) (Dallas and Day, 2004). For most freshwater 
fish species, the minimum ideal dissolved oxygen concentration is 5 mg/ℓ, although some 
species will tolerate lower levels. 
 
Fish have developed special adaptations for extracting oxygen from water. This requires 
close approximation between water and the bloodstream. The gills of most fish fulfil this 
function utilising a counter-current mechanism to optimise gaseous exchange. This close 
approximation between water and blood at the gill surface results in the colour of the gills 
being a deep red, but has certain drawbacks in that it makes the fish vulnerable to other 
changes in the water composition, such as metals. As the salts in the tissues of fresh water 
fish are more concentrated than in the surrounding water, the gills take up a large amount of 
water through the process of osmosis, which is then excreted as very dilute urine by the 
kidneys of freshwater fish. While water is drawn into the blood stream of the fish by osmosis, 
salts are lost from the circulation to the surrounding water by the same process. The 
freshwater fish deals with this by using cells on the surface of the gills that actively take up 
salts form the surrounding water. This osmotic vulnerability of the gills can have far reaching 
consequences for the fish when dissolved oxygen levels in the water become critically low. A 
normal unstressed fish will limit the osmotic workload of the gills by perfusing only a part of 
the gill surface area, with small sphincters in the blood vessels to the gills controlling the 
amount of blood flowing through the gills. As the dissolved oxygen concentration in the water 
declines, an increasing part of the gill surface area is perfused with blood in an attempt by 
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the fish to take up sufficient oxygen from the water. At the same time the frequency of 
opercular movements increases in an attempt to move as much water over the gills as 
possible, and thereby increase the contact of the gills with the dissolved oxygen. These 
changes subsequently increase uptake of water and loss of salts from the gills and 
potentially increase exposure of the gills to other harmful substances in the water. 
Conversely, when the gills have been damaged by parasites, noxious substances or irritation 
from excessive silt, the ability of the gills to extract oxygen from the water may be 
compromised. 
 
Under natural conditions, the concentration of dissolved oxygen fluctuates diurnally, the 
extent of which is reliant largely on the relative rates of photosynthesis and respiration 
(Davies and Day, 1998). Like terrestrial plants, aquatic plants including planktonic (free-
floating single-celled) algae, also photosynthesize during daylight hours absorbing carbon 
dioxide from the water to synthesise carbohydrates (plant sugars). In the process they 
release oxygen into the water. During the hours of darkness, photosynthesis cannot take 
place and like other forms of life, aquatic plants extract oxygen from the water to meet their 
demands for cellular respiration. Plants therefore compete with fish for the available oxygen 
in water during the hours of darkness. As such, the lowest concentrations are present at 
dawn, increasing as the day progresses due to photosynthesis by aquatic plants, reaching 
the highest concentrations during the latter part of the afternoon before light intensity starts to 
decrease. During the period from dusk to dawn, the opposite process takes effect, with 
respiration decreasing the dissolved oxygen concentration. Therefore, the higher the degree 
of aquatic plant growth present, the greater the differences between diurnal dissolved oxygen 
concentrations will be. 
 
Also worthy of consideration for river ecosystems is how the dissolved oxygen concentration 
is controlled within the various geomorphological zones of a watercourse. Channels within 
the upper reaches of a watercourse are often characterised by very steep gradients 
dominated by bedrock, boulders and cobbles, with reach types including cascades, pool-
riffles and pool-rapids being present. In such instances, the presence of aquatic plants is 
likely to be limited due to the inability of the plant to establish within such an abrasive 
environment and a substratum that may not be conducive to rooting due to limited sandy 
material. The main factor governing the presence of adequate dissolved oxygen would 
therefore be related to the turbulence of the water as well as the low temperatures and low 
salinities often associated with the upper reaches. As such, the diurnal fluctuation of 
dissolved oxygen concentrations is expected to be limited, and concentrations within the 
upper reaches is therefore expected to be relatively high, allowing the watercourse to support 
biota dependent on high concentrations of dissolved oxygen. 
 
In contrast, the lower reaches of watercourses are often characterised by lower gradient 
reach types such as alluvial beds that facilitate the rooting of aquatic and marginal 
vegetation, and often exhibit a meandering pattern. In addition, salinities tend to increase 
progressively down a river’s length due to the leaching of minerals as the water passes over 
geological features, as well as due to the activities of communities present within the 
catchment of the watercourse. These factors, together with the lower velocities and less 
turbulent nature of the water present within the lower reaches, results in dissolved oxygen 
concentrations being naturally lower than those observed in the upper reaches. In addition, 
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the greater extent of plant growth and the increased availability of organic material within the 
lower reaches of a watercourse, results in comparatively larger diurnal fluctuations of 
dissolved oxygen levels.  
 
The significance of the depletion of dissolved oxygen concentrations to aquatic organisms is 
strongly dependant on the frequency, timing and duration of such events (DWAF, 1996; 
Dallas and Day, 2004). While repeated exposure to reduced concentrations may lead to 
physiological and behavioural effects, continuous exposure to low concentrations are the 
most harmful, and the most important from a fish kill investigation perspective. Of specific 
importance is the fact that the oxygen requirements of fish vary between species (i.e. cold 
water vs. warm water species), life stages, different life processes (e.g. feeding, growth, 
reproduction, etc.) as well as fish size (Dallas and Day, 2004). In this regard, the specificity of 
the fish kill event can provide important clues that will assist in determining the role of 
dissolved oxygen in a fish kill event. For instance, larger fish are more susceptible to 
dissolved oxygen depletion due to their higher metabolic requirements relative to smaller 
individuals, but are often found in higher abundances in the lower leaches of a watercourse 
(Meyer and Barclay, 1990; Dallas and Day, 2004). In addition, individual surviving fish may 
often be seen gulping for air at the water’s surface prior to or during such an event, with 
some recovery through the day as oxygen levels start to rise due to photosynthesis. Those 
individuals that may already have succumbed to the low levels of dissolved oxygen will 
typically be in rigor mortis (the stiffness that sets in shortly after death) and may die with their 
mouths open, gills flared and spines arched. However rigor mortis in fish may be of very 
short duration, particularly if the water temperature is high. Furthermore fish that have died 
from asphyxiation often sink to the bottom of the lake or river and start to float to the surface 
some hours later as bacterial decomposition releases gas into the intestines. When these 
fish float to the surface they have passed the rigor mortis stage and dilated opercula will no 
longer be visible. In some instances, Clarias spp. (Catfish) may be one of only species still 
alive within an area of a fish kill following dissolved oxygen depletion due to their ability to 
breathe atmospheric air by means of an accessory air-breathing organ located above the 
gills. Additionally, cold water-adapted fish species such as those found in the upper reaches 
of watercourses are more sensitive to oxygen depletion than warmer water-adapted fish 
species such as those found in the lower reaches. Such factors would need to be carefully 
considered when conducting a fish kill investigation. 
 
Additional visual clues that may aid in determining oxygen depletion as the mechanism of the 
fish kill include (adapted from Meyer and Barclay, 1990): 

• Timing - fish kills associated with dissolved oxygen depletion often occur within the 
early hours of the morning before dawn due to the relative diurnal rates of 
photosynthesis and respiration;  

• Weather – weather immediately prior to the fish kill may have been hot, still and 
overcast, thereby limiting the contribution of lower water temperature, the production 
of turbulence due to wind action and photosynthesis to higher dissolved oxygen 
concentrations; 

• Dissolved oxygen concentration – low dissolved oxygen concentrations may be 
present. However, due consideration should be given to the time of day that the 
measurement of the oxygen level takes place; 
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• Water colour – a difference in the colour of the water at the site of the fish kill relative 
to further upstream and/or downstream may assist in determining oxygen depletion 
as the mechanism. Specific colours to consider are a change of water colour to pea-
soup green (indicative of algal or cyanobacterial bloom), brown, grey or black; 

• Smell – water where oxygen depletion has occurred often has a distinct odour; 

• Vegetation – dead and/or decaying marginal and aquatic vegetation that is black and 
odorous may be present. In addition, dead and/or dying algae may be identifiable 
under a microscope. An abundance of dead algal cells may indicate oxygen depletion 
due to enrichment, while an absence of algal cells may indicate oxygen depletion due 
to the presence of an algicidal substance; and 

• Aquatic macroinvertebrates – assemblages present may be dominated by air-
breathing taxa, while zooplankton may be dead or dying. 

 

2.2 Nutrient Enrichment 

Nutrient pollution refers to the discharge of inorganic and organic compounds into the aquatic 
environment that drive primary production (photosynthesis) in the water. Chemicals such as 
potassium, phosphate and nitrate act as fertiliser for aquatic plants, both macrophytes and 
algae. Phosphorous and nitrogen are the most important nutrient chemicals, and are 
required for plants to thrive. Whereas nitrogen is relatively abundant in the environment, 
phosphorous is often the limiting nutrient and is responsible for driving eutrophication. The 
addition of relatively small amounts of phosphates to the aquatic environment will result in 
rapid nutrient enrichment, or eutrophication, of a water body with many of the negative 
effects discussed in Section 2.1. 
 
This type of pollution occurs throughout South Africa wherever municipal sewage plants have 
insufficient capacity to deal with the growing effluent from towns and cities. Agricultural 
practices using fertiliser also contribute to nutrient-rich run-off entering streams and rivers, as 
often the most valuable arable land is along river courses. Intensive livestock production, 
such as feedlots, piggeries and dairy farms similarly contribute to the nutrient load of streams 
and rivers draining such areas, particularly where insufficient controls have been put in place 
to prevent un-treated or partially-treated waste water entering the natural aquatic 
environment. 
 
When water is said to be eutrophic, it can take on a pea-soup green appearance as a result 
of the increased density of algal cells (phytoplankton) in the water. With eutrophic conditions 
algal species diversity is often lost and one species of algae becomes dominant. The result 
of such an increase in the algal biomass in turn results in diurnal dissolved oxygen 
concentrations fluctuating dramatically due to the concomitant increases in the rates of 
photosynthesis and respiration. Fish inhabiting waters that have become eutrophic are 
therefore most at risk of dying from oxygen depletion during the night and early hours of the 
morning (Figure 4). 
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Figure 4: Koi found dead in the early morning following oxygen depletion of the water during the hours 
of darkness in a eutrophic pond. 

 
Nutrient pollution may also occur where phosphate-rich ores are mined, as in the case of 
Phalaborwa. Prior to 2004 high levels of phosphate were regularly recorded in the Olifants 
River within the Kruger National Park, and still have been occasionally recorded since then 
(Figure 5). These high levels recorded within the Olifants River were attributed to the 
discharge of phosphate-rich tailings from the phosphate mine at Phalaborwa just west of the 
Kruger National Park, which discharges into the Selati River near the confluence of the Selati 
and Olifants Rivers. These phosphate discharges, in addition to the already heavy nutrient 
load present within the Olifants River as a result of municipal and agricultural discharges in 
the catchment upstream of the Kruger National Park, have led to the eutrophication of Lake 
Massingir (Mussagy, 2008). 
 

 
Figure 5: Example of phosphate levels measured in the Olifants River at the Mamba Weir within the 
Kruger National Park between January 2004 and November 2010 (Courtesy of J. Venter, SANParks) 
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However, it is not only the algal cells and fish that consume oxygen during normal 
respiration. Bacteria in the water can consume substantial amounts of oxygen and can cause 
significant oxygen depletion during the hours of daylight and darkness. This situation occurs 
particularly when phytoplankton grows exponentially in response to nutrient pollution and 
develops into a so-called algal bloom to the point where it eventually depletes the available 
nutrients in the water. Starved of nutrients, the algal cells no longer remain viable and start to 
die. As the algae disintegrate, they release large amounts of algal protein (and sometimes 
toxins; see Section 2.3) into the water that provides a rich medium for water-borne bacteria 
to thrive on. Such bacteria consume large amounts of oxygen and the resulting decrease in 
dissolved oxygen can precipitate a fish kill event. Die-off of a phytoplankton bloom can be 
recognised by a change in water colour from a bright green to a milky dull green-brown 
colour. In severe cases a foul smell may be evident issuing from the water. Fish under these 
conditions will die irrespective of the presence of daylight as no photosynthesis takes place 
under these conditions. 
 
For example, several years ago, Rainbow Trout (Oncorhynchus mykiss) were farmed in 
cages placed in relatively small impoundments on the escarpment of the Mpumalanga 
Highveld. The practice of feeding commercial rations to these fish caused a relatively rapid 
rise in the levels of phosphate and nitrate in these impoundments. Within a few years the fish 
were being farmed in green, rather than clear, water and algal bloom die-offs became one of 
the most feared risks faced by the farmers. To counter this risk, the farmers installed blowers 
that pumped air through air stones into the cages to improve the oxygenation of the water. 
When the algal blooms died off and water colour changed from green to brown, the oxygen 
depletion caused by the resulting bacterial bloom in the water was so severe that aeration 
alone was insufficient to raise the dissolved oxygen concentrations to levels needed by the 
fish, with the result that many fish perished. As an emergency measure, the situation could 
be reversed by adding potassium permanganate, a strong reducing agent that kills bacteria 
in the water, releasing oxygen and precipitating the algal proteins that feed the bacteria, to 
the water. Such measures are not recommended as a means for the management of 
oxygen-deprived water bodies as the nutrients, particularly phosphates, become trapped in 
the sediments of such impoundments and were released back into the water over long 
periods of time, potentially giving rise to future phytoplankton blooms. As a result, this type of 
fish farming declined in popularity. Analogies exist where municipal and industrial pollution 
results in discharge of excessive nutrients to the aquatic environment, with similar 
consequences for wild fish. 
 

2.3 Cyanobacterial Blooms  

One of the major symptoms of eutrophication (nutrient enrichment) within watercourses and 
water bodies is the proliferation of nuisance plant growth and cyanobacteria. Cyanobacteria, 
previously termed blue-green algae due to their dark blue-green colour, are gram negative 
bacteria capable of producing a range of potent toxins known as cyanotoxins (van Apeldoorn 
et al., 2007). The cyanobacteria are made up of some 150 genera of which some 40 are 
known to be capable of producing toxins (van Apeldoorn et al., 2007). 
 
Cyanobacteria possess many unique adaptations allowing optimal growth and persistence 
and the ability to out-compete algae during eutrophic conditions. Factors playing a key role in 
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the development of cyanobacterial dominance within a water resource include physical, 
chemical and biological factors. Such physical factors may include water column stability and 
stratification (see Section 2.6), evaporation, turbidity, colour and lake morphology, while 
chemical factors may include nutrient availability, pH, salinity, and dissolved oxygen and 
carbon dioxide concentrations (van Apeldoorn et al., 2007). Biological factors playing a role 
in the development of cyanobacterial blooms include trophic web interactions, ecosystem 
degradation and the presence of macrophytes (Harding and Paxton, 2001; cited in Van 
Ginkel, 2004). 
 
A large proportion of cyanobacteria produce cyanotoxins (Namikoshni and Rinehart, 1996; 
WHO, 1999). For example, certain cyanobacterial species of the genus Anabaena and 
Aphanizomenon synthesise neurotoxic alkaloids (toxins that affect nerves), whereas species 
of Anabaena, Microcystis, Nodularia and Planktothrix generate mostly hepatotoxic peptides 
(toxins that affect the liver) (Carmichael et al., 1990), the latter of which are secondary 
metabolites contained within the algal cells that are usually released only upon lysis of the 
cells (a process of disintegration or cell destruction) or when cell wall permeability changes 
occur (Oberholster et al., 2006). The most common cyanobacteria capable of producing 
toxins are given in Table 1. Of the many species of potentially toxic cyanobacteria present in 
South Africa, those of the genus Microcystis which produce the hepatoxtoxin microsystin are 
the most common and dominant, followed by species of the genus Anabaena which produce 
a suite of cyanotoxins which range from the neurotoxic anatoxins and saxitoxons, to the 
hepatotoxic microcystins (Van Ginkel et al., 2005). 
 
Table 1: Cyanobacteria and their most common toxins (From Sivonen and Jones, 1999) 

Toxin group 
Primary target organ in 

mammals 
Cyanobacterial genera 

Cyclic peptides  

Microcystins Liver 
Microcystis, Anabaena, Planktothrix  
(Oscillatoria), Nostoc, Hapalosiphon,  
Anabaenopsis 

Nodularin Liver Nodularia 

Alkaloids 

Anatoxin-a Nerve synapse 
Anabaena, Planktothrix (Oscillatoria),  
Aphanizomenon 

Anatoxin-a(S) Nerve synapse Anabaena 

Aplysiatoxins Skin 
Lyngbya, Schizothrix, Planktothrix  
(Oscillatoria) 

Cylindrospermopsins Liver 
Cylindrospermopsis, Aphanizomenon,  
Umezakia 

Lyngbyatoxin-a 
Skin, gastro-intestinal 
tract 

Lyngbya 

Saxitoxins Nerve axons 
Anabaena, Aphanizomenon, Lyngbya,  
Cylindrospermopsis 

Lipopolysaccharides 
(LPS)  

Potential irritant; any 
exposed tissue 

All 

 
However, not all species of cyanobacteria synthesise toxins, and the potency of blooms can 
vary substantially between sites, seasons, weeks or even days. These variations might be 
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caused by changes in species composition, production of different toxins with varying toxicity 
by one clone, or other reasons influenced by environmental factors (Benndorf and Henning, 
1989). Research has shown that while some impoundments such as the Hartbeespoort Dam 
and the Roodeplaat Dam undergo annual cyanobacterial blooms to varying degrees, other 
impoundments such as the Rietvlei Dam, Grootdraai Dam, Bloemhof Dam and Erfenis Dam 
only experience occasional blooms (Downing and Van Ginkel, 2003). 
 
Additional research by Van Ginkel (2003) further indicated that toxin production is also highly 
seasonal, peaking during spring and summer in the Hartbeespoort Dam and the Roodeplaat 
Dam, and to a lesser extent in the Rietvlei Dam. Although there is still much research needed 
to determine the driving forces behind the development of toxic cyanobacterial blooms, 
preliminary results have shown that with the presence of potentially toxic cyanobacteria such 
as Microcystis spp., the development of cyanotoxins is highly likely (Van Ginkel, 2004). 
 
Fish mortalities associated with toxic algal blooms are unique in that the production of the 
toxin is often strongly related to photosynthetic activity. As such, fish kills associated with 
toxic cyanobacterial blooms often begin in the late morning, and continue through the day 
until later in the afternoon, and are often repeated over a number of days until the bloom 
ends or oxygen depletion occurs (Meyer and Barclay, 1990). Water quality variables 
associated with cyanobacterial blooms often include high pH values due to the decrease in 
carbon dioxide concentrations and dissolved oxygen concentrations near or above saturation 
at noon, with associated high water temperatures. 
 
Algae-feeding fish species may die rapidly in the presence of a toxic algal bloom, whereas 
omnivorous fish may need to ingest toxic algae over several days before the cumulative 
effect of the microcystin will result in death (Tencalla et al., 1994). In such instances, liver 
pathology is only observed where fish have ingested the actual toxic cyanobacterial blooms 
(Figure 6). More recent evidence, however, indicates several possible modes of action by 
which toxic algal blooms may affect the gills of fish and account for fish deaths. The work of 
Gaete et al. (1994) suggests that inhibitory effects of microcystin on the ion pumps in the 
chloride cells of gills, resulting in loss of ion homeostasis, may be one reason for mass 
mortality of fish exposed to toxic Microcystis blooms. Bury et al. (1998), however, found that 
cytotoxic fatty acids, released during bloom senescence, rather than microcystin, were 
responsible for the inhibition of ion regulation by the gills. In large lakes, cyanobacterial 
blooms may be concentrated on certain shorelines due to wind action on the surface of the 
lake pushing the bloom in one direction. Where a spatial overlap exists between a fish kill 
and presence of a concentrated cyanobacterial bloom, there should be strong suspicion of 
the bloom being toxic, particularly if fish in other part of the lake appear unaffected. 
 
While there is strong supporting evidence in terms of implicating the direct toxicity posed by 
cyanotoxins in fish kills, particularly when cell masses of cyanobacteria decompose natural 
and toxins are released into the water during cell lysis (e.g. Davidson, 1959; Koon, 1960; 
Colman and Edwards, 1987; Ochumba, 1990; Sevrin-Reyssac and Pletikosic, 1990), the 
evidence linking their deaths to toxins is uncertain (Oberholster et al., 2006). More often, the 
impact of a cyanobacterial bloom on fish may be linked more with the synergysitc effects of 
multiple stressors rather than to the toxins directly. For example, Jewel et al. (2003) and 
Kangur et al. (2005) both found that contributions of several factors occurring during a 
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cyanobacterial bloom were likely to be responsible for fish kill events, including high pH 
values, large diurnal fluctuations in dissolved oxygen concentrations and high water 
temperatures. Other studies still, such as those conducted by Bury et al. (1996), have 
proposed that the stress response measured in fish chronically exposed to microcystins in 
the water may be sufficient to have an immune suppressive effect, possibly increasing the 
susceptibility to infectious agents in fish exposed to toxic algal blooms (see also Chapter 3). 
There are also observations of adverse impacts of high levels of ammonia during the 
collapse of a cyanobacterial bloom. For example, during collapse of a dense Anabaena 
circinalis bloom in Lake Okeechobee, Florida, low oxygen levels and ammonia were 
considered the cause of mortality for snails and other macroinvertebrates (Jones, 1987). In 
addition, potential clogging of gills by cyanobacterial cells have been implicated in a number 
of bloom-related fish kills (e.g. Jewel et al., 2003). 
 
Community–level responses such as fish kills related to cyanobacterial blooms thus depend 
on many factors, and may include a combination of toxin concentration, frequency and 
duration of exposure, the combined outcome of direct and indirect effects, and possible 
synergistic effects with other natural and anthropogenic stressors (Havens, 2005). 
 

 
Figure 6: Microcystis aerugenosa cells (arrow) being released through an incision in the stomach of 
an African Sharptooth Catfish (Clarias gariepinus) that had been feeding on a bloom in a eutrophied 
lake. Catfish are opportunistic omnivorous feeders that will feed heavily on the most abundant 
prevailing food source 

 

2.4 Ammonia 

The toxicity of ammonia to fish is strongly dependent on the pH and temperature of the 
water. More specifically, at high pH and/or high temperatures, ammonia in its unionised form 
(NH3) increases, therefore becoming increasingly toxic to fish. At pH below 7, most of the 
ammonia is in the ionised form (NH4

+) and is therefore relatively non-toxic (Table 2). 
Subsequently, as a result of the diurnal fluctuations of pH and water temperature, the toxicity 
of ammonia can change between day and night in water with significant algal photosynthesis 
occurring. 
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Table 2: Contribution of un-ionised NH3 to total ammonia (expressed as a percentage) as a function of 
pH value and water temperature (DWAF, 1996) 

pH 
Water Temperature 

0 5 10 15 20 25 30 35 

6.0 0.0083 0.012 0.019 0.027 0.039 0.056 0.079 0.11 

6.5 0.026 0.039 0.059 0.086 0.12 0.18 0.25 0.35 

7.0 0.083 0.12 0.18 0.27 0.39 0.56 0.79 1.1 

7.5 0.26 0.39 0.58 0.85 1.2 1.7 2.4 3.4 

8.0 0.82 1.2 1.8 2.6 3.8 5.3 7.3 9.9 

8.5 2.6 3.8 5.5 7.9 11 15 20 26 

9.0 7.6 11 16 21 28 36 44 52 

9.5 21 28 37 46 55 64 71 78 

 
Ammonia may form in water that has high nitrate content from the decay of organic matter or 
from agricultural run-off by a reversal of the denitrifying process. Under anoxic conditions, 
nitrates may be converted to ammonia by anaerobic bacteria. This has significant 
implications where water bodies undergo seasonal thermal stratification (see Section 2.6). 
Ammonia is also the main nitrogenous waste product produced from protein metabolism by 
fish. In contrast to most terrestrial animals that use the kidneys to excrete nitrogenous 
wastes, in fish this takes place through a diffusion process from the gills. In areas of high 
fish-density, where water flows have been reduced or have stopped, the ammonia excreted 
by the fish can build up to levels in the water that can precipitate a fish kill (a well-known 
cause of fish mortality in fish farm ponds). A further complication that fish experience at high 
pH is that the gills may be unable to excrete ammonia. 
 
The toxic ammonia produced during normal metabolism in the body of the fish builds up in 
the gill tissues where it acts as an irritant. The fish respond to this irritation by producing 
extra layers of cells (hyperplasia) on the gill surface and on the operculum (Figure 7). In 
severe cases this can be recognised with the naked eye as a clear gelatinous mass 
extending from the opercular slit of the fish. For most fish species, an un-ionised ammonia 
concentration in the water of <0.01 mg/ℓ is regarded as safe, although this is inadequate for 
salmonids which require un-ionised ammonia levels to remain <0.002 mg/ℓ (Branson, 1993). 
 

2.5 Sediment Disturbance 

When sediments within a water body are disturbed through human activities or natural 
phenomena such as seasonal turnovers (see Section 2.6), a number of substances that have 
direct impacts on fish survival can be released into the water column, including toxic 
hydrogen sulphide, metals and nitrites. In addition, the disturbance of sediments may also 
release oxidative compounds that have a high chemical oxygen demand into the water 
column. 
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Figure 7: Appearance of ammonia induced hyperplasia of the gill epithelium of a farmed Rainbow 
Trout (Oncorhynchus mykiss) as seen through the light microscope in a wet-mount slide of gill tissue  

 
Hydrogen sulphide, when released from the sediment, can be observed as bubbles rising to 
the surface which have the typical rotten egg smell of hydrogen sulphide. While hydrogen 
sulphide can be produced naturally in shallow water and marshes, its presence is often 
associated with pollution, and when such sediments are disturbed, the hydrogen sulphide is 
released into the water column with dire consequences for fish. Except for a few species of 
sulphide-tolerant fish, most fish species are sensitive to hydrogen sulphide which acts as a 
potent inhibitor of aerobic respiration through the inclusion of the sulphur ion into the 
haemoglobin molecule, thus forming sulfhemoglobin and preventing oxygen release from the 
haemoglobin molecule in the blood. Where fish are farmed commercially, the organic 
material that builds up in ponds and beneath cages can also release hydrogen sulphide 
which can be deleterious to the health of the fish. 
 
Iron pyrite (iron sulphide) is a constituent of acid sulphate soils which are found in some 
inland wetlands and river systems. Disturbance of such soils therefore exposes iron pyrite to 
air which then oxidises to sulphuric acid, resulting in a low pH which may be below the 
tolerance level of many fish species and contribute to a fish kill. Acidification of surface 
waters may also follow certain climatic conditions. The natural acidification of groundwater 
following periods of drought and subsequent contamination of surface waters after heavy rain 
was linked to outbreaks of epizootic ulcerative syndrome (EUS) during large scale mortality 
of fish due to this disease in the upper Zambezi River and its tributaries in 2007 (Choonga et 
al., 2009). In addition, low pH waters are also likely to leach additional metals from the soil, 
adding a further component to fish kills (Anon., 2001; see Section 2.8). Of particular concern 
is the leaching of aluminium from acid sulphate soils which is particularly harmful to the gills 
of fish under conditions of low pH (Henry et al., 2001). Acid sulphate-containing runoff may 
also be associated with abandoned or mismanaged mines and has been a serious concern 
in the upper Olifants River catchment in Mpumalanga. 
 
Nitrites in water, in contrast to nitrates, are highly toxic to fish. Nitrite may be released from 
sediments when nitrate reverts to nitrite under anoxic conditions where water has been 
contaminated with nitrate-rich effluent or when the bacterial conversion of ammonia to nitrate 
is limited by anoxia. Nitrites are absorbed into the blood of fish from the water, where it binds 
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to haemoglobin and changes the iron in haemoglobin from a ferrous (Fe2+) state to a ferric 
(Fe3+) state, resulting in the formation of methaemoglobin. Methaemoglobin interferes with 
the oxygen-carrying capacity of the haemoglobin and causes the colour of the blood to 
change from bright red to brown. When fish die, haemoglobin rapidly loses its red colour. 
This can be seen in the gills of fish which rapidly change from a dark red colour in a freshly 
dead fish to almost white soon after death. In contrast, methaemoglobin does not lose its 
brown colour after death, and the gills of fish that have died of nitrite poisoning will retain a 
brown colour for several hours after death. As such, it is important that the colour of the gills 
is noted in all dead fish collected during a fish-kill investigation. The toxicity of nitrite 
decreases with increasing chloride ion content of the water (Table 3) (Branson, 1993). 
 
Table 3: Effect of chloride (mg/ℓ) on the minimum concentration of nitrite (mg/ℓ) generally viewed as 
safe for fish (from Branson 1993) 

 

 
In addition, stirred up sediments can also release compounds into the water that consume 
dissolved oxygen. The susceptibility of such compounds to oxidise is referred to as chemical 
oxygen demand, and an increased chemical oxygen demand can result in asphyxiation of 
oxygen-sensitive species. This phenomenon has been observed in the Kruger National Park 
which is downstream of the Phalaborwa Barrage on several occasions when incoming flood 
water is used to scour silt from the Barrage in order to regain some of the storage capacity 
that is lost to siltation. The high chemical oxygen demand of the released silt has been the 
cause of infrequent die-offs of oxygen sensitive species for several kilometres downstream in 
the Olifants River. During several such occurrences, large numbers of alien Silver Carp 
(Hypophthalmichthys molitrix) that had migrated out of Lake Massingir were found amongst 
the dead fish. 
 

2.6 Stratification, Turnovers and Seiches 

One of the unique properties of water is its change in density with change in temperature, 
with colder water being denser than warmer water. The understanding of this simple physical 
principle is paramount when considering lentic ecosystems (standing water bodies such as 
dams, lakes, ponds, etc.), yet many fail to recognise its importance. The absorption of solar 
energy and its dissipation as heat in water as a medium has profound effects on the thermal 
structure, stratification and circulation patterns in water impoundments such as reservoirs. 
Such is the influence that many of the processes driving the physical characteristics of the 
impoundment are inherently dependant on solar energy, including nutrient cycling, 
distribution and concentration of dissolved gasses, distribution of biota and behavioural 
adaptations of organisms (Watanabe, 1992; Kimmel et al., 1990; Wetzel, 2001; Mwaura, 
2003; cited in Hart and Hart, 2006). 
 
The concept of thermal stratification in lentic water bodies and understanding its driving 
forces is of critical importance when considered from the perspective of fish kill 

Chloride level Salmonid fish Non-salmonid fish 

1 0.01 0.02 

5 0.05 0.10 

10 0.09 0.18 

20 0.12 0.24 

40 0.15 0.30 
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investigations. Thermal stratification occurs when surface water is warmed to a point that a 
difference in the density occurs relative to the underlying colder water. A zone (termed the 
thermocline) is formed between the two layers of differing densities across which mixing 
does not occur. The principle factors influencing the formation, strength and extent of thermal 
stratification within an impoundment include the density of the water, solar radiation, energy 
transfer at the air-water surface, impoundment morphology, and mixing resulting from 
advection and wind-inducted phenomena (Ford, 1990; Han et al., 2000; cited in Hart and 
Hart, 2006). 
 
Based on seasonal differences in temperatures, deep impoundments often undergo 
seasonal cycles of stratification and mixing. In South Africa, high summer temperatures often 
result in the clear stratification of deeper impoundments, with the separation of water into 
three main vertical zones, namely the upper epilimnion, the metalimnion (i.e. where the 
thermocline usually occurs), and the lower hypolimnion. The epilimnion is the zone where 
much of the biological activity within an impoundment occurs during the warmer summer 
months as a result of higher oxygen concentrations brought about by photosynthesising plant 
material such as algae as well as the warmer, more favourable water temperatures. In 
contrast, the hypolimnion is a zone located within the lower portion of an impoundment and is 
characterised by greatly reduced vertical mixing. Within the hypolimnion, the intensity of 
radiant light is such that it does not promote photosynthesis, and is instead where the 
process of decomposition is dominant. The zone at which the epilimnion meets with the 
hypolimnion is termed the metalimnion, and is characterised by a rapid change in 
temperature and therefore density that provides a distinct separation of the warmer 
epilimnion with the colder hypolimnion (also referred to as a thermocline). Although some 
mixing within the epilimnion does occur during summer as a result of wind action, the 
presence of the metalimnion prevents mixing of the whole water column. 
 
Although the process of bacterial decay within the hypolimnion is dependent on dissolved 
oxygen during the initial stages, different assemblages of bacteria continue the heterotrophic 
decomposition by drawing upon the oxygen bound up in dissolved sulphate and nitrate ions, 
with the concomitant release of hydrogen sulphide and ammonia, both of which are 
considered toxic to aquatic biota at even low concentrations (Allanson, 1995). Through the 
progression of the decomposition process throughout the summer period and in isolation 
from vertical mixing, the hypolimnion is starved of oxygen, often rendering it anoxic where 
hydrogen sulphide and ammonia become dominant. 
 
As seasons progress from warmer summer months into the colder winter months, the 
temperature differences between the epilimnion and the hypolimnion become less 
pronounced as the epilimnion loses heat to the atmosphere, and the density of water within 
the epilimnion therefore increases closer to that of the hypolimnion. Eventually, the densities 
of the water within the epilimnion and the hypolimnion equilibrate, allowing the layers to mix 
as a result of the wind action. This event, known as overturn, usually occurs during the 
autumn months and results in a complete mixing of the water, and is vitally important for the 
redistribution of nutrients held within the hypolimnion during the summer months. While algal 
growth generally tends to decrease during the latter part of the summer months due to 
nutrient depletion, overturn is often characterised by a renewed outburst of algal growth 
during the spring months due to the increased nutrient availabilities as a result of the mixing. 
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It is important to note that the degree of difference between the epilimnion and the 
hypolimnion in terms of dissolved oxygen differences is often the result of the nutrient status 
of the impoundment, with eutrophic impoundments showing a larger difference between the 
epilimnion and the hypolimnion than impoundments regarded as oligotrophic which often 
show little to no oxygen depletion below the seasonal thermocline (Allanson, 1995). 
However, Townsend (1995; cited in Hart and Hart, 2006) recorded two tropical reservoirs of 
low trophic status in Australia which showed rapid oxygen depletion rates and long periods of 
anoxia in response to thermal stratification, which was attributed to water temperature and its 
effect on microbial metabolism. Examples of South African impoundments of low nutrient 
status include Midmar Dam (Hart, 1996), Vanderkloof Dam (Allanson and Jackson, 1984), 
Spioenkop Dam (Hart, 1999), and Wagendrift Dam (Hart, 2001) (cited in Hart and Hart, 
2006). 
 
In addition, water temperatures take on an added importance in determining the depth at 
which inflowing water (such as from a river) enters the water column, potentially affecting the 
longitudinal thermal and trophic structure of the receiving ecosystem (Groeger and Bass; 
cited in Hart and Hart, 2006). When inflowing water is markedly colder than the water of the 
impoundment, the density differences between the waters will result in the inflowing water 
“pushing” under the warmer surface layers of the impoundment where much of the biological 
activity occurs. This is of particular importance when considering the nutrients and organic 
material transported by the inflowing water. Material that is transported within the summer 
months into an impoundment where thermal stratification occurs will result in additional 
nutrients being supplied to the hypolimnion. 
 
The phenomena of stratification and overturn have variants that depend on latitude, altitude, 
climate, exposure to wind action, depth, morphology and size of water body, and may not 
necessarily conform to the generally-accepted annual cycle as described above. For 
example, some impoundments may undergo complete mixing once a year (termed 
monomictic impoundments), while others may mix and stratify twice a year (termed dimictic 
impoundments) or have no persistent stratification (polymictic impoundments). Still other 
variants may potentially occur around the world, such as oligomictic impoundments 
(occasional mixing), amictic impoundments (no mixing), and meromictic impoundments (only 
mixing of upper layers). However, the most common variant associated with the majority of 
South African impoundments remains monomictic, which mix completely once a year (Davies 
and Day, 1998). 
 
Although considered in many instances as natural, the cycle of stratification, nutrient 
depletion, overturn and nutrient replenishment can be disturbed by human activities (e.g. in 
the case of the Hartebeespoort Dam). In such instances, continuous input of nutrients from 
domestic effluent or agricultural fertilizers ensure that nutrients within the epilimnion do not 
undergo a period of depletion, allowing the organisms to flourish throughout the warmer 
periods of the year. In doing so, the nutrient “bank” within the impoundment is increased 
annually, encouraging the growth of algae (including toxic blue-green algae, or 
cyanobacteria) exponentially as time passes (Davies and Day, 1998). 
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Of relevance to fish kill investigations is the fact that overturn generally brings anoxic water 
and decaying organic matter held within the hypolimnion during the summer months into the 
total water column during mixing. Also brought into the water column are hydrogen sulphide 
and ammonia liberated during the anaerobic decomposition process. As such, fish kills 
occurring as a result of overturn may present varied results, and may present the same 
symptoms as those observed for oxygen deprivation, ammonia toxicity and/or hydrogen 
sulphide toxicity. 
 
An additional result of stratification worthy of consideration in fish kill assessments is the 
concept of seiches. A seiche is a free oscillation of water in a basin that seeks to re-establish 
equilibrium after it has been displaced by a source of energy, most commonly wind (Davies 
and Day, 1998). During times of wind, water may be pushed against the far bank of the 
stratified impoundment, thereby depressing the thermocline. Once the wind action ceases, 
the thermocline begins to “rock” as an internal wave within the impoundment independent of 
the waves observed on the surface, creating eddies and turbulence along the metalimnion 
boundary and allowing a limited amount of mixing to occur. More importantly, the thermocline 
may be depressed during times of very high surface winds to such an extent that the 
hypolimnion is pushed to the surface, bringing nutrient-rich water into the shallow areas of 
the impoundment (i.e. upwelling). However, such events may also bring oxygen-poor and 
hydrogen sulphide-rich water into the shallows and into contact with fish, resulting in a 
localised fish kill event. 
 
Stratification within an impoundment may have several additional implications with regards to 
downstream watercourses, particularly from a fish kill perspective. For example, should 
bottom releases occur from a dam where stratification is in place, water released will exhibit 
the same characteristics as that present within the hypolimnion. Accordingly, water released 
into the downstream watercourse through a bottom release will be deprived of dissolved 
oxygen, contain a high amount of decaying organic matter and may contain significant 
concentrations of hydrogen sulphide (and probably higher levels of dissolved metals as well 
that have come up from the sediments under the reducing anoxic environment; see Section 
2.5). A further consequence of such an action may be gas-supersaturation (see Section 2.7). 
 
While field-based observations regarding fish kills associated with lake stratification, overturn 
and seiches are similar to those of low dissolved oxygen, additional observations that may 
assist in identifying hydrogen sulphide as a contributing factor include the smell of rotten 
eggs (especially downwind of the site), black decaying organic matter on the windward shore 
(particularly in the event of a seiche), apparently disorientated fish, and dark, chocolate-
coloured gill filaments brought about by the formation of sulfhemoglobin which, like 
methaemoglobin, drastically reduces the blood’s ability to carry oxygen. In such instances, 
acidifying a blood sample taken from the fish with acetic or hydrochloric acid will release the 
distinctive smell of hydrogen sulphide. 
 
For a comprehensive understanding of processes present within impoundments and the 
implications for the fish kill investigator, the reader is strongly encouraged to become familiar 
with Hart and Hart (2006) particularly with regards other facets of reservoirs and their 
implications of fish kill investigations. 
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2.7 Gas Supersaturation 

Dissolved atmospheric gases usually occur in most natural waters at equilibrium with 
atmospheric pressure. Where the pressure of dissolved gases in the water exceeds the 
pressure of gases in the atmosphere, the term supersaturation is used. The most common 
mechanism for the production of gas supersaturation relates to the mixing of air and water 
into pressurised water systems. In the natural environment, this occurs below some 
waterfalls. However, piping and pumping of water also pose considerable risk of causing 
supersaturation as does the release of water from dams through turbines or other discharge 
points.  
 
Although not commonly observed in South Africa, gas supersaturation may provide the 
causal mechanism of a fish kill downstream of large dams or power plants. In cases where 
bottom releases occur in dams, water has often been under pressure from the above water 
column (i.e. hydrostatic pressure). During the release, pressure decreases and temperature 
increases rapidly, resulting in a rapid reduction in the solubility of dissolved gases, the result 
being that fish within the direct vicinity experience gas supersaturation. When fish are 
exposed to uncompensated hyperbaric total gas pressure in the water, they will develop a 
condition known as gas bubble disease similar to that observed when a scuba-diver ascends 
rapidly from depth, with the result that primary lesions develop in the blood vessels and 
tissues as gases come out of solution. The gas bubbles that form in the blood vessels 
(emboli) (Figure 8a; Figure 8b) and in the tissues (emphysema) (Figure 8c) may lead to 
physiological dysfunctions (Bouck, 1980; Weitkamp and Katz, 1980; Roberts, 1989). 
 
Furthermore, hyperbaric gas pressures can exert their influence on fish for considerable 
distances downstream from the source of gas supersaturation (Weitkamp and Katz, 1980). 
This is particularly evident where water flow has been slowed by weir construction. The 
solubility of gases in water is affected by various factors, in particular altitude and 
temperature. The risk of gas supersaturation developing is relatively higher at high altitudes 
when compared to sea level due to the lower atmospheric pressure at high altitude. 
However, where rapid and riffle habitats are present downstream of such releases, the 
effects are limited as turbulence assists in the release of excess gases. 
 
In addition, water released from dams is often colder than that of the receiving watercourse, 
resulting in a unique form of gas supersaturation that occurs where cold and warm waters 
mix. The saturation point of gases in water (where the pressure of dissolved gases is in 
equilibrium with that of atmospheric gases) is inversely proportional to the water temperature 
(high solubility in cold water, low solubility in warm water). With mixing of warm and cold 
water, the reduced solubility of the gases causes these to become supersaturated and 
problematical to the survival of fish. 
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Figure 8: Gas emboli (arrows) visible in the gill capillaries under the light microscope of a fish 
exposed to water supersaturated with atmospheric gas (a). Gas emboli trapped in the gill vasculature 
(arrows) remain visible under the light microscope for some time after death of the fish even once the 
gill tissues start to undergo autolysis (b). Gas bubble (arrow) released into the eyeball following 
exposure of a fish to water supersaturated with atmospheric gas (c) 
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A similar process leads to supersaturation of gases in the blood and tissues of the fish when 
they experience a rapid rise in water temperature, such as movement of fish from the 
hypolimnion to the epilimnion (see Section 2.6), or fish entering the heated discharge plume 
of a power station from the surrounding colder water. Fish are poikilothermic, meaning that 
their body temperature remains the same as the temperature of the surrounding water they 
inhabit. Most fish will tolerate a temperature rise of approximately 3°C per hour without 
developing gas bubble disease as a result of temperature. If the temperature rises more 
rapidly, as sometimes happens diurnally in shallow streams and dams at certain times of the 
year, fish kills as a result of gas bubble disease may occur.  
 
Depending on the severity of the gas supersaturation, either acute or chronic disease will 
manifest. Chronic exposure to low levels of supersaturation may have a delay of one to two 
months before mortality is observed (Colt, 1986), while long term chronic exposure will lead 
to focal tissue necrosis (cell death) and an increased susceptibility to bacterial and parasitic 
infection (Huchzermeyer, 2003). Further symptoms of chronic exposure to gas 
supersaturation will often include exophthalmos, a condition commonly referred to as pop-
eye. 
 
In contrast, acute exposure of fish to high levels of gas supersaturation will cause mortality 
within hours of exposure, with affected fish showing aberrant swimming movements near the 
surface of the water (e.g. frenzied swimming motions, circling and loss of righting ability). On 
careful inspection of fish that have died from acute exposure to high levels of gas 
supersaturation, emphysema (blistering with gas bubbles) can be observed under the skin. In 
addition, gas bubbles may be particularly evident between the fin rays when such fish are 
held up against a light source. 
 
The United States Environmental Protection Agency uses a critical level of 110% total gas 
pressure, set by the National Academy of Sciences (Water Quality Criteria, 1972; cited in 
Weitkamp and Katz, 1980) as a water quality standard, although this has been shown to be 
inadequate for sensitive species such as salmonids (Colt, 1986). The uncompensated 
differential pressure of dissolved gases in water decreases by approximately 74.3 mm Hg 
per meter depth where temperature and partial pressure are uniform with depth (Colt, 1986). 
Although fish cannot sense the presence of supersaturated gases in water, the natural depth 
distribution exposes wild fish to incidental hydrostatic pressure compensation allowing them 
to tolerate supersaturation well above 110% (Lund and Heggberget, 1985). In shallow 
systems, such as in farm ponds and where weirs have resulted in shallow stretches of 
dammed water, this type of hydrostatic compensation is precluded and fish inhabiting such 
waters become more prone to gas bubble disease. 
 

2.8 Metal Pollution 

The natural physical and chemical properties of the aquatic ecosystems in South Africa differ 
inherently between areas due mainly to climate, geomorphology, geology and soils (Davies 
and Day, 1998). However, slow and continuous changes by man over the ages have altered 
these properties to a point where many ecosystems can no longer be regarded as natural. 
Geological weathering, industrial processing of metals and ores, the use of metal 
compounds, leaching of metals from solid waste dumps, and animal and human excretions 
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that may contain heavy metals have all contributed to the rise of metals in the aquatic 
environment (Förstner and Wittmann, 1981). 
 
The term “heavy metal” refers to those metals with an atomic weight greater than that of 
Calcium (i.e. 40.078) and excludes sodium, potassium, magnesium, lithium, aluminium and 
beryllium. Heavy metals belong to a group of elements whose hydrological cycles have been 
greatly influenced by man (Landis and Yu, 1995). Given the right concentration, virtually all 
metals are toxic to aquatic organisms, and are subsequently considered to be one of the 
most toxic forms of aquatic pollution (Laws, 2000). Nevertheless, some metals are required 
by biological systems in trace amounts and act as micronutrients needed to remain healthy 
and to grow, while others are considered extremely toxic even at trace concentrations 
(Kitzman, 1993; Laws, 2000). Such essential trace metals include magnesium (in 
chlorophyll), manganese (in enzymes), iron (most importantly in heame-containing 
respiratory pigments), cobalt (in vitamin B12), copper (in enzymes involved in redox 
reactions), zinc (in enzymes) and molybdenum (proteins involved in electron transfer and 
photosynthesis). However, many of these are particularly toxic when they form more stable 
bonds with the SH group rather than with anions such as CO3

2-, HCO3
-, OH- and Cl- thus 

affecting proteins by combining with their thiol groups and therefore altering their functioning 
(Dallas and Day, 2004). 
 
The toxicity of metals present within an ecosystem is influenced by various factors including 
the chemical species of the metal, the combined presence of a metal and other substances, 
pH, hardness, dilution, type and mobility of sediments, temperatures, salinity and the 
presence of organic material (Branson, 1993; Dallas and Day, 2004). For example, low pH 
generally increases the solubility and toxicity of most metals. However, in the case of 
aluminium which is most toxic at pH 5, the toxicity also increases at pH above 8 (Branson, 
1993). In the toxic pH range, aluminium will damage the gills, which may be cumulative with 
repeat exposures. As another example, iron can be present in the Fe2+ (ferrous) and Fe3+ 
(ferric) states within water. At pH above 7, iron is present in the ferric state, which when in 
excess can precipitate on the gills of fish in the form of a colloid interfering with respiration 
(Branson, 1993). Table 4 differentiates abundant and heavy metals into three basic 
categories according to their toxicity and availability in natural aquatic ecosystems, namely: 
non-toxic, toxic but insoluble or very rare, and very toxic and relatively accessible (from 
Förstner and Wittmann, 1981; cited in Dallas and Day, 2004). 
 
Table 4: Classification of metals according to toxicity and availability (Förstner and Wittmann, 1981; 
adapted from Dallas and Day, 2004) 

Designation Metal 

Non-critical Na*, K*, Mg*, Al*, Li, Ca*, Fe*, Rb, Sr 

Toxic but insoluble or very rare Ti*, Hf, Zr, W, Nb, Ta, Re, Ga, La, Os, Rh, Ir, Ba 

Very toxic and relatively accessible Be, Co, Ni, Cu, Zn, Sn, As, Se, Te, Pd, Ag, Cd, 
Pt, Au, Hg, Tl, Pb, Sb, Bi  

Italics – Atomic mass < 40 (i.e. not a “heavy metal”) 
*- Abundant in the earth’s crust (i.e. not a trace metal) 
 
Being elements, metals cannot be broken down or destroyed by degradation, but instead 
accumulate within the environment in different forms. In aquatic organisms, metals can be 
taken up from the environment and accumulated within their tissues through a process 
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known as bioaccumulation. Bioaccumulation is the result of an organism’s ability to 
concentrate and accumulate a chemical substance within its tissues either through direct 
uptake from the surrounding medium through oral, percutaneous or respiratory courses 
(bioconcentration), or indirectly through the consecutive levels in the food chain 
(biomagnification) (Martin and Knauer, 1973; Jaffe, 1991). Accordingly, metal concentrations 
in aquatic organisms may be several magnitudes higher than concentrations present in the 
environment (Laws, 2000). In instances where fish take up metals directly from the 
environment, the highest concentrations are often found in the gill tissues as this is the main 
site of uptake. In contrast, assimilation via the food chain will result in uptake via the 
intestines and subsequent accumulation in the liver. Furthermore, some metals may be 
excreted through the kidneys and levels may consequently also accumulate in the kidney. 
 
Various studies conducted in South Africa have explored the bioaccumulation in aquatic 
biota and in the various tissues of fish. For example, in Loskop Dam in the polluted upper 
catchment of the Olifants River, certain species of plankton have been shown to bio-
accumulate aluminium and iron from the environment, exposing phytoplankton-feeding fish 
species to abnormally high levels of these metals in their diet, as demonstrated in 
Mozambique Tilapia (Oreochromis mossambicus) from the same impoundment (Oberholster 
et al., 2011). Similarly, bioaccumulation of metals has been demonstrated in Sharptooth 
Catfish (Clarias gariepinus) in the polluted upper catchment of the Olifants River (Coetzee et 
al., 2002). In other studies, Avenant-Oldewage and Marx (2000) demonstrated bio-
accumulation of various metals including iron in Sharptooth Catfish (Clarias gariepinus) in the 
Olifants River within the Kruger National Park. In addition, several studies have shown that 
numerous abiotic and biotic factors appear to influence the degree of bio-accumulation in 
individual fish. For instance, in a study done by du Preez and Steyn (1992), low bio-
concentration factors of a number of metals, including iron, in various tissues, indicated low 
bioavailability of these metals in Tigerfish (Hydrocynus vittatus) from the Olifants River in the 
Kruger National Park. 
 
Subsequently, chronic toxicity and pathology may develop in the liver and kidneys as well as 
in the gills as a result of prolonged low-level exposure. However, while such bio-
accumulation can have an insidious effect on the health of fish and may reduce survival of 
fish through sub-lethal effects, thereby making them susceptible to other mechanisms, it is 
unlikely to directly precipitate a mass die-off. Therefore, where non-lethal discharges have 
occurred in the past, bioaccumulation may provide an opportunity to identify underlying 
causal factors that may contribute significantly to fish deaths. However, sudden discharges of 
metals into the aquatic environment can result in acute toxicity and sudden death through 
microscopic pathologic changes in the affected organs of fish. In such instances, sensitive 
organs such as the gills are most likely to show pathology. In addition, smaller, younger 
individuals within a population are likely to present lethal indications first due to a higher body 
surface to body weight ratio (Branson, 1993). The relative toxic levels of these metals to fish 
according to Branson (1993) are given in Table 5. More detailed toxicity data are available 
internationally from the USEPA ECOTOX database (http://cfpub.epa.gov/ecotox/). 
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Table 5: Concentrations of the most common heavy metals in water considered to be acutely toxic to 
fish (from Branson 1993) 

Metal Concentration in mg/ℓ 

Copper 3.0 

Aluminium 0.3 

Cadmium 0.1 

Mercury 1.0 

Iron (variable) 0.3-10 

Lead 1.0 

Manganese 2.0 

Chromium 5.0 

Zinc 1.0 

 
In many instances, fish mortalities as a result of exposure to acute concentrations of metals 
can be linked to identifiable point-source discharges associated with various industries. 
However, the sources of metal toxicity may not always be as simple to identify as point-
source discharges are. For example, large dams and impoundments in the catchment of 
rivers act as traps for sediments, which in turn act as sinks for environmental metal 
accumulation through the binding of the metals with the sediment particles. Over time, subtle 
changes in water quality as a result of activities within the catchment or as a result of 
seasonal phenomena (e.g. overturn) may cause sediment-bound contaminants to 
periodically become bioavailable in small concentrations which may result in bioaccumulation 
in fish tissues. In contrast, rapid and drastic changes to water quality may result in the rapid 
mobilisation of metals at levels considered to be acutely toxic to aquatic biota, and may result 
in direct toxicity. Such instances have been regarded as the epicentre of recent mortalities of 
fish and crocodiles in the Olifants River catchment in Mpumalanga (Heath et al., 2010). 
Therefore, where metals are determined to be associated with fish kills, investigators will 
need to be mindful of the various avenues for metal introduction and factors that may be 
present that would influence metal toxicity and availability to aquatic biota. 
 

2.9 Persistent Organic Pollutants (POPs) 

While numerous pesticides are toxic to fish, some, such as formalin, dichlorphos, trichlophon, 
quaternary ammonium compounds and chloramine T, have been used as biocides in the 
treatment of farmed fish. Nevertheless, when given at incorrect levels, particularly in soft 
waters, these are potentially toxic to fish. Some, such as the insecticides pyrethrum and 
rotenone, have a direct toxic effect on fish, while others will persist in the aquatic 
environment over long periods with insidious effects linked to biomagnification through the 
food web. These are known as persistent organic pollutants, and although not frequently 
implicated in direct fish kills, they are of particular concern as their persistence may 
contribute significantly to the ability of the fish to contend with additional stressors. 
 
Persistent organic pollutants (POPs) include a group of agricultural and industrial chemicals 
that have been widely used as well as chemicals released unintentionally world-wide through 
various human activities (Anon, 2011). As the name implies, these chemicals resist 
degradation in both the abiotic and biotic environments and have the ability to bio-
accumulate and bio-magnify in living tissues through uptake into the food-chain. They are 
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also known to travel over long distances, even transnationally, through air, water and with 
migrating species (Anon, 2011). Apart from intentional manufacture, POPs have been 
released into freshwater and marine ecosystems as by-products of industrial processes and 
by indirect routes such as leaching from waste sites, effluent run-off into rivers and 
deposition from the atmosphere (Anon, 2012). In addition, burning or incineration of 
municipal, medical and other hazardous waste, manufacture of pulp and paper and certain 
metal production and refining processes contribute to the release of POPs into the 
atmospheric (Anon, 2012). 
 
Most POPs have low solubility in water and bind strongly to particulate matter in the water, 
resulting in their deposition in sediments. As with metals, sediments act as sinks for POPs, 
where, out of circulation, they can persist over long periods of time. When sediments are 
disturbed, POPs may re-enter the water column from where they will again enter the food-
chain. POPs are known to persist in the environment and to move up the food chain, where 
their toxic effect becomes magnified in organisms higher up in the food chain, and are most 
prevalent in aquatic predators. Even small amounts of POPs entering the bottom of the food 
chain can prove toxic to aquatic predators feeding at the top of the food chain. A wide range 
of effects has been ascribed to POPs including cancer, allergies and hypersensitivity, 
nervous system damage and disruption of the reproductive and immune systems (Anon 
2011). Communities depending on fish from such waters as a source of nutrition are at 
particular risk, as fish may be sentinels of impending danger to humans. 
 
Table 6 illustrates the 12 most well documented POPs and their uses. 
 
Table 6: Persistent organic pollutants, their uses and history (adapted from Anon, 2012) 

Persistent 
organic 

pollutants 
Global Historical Use/Source Overview of U.S. Status 

Aldrin and Dieldrin Insecticides used on crops such 
as corn and cotton; also used for 
termite control. 

Under FIFRA: 
1. No U.S. registrations; most uses cancelled 
in 1969; all uses by 1987. 
2. All tolerances on food crops revoked in 
1986. 
 
No production, import, or export. 

Chlordane Insecticide used on crops, 
including vegetables, small 
grains, potatoes, sugarcane, 
sugar beets, fruits, nuts, citrus, 
and cotton. Used on home lawn 
and garden pests. Also used 
extensively to control termites. 

Under FIFRA:  
1. No U.S. registrations; most uses cancelled 
in 1978; all uses by 1988. 
2. All tolerances on food crops revoked in 
1986. 
 
No production (stopped in 1997), import, or 
export. 
Regulated as a hazardous air pollutant (CAA). 

DDT Insecticide used on agricultural 
crops, primarily cotton, and 
insects that carry diseases such 
as malaria and typhus. 

Under FIFRA: No U.S. registrations; most 
uses cancelled in  
1. 1972; all uses by 1989. 
2. Tolerances on food crops revoked in 1986. 
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No U.S. production, import, or export. 
DDE (a metabolite of DDT) regulated as a 
hazardous air pollutant (CAA). 
Priority toxic pollutant (CWA). 

Endrin Insecticide used on crops such 
as cotton and grains; also used 
to control rodents. 

Under FIFRA, no U.S. registrations; most uses 
cancelled in 1979; all uses by 1984.  
 
No production, import, or export.  
Priority toxic pollutant (CWA). 

Mirex Insecticide used to combat fire 
ants, termites, and mealybugs. 
Also used as a fire retardant in 
plastics, rubber, and electrical 
products. 

Under FIFRA, no U.S. registrations; all uses 
cancelled in 1977.  
 
No production, import, or export. 

Heptachlor  Insecticide used primarily 
against soil insects and termites. 
Also used against some crop 
pests and to  
combat malaria. 

Under FIFRA:  
1. Most uses cancelled by 1978; registrant 
voluntarily cancelled use to control fire ants in 
underground cable boxes in early 2000. 
2. All pesticide tolerances on food crops 
revoked in 1989. 
3. No production, import, or export. 

Hexachloro-
benzene 

Fungicide used for seed 
treatment. Also an industrial 
chemical used to make 
fireworks, ammunition, synthetic 
rubber, and other substances. 
Also unintentionally produced 
during combustion and the 
manufacture of certain 
chemicals. Also an impurity in 
certain pesticides. 

Under FIFRA, no U.S. registrations; all uses 
cancelled by 1985. 
 
No production, import, or export as a pesticide.
Manufacture and use for chemical 
intermediate (as allowed under the 
Convention). 
Regulated as a hazardous air pollutant (CAA). 
Priority toxic pollutant (CWA). 

PCBs Used for a variety of industrial 
processes and purposes, 
including in electrical 
transformers and capacitors, as 
heat exchange fluids, as paint 
additives, in carbonless copy 
paper, and in plastics. Also 
unintentionally produced during 
combustion. 

Manufacture and new use prohibited in 1978 
(TSCA). 
Regulated as a hazardous air pollutant (CAA). 
Priority toxic pollutant (CWA). 

Toxaphene Insecticide used to control pests 
on crops and livestock, and to 
kill unwanted fish in lakes. 

Under FIFRA:  
1. No U.S. registrations; most uses cancelled 
in 1982;  
all uses by 1990.  
2. All tolerances on food crops revoked in 
1993. 
 
No production, import, or export. 
Regulated as a hazardous air pollutant (CAA). 
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Dioxins and 
Furans 
 

Unintentionally produced during 
most forms of combustion, 
including burning of municipal 
and medical wastes, backyard 
burning of trash, and industrial 
processes. 
Also can be found as trace 
contaminants in certain 
herbicides, wood preservatives, 
and in PCB mixtures. 

Regulated as hazardous air pollutants (CAA). 
Dioxin in the form of 2,3,7,8-TCDD is a priority 
toxic pollutant (CWA). 

 
Many POPs are accumulated in the fat tissues of aquatic animals, and as a result, the fat of 
fish represents the most suitable material of analysis for POPs. However, due to the 
pervasive nature of POPs and the extensive release into the environment in the past, aquatic 
biota may show background levels of these chemicals. As such, with chronic exposure, even 
low exposure rates will provide detectable levels in the tissues following bioaccumulation 
over time. For example, some dioxins may be traceable in fish tissues from the extensive 
low-heat combustion of veld fires during winter months. In other areas, traces of DDE (a 
metabolite of DDT) may be traceable in fish from the use of DDT for mosquito control in the 
relevant catchment. Subsequently, in the case of fish kills, analysis of fish tissues for POPs 
alone may reveal detectable levels of bio-accumulation, but presence of the chemical must 
be seen relative to known toxicity data and effects before a cause and effect relationship can 
be inferred. As a result, where there is suspicion of an acute toxicity as a result of POPs, 
analysis of water is needed to establish whether the exposure has been recent (Plumb, 
1993). 
 

2.10 Pesticides 

A pesticide is any substance or mixture of substances intended for preventing, destroying, 
repelling or mitigating any pest. Though often misunderstood to refer only to insecticides, the 
terms pesticide also refers to herbicides, fungicides, and various other substances used to 
control pests. Pesticide usage is very often necessary to maintain both agricultural 
productivity and human health. However, although the usefulness of pesticides cannot be 
argued, the environmental impacts cannot be ignored, especially from a fish kill perspective. 
 
At present, South Africa has more than 500 registered pesticides, and is one of the four 
largest importers of pesticides in sub-Saharan Africa (Pesticide Action Network, 2010; cited 
in Quinn et al., 2011; Osbanjo et al., 2002). Some examples of commonly utilized chemical 
insecticides in South Africa include organochlorides, organophosphates and carbamate 
insecticides. 
 
Organochlorides are common insecticides in use in South Africa, and include chlorinated 
hydrocarbons (e.g. DDT) and cyclodienes (e.g. aldrin, dieldrin, endrin, etc.). These pesticides 
have poor solubility in water, are fat soluble and persist for long periods (Plumb, 1993). 
When applied during summer, uptake into the fat of fish may occur where the pesticide is 
stored and accumulated. During the subsequent winter when many fish stop feeding and 
utilise their fat reserves to stay alive, the bioaccumulated pesticide may be released, 
resulting in a delayed toxicosis (Plumb 1993). In Southern Africa where DDT was (and still is) 
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used extensively in mosquito control, its metabolite DDE is still frequently detected in aquatic 
animals. Toxaphene is another chlorinated hydrocarbon that acts in a similar way in 
freshwater temperate fishes, causing spinal deformities and increased susceptibility to 
infections. Other toxic effects of hydrocarbons include poor growth, poor survival and 
reduced egg production (Plumb, 1993). 
 
Organophosphate insecticides, another widely used pesticide that affects all aquatic 
organisms, are, like organochlorides, relatively insoluble in water. However, in contrast to 
organochlorides, most organophosphates are relatively unstable, particularly in the presence 
of light, and rapidly lose their toxicity in water. In addition, they are biodegradable and 
therefore less prone to biomagnification than organochlorides are, although they can 
undergo bioconcentration to some degree. Organophosphates exert their toxicological action 
through the inhibition of acetylcholinesterase, an enzyme involved in the transmission of 
nerve impulses, and can be absorbed through the skin, gills and gastro-intestinal tract of fish 
(Plumb, 1993; Dallas and Day, 2004). Accordingly, typical symptoms of organophosphate 
toxicity include muscle contracture, spinal deformities, frenzied uncoordinated swimming, 
dark pigmentation and reduced stamina. Furthermore, target organisms often acquire a 
resistance to organophosphates, resulting in the applicant having to increase the doses in 
order to exert the desired effect. 
 
Carbamate insecticides act in a similar manner to organophosphates in that they inhibit 
acetylcholinesterase and show short persistence in the environment (Plumb 1993; Hellawell, 
1986; cited in Davies and Day, 2004). In all cases, where there is a suspicion of acute 
toxicity as a result of pesticides, analysis of both fish tissue and water should done without 
delay in order to establish whether the fish kill is as a result of pesticides or not.  
 
Table 7 provides a comparison of the main characteristics of synthetic insecticides. 
 
Table 7: Comparison of the main characteristics of synthetic insecticides (adapted from Hellawell, 
1986; cited in Davies and Day, 2004) 

 Organochlorides Organophosphates Carbamates 

Potential for entry into water Strong Strong Moderate 

Solubility in water Very low Low Low 

Aquatic toxicity  High Moderate Moderate 

Aquatic persistence Prolonged Short Short 

Bioaccumulation potential Strong Weak Weak 

 

2.11 Piscicides 

Although not forming part of the definition of what constitutes a fish kill based on their 
intended use (La and Cooke, 2011), the role of piscicides in the death of large numbers of 
fish should nevertheless be taken into consideration, particularly where the mechanisms of 
such deaths are unknown. In Southern Africa, as in many parts of Africa, piscicides have 
been used traditionally by subsistence fishermen to harvest fish at certain times of the year. 
As such, the presence of subsistence fishing communities and possible poaching in the 
vicinity of a fish kill should alert the investigator to the use of piscicides as a possible cause. 
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Rotenone has recently received much publicity in South Africa following its successful 
application in the Western Cape in the eradication of alien fish species, and is of particular 
interest in Africa as the compound can be extracted from a number of indigenous leguminous 
plants. The fish bean, Tephrosia vogelii, is one such plant that is grown throughout large 
parts of Africa where, although illegal, it is still in use in traditional fisheries (Figure 9) 
(Neuwingen, 2004). The cork bush, Mundulea sericea, is another well-known traditional 
source of fish poison in South Africa from which rotenone can be extracted (Figure 10).  
 
Rotenone acts by interfering with cellular respiration particularly in the gill through which the 
compound is taken up from the water. As such, symptoms associated with rotenone 
intoxication are often very similar to those observed for oxygen depletion, in that affected fish 
will gasp at the water surface and lose equilibrium before dying (Plumb, 1993). Mildly toxic to 
mammals, rotenone is known to have varying degrees of toxicity towards aquatic 
invertebrates (e.g. crabs are usually unaffected; van Wyk and Gericke, 2007). It degrades 
rapidly in water, particularly under conditions of high alkalinity and high light intensity, and 
increased turbidity appears to slow its break down (Plumb, 1993). In general, concentrations 
of 0.5 mg/ℓ to 5 mg/ℓ of rotenone are needed to cause fish kills, with concentrations of 2 mg/ℓ 
known to degrade in 3 days at 20°C and in 16 days at 11.5°C (Plumb, 1993). Where 
detoxification is required following rotenone application, an addition of 2 parts of potassium 
permanganate for 1 part rotenone will detoxify the rotenone within 30 minutes. At this level, 
potassium permanganate will leave a pink colour in the water. It should however be noted 
that potassium permanganate has a narrow safety range for fish and at higher levels is also 
considered toxic to fish. 
 
The antifungal agent, antimycin, is specifically toxic to scaled fish, whereas scale-less fish 
such as the Sharptooth Catfish (Clarias gariepinus) are more tolerant (Plumb, 1993). 
Antimycin is a chemical metabolite of the Streptomyces bacterium and, as in the case of 
rotenone, interferes with cellular reparation. Antimycin has a relatively short half-life in water, 
rapidly degrading by a process of oxidation that is facilitated by sunlight. In some countries, 
antimycin is sold as a piscicide under the trade name Fintrol. 
 
Other plants indigenous to southern Africa from which traditional fish poisons have been 
extracted include the Ana Tree (Faidherbia albida; pods), the winter-flowering Impala Lily 
(Adenium multiflorum; latex), Transvaal Candelabra Tree (Euphorbia cooperi; grass soaked 
with latex) and the Forest and Natal mahogany (Trichelia dregeana and T. emetic, 
respectively) (Van Wyk and Gericke, 2007). 
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Figure 9: The fish bean, Typhrosa vogelii (a), a fish-poison-containing plant used widely, although 
illegally, throughout Africa (Photo courtesy of C.F. Huchzermeyer, African Parks). Children in a fishing 
village in Zambia (b) preparing poison by pounding fish bean leaves (Photo courtesy of C.F. 
Huchzermeyer, African Parks) 

 

 
Figure 10: The cork bush, Mundulea sericea, is a shrub, up to 2 meters tall, a common indigenous 
plant in the northern parts of southern Africa. Concoctions made from the pods, bark, leaves and roots 
contain rotenone, a potent fish poison, used to poach fish 
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2.12 Life-Cycle Related Fish Kills 

As a result of the wide range of variables within the South African context, fish species have 
evolved a wide range of life cycles in order to survive within their habitat, with some life 
cycles being more complex than others. For example, the annual life cycle of killifishes 
(Nothobranchius species) that live in temporary rain pools and riverine floodplains has 
evolved to coincide with periods of rainfall that would provide only temporarily favourable 
habitat. Their life cycle typically involves a short active phase of only several weeks from 
hatching to adulthood and reproduction, and a long inactive phase of several months when 
eggs lie dormant, all of which occur within a very limited geographical area. In contrast, life 
cycles of eels (Anguilla species) involve oceanic breeding, a pelagic planktonic stage, 
migration of juveniles into estuaries followed by migration into freshwater to become elvers, 
followed by further migration upstream before returning to the ocean to breed, a cycle which 
may take several years to complete and extend across a geographic area of more than 
100km (Crass, 1964; Skelton, 2001). 
 
Migrations are some of the most challenging life-history stages of organisms across multiple 
taxa (Dingle, 1996; Dingle and Drake, 2007; Donaldson et al., 2010). The migration process 
exemplifies the interplay between physiology and behaviour throughout spawning migrations 
from the perception of cues that initiate migrations (e.g. increases in temperature, increases 
in flow, photoperiod, etc.) to factors that affect mating systems at the spawning grounds 
(Hinch et al., 2006; Hruska et al., 2007, Ueda et al., 2007, Donaldson et al., 2012). In 
addition, as spawning-related activities require a great deal of metabolic energy, such events 
often weaken the fish, making them susceptible to other environmental factors that non-
stressed fish would most likely survive, particularly after a long cold winter. 
 
South Africa supports approximately 100 species of freshwater fish, with the majority 
undergoing some form of migration as part of their life cycle, whether this is migration within 
a particular river reach, between reaches, or at a catchment scale. However, as knowledge 
of fish life cycles and habitat requirements increase, so does the body of evidence that 
indicates that many fish species migrate a variety of distances both upstream and 
downstream into more favourable habitats as both juveniles and adults and at various times 
of the year, and for a range of reasons (Bok et al., 2007). 
 
The presence of barriers such as weirs and dams to the migration of fish is considered to be 
a major factor responsible in the reduction in the numbers and range of many fish species 
within South Africa (Bok et al., 2007). Furthermore, the importance of migratory barriers in 
the field of fish kill investigations should not be underestimated. For example, fish that take 
their migratory cues from increased water temperature may migrate upstream during the 
early summer months despite there not being a high enough volume of water able to support 
the migratory population. In such instances, fish often congregate below features that may 
present a barrier to further upstream movement and spawn opportunistically. Such 
concentrations of fish would result in a dramatic reduction in the dissolved oxygen 
concentration, with associated symptoms being easily observed (see Section 2.1). In such 
instances, fish kills are often dominated by significant numbers of larger individuals of a 
single species or multiple species undergoing migration at the same time, with isolated 
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mortalities of non-migratory species, usually males, which may be territorial (e.g. members of 
the Cichlidae family). 
 
Alternatively, unseasonal releases of water from dams may initiate migration activities of fish 
species at a time of year when that species is not able to cope with the stressors that 
accompany such migrations (e.g. Cooke et al., 2004; Donaldson et al., 2010). In contrast, the 
lack of seasonal water releases from dams into downstream watercourses may prevent fish 
species that require increased flow as a migration cue from moving upstream to breed. The 
resultant migration delay, crowded conditions and warm water temperatures that are likely to 
be present may provide an ideal environment for the proliferation of parasites and bacterial 
pathogens. 
 
In addition, spawning results in a large amount of organic material being released into the 
water, often turning the water a pale colour, and the high protein content of the organic 
material often leaving a characteristic foam on the surface of the water, particularly when the 
area of spawning is confined and the fish species large. Following spawning, the ammonia 
level often rises rapidly from the decomposition of the increased organic material generated 
from the spawning, and is more pronounced in slow flowing or non-flowing water bodies. As 
the process of decomposition is oxygen-dependant, a further decrease in oxygen 
concentration is expected to occur during organic decomposition. This decrease in oxygen 
concentration facilitates the process of de-nitrification by bacteria, an anaerobic process. De-
nitrifying bacteria will utilise the nitrates present in the water to produce additional ammonia. 
During such periods of de-nitrification, the water is known to turn a pale white colour as a 
result of the large numbers of bacteria present, resulting in a bacterial bloom, a phenomenon 
known to many aquarium enthusiasts. In additional to the increased concentrations of 
ammonia present in the water as a result of spawning activities, an increase in the structural 
protein catabolism which occurs during spawning results in an increase in plasma ammonia, 
increasing the susceptibility of spawning fish to ammonia toxicity (Randall and Tsui, 2002). 
 
Much work has been done internationally with regards to fish mortalities during large-scale 
migrations, both during spawning migrations and the period following spawning activities. 
Such research is particularly evident where commercially-important fish species are 
concerned (e.g. Cooke et al., 2004; Cooke et al., 2006; Donaldson et al., 2010). However, 
little research has been done in South Africa in this regard, and represents an important 
consideration for future research. 
 

2.13 Other Natural Causes 

While many fish kill events may be largely associated with the above causes, fish kills may 
also occur sporadically and as isolated events. Such events can occur due to a variety of 
causes and be difficult to identify, such as fish mortalities attributed to weather-related events 
(e.g. thunderstorms, cold spells, etc.). Cold spells occurring during a change of season (e.g. 
summer going into winter) may result in rapid changes in water temperature, and lead to 
thermal shock in fish. This is particularly evident in shallow areas of water bodies or 
watercourses and small, isolated systems where the capacity of the system to buffer such a 
change is limited. 
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In such instances, the mortality of small fish of all species will likely be observed first 
following a cold spell as they utilise the shallow water depth to avoid predation by larger fish 
species, while larger fish inhabit deeper waters where temperature is more stable. This is 
especially prevalent in water bodies on the Highveld, where during the winter months it is not 
uncommon to find dead and dying Cichlid species around the perimeter of man-made lakes. 
Larger fish species may also be affected, with thermal shock making them more susceptible 
to bacterial, fungal and parasitic infection. In such instances, it is possible that fish such as 
Sharptooth Catfish (Clarias gariepinus) may be more susceptible that other fish species, as 
the absence of scales may increase their susceptibility to infectious agents (Hohls, 1999). 
 
Seasonal extremes can also result in weakening of the immune system of the fish and die-off 
of large numbers of fish. As cold causes a gradual reduction in the resistance of the fish to 
pathogens, signs of a compromised immune system are typical of surviving fish exposed to 
temperatures below their tolerance limit. Infection with oomycetes, particularly of the genus 
Saprolegnia, typically becomes apparent in these fish (Figure 11). Lesions consist of ulcers 
and cotton-wool-like growths on the fins and skin of the fish. 
 

 
Figure 11: Juvenile tilapia with ulceration of the skin and infection with Saprolegnia following a drop of 
water temperature at the onset of winter 

 
In addition, extremes of high temperature may be experienced during drought years when 
lakes become shallow due to reduced river/stream inflows and evaporative loss. As the 
dissolved oxygen levels of water are inversely proportional to temperature, increases in 
water temperature are associated with a reduction of dissolved oxygen. Under these 
conditions the most oxygen sensitive species are the first to die (see also Section 2.1). 
 
Other weather-related phenomena that may also be responsible for fish kill events due to 
rapid changes in water temperatures include hail storms. Occurring mostly during the 
summer season, large hail storms can appear suddenly and have the ability to change the 
water temperature within a very short space of time. An additional, very unique type of fish 
kill can occur during lightning strikes, although its occurrence is rare. When lightning strikes 
water bodies, it spreads out over the conducting surface diffusing the intensity of the strike. 
However, if any fish are present in the vicinity of the site of the strike, individuals may be 



 

37 

killed or become temporarily stunned. When death occurs it is immediate, with larger fish 
killed selectively as their large size is better able to conduct electricity. Much research has 
been done to determine the physiological effects of electricity on fish, most notably in the 
field of electrofishing (e.g. Emery, 1984; USEPA, 2000), and although the application of 
electricity is slightly different, the same principles would apply. 
 
Finally, the principles of population density and regulation should not be ignored in fish kill 
assessments. Carrying capacity refers to the maximum population size of a species that an 
ecosystem can support indefinitely given the available food, habitat, space, predation rate, 
etc. Below this, populations will typically increase, while above this populations will decrease. 
Should the regulating factor of an ecosystem change (e.g. more food become available), so 
too will the carrying capacity of that ecosystem (Brewer, 1994). A relevant example occurs 
when a watercourse is dammed, and the resultant transition from a fast-flowing to a slow-
flowing ecosystem results in a complete change in the population structure present. In such 
instances, a rapid rise in the numbers of fish favouring slow-flowing conditions will occur until 
such a point as the regulating factor, be it space, food availability, etc., is exceeded. 
Subsequently, the capacity of the system to support the population is then exceeded, and will 
likely result in a reduction of individuals within the population, expressed as a fish kill event, 
until some form of favourable equilibrium is reached (Davies and Day, 1998; Hohls, 2000; 
Hart and Hart, 2006). A similar occurrence may be experienced when watercourses are over-
stocked, most commonly with alien fish species. 
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3. THE ROLE OF INFECTIOUS AGENTS IN FISH KILLS 

Infectious diseases, like other factors affecting the aquatic ecosystem, may play a role in fish 
kills. The effect of multiple stressors, at or close to the sustainable threshold, may influence 
the susceptibility of fish to either a single or multiple infectious agents. This needs to be 
taken into consideration when assessing the significance of an infectious agent as the 
reason for a fish kill. However, only on rare occasions can an infectious agent be implicated 
as the sole cause of a fish kill. 
 
Infectious agents or pathogens include viruses, bacteria, oomycetes (water moulds) and 
parasites. Water provides a suitable medium for the spread of a number of these infectious 
agents, yet many infections represent only part of a number of factors simultaneously 
impacting on the fish host. This well-known relationship is illustrated in Figure 12. The 
multifactorial cause of infectious disease in fish provides challenges to the investigator as all 
factors affecting the diseased fish need to be taken into account if the true cause of a fish kill 
is to be established. Many infectious agents in the aquatic environment are well adapted to 
their host and may be present in the ecosystem without a discernible negative effect on the 
fish inhabiting such waters. Often a close balance between the infectious agent and the 
host’s immune system exists, and the infectious agent may thrive with minimal impact on its 
fish hosts. This is particularly evident in parasite infestations. This balance can be upset by 
many factors that exert stress on the fish, such as adverse environmental change and 
exposure to toxins, leading to the expression of infectious disease. 
 
Consider a hypothetical example of a fish kill where three factors impact on an ecosystem. 
An underlying pollution problem may weaken the resistance of fish to a particular infectious 
agent. This alone may not result in an outbreak of disease or a noticeable fish kill. An 
adverse weather event may provide the tipping point resulting in the fish kill. This 
multifactorial complexity makes it difficult to pinpoint the actual cause of the fish mortality and 
should raise questions in the investigator’s mind. Was the infectious agent isolated from the 
dead fish to blame, or was the adverse weather to blame? Was the role of the underlying 
pollution recognised? In such cases, important guidance can be obtained from comparative 
data. For instance, the same infectious agent may be known to occur in other water bodies 
exposed to different pollution profiles and/or to other weather patterns. To draw the right 
conclusions from the above example, it is important to know whether the infectious agent will 
also cause fish kills in these water bodies. The investigator of fish kills must, therefore, be 
aware of the multifactorial causes and not allow him/herself to be misled by the identification 
of an infectious agent as the sole cause of a fish kill. 
 
In a recent survey of the reasons of fish kills in the Potomac River in North America, Blazer 
et al. (2010) concluded that no single pathogen, parasite or chemical was responsible for 
lesions and mortalities observed in affected fish. Where an infectious agent was isolated 
from one site, there was no consistency with its occurrence at other fish kill sites. Histological 
examination of tissues from affected fish, however, revealed changes indicative of exposure 
to environmental contaminants or stressors. Although the specific biological or chemical 
causes remained elusive, the authors concluded that selected sensitive species in the 
degraded Potomac River drainage may have been stressed by multiple factors and existed 
close to a threshold un-sustainable for a healthy existence. 



 

39 

 
Oldewage and van As (1987) similarly found that the cumulative effect of a multitude of sub-
lethal stressors, including various parasites, acted on fish in the Hartebeespoort Dam and 
contributed to winter mortalities observed amongst Mozambique Tilapia (Oreochromis 
mossambicus).  
 

 
Figure 12: Diagram illustrating the complex multifactorial relationship between the host (fish species), 
the environment (water quality, weather, pollutants etc.), and an infectious agent/s (virus, bacterium, 
water mould or parasite) that may result in a fish kill 

 
Whereas an increased prevalence of skin lesions and chronic bacterial infections in the 
absence of actual fish kills may be indicative of environmental degradation (Blazer et al., 
2010), a few infectious agents do display a severity of virulence that can result in epidemic 
outbreaks of disease and account for significant fish kills. Often these pathogens are exotic 
to particular water systems, catchments or even countries and may be introduced with fish 
translocations, water or phomites (nets, fishing tackle, boats, etc.). Where the potential 
spread of infectious agents is of transnational concern, as well as where the occurrence is 
limited to certain countries or continents, the relevant diseases are listed by the World 
Organisation for Animal Health (OIE) (Anonymous, 2010a; 2010b). International control 
measures are put in place by OIE member countries, of which South Africa is one, to limit the 
spread of these diseases. Two such diseases, koi herpesvirus (KHV) and epizootic ulcerative 
syndrome (EUS) have affected South Africa in recent times and are discussed in greater 
detail in this chapter. 
 
Intensive aquaculture (fish farming) creates an artificial environment in which infectious 
agents flourish if there is no effective animal health plan in place and insufficient attention is 
given to biosecurity. Fish translocated and introduced for aquaculture purposes pose a 
particular risk to the environment as they may introduce diseases into naïve populations (fish 
that have never before been exposed to the infectious agent and hence have no resistance) 
of wild fish with dire consequences. On fish farms, the high population densities and frequent 
presence of other stressors make these operations more prone to epidemic disease 
outbreaks associated with significant mortalities. Aquaculture operations are thus often the 
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first to show fish kills after the introduction of a virulent infectious agent into an aquatic 
system. 
 
An exhaustive description of infectious agents that might be isolated from fish kills is beyond 
the scope of this document. However, this chapter will highlight the most significant infectious 
agents that might be associated with fish kills in South African waters. A number of known 
examples will be used to illustrate the interaction of the environment, the resistance of the 
host and infectious agents, where these have led to fish kills. The infectious diseases KHV 
and EUS will be discussed in detail to help the reader understand how they pose a particular 
risk to wild fish stocks in our waters and why they need to be considered as a possible cause 
when investigating fish kill events. 
 

3.1 Viral Diseases 

3.1.1 Koi Herpesvirus 

This highly infectious disease was introduced to South Africa in 1998 following its spread 
around the world by infected ornamental fish (Bretzinger et al., 1999). Severe mortalities 
followed the introduction of infected fish into naïve (susceptible) Carp (Cyprinus carpio), 
populations. This virus is active in a fairly narrow temperature range and most waters in South 
Africa fall into this range for a significant part of the year. Within the preferred temperature range 
of the virus, mortality can reach 80 to 100%. Surviving fish become asymptomatic carriers of the 
virus and to this day the virus-infected fish can be found at koi retail outlets in South Africa.  
Where these fish enter natural waters, the potential exists for the spread of the virus to wild 
carp. 
 
In many parts of the world, including South Africa, the culture of keeping ornamental fish forms 
the basis of an important aquaculture activity. For decades the ornamental fish industry has 
relied on rapid shipment of fish by air to all parts of the world. Except for minor health 
certification requirements, the industry has remained relatively unhindered by disease control 
measures. Koi, the ornamental variety of the common carp, have become an increasingly 
popular fish in many countries. In contrast, the international movement of edible carp has long 
been restricted over concerns of spreading another serious virus called Rhabdovirus carpio, the 
causative agent of spring viraemia of carp (SVC), and importation into many countries requires 
relevant disease free certification. These requirements, however, did not apply to koi 
translocation. In 1998 a hitherto unknown, highly contagious, disease broke out amongst koi in 
many countries. The disease caused serious losses in valuable koi collections in South Africa 
as in other parts of the world and soon massive fish kills followed in both captive and wild Carp 
populations (Way, 2004; Sunarto et al., 2005; Bergman et al., 2006). The disease was 
subsequently identified as koi herpesvirus disease (KHVD), and molecular comparison of 
diverse geographic isolates indicated that these represented a largely homogenous group 
(Gilad et al., 2003) with slight differences between Western and Asian isolates (Kurita et al., 
2009). 
 
Herpes viruses are not uncommon in fish, with most being host specific. Koi herpesvirus has 
been designated cyprinid herpesvirus type 3 (CyH-3)11 and is closely related to two previously 
known diseases: cyprinid herpesvirus type 1 (CyH-1), the causative agent of a milder cutaneous 
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disease called carp pox, and cyprinid herpesvirus type 2 (CyH-2) the causative agent of herpes 
viral haematopoietic necrosis of Goldfish (Carassius auratus; Anonymous, 2010b). It was only 
recently demonstrated that goldfish may become infected with CyH-3 without showing 
symptoms of disease and that such infected goldfish are able to transmit the disease to naïve 
(susceptible) koi or carp populations (Bergman et al., 2010; El- Matbouli et al., 2007; Sadler et 
al., 2008). Infectivity of KHV to indigenous cyprinid fishes in South Africa has not been 
established, however, feral food carp are present in the majority of South Africa’s inland waters 
(Skelton, 2001). 
 
Manifestation of the disease is temperature dependant (Gilad et al., 2003; Ronen et al., 2003; 
St-Hilaire et al., 2005). Disease typically follows the introduction of stressed, infected fish into 
naïve carp populations. The virus enters the host through the skin (Costes et al., 2009) and high 
population densities and frequent netting contribute to the rapid spread of the virus. After an 
incubation period of 7 days or less, susceptible fish become ill with high morbidity (percentage 
of fish becoming ill) and rapid onset of mortality (percentage of fish dying). Mortality can be as 
high as 80 to 100 %, depending on the ambient temperature. The permissive temperature at 
which disease occurs, ranges from 16 to 25°C and susceptibility and mortality is greatest 
between 22 and 25°C (Anonymous, 2010b). All ages of fish are susceptible. There is no 
treatment available for the disease, although mortality is substantially reduced at water 
temperatures above 30°C (Ronen et al., 2003). 
 
Clinically affected fish become lethargic and may show aberrant swimming behaviour. External 
signs in infected fish are non-specific but include sunken eyes, hyperaemia (reddening) and 
discolouration of the skin, fin erosion, and thickening and loss of surface mucus. The gills may 
take on a characteristic mottled appearance with visible white or brown streaks of dead gill 
tissue (Figure 13). An increase in opportunistic parasites such as Ichthyobodo necatrix and 
monogenean flukes, as well as bacterial infections with Flavobacterium columnare is common 
in KHV infected fish and may be diagnostically misleading. 
 
The virus is difficult to isolate in conventional fish tissue cell cultures (Bergman et al., 2009) and 
in South Africa practical diagnostic confirmation is limited to histopathology and PCR 
(polymerase chain reaction) detection of viral DNA. The PCR laboratory can extract koi 
herpesvirus from both gill and kidney tissue of infected and dead fish. To collect a suitable 
sample for PCR analysis, a cotton ear bud can be carefully drawn across the gill lamellae, 
taking care not to soak the cotton with mucus, blood and water. A small pink spot on the bud is 
sufficient for the PCR laboratory to extract the viral DNA needed to confirm the diagnosis. The 
cotton bud must stay as dry as possible and should immediately be placed into a clean plastic 
tube or a small Ziploc bag. Take care not to handle the cotton bud as contact with skin may pick 
up DNA from the handler’s own skin cells. Alternatively small pieces of kidney can be collected 
during the dissection of fish and placed in 90% ethanol. 
 
As with other herpes viruses, an asymptomatic carrier state can exist and recrudescence (flare-
up of infection) may occur amongst apparently healthy fish (Bergman et al., 2009; St-Hilaire et 
al., 2005). This usually follows some form of stress. It should be noted that PCR techniques in 
use in South Africa are unable to identify carrier fish and a negative PCR result from a healthy 
fish does not rule out KHV infection. When sampling fish it is therefore important to collect 
material from at least 20 fish. Reliable tests for virus isolation and tests to identify antibodies to 
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the disease have been developed elsewhere (St-Hilaire et al., 2009) but are not available in 
South Africa. 
 
International movement of koi and goldfish still continues largely unhampered in many parts of 
the world. Apart from losses caused to the koi industry, KHV has affected commercial food carp 
production in parts of Japan (Kurita et al., 2009; Sano et al., 2004) and South East Asia 
(Sunarto et al., 2005). In Poland (Bergman et al., 2006) and in the United Kingdom (Way, 2004) 
mass die-offs amongst fishery carp have been ascribed to KHV. In the Philippines, KHV 
infection was recently detected in confiscated illegal koi imports (Somga et al., 2010) confirming 
the risks associated with shipments of fish. The impact of the disease on koi has received much 
attention, however food carp represent the world’s largest sector of freshwater aquaculture. 
Collapse of this fishery would have far reaching consequences for communities dependant on 
this source of protein. KHV has been included in the OIE Aquatic Animal Health Code 
(Anonymous, 2010) and occurrence must be reported to the State Veterinary Services under 
the South African Animal Diseases Act, 1984 (Act 35 of 1984). 
 

 
Figure 13: Gills of a koi showing white areas of dead gill tissue caused by infection with koi herpesvirus 
(KHV) 

 

3.1.2 Spring Viraemia of Carp 

Viral diseases of fish are highly mobile where live fish are shipped across national borders. 
Another disease that illustrates this well is Rhabdovirus carpio, the causative agent of spring 
viraemia of carp (SVC). SVC was originally limited to food carp producing eastern European 
countries and the western states of the former Soviet Union. In recent years SVC has been 
spread to other countries by the movement of ornamental fish. In 1998 the disease appeared 
in goldfish in a lake in Brazil, with SVC being reported from two sites in the USA in 2002, in 
2004 from China, and in 2006 from Canada (Anonymous, 2010). To date the disease has not 
been diagnosed in South Africa. 
 
SVC is an acute, highly contagious viral infection of various carp species, including Goldfish, 
Silver Carp and Grass Carp, and some ictalurid (North American Catfish) species. The disease 
affects all age groups. The disease occurs in spring once water temperatures rise above 13°C 
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when it may result in fish-kills amongst susceptible cyprinid fishes. At this time of the year the 
immune system of carp is retarded from the winter cold.  Mortalities peak at temperatures above 
10°C and below 20°C. Symptoms of infection include weakness, uncoordinated swimming, 
darkening of the skin, haemorrhages (blood spots) in the skin, eyes, gills and fins, loss of 
balance, exophthalmos (pop-eye) and ascites or dropsy (infectious dropsy). Other species such 
as the common guppy have been experimentally infected with the virus in order to study it. The 
virus is resistant and remains viable outside of the host in river water for up to 5 weeks at 
10°C. For surveillance purposes, all cyprinid species must be regarded as potential carriers. 
 

3.2 Bacterial Diseases 

3.2.1 Bacterial Septicaemias 

This term describes generalized bacterial infections which may be due to a variety of bacteria.  
The most common cause of septicaemia in fish is probably infection with Aeromonas 
hydrophila. These organisms are present in almost all aquatic systems and may cause illness 
when fish are subjected to some form of severe stress, injury or concomitant with certain 
parasitic infections. A. hydrophila can frequently be isolated in association with fish kills but the 
significance needs to be viewed in the light of the multifactorial interaction of the factors 
involved. The organisms initially cause a reddening and scale loss along the lateral line of the 
fish. Advanced stages show signs of dropsy, exophthalmos, loss of balance and haemorrhage 
and reddening of the fins (Figure 14). A large number of other bacteria including Pseudomonas 
spp., Streptococcus spp., and Pasteurella spp. have been isolated from septicaemic fish. Carp-
erythrodermatitis is a late summer or autumn disease of carp that is caused by an atypical strain 
of the bacterium Aeromonas salmonicida. Lesions typically consist of raw ulcers with white 
edges, particularly on the sides of the body above the lateral line and at the base of the tail. The 
disease has a slow course and it is suspected that parasites such as the louse, Argulus, and 
leeches are responsible for its transmission. Strains of A. salmonicida have on occasion been 
isolated from koi and trout in South Africa, and erythrodermatitis in carp should be considered to 
occur in South Africa. 
 

3.2.2 Flavobacteria 

Flavobacterium columnare is responsible for a variety of disease syndromes in fish and will 
infect immune suppressed indigenous fish, particularly cichlid fish (i.e. tilapias) during the winter 
months. Infection is generally superficial on the skin or gills of the fish. Depending on the locality 
of the lesions, the disease is termed either saddleback disease with lesions typically on and 
behind the dorsal fin, mouth fungus with lesions on the lips and tongue, fin rot with lesions 
restricted to the fins, and bacterial gill disease with lesions on the gills. Lesions appear as 
erosions or shallow ulcers often covered in a fine mat of brown or orange debris. These lesions 
are often complicated with a secondary infection with Aeromonas hydrophila.  The disease may 
be chronic and weak infected fish are readily recognized.  Fish with gill lesions show signs of 
rapid breathing and distended opercula may be noticed. 
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Figure 14: Septicaemic infections in fish. (a) Tilapia showing eye infections (white arrows) and scale loss, 
erosions and large ulcers exposing the underlying muscle (black arrows). (b) Rainbow Trout 
(Oncorhynchus mykiss) showing erosions on the skin (black arrow), bulging infected eyes (white arrow), 
frayed fins and in one fish weight loss associated with blindness 

 
In most cases other underlying causes of the disease, such as heavy parasite infections or 
adverse water quality, need to be investigated. Certain strains of F. columnare can be highly 
infectious under poor water quality conditions and high temperature and can cause serious 
mortality in stressed fish. 
 
Numerous other bacteria are known pathogens of fish and will elicit specific symptoms and 
either chronic or acute disease, but are rarely implicated in fish kills outside of aquaculture 
facilities. Many will only be recognised after laboratory examination of fish tissues and the 
details of these diseases go beyond the scope of this document. 
 

3.3 Oomycete (Water Mould) Diseases 

3.3.1 Epizootic Ulcerative Syndrome (EUS) 

An infectious disease caused by a pathogenic water mould (oomycete) was introduced into 
Southern Africa in 2006 with a dramatic impact on wild fish species (Andrew et al., 2008). 
The disease was first reported from the Chobe and upper Zambezi Rivers where the 
confluence of these rivers and its floodplains span four countries: Botswana, Namibia, 
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Zambia and Zimbabwe (Huchzermeyer and van der Waal, 2012). Fishermen reported large 
numbers of ulcerated fish and large-scale fish mortalities occurred in the upper Zambezi 
River tributaries in Zambia (Choonga et al., 2009). The causative agent, Aphanomyces 
invadans, is a pathogenic water mould of fish that shows little host specificity, infecting both 
freshwater and estuarine fish. Ulcers follow infection of tissues by oomycete zoospores, 
resulting in a granulomatous inflammation associated with invading oomycete hyphae. 
 
The disease was first described in Japan and Australia in 1971 and 1972, respectively 
(Egusa and Masuda, 1971; Baldock et al., 2005). Since then it has spread through Southeast 
and South Asia and slowly westwards consistent with the spread of a single infectious agent 
(Baldock et al., 2005; Lilly et al., 1997). In the USA it has been recorded in estuarine fish 
along the Atlantic Coast since 1980 (Blazer et al., 2002). 
 
A drop in water temperature, possibly slowing the immune response of the fish, often 
precipitates the first outbreaks of the disease at the onset of winter (Baldock et al., 2005). 
Heavy rainfall on naturally acidic soils, or soils disturbed by agriculture or residential 
development, may lead to a lowering of water’s pH (Baldock et al., 2005; Choonga et al., 
2009). In the semi-arid regions of southern Africa, the annual cycle of flooding brings about 
changes in water quality, including a reduction in water pH that is thought to favour the 
infectivity of A. invadans, with diseased fish appearing soon after the plains become flooded. 
Since 2006, the disease has spread rapidly upstream along the upper Zambezi River and its 
tributaries. By 2010 the disease was reported from the Okavango Delta in Botswana and in 
2011 from the Western Cape Province of South Africa where mortality was particularly 
evident amongst Sharptooth Catfish (Clarias gariepinus) (Anonymous, 2011; Van Helden 
and Grewar, 2011). 
 
It is unclear how the disease was introduced into South Africa. Some tropical ornamental 
fish, including the Goldfish (Carassius auratus), are known to be susceptible to EUS 
(Anonymous, 2010; Miyazaki and Egusa, 1972). Both goldfish and tropical ornamental fish 
have been farmed in various parts of South Africa, often in close proximity to wild fish stocks. 
Movement of potentially infected fish and fishing equipment by sports and subsistence 
fishermen provides another possibility for spread of this infectious agent. 
 
The disease initially causes one or more raised red spots on the skin of infected fish (Figure 
15a). As the oomycete hyphae invade deeper into the muscles of the body they cause the 
skin and muscle tissue to die, leaving deep crater-like ulcers on the fish (Figure 15b; Figure 
15c). In very susceptible fish the organism may even invade the internal organs. Infected fish 
are severely weakened and can be seen swimming sluggishly close to the banks of affected 
rivers. Infection is confirmed by histological examination of formalin-fixed tissues taken from 
the edge of an ulcer as well as by identification of the DNA of the pathogen in infected 
tissues using the polymerase chain reaction (PCR) test. 
 
Whereas A. invadans exclusively infects fish, a related water mould, Aphanomyces astaci, is 
known as a serious pathogen of the European Freshwater Crayfish, Astacus astacus. The 
resulting disease, known as crayfish plague, was spread to European waters with 
introductions of the more resistant American signal crayfish, and has resulted in the 
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disappearance of the European Freshwater Crayfish from much of its natural geographic 
range. 
 

 
Figure 15: Fish infected with Aphanomyces invadans showing the dramatic lesions caused by the 
disease. (a) Labeo infected with an early lesion showing the raised intensely red infected areas (white 
arrows) prior to ulceration of the tissues. (b) Deep ulcer on a Sharptooth Catfish (Clarias gariepinus) 
(Photo courtesy of B.C.W. van der Waal, University of Venda). (c) Large ulcer extending through the 
skin of a Tigerfish (Hydrocynus vittatus). (Photo courtesy of O. Weyl, South African Institute of Aquatic 
Biodiversity) 

 

3.3.2 Saprolegnia Parasitica 

A number of saprophytic oomycetes are known to be opportunistic pathogens of fish and may 
be present as secondary invaders on surface lesions. The most common of these is 
Saprolegnia parasitica, a common water mould that grows on any dead organic matter in the 
water.  Fish breeders often encounter this fungus when it overgrows and kills a fish spawn.  
Dead fish eggs turn white due to natural coagulation of proteins and become a good medium for 
oomycete growth.  Once dead eggs are infected, the mould rapidly spreads to healthy live eggs. 
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Saprolegnia is often a secondary invader of wounds on fish or in environmentally stressed or 
immune-compromised fish. Lesions appear covered by a cotton wool-like mass of oomycete 
hyphae that may trap debri giving it a brown colour (Figure 16a; Figure 16b). In South Africa the 
disease is often seen on juvenile tilapia in dams during the winter months and infection is a 
reflection of the paralysing effect that cold has on the immune system of the fish (see also 
Chapter 2). 
 

 
Figure 16: The common water mould, Saprolegnia parasitica. (a) Immune suppressed Rainbow Trout 
during the winter spawning season. Note the extensive plaque-like distribution of the lesions covering a 
large part of the surface area of the fish. (b) A small barb showing a cotton wool-like growth covering an 
underlying lesion caused by Aphanomyces invandans. Note the importance of seeing this infection in 
context to an underlying debilitating cause  

 
In salmonids the male hormone, testosterone, has a strongly immune suppressive effect on 
male fish during the spawning season in winter. It is not unusual to see male Rainbow Trout 
with large lesions covered by Saprolegnia during the winter months (Figure 16a), whereas 
female fish inhabiting the same water remain healthy. In some years, one particular trout farm in 
Mpumalanga has experienced severe outbreaks of Saprolegnia infection in both male and 
female fish unrelated to breeding activity. As female fish were involved, suppression of the 
immune system of the fish was considered as an underlying cause of the disease. Certain 
chemical pollutants of water are known to disrupt the immune system of fishes and exposure to 
so-called endocrine disruptive chemicals (EDCs) must be considered in cases such as this. In 
South Africa, trout are farmed in pristine waters high in the mountain catchments where water 
temperatures are cold enough for this species to thrive. Any suspicion of EDC exposure is thus 
serious, as human populations downstream are also at potential risk. In this case, the possible 
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source of chemical contamination stemmed from upstream agricultural herbicide and pesticide 
use, with subsequent run-off into the water catchment. Unfortunately the investigation was 
never completed. 
 
Spores of the fresh water oomycetes are almost ubiquitously present in fresh water and they will 
settle on dead or weakened fish. Their significance must be seen in relation to the season, 
adverse weather patterns and immune suppressing contaminants present in the particular water 
resource. 
 

3.3.3 Branchiomyces 

The causative agent of gill rot is a parasitic fungus, Branchiomyces sanguinis, that grows in the 
blood vessels of the gills leading to thrombosis and destruction of gill tissues. Infected gills 
become severely inflamed and show brown areas of dead gill tissue. The disease occurs mainly 
in the summer months under conditions of poor water quality, particularly in organically enriched 
or eutrophic water. The infection may spread rapidly in a population of fish and mortalities may 
be high. Gill rot has been well documented in European carp culture systems and has been 
described in farmed carp in South Africa (Sarig, 1971; cited by Paperna, 1996a). 
 

3.4 Parasitic Diseases 

3.4.1 Protozoon Parasites  

3.4.1.a  White Spot Infection 

The ciliated protozoan parasite called Ichthyophthirius multifiliis is responsible for the disease 
known as white spot or Ich. The name is derived from small white spots, just visible to the naked 
eyes which develop all over the body, fins and gills of an infected fish. The parasite has a 
worldwide distribution and is ubiquitous in South African waters. When the parasite encounters 
susceptible fish, infection will increase in severity until the fish develop a protective immune 
response. The disease may progress over a one to two week period, depending on 
temperature. As in the case of many other parasites, cold temperatures slow down the 
development and spread of this parasite. During spring, in particular, when water temperature 
fluctuates in shallow waters and streams, the parasite responds rapidly to a warming of the 
water while the immune system of fish may take several weeks to respond. This imbalance 
between the rate of reproduction and infectivity of fish parasites and the response of the 
immune system of fish results in most parasite-related fish deaths occurring during spring, and 
following periods of unusual weather. 
 
In fish where an immune response is slow in developing, either due to low water temperature or 
compromise of the immune system for other reasons, white spot infection can become rapidly 
fatal. During drought periods fish become concentrated in small volumes of water. If some fish 
start shedding infective parasites, the lack of dilution brought about by a lack of flowing water 
may concentrate the parasites, increasing the infective burden on the fish. If the majority of the 
fish have not had previous exposure and hence have no immunity to the parasite, a fish kill may 
ensue. 
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One of the early symptoms in infected fish is that they appear to have an itchy skin. They will be 
seen rubbing against objects in the water and may be unduly restless, often jumping out of the 
water. If a fish is caught and inspected closely, a few greyish-white spots, just visible to the 
naked eye, will be noticed on the fins and dark parts of the body. Increasing lethargy and a 
reduced appetite follow and numerous white spots become visible. As large numbers of mature 
parasites bore their way out of the skin and gills, they cause serious disruption of the epithelial 
surfaces of the skin and gills and can rapidly lead to the death of the fish. 
 

 
Figure 17: Section of a fresh gill filament (G) viewed at low magnification (X100) under a light 
microscope. Note the numerous Ichthyophthirius parasites (arrows) that have taken on a dark appearance 
when illuminated from behind. Although some parasites have broken free of the gill tissue, the majority 
are still embedded in the epithelium of the gill. The inset shows the characteristic pale U-shaped nucleus 
of this holotrichous protozoon 

 
Fish that survive develop a good immunity to reinfection. The immune suppressive effects of 
testosterone in male Rainbow Trout illustrate how suppression of the immune system of fish can 
result in a fatal white-spot infection. Rainbow Trout are well adapted to cold, and, at winter 
temperatures experienced in South African trout-producing areas, white spot infection is almost 
unheard of during the winter when development of white spot infections is so slow that the fish 
have ample time to mount a protective immune response. Where male Rainbow Trout have not 
had previous exposure to white spot infection they remain susceptible and if exposed to the 
parasite during the breeding season (winter) they will develop severe white spot infections 
resulting in death of the infected fish. Female fish, which of course don’t produce testosterone, 
are able to mount an immune response and remain healthy (see also Chapter 2). 
 

3.4.1.b  Ichthyobodo (Costia) 

Ichthyobodo is a small flagellated parasite which, when present, may infect the gills, skin and 
fins of susceptible fish. Damage to the gills results in compromised gill function. Infected fish 
remain sluggish near the bottom of affected water bodies. Goldfish appear to be particularly 
susceptible. Terminally affected fish will lie motionless on the bottom of a pond with slow 
breathing movements. Severely affected fish may develop angular heads and sunken eyes due 
to rapid loss of body condition and develop a grey sheen in response to infection. The condition 
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is frequently seen as part of the post-harvest stress syndrome, often together with skin and gill 
infection by monogenean flukes, in farmed Cyprinidae (carp). Fish infected with koi herpesvirus 
may carry heavy burdens of Ichthyobodo. Microscopic examination is necessary in order to 
make the diagnosis. This parasite has been associated with occasional fish kills in Yellowfish 
that had migrated into pools in the Blyde River, Mpumalanga, and formed very dense 
populations during the winter. 
 

 
Figure 18: Numerous small flagellated protozoa, typical of Ichthyobodo, on a wet-mount skin scraping 
viewed under high magnification (X400) under the light microscope. Note dense clustering of parasites 
attached to epithelial cells (large arrow) and flagella visible in free-swimming forms (small arrow) 

 

3.4.1.c  Chilodonella 

This small paramecium-like ciliate may reach high numbers on the skin and gills of fish under 
poor water quality conditions. Fish whose immune system has been damaged by chronic 
ammonia poisoning, sub-optimal water temperatures or chronic oxygen starvation become 
susceptible to this parasite. The organism is found on the gills and body surface of the fish 
where it feeds off mucus, cell-debris and bacteria. Its feeding activity is irritating to the fish and 
heavily infested fish may become ill, showing a patchy white discolouration of the skin due to 
increased mucus production. Signs of skin irritation become apparent and affected fish scrape 
against objects in the water. 
 

3.4.1.d  Trichodina 

Various trichodinid parasites infect fish. In South Africa an alien species, Trichodina acuta, was 
most probably introduced with carp imports (de Moor and Brutton, 1988). These parasites can 
reach very high numbers on stressed fish, particularly under farming conditions. They are, 
however, unlikely to cause mass mortalities. Trichodina is mentioned here since the presence of 
large numbers of the parasite on fish weakened by other causes may be misleading. The 
parasite thrives particularly well in organically enriched water. 
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Figure 19: Trichodina parasites visible on a wet mount preparation of a gill filament (G) at X100 
magnification under a light microscope. Insert shows the characteristic ring of denticles associated with 
the attachment organelle in an individual parasite at X400 magnification 

 

3.4.2 Trematode Parasites (flatworms or flukes) 

The group of trematode parasites is mentioned here as they are commonly found on fish. They 
are rarely implicated as a cause of fish kills in wild fish, but may be noticed when a fish kill is 
investigated. The monogenean trematodes have direct lifecycles that are completed on the fish 
host. Of the monogenean trematodes, egg-laying Dactylogyrus are most frequently found on the 
gills of fish whereas live-bearing Gyrodactylus are more frequently seen infecting the skin. The 
parasites irritate the skin and gill tissues due to their mode of attachment (Figure 20a). Where 
present they are easily seen on scrapes from the skin or gills under the light microscope. 
Unstressed fish will harbour low numbers with no ill effect. Fish compromised by Koi 
herpesvirus infection will often be severely infected with monogenean trematodes. 
 
A second group of trematodes that are frequently encountered in wild fish are the digenean 
trematodes. These trematodes have an indirect lifecycle. Adult flukes infest the intestines of 
fish-eating birds. Eggs are shed into the water with the faeces of the bird. Miracidium larvae 
hatch from the eggs and infect water snails where they develop into procercarial larvae that in 
turn infect a fish host. Here the larvae encyst as metacercariae and wait for the fish host to be 
eaten by a piscivorous bird in order to complete their life cycle. The encysted larvae are often 
visible to the naked eye and the cysts may be pigmented (Figure 20b). They are particularly 
prominent in fish occupying waters below bird roosts. These parasites are commonly seen in 
the flesh and gills of catfish and tilapia but appear to have little detrimental effect on the host. 
 

3.4.3 Nematode Worms 

A number of nematodes parasitize both farmed and wild fish. In the context of fish kills they 
generally play no significant role. The larval stages of the Anasakid nematode, Contracaecum, 
are extremely prevalent in catfish and infected fish can harbour very large numbers without 
apparent ill effect. In order not to be misled by the occurrence of large numbers of this parasite, 
investigators of fish kills must be aware of this parasite. The fourth larval stage of Contracaecum 
spp. (Figure 21) is frequently observed lying free in the abdominal cavity of catfish and to a 
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lesser extent other species in South Africa. The worm has an indirect lifecycle with the adults 
developing in piscivorous birds after an infested fish has been eaten (Barson, 2004). 
 

 
Figure 20: Trematode parasites infesting fish. (a) Dactylogyrus parasites on the gills of a fish seen under 
the light microscope under low magnification (X40). Inset shows a parasite at higher magnification to 
illustrate the hooks and hooklets of the attachment organ or haptor (arrow). (b) Encysted digenean 
trematode metacercariae visible in the musculature of a Sharptooth Catfish (Clarias gariepinus). Inset 
shows digenean trematode metacercariae (arrows) encysted in gill filaments seen on a gill wet-mount 
preparation under the light microscope under low magnification (X40) 

 

 
Figure 21: Larval stages of the nematode Contracaecum lying in the abdominal cavity of a Sharptooth 
Catfish (Clarias gariepinus). Note the large numbers of parasites on the mesentery over the gravid ovary 
of a female fish with little apparent effect. The inset shows that an inflammatory reaction associated with 
melanin (black pigment) deposition is induced by the presence of the parasites  
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3.4.4 Tapeworms (Cestodes) 

Bothriocephalus acheilognathi is a serious tapeworm pathogen of fish that has been introduced 
into almost all the carp-producing countries of the world and may be responsible for serious fish 
mortality. Planktonic copepods (Cyclops) are the intermediate host of the tapeworm and where 
these are caught from waters with wild carp populations there is risk of spreading the tapeworm 
with the Cyclops. Bothriocephalus (Figure 22) is believed to have been introduced into South 
Africa with imported Grass Carp held at Marble Hall, Limpopo Province, from where the parasite 
has rapidly spread (De Moor and Bruton, 1988). The tapeworm has become established in wild 
populations of fish in South Africa and is known to infect Common Carp (Cyprinus carpio) 
(Boomker et al., 1980), Largemouth Yellowfish (Labeobarbus kimberleyensis), Threespot Barb 
(Barbus trimaculatus) (Brandt et al., 1981; Van As et al., 1981) and Mozambique Tilapia 
(Oreochromis mossambicus) (Paperna, 1996b). The tapeworm proliferates during the summer 
months and can cause serious obstruction, distension and rupture of the intestines of 
susceptible infected fish. Other tapeworms belonging to the family Caryophyllae have similarly 
been introduced into various countries by the movement of Southeast Asian cyprinids. 

 

3.3.5 Crustaceans  

3.3.5.a  Fish Louse (Argulus)  

A number of parasitic crustaceans are known to infest fish. One of the most commonly 
encountered is Argulus japonicus. Argulus japonicus, commonly known as fish lice, is a fish 
parasite that originated from the Far East where it is associated with cyprinid hosts such as 
the Common Carp, Goldfish, Grass Carp and Silver Carp. As a result of the translocation of 
these fish species for aquaculture purposes, the ornamental fish industry and for the control 
of eutrophication, the inadvertent translocation of their parasites such as Argulus japonicus  
 

 
Figure 22: Bothriocephalus spp. tapeworm from Largescale Yellowfish (Labeobarbus marequensis) 
collected from Loskop Dam (Photo courtesy of W. Powell, University of the North) 

has become globally widespread. In South Africa, Argulus japonicus is classified as an 
introduced alien species that has become established in many water bodies (De Moor and 
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Bruton, 1988). The parasite is easily visible due to its size (5–8 mm long), the disc shaped 
dorsal shield, prominent eyes and paired egg sacs (Figure 23). Where it has attached to a fish it 
may be surrounded by a reddened area that may develop into an ulcer. Affected fish show signs 
of skin irritation and secondary bacterial infection frequently occurs at the site of parasitic 
attachment resulting in deep infected wounds. Infestation is favoured where fish numbers are 
concentrated and the parasite development is favoured by high summer water temperatures. 
Serious infestation is mostly a problem in farmed fish although the parasite shows little host 
specificity and will infest a wide range of fish species. Heavy infestations may cause mass-
mortalities in young fish (Poynton and Hoffman, 1993). 
 

 
Figure 23: Fish heavily infested with fish lice, Argulus. Note the large size of the parasite relative to the 
size of the fish scales. The inset provides an enlarged view through a light microscope under low 
magnification and shows the characteristic paired eyes, suckers, legs and egg sacks 

 

3.4.5.b  Anchor Worm (Lernaea) 

Anchor worm, Lernaea, is an elongated parasitic crustacean (up to 20 mm long) that is very 
obvious to the naked eye.  The female parasite becomes permanently attached to the fish host 
by root-like mouth-parts (Figure 24) by which it is firmly anchored to the skin.  Infestation occurs 
primarily in pond fish and can reach severe proportions where fish populations are abnormally 
high.  Affected fish may become severely distressed. Lernaea cyprinacea has a world-wide 
distribution and will infest a wide range of fish species as well as amphibians (Poynton and 
Hoffman, 1993). The parasite, anchored deep in the musculature of the fish, has a severe 
impact on its host and may cause mass mortalities of fish. The severe inflammation associated 
with attachment of the parasites may result in formation of ulcers and wounds and young fish 
may die when infested by only a few parasites (Poynton and Hoffman, 1993).  
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Figure 24: Fish infested with the parasitic crustacean Lernaea (Anchor worm). Note the inflammation 
where the parasite has attached to the fish (dashed arrow) and the characteristic paired egg sacs of the 
female parasite (black arrow). The inset shows the holdfast organ (dashed arrow) by which the parasite 
attaches to the fish and the paired egg sacs (black arrow) as seen under low magnification under the light 
microscope 

  



 

56 

4. FISH KILL INVESTIGATION PROTOCOL 

4.1 The History of Fish Kill Investigation Protocols 

In June 1960, the U.S. Federal Government began a voluntary annual census of fish kills, 
with pollution-related fish kills reported through appropriate State officials to the Federal 
Water Pollution Control Authority (now the U.S. Environmental Protection Agency) where the 
data were tabulated and analysed, the results of which caused a great deal of concern 
(USEPA, 1978). Following a statistical assessment of the results over a 15 year period, a 
total of 8 967 individual fish kill incidents were reported, with approximately 465 million fish 
having been killed by pollution; 79 separate reported incidents involved over a million or 
more fish, with the single largest reported fish kill event totalling 47 million fish; 72% of fish 
kills were reported during the summer months; municipal operations accounted for 42% of all 
reported fish deaths, industrial operations accounted for 21% of all fish deaths, while 32% of 
fish deaths was ascribed to other causes such as agricultural and transport operations 
(USEPA, 1978). It was further acknowledged that the numbers of reports captured 
represented only a fraction of the incidents that actually occurred, largely due to the fact that 
the reporting of such incidents was voluntary and did not take into account natural causes of 
fish kills, and figures captured thus represented an under-estimate of the total number of 
incidents and fish killed during the period (USEPA, 1978).  
 
As a result, the U.S. Environmental Protection Agency and the Oklahoma Cooperative 
Fishery Unit of the Oklahoma State University co-sponsored a two-day seminar in response 
to the overwhelming number of recorded fish kill incidents in the U.S.A. by 1971. The aim of 
the seminar was to discuss several deficiencies relating to the inconsistent approach in 
investigating fish kill events at the time, and the dissemination and exchange of knowledge 
and ideas concerning the approach to the various phases of such an investigation, for which 
a collection of the papers presented was published in 1972 (USEPA, 1972). However, while 
the availability of such a publication did provide an in-depth view of various facets of fish kill 
investigations and where investigations could be improved at the time, no concise manual for 
investigations was developed for wider application. 
 
Subsequently, Meyer and Barclay (1990) provided a field manual for the investigation of fish 
kills in the United States of America. Many subsequent manuals developed by various 
international government departments adapted and summarised the approach of Meyer and 
Barclay (1990) to reflect their national requirements, for example the Queensland (Australia) 
Government Department of Environment and Heritage (1998) and more recently the 
Australian Government (2007). In the South African context, Hohls and Kühn (2001) 
prepared a concise field guide to fish kill investigations for the Department of Water Affairs. 
However, the intended scope of the document limited its wider application and provided little 
guidance to private industries and the wider public regarding such investigations, and 
resulting in an inconsistent approach being applied to date. 
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4.2 Proposed National Protocol 

A fish kill investigation protocol should follow a logical process, aim to streamline the 
investigation and reporting of the incident, and promote a consistent national approach in 
response to such incidents so as to limit delays in terms of appropriate management 
decisions and prevention of future incidents. It should also ensure that key information and 
data gathering is not neglected when urgently responding to a situation.  Several authors 
have provided varying general frameworks regarding the protocol to be used when 
conducting fish kill investigations (e.g. Hill, 1983; Davis, 1986; Meyer and Barclay, 1990; 
Southwick and Loftus, 2003). However, La and Cooke (2011) indicated a need for a standard 
protocol for conducting fish kill investigations that takes into consideration the capabilities of 
both developed and developing countries. 
 
To date, the protocol developed by the Commonwealth of Australia (2007) remains the most 
advanced protocol developed internationally, and includes details and minimum 
requirements for each phase of a fish kill investigation for all water body types. The protocol 
that follows features an adaptation of this approach for use in the South African context, 
taking into consideration current capacity, mandates and resources available at a national 
level. Figure 25 provides a detailed breakdown of the steps to be taken during a fish kill 
investigation. 
 

4.2.1 Pre-incident Phase 

The pre-incident phase of a fish kill investigation represents any stage where no fish kill 
incident is reported or no fish kill investigation is active, and encompasses a range of on-
going tasks that will develop and maintain a level of preparedness in the event of a fish kill 
occurring. Such tasks include: 

• interdepartmental and interdisciplinary communication; 

• public awareness communication; 

• obtaining and maintaining fish kill investigation kits and sample containers; 

• identification and communication with relevant specialists and laboratories able to 
provide the necessary analyses; and  

• training. 
 

As fish kills are often complex events that incorporate several specialist disciplines and may 
result in legal action, communication between various government departments, private 
companies and specialists in the field that would be responsible for conducting such 
investigations is of critical importance to the successful execution of a fish kill investigation. 
In this regard, those individuals who are likely to be involved in fish kill investigations should 
identify, establish and maintain open channels of communication with other such individuals 
that may be involved in such investigations so as to facilitate streamlining of the investigation 
process. Further, in cases where some negligence or culpability may be highlighted as the 
most likely cause, prior communication with the South African Police Service would be 
required, as would communication with the appropriate Department of Water Affairs (DWA) 
Regional Office and/or the Blue Scorpions who should be well versed in the appropriate way 
to proceed legally. 
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Figure 25: Fish kill investigation protocol (adapted from the Commonwealth of Australia, 2007) 
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In order to further streamline fish kill investigations and minimise lag-time between the 
identification of an incident and the initiation of an investigation, it is recommended that two 
tiers of investigators be designated. The first tier of investigators would represent the 
responding investigator that would typically be on site within 24 hours of the incident 
occurring in order to collect the necessary site-based information and samples. During the 
pre-incident phase of the investigation, potential responding investigators would typically 
attend courses pertaining to the aquatic environment and fish kill investigations, including the 
use of fish kill investigation kits and sampling procedures, with existing responding 
investigators attending periodic refresher courses so as to ensure consistency in the 
approach taken. Such investigators should at a minimum have academic knowledge in the 
water resources management and/or animal pathology, and would typically include 
veterinary technologists, Department of Water Affairs Regional Pollution Control Officers, 
etc., but may also include one or more specialists in the field of fish kill investigations. 
 
The second tier of investigators would be responsible for determining the likely cause of the 
fish kill event and the factors leading up to the fish kill event based on the information and 
samples collected by the responding investigator, and would comprise a lead investigator 
with an established network of specialists in the field of fish kill research with advanced 
knowledge of fish ecology, fish pathology, water quality and aquatic toxicology as well as 
assessment methods and investigation tools, and would together constitute the incident 
investigation team. As such, members of the incident investigation team would typically 
include senior scientists, toxicologists, pathologists and state veterinarians with significant 
experience in fish kill investigations. As the credibility of investigators could be brought into 
question should the incident proceed to a court of law, it is strongly recommended that each 
member of the incident investigation team is required to be accredited as a professional with 
a relevant accreditation body in the field in which they practice, such as the South African 
Council for Natural Scientific Professions (SACNASP), the South African National 
Accreditation System (SANAS), South African Veterinary Council, etc. Further, it is 
recommended that investigators that comprise the incident investigation team undergo on-
going professional development through the attendance of various courses (i.e. Continued 
Professional Development) and the dissemination of knowledge through presentations at 
conferences, as well as mentoring responding investigators. 
 
It is of critical importance that a lead investigator should be well versed in the fish kill 
investigation protocol and sample collection procedures, as they would ultimately be 
responsible for ensuring the integrity of the investigation process and will be responsible for 
the development of the final report which will include collation of all inputs provided by the 
responding investigator as well as the incident investigation team. It is of further importance 
that such a lead investigator have open channels of communication with individuals acting as 
responding investigators, as such communication would allow effortless dissemination of 
information between the two tiers of investigators and facilitate capacity building. Similarly, 
the lead investigator would be required to correspond with relevant government departments 
such as the Department of Water Affairs or provincial conservation authorities on a regular 
basis so as to ensure that investigations are executed without delay should they occur. 
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An additional aspect of the pre-incident phase would be the development and maintenance 
of a dedicated fish kill investigation kit that will be used by the responding investigator. These 
kits should be sealed so as to prevent any tampering with its contents, and should be 
routinely checked by the identified responding investigator so as to ensure that the expiration 
dates of any chemicals or perishable supplies is not exceeded. Appendix A provides the 
recommended minimum contents of a fish kill investigation kit, with a list of suggested but not 
essential additional items that will be beneficial to an investigation. 
 

4.2.2 Trigger Phase 

Any unnecessary lag-time between the identification of a fish kill event and the initiation of an 
investigation will result in: (i) the site conditions changing with respect to potentially causative 
or associated factors; (ii) deterioration of in situ affected biological material to the point where 
it is no longer useful to be sampled; or (iii) water quality conditions no longer being 
representative of the situation at the time of the initiation of the kill.  If any samples have 
already been taken, the samples may have degraded to the point where they may no longer 
be of use in an investigation. It is therefore of fundamental importance that the trigger phase 
of a fish kill investigation be conducted as quickly as possible following the notification of 
such an event so as to determine if further investigations are required. In this regard, it is 
recommended that the trigger phase be completed in less than 24 hours from notification of 
the fish kill, or of the commencement of the fish kill when it is seen to commence, so as to 
increase the chance of ascertaining the cause of the incident. It therefore becomes clear that 
actions undertaken during the pre-incident phase will have a strong bearing on the success 
of an investigation. 
 
The trigger phase is initiated following the discovery of a fish kill event, and comprises of five 
steps, each of which may be the responsibility of a different party. These include: 

• Reporting of incident; 

• Collection of relevant information from reporting party; 

• Identification of and communication with lead party; 

• Notification of stakeholders and other relevant parties; and 

• The determination for the need to initiate an investigation. 
 

4.2.2.a Collection of Relevant Information 

The identification of a fish kill event is often made by members of the public or land owners, 
and this can result in significant lag-time between the identification of an incident and the 
initiation of a scientific investigation, not to mention the potential lag time between the start of 
the fish kill and when it is first observed. La and Cooke (2011) proposed that reporting of fish 
kill events use a simple web-based submission procedure or government-paid central 
hotline, where members of the public can report fish mortalities to a centralised system. 
Although such a system is presently not available in South Africa, it is hoped that the 
development of a fish kill database recently undertaken for the Upper Olifants River 
catchment (http://www.orf.co.za/FKHome.html) will provide such a reporting system that if 
proved successful, could be developed further for national implementation. Nevertheless, 
given the fact that in many cases fish kill events occur outside of urbanised areas, the most 
appropriate method for communicating the occurrence of a fish kill event at present is via 
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telephone, as the majority of households as well as rural communities have access to a 
telephone. The benefits of using a telephone for communicating the occurrence of fish kill 
events include efficiency, convenience, cost and decreased lag-time between event 
identification and investigation. 
 
Fish kill incidents should be reported to the relevant responsible government office, 
preferably a Department of Water Affairs regional office tasked with water quality 
management where available, or alternatively a state veterinarian or environmental 
specialist. Information collected from the reporting party would typically include: 

• Name, affiliation (if any) and contact details of the reporting party, 

• Location of the incident, 

• Date and time the event was first witnessed, 

• Type and approximate numbers affected, as well as aerial extent, 

• Observation of any other aquatic life at the location and its state, 

• Weather conditions at the site during the previous 48 hours (if known) and current 
conditions, 

• Flow conditions of the watercourse, if appropriate, 

• Any clear indication of pollution, 

• The availability of photographic evidence, and 

• Name and contact details of anyone else who has been notified. 
 

4.2.2.b Identification of Lead Party 

Following the receipt of a fish kill notification and collection of all relevant information from 
the reporting party, a lead party should be designated so as to ensure that a fish kill 
investigation process is initiated. The lead party is likely to vary depending on the nature and 
location of the individual incident, and may be based on legislative responsibilities 
(mandates), expertise, skills and/or responsibilities for due care. In many instances, the lead 
party may be a state veterinarian given their proximity to the location of the incident, or may 
be a Department of Water Affairs (DWA) Regional Water Quality Management Office official 
that is mandated to investigate such incidents. However, the ability to provide financial 
capital for the undertaking of fish kill investigations should be taken into consideration when 
identifying the lead party. In many instances, government departments do not have financial 
facilities readily available to immediately assist in conducting fish kill investigations, and 
financial obligations for undertaking such investigations may therefore rest with a private 
entity such as a company or individual. As such, lead parties that initiate and take 
responsibility for ensuring the fish kill investigations take place should provide details to other 
organisations that may have a mandate for conducting such investigations so as to prevent 
any undue delays in responding to such incidents and ensure open communication. In 
addition, the lead party would be required to notify relevant stakeholders and other pertinent 
parties within the vicinity of the fish kill event in order to inform them that an investigation will 
be conducted. 
 
It is further the responsibility of the lead party to identify and communicate with a suitably 
qualified investigator immediately following the reporting of a fish kill incident who will 
respond to the fish kill incident, and who may assist in further recommendations on how to 
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proceed. Lead parties should furthermore ensure that potential contractual matters that 
would otherwise delay the initiation of an investigation are taken into consideration prior to 
the onset of such an event so as to allow for the investigation to proceed without undue 
delay. 
 

4.2.2.c Determining the Need for Further Detailed Investigation 

The determination of whether a detailed investigation into the cause of the fish kill event is 
warranted is at the discretion of the responsible investigator in collaboration with the lead 
investigator. In this regard, due consideration should be given as to the definition of a fish kill 
event, although several further considerations should be given in applying this definition 
when determining if a detailed fish kill investigation is warranted. For instance, consideration 
should be given to incidents that involve large numbers of mortalities that occur over a 
prolonged period, such as a number of days. Also, consideration should be given should the 
fish kill event involve a species of fish that has provincial, national or international 
conservation importance or if the incident is located within a Freshwater Ecosystem Priority 
Area (FEPA) designated as a fish sanctuary, fish translocation or relocation area identified by 
Nel et al. (2011). Other factors that should be taken into consideration include the history of 
fish kills at a given location, the presence of temporary or permanent point sources of 
pollution, the local community’s reliance on the resource, etc. Figure 26 provides an example 
of a decision tree of factors that would need to be considered when determining if a detailed 
fish kill investigation is warranted. 
 

4.2.3 Investigation Phase 

The investigation phase follows from the trigger phase, and is initiated by a decision that a 
detailed fish kill investigation is warranted (e.g. Figure 26). Typically, the investigation phase 
will comprise of two stages, namely a site-based investigation conducted by a responding 
investigator, and a more detailed investigation that incorporates laboratory-based analyses 
and the interpretation of results, conducted by an incident investigation team. 
 
Following a decision that a fish kill investigation is warranted, the identified responding 
investigator should be deployed to the scene of the incident in order to conduct a site visit, 
during which time she/he will be responsible for confirming information obtained from the 
reporting party, collecting additional site-based information, collecting samples for further 
analyses, initiating chain-of-custody documentation (where applicable), developing a 
preliminary investigation report, and ensuring accurate record keeping. In this regard, it is 
critical that the site investigation be conducted by the responding investigator as soon as 
possible following the initial reporting of the incident (ideally within 24 hours), as additional 
lag-time will result in samples degrading to the point where they may no longer be 
representative of conditions present at the time of the fish kill event. In addition, the 
responding investigator will identify and inform a lead investigator of the fish kill incident so 
that the lead investigator may provide guidance to the responding investigator regarding 
further actions to be taken, initiate communication with the relevant specialist network so as 
to assemble the incident investigation team, and inform relevant laboratories about 
impending samples. 
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Figure 26: Example of a decision tree for determining the need for a detailed fish kill investigation 

 

4.2.3.a Collection of Site-based Information 

Once the responding investigator reaches the site of the incident, he/she will be required to 
confirm information obtained from the individual who initially reported the incident during the 
trigger phase. In addition, the investigator will be required to complete a detailed Fish Kill 
Investigation Form (Appendix B) that will ensure that all pertinent information is recorded for 
later consideration by the incident investigation team. It is only through the observation and 
documentation of all pertinent information that the mechanism of death associated with the 
fish kill event and the sequence of events leading up to the fish kill can be identified with any 
degree of certainty. Of particular relevance to understanding the mechanism of death and 
underlying causal factors associated with the fish kill event will be the collection of pertinent 
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information upstream, downstream and within the area of the fish kill so as to establish 
reference conditions in unaffected portions of the water body by which conditions in the 
immediate area of the fish kill event can be compared. Such pertinent information includes: 

• Water body characteristics; 

• Weather conditions preceding the incident and at the time of the incident; 

• Physical and chemical characteristics of the water (colour, odour, pH, water 
temperature, electrical conductivity, dissolved oxygen, etc.); 

• Characteristics of the fish kill event (e.g. time, duration, location, extent, species 
specificity, fish behaviour, etc.); and 

• Photographic evidence. 
 

Water Body Characteristics 

Documenting of the characteristics of the water body in which the fish kill occurred will 
provide valuable information in order to determine the mechanism of death, the underlying 
cause and possible sequence of events leading up to the fish kill event, as well as provide an 
ecological context of the possible impacts of the event. Such characteristics include the type 
of water body (e.g. river, dam, wetland, etc.), status of the catchment according to Nel et al. 
(2011) (e.g. Freshwater Ecosystem Priority Area, Fish Sanctuary, etc.), the water flow at the 
time of the event, adjacent and upstream land uses, the presence of impediments to flow 
such as weirs, pipes, large or small impoundments, vehicles, etc. It is of further importance to 
not confine oneself to the immediate area of the fish kill when documenting the 
characteristics of the water body, but to consider other factors at least 1km upstream and 
downstream of the fish kill area, and to take note of the rate of flow for possible sources of 
pollutants upstream. 
 

Weather Conditions 

As with water body characteristics, weather is an important factor to consider in fish kill 
investigations as this often dictates biological activity (e.g. algae, bacteria, fish, etc.) within 
the water body, particularly during spring and autumn when rapid daily changes in 
temperature occur. For this reason, it will be important to collect as much information as 
possible regarding the weather conditions both at the time of the site visit, as well as during 
the 48 hours preceding the fish kill event. Determining the location of the closest active 
weather station in relation to the area of the fish kill may provide additional credible and 
useful information. 
 

Physical and Chemical Water Characteristics 

The assessment of water quality variables is important for the interpretation of results 
obtained during any biological investigations, as aquatic organisms are influenced by the 
environment in which they live. While much of the chemical water characteristics will be 
determined through the collection of representative water quality samples and further 
analysis by a laboratory, certain key variables can be easily collected during the site survey 
to assist with the preliminary determination of the mechanism of death and underlying cause 
of a fish kill event, and include pH, electrical conductivity, temperature and dissolved oxygen 
concentration (which can only be ascertained accurately in situ). Further, the noting of any 
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differences in colour and/or odour of the water may provide valuable clues to the mechanism 
of death of the fish kill event. For example, water that is green may indicate the presence of 
an algal bloom occurring at the time of the fish kill, while the smell of hydrogen sulphide may 
indicate the presence of a turn-over or seiche). 
 

Fish Kill Characteristics  

Characteristics that are considered to be of critical importance include the extent of the fish 
kill, the time of the onset and duration of the fish kill, the size of the fish specimens involved, 
any species specificity as well as the behaviour of individual fish that are observed to still be 
alive (apparently unaffected or affected). For example, if the fish kill event is characterised by 
large fish specimens and fish observed to still be alive are gulping air at the surface of the 
water body, it is likely that the mechanism of death that resulted in the fish kill event is related 
to low dissolved oxygen concentrations as large fish have a higher metabolic requirement 
than smaller fish, therefore requiring the uptake of more dissolved oxygen from the 
surrounding water. Such a conclusion can be further supported by noting the timing of the 
event, as events attributed to low dissolved oxygen concentrations often occur in the early 
hours of the morning when uptake of oxygen by the biological entities of the water body 
through respiration is at its peak. In contrast, if the fish kill event is characterised by smaller 
fish specimens being predominantly affected, the mechanism of death associated with the 
fish kill may be related to an unidentified toxicant or temperature as smaller fish are 
considered to be more susceptible than larger fish in this regard. 
 
In many instances, the number of fish affected may be too large to allow for accurate counts 
of the number of fish affected, in which case an estimate of the number affected will be 
required by means of counting transects through the extent of the fish kill area, during which 
careful observation of species and sizes are noted. 
 
In rivers and streams, the size of the transects and the distances between transects will differ 
based on the length of the stream over which the fish kill occurs. As such, the following 
approach is recommended as a guideline (State of Queensland Department of Environment 
and Heritage, 1998): 

• >5km stream length – 100m wide transects at 1km intervals 

• 2-5km stream length – 50m wide transects at 0.5km intervals 

• 0.5 – 2km stream length – 10m wide transects at 100m intervals 

• <0.5km stream length – at least 3 transects accounting for at least half of the affected 
area. 

 
Based on the above, the following equation can be used in order to estimate the size of the 
fish kill (State of Queensland Department of Environment and Heritage, 1998): 
 	 ℎ	 = 	 	 ℎ	 	 	 × 	 ℎ	 	 ℎ	 	( )		 	 	 ℎ 	( )  

 
It is however acknowledged that the flow of a river may complicate fish counting procedures, 
and should be taken into account when conducting fish counts in flowing rivers. As such, it is 
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recommended that counting be conducted starting from the downstream-most extent of the 
fish kill, and move in an upstream direction. 
 
In impoundments where dead fish are present along the shoreline only, the same method as 
indicated above may be used in order to estimate the number of fish involved. However, 
where the affected fish extend into the open water of the impoundment, a minimum of three 
transects spaced at regular intervals within the area of the fish kill will need to be established 
and fish occurring within these transects counted. Thereafter, the following equation can be 
used to provide an estimate of the number of fish affected:  
 	 ℎ	 = 	 	 ℎ	 	 	 × 	 	 	 ℎ	 	( . )ℎ	 	 	( ) × 	 	 ℎ( )	 
 

Photographic Evidence 

Photographs should be taken of the site and geo-referenced where possible, including 
photographs of the affected fish, water and sediment colour, any scum on the surface of the 
water, surrounding land, features that may have an impact on the watercourse such as 
pipes, dumped material, stormwater drains, vehicles in close proximity to the river, discarded 
containers/drums etc., as well as any other features that may aid in the investigation.  
Additionally, photographs should be taken over the whole incident site, as well as upstream 
and downstream of the where the dead/dying fish are located. Where moribund fish are 
collected and dissected on-site (see Chapter 5), photographic evidence is required of each 
stage of the dissection in order to provide a photographic record of observations made during 
the dissection. 
 

4.2.3.b Sample Collection 

The purpose of collecting samples during a fish kill investigation is to provide scientific 
credibility to the assumptions made by the responding investigator based on visual 
observations made during the site visit, and to provide further clarity as to the cause of the 
mechanism of death. However, determining the locations at which various samples should 
be taken requires careful thought and consideration of various factors, including the 
characteristics of the water body, the extent of the fish kill, etc. At a minimum, samples 
should be collected from upstream of the fish kill where no mortalities are observed, within 
the immediate area of the fish kill and downstream of the fish kill. Further, consideration 
should be given to the extent of the fish kill in that the greater the extent, the more samples 
should be collected downstream of the fish kill until a point where no further mortalities are 
noted. 
 
In addition, each sample taken must be clearly identifiable through the provision of a suitable 
label that is ideally printed on water-resistant paper, tied to the neck of the bottle with a piece 
of string and completed using a waterproof pen. Alternatively, sample labels may be written 
on the side of the sample container using a permanent marker where such paper labels are 
not available. Each label should at a minimum display the following information:  

• Unique sample number and description; 

• Date and time of sample collection;  
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• Name of the sampler; and 

• Preservatives administered (if any). 
 
Samples to be taken by the responding investigator that will greatly assist in determining the 
mechanism of death and underlying cause of the fish kill during the detailed investigation 
phase may include, but not limited to: 

• Surface water samples (covering major inorganic constituents, trace metals, organic, 
microbiological/bacteriological water quality sample types); 

• Aquatic toxicity samples; 

• Sediment samples; 

• Algal samples; and 

• Moribund whole live fish sample (or preserved samples where transport of whole live 
fish is not considered a viable option). 

 
Samples taken must be handled and transported in such a way that their integrity is 
maintained (e.g. preservation, chilling but not freezing, etc.). See Chapter 6 for further 
guidance with regards to correct sampling and transport protocols for the various samples 
likely to be taken during a fish kill investigation. 
 
It is of further importance that samples with all the pertinent information be captured on the 
Fish Kill Investigation Form (Appendix B) so as to ensure that all the details of the samples 
taken are adequately captured and provided to the incident investigation team, and that 
chain-of-custody procedures be followed at all times so as to ensure validity of samples 
where this is appropriate in the case of possible legal culpability. 
 
The methodology used for the collection of the various samples is detailed further in Chapter 
6. 
 

4.2.3.c Chain-of-custody 

The control of documentation and samples is vital in any scientific investigation such as a 
fish kill investigation, as documentation will play an important role should the incident 
proceed to litigation. Of particular importance is the necessity to establish a chain-of-custody 
when collecting, transporting and analysing samples during such an investigation. It should 
be borne in mind from the outset that if it is expected that litigation will be involved that 
accredited laboratories and methods are used for sample analysis in addition to following the 
procedure for documentation detailed below. 
 
Swanson et al. (2003; cited in Meintjies-van der Walt, 2010) define the chain-of-custody as 
“the witnessed, unbroken, written chronological history of who had the evidence from the 
time of collection until it is presented as evidence in court”, and is regarded as a record 
necessary to lay a foundation for the evidence in question by showing the absence of 
alteration, substitution or change of condition (Meintjies-van der Walt, 2010). Meintjies-Van 
der Walt (2010) further states that a proper chain-of-custody requires three types of 
testimony, namely (1) evidence that a piece of evidence is what it purports to be; (2) 
evidence of continuous possession by each individual who has had possession of the 
evidence from the time it was collected to the time it was analysed in the laboratory; and (3) 
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evidence by each person who had possession that the particular piece of evidence remained 
in substantially the same condition from the moment that the person took possession of the 
evidence until the moment that person released it into the custody of another (i.e. testimony 
that the evidence was stored in a secure location where no one but the person who had 
custody had access to it). In essence, the chain-of-custody record should inter alia indicate 
(Meintjies-van der Walt, 2010): 

• the name of each person that handled the evidence; 

• the date and time that that the evidence was in possession of each person for any 
length of time should be noted next to each name; and 

• the record entered should be accurate and consistent. 
 
Since there is no way of knowing at the initiation of an investigation if a particular incident will 
proceed to litigation, chain-of-custody procedures should always be followed whenever 
samples and data are collected, transferred, stored, analysed, etc. as part of a fish kill 
investigation. An example of a chain-of-custody record form to be used in fish kill 
investigations in provided in Appendix C. 
 

4.2.3.c Preliminary Investigation Report 

Based on information gathered during the site visit, the responding investigator should 
determine a preliminary cause of the fish kill event with the assistance of the dichotomous 
key provided (Appendix D), and produce a preliminary investigation report that provides 
details of all the information obtained during the site visit (including a copy of the completed 
fish kill form and chain-of-custody forms), details of pertinent features such as possible 
pollution sources, adjacent and upstream land uses, etc. together with photographs of the 
study area. This preliminary investigation report will then be forwarded to the lead 
investigator of the incident investigation team together with samples collected during the site 
visit and accompanying chain-of-custody forms. 
 

4.2.3.d Detailed Incident Investigation 

Upon receipt of the samples and the report, the lead investigator will be required to confirm 
that the transport of the samples was in accordance with the stipulated methods, thus 
ensuring that samples obtained are viable for further analysis. Once confirmed, the lead 
investigator is to submit the samples along with the relevant chain-of-custody documentation 
to the identified laboratories for further analysis. 
 
Upon completion of the analyses, results are to be disseminated by the lead investigator to 
the members of the incident investigation team for interrogation, following which an incident 
investigation workshop should be convened in order to confirm and discuss the findings, and 
compare the results obtained from laboratory tests with observations obtained during the site 
investigation. Post-result analysis includes the development of a detailed investigation report 
by the lead investigator incorporating the findings of the incident investigation team based on 
the information collected on site by the responding investigator as well as the interpretation 
of laboratory-based analyses. As such, the final detailed investigation report will need to be 
approved by each member of the incident investigation team involved so as to confirm their 
endorsement of the findings. Thereafter, the final detailed investigation report is provided to 
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the lead party for circulation to the relevant stakeholders, including the Department of Water 
Affairs should they not already be the lead party. 

 

4.2.3.e Site Clean-up 

The clean-up of a site will be case-specific and be dependent on several factors, including 
the current state of the investigation, the location of the incident and the number of fish 
species affected. While many options for the disposal of fish carcasses following a fish kill 
incident may exist, this final decision with regards to the disposal method should be made by 
the lead investigator following consideration of the local environment. For instance, options 
that may be considered include (adapted from State of Queensland Department of 
Environment and Heritage, 1998): 

• Leaving the site as is: This method may be appropriate for remote locations or if 
attempts to remove carcasses prove to be unsuccessful. However, an assessment 
would need to be undertaken as to the presence of possible scavengers in the area, 
as well as the potential for rural communities acquiring the carcasses for 
consumption. 

• Burial: This method may be the most suitable provided the burial hole is big enough 
and deep enough to ensure that no possibility exists for scavengers to obtained the 
carcasses; and 

• Incineration: Thorough and complete incineration of the carcass, including all bones 
is another option to consider for the disposal of fish carcasses. However, access to 
the necessary equipment is required in considering this option, as complete 
incineration is not likely to result from a simple burn pile. 

 
Often, the potential for ancillary impacts and environmental and public risk will drive the 
decision as to the need for disposal of fish carcasses. For example, mass fish mortalities was 
found to be the most likely cause of the deaths of significant numbers of crocodiles and 
terrapins as a result of pansteatitis in Loskop Dam during 2007 (Huchzermeyer et al., 2011). 
In such an instance, the removal and disposal of the carcasses of dead fish as soon as 
possible following the incident would have significantly reduced the risk of further ecological 
impacts. 
 

4.2.4 Stand-down Phase 

The stand-down phase of a fish kill investigation constitutes the end of the investigative 
process, and occurs either when the trigger phase identifies that no further investigation is 
required, or when the investigation phase is complete and the final detailed investigation 
report is provided to the lead party. As such, the stand-down phase includes post-event 
analysis, debriefing, communication and management and storage of all associated records 
pertaining to the event. 
 
Consideration should be given by the lead party to communicating with relevant stakeholders 
(e.g. the Department of Water Affairs) in order to inform them that the investigation of the 
incident is completed, at which point the final detailed investigation report may be made 
available to relevant stakeholders. However, an agreement is required between the lead 
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party and the relevant stakeholders as to whether the report should be made publically 
available. 
 
During debriefing following the submission of the final diagnostic report to the lead party, all 
phases and procedures utilised during the incident investigation are reviewed by means of a 
workshop facilitated by the lead investigator and comprising the various specialists that were 
involved in the investigation of the incident, the aim of which is to determine possible areas of 
improvement, short-comings and opportunities for future investigations. During this time, key 
training programmes may be discussed and/or developed that should be incorporated into 
the pre-incident phase. Additionally, the possibility of submitting an article to a peer-review 
publication can be discussed following approval from both the lead party and the relevant 
stakeholders. Such publications will greatly improve the knowledge-base of fish kill incidents, 
and will greatly aid future investigations. In addition, consideration should be given to 
providing summary data to fish kill databases, where available. 
 
It is further the responsibility of the lead party through the lead investigator to ensure that all 
records pertaining to interviews, communication logs (e.g. emails, faxes, etc.), minutes to 
meetings, results obtained from laboratories and chain-of-custody records are managed in 
such a way that, should they be required in the future, they are readily accessible. 
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5. FIELD AND SELECTED LABORATORY TECHNIQUES 

Analytical chemical analysis of water sampled has made, and continues to make, valuable 
contributions to the field of aquatic science and fish kill investigations. However, assessment 
of chemical composition only provides information on the chemical makeup of the water at 
the precise time of sample collection. As such, it must be understood by the investigator that 
although direct toxicological examination of the water forms an integral part of the 
investigation, the causal mechanism may no longer be present at the time of investigation.  
 
As fish integrate their responses through time and react to all synergistic and antagonistic 
effects of combined pollutants and stressors imposed on them through interaction with their 
environment, the incorporation of biological assessments into existing analytical approaches 
can provide the evidence necessary to determine causality, and in doing so provide a link  
between exposure and effect (Peakall, 1992).  
 
However, where abnormal changes are or are not observed in the organs of the fish, they 
must be interpreted in the correct perspective to allow differentiation between significant and 
insignificant changes. For example, protracted low-level exposure to chemical pollutants may 
lead to bio-accumulation of a toxicant that may be traceable in the tissues of the dead fish 
and may help to identify the cause of mortality. In contrast, where the exposure period was 
too short for significant absorption of a toxicant, a negative analytical result may be 
misleading. Further, parasite infestations can lead to numerous changes in the appearance 
of organs and tissues, which may be irrelevant as a cause of the fish kill.  
 
In all cases, as many different types of samples as is possible/practical must be collected 
from within, upstream and downstream of the area associated with the fish kill in order for 
subsequent laboratory analyses to provide as much relevant information as possible to help 
the investigator differentiate between naturally occurring events and those connected to 
anthropogenic activity.  
 
Appendix E provides examples of suitable sampling containers and preservative methods for 
each sample type. However, as different institutions have different requirements for sample 
collection and preservation, it is important that the sampler be familiar with the relevant 
institution’s requirements prior to collection of samples. It should further be noted that 
preservation is only recommended when samples cannot be delivered to the laboratory with 
24 hours of collection. Where this is not possible, the lead investigator should be consulted 
as to the most appropriate method of preservation. 

 

5.1 Safety Aspects of Sampling 

All individuals collecting samples for fish kill investigations must be trained in the 
identification of potential hazards at a sampling site. This involves identifying potential 
dangers to sampling personnel when at the sampling site, such as: collapse of stream bank; 
falling into the stream; contact with contaminated water from waterways; and exposure to 
heat, wind and rain. Furthermore, many hazards such as broken glass or pieces of sharp 
metal (including fish hooks) may lie out of sight in the sediment of dams and rivers, and may 
cause serious injury if care is not exercised when walking or working in the aquatic 
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environment. Additional consideration should be given during sampling to the risk of 
infectious agents (e.g. bilharzia; malaria, etc.) and toxic substances that can be absorbed 
through the skin or inhaled. 
 
As such, safety precautions must be taken to ensure the safety of the investigator. Such 
safety precautions may include the use of waders in wadeable streams, wearing of life-
jackets during sample collection, the use of latex examination gloves, etc. In addition, proper 
clothing should be worn to prevent hypothermia, heat exhaustion, sunstroke, drowning, etc. 
 
Additional safety measures to be considered when sampling include (adapted from USEPA, 
2004): 

• The samplers and any assistants should be competent swimmers; 

• The samplers should know how to apply basic first aid, particularly if local advice is 
not available and medical assistance is more than an hour away; 

• When sampling aquatic environments known or suspected to contain human or 
animal wastes that carry causative agents or pathogens, samplers should be 
immunized against tetanus, hepatitis, typhoid fever, and polio. 

• Two persons must be present during all sample collection activities, and no one 
should be left alone while in the field; 

• Exposure to stream water and sediments should be minimized as much as 
possible. Use gloves if necessary, and clean exposed body parts as soon as 
possible after contact (e.g. waterless hand cleaner); 

• Use appropriate protective equipment (e.g., gloves, safety glasses) when handling 
and using hazardous chemicals; 

• Persons working in areas where poisonous and/or dangerous snakes could be 
encountered should be aware of what should be done in case of a bite from a 
dangerous snake; 

• Any person allergic to bee stings, other insect bites, or plants must take proper 
precautions and have any needed medications handy; 

• All field personnel should be familiar with the symptoms of hypothermia and know 
what to do in case symptoms occur. Hypothermia can kill a person at temperatures 
up to 10ºC) if he or she is exposed to wind or becomes wet;  

• Field personnel should be familiar with the symptoms of heat/sun stroke and be 
prepared to move a suffering individual into cooler surroundings and hydrate 
immediately; and 

• Handle and dispose of chemical wastes properly. Do not dispose of any chemicals in 
the field. 
 

5.2 Sample Identification 

It is critical that each sample taken is clearly identifiable through the provision of a suitable 
label that is ideally printed on water-resistant paper, tied to the neck of the bottle with a piece 
of string and completed using a waterproof pen. Alternatively, sample labels may be written 
on the side of the sample container using a permanent marker where such paper labels are 
not available. Each label should at a minimum display the following information:  

• Unique sample number and description; 
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• Date and time of sample collection;  

• Name of the sampler; and 

• Preservatives administered, if applicable. 
 
It is of further importance that samples with all the pertinent information be captured on the 
Fish Kill Investigation Form, so as to ensure that all the details of the samples taken are 
adequately captured. 

 

5.3 In Situ Water Quality Assessment 

In situ water quality parameters should be recorded within the area of the fish kill, as well as 
upstream and downstream of the area of the fish kill using a recently calibrated portable 
hand-held water quality meter/s, according to the manufacturer’s directions. Parameters 
measured should, at a minimum, include pH, electrical conductivity, temperature and 
dissolved oxygen (mg/ℓ and % saturation). The time of day during which the water quality 
parameters were taken must also be noted. 
 
Ensuring that instruments are in the correct working order is critical to ensure the accuracy 
and precision of the results. The sensors of the instrument’s probes are sensitive and need 
to be maintained strictly according to the manufacturer’s instructions if reliable readings are 
to be obtained. Furthermore, instruments to be used should be calibrated regularly to ensure 
accurate data collection. Infrequent use and neglect of the instrument will result in 
meaningless or incorrect readings that may be erroneously interpreted as being correct. In 
this regard, it is recommended that instruments be calibrated at least every two weeks, with 
the exception of dissolved oxygen that must be calibrated on site prior to its use. Further, 
consideration should also be given to keeping a written record of maintenance and 
calibration activities, as this will provide information vital to verifying the quality of data 
captured by the instruments, as well as helping to identify minor problems and prevent more 
serious equipment malfunctions. 

 
5.4 Surface Water Samples 

Surface water samples should be collected following the procedure as provided in DWAF 
(2000). Briefly:  

• At the sampling point remove cap of the sample bottle but do not contaminate the 
inner surface of cap and neck of the sample bottle with hands/fingers; 

• Take samples by holding the bottle with the hand near base and plunge the sample 
bottle, neck downward, below the water surface (wear gloves to protect your hands 
from contact with the water); 

• Turn the bottle until neck points slightly upward and the bottle’s mouth is directed 
toward the current (this can also be created artificially by pushing the bottle forward 
horizontally in a direction away from the hand); 

• Collect a small amount of water in the container and rinse the container, discarding 
the water away from the sampling site;  

• Fill the sample bottle and replace the cap immediately; 



 

74 

• In order to avoid the loss of potential volatile compounds, where appropriate (e.g. with 
samples for organic analysis), sample bottles should be filled completely in order to 
leave little to no air space in the bottle. Alternatively, sample bottles should be filled to 
the base of the neck immediately after sampling has taken place to facilitate mixing of 
the preservative added, where the use of a preservative is considered appropriate; 

• Complete the label and the sample sheet; and 

• Place the sample in a cooler box or dark container with ice bricks for transport 
(adapted from DWAF, 2000). 

 
Furthermore, samples should be obtained from within the fish kill area, as well as upstream 
of the area and downstream of the area. Appendix F provides a list of analytical laboratories 
that may be able to assist in fish kill investigations. It is the responsibility of the lead 
investigator to ensure that the laboratories selected are able to analyse for the necessary 
determinants, are appropriately accredited to conduct the analyses, and are willing to assist 
in the investigation.  
 

5.5 Sediment Samples 

In aquatic ecosystems, most anthropogenic chemicals and waste products, particularly 
persistent organic and inorganic chemicals, may accumulate in the sediments. Accordingly, 
these sediments become repositories for many of the more toxic chemicals that are 
introduced into surface waters (USEPA, 2001). 
 
Where practical, sediment samples should be collected from the upper 50mm of the 
substrate using an Ekmann grab sampler or by using the scoop method, and stored in 350 
mℓ containers. Borosilicate glass, and high-density polyethylene, polycarbonate and 
fluorocarbon plastics should be used whenever possible to minimize leaching, dissolution, 
and sorption. In some instances, it might be difficult to use even a lightweight sampler to 
collect a sample. In these cases, it might be acceptable to collect sediment from depositional 
areas, using a shovel or other hand implement. However, such sampling procedures are 
discouraged as a general rule and the use of a well rinsed hand corer or similar device is 
preferred. 
 
However, it should be noted that preservation is only recommended when water samples 
cannot be delivered to the laboratory with 24 hours of collection. Where this is not possible, 
the lead investigator should be consulted as to the most appropriate method of preservation. 
 

5.6 Algal Samples 

One of the major symptoms of eutrophication (nutrient enrichment) within watercourses and 
water bodies is the proliferation of nuisance plant growth, algae and cyanobacteria, which 
should be an important consideration in fish kill investigations. As such, the determination of 
algal species composition, abundance and the concentration of organic compounds is an 
important requirement when determining the mechanisms of a fish kill event.  
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Samples for the identification of phytoplankton and cyanobacteria as well as the 
determination of cyanotoxin presence should be collected as follows (after Swanepoel et al., 
2008): 

• At the sampling point remove the cap of sample bottle but do not contaminate the 
inner surface of th ecap and neck of sample bottle with hands; 

• Lower the sample bottle into the water to a depth of approximately 150 - 300mm 
below the surface of the water; 

• Perform a forward scooping motion to fill the bottle with water and discard the water 
away from the immediate sampling site (this process is required for rinsing the bottle); 

• Fill the bottle again by lowering it into the water to a depth of approximately 150 -
300mm below the surface of the water; 

• Perform a forward scooping motion again to fill the bottle with water and discard the 
water (this process is required for rinsing the bottle); 

• After refilling the bottle in the manner described above, pour out a small volume of 
water (±20mm from the top of the bottle) to allow for allow for proper mixing prior to 
analysis and the addition of preservative, if necessary. Note: when samples are 
collected for cyanotoxin analysis the sample bottle is usually filled to the lid leaving no 
free air space, and no preservative is added; 

• Complete the sample label and sample sheet; and  

• Place the sample in a cooler box or dark container with ice bricks for transport. 
 
For further information regarding laboratory methods pertaining to analysis of algal samples, 
the reader is referred to Swanepoel et al. (2008). 
 

5.7 Toxicity Samples 

Experience has shown that substance-specific methods are not in themselves able to fully 
assess the potential hazard posed by complex discharges and effluents, although the 
methods can be applied to establish the quality of various other mediums. The purpose of 
toxicity determination is to determine the potential effects of the chemical substances on 
aquatic organisms, rather than focusing in the individual chemical substances on their own. 
This effect-based approach typically uses a battery of acute and/or chronic toxicity tests to 
establish cumulative toxicity based on exposure to selected test organisms (Slabbert, 2004). 
 
Collection of water samples for the purpose of toxicity determination should be conducted in 
the same way as for collection of water samples for analytical testing, namely:  

• At the sampling point remove the cap of the sample bottle taking care not to 
contaminate the inner surface of cap and neck of sample bottle with hands; 

• Take samples by holding the bottle with the hand near base and plunge the sample 
bottle, neck downward, below the water surface (wear gloves to protect your hands 
from contact with the water); 

• Turn the bottle until the neck points slightly upward and the mouth is directed toward 
the current (can also be created artificially by pushing bottle forward horizontally in a 
direction away from the hand); 

• Collect a small amount of water in the container and rinse the container, discarding 
water away from the sampling site;  
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• Fill the sample bottle and replace the cap immediately; 

• In order to avoid the loss of potential volatile compounds, sample bottles should be 
filled completely in order to leave little to no air space in the bottle; 

• Complete the label and the sample sheet; and  

• Place the sample in a cooler box or dark container with ice bricks for transport 
(adapted from DWAF, 2000). 

 
Possible toxicity of water samples collected should be established by means of the Direct 
Estimation of Ecological Effect Potential (DEEEP) approach. At a minimum, the Selenastrum 
capricornutum algal growth inhibition test, the Vibrio fischeri bacterial bioluminescence 
inhibition test, the Daphnia pulex acute toxicity test and the Poecilia reticulata acute toxicity 
test should be conducted at a screening level for the purpose of fish kill investigations. 
 
For further information regarding laboratory methods pertaining to toxicity determination, the 
reader is referred to Slabbert (2004). 
 

5.8 Fish Samples 

The investigator should be familiar with the normal anatomy, behaviour and general 
physiology of the fish present within the system, as having a reference for the species by 
which to compare will aid in making observations relative to any potential deviations from 
what is considered normal for the species. 
 
Assessment of fish species directly associated with the fish kill will provide the most 
applicable information with regards to the mechanism, and ultimately the cause, of the fish 
kill event. When collecting affected fish from within an area where a fish kill has taken place, 
the larger the numbers of fish from which samples are collected the greater the likelihood of 
reaching a thorough diagnosis. An attempt should be made to collect at least 20 moribund 
(i.e. affected but not yet dead) individuals of the various species affected and from the 
freshest specimens for post-mortem assessment, where possible. However, it is understood 
that budgetary or other such constraints may preclude the collection of such numbers of fish 
for post-mortem assessment. In such instances, a discretionary approach should be taken, 
and as many fish as feasible should be collected.  
 
It should be noted that the collection of moribund fish where possible is of critical importance 
as the process of decomposition may already have begun in fish that are recently dead, 
therefore affecting the accurate interpretation of the results obtained. Furthermore, it is 
preferable that the affected specimens be identified and collected individually, as seine 
netting, gill-netting and hook-and-line methods may result in the collection of unaffected fish 
from the area of the fish kill. However, where conditions preclude the collection of individually 
identified moribund fish specimens, other such methods may be used with due cognisance of 
the limitations. Nevertheless, there may be situations where it is not possible to collect 
moribund fish, in which case specimens of the most recently dead fish should be collected.  
 
Gross pathology covers those changes in the fish tissues visible to the naked eye of a 
trained pathologist. Wherever possible, the investigator should attempt to submit moribund, 
freshly dead or euthanized fish to a trained pathologist (see Section 9.2). However, this may 
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not be possible due to distance and time constraints. Under such conditions, the fish-kill 
investigator must be acquainted with the basic dissection technique used to examine dead 
fish and the procedures to collect correct samples for further laboratory examination. It 
should be noted that all veterinarians are familiar with the dissection of fish since it is a part 
of their curriculum. If the investigator is not familiar with the dissection of fish then a 
veterinarian may be approached to assist in this regard.  
 

5.8.1 External Examination of Collected Fish 

Prior to packaging and shipping of the whole fish specimens or prior sacrificing the fish for 
post-mortem processing of the collected fish specimen, the investigator must record 
observations of the external condition of the fish sampled. While it is not the responsibility of 
the investigator to make diagnostic observations with regards to the fish collected, it is the 
investigator’s responsibility to make descriptive and systematic observations, as this 
information will provide valuable clues to the fish pathologist at a later stage (e.g. during 
post-mortem examination), and to the fish investigation team as a whole. In this regard, 
collecting an accurate photographic record of individual observations is critical.  
 
Such observations must include the species of fish collected, the length and weight of the 
fish collected, the presence of any areas of abnormal colouration, the colour of the gills, the 
presence of excess mucus on the skin, any body shape deviations from normal (e.g. 
emaciation), abdominal distension, skeletal deformities or sunken or bulging eyes. In 
addition, the investigator should take cognizance of any lesions, areas of reddening, frayed 
fins, ulcers, and any external parasites present on the fish. Descriptive observations 
pertaining to lesions include size, number, location, presentation (focal, multifocal or diffuse), 
shape (e.g. circular, oval, sharp or soft edge, etc.), consistency and texture (e.g. smooth, 
granular, nodular, bony, pitted, tough, gelatinous, hard, etc.), colour and opacity (e.g. 
transparent, translucent, opaque, pale, mottled, streaked, etc.), 3-D description (e.g. level, 
raised, depressed), severity (e.g. minimal, mild, moderate, marked, severe), and extent (% 
body cover). 

 

5.8.2 Transport of Moribund Fish Specimens 

Wherever possible, the investigator should attempt to collect and submit moribund, freshly 
dead or euthanized fish to a trained pathologist with the shortest possible delay following 
collection. The following packaging and transporting/shipping methods are recommended for 
submission of whole fish samples to chosen pathology laboratories (in order of preference): 

1. Live, moribund fish – place the affected fish into individual strong plastic bags with a 
no more than one third of the bag filled with water. Fill the bag with pure oxygen 
(where available), tie off and place in another strong plastic bag. Thereafter, place the 
sample in a strong cardboard, plastic or Styrofoam® box with insulation, or 
alternatively a large cooler box. During the summer months, crushed ice can be 
placed into a separate bag and placed in the box along-side the samples in order to 
ensure the integrity of the samples; 

2. Iced whole fish samples – place the affected, recently dead fish into individual strong 
plastic bags with a small amount of water in the bag to prevent the sample drying out. 
Seal the bag and place on crushed ice in a well-insulated, water-tight container. 
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Ensure that sufficient ice is placed in the container so as to keep the samples cool 
until they arrive at the chosen pathology laboratory. 

3. Frozen whole fish samples – place live, moribund fish in a plastic bag with a small 
amount of water and freeze. As soon as practically possible, courier the samples to 
the pathology laboratory on crushed ice in a well-insulated, water-tight container. 
Alternatively, samples can be packed in dry ice which will keep the specimens frozen 
for 24 – 36 hours if the shipping carton is well insulated, and shipped. 

 
WARNING – do not ship frozen specimens if there is a chance of delay in getting the 
specimens to the chosen laboratory as fish will start to decompose and be rendered 
unsuitable for diagnosis. If there is doubt that the frozen or iced fish will arrive in a condition 
regarded as being suitable for diagnosis, the fish should be preserved in 10% formaldehyde 
or 70% ethanol, placed in individual plastic bags, and shipped in a strong, sealed plastic bag 
within another container. In such instances, the preservative should be clearly stated on the 
plastic bags and the container.  
 
In all of the above instances, the package should be marked as "Scientific Specimens — 
Perishable" and couriered to the chosen pathology laboratory, if the investigator is not 
delivering the samples personally. If using a courier, ensure that delivery takes place during 
working hours. Add "Please Call Upon Arrival" and the laboratory's phone number to the 
package's label. 
 

5.8.3 Pathology 

Pathology in the fish may shed light on the possible cause. For meaningful pathological 
examination, specimens collected from a fish kill must be fresh and need to be preserved 
correctly.  
 
The post mortem examination of collected fish can be divided into stages: 

1. Examination for gross pathology,  
2. Microscope examination of fresh wet-mount preparations of un-fixed gill tissue and 

skin scrapes,  
3. Microscope examination of formalin-fixed and suitably processed and stained tissues 

under the light microscope (histopathology).  
 
Collection of samples forms an integral part of the dissection of the fish and takes place as 
the dissection and post-mortem examination proceeds. The type of samples that may be 
collected will depend on the particular situation being investigated, but may include: 

1. Collection of blood by venipuncture. Blood may be collected in an anticoagulant such 
as EDTA (purple-stopper Vacutainer) or heparin (green-stopper Vacutainer), in which 
case the blood is suitable for later preparation of blood smears, or the samples may 
be allowed to clot in serum tubes (red-stopper Vacutainer) in which case the serum 
can be harvested. 

2. Collection of gill or kidney swabs for identifying DNA of koi herpesvirus by 
polymerase chain reaction (PCR).  

3. Collection of tissues from all organs in 10% buffered formalin for later 
histopathological examination. 
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4. Collection of selected tissues on ice for toxicological examination. 
5. Collection of swabs aseptically from the kidney for bacterial culture, isolation and 

identification. 
 

Examination for gross pathology includes the detailed description of all organs and tissues 
starting with the fins, eyes, gills and external body apertures. This is followed by a dissection 
of the fish. 
 

5.8.3.a  Equipment 

Equipment needed for the dissection and examination of fish includes the following: 
1. Measuring board 
2. Anglers scale 
3. Perspex cutting board of suitable size 
4. A basic dissection kit, including new scalpel blades, scalpel handle, fine-pointed 

scissors, sturdy scissors and rat-tooth and standard forceps 
5. Student light microscope with 10x eyepieces and 4x, 10x and 40x objectives 
6. Glass microscope slides and cover slips 
7. Paper and black felt-tip pen 
8. Sticky labels 
9. Digital camera 
10. Ziplock or similar plastic bags 
11. Aluminium foil 
12. Polystyrene cooler box 
13. Ice packs 
14. Blood collections tubes (Vacutainers) 
15. Disposable syringes (5 and 10 mℓ) 
16. Disposable needles (20 gauge) 
17. Transport medium swabs 

 

5.8.3.b  Dissection Procedure 

Documentation 

A representative number of fish are measured and weighed and the species is recorded 
before proceeding with the dissection. Basic information including date, site and species is 
also noted on a piece of paper with a black felt-tip pen and is placed adjacent to the fish. A 
photograph is taken of the fish with the affixed note so that the fish details can be identified 
from the photograph at a later stage (Figure 27). The condition of the fish is recorded (Figure 
28) and any unusual lesions should be photographed. 
 

Sacrifice of Fish 

Whether dissecting the collected fish specimens at the site or at a pathology laboratory 
following transporting moribund fish specimens to laboratory for post-mortem examination by 
an investigator, fish should be sacrificed humanely by a sharp blow to the head or by 
severing the spine behind the head (i.e. cervical transection). However, this may prove 
difficult when dealing with some larger catfish species with well-developed crania that are 
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difficult to cut through. As an alternative the fish can be euthanized by exposing them to an 
overdose of a fish anaesthetic. An anaesthetic bath is prepared in a known volume of water. 
The fish are placed in the anaesthetic bath until all life signs cease. The most commonly 
available fish anaesthetic in South Africa is clove oil, which is not registered as a fish 
anaesthetic under the relevant legislation in South Africa and its availability is therefore not 
restricted to veterinarians. It should be noted however that the efficacy of clove oil varies 
according to age, size and species of fish in addition to the concentration and purity of the 
clove oil.   

 

 
Figure 27: This example of a field photograph taken for reference purposes illustrates the amount of 
information that can be gleaned from this form of recording. The appended note indicates that this is a 
Mozambique Tilapia (Oreochromis mossambicus) and that it was the eleventh fish sampled from site 
C on 26 February 2013.  

 
Figure 28: Body condition of two African Sharptooth Catfish (Clarias gariepinus). Note the poor 
condition of the fish (top) compared to the optimal condition of the fish (bottom). Poor condition may 
indicate a chronically ill fish but also occurs with age related senescence 
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Blood Collection 

Blood samples may be collected from live fish or newly sacrificed fish via the caudal vein 
(Figure 29a; Figure 29c). Collection of blood samples from recently sacrificed fish, however, 
should be conducted as soon as possible following the sacrifice of the fish before the heart 
stops beating, which then makes sample collection difficult. Although research has shown 
that collection of blood samples from a live vs. a recently sacrificed fish do not compromise 
blood properties, collection of the blood sample from newly sacrificed fish is preferred as it 
reduces the difficulty involved with collecting blood samples, and as such may help to 
attenuate changes in blood properties after capture in comparison to live and struggling fish 
(Clark et al., 2011). However, once blood samples are obtained, they should be centrifuged 
as quickly as practicable for separation of the plasma and erythrocytes to prevent 
transmembrane transport of ions and molecules that can occur within minutes, resulting in 
misleading data (Borgese et al., 1991; cited in Clark et al., 2011). 
 
With the fish placed on its side the needle, affixed to a syringe, is inserted through the 
muscles just below the lateral line in the tail region of the fish. The needle is angled in a slight 
dorsal direction until the tip touches the vertebral column. If necessary it can be redirected 
slightly to enter the caudal vein which runs just beneath the vertebrae of the spine. With 
slight suction, blood will appear in the syringe. Alternatively blood can be collected directly 
from the heart. The needle is inserted on the ventral midline in an anterior to posterior 
direction at a point level with the anterior margin of the pectoral fins (Figure 29b). Once the 
syringe has been drawn full of blood, the blood is transferred into the relevant Vacutainer 
tubes without delay. For tubes with anticoagulant, the tube must be gently agitated to get 
good mixing of blood and anticoagulant. In small fish the caudal peduncle can be cut off 
immediately after the fish has been euthanized. The fish is held tail down and the blood is 
allowed to drip into an open collection tube.  
 

Dissection 

Depending on the species, the fish is placed on its side or back and the midline of the ventral 
abdomen is incised from the cloaca to the point where the left and right opercula meet 
ventrally. If the fish has a deep body shape it is placed on its left side and the incision is 
continued dorsally through the base of the pectoral fin until just below the lateral line. From 
here the incision is continued caudally parallel to the midline until just above the cloaca, from 
where the incision is joined back to the cloaca. In this way the right side of the abdominal 
wall can be removed leaving the organs intact and in most fish exposing the spleen (Figure 
30). Removal of the left operculum will expose the gills.  
 
At this point a digital photograph should be taken of the carcass. A pathologist will note the 
colour and appearance of the gills. Healthy gills should be a deep red colour indicating a 
good blood supply and healthy gill tissue (Figure 31). 
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Figure 29: Blood sampling from an African Sharptooth Catfish (Clarias gariepinus) from the caudal 
vein that runs just below the spine (a), from the heart (b), and from the caudal vein of a Mozambique 
Tilapia (Oreochromis mossambicus) (c). Note orientation of the needle 
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Figure 30: Small Rainbow Trout dissected to expose the organs. Note the position of the organs and 
the severely enlarged and inflamed spleen. A large part of the abdominal cavity of this fish is covered 
in fat tissue 

 

 
Figure 31: The red glistening appearance of healthy gills. Note the sharp delineation of the gill 
lamellae 

 
Dark red spots and streaks in the gills indicate acute tissue damage and haemorrhage in the 
gills. If the fish has been dead for an hour or longer (a shorter period if the water temperature 
is high) the gills lose their dark red colour and turn a pale white colour. Haemorrhages may 
still be visible as brown spots and streaks. Before proceeding with the dissection, a few gill 
filaments are carefully removed from a gill arch with a fine pair of scissors (Figure 32). The 
gill filaments are placed into a drop of water on a glass microscope and gently teased apart 
before being covered with a cover slip (Figure 33). This is called a gill wet-mount preparation. 
The slide is placed onto the stage of a light microscope and viewed through the lowest 
magnification lens (x4) and scanned for the presence of parasites and other abnormalities 
(see also Chapter 3). The smaller parasites may not be visible at this magnification and the 
slide is then viewed progressively through the x10 and x40 objective lenses.  
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Figure 32: Removal of primary lamellae from the gills for a wet-mount preparation for examination 
under the light microscope  
 

 
Figure 33: A wet-mount gill preparation for examination under the light microscope 

 
While the fish is still wet a scrapping is taken from the surface of the skin from behind the 
pectoral fin along the side of the body. A cover slip is used and should collect surface mucus 
and a few scales. The cover slip is placed onto a drop of water on a microscope slide so that 
the mucus and scales lie between the cover slip and the slide. The skin scraping is examined 
as for the gill wet-mount preparation. 
 
Interpretation of the appearance of organs must be relative to the time since death. The 
colour and appearance of the gills is the most certain way to determine how long a fish has 
been dead. After death the gills will lose the crisp sharp appearance of healthy gill filaments 
(lamellae). They will be replaced by a pale slimy mass of indistinct lamellae and this is the 
normal post-mortal (after death) change. With certain poisonings, particularly hydrogen 
sulphide and nitrite, the chemical structure of the haemoglobin in the blood is altered. When 
this happens the gills may appear brown before death and retain a murky brown colour even 
several hours after death. Pale areas adjacent to normal dark red gill filaments in freshly 
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dead fish may indicate an area of gill necrosis (death of gill cells). This is typical of some 
infections such as koi herpesvirus in carp. Many parasitic infestations affect the gills and may 
alter the appearance of the gills. Under exceptional circumstances parasitic infestations may 
also lead to a fish kill. 
 
The size and colour of the spleen may indicate whether or not an infection is present in the 
fish. Where the infection is in the spleen, the spleen may undergo necrosis and appear 
enlarged with a rough surface and discolouration of the surrounding tissues (Figure 30). The 
mesenteric fat tissues often surround the spleen. Fat of most fish is white but in some 
species may take on a yellow colour as a result of flavonoids taken up from the diet. This is 
particularly the case in Sharptooth Catfish (Clarias gariepinus; Figure 34). The amount of fat 
stored in the abdominal cavity can still be recognized long after the fish has died and should 
be recorded. Absence of fat may indicate an unhealthy population of fish where the fish have 
become chronically ill and have stopped feeding or where changes in water quality have 
resulted in disappearance of the normal food source for the fish. When interpreting the 
condition of the fish, the stage of reproduction and season must be taken into account as 
many fish species will lose condition following spawning and during winter months when they 
stop feeding. Many wild fish have numerous parasites both encysted and as free larval 
worms in the mesenteries that hold the abdominal fat (see Chapter 4, Figures 4.5.2 and 
4.5.3). These parasites are usually well tolerated with minimal effect on the survival of the 
fish. 
 
The liver of the fish is often a dark red to brown organ lying in the anterior portion of the 
abdominal cavity, as in piscivorous fish such as Tigerfish (Hydrocynus vittatus), Rainbow 
Trout (Oncorhynchus mykiss) and Sharptooth Catfish (Clarias gariepinus) (Figure 35). In 
herbivorous fish the liver often extends from the anterior body cavity caudally along the 
intestines. This is particularly evident in cichlid (tilapia) and cyprinid (carp) fish (Figure 36). 
The colour of the liver will however vary depending on what the fish has been eating. In 
Sharptooth Catfish (Clarias gariepinus) for instance, the liver’s colour can vary from a pale 
yellow in fish that have been feeding off fat-rich fish prey to a dark red brown colour in fish 
that have been feeding on a vegetarian diet. Most fish have a gall bladder attached to the 
liver. When fish have not been feeding for a while bile accumulates causing the gall bladder 
to become distended. The colour of bile also varies depending on what the fish has been 
eating, and, when bile stasis occurs it may also affect the colour of the liver. In catfish it is not 
uncommon for the bile to vary from a malachite green colour to a straw colour. These 
variations are not significant in terms of cause of death but merely reflect dietary and 
metabolic influences. Dark red spots in the liver (Figure 37) may indicate haemorrhage 
(bleeding) into the liver tissue. This may occur with certain infections but in wild fish may also 
occur when parasites migrate through the liver.  
 
In addition, the normal liver usually has sharp edges. Swelling of the liver is indicated if the 
liver edges become rounded. This may be normal in actively feeding fish that are depositing 
a lot of fat in the liver, but may also occur with exposure of toxins that affect the liver (Figure 
38). Parasites in the liver can have a significant effect on the appearance of the liver. Where 
the liver has been damaged, regeneration of liver tissue occurs and may lead to an abnormal 
appearance of the liver (Figure 39).  
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The stomach and intestines should be carefully examined for content and this must be 
recorded. Many fish kills occur during the winter months. The metabolism of fish slows with 
the drop in water temperature during winter and it is not unusual for such fish to have empty 
stomachs and intestines. Signs of ingestion of cyanobacterial-bloom material should be 
noted (see Section 2.3). 
 
Once the liver and intestines have been removed from the abdominal cavity the kidney can 
be observed. In most fish the kidney runs just ventral to the spine along the length of the 
abdominal cavity (Figure 40). The normal kidney is blood-rich and appears as a dark brown 
to grey-black organ. The surface of the kidney should follow the concave surface of the 
dorsal abdominal cavity. If the kidney becomes swollen, the surface takes on a convex 
shape. This may be associated with: over-hydration; infection; or destruction of the blood 
forming (haematopoietic) tissues that are situated in the kidney. Over-hydration may be 
caused by either damage to the gills, large wounds or ulcers on the skin, or with damage to 
the excretory components of the kidney (glomeruli and kidney tubules). With over-hydration 
the kidney tissues swell giving the kidney surface a taught convex appearance (Figure 40). 
 
Any swelling or discolouration of the kidney must be recorded. The anterior portion of the 
kidney is made up of blood forming tissue analogous to the bone marrow of mammals. The 
posterior portion of the kidney has mainly an excretory function and is analogous to the 
mammalian kidney. Depending on where the kidney has been damaged, either one or other 
part of the kidney may show changes.  
 
In many fish the pancreas may be difficult to find during gross examination. In some fish the 
pancreatic tissue lies within the liver and the organ is then referred to as a hepatopancreas 
and can only be recognized histologically. This is the case in many cichlid and cyprinid 
fishes. In catfish the pancreas is a discrete white, nodular organ that lies in the mesentery 
that attaches to the stomach, intestine and liver (Figure 41). Prominence of the pancreatic 
tissues depends on the feeding state of the fish. With active feeding the organ enlarges and 
becomes more readily visible than in non-feeding fish. In salmonids (e.g. trout) the pancreas 
lies in the fat tissues between pyloric caeca, finger-like diverticula extending from both sides 
of the distal end of the stomach and is usually hidden in fat. 
 
Fish that have reached sexual maturity and are in breeding condition have readily 
recognizable gonads. In the male fish the testes lie just below the kidney, are usually paired 
and extend the length of the abdominal cavity. When mature they are white to grey in 
appearance and firm. White milt (semen) may run out if the testis is cut. The ovary similarly 
lies just below the kidney extending along the length of the abdominal cavity, but when gravid 
may fill and distend the abdominal cavity. The mature or gravid ovary is recognized by the 
presence of numerous small follicles that will release the ova (eggs) when the fish spawns. If 
spawning has already taken place the ovary may have a deflated flabby appearance. Usually 
some visible follicles are retained in the spent ovary. Where size of the fish allows, the brain 
should be removed by carefully slicing away the top of the cranium. Depending on the 
possible cause of a fish-kill, the brain is either included with the other tissue blocks in 10% 
buffered formalin for histological examination or is frozen for toxicological analysis. 
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Figure 34: Dissection of an African Sharptooth Catfish (Clarias gariepinus) illustrating the position of 
the internal organs. Note the yellow colour of the fat tissues which in this species can be normal 

 

 
Figure 35: Dissection of an African Sharptooth Catfish (Clarias gariepinus) showing the position of the 
liver and other organs. Note the large number of larval Contracaecum worms lying free on the 
abdominal cavity 
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Figure 36: Dissection of an indigenous cyprinid fish. The elongated position of the liver (arrows) and 
the long undifferentiated intestine (I) are typical of a herbivorous fish. Note the position of the near-
gravid ovary (O) 

 

 
Figure 37: Liver of a Rainbow Trout (Oncorhynchus mykiss) suffering from a bacterial septicemia. 
Note the numerous small red areas of haemorrhage in the liver 
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Figure 38: Livers of African Sharptooth Catfish (Clarias gariepinus) showing normal variation of colour 
and appearance in response to feeding behaviour, including liver of a non-feeding fish(a), slightly 
swollen and fatty appearing liver of a catfish that had been feeding predominantly on other fish (b), 
and livers of catfish that had been feeding predominantly on vegetation (c; d). Note the position of the 
gallbladder (arrow)  

 

 
Figure 39: Liver of an African Sharptooth Catfish (Clarias gariepinus) with regeneration following 
parasite damage to the liver. Such regenerative lesions (arrow) may have the appearance of an early 
neoplastic growth, but histologically the liver tissue is normal 

 



 

90 

 
Figure 40: The position of the kidney in the dorsal part of the abdominal cavity just below the spine of 
a Rainbow Trout (Oncorhynchus mykiss) becomes evident after the other organs have been removed 
from the abdominal cavity. In many fish species the healthy kidney takes on a slightly concave shape 
(arrow) (a), while in an overhydrated fish the kidney takes on a convex shape (arrow) (b) 

 

 
Figure 41: The pancreas (arrows) of the African Sharptooth Catfish (Clarias gariepinus) lies within the 
mesenteries stretching between the liver and the stomach and intestine. In other fish species it may be 
hidden within the liver where it is known as a hepatopancreas 

 

5.8.3.c  Sample Collection for Histopathology 

Histopathological examination refers to the examination under the light microscope of 
appropriately prepared sections prepared from formalin-fixed tissues. This may reveal 
valuable information on the cause of death and is an indispensable part of the investigation. 
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Certain pollutants and toxins will cause characteristic changes in the organs of fish that may 
not be visible macroscopically. Histopathology may also give an indication of involvement of 
a significant infectious agent. 
 
As the gross examination proceeds, relevant tissue and organ samples must be collected. If 
the gills are still a dark red colour with sharp outline of the gill lamellae, the tissues of the fish 
will be suitable for microscopic examination. If the gills have already taken on a pale slimy 
appearance this indicates that autolysis (self-digestion) of the tissues has advanced to a 
point where histological interpretation of the changes becomes compromised and the 
examination should be terminated at this point.  
 
For histological (microscopic) examination the following samples are collected in 10% 
buffered formalin: 

1. From larger fish dissect two gill arches with attached lamellae from the gills. Care is 
taken not to disturb the fine red gill filaments by grasping with forceps. Try to grasp 
the cartilage of the gill arch and cut on either side with sharp scissors to free the gill 
sample (Figure 42) 

2. Tissue blocks, approximately 15mm long, 10mm wide and at least 5mm thick, are cut 
from the mesenteric fat, liver, pancreas, spleen, cranial and caudal kidney, heart and 
gonad. A cross-sectional wedge of muscle and skin, including inter-muscular fat, 
approximately 5mm thick, is cut from the body of the fish. If the brain is not needed 
for toxicological analysis the entire brain is included with the formalin-fixed 
specimens. Care must be taken to handle the tissues gently as any pressure applied 
by forceps or blunt blades will result in unwanted changes that will be visible under 
the microscope. Tissue blocks must not be allowed to dry out and need to be placed 
into formalin immediately.  

3. When sampling small fish (less than 50mm in length), remove the entire organ cluster 
from the abdominal cavity, dissect out the gills from one side of the fish and cut a 5 
mm wide cross-section of the body on the level of the dorsal fin. With very small fish, 
incise the abdominal cavity along the ventral midline, allowing rapid penetration of 
formalin, and fix the entire fish in formalin. Samples should be submitted from at least 
six fish. 

4. Once tissue samples have been collected for histology and relevant observations 
have been recorded, fresh material including liver, kidney, brain, fat and muscle 
should be collected from a number of fish. If the fish are small, specimens from 
individual fish can be combined to provide at least 25 grams from each organ. 
Samples should be kept on ice or frozen within 6 hours of collection. When fish are 
less than 10 cm in length the whole fish should be collected. Modern analytical 
methods are extremely sensitive and great care must be taken to avoid contamination 
of sample material by polluted water, soil or intestinal content. The organ material 
should be wrapped in clean aluminium foil (preferably acid-rinsed to remove 
contaminants) and then placed, with a suitable label, into a Ziplock or similar plastic 
bag or jar. Use new plastic bags or clean acid rinsed sampling jars. 
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Figure 42: A gill arch dissected from an African Sharptooth Catfish (Clarias gariepinus) suitable for 
fixing in 10% buffered formalin for future histological examination 

 
Sample bottles must be appropriately identified and labelled (Figure 43). Preferably use a 
waterproof felt-tip pen or pencil (as graphite does not run when it gets wet). Once the tissue 
samples have been preserved in formalin they can be stored for long periods, possibly while 
awaiting the outcome of other tests.  
 
For further investigation, the formalin fixed tissues will need to be submitted to a laboratory 
with the capacity to do histological processing. There the tissue specimens are first 
dehydrated through serial strengths of alcohol after which they are mounted in wax blocks. 
The wax blocks can then be sectioned with a microtome to give 5 micron thick sections. 
These are mounted on microscope slides and stained to enable the pathologist to examine 
the finer details of the tissues and cells. Once the sections have been prepared they can be 
examined, stored or referred to other pathologists for examination. Histological sections are 
routinely stained with haematoxylin eosin. However, special staining techniques might be 
used to confirm certain suspicions that may lead to identifying the cause of mortality. The 
examination of histological tissue sections is a specialised function of a pathologist. Some 
regional veterinary laboratories provide a histopathology service and samples can be 
submitted to these. There are also a number of private laboratories in the larger cities that 
provide the same service. Whereas a general veterinary laboratory will be able to assist with 
examination of fish tissues, fish histopathology is rather more specialised and some cases 
may need to be referred to a qualified fish pathologist. Appendix G provides a list of Regional 
Veterinary Laboratories and fish pathologists that may be able to assist in fish kill 
investigations.  

 



 

93 

 
Figure 43: An example of well-prepared samples, collected during a fish health investigation, ready 
for submission to relevant laboratories for further processing. Note blood smears, tissues in 10% 
buffered formalin (green-topped bottles), and tissue samples wrapped in aluminium foil and Ziplock 
packets ready for freezing and future toxicological examination 

 

5.8.3.d  Sample Collection for Bioaccumulation 

Certain pollutants have the potential to bio-accumulate in fish tissues and relevant testing of 
appropriate tissues may confirm exposure (Table 8). Analysis of fish tissues may help to 
confirm heavy metal exposure where this is suspected as a cause of a fish kill. The most 
toxic heavy metals are lead, cadmium and mercury, but levels of nickel, chromium, tin, 
copper, zinc and aluminium should also be evaluated, unless a specific metal is under 
suspicion (Kitzman, 1993). Metals absorbed through the gills will reveal the highest levels in 
the gill tissue. Where metals are absorbed through the food chain, levels in the liver are likely 
to be high. As such gill, liver and muscle tissue are normally sampled for determining 
possible bioaccumulation of such pollutants. 
 
In addition, many modern pesticides (chlorinated hydrocarbons, DDT and its metabolites 
DDD and DDE, organophosphate insecticides, carbamates and pyrethrins) are lipid soluble. 
Brain and adipose tissue, both of which have high lipid content, are considered suitable 
tissues for analysis. Samples collected for bioaccumulation assessment should immediately 
be frozen and analysed within 7 days (Kitzman, 1993). 
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Table 8: The most common groups of anthropogenic pollutants, suitable tissues and analytical 
procedures for toxicological analysis (adapted from Kitzman, 1993). 

Pollutant 
group 

Tissues with 
highest levels 

Pollutant types Analytical procedure 

Heavy 
metals 

gill, liver, muscle lead, cadmium,  
mercury, (nickel,  
chromium, tin,  
copper, zinc and  
aluminium) 

Atomic absorption 
spectrometry 

Pesticides brain and fat chlorinated hydrocarbons, DDT and its 
metabolites DDD and DDE, organophosphate 
insecticides, carbamates and pyrethrins 

Gas chromatography or 
high performance liquid 
chromatography 

Industrial 
toxicants 

liver, intestines, 
muscle and fat 

polycyclic aromatic hydrocarbons gas chromatography or 
gas chromatography-
mass spectrometry 

Industrial 
toxicants 

fat, liver and 
brain  

Polychlorinated biphenyls  gas chromatography or 
gas chromatography-
mass spectrometry 

 

5.8.3.e  Sample Collection for Bacteriology 

A bacteriological examination may only be necessary in a minority of investigations. 
Meaningful bacteriological results can only be obtained from fish that were caught live and 
were humanely killed for bacteriological sampling. Fish are poikilothermic. This means that 
the body temperature of fish remains the same as that of the surrounding water, and in 
contrast to birds and mammals, there is no drop in body temperature after death in fish. 
Collection of bacteriological samples from fish that have been found dead is in most cases 
pointless, as dead fish are rapidly invaded by environmental bacteria. Attempts to isolate 
significant bacteria from surface wounds and ulcers in fish are usually futile as these wounds 
are heavily contaminated by opportunistic bacteria from the surrounding water. A 
bacteriological examination may follow the finding of pathology indicative of involvement of a 
bacterial pathogen or where a fish kill is protracted in nature and chronically affected, weak 
but live, fish are available for sampling. 
 
The bacteriological sampling of small fish is specialized and is best left to a suitable 
bacteriological laboratory. Fish larger than 20 cm in length can be sampled in the field if 
correct aseptic sampling technique is followed. Unless samples are taken from the fish 
directly by the bacteriological laboratory, the samples will have to be taken on a swab that is 
subsequently placed into a transport medium that will allow the bacteria to stay alive until the 
swab reaches the laboratory. Great care must be taken to avoid contaminating the swab with 
bacteria from the surface and gut of the fish or from surrounding water. 
 
The kidney of the fish provides an organ from which bacteria that have invaded the fish can 
be suitably sampled. One practical technique of sampling the kidney is as follows. The fish is 
killed by a sharp blow to the head. The body is shaken to expel water from the mouth and gill 
cavity and then immediately patted dry with clean paper towel. A sterile scalpel blade (size 
21) is used to make a semicircular transverse cut starting from the midline of the back of the 
fish at the anterior margin of the dorsal fin. The cut is extended laterally on each side down to 
the level of the lateral line, cutting through the skin and muscle. The cut extends down to the 
spine of the fish without penetrating the abdominal cavity. The fish is then grasped firmly on 
either side of the cut and the head is bent downwards from the body until the spine breaks 
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and the abdominal cavity is torn open dorsally. This exposes the kidney which lies just below 
the spine. While a helper holds the fish in this position a sterile transport-medium swab is 
carefully pushed into the torn surface of the kidney, taking care not to touch any other part of 
the fish. The swab is drawn back from the kidney and will be covered in kidney tissue and 
blood. Without allowing the swab to touch any other part of the fish, it is gently inserted into 
its transport medium tube and firmly closed. The tube is labelled and immediately placed on 
ice. The swab should reach a suitable laboratory without delay but certainly not longer than 
48 hours after being collected. 
 
Most bacteriological laboratories deal with bacteria derived from mammals and will incubate 
culture plates at 37°C in an incubator. When submitting swabs from fish, it should be pointed 
out to the laboratory that the plates must be cultured at ambient temperature. 
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APPENDIX A: RECOMMENDED CONTENTS OF A FISH KILL 
INVESTIGATION KIT 

Recommended contents of a fish kill investigation kit 

Chest waders 
Boat 
Engine/paddles 
Lifejacket 
15m seine net 
Note book 
Geographical Positioning System (GPS) 
Fish kill investigation forms 
Chain of custody forms 
Clipboard 
Adhesive sample labels 
Sample tags 
Permanent marker 
Pen 
Pencil 
Fish identification key / book 
Digital camera 
Rechargeable batteries to fit GPS and digital camera (2 sets) 
Watch 
100m Measuring tape 
Calculator 
Medical examination gloves (5 pairs) 
Dissolved oxygen meter 
Combination water quality meter (pH/electrical conductivity/temperature)  
Calibration solutions 
Paper towels 
Zip lock plastic bags 
Scissors 
First aid kit 
40% Formaldehyde (2.5 ℓ) 
10 x 1.5 ℓ glass or polyethylene bottles 
5 x 100 mℓ polyethylene bottles 
5 x 100 mℓ glass bottles 
5 x 500 mℓ glass bottles 
5 x 500 mℓ wide-mouthed glass bottles  
5 x 500 mℓ sterilized glass or polyethylene bottles with pre-prepared with Sodium Thiosulfate 
as preservative 
2 x 25 ℓ cooler boxes 
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Suggested Additional Items 
Dissection kit 
Dissection board/pan 
Digital table-top scale 
Digital voice recorder  
Stereo zoom microscope 
Digital video recorder 
10% buffered formaldehyde (4 ℓ) 
70% ethanol (1 ℓ) 
20 x 100 mℓ wide-mouthed sample bottles for fish tissues 



APPENDIX B: SITE-BASED FISH KILL INVESTIGATION FORM

Water body characteristics
Water Body Name:   ____________________________________________________
Water Body Type: River Dam Wetland Estuary
Catchment NFEPA Status: None FEPA Upstream FishFEPA FishFSA FishCorrid MigrCorrid Rehab
Water Flow: Dry Impoundment / Pan No observable flow Isolated pools Low flow Medium flow High flow Flood
Water Level: Dry Low Medium High

Weather conditions

Temperature (°C)
Cloud Cover (%)
Precipitation (%)
Precipitation (type)
Wind speed (km/h)
Wind direction

In Situ  Water Quality Parameters
Variable Unit

Temperature °C
pH pH units
Electrical Conductivity 

mg/l
% saturation

Colour/Foam/Odour -

First reported by: _____________________________________________________________________________________________________________________
Contact details: ______________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________

Contact details: ______________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________

Date first reported: ____________________________________________________
Time first reported: ____________________________________________________

Incident Report No.: ______________________________________________________________________

Other (specify):
Quaternary Catchment: _____________________________________________Water Management Area: ___________________________________________

Date of site investigation: _______________________________________________
Time of site investigation: _______________________________________________

Investigation conducted by: _________________________________________Affiliation / Organisation: ___________________________________________

Adjacent Land-uses: ___________________________________________________________________________________________________________________________________________________________________________________________
Upstream Land-uses: __________________________________________________________________________________________________________________________________________________________________________________________
Other features (e.g. weirs, pipes, vehicles, etc.): ______________________________________________________________________________________________________________________________________________________________________________

Additional CommentsPast 48 hours Current

Dissolved Oxygen

Upstream In Kill Area Downstream

____________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________

Additional notes: ______________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________
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Fish Kill Characteristics
Start: Datum: Cape Datum WGS84
Stop:

< 12 hours 12 - 24 hours 24 - 48 hours > 48 hours
Morning Mid-day Evening Night Not specific Unsure

Confined to shoreline Confined to open water Isolated Not specific
Yes No Unsure
Yes No Unsure

Unsure No Yes

Fish behaviour  (mark with X)
Dying Discoloured Increased respiration Gills flared Odd fin position Eyes sunken Eyes bulging Bloated Emaciated

Spine curved Mouth agape
Trying to get out of 

water
Lethargy Hypersensitive Loss of equilibrium

Spasms /
Convulsions

Erratic swimming Swimming at surface

Haemorrhaging Lesions Excessive mucus Small fish die first Large fish die first

Fish Record

Photographic Record

Duration of fish kill:

Other:

Fish species affected (if known) Number 

Notes: ___________________________________________________________

Notes: ___________________________________________________________

Time of fish kill: 
Location of fish kill in water body
Is the fish kill species-specific?

Has a fish kill previously been recorded at this location? If yes, when? _____________________________________________________________________________

S _______________________________________E _______________________________________
S _______________________________________E _______________________________________

Notes: ___________________________________________________________

Size (length – min & max) Additional Comments

Photograph Number Photograph Description Additional Comments

Extent of fish kill:

Notes: _________________________________________________________________________________
Is the fish kill size-specific? Notes: _________________________________________________________________________________

Other organisms affected: 
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SAMPLE RECORD

Water Samples
Sample Type Sample Number Sample Location Preservative

Aquatic Toxicity Samples
Sample Type Sample Number Sample Location Preservative

Sediment Samples
Sample Type Sample Number Sample Location Preservative

Additional Comments

Additional Comments

Additional Comments
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SAMPLE RECORD

Algae Samples
Sample Type Sample Number Sample Location Preservative

Fish Samples
Sample Type Sample Number Sample Location Preservative

Other Samples
Sample Type Sample Number Sample Location Preservative

Additional Comments

Additional Comments

Additional Comments
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APPENDIX C: EXAMPLE OF CHAIN-OF-CUSTODY FORM

Details of Sample Details of Sample Collector
Sample No.: Name: 
Sample Type.: Organisation:
Sample Date: Address:
Container Type:
Preservative: Tel. No.:

Date / Time

Name: Name:

Signature: Signature: 

Name: Name:

Signature: Signature: 

Signature: Signature: 

Name: Name:

Name: Name:

Notes

Signature: Signature: 

Incident report No: ________________________________________

Released by Received by

Name:

Signature: 

Name:

Signature: 
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APPENDIX D: DICHOTOMOUS KEY FOR PRELIMINARY DIAGNOSIS 
OF MECHANISM OF FISH KILL  

The dichotomous key provided below (adapted from Meyer and Barclay, 1990) will assist the 
responding investigator in determining a likely mechanism of the fish kill event, and is designed to 
lead the investigator through a series of on-site observations in order to obtain a possible cause. 
However, in instances where no clear singular cause can be determined, consideration should be 
given to the possibility of several factors exerting chronic or sub-lethal effects on the fish that in 
combination have resulted in the fish kill. 

1. Kill occurred within less than 24 hours ..................................................................................... 2
Not known for how long kill occurred, or kill continued for longer than 24 hours ................... 15 

2. Kill occurred between midnight and sunrise, or unsure when kill occurred ............................. 3
Kill occurred between times other than between midnight and sunrise ................................... 8 

3. Water dark in colour, musty odour ........................................................................................... 4
Water conditions normal in colour and odour ........................................................................... 6 

4. Some fish alive ......................................................................................................................... 5
All fish dead ............................................................................................................................ 15 

5. Large fish dead, some small fish alive ..................................................................................... 6
Small fish dead, some large fish alive  ................................................................................... 17 

6. Dissolved oxygen less than 2 mg/ℓ........................................................................................... 7
Dissolved oxygen 2 mg/ℓ or more ............................................................................................. 9 

7. Algal cells absent or dead if present (i.e. deposited on the bottom) ........................................ 8
Algal cells present and alive (i.e. suspended in the water column) ....................................... 10 

8. Dead algal cells abundant ................................... Oxygen depletion due to organic enrichment
Algal cells absent ............................................................... Oxygen depletion due to algaecide 

9. Kill occurred during daylight hours ......................................................................................... 10
Kill occurred at other times as well ......................................................................................... 21 

10. pH above 9.0 .......................................................................................................................... 11
pH not above 9.0 .................................................................................................................... 13 

11. Dissolved oxygen high, often saturated or near saturation ............................ Toxic algal bloom
Dissolved oxygen low or near normal for temperature concerned ......................................... 12 

12. Vegetation dead, and appears burnt ...................................................................................... 13
Vegetation normal .................................................................................................................. 14 

13. Ammonia concentrations near zero ....................................................................................... 14
Ammonia concentrations high .................................................................................................... 
 .. Anhydrous ammonia spill/sewage discharge/industry discharge/agricultural (fertilizer) runoff 

14. pH 6.0 to 7.0 ................................................................................................... Oxygen depletion
pH below 6.0 ..................................... Lethal low pH/heavy metal poisoning/acid mine drainage 

15. Some fish still alive ................................................................................................................. 16
All fish dead ............................................................................................................................ 21 

16. Kill size selective ...................................................................................................................... 5
Kill size not selective .............................................................................................................. 23 

17. Zooplankton and aquatic insects alive ..................................................................................... 7
Zooplankton and aquatic insects dead ................................................................................... 18 

18. Algal cells alive (i.e. suspended in the water column)............................................................ 19
Algal cells dead (i.e. deposited on the bottom) ................................ Toxic herbicidal substance 

19. Fish showing convulsive or other behaviour .......................................................................... 20
Fish behaviour normal ............................................................................................................ 22 
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20. Fins in normal position ........................................................................................................... 21 
 Pectoral fins thrust to extreme forward position ............................ Organophosphate poisoning 
21. Kill occurred throughout the day.................................................................. Pesticide poisoning 
 Kill occurred during daylight hours ................................................................. Toxic algal bloom 
22. Recent seasonal water temperature change ........................ Temperature kill (natural causes) 
 Recent major temporary water temperature change............. Temperature kill (human causes) 
23. Species selectively evident .................................................................................................... 24 
 No species selectivity evident ............... Very high concentration of potentially toxic substance 
24. Lesions evident on fish ........................................................................................................... 25 
 No lesions on fish .......................... Low toxicity or concentration of potentially toxic substance 
25. Organisms in lesions visible to naked eye ............................................................................. 26 
 No organisms visible .............................................................................................................. 27 
26. Organisms worm-like, attached to external surface of fish ......... Leeches (not cause of death) 
 Organisms resemble copepods or have jointed body parts ........................ Parasitic infestation 
27. Lesions not haemorrhagic ...................................................................................................... 28 
 Lesions haemorrhagic ...........................................................Possible bacterial or viral disease 
28. Lesions as small discrete bodies or masses in tissues .......................................................... 29 
 Lesions appear as grey, yellow or white areas on body .................. Bacteria or fungus present 
29. Lesion or mass filled with cellular material ....................... Cysts caused by parasitic infestation 
 Lesion or mass filled with gas ................................................................................................ 30 
30. Bubbles of gas present in gills, fins and behind eyes ................................ Gas bubble disease 
 Odorous gas in large bubbles in necrotic lesions............................................ Bacterial disease 
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APPENDIX E: SUITABLE TECHNIQUES FOR THE PRESERVATION, STORAGE AND TRANSPORTING OF SAMPLES (ADAPTED FROM SWANEPOEL ET AL., 
2008) 

Parameter to be analysed Type of container Preservation technique 
Maximum recommended 
preservation time before 
analysis 

Transport condition Comments 

Chemical analysis - Major 
inorganics (e.g. NH3, NO2, NO3, 
Total Nitrogen, SO4, PO4, Total 
Alkalinity, pH, TDS, F, K, etc.) 

Glass, plastic or polyethylene 
bottles (minimum 350 mℓ, but 
preferably 1 ℓ)  

None, or alternatively HgCl2 24 hours 
Transport on crushed or cubed 
ice (4°C) 

• Samples should be submitted to laboratory
as soon as possible following collection.

• Sampled should be analysed within 7 days
following collection

Chemical analysis - Minor 
inorganics (B, Al, V, Cr, Mn, Fe, 
Ni, Cu, Zn, As, Sr, Mo, Cd, Ba, 
Pb, etc.) 

Glass or polyethylene bottles 
(100 mℓ) HNO3 24 hours 

Transport on crushed or cubed 
ice (4°C) 

• Samples should be submitted to laboratory
as soon as possible following collection.

• Sampled should be analysed within 7 days
following collection

Biological Oxygen Demand 
(BOD) and Chemical Oxygen 
Demand (COD) 

Glass or polyethylene bottles 
(500 mℓ) 

None 24 hours 
Transport on crushed or cubed 
ice (4°C) 

• Samples should be submitted to laboratory
as soon as possible following collection.

• Sampled should be analysed within 7 days
following collection

Pesticides and algaecides Brown glass bottle (500 mℓ) None 24 hours 
Transport on crushed or cubed 
ice (4°C) 

• Samples should be submitted to laboratory
as soon as possible following collection.

• Sampled should be analysed within 7 days
following collection

Biological (Faecal coliforms, 
total coliforms, E. coli) 

Sterilized glass or polyethylene 
bottles (1 ℓ) 

• Preserve with Sodium 
Thiosulfate

• Store on crushed or cubed
ice, or in refrigerator (4°C)

24 hours 
Transport on crushed or cubed 
ice (4°C) 

• Samples should be analysed within 6 hours
following collection if not cooled, or within 24
hours if cooled

Phytoplankton and 
cyanobacteria identification 

Brown glass or polyethylene 
bottle (100 mℓ) 

None Within 8 hours 
Cool to < 8°C and keep in the 
dark 

• Samples should be kept in the dark
especially if clear sample bottles are used.

• Analysis should be conducted as soon as
possible following sample collection

2 mℓ 40% formaldehyde in 100 
mℓ Up to 2 years 

Cool to < 8°C and keep in the 
dark 

• Samples should be preserved as soon as
possible after collection.

Cyanotoxins 
Brown glass or polyethylene 
bottle (100 mℓ) 

None Within 8 hours 
Cool to < 8°C and keep in the 
dark 

• Samples should be kept in the dark
especially if clear sample bottles are used.

• Analysis should be conducted as soon as
possible following sample collection

Sample can be frozen and kept 
in the dark 

7 days after sampling and store 
in dark 

Cool to < 8°C and keep in the 
dark 

• Analysis should be conducted as soon as
possible following sample collection

Toxicity 
Glass or polyethylene bottles 
(2 ℓ) 

Store on crushed or cubed ice, 
or in refrigerator 

48 hours 
Cool to < 8°C (preferably at 
4°C) and keep in the dark 

• Samples should be analysed as soon as
possible after collection
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APPENDIX F: ANALYTICAL LABORATORIES (SANAS, 2012) 

Province Town Laboratory Testing Type Contact Number Contact Email 

Eastern Cape Summerstrand , Port Elizabeth Inno Venton Analytical  Chemical (041) 504 3593 Melissa.Gouws@nmmu.ac.za 
Eastern Cape Port Elizabeth  Pathcare Group of Companies- Port 

Elizabeth Laboratory  
Microbiological 

(041) 391 5700 
Eastern Cape Queenstown WSSA Lab Microbiological (045) 838 1697 ntomson@wssa.co.za / zpeter@wssa.co.za
Free State Bothaville Sedibeng Water - Quality Control 

Laboratory  
Chemical & Microbiological 

(056) 515 0318 lsaunderson@sedibengwater.co.za 
Gauteng Pretoria Absolute Science (Pty) Ltd  Chemical (Pesticides, herbicides, fungicides, etc.) (012) 803 0331 cecilia@absolutescience.co.za 
Gauteng Pretoria Aquatico Laboratories (Pty) Ltd  Chemical & Microbiological (012) 348 2813 / 2814 hermie@aquatico.co.za 
Gauteng Pretoria Aspirata Microbiological and 

Chemical Laboratory (AMCL)  
Chemical & Microbiological 

(012) 685 0820 / 0821 Santiee@aspirata.co.za 
Gauteng Pretoria  Chemtech Laboratory Services cc  Chemical  (012) 347 4979 chemtech@absamail.co.za 
Gauteng Brummeria, Pretoria CSIR Consulting & Analytical 

Services (CAS)  
Chemical & Microbiological 

(012) 841 4958 etruter@csir.co.za 
Gauteng Johannesburg D D Science  Chemical & Microbiological (082) 654 0478 ddscienc@mweb.co.za 
Gauteng Kempton Park East Rand Water Care Company 

(ERWAT)  
Chemical & Microbiological 

(011) 929 7014 alisonc@erwat.co.za 
Gauteng Florida Golder Associates Research 

Laboratory - Aquatic Toxicology 
Division  

Aquatic Toxicity 

(011) 672 0666 mmotsumi@golder.co.za 
Gauteng Houghton  Johannesburg Water (Pty) Ltd  Chemical (011) 728 7373 albina.motsepe@jwater.co.za 
Gauteng Johannesburg M & L Laboratory Services  Chemical & Microbiological (011) 661 7900 doug.skinner@za.bureauveritas.com 
Gauteng Benoni  Microchem Lab Services (Pty) Ltd Microbiological (011) 425 3775 hannes@microchem.co.za 
Gauteng Midvaal  Midvaal Water Company Laboratory  Chemical & Microbiological (018) 482 9500 qc@midvaalwater.co.za 
Gauteng Midrand MLS Laboratory Services  Chemical & Microbiological (011) 312 9774 thea@ltlconsultants.co.za / nick@mlslabs.co.za 
Gauteng Jet Park Quality & Safety Risk Professional 

Services International (Pty) Ltd  
Microbiological 

(011) 397 6249 juliew@myqpro.com 
Gauteng Kroondal Quality Laboratory Services  Chemical & Microbiological (011) 304 7519 / (014) 536-3769 ronel.terblanche@qualitylabs.co.za 
Gauteng Vereeniging Rand Water Analytical Services Chemical, Microbiological & Algal (016) 430 8400 vntoba@randwater.co.za 
Gauteng Isando Set Point Laboratories  Chemical  (011) 923 7100 Thelmam@sethold.com 
Gauteng RandBurg SGS South Africa (Pty) Ltd  Chemical & Microbiological 

(011) 590 3000/ (031) 534-0700 
aleesha.sewpersad@sgs.com / 
elfriede.giard@sgs.com 

Gauteng Centurion  UIS Analytical Services (Pty) Ltd Chemical & Microbiological (012) 665 4291 gloriam@uis-as.co.za
Gauteng Centurion  UIS Organic Laboratory (Pty) Ltd Chemical (Organics) (012) 345 1004 willieh@uisol.co.za 
Gauteng Meiring Naude Road, Pretoria Waterlab (Pty) Ltd  Chemical (012) 349 1066 dominiquem@waterlab.co.za 
Gauteng Krugersdorp Biocrop Laboratories Chemical (Pesticides, herbicides, fungicides, etc.) (011) 954 6039 biocroplab@biocrop.co.za 
Gauteng Preotira Agricultural Research Council Chemical (012) 310 2526 / 2500 iscwinfo@arc.agric.za 

Durban  ALS Inspection South Africa(Pty)Ltd  Chemical & Microbiological (031) 301 1257 abie.khan@alsglobal.com 
New Castle  Buckman Laboratories (PTY) Ltd  Chemical (034) 314 8468 regardt.vreeswijk@arcelormittal.com 

KwaZulu-Natal 
KwaZulu-Natal 
KwaZulu-Natal Durban  CSIR, NRE, Environmental 

Analytical Services, Durban  
Chemical & Microbiological 

(031) 242 2300 gkhumalo@csir.co.za 
KwaZulu-Natal Durban eThekweni Water & Sanitation - 

Scientific Services  
Chemical & Microbiological 

(031) 311 8003 betty.kunene@durban.gov.za 
Richards Bay  Mhlathuze Water  Chemical & Microbiological (035) 902 1046 dzungu@mhlathuze.co.za 
Pietermaritzburg Talbot Laboratories  Chemical & Microbiological (033) 346 1444 jocelyn@talbot.co.za 
Pietermaritzburg Umgeni Water - Amanzi  Chemical & Microbiological (033) 341 1137 lungile.mthembu@umgeni.co.za 
Newcastle uThukela Water (Pty) Ltd Chemical & Microbiological 034 375 6430 / 6431 antoinette.geyser@uthukelawater.co.za
Witbank  Aqua Spectro CC  Chemical  (082) 418 3757 dcp1@telkomsa.net 

KwaZulu-Natal 
KwaZulu-Natal 
KwaZulu-Natal 
KwaZulu-Natal 
Mpumalanga 
Mpumalanga Nelspruit  KL Analytical Services CC t/a 

Labserve  
Chemical & Microbiological 

(013) 752 4745 info@labserve.net 
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Mpumalanga Witbank Regen Waters cc Chemical & Microbiological (013) 690 1487 regenlab@mweb.co.za 
Mpumalanga Middelburg Yanka Laboratories Chemical & Microbiological (013) 246 1671 ritab@yanka.co.za / elizel@yanka.co.za
North West Potchefstroom Chisik Trading 57 t/a Envirocare cc  Microbiological (018) 294 4283 envirocare@safricom.co.za 
Western Cape Cape Town  AL Abbott and Associates (Pty) Ltd  Chemical & Microbiological (021) 448 6340 info@alabbott.co.za 
Western Cape Cape Town  City of Cape Town, Water and 

Sanitation, Scientific Services 
Department 

Chemical & Microbiological 

(021) 684 1000 desire.damon@capetown.gov.za 
Western Cape Stellenbosch CSIR Analytical Services 

Stellenbosch  
Chemical testing (incl. biological tissue) 

(021) 888 2400 / 2433 sbrown@csir.co.za 
Western Cape Cape Town CSIR, Consulting and Analytical 

Services  
Biological tissue testing 

(021) 658 2770 / (021) 689-9386 lvdmolen@csir.co.za 
Western Cape Paarl Integral laboratories (Pty) Ltd  Chemical testing (021) 871 1875 neilvk@integrallabs.co.za 
Western Cape Cape Town SABS Commercial SOC Ltd 

Microbiology Lab  
Microbiological 

(012) 428 6884 / (021) 681-6721 maregm@sabs.co.za 
Western Cape Cape Town  SABS Commercial SOC Ltd Water 

Laboratory  
Chemical, Microbiological & Algal (012) 428 6884 / (021) 681-6721 

maregm@sabs.co.za 
Western Cape Somerset West SGS South Africa (Pty) Ltd) 

Someset West Agri Lab  
Chemical testing 

(021) 852 7899 stuart.shepherd@sgs.com 
Western Cape Stellenbosch Water Analytical Laboratory cc  Microbiological (021) 883 8905 mfranck@walab.co.za 
Western Cape Wellington Wynland Laboratorium  Microbiological (021) 873 3514 rian@wynlandlab.co.za 
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APPENDIX G: VETERINARY LABORATORIES  

 

Province Laboratory Postal address Street address Contact 
person Telephone Fax Email 

Eastern Cape  
Grahamstown Provincial 
Veterinary Laboratory 

PO Box 41, Grahamstown, 6140 Colin Bennette Building  Dr G Mutero (046) 622 7112 (046) 622 5870 gabriel.mutero@agr.ecprov.gov.za 

Eastern Cape  
Middelburg Provincial 
Veterinary Laboratory 

Private Bag X529, Middelburg, EC, 5900 
Grootfontein Agricultural College, 
Middelburg, EC 

Dr AE 
Snyman 

(049) 842 115 (049) 842 4210 eddies@daff.gov.za 

Eastern Cape  
Mthatha Veterinary 
Laboratory 

Private Bag X66, Mthata, EC, 5900 Thornhill Road, Highbury, Mthaha, EC Dr C Matongo (047) 532 2435 (047) 532 2435 molefepatrick@rocketmail.com 

Eastern Cape  
Queenstown Veterinary 
Laboratory 

Private Bag X7093, Queenstown 5320 
West Street, Westbourne, Queenstown, 
5320 

Dr AD Fisher (045) 839 2030 (045) 839 2059 almir.karstens@agr.ecprov.gov.za 

Free State  
Bloemfontein Veterinary 
Laboratory 

PO Box 6252, Bloemfontein, 9300 36A Dan Pienaar Drive, Bloemfontein, 9300 
Mr JL 
Vermeulen 

(051) 436 3677 (051) 436 3262 kobus@glen.agrica.za 

Free State  Kroonstad Veterinary 
Laboratory 

PO Box 625, Kroonstad, 9500 Brand Street Extension, Kroonstad, 9499 Ms M van Zyl (056) 212 2671 (086) 514 2633 marie@glen.agric.za 

Gauteng 
Onderstepoort - University of 
Pretoria 

Department of Paraclinical Sciences, 
Faculty of Veterinary Science, University of 
Pretoria, Private Bag X4 Onderstepoort 
0110 

Paraclinical Building, Old Soutpan Road, 
Onderstepoort, 0110 

Dr JCA Steyl 
(012) 529 8054 / 
8057 

(012) 529 8303 Johan.Steyl@up.ac.za 

Gauteng 
IDEXX Laboratory (Pty) Ltd - 
Pretoria 

  
University of Pretoria, Faculty of Veterinary 
Sciences, 1 Soutpan Road, Onderstepoort, 
Pretoria 

  
(012) 546 3482 / 
3483 

 (012) 546 8959   

Gauteng 
IDEXX Laboratory (Pty) Ltd - 
Johannesburg 

  
Woodmead Office Park, 19b Morris Street 
East, Woodmead extension 1, 2146, 
Sandton 

  
(011) 803 3001 / 
3002 / 3003 

    

KwaZulu-Natal  
Allerton Provincial Veterinary 
Laboratory 

Private Bag X2, Cascades, 3202 
458 Town Bush Road, Pietermaritzburg, 
3201 

Dr D Ngobese (033) 347 6278 (033) 347 1633 denis.ngobese@kzndae.gov.za 

KwaZulu-Natal  Vryheid Veterinary Laboratory PO Box 96, Vryheid, 3100 cnr Hereen and Van Riebeeck Street Mr J Nel (034) 981 4416 (034) 983 2575 johan.nel@kzndae.co.za 

Limpopo  
Lephalale Veterinary 
Laboratory 

Private Bag X209, Lephalale, 0555 
cnr Chris Hani & Groote Geluk street, 
Onverwacht, Ellisras, 0557 

Ms N Nel (014) 763 4444 (014) 763 1176 neln@agric.limpopo.gov.za 

Limpopo  
Makhado Veterinary 
Laboratory 

Private Bag X2408, Louis Trichardt, 0920 
Magistrates Building, Room 174-180, 
Landdros Street, Louis Trichardt 

Dr PJ Loock (015) 516 4971 (015) 516 3654 loockpj@agric.limpopo.gov.za 

Limpopo  
Mokopane Veterinary 
Laboratory 

Private Bag X2486, Mokopane, 0600 
No 1, 1st Street, Old industrial area, 
Zebediela Road, Mokopane 

Dr N 
Mangwiro 

(015) 491 4128 (015) 491 8314 mangwiron@agric.limpop.gov.za 

Limpopo  Sibasa Veterinary Laboratory Private Bag X2224, Sibasa, 0970 Veterinary Complex, Mphephu Street, 
Sibasa 

Dr PJ Loock (015) 516 4971 (015) 516 3654 loockpj@agric.limpopo.gov.za 

Mpumalanga  
Mpumalanga Provincial 
Veterinary Laboratory 

Private Bag X9064, Ermelo, 2350 Nooitgedacht ADC, Bethal Road, Ermelo Dr IP Mbaya (017) 811 5846 (017) 811 4522 philippembaya@yahoo.com 

Mpumalanga Sterkspruit Veterinary Clinic P.O. Box 951 Lydenburg 1120 
57 Church Street, Corner of Church and 
DeBeer Streets  Lydenburg 1120 

Dr KDA 
Huchzermeyer 

(013) 235 4132 / 
2555 

(013) 235 3260 aquavet@telkomsa.net 

North West  
Potchefstroom Provincial 
Veterinary Laboratory 

Private Bag X939, Potchefstroom, 2520 
114 Chris Hani Avenue, Agricultural Center, 
Potchefstroom, 2520 

Dr JGK 
Kangumba 

(018) 294 3232 (018) 293 2385 jkangumba@nwpg.gov.za 

North West 
Vryburg Veterinary 
Laboratory 

Private Bag X36, Vryburg, 8600 
cnr Kimberley Road & South Entrance, 
Vryburg, 8600 

Mr T Human (053) 927 1955 (053) 927 3609 thuman@nwpg.gov.za 

Northern Cape 
Northern Cape Provincial 
Veterinary Laboratory Private Bag X6005, Kimberley, 8300 

cnr Layon & Hall Street (Old Teacher's 
Centre), Kimbereley, 8300 Ms A van Zyl (053) 832 8145 (086) 577 7051 avanzyl@ncpg.gov.za 

Western Cape 
Stellenbosch Provincial 
Veterinary Laboratory 

Private Bag X5020, Stellenbosch, 7599 
Provincial Veterinary Laboratory, 
Helshoogte Road, Stellenbosch, 7600 

Dr D Roberts (021) 887 0324 (021) 886 5341 daver@elsenburg.com 

Western Cape Amanzi Biosecurity P.O. Box 1874, Cape Town, 8000 
7 Whale Park, 2830 Arcon Street, Mount 
Pleasant, Hermanus 

Dr Anna 
Mouton / Dr 
Graeme 
Hartley  

(028) 312 1584   
anna.mouton@amanzivet.co.za / 
graeme.hatley@amanzivet.co.za 

Western Cape 
IDEXX Laboratory (Pty) Ltd – 
Cape Town 

  
Cape Animal Medical Center, 78 Rosmead 
Avenue, Kennilworth, 7708, Cape Town 

  
(021) 671 5140 / 
5146 

    

 


	Blank Page


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


