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ABSTRACT 

 
A COMPARISON OF SAAS AND CHEMICAL MONITORING OF THE 
RIVERS OF THE LESOTHO HIGHLANDS WATER PROJECT 
 
MOLEFI JOSEPH RAJELE 
 
M.Phil minithesis, Faculty of Natural Science, University of the Western Cape 
 
 
 
The Lesotho Highlands Development Authority (LHDA) routinely uses SASS4 in 

conjunction with water chemistry to monitor the water quality of rivers in the Lesotho 

Highlands Water Project  (LHWP) areas. The objective of this study is to test the 

efficiency of SASS4 in these areas. 

 

The LHDA provided biotic and abiotic data based on SASS4 biological assessment 

criteria. Temperature, pH, conductivity and dissolved oxygen were measured on site, and 

17 other physico-chemical variables in the water were analysed by accredited 

laboratories in South Africa.  

 

The results show that temperature, pH, dissolved oxygen (DO), nutrients, Total Organic 

Carbon (TOC), and iron and silicon (Si) concentrations for all five sites in the highlands 

show no spatial difference. Conductivity, alkalinity and the concentration of major irons at 

Malibamat�o (below the Katse Reservoir) differ significantly from that of the four other 

sampling sites in the highlands. The two reference sampling sites in the lowlands are 

significantly different in potassium, nitrate and Si concentrations. The monitoring sampling 

sites H10 and H11, situated below the �Muela Reservoir, however, are not significantly 
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different from the two reference sites and site H12 in temperature, DO, and nutrients 

(except nitrate TOC and iron).  

 

Most of the physico-chemical variables used for both the highlands and lowlands are 

seasonal.  In most cases, the patterns are such that the concentrations of various 

variables in the water decrease during the wet season, but increase during the dry 

months.  Temperature also increases during the hot season, and decreases in cold 

months. TOC, pH and Si concentrations are exceptions, since these do not display 

seasonal variations at any of the sampling sites.  

 

Seasonality of the macroinvertebrates is extremely weak in comparison to physico-

chemical variables. In the highlands, there is no significant difference in the SASS4 score 

and ASPT among the sampling sites, except for site M3, where, according to Chutter 

(1998), there is �major deterioration in water quality�.  There was no significant difference 

in SASS4 score and ASPT in the lowlands. Among the three groups of physico-chemical 

variables used in this study none is found to be responsible for macroinvertebrate sutures 

in the LHWP highland region. There are no suite of physico-chemical variables that 

correlate to the macroinvertebrate community at the monitoring sites H10 and H11 in the 

lowlands. At the two reference sampling sites H10 and H11 as well as the monitoring site 

H12, nutrients are common in suites of physico-chemical variables that correlate 

significantly with macroinvertebrates.   
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The results indicate that SASS4 as practised currently by the LHDA does not provide 

management guidelines with regard the status of water quality. Selection of reference 

sites needs to be reviewed; habitat assessment should be included, and customization of 

SASS4 interpretation for Lesotho conditions needs to be undertaken. 
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CHAPTER 1 

GENERAL INTRODUCTION 
 

1.1. Introduction 

Water is a fundamental substance that makes life possible on this planet (Clarke, 1991). 

The  bulk of water (99.2%) on earth is unavailable to humans and the majority of 

terrestrial plants and animals because it is either too salty or frozen. In other words, 

water is unlimited in terms of supply, but  remains finite in terms of the quantity that is 

readily usable, especially by humans, and for freshwater ecosystems and terrestrial 

organisms (Jones, 1997). 

 

Water supply is a prerequisite for human and economic development (Sullivan, 2002). 

Water resources in Southern Africa however, are threatened by a number of factors; 

these include shortage and availability, water supply and quality, rapid population 

growth, cross border migration and urbanization (Van Wyk, 1998). According to Sullivan 

(2002), the water resources are limited, and it is only through a more sustainable 

approach to water management, and more equitable and ecologically sensitive 

strategies, that development targets for poverty reduction can be achieved. 

 

Effective decision-making in resource management requires proper information 

provided by appropriate monitoring (Roux, 1999). Water resources management needs 

a better understanding of the aquatic ecosystems in order to protect and manage the 

resources properly. Like human health, the aquatic ecosystem cannot be measured 

directly � it is the indicators to health that are measurable. A programme that  uses 
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biological, physical and chemical approaches should provide a more comprehensive 

picture of the water quality (Roux et al., 1993). 

 

The value and importance of freshwater resources obligate the water resources 

management agencies to foster ecologically sound methods in order to meet water 

quality standards. This is achievable by identifying aquatic ecosystem characteristics 

that are suitable for monitoring programmes (KaragoÇ et al., 2002). 

 

Previously,  the information in the management of water resources was predominantly 

physico-chemical (Roux,1999). Tthe aquatic ecosystem, however, is made up of the 

combination of abiotic and biotic elements  (Davies and Day, 1998). It therefore seems 

logical that the management of water resources, in terms of quality, should be based on 

both abiotic and biotic data. 

  

To abate South Africa�s water shortage,  Lesotho and South Africa entered  into an 

agreement where the water from the Maluti would be transferred to Gauteng. The 

Lesotho Highlands Development Authority (LHDA) in Lesotho and the Trans-Caledon 

Tunnel Authority (TCTA) in South Africa was created for the development and long-term 

management of this project. In terms of the treaty, which was signed in 1986, Lesotho is 

contractually obliged to deliver good quality water to South Africa. The assumption is 

that �good water quality�  refers to the state of the water before the LHWP commenced 

(Thokoa 1996). 
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1.2. Water resources of Lesotho   

Situated in the middle of the water-stressed region of Southern Africa, water in Lesotho 

is plentiful due to the high precipitation that occurs in the highlands. In general, the 

climate in here is temperate (Mokuku, 1997). The mean temperatures vary according to 

the altitudes, with both seasonal and diurnal fluctuations (Dempster & Richard, 1973). 

The mean annual temperature ranges from 5.7oC in the highlands to 16oC in the 

lowlands (Schmitz & Rooyani, 1987). In the highlands, areas such as Mokhotlong may 

experience temperature as low as -20oC (Mcleod, 1989; Dempster & Richard, 1973). 

The coldest temperatures usually occur in June, while the hottest time of the year is 

often in January (Loxton, et al., 1992). The country is located within the summer rainfall 

zone of the Southern Africa (Shultze, 1979). In the southern lowland the annual rainfall 

ranges from 400 to 500mm, whereas in the northern lowlands the annual rainfall is 

usually between 700 and 900mm. The mean annual rainfall is far wider in mountain 

areas - it ranges from 590 to 2000mm (Jacot-Guillarmond, 1971).  Due to high solar 

radiation especially, in summer, the annual evaporation ranges between 1500mm and 

1800mm (Loxton, et al., 1992). 

 

By virtue of its position, Lesotho is an important catchment system. Its mountains form 

the sources of many rivers such as the Tugela, Vaal, Mohokare/Caledon and Senqu, 

which flow into South Africa; the Senqu (previously Orange River) flows down to 

Namibia (Sekoli, 1997; CSIR, 1993; Mokhothu et al., 1994). The alpine bogs, and the 

unique alluvial fans associated with mires, are located in the riverheads, and are 
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therefore important for the hydrological regime of the maintenance of rivers and good 

water quality (Marneweck & Grundling, 1999). There are also bogs that consist of peaty-

loam deposits that accumulate rainwater (Allanson, 1990). 

 

Numerous wetlands retain surface and subsurface flows in Lesotho. The weathered and 

basaltic rocks of the highland region provide temporary storage for groundwater. The 

steep slopes facilitate direct runoff. In addition, the runoff/rainfall coefficient in the 

highlands is higher than that of the lowlands (Mokhothu et al., 1994). The base-flow in 

the rivers of Lesotho is sustained primarily by the groundwater coming from the 

highlands (Mokhothu et al., 1994). Owing to the country's elevation, the rivers and 

streams in the highland are juvenile, often with steep gradients and localized 

accumulation of alluvium (Loxton, et al., 1992 a). 

 

1.3. Problems associated with water resources in Lesotho  

Topography and the variability of rainfall (frequent drought spells) make this tiny country 

extremely vulnerable to climatic changes (Sekoli, 1997). In the last 4,000 years, the 

rainfall has gradually decreased (Tompson et al., 1983; Grobbelaar et al., 1987). In 

addition, water resources in Lesotho are threatened by anthoropogenic factors such as 

soil erosion, overgrazing, uncontrolled burning and cultivation of steep slopes, and 

human settlement in ecologically fragile areas ('Mota et al., 1997). Undoubtedly, the 

main users of the natural resources are human beings. Therefore, they are the main 

threats to the future and availability of such resources. 
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The strategic presence of wetlands such as Bokong in the Maluti,  provides Lesotho and 

South Africa with good water quality, as well as maintaining the hydrological regime of 

rivers in the area. These wetlands, however, have been deteriorating (Marneweck & 

Grundling, 1999). 

 

Like most developing countries, Lesotho is experiencing population growth. The 

population is estimated at 2 million, with the annual growth rate at 2.6 percent (�Mota, et 

el., 1997). The landless Basotho are estimated to have risen to 32,9% of the total rural 

population in 1996. The arable land comprises only nine percent, and lies in the 

lowlands where most of the bigger towns and cities are located. Lesotho consists mostly 

of rugged mountain terrain (Dempster and Richard, 1973). Pressure on the rangelands 

is unbearable, and this subjection to overgrazing makes it fragile.  

 

Sources of potable water in rural areas include springs, streams, rivers and boreholes. 

Proper water treatment plants in these areas are nonexistent,  and as a result, water 

diseases such as gastroenteritis, dysentery and cholera are common (Kanetsi, 1997). 

The rapid rural migration is also impacting negatively on landuse, causing uncontrolled 

water pollution of the rivers. Most rural people have migrated to urban areas to search 

for services (such as employment, water supply, roads infrastructure, and sanitation) 

that are available to urban communities (Mokhothu et al., 1997).   

 

Surface water resources are the most abundant in Lesotho. As a result, they are 

susceptible to both point source and non-point source pollution (Mokhothu et al., 1997).  
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Pollution sources for both surface and groundwater in Lesotho include the following 

(Mokhothu et al., 1997): 

• stormwater drainage systems in urban areas  

• overflow of septic tanks and broken sewage reticulation systems 

•  efflue from the industrial areas 

• acaricide effluents from the livestock dipping stations 

• leaching from the cemeteries, landfills, and latrines  

• high sediment loads  

 

1.4. The Lesotho Highlands Water Project (LHWP)  

The Lesotho Highlands Water Project (LHWP) is probably one the biggest infrastructure 

projects that has ever been undertaken in the African continent (Hoover, 2001). Under 

the management of the LHDA, the main objective of this massive project is to transfer 

water from the highlands of Lesotho to the Vaal Dam in South Africa. In addition, the 

LHWP will generate hydroelectric power which in turn will make Lesotho self-sufficient 

in terms of its electricity supply (CSIR, 1997). Upon completion, more than 70 cubic 

meters of water per second will be transferred from the Maloti Region to the South 

African economic heartland, Gauteng Province. In the process, 72MW will be generated 

for Lesotho (Hoover, 2001). The execution of the LWHP takes place along the Senqu 

River valley  and its main tributaries (CSIR, 1997). This four-phased project involves six 

large dams (Table1.1).  
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Table 1.1. The Lesotho Highlands Project phases and their structural magnitude  
 (Thokoa, 1996) 

Phase/Name Water 

delivery 

(m3/s) 

Dam 

height 

(m) 

Total 

storage 

(m3) 

Type of 

energy 

Hydro 

plant 

capacity 

Access 

roads 

(km) 

IA/Katse 18.2 185 1950 Gravity 72Mw 252 

IB/Mohale 11.4 140 810 Gravity - 162 

II/Mashai 25.4 170 3430 Pump 110Mw 131 

III/Tsoelike 9.6 160 1972 Pump - 16 

IV/Ntoahae 5.4 125 1370 Pump - - 

Total 70 - 9532 - - - 

 

The project is currently in Phase 1; the start-up of Phases 2 and 3 has been delayed. At 

this time, the author is unable to obtain a time-scale for implementation of the full 

scheme.  

 

1.5. Problem statement 

In 1993, the South African Council for Scientific and Industrial Research (CSIR) was 

commissioned by the LHDA to undertake a baseline water quality and aquatic 

communities study prior to the construction of Phase 1A. In 1996, the CSIR was again 

commissioned to undertake the baseline water quality and aquatic communities study 

prior to the commencement of  Phase 1B. According to the CSIR report (1996), the 

water quality was judged �good� based on both the physico-chemical and biological 

data. 
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The biological water quality assessment that was used by the CSIR was the South 

African Scoring System version 4 (SASS4). SASS is a rapid bioassessment that uses 

macroinvertebrates to assess the quality of water in the lotic sytems.  The method is 

inexpensive and rapid; it was developed by (Chutter, 1994) �in response to a need by 

water resource managers� (Dallas, 1994). The benthic macronivertebrates used in 

SASS are allocated scores based on their sensitivity/tolerance to water quality 

conditions. The interpretation of biological data using SASS4 should be based on 

SASS4 score, as well as ASPT (Dallas, 1997).  The CSIR�s biological interpretation 

(1996), however, was based on one component (SASS4 Score) of the biomonitoring 

system, and excluded the second component (ASPT). 

 

The LHDA monitors water quality using both physico-chemical and biological data. 

Despite the CSIR�s findings based on biological data, and despite Lets�ela (2000) 

conclusion that �SASS performs well in Lesotho and has great potential�, LHDA staff 

often find it difficult to reconcile the conclusions based on physico-chemical data with 

those based on biological data. In rivers where physico-chemical variables do indicate 

water quality impairment, SASS often indicates otherwise. This study aims to 

investigate the following question: 

 

Is SASS4 a suitable biological tool to monitor water quality of the Lesotho Highlands 

Water Project Rivers?  
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1.6. Conclusion 

The Literature Review in Chapter 2 explores the history and applicability of the South 

African Scoring System (SASS). The indicators used in this system to monitor water 

quality in rivers.  Chapter 3 reviews the tools and methods applied in the study. Physico-

chemical variables, and the benthic macroinvertebrates used in SASS, are the focus of 

Chapters 4 and 5. Chapter 6 discusses both tools as a composite monitoring system 

currently applied by the LHDA in monitoring water quality in the LHWP.  Chapter 7 

concludes this work with recommendations for further study and application within the 

subject area. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

10 
 

CHAPTER 2 
 

LITERATURE REVIEW 

 

2.1 Introduction  

In many parts of the world, fresh water has become an increasingly scarce resource 

(Seyam et al., 2002). The sustainable socio-economic developments are undoubtedly 

important to aquatic ecosystems that are protected and managed effectively (Roux, 

1999). To secure equity for every user and access to water, this important resource 

should be protected. However, effective decision-making by resource management 

requires proper information, which should be provided through proper monitoring. The 

development and application of water monitoring techniques therefore play an important 

role in resource protection (Roux, 1999).  

 

The primary objectives of water quality assessment are often aimed at describing the 

spatial and temporal patterns in water quality, and identifying the factors and processes 

that influence those conditions (Mueller, et al., 1997).  

 

The aim of this chapter is to review the literature on water quality monitoring in Lesotho. 

The emphasis will be on the use of macroinvertebrates as a tool to assess the quality of 

lotic/river aquatic ecosystems. Special attention will be paid to the South African Scoring 

System Version 4 (SASS4) used by the LHDA to monitor lotic systems in the LHWP 

areas. A brief history of macroinvertebrates in water quality management will be 
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reviewed, together with an overview of SASS and its suitability in the context of some 

lotic ecosystem ecological theories. 

 

2.2 Water quality monitoring 
 
Water quality is a measure of the suitability of water to sustain various uses or 

processes (Meybeck et al., 1996). Therefore, water quality is a relative term based on 

the legitimacy of the users (Turton, 2001). There are five primary users of water, 

namely: agriculture, industry, recreation, fisheries and wildlife (UNEP/GEMS, 1991). 

According to Durham and Jackman (2001), water quality monitoring is an important 

component of water resources management. 

 

Water quality monitoring involves the collection of data at set locations and at regular 

intervals in order to provide information through which spatial and temporal patterns can 

be described, together with processes that influence the condition of the water body 

(Meybeck and Helmer, 1992; Richards et al., 1997)  

 

In the past, the management of water quality was predominantly based on the 

protection of the human health. That is, water bodies were primarily assessed and 

monitored with the view of making sure that they comply with the standard of human 

health. The water quality specifications were based mainly on the microbiologists� point 

of view, and methods applied in water quality monitoring were predominantly those of 

engineers (Kennard et al, 2001). Demographic changes brought about by development 

and population increase, such as environmental degradation and water pollution, 
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compelled water resources managers and other decision-makers to change their views 

regarding water quality monitoring  (e.g. Hornung et al., 1990; Moldan and Cerny, 1994; 

Lancaster et al., 1996; Neal et al., 1997).  

 

Today the new paradigms in water quality management are inclusive of environmental 

factors (Hodgson and Fraser, 1999) and societal needs (Dent, 2000). Monitoring of 

water quality involves physical, and chemical variables, as well as the biological aspects 

of a water body (Molles, 1999).  

 

The transition from the old paradigms (Kennard et al, 2001) to the new water quality 

monitoring paradigms (Hodgson and Fraser, 1999; Dent, 2000) has been marked by the 

emphasis on physico-chemical analysis in water quality monitoring. The physical and 

chemical analyses for water quality monitoring are well researched and documented 

(Chapman and Jackson, 1996), while the freshwater biota component has not been 

given the attention it deserves (Pringle et al., 1988; Master, 1991; Stein and Chipley 

1996; Olsen et al., 1998; Baudo, 2001; Kenard et al., 2001).  Biological monitoring in 

freshwater has therefore been slow in comparison to other limnological disciplines such 

as water chemistry (Rosenberg and Resh, 1993).   

 

Water resource management needs a better understanding of the aquatic ecosystem in 

order to protect and manage the resources properly. Therefore, undertaking a 

programme that integrates chemical, physical and biological components improves 

understanding of the ecosystem (Roux, et al., 1993).  
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In Lesotho, information relating to water quality monitoring is still lacking (TAMS, 1996). 

Yet, water is the largest natural resource in Lesotho (Thokoa, 1996; TAMS, 1996; 

Sekoli, 1997).  According to TAMS (1996), the LHDA is the sole authority that 

undertakes a comprehensive chemical and biological monitoring programme of natural/ 

raw water. Water quality monitoring performed by the LHDA is limited, as it takes place 

in the LHWP areas only; it is not a national exercise. The purpose of water quality 

monitoring by the LHDA is to make sure that water delivered to South Africa from the 

Maluti of Lesotho is of a �good quality� (LHWP Treaty, 1986).   

 

A comprehensive national aquatic ecosystem-monitoring programme is still to be 

completed for Lesotho. As a result, literature concerning water quality monitoring in the 

country is lacking.  According to Durham and Jackman (2001), water quality monitoring 

is essential for the management of water supply in developing countries. It is therefore 

important to �strengthen the water quality monitoring and assessment of capabilities in 

developing countries� (Hodgson and Frazer, 1999).  

 

 Some of the environmental problems facing the Southern African region include a lack 

of water sources, and among others, the destruction of natural ecosystems such as 

wetlands (Mtetwa and Schutte, 2002). As a result, some countries such as South Africa 

have initiated Programmes such as the National Aquatic Ecosystem Biomonitoring 

Programme (Roux 1997), now known as River Health Programme (Roux et al., 1999). 

The purpose of this programme is to determine, using biota, the health of the aquatic 
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ecosystem, with the aim of providing information for rational management of the South 

African aquatic ecosystems (Kleynhans, 1999; Roux et al, 1999).      

 

In Lesotho, the Water Resources Act (1978) does not address the issue of water quality 

monitoring. However, the new Lesotho Environmental Act (2001), which was still not 

operational during compilation of this thesis, has the provision for the establishment of 

water quality procedures in the country. According to House (1998), the choice and 

development of water quality monitoring procedures should be incorporated into a legal 

framework, so that agencies responsible for the protection of resources can be 

established. Thus, the promulgation of laws that address water quality in Lesotho 

effectively opens up research opportunities in water monitoring. 

 

2.3 Chemical variables  

Biological, chemical and physical variables for water quality monitoring enhance the 

assessment and management of aquatic ecosystem (House, 1998). The aquatic 

ecosystem variables identified as chemical, biological or physical are complementary to 

one another and should be viewed as such (Davies and Day, 1998). 

 

Chemical parameters form an important part of this study - Chapter 4 is concerned 

solely with water chemistry. According to Chapman and Jackson (1996), water 

chemistry is well researched and documented. Dallas and Day (1993) and Dallas (1995) 

have recently reviewed the effects of various physico-chemical variables on river biota. 

Also, Thokoa (1996) discussed the LHWP areas� physico-chemical variables in detail by 
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linking spatial variation in water quality variables of different catchments in LHWP areas 

(especially nutrients which are influenced by different landuse practices). This is a valid 

point, since the country is underlain entirely by basalt rock (CSIR, 1996). The spatial 

variation observed could only be attributed to anthropogenic origin such as landuse.  

 

2.4 Biomonitoring 

Biomonitoring refers to the gathering of biological data in the field or laboratory with the 

aim of qualitative, semi-qualitative or quantitative biological response to changes in the 

environment (Hohls, 1996), which may have natural or anthropogenic causes (Lamb, 

1985). Biomonitoring may be applied to ensure that water quality is maintained, or that 

regulations and guidelines are complied with. It may also be used as a surveillance tool 

to monitor toxic substances entering water bodies before and after completion of a 

project that may affect an aquatic ecosystem (Chapman and Jackson, 1996). 

 

Biological indicators that are used in biomonitoring of lotic ecosystems are numerous. 

Examples in South Africa include the National Aquatic Ecosystem Biomonitoring 

Programme (NAEBP) or River Health Programme that involves river monitoring using 

both biotic and abiotic indicators (Roux, 1999). Biological indicators used in River Health 

include diatoms (e.g. Belore et al., 2002), riparian vegetation index (e.g. Kemper, 2000), 

fish index (e.g. Kleynhans, 1999), and benthic macroinvertebrates (e.g. Chutter, 1998). 

 

Recent research in freshwater studies shows that water quality monitoring using 

biological indicators undoubtedly provides a bigger picture of the ecosystem. This is 
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because the organisms would have survived regardless of the chemical or physical 

conditions that the water body was exposed to (Davies and Day, 1998). In other words, 

biota tells a comprehensive story about their environment. The fact that organisms in 

their environment are subject to the totality of chemical and physical influence, and 

integrates the effects of all the environmental variables over time, makes them useful 

indicators of the aquatic ecosystem (Roux et al., 1993). 

 

In the past, measuring of the physical and chemical variables was the mainstay of water 

quality monitoring.  There are major limitations associated with physico-chemical 

monitoring. Knowledge of the effects of toxic variables on biota is limited. Physico-

chemistry does not account for many human-induced perturbations such as flow 

alterations and habitat degradation that impacts on biological health. Physico-chemical 

monitoring is biased towards the momentary conditions that exist at the time of 

sampling. Short events may be missed unless automated devices are introduced to 

measure physico-chemical variables within short intervals.  And it is simply not possible, 

nor economical, to measure all the physico-chemical variables or the 1500 known water 

pollutants (Mason, 1996).  

 

The use of the biological variables alone, does not provide detailed information, so the 

nature of changes or pollution cannot easily be identified (Moore and Macmillan, 1993). 

 

In biomonitoring, algae and macroinvertebrates are the most popular organisms used 

(Rosenberg and Resh, 1993).  However, invertebrates are by far the most popular 
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indicators in water quality biomonitoring (Wiederholm, 1980; Hellawell, 1996; Abel, 

1989; Rosenberg and Resh, 1993). A recent study carried out by Belore et al., (2002) 

shows that macroinvertebrate metrics represent a closer presentation of water quality 

than diatoms. 

2.4.1 Benthic macroinvertebrates 

Bentic macroinvertebrates play an important role in the aquatic ecosystem in that they 

connect the allochthonous/autochthonous production with higher trophic levels (Munn 

and Brusven, 1991). Their importance in the lotic ecosystem is exemplified by the fact 

that they are primary features of concepts such as the River Continuum Concept (RCC); 

here the structuring and functioning of the lotic system that flows from the headwater to 

the mouth is described (Vannote et al., 1980) 

 

Benthic macroinvertebrates are organisms without backbones that inhabit the bottom 

substrates (for example: sediments, debris, logs, macrophytes, filamentous algae) of 

their habitats, for at least part of their life cycle (Rosenberg and Resh 1993). 

Macroinvertebrates are visible to the naked eye and are retained by mesh sizes greater 

than or equal to 200 to 500 micrometres. Benthic macroinvertebrates include insect 

larvae, annelids (leeches), oligochaetes (worms), crustaceans (crayfish and shrimp), 

molluscs (clams and mussels), and gastropods (snails). Insect larvae tend to be the 

most abundant benthic macroinvertebrates in freshwater aquatic ecosystems 

(Rosenberg and Resh, 1993). 
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! Advantages of using benthic macroinvertebrates in water quality monitoring 

According to Rosenberg and Resh (1993), the advantages of the macroinvertebrates in 

water quality biomonitoring are as follows: 

 ▫ Benthic macroinvertebrates occur in all lotic system habitats, and are therefore 

affected by virtually any disturbance that takes place in the streams or rivers that they 

inhabit.  

▫ Many macroinvertebrates are sensitive to various chemical and physical disturbances, 

and their ubiquitous nature makes them suitable tools for monitoring the effects of 

such perturbations.   

▫ Their sedentary nature makes them suitable tools to ascertain the effects on various 

lotic environments.  

▫ Their life cycles are relatively long and these make them suitable tools to determine 

�regular disturbances, intermittent perturbations and variable concentrations to be 

examined temporally�.  

▫ Methods for analyses are well developed, therefore qualitative sampling is achievable 

with the use of inexpensive and simple equipment. 

 ▫ Most of the macroinvertebrates can be identified with ease and their identification 

keys are available  

 ▫ Readily-available documentation on macroinvertebrate response to various common 

pollutants and a rich inventory on their data analyses make them suitable tools for 

management of lotic systems  

▫ They are responsive to research activities undertaken either in the laboratory, or in-

situ.  
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▫ Their biochemical and physiological measures of responses to perturbations are being 

developed; they are used as sentinel or indicator organisms from which pollutants they 

have been exposed to can be determined by extraction and assay. 

 

Although advantages of biological monitoring of the aquatic ecosystem outweighs those 

of the chemical-based methods, it may not be practical to rely on it as the sole 

monitoring technique (Lets'ela, 2000).  More research on the interaction between the 

environmental variables (physical and chemical) and biota still needs to be conducted 

(Dallas, 1995). 

 

! Disadvantages of using benthic macroinvertebrates in water quality 

monitoring 

The following are some of the disadvantages associated with the use of benthic 

macroinvertebrates (Resh, et al., 1996):  

▫ Qualitative sampling requires large numbers of samples and this can be costly.  

▫ Macroinvertebrates are susceptible to factors other than water quality, which equally 

influences their distribution and abundance.  

▫ Seasonal variations may complicate interpretations and comparisons.  

▫ Other organisms have the tendency to drift, and that may offset the advantages gained 

by the sedentary nature of many species.  

▫ They are not sensitive to all perturbations.  

▫ Certain organisms are taxonomically not well known.  
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▫ Too many methods are available, making it agonizingly hard to select a suitable 

technique. 

 

! Ideal features of macroinvertebrates for use in water quality monitoring 

The following characteristics are ideal for freshwater biomonitoring invertebrates:  

▫ Sound and easy recognition by the non-specialists to avoid taxonomic uncertainty � 

this may complicate long-term monitoring, and between-site interpretation.  

▫ A cosmopolitan distribution of species - this would allow for comparative studies on a 

regional, national and international scale.  

▫ Numerical abundance - numerical predominance of an indicator species allows for 

ease of sampling, and for conclusions regarding quantitative distribution patterns.  

▫ Limited genetic and ecological variability in order to allow narrow ecological demands.  

▫ Large body size to facilitate sampling and sorting.  

▫ Limited mobility, and a relatively long life-history, to allow for integration of spatial and 

temporal scales.  

▫ The ecological characteristics should be well known to elucidate the physiological and 

autecological information whenever required.  

▫ Suitability for use in laboratory studies to allow for determination of causality 

(Rosenberg and Wiens, 1976; Hellawell, 1986). 

 

The use of macroinvertebrates in water quality monitoring has come a long way. The 

aim of this section is to outline this history, and relate it to SASS4, which is the primary 

tool used in this study.  
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! The history of the use of macroinvertebrates in water quality monitoring 

The Saprobien System (Kolkwitz and Marson, 1909) is one of the oldest methods using 

water macroinvertebrates to assess water pollution. The system categorizes the water 

quality status as follows:   

• Polysaprobic, where the water is highly polluted by organic matter 

• Apha-mesosaprobic and Beta-mesosaprobic for waters where the content of 

dissolved oxygen is increasing  

• Oligosaprobic, where waters have high oxygen concentrations and a high 

diversity of flora and fauna 

 

The Saprobien System was suitable for assessing organic pollution, but was found 

unsuitable for lotic systems that are turbulent, and streams that receive toxic and or 

non-biodegradable wastes (Chandler, 1970). Chutter (1972) also argued that the 

Saprobien System has limitations, since it does not show the effects of sewage effluent 

on rivers. According to USEPA (1973), the Saprobien System requires high taxonomic 

expertise.      

 

In the United Kingdom and North America, a system called the Trent Biotic Index was 

developed from another benthic macroinvertebrate water quality system that was locally 

based in the Trent River Authority area in England (Woodwiss, 1964; Metcalfe, 1989). 

According to Metcalfe (1989), the system was called Trent Biotic Index (TBI) and 

sampling sites or systems are characterized according to relative abundance or 
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presence/absence of benthic macroinvertebrate indicator taxa. This was a move to 

adopt a method that is scientifically sound, and receives few criticisms. 

 

The key organisms used in TBI were: Plecoptera nymphs, Ephemeroptera nymphs, 

Trichoptera larvae, Gammarus, Asellus, and Tubificids and /or red chironomid larvae.  

The scoring was such that zero would reflect a polluted site or system containing no 

Plecoptera and Ephemeroptera nymphs, whose requirement for dissolved oxygen is 

high. A score of 10, on the other hand, would be allocated to systems or sampling sites 

where the water is clean and more than one species of Plecoptera and other taxonomic 

groups would be present (Johnson et al., 1993).  

 

TBI was found to be insensitive (Washington, 1984), and the results obtained erroneous 

(e.g. Abel, 1989). As a result, other systems based on TBI were developed in various 

countries (e.g. Chandler, 1970; Chutter, 1972; Borgstrøm and Saltveit, 1978; Verneaux 

et al, 1982, De Pauw and Vanhooren, 1983; Andersen et al., 1984).  

 

In South Africa, Chutter (1972) pioneered the use of macroinvertebrates in water quality 

monitoring through development of the Chutter Biotic Index (CBI), from TBI. Due to its 

labour-intensive nature, the CBI was never widely used in South Africa (Dickens and 

Graham, 2002). It was, nonetheless, modified for USA conditions by changing tolerance 

values for local invertebrates, and excluding certain taxa (Hilsenhoff, 1987).  
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In Scotland, the TBI was developed into the Chandler� Biotic Score (CBS) (Chandler, 

1970). Pinder and Farr (1987) showed that CBS was insensitive to subtle changes in 

water quality in the River Frome in England. Subsequently, a Biological Monitoring 

Working Party (BMWP) was initiated in the United Kingdom (Armitage et al., 1983). In 

this system, the resolution of taxons occurred only at the family level, and the families of 

benthic macroinvertebrates found to be sensitive to pollution were allocated high scores 

e.g. 10. Those families tolerant to water pollution were given low scores e.g. 2. The sum 

of scores of the families present in the sample gave rise to a sample score. The sample 

score divided by the number of families present in the sample provided the average 

score per sample.  

 

Although it is argued that BMWP is not sensitive to sampling effort and seasonal 

variation (Armitage et al., 1983), the South African Scoring System (SASS) was 

adopted from BMWP (Chutter, 1994; 1998). SASS was developed to curtail the use (by 

water resource management in South Africa) of a quick and cost-effective procedure to 

monitor the lotic ecosystem (Dallas, 1997).  

 

While SASS has been tested and widely used in Southern Africa (Dallas, 1995; Dallas, 

1997, Chutter. 1998), the British Research Group has since developed a predictive 

model known as the River InVertebrate Prediction and Classification System 

(RIVPACS) (Wright et al., 1988).  The RIVPACS predicts macroinvertebrate fauna 

based on environmental features, and sets targets of fauna to be expected in the 
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absence of environmental stresses such as degradation, pollution and habitat diversity 

(Wright et al., 1988)   

 

! South Africa Scoring System (SASS) 

SASS has undergone refinement and reiteration from SASS1 to SASS4 (Chutter, 1998), 

and now SASS5 (Dickens and Graham, 2002). SASS has been used successfully in 

South Africa. The method has undergone dynamic evolutions (Dallas, 1995; 1997). It is 

indeed the mainstay of successful programmes such as the South African National 

River Health Programme (Uys et a.l, 1996). According to O'Keeffe and Dickens (2000), 

SASS has been referred to as ideal for the rivers' flow requirements determination; it is 

also used for determination of the ecological "Reserve", and Environmental Impact 

Assessment (Dickens and Grahams, 1998; 2002) - all requirements of the South African 

National Water Act (1998). The interpretation of SASS is based on score and ASPT 

(Dallas, 1997). 

 

Although most SASS literature shows that it works very well in South African, Vos et al. 

(2002) could not reach conclusive evidence that SASS4 would reflect physico-chemical 

variable changes in the Umhlatuze River (in KwaZulu-Natal, South Africa).  

 

In Lesotho, SASS was introduced while it was being developed, as SASS2. 

Combination of the binary  (SASS score and average score per taxon) used for the 

interpretation of SASS (Dallas, 1997) was found to be �unusual� in that the SASS4 

Score was low (< 50), with a high average score per taxon (>5.5) for the Lesotho 
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highlands rivers (Chutter, 1998). In spite of the unusual combination, SASS4 is routinely 

used by the LHDA to monitor water quality of the rivers in the LHWP areas.  Although 

SASS4 was found to be working for certain river reaches in the mountains of Lesotho 

(Let�ela, 2000), datasets used were very small.  No comprehensive study was ever 

undertaken to verify the applicability of SASS4 in Lesotho, hence this study.  

 

Due to Lesotho�s location in relation to South Africa, rivers in Lesotho flow into South 

Africa - rivers know no political boundaries (Davies and Day, 1998). It can therefore be 

argued that what works in South Africa can easily be applicable to Lesotho, since the 

country is small and completely surrounded by South African territory. Rivers, however, 

are complex systems.  

 

Rivers are unidirectional systems that can be characterized by their physical, chemical 

and biological attributes, and may be subdivided into distinctive zones based on the 

those three attributes (Davies and Day, 1998; Dallas and Day, 1993). For example, 

features along a river system such as pools, riffles and boulders that cluster within 

particular stream reaches form habitats, while weathering of local rocks and riparian 

vegetation contribute chemicals and food sources for the adaptation of stream biota 

(Gordon et al., 1992). The grouping and mosaic nature of organisms found along the 

riverine as distinctive zoning, is a result of adjustment of the lotic ecosystem in response 

to the energy dynamics. Other factors such as detritus loading, channel geomorphology, 

size of particulate organic material, thermal regime, stream flow and type of local 

primary production have a profound influence on biota along the river gradient. 
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Iotic systems can be characterized by three spatial dimensions (Collier and 

Winterbourn, 2000): 

• the longitudinal dimension, which is a link along the river system, e.g. nutrient 

spiralling (Webster and Pattern, 1979); downstream barriers to migration 

(Townsend and Crowl 1991); hyporheic corridor (Sanford and Ward, 1993); river 

continuum concept (Vannote et al., 1980).  

• the lateral dimension, where there is link with the adjacent terrestrial system, e.g. 

riparian influence (Hynes, 1975); flood pulse concept (Junk, 1989).   

• The vertical dimension, where the link is through the riverbed, e.g. hyporheos 

(Palmer et al., 1992).  

In addition to these three spatial dimensions, time also has a profound influence on the 

biota of lotic systems (Collier and Townsend, 2000). 

 

Rivers such as the Mohokare and Senqu are young in Lesotho, and mature in South 

Africa. According to river the continuum concept (Vannote et al., 1980) that describes a 

continuous gradient in the distribution of organic matter and macroinvertebrates as 

functional feeding groups from the head to mouth, one would expect to find the Lesotho 

macroinvertebrates� structure different from that of South Africa.  

 

RCC categorizes benthic macroinvertebrates into four groups: grazers, shredders, 

collectors and predators. These groups are referred to as functional feeding groups.  
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The river continuum concept (Vannote et al., 1980) holds that, since headwaters of lotic 

systems are heavily influenced by the riparian vegetation. This shading, in turn, 

discourages primary production and contributes large amounts of allochthonous 

detritus. The macroinvertebrates that dominate would be those capable of processing 

coarse particulate organic matter (CPOM).  Shredders and collectors are co-dominant 

functional groups in the headwaters because of their dependence on particulate organic 

matter. As the size of particulate organic matter decreases downstream from the 

headwater, stream collectors become the increasingly dominant group.  

 

Predators occur throughout river continuum, because they are sustained by protein-rich 

foods found from the head to the mouth of the river. Athough grazers are present in the 

headwater, they become the second most dominant organisms at the mid-reaches 

where organic matter is the less important source; autotrophy remains the dominant 

form of production (Cole, 1983; Carpenter, 2001).  

 

In the river continuum concept context, regarding rivers shared between Lesotho and 

South Africa, the upper reaches would be situated in the Lesotho. In Lesotho, however, 

no trees that form canopies over the rivers.    

 

According to river continuum concept (Vannote et al., 1980), as the river matures and 

moves downstream, the influence of the riparian vegetation declines because the river 

becomes wider, and shading decreases.  The particles size shifts from coarse to fine 

particulate organic matter (FPOM). The functional feeding groups that would therefore 
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dominate the mid-river reach are collectors and grazers that feed on transported fine 

material and primary producers respectively. Again, for the rivers that run from the 

mountains of Lesotho into South Africa, the mid-reaches would occur in the lowlands of 

Lesotho and the highveld region in South Africa, especially on the western side.   

 

As the rivers become larger, primary production becomes limited due to river depth and 

high turbidity. The resulting dominant macroinvertebrate community would be collectors 

that feed on organic material transported downstream. 

 

Whilst most of the literature on North American rivers supports the river continuum 

concept (e.g. Vannote et al., 1980; Cole, 1983; Minshall, et al., 1985; Cushing, 1994; 

Carpenter, 2001), studies carried out elsewhere revealed no obvious connectivity of 

macroinvertebrate trophic changes along the river longitudinal dimension (e.g. Cowie, 

1983; Statzner and Higler, 1985; Winterbourn et al., 1981; King et al., 1988).  According 

to Collier and Winterbourn (2000), there is a need for detailed studies on grassland 

rivers in which longitudinal dimension does not conform to the river continuum concept. 

This is also the case for rivers that flow from Lesotho into South Africa.  There is a need 

to determine longitudinal patterns of the biota along the riverine, and identify the 

physical, chemical and even anthropogenic factors that contribute in shaping community 

structures along the river continuum. This is essential for the management of water 

resources, especially in the southern Africa region, where rivers are shared by 

neighbouring countries.  
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The spiralling concept describes the movement and processing of nutrients in the 

stream (Webster and Patten, 1979). The streamflow, physical retention and biological 

uptake determine the transport rate of nutrients. Consequently, due to decreasing 

retention and decreasing particles from headwaters to the mouth, the spiral length 

increases from headwater to mouth (Newbold et al., 1982).   

 

Headwater streams provide refuge for native, non-fish fauna (e.g. amphibians and 

macroinvertebrates) from upstream fish dispersal because of their location above 

barriers such as waterfalls (e.g. Townsend and Crowl 1991; Adams et al., 2001). The 

predatory nature of fish has been significantly linked with macroinvertebrates 

composition (e.g. Flecker and Townsend, 1994).  The expectation then is a �differential 

top-down effect� on the invertebrate community at different distances upstream (Collier 

and Winterbourn, 2000).   

 

Factors such as current, velocity, depth, substrate roughness and surface slopes are 

important for determining the geomorphology and hydrological characteristics of the 

river - these are stream hydraulics (Statzner and Higler, 1986).   According to Statzner 

and Higler (1986), the zonation pattern of macroinvertebrates is linked to stream 

hydraulics.  

 

Different factors and processes of the various environmental variables drive the patterns 

of macroinvertebrate structures in the river.  Macroinvertebrates are also sensitive to 

terrestrial anthoropogenic activities such as landuse (Collier and Winterbourn, 2000). 
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Hence, in addition to other natural community determinants such as the river continuum 

concept (Vinnote et al., 1980) and the stream hydraulic concept (Statzner and Higler, 

1986), there may be a subtle difference in macroinvertebrate structure between regions 

or countries with common rivers, depending on how land is utilized.  

 

Because Lesotho is located at the headwaters, with different landuses from that of 

South Africa, the macroinvertebrate communities may differ from that of South Africa�s 

relatively matured rivers. Therefore, it may be important that systems such as SASS are 

tested and streamlined for conditions in Lesotho before they are routinely applied.  

According to Chutter (1998), interpretation of the relatively acidic waters of the South 

Western Cape is different from that for the rest of South Africa.  

  

Physico-chemical variables are important determinants of community structure (e.g. 

Thomson and Townsend, 2000). As a result, the LHDA is using SASS4 (which has 

been developed for South African rivers) to monitor the physiochemical variables; this  

despite the complexity surrounding the longitudinal macroinvertebrates connectivity of 

the lotic systems. Although SASS4 has potential as a rapid bioassessment tool for river 

health, and is widely used in South African rivers, it is important to establish its scientific 

base (Dallas, 1995; Dallas, 1997, Dallas et al, 1998). This study seeks to determine the 

applicability of SASS4 in the Lesotho highland rivers, and contribute to providing SASS 

with a scientific base.  
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Although SASS4 uses SASS4 Score and ASPT to interpret the quality of water and the 

diversity of habitat of macroinvertebrates (Dallas, 1997), initial selection of reference 

sites that would lead to interpretation of the monitoring sites do take habitat into 

account. In some cases (e.g. Thirion et al., 1995; Gabriel et al., 1999), overall SASS4 

interpretation is based on SASS4 Score, ASPT and Habitat Assessment Matrix (Plafkin, 

et al., 1989) or Habitat Quality Index (MacMillan, 1998).     

 

 The availability of data is limited only to: date; macroinvertebrates identified; sampling 

sites; sample score number of taxa; average score per taxon; and 21 physico-chemical 

variables. Other factors that may impact on macroinvertebrate structure are not given. 

The unavailability of factors such as habitat diversity has limited the scope of this study. 

However, the primary aim of the -LHDA is to use SASS4 to monitor water quality.  

 

The structure and distribution of the organisms is based on more than one chemical 

parameter (Johnson et al., 1993). The effects of the physico-chemical variables on 

macroinvertebrates may be synergic or antagonistic (Dallas and Day 1993). 

Traditionally, parameters are interpreted separately and that does not reflect overall 

ecological health (Karr et al., 1986). The multivariate approach, on the other hand, 

provides a more complete biological picture than a single stressor (e.g. Karr et al., 1986; 

Plafkin et al., 1989; Barbour, et al., 1995;Vos et al., 2002). A multi-dimensional Scaling, 

Plymouth Routine In Multivariate Ecological Research (Primer) was therefore used in 

this study. Primer has been widely used in South African waters for macroinvertebrates 

(e.g. Dallas et al., 1998; Vos et al., 2002; Dallas, 2002).  
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For Lesotho Rivers, no linkage of biota and physical-chemical variables has been 

undertaken.  

 

2.5 Conclusion 

There is a lack of information on studies relating to water quality in Lesotho, though 

water is a primary resource for the country. Consequently, more studies are needed to 

try to understand aquatic systems, in order to attain good management of water 

resources. Though the LHDA undertakes biomonitoring using macroinvertebrates 

(SASS4) for rivers of the LHWP, no scientific evidence shows that SASS4 is indeed 

reflecting the status of the physico-chemical variables that are routinely measured by 

the LHDA. 

 

In view of literature visited, there may be differences between the rivers in Lesotho and 

in South Africa. Although the rivers from Lesotho flow into South Africa, they are 

relatively young in Lesotho, but mature in South Africa.  Tools such as SASS4 that work 

very well in South Africa, may need to be adapted for conditions in Lesotho where rivers 

are predominantly young, and landuse is different.      
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CHAPTER 3 
METHODS 

 

 3.1. Introduction  

The agreement between South Africa and Lesotho makes provision for the supply of 

good quality water from the LHWP. In order to comply with this provision, the LHDA 

established a comprehensive water quality monitoring system, using both physico-

chemical and biological data. Whereas the outcome from the physico-chemical 

monitoring was unambiguous, that of the biological monitoring was ambivalent. This 

contrariety raised doubts with regard the applicability of the biomonitoring tool, SASS4, 

to Lesotho�s rivers (refer to Chapter 1). 

 

Physico-chemical data and biological data is of different kinds and therefore not directly 

comparable. To address this difficulty of working with non-comparable data, two 

assumptions underpin the research. The first assumption is that the physico-chemical 

derived outcome is a direct measure of water quality and can therefore be used as the 

standard against which to compare the biological derived outcome. The second 

assumption is that since both outcomes pronounce on water quality, the outcomes are 

comparable.  
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3.2. Measurements 

3.2.1. Physico-chemical parameters  

For the purposes of this thesis, the physico-chemical variables have been classified as 

follows: 

• physical variables (temperature, conductivity, DO, pH, alkalinity, hardness, total 

dissolved solids) 

• ions 

• nutrients (phosphorus and nitrogen compounds) 

• organic matter 

• trace elements  

• other variables 

 

The chemical parameters measured were calcium, magnesium, potassium, sodium, 

chloride, carbonates, bicarbonates, sulphates and iron. TOC and silica complete the 

suite of physico-chemical parameters measured. 

 

Analysis of the water samples was undertaken using various standardized 

methodologies that are listed below:   

• hydrolysis - total phosphorus content (Umgeni laboratory services) 

•  spectrophotometry - soluble reactive phosphate (Umgeni laboratory services) 

•  photo-catalytic oxidation of organics with liberated carbon-dioxide using infra-red 

spectroscopy - total organic carbon (Aquadoc laboratory services) 
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•  iron chromatography - chloride, fluoride, nitrate, and sulphate (Agricultural 

Research Council laboratories) 

• ICP (Inductively Coupled Plasma) - metals (Agricultural Research Council 

laboratories) 

• filtration method - total dissolved suspended solids (Agricultural Research 

Council laboratories).  

The abovementioned are commercial laboratories, and were therefore reluctant to 

provide the author with the details of methods employed in the analyses. 

 

Water quality guidelines or standards indicate safe physico-chemical levels for given 

water use, including drinking water, aquatic life, recreation and agriculture (CCME, 

1999). These guidelines provide a framework for water quality management, are in the 

form of numerical concentrations or narrative statements, and are often based on locally 

derived reference information (CCME, 1999). Setting up guidelines requires social and 

economic considerations whereby the consensus is reached between the public, or 

potential water user agencies, and scientists (USEPA, 1999). Although water quality is 

often described in relation to human uses, it is important to describe water quality in 

relation to the inhabitants of such systems, that is, aquatic organisms  (Dallas and Day, 

2004).              

 

3.2.2. Biological parameters   

To convert the biological parameters to a measure of water quality, the LHDA used the 

South African Scoring System Version 4 (SASS4). SASS4 has two indices -the SASS4 
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Score index, and the average score per taxon index (ASPT). These two indices together 

give a comprehensive picture of the water quality of a river (Chutter, 1998). The score 

index is the sum of the scores for organisms (as given on the SASS4 scoring sheet) 

observed during SASS4 sampling. ASPT is calculated by dividing the SASS4 score by 

the number of families observed during sampling. Guidelines for interpretion of the 

SASS4 results (Table 3.1) have been ascertained empirically for rivers in South Africa 

and include certain rivers in Lesotho, especially those that are within the LHWP areas 

(Chutter, 1998). 

 

 

SASS 4 score ASPT Interpretation 

>100 >6 Water quality natural, habitat diversity high 

<100 >6 Water quality natural, habitat diversity reduced 

>100 <6 Borderline between natural water quality and 

some deterioration in water quality 

50-100 <6 Some deterioration in water quality 

<50 Variable Major deterioration in water quality 

 

3.3. Sampling 

Ten sampling sites were selected by the CSIR in 1993 (LHDA Contract 83) in order to 

set up a programme to monitor water quality. Matsoku (M51), above the diversion weir 

is the reference sampling station in the highlands. Nqoe (H9) - above the �Muela Dam, 

and Hololo (H11a) - above the Nqoe confluence, are the reference sampling stations in 

Table 3.1 Guidelines for South African Scoring System version 4 (Chutter, 1998)  
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the lowlands. All of the sampling stations fall within the LHWP areas (refer to Figure 

3.1). 

 

3.4. Study area  

The study areas are located in  Phase 1A and  Phase 1B of the LHWP. Five of the 

sampling sites are located in the highlands, and five in the northern lowlands of Lesotho 

in the Butha-Buthe District (Table 3.2). Three sites are located along the Malibamats�o 

River below the Katse Dam (M1, M2, and M3) in the highlands region; these sites form 

part of Phase 1A (Figure 1.3).  The sampling sites M51 and M52 (Figure 3.1) are 

located in the Matsoku Valley, and form part of  Phase 1B.  Water from the Matsoku 

River is diverted to Katse Reservoir by means of a diversion weir.  

 

Approximate global positions for all the sampling sites are presented in the table below - 

coordinates for site H11a have yet to be determined. 
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Table3.2. Descriptions and coordinates of the sampling station in LHWP areas 
 

Sampling 
point 

Description Coordinates 

M1 Malibamats�o River at Paray weir 29o29�43�S, 28o39�01�E 

M2 Malibamats�o River at Ha-Leoka 28o39�24�S, 28o37�54�E 

M3 Malibamats�o River below Katse Bridge 29o19�42�S, 28o30�18�E 

M51* Matsoku River above the diversion wire 29o14�02�S, 23o33�44�E 

M52 Matsoku River below the diversion wire 29o18�29�S, 28o34�36�E 

H9* Nqoe stream above the �Muela Dam 28o46�30�S, 28o28�13�E 

H10 Nqoe stream Below �Muela Dam  28o28�54�S, 28o26�40�E 

H11 Hololo River at Khukhune 28o44�03�S, 28o25�29�E 

H11a* Hololo River above Nqoe stream confluence _ 

H12 Mohokare River at Joel�s Drift 28o41�45�S, 28o20�49�E 

*Reference sites 

 

3.4.1 Reference and monitoring sites  

Reference site selection was based solely on the position of LHWP structures such as 

weirs and reservoirs, referred to by (Dallas, 2000) as the  �upstream/downstream or 

paired scenario�. Most of the sampling sites in the highlands are situated below the 

LHWP activity areas. The location of M51 is not directly upstream of sites M1, M2 and 

M3 � these sites fall within the Malibamat�o River sites. Site M51 is located upstream of 

the Matsoku Diversion Weir in the highlands vicinity, closer to Malibamat�o�s sampling 

sites which are already impacted by the Katse Reservoir. Since this is the only sampling 

site that represents �unimpacted conditions,� it is considered as the reference site in the 
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highlands. Because no data is available to ascertain M51�s homogeneity with other 

sampling sites located on the Malibamat�o River, it cannot be referred to as a regional 

reference site. For the purposes of this study, however, site M51 is the �best attainable 

site� for the highlands region.   Sites M1, M2 M3 and M52 are regarded as �impacted� or 

�monitoring� sites in this study.  

 

The lowland sites H9 and H11a are directly upstream of all �impacted sampling sites,� 

except Mohokare River at Joel�s Drift (H12), which is further downstream and much 

bigger.  In the lowlands, H9 and H11a serve as specific reference sites. Sites H10, H11 

and H12 serve as monitoring sites in the lowlands. 

 

 

3.4.2 Landuse  

The Matsoku River runs through a valley that is suitable for agricultural activities. 

Although irrigation is not practised, the area is flat with relatively rich soil from the fluvial 

activities of the river. The local communities are able to practice subsistence agricultural 

activities, with maize, potatoes and wheat as the main crops.  

 

Several villages are located on both sides of the river. Most inhabitants of the area are 

subsistence animal farmers; as a result, the area is overgrazed and the land is relatively 

bare and susceptible to soil erosion. The hills, in which most villages are located, have  

shallow soil depths of less than 50cm. Along the Matsoku River, willow trees form the 
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main riparian vegetation.  As part of the LHWP, a weir below the reference site diverts 

water from the basin into Katse Reservoir.  

 

Sporadic subsistence agricultural activities are practised below Katse Reservoir, on the 

Malibamat�o River. The river runs through an area that is steeply sloped way down to 

its confluence with the Senqu River - it is not suitable for crop faming. However, like 

most places in Lesotho, overgrazing is a problem. The Malibamat�o is positioned at a 

lower altitude, but because it runs over mainly bedrock, riparian vegetation is lacking.   

Other than scattered settlements along the hills, and the town of Thaba-Tseka, the main 

user of the river is the LHDA. The LHDA diverts water through storage in the Katse 

Reservoir, and then on to the �Muela Dam. Once electricity has been generated, water 

is transferred to South Africa.  Situation of sites M1, M2 and M3 are 31, 19 and 3Km 

respectively below the wall of the Katse Dam.     

All the sampling sites in the lowlands are located on rivers that run through agricultural 

areas.  The Nqoe, on which reference sites H9 and H10 are located, is a relatively 

short, though perennial river. There is settlement on the upper site before it reaches the 

�Muela Reservoir; it runs through some small crop faming areas where irrigation  is not 

practiced. Grass, as well as small indigenous shrubs such as �Cheche� or Oldwood 

(Leucosidea sericea), constitutes the riparian vegetation.  Farming occurs along the 

Nqoe (below �Muela Dam), and extends to the Hololo right until it joins Mohokare River.  

A small-scale irrigation scheme that produces cash crops is situated along the Hololo 

River.  H10 is 3.2, H11 is 6.3, H11a is 4.1 and H12 is 22 kilometres below �Muela 

Reservior. The four sampling sites are monitoring sites in the lowlands.
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3.5. Data gathering 

3.5.1. Physico-chemical data 

The pH, temperature, electrical conductivity and dissolved oxygen (mg/l) were 

measured onsite. Grab sampling was used to collect water samples from the main 

channel by plunging sampling bottles five to ten centimetres below the surface, facing 

upstream. Samples for nitrate and phosphate analyses were collected in 250ml plastic 

bottles, were preserved in 0.5ml of 10% mercuric chloride. Plastic bottles (500ml) with 

1ml of 50% hydrochloric preservative were used to collect samples for iron analysis. 

Brown tinted bottles (200ml) with 0.5ml of 50% sulphuric acid as preservative were used 

for total organic carbon (TOC) analysis. For the thirteen remaining chemical variables, a 

one litre plastic bottle (containing no preservatives) was used to collect samples from 

each sampling site. The water samples were then stored in the refrigerator until they 

were ready for delivery to various laboratories.  

 

3.5.2. Biological data 

A �kick net� comprising a one-metre long handle attached to a 300mm x 300mm square 

aluminium frame upon which a 1000mm mesh is mounted was used to sample the 

benthic macroinvertebrates. The net was held immediately downstream the area to be 

sampled. The biotopes sampled were stones from current, sand, mud, and gravel or 

marginal/fringing vegetations as per instructions on the SASS4 scoring sheet. Samples 

were obtained in the following manner:  

• stones in current were kicked for approximately two minutes (loose stones) or 

five minutes (unmovable stones) 
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• stones out of current were sampled for one minute 

• sand/mud was stirred using the researchers feet, and the disturbed area swept 

with the net for 30 seconds 

• marginal and fringing vegetation were swept for two minutes 

• other biotopes thereof was sampled for 30 seconds. Contents of the net were 

then placed in a photographic tray (250mm x 350mm) half-filled with clear water. 

The presence of adult gyriniidae (whirligig beetles) in the water as well as in the 

sample was noted immediately � the beetles shy away from the sampler or 

simply fly off. Fish, tadpoles debris and dead leaves were returned to the water.  

 

The biotopes sampled were ticked off on the scoring sheet (Appendix A). The benthic 

macroinvertebrates present in the samples were identified to their respective family 

level and ticked off on the SASS4 scoring sheet (Appendix B). The families of small 

mayflies (Baetidae) and caddish flies (Hydropsychidae and Leptoceridae) were 

identified to species level. In SASS4, the mayflies and caddishflies are the only 

macroinvertebrates that are scored based on number of species observed. Organisms 

that were not identifiable in the field were preserved in 7% formalin or 80% alcohol, and 

taken to the laboratory for further study.  

 

The inputs for SASS interpretation include the sample score, and average score per 

taxon (ASPT). The outcome of that interpretation takes habitat diversity into 

consideration (Table 3.1).  
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3.6. Data analysis 

3.6.1. Physico-chemical data 

All chemical analyses were performed in South African laboratories. Samples preserved 

in mercuric chloride were analysed by Umgeni Waters; unpreserved, as well as 

hydrochloric acid samples by the ARC; and sulphuric acid preserved samples by 

Aquadoc. 

 

In order to understand the water quality in terms of the physico-chemical parameters, as 

well as the spatial (lowlands as opposed to highlands) and temporal (monthly) variation, 

each variable was averaged per sampling site and per month. The mean was calculated 

and plotted on a graph using Microsoft Excel:  the X-axis represented the month of 

sampling the independent variable, and the Y-axis the physico-chemical parameter 

(dependent variable). In addition, the range for each parameter was determined using 

Microsoft Excel�s maximum and minimum functions. These ranges were compared to 

those found in the literature (e.g. Lind, 1979; Wetzel, 1983; Chapman and Kimstach, 

1992; DWAF, 1996; Cavanagh, 1998), together with those of the Department of water 

Affairs and Forestry (DWAF).  The Wasbank River Catchment is located near the 

eastern border of Lesotho. Resources water quality objective (RWQO) from the 

Wasbank River Catchment have been used in this study purely for comparison 

purposes. That is, there are no aquatic ecosystem guidelines in Lesotho that can be 

used as a benchmark for physico-chemical data used in this study. 

 



 

 

 

45 
 

One of the aims of the DWAF is the development of a water quality management 

strategy to ensure its fitness for the use in the catchment, and improvement of water 

quality (Eksteen, 2000). Wasbank River Catchment therefore developed a 

comprehensive water quality objective that addresses the three uses: informal domestic 

purposes; agricultural purposes (particularly irrigation and livestock watering); and   

maintenance of a healthy natural aquatic environment (Eksteen, 2000). 

 
This study has a great interest in the natural aquatic ecosystem, where 

macroinvertebrates are key.  Although land-use practises may vary, the proximity of 

Wasbank River Catchment to Lesotho makes the in-stream water quality objectives 

(which reflected 95 percentile values), invaluable for this study.   However, not all 

physico-chemical factors studied in this thesis are incorporated in water quality 

management of the Wasbank River Catchment. 

  

3.6.2 Biological data 

The macroinvertebrates used in the SASS4 analysis are allocated a score based on 

sensitivity or tolerance to pollution; the score ranges from one for the most tolerant, to 

15 for the most sensitive species. In SASS4, the combination of the SASS4 Score and 

average score per taxon (ASPT) is used for the interpretation of macro-invertebrate 

data for impaired or unimpaired water quality. For each sampling site, the SASS4 Score 

is calculated by adding the indices of the invertebrates ticked off on the scoring sheet 

(refer to Appendix A for an example). The average score per taxon (ASPT) is calculated 

by dividing the SASS4 score by the number of invertebrate families (number of taxa) not 

observed at the site.  
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3.6.3 Comparing the macroinvertebrates and physico-chemical variables by 
means of the multi-dimensional scaling (MDS): multivariate ordination 
technique 

 
The Plymouth Routines In Multivariate Ecological Research version 5.1 (Primer 5.1) is a 

Windows-based computer package; it was used for visual comparison of the highlands 

and lowlands data, separately, in terms of biological and physico-chemistry variables.  

 

The technique constructs a �map� or configuration of the samples in a specified number 

of dimensions in an attempt to satisfy all conditions imposed by their ranking in a 

dissimilarity/similarity matrix. For instance, if Sample A is closer in similarity to Sample B 

than to Sample C, then Sample B will be placed closer to Sample A than Sample C on 

the map (Clarke and Warwick, 1994). The multi-dimensional scaling (MDS) technique 

presents MDS maps as well as the associated dendrograms (cluster plots). 

 

Comparison of the samples for multi-dimensional analysis is carried out in space. The 

results, however, are collapsed into either a two, or a three-dimensional map 

presentation; this implies that there is a degree of distortion from the original 

comparison done in space. Stress of the distortion transformation of the two or three-

dimensional presentation, from multidimensional comparison, is measured. The 

accuracy of MDS is therefore subject to stress; the stress is determined along with MDS 

plots. MDS with stress values of more than <0.05 provides an excellent presentation, 

with no prospect of misinterpretation (see Table 3.3 below) 
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Table 3.3. Stress values used to determine the validity of 2-Dimensional NDMS 
(Non metric multidimensional scaling) alogarithms calculation (Clarke 
and Warwick, 1994) 

Stress Implication for NDMS 

<0.05 Gives an excellent presentation with no prospect of misinterpretation 

<0.10 Good ordination with no real prospect of a misleading interpretation  

<0.20 Potentially useful 2-dimensional picture (too much reliance should not 

be placed on the detail of the plot; other techniques should accompany) 

>0.30 Points too close to arbitrary; should be treated with a great scepticism  

 

MDS maps with values >0.30 should be treated with scepticism (Clarke and Warwick, 

1994). The first and last value listed in the table represent extremes. Similarities were 

drafted through the Euclidean distance for physico-chemical data, and Bray Curtis 

similarity for the biological data on PRIMER 5.1. 

 

3.7. Conclusion 

The LHDA provided both the biological and physico-chemical data sets used in this 

study. Although data sets were available for the years 1993 to 2001, a two-year data set 

(1999 to 2000) was found to be most suitable for the study - this period possessed the 

complete set of SASS4 and physico-chemical data for the various seasons (Appendix B 

and C). 

 

This study attempts to compare the outcomes of two different water quality-monitoring 

techniques. The biomonitoring analysis (SASS4) is designed to derive a verbal 
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description of the water quality. The physico�chemical analysis, however, does not 

make provision for such a verbal description to be derived from numbers. This 

difference has major implications for the conclusions arrived at through this study; it is 

possible that a subjective description could be derived from the physico-chemical 

analysis.  
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CHAPTER 4 
 

PHYSICO-CHEMICAL VARIABLES OF LHWP RIVERS 
 
 

4.1 Introduction 

Chemical constituents and physical attributes are commonly referred to as water quality 

(Dallas et al., 1999). The biogeochemical and hydrologic interactions determine the 

dynamics of most solutes in lotic ecosystems (Webster and Ehrman, 1996); the spatial 

and temporal heterogeneity often observed within instream as natural water quality 

patterns, are direct results of the catchment�s hydraulics, lithology and biota. The 

interaction of the chemical, physical and biological processes and parameters are 

complex, and therefore understanding of their interplay is extremely important in river 

studies (Roux, 1997). 

 

The environmental variables that have been used in this study are physico-chemical 

variables. They are the baseline against which the effectiveness of benthic 

macroinvertebrates to reflect the water quality is measured against.  

 

In order to understand the spatial and temporal conditions of the areas under study, the 

general variables (major ions, nutrients, organic matter, trace elements), and other 

variables were averaged. The mean values of the 23 physico-chemical variables used 

were determined based on the two regions (highlands and lowlands). As mentioned 

above (Chapter 3), the results were also calculated and presented on a monthly basis. 
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Mean values were calculated from hydrogen concentrations; for pH values, however, 

the values were converted into hydrogen concentrations before calculation of the mean 

values. In this Chapter, the results are presented in tables and plots; the aim is to 

investigate the seasonality of the two regions within the LHWP, and determine any 

deviation in water quality variables from other freshwater normal ranges (e.g. Lind, 

1979; Wetzel, 1983; Chapman and Kimstach, 1992; DWAF, 1996; Cavanagh, 1998).  

 

4.2 General parameters 

4.2.1 Temperature 

Temperature in water quality is defined as measurement of the intensity (not amount) of 

heat stored in volume of water (Cavanagh et al., 1998). Temperature influences 

physical, chemical and biological processes in rivers. Therefore, the rate of chemical 

reaction may increase with increasing temperature. Water temperature also impacts on 

the metabolic rate of aquatic organisms, and is one of the major factors that determine 

their distribution.  Natural sources of heat in streams and rivers include solar radiation, 

transfer from air, condensation of water vapour at the water surface, sediments, 

precipitation, surface runoff and groundwater. Water temperature changes both daily 

and seasonally, and as a result, water temperature values recorded in this thesis does 

not reflect continually recorded data � it is a representation of what was observed at 

certain times of the day and month. Other variations, such as night-time temperatures, 

were not recorded. 
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The surface water temperature ranges from 0oC (under the ice cover) to 30oC. Water 

temperature in the hot springs, however, may reach 40oC (Chapman and Kimstach, 

1992). The temperature of aquatic ecosystems in South Africa ranges from 5oC to 30oC 

(DWAF, 1996).  
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Figure 4.1. Water temperature measured at five sampling sites in the highlands and lowlands 

of the Lesotho Highlands Water Project Areas (1999 to 2000) 
 



 

 

 

52 
 

Water temperatures in the highlands and the lowlands of Lesotho show similar seasonal 

variations (Figure 4. 1). During summer, when the ambient temperature is higher, water 

temperatures increase; water temperature decreases with decreasing ambient 

temperature. There is no significant difference (P>0.05; Kruskal Wallis) in temperature 

between the reference sites and monitoring (impact) sites in the highlands; this also 

applies to the lowlands.  

 

Table 4.1. Summary of water temperature (oC) measured at 10 sampling sites in 
the highlands and lowlands LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 22.8 0.0 12.5 13.3 

M2 23 26.6 0.0 12.3 13.2 

M3 23 23.5 0.0 11.0 11.2 

M51* 21 27.5 0.0 15.1 16.2 

Highlands 

M52 22 24.8 0.0 14.4 15.1 

H9* 23 29.3 7.2 16.2 16.6 

H10 23 21.9 7.5 13.0 12.2 

H11 23 27.8 7.1 16.7 17.6 

H11a* 23 28.0 5.7 14.9 15.6 

Lowlands 

H12 23 25.8 0.0 16.8 17.7 

*Reference sites 

 

For both the highlands and lowlands, the reference sites show relatively warmer water than 

the monitoring sites. The exceptions, however, are H12 and the H11 in the lowlands (Table 
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4.1).  These sites are located further downstream of the �Muela reservoir, where impact 

from the impoundments, in as far as temperature is concerned, may have been reduced. 

Water temperatures in the lowlands are relatively higher than the highlands.  

 

4.2.2 Power/puissance of hydrogen ion activity (pH) 

pH is the measurement of the hydrogen-ion concentration in water. It is an important 

variable in water quality monitoring since it influences both chemical and biological 

processes in the river. Changes in river pH can be an indication of certain effluents. In 

addition, processes such as photosynthesis and respiration of algae and other 

organisms can cause diurnal variation of pH. According to the South African guidelines 

for aquatic ecosystems  (DWAF, 1996), the pH in the country ranges between pH6 and 

pH8. 

 

In the highlands, there is no significant pH difference among sites.  In the lowlands, the 

monitoring sites H10 and H11 show significant difference (P<0.05; Kruskal Wallis) from 

the reference sites H9 and H11a, with H12 further downstream of the �Muela Reservoir.    

There is no evidence of pH seasonality for both highlands and lowlands waters (Figure 

4.2). The reference sites H9 and H11a, and monitoring site H12 in the lowlands, show 

slightly higher pH in comparison to monitoring sites H10 and H11, that are closer to the 

�Muela Reservoir (Table 4.2).   
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Figure 4.2. pH measured at five sampling sites in the highlands and lowlands of the Lesotho 
Highlands Water Project areas (1999 to 2000)
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Table 4.2. Summary of pH (pH units) measured at 10 sampling sites in the 
highlands and lowlands of LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 8.3 0.0 7.3 8.0 

M2 23 8.2 7.6 8.0 7.9 

M3 23 8.2 7.7 7.9 8.0 

M51* 21 8.4 7.6 7.9 8.0 

Highlands 

M52 22 8.3 0.0 7.6 8.0 

H9* 23 9.3 6.9 8.0 8.0 

H10 23 8.3 7.6 7.9 7.9 

H11 23 8.2 0.0 7.6 7.9 

H11a* 23 8.4 7.5 8.0 8.1 

Lowlands 

H12 23 8.4 7.7 8.0 8.1 

*Reference sites 

 

4.2.3 Dissolved oxygen (DO) 

Dissolved oxygen varies with temperature, salinity, turbulence, photosynthetic activities, 

and atmospheric pressure.  Natural sources of dissolved oxygen include the 

atmosphere, photosynthetic production by aquatic plants, and aeration by rapids and 

waterfalls (Cavanagh et al., 1998).  

 

Dissolved oxygen is essential to most aquatic organisms. It also affects the solubility 

and availability of nutrients in water. Low levels of dissolved oxygen facilitate the 

release of nutrients from the sediment. Oligotrophic water bodies tend to have a higher 
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concentration of dissolved oxygen than eutrophic ones. The concentration of the 

dissolved oxygen in unpolluted freshwater is often close to, but less than, 10mg/l  

(Cavanagh et al., 1998). DO concentrations below the 5mg/l mark negatively affects the 

functioning and survival of aquatic communities (Chapman and Kimstach, 1992). 

  

In winter months, DO concentrations in both highlands and lowlands water is relatively 

higher than during warmer months of the year (Figure 4.3). There is no significant 

difference (P>0.05; Kruskal Wallis) in dissolved oxygen concentration among the 

sampling sites in the highlands (including reference site M51. This is also true for the 

lowlands sampling sites.  Dissolved oxygen concentration of the lowlands reference 

sites is relatively higher than that of the highlands rivers (Table 4.3).   
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Figure 4.3. Average Dissolved Oxygen for the highlands and the 
lowlands as t 1999 to 2000 
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Figure 4.3. DO measured at five sampling sites in the highlands and lowlands of  

the Lesotho Highlands Water Project Areas (1999 to 2000) 



 

 

 

58 
 

Table 4.3. Summary of DO (mg/l) measured from 10 sampling sites in the 
highlands and lowlands LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 9.9 0.0 5.9 7.1 

M2 23 10.3 0.0 6.2 7.1 

M3 23 10.7 0.0 6.6 8.0 

M51* 21 10.0 0.0 6.5 7.0 

Highlands 

M52 22 9.8 0.0 6.2 6.8 

H9* 23 12.7 2.9 7.9 7.7 

H10 23 10.6 3.1 7.7 8.2 

H11 23 12.3 3.3 7.6 7.7 

H11a* 23 12.3 3.1 8.0 7.7 

Lowlands 

H12 23 12.0 2.9 7.4 7.2 

*Reference sites 

 

4.2.4 Conductivity    

Conductivity is the measurement of the ability of water to conduct electricity. The higher 

the concentrations of ions in water, the greater the current carried by the water. Since 

ions are the direct results of dissolved metals and other dissolved materials, electrical 

conductivity in water quality studies and monitoring, is often used as an alternative 

measure of dissolved solids (Dallas and Day, 1993). Electrical conductivity of most 

freshwater ranges from 10µS/cm to 1000µS/cm, or 1mS/m to 100mS/m (Chapman and 

Kimstach, 1992).  
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Sites M1, M2 and M3 are located downstream of Katse Reservoir, and unlike M51 and 

M52, show little seasonality (this indicates direct impact by Katse Reservoir).  Site M1 is 

most distal from the reservoir, and has little impact on the reservoir in terms of 

conductivity. The Matsoku Diversion weir seems to have no impact on Site M52 relative 

to seasonality; instead, conductivity measured at that site shows the highest mean 

value. Site M3 shows the lowest conductivity (Table 4.4), and is significantly different 

(P< 0.05; Kruskal Wallis) from the other four sampling sites.  Water from the lowlands 

reference sampling sites show relatively higher conductivity than that from the highlands 

reference sampling site (Table 4.4). 

       

Variability of the monitoring sites H10 and H11 is minimal, and shows no seasonality -

especially site H10, that is located closer to the reservoir (Figure 4.4). Both sites H10 

and H11 depict significant difference (P<0.05; Kruskal Wallis) from the two reference 

sites and H12.    
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Figure 4.4. Conductivity measured at five sampling sites in the highlands and lowlands of the Lesotho 

Highlands Water Project Areas (1999 to 2000) 
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Table 4.4. Summary of conductivity (mS/m) measured at 10 sampling sites in the 
highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max. Min. Mean Median 

M1 23 16.0 0.0 11.7 12.3 

M2 23 14.0 7.9 11.4 11.5 

M3 23 12.3 7.8 8.9 8.7 

M51* 21 19.7 8.0 11.9 10.1 

Highlands 

M52 22 21.8 0.0 12.8 11.2 

H9* 23 25.6 8.2 16.2 15.4 

H10 23 10.3 7.8 8.8 8.8 

H11 23 13.9 0.0 10.5 10.2 

H11a* 23 21.8 8.9 15.1 15.3 

Lowlands 

H12 23 21.0 11.0 16.3 16.2 

*Reference sites 

 

4.2.5 Alkalinity 

This is the measurement of water's ability to neutralise acids. The property of alkalinity 

in water is often imparted by the presence of carbonates, bicarbonates and hydroxides 

in water. CO2 ⇋  HCO3 ⇋  CO3
2- equilibrium system is the major buffering mechanism in 

freshwater. Although alkalinity is expressed in terms of the equivalent amount of 

calcium carbonate, zero calcium carbonate may be found in the water sample in 

question. Water with low alkalinity is susceptible to acidification; this is because such 

water has a low buffering capacity, and is not desirable.  On the other hand, water with 

high alkalinity values may have excessive hardness and sodium salts; this is also not 
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preferred by water resources management. The total alkalinity in water often ranges 

from 20mg/l to 200mg/l (Lind, 1979).   

 

Alkalinity in Lesotho is generally higher during the dry winter months; summers are wet 

In the highlands, sampling sites located in the Matsoku River show some seasonality.. 

These sites include the reference site M51. Sites located below the Katse Reservoir, on 

the other hand, show little seasonal variation - especially sites M1 and M2, whose 

degrees of seasonality are in reverse order.  Site M3, situated close to the dam, 

displays virtually no seasonal variability (Figure 4.5). It can therefore be concluded that 

the reservoir does indeed impact on the alkalinity of the Malibamat�o River. 

 

As in the highlands, the �Muela Reservoir does affect the alkalinity of the two sampling 

sites located downstream. The reference sites H9 and H11a show seasonality. There is 

no evidence, however, that the �Muela Reservoir impacts on the alkalinity of the 

Mohokare/Caledon River located further downstream (Figure 4.5).  

 

In the highlands, only site M3 shows significant difference (P<0.05; Kruskal Wallis) from 

the reference site (M51).  In the lowlands, H10 and H11 also show significant difference 

from that of the reference sites. 

 

In the highlands, site M3 displays the lowest alkalinity, while in the lowlands H10 and 

H11 also depict low median values.  In general, alkalinity in the highlands is lower than 

that in the lowlands (Table 4.5). 
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Figure 4.5. Alkalinity measured at five sampling sites in the highlands and lowlands of 

the Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.6. Summary of alkalinity (mg/l) measured from 10 sampling sites in the 
highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max. Min. Mean Median 

M1 23 83.0 0.0 52.1 55.0 

M2 23 65.0 43.0 52.7 53.0 

M3 23 55.0 35.0 42.7 40.0 

M51* 21 93.0 35.0 55.0 45.0 

Highlands 

M52 22 103.0 0.0 58.9 50.5 

H9* 23 115.0 0.0 70.2 70.0 

H10 23 45.0 38.0 41.1 40.0 

H11 23 65.0 0.0 48.2 48.0 

H11a* 23 103.0 43.0 69.5 67.5 

Lowlands 

H12 23 95.0 48.0 75.3 75.0 

*Reference sites 

 

4.2.6 Hardness 

Hardness is that characteristic of water representing the total concentration of calcium 

and magnesium ions. Water hardness may be categorized as (1) temporary, where 

calcium and magnesium are present in the form of hydrocarbonates, and (2) permanent 

hardness, determined by the presence of calcium and magnesium as strong acids. 

Anions, such as chloride and sulphate, may contribute to the permanent hardness of 

water. Hard water has a reducing effect on the toxicity of metals such as copper, lead 

and zinc; it produces scale deposits in pumping pipes. Soft water, on the other hand, 

has a corrosive effect on domestic water pipes.  Values of zero to 60mg/l indicate soft 
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water; 61 to 120mg/l moderately hard; 121 to 180mg/l hard; and 180mg/l and above 

very hard water (Lind, 1979).   

 

There is a significant difference in hardness (P<0.05; Kruskal Wallis) between site M3 

located below the reservoir, and the other four highlands sampling sites (including 

reference site M51). Although the degrees and patterns of seasonality vary, sites M1, 

M2, M51 and M52 show seasonality in hardness. During the dry winter months, 

hardness for sites M1, M51 and M52 increases in magnitude and in that order. Site M2, 

on other hand, shows the least seasonality but with a reversed pattern.  Water collected 

at site M3 is soft, with no evidence of seasonality (Figure 4.6). Table 4.6 indicates that 

water in the highlands is predominately soft. 
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In the lowlands, sites H10 and H11 show significant difference (P< 0.05; Kruskal Wallis) 

in hardness from that of the two reference sites and H12.  The sampling site H12, as 

well as reference sites H9 and H11a display seasonality (Figure 4.6).   
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Figure 4.6. Hardness measured at five sampling sites in the highlands and lowlands of 

the Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.6. Summary of hardness (mg/l) measured at 10 sampling sites in the 
highlands and lowlands LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 80.0 0.0 51.5 55.0 

M2 23 65.0 43.0 52.2 52.5 

M3 23 55.0 35.0 41.5 40.0 

M51* 21 90.0 35.0 54.3 45.0 

Highlands 

M52 22 100.0 0.0 58.5 50.5 

H9* 23 115.0 0.0 68.5 67.5 

H10 23 45.0 35.0 40.7 40.0 

H11 23 60.0 0.0 46.8 47.0 

H11a* 23 100.0 39.0 67.4 67.5 

Lowlands 

H12 23 92.0 46.0 73.7 75.0 

*Reference sites 

 

Water at site H10 and H11 is soft, while water at H9, H11a and H12 is soft to 

moderately hard (Table 4.6).  

 

Both reservoirs in the highlands and lowlands show some impact by causing temporary 

softness of the Nqoe/Hololo and Malibamat�o Rivers. As one travels further 

downstream, hardness becomes seasonal � a phenomenon illustrated by the reference 

sites.   
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4.2.7 Total Dissolved Solids (TDS) 

TDS refers to the total dissolved solids in the water column. The dissolved material may 

include substances such as chloride, magnesium, sulphate and sodium. High 

concentrations of dissolved solids may interfere with water clarity. Natural sources of 

TDS include runoff, chemical weathering of rocks, and decomposition of organic 

material. As mentioned above (Section 4.2.4), TDS can be used as a surrogate for 

conductivity in water quality monitoring programmes.  TDS in natural water ranges from 

zero to 1000mg/l (Cavanagh et al., 1998).   

 

Similar to hardness, TDS at M1 M2 M51 (reference site) and M52 is significantly 

different (P<0.05; Kruskal Wallis) in the highlands, with comparative seasonality 

patterns (Figure 4.7). This is also true for the lowlands, where TDS for sites H10 and 

H11 differ from that of reference sites H9, H11a and H12.  In general, TDS in the 

lowlands is higher (Table 4.7). 

 

 

 

 

 

 

 

 

 



 

 

 

69 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7. Average TDS for highlands and lowlands as at 1999 to 2000 
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Figure 4.7. TDS measured at five sampling sites in the highlands and lowlands of the Lesotho 

Highlands Water Project areas (1999 to 2000)
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Table 4.7. Summary of TDS (mg/l) measured at 10 sampling sites in the highlands 
and lowlands of the LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 90.9 0.0 61.9 67.7 

M2 23 74.2 50.8 61.5 61.5 

M3 23 64.9 41.7 48.7 46.6 

M51* 21 104.5 44.0 64.1 57.7 

Highlands 

M52 22 119.2 0.0 69.5 61.6 

H9* 23 139.5 0.0 86.9 90.7 

H10 23 58.2 41.3 48.4 49.7 

H11 23 80.3 0.0 58.1 58.5 

H11a* 23 124.2 50.9 85.3 80.8 

Lowlands 

H12 23 111.6 58.2 88.6 91.4 

*Reference sites 
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4.3    Major ions  

4.3.1 Calcium 

Calcium, sourced from rocks rich in calcium minerals, is readily dissolved in water. It is 

high in waters running through rocks, which is comprised of limestone, dolomite and  

gypsum. It is mainly present in water as Ca2+. Acid rain increases leaching of calcium 

from the soil into the local water, while the presence of carbon dioxide stabilizes the 

calcium ions in water. Therefore, photosynthetic activity; loss of carbon dioxide due to 

high pressure; or precipitation of calcium carbonate due increased water temperature, 

contribute to calcium depletion in water (Chapman and Kimstach, 1992).  

 

Calcium is incorporated in the bones of vertebrates. It is an essential element for all 

aquatic organisms, being present in the shells of many invertebrates. It is a major 

constituent of the cell wall of higher aquatic plants. Calcium has a functional role in 

membrane selective ion transport (Chapman and Kimstach, 1992; Lind, 1979). Calcium 

also plays a role in the hardness of water (Wetzel, 1983).  

 

Natural waters typically contain less than 15mg/l of calcium (Chapman and Kimstach, 

1992). Waters originating from areas rich in carbonate rocks, however, may yield 

concentrations of 10mg/l to 100mg/l. Oligotrophic water has concentrations of 10mg/l or 

less; in most cases, water with calcium concentrations of 25mg/l or more, are eutrophic 

(Lind, 1979).    
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 There is a significant difference (P< 0.05; Kruskal Wallis) in calcium concentration 

between site M3 and the other four sampling stations (including reference site M51) in 

the highlands. The sampling sites M1, M2 M51 and M52 show seasonality.  The calcium 

concentration measured in the Matsoku River sampling sites, M51 and M52, increases 

during the wet summer months. The sampling sites M1 and M2 (located along 

Malibamat�o River) show increased concentrations in autumn, whereas M3, which is 
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Figure 4.8. Calcium measured from five sampling sites in the highlands and lowlands of the Lesotho 

Highlands Water Project areas (1999 to 2000) 
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the most proximal site downstream of the Katse Reservoir, depicts no seasonality 

(Figure 4.8).    

 

Table 4.8. Summary of calcium (mg/l) measured at 10 sampling sites in the 
highlands and lowlands LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 21.9 0.0 13.9 14.6 

M2 23 19.2 10.6 13.8 13.4 

M3 23 14.3 8.7 10.8 10.7 

M51* 23 23.1 9.1 14.3 12.7 

Highlands 

M52 23 26.6 0.0 15.8 14.5 

H9* 23 28.3 0.0 17.7 18.5 

H10 23 13.0 8.6 10.7 10.6 

H11 23 17.2 0.0 12.1 12.8 

H11a* 23 25.3 9.2 16.9 17.0 

Lowlands 

H12 23 22.9 10.4 18.1 18.2 

*Reference sites 

 

In the lowlands, sites H10 and H11 differ significantly in calcium concentration (P<0.05; 

Kruskal Wallis) from the reference sites H9 and H11a, as well as monitoring site H12.    

There is seasonal variability at the reference sites and H12, where calcium content 

increases during the dry months. There is no evidence of calcium seasonality for sites 

H10 and H11.  The lowlands reference sites have waters with relatively higher 
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concentrations of calcium than that of the highlands reference site (Table 4.8). Both 

reservoirs seem to have an impact on calcium levels in their respective rivers.  

 

4.3.2 Magnesium  

Magnesium primarily originates from leaching of igneous and carbonate rocks (Lind, 

1979). It is an essential element for living organisms. It is important for the growth and 

development of plants; in particular for the magnesium-porphyrin component of 

chlorophyll molecules, and as a micronutrient in enzymatic transformation in 

transphosphorylation by algae, fungi, and bacteria (Wetzel, 1983). Like calcium, 

magnesium is related to water hardness (Lind, 1979). Magnesium concentrations may 

range from 1mg/l to >100 mg/l, depending on the rock type.  

 

The content of magnesium in the highlands sampling sites show patterns similar to that 

of calcium. Site M3 differs significantly from the other four sampling sites.  There is a 

distinct difference in seasonality between the Malibamat�o and Matsoku Rivers (Figure 

4.9).   

 

Generally, the patterns of magnesium concentration in the lowlands waters are more or 

less similar to that of calcium. Sampling sites H10 and H11 do not resemble the 

reference sites - which one could consider �natural� (that is, without the presence of the 

�Muela Reservoir, which is a LHWP structure) (Figure 4.9).      
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Reservoirs impact on the magnesium water content of highlands and lowlands rivers. 

Immediately below the dams, magnesium content decreases; further downstream it 

begins to increase.  The lowlands reference sites have higher magnesium 

concentrations than that of the highlands reference site (Table 4.9).    
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Figure 4.9. Magnesium measured at five sampling sites in the highlands and lowlands 

of the Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.9. Summary of magnesium (mg/l) measured at 10 sampling sites in the 
highlands and lowlands LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 9.8 0.0 5.8 6.0 

M2 23 8.2 4.4 5.7 5.5 

M3 23 4.9 3.4 4.0 4.0 

M51* 21 9.4 3.6 5.8 5.7 

Highlands 

M52 22 12.8 0.0 6.7 6.1 

H9* 23 12.8 0.0 7.5 7.8 

H10 23 6.7 3.1 4.1 3.8 

H11 23 6.3 0.0 4.6 4.9 

H11a* 23 9.4 3.8 6.8 7.1 

Lowlands 

H12 23 9.8 4.8 7.5 8.0 

*Reference sites 

 

4.3.3 Potassium 

Potassium content in natural water is low, since most rocks that contain potassium are 

relatively resistant to weathering. However, potassium may find its way into water 

bodies via agricultural and industrial activities where fertilizers and potassium salts are 

widely used. It is an essential nutritional element for aquatic biota, and is usually 

present at concentrations less than 10mg/l in natural waters (Chapman and Kimstach, 

1992).  
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Concentrations of potassium at the highlands sampling sites are not significantly 

different (P = 0.2; Kruskal Wallis). Potassium content of the highlands waters increases 

during the spring to summer months (Figure 4.10).  
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Figure 4.10. Potassium measured at five sampling sites in the highlands and lowlands of the 
Lesotho Highlands Water Project areas (1999 to 2000) 
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Potassium water content differs significantly among the lowlands sites (P< 0.05; Kruskal 

Wallis). There is also a significant difference (P = 0.002; 2-tailed t-Test) between the 

reference sites H9 and H11a.  In general, however, potassium water content in the 

lowlands increases during the wet months (Figure 4.10).   

 

Unlike most of the abovementioned variables (e.g. hardness and calcium 

concentration), potassium concentration is not higher in the lowlands.  The reference 

median for the highlands lies between the values for the two lowlands reference sites 

(Table 4.10).     

 

Table 4.10. Summary of potassium (mg/l) measured at 10 sampling sites in the 
highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 2.3 0.0 0.7 0.6 

M2 23 1.0 0.0 0.4 0.4 

M3 23 35.0 0.0 2.0 0.4 

M51* 21 1.9 0.0 0.5 0.4 

Highlands 

M52 22 1.9 0.0 0.4 0.3 

H9* 23 1.0 0.0 0.4 0.3 

H10 23 47.0 0.2 2.9 0.6 

H11 23 2.3 0.0 0.6 0.5 

H11a* 23 2.2 0.0 0.7 0.6 

Lowlands 

H12 23 2.2 0.0 0.9 0.7 

*Reference sites 
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4.3.4 Sodium 

Sodium is one of the most abundant elements on earth. Its salts are highly water-

soluble, and therefore occur widely and in appreciable quantities in many natural 

waters. The elevated levels of sodium in lotic systems may originate from sewage, 

industrial effluents and the defrosting of roads. Sodium levels of between 1mg/l and 

50mg/l are common in surface water (Chapman and Kimstach, 1992).  

 

There is a significant difference (P< 0.05; Kruskal Wallis) between site M3 and the other 

four sampling sites (including reference site M51). During winter (particularly during 

June and July), sodium levels at all the highlands sampling stations are high. At this 

time of the year, roads become frosty and slippery. Salt is often used to facilitate the 

thawing of ice on alpine roads. In this way, sodium may infiltrate the local tributaries, 

thereby increasing sodium content, in addition to natural sodium increases due to low 

flow (Figure 4.11).   

 

In the lowlands, H10 and H11 show significance difference (P<0.05; Kruskal Wallis) 

from that of the reference sites, and site H12. The reference sites, as well as site H12, 

display seasonality; sodium concentration is higher during the dry season.  Sites H10 

and H11 display virtually no seasonality. Because salt is not used in the lowlands to 

defrost roads, there is no accompanying increase in sodium concentration at the points 

below the �Muela Reservoir. 
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Reference sites in both the highlands and lowlands have higher concentrations of 

sodium than the two sites (M2 and M3 in the highlands; H10 and H11 in the lowlands) 

located below each of the two reservoirs. Reference sites in the lowlands have higher 

sodium concentrations than that of the highlands  (Table 4.11). Sodium content 

increases downstream.  
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Figure 4.11. Sodium measured at five sampling sites in the highlands and lowlands of the 
Lesotho Highlands Water Project areas (1999 to 2000)
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Table 4.11. Summary of sodium (mg/l) measured at 10 sampling sites in the 
highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 5.4 0.0 2.8 2.8 

M2 23 4.3 1.8 2.8 2.6 

M3 23 3.6 1.3 2.2 2.1 

M51* 21 3.6 1.7 2.6 2.6 

Highlands 

M52 22 4.6 0.0 2.9 2.8 

H9* 23 9.4 2.1 4.5 4.2 

H10 23 4.0 1.6 2.3 2.2 

H11 23 4.7 0.0 3.0 3.3 

H11a* 23 7.4 2.4 4.6 4.7 

Lowlands 

H12 23 6.8 3.3 5.0 5.0 

*Reference sites 

 
 
4.3.5 Chloride 

Chloride enters inland surface water through weathering of sedimentary rocks, or 

atmospheric deposition of oceanic aerosols. Like sodium, an increased level of chloride 

in rivers may result from the salting of roads, as well as industrial, agricultural and 

domestic activities. In pristine conditions, chloride concentrations of freshwater are often 

lower than 10mg/l (Chapman and Kimstach, 1992).   
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There is a significant difference (P<0.05; Kruskal Wallis) in chloride concentration 

between M3 and the other four sampling sites (including reference site M51).  The 

pattern for chloride water content in Matsoku River sites (including reference site M51), 

is similar. During the dry season, concentration increases due to the low dilution factor.  
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Figure 4.12. Chloride measured at five sampling sites in the highlands and lowlands of the 
Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.12. Summary of chloride (mg/l) measured at 10 sampling sites in the 
highlands and lowlands LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 2.7 0.0 1.3 1.2 

M2 23 2.5 0.7 1.2 1.1 

M3 23 1.3 0.6 0.8 0.8 

M51* 21 2.9 0.6 1.4 1.3 

Highlands 

M52 22 3.6 0.0 1.5 1.3 

H9* 23 5.8 0.0 2.4 1.8 

H10 23 71.0 0.5 3.8 0.8 

H11 23 2.7 0.0 1.2 1.2 

H11a* 23 4.5 0.7 2.4 2.2 

Lowlands 

H12 23 3.3 0.9 1.8 1.7 

*Reference sites 

 

In the lowlands, only the reference sites H9 and H11a show significant seasonality - 

chloride concentration increases during dry season. Although the pattern is similar to 

that of the reference sites depicted by H12, it is not as clear (Figure 4.13).  The 

concentration of chloride at the reference sites and H12 is significantly different  

(P<0.05; Kruskal Wallis) from that at sites H10 and H11.  As with potassium, chloride 

concentration, according to the median value, is lowest at site H9, and highest at site 

H11a (Table 4.12). 
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4.3.6 Carbonates and bicarbonates 

The natural source of inorganic carbon is from the atmosphere as carbon dioxide (which 

is dissolved in water at the air-water interface) and through biological respiration of 

aquatic biota. The bicarbonate and carbonate salts component is contributed by the 

weathering of carbonate rocks. In areas where there are no carbonate rocks, buffering 

of the water may entirely be attributed to the atmosphere, respiration and soil carbon 

dioxide. Carbonates and bicarbonates influence the hardness and alkalinity (or 

buffering) of the water body (Section 4.2.5).  Carbonate is uncommon, and rarely exists 

in surface water; bicarbonate occurs as the most dominant anions, with concentrations 

of up to 500mg/l (Chapman and Kimstach, 1992). 

 

Sampling site M3 still shows significant difference (P<0.05;Kruskal Wallis) from the 

reference site M51, and from the sampling sites in the highlands. Although at varying 

degrees, all the sites (except M3), show bicarbonate seasonality. The concentration of 

bicarbonates increases during the dry season.  

 

In the lowlands, sites H10 and H11 are significantly different  (P< 0.05; Kruskal Wallis) 

from the reference sites (H9 and H11a) and site H12; site H12 is an impact site, but its 

location is further downstream of the �Muela reservoir. The sites H9, H11a and H12 

show seasonality similar to that of the highlands sites (except M3) (Figure 4.13). 

Bicarbonate concentration of the reference site in the highlands lies between that of the 

lowlands reference sites (Table 4.13).   
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Both reservoirs have some impact on their respective river in that bicarbonate 

concentration is reduced below them.   
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Figure 4.13. Bicarbonate concentration measured at five sampling sites in the highlands and lowlands of 

the Lesotho Highlands Water Project areas (1999 to 2000)
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Table 4.13. Summary of bicarbonate (mg/l) measured at 10 sampling sites in the 
highlands and lowlands LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 97.6 0.0 63.1 67.1 

M2 23 79.3 51.9 63.9 64.1 

M3 23 67.1 42.7 51.7 48.8 

M51* 21 109.8 42.7 67.0 56.5 

Highlands 

M52 22 122.0 0.0 71.4 61.0 

H9* 23 140.3 0.0 85.3 85.4 

H10 23 57.5 45.8 50.1 48.8 

H11 23 79.3 0.0 58.6 58.0 

H11a* 23 122.0 51.9 84.5 82.4 

Lowlands 

H12 23 115.9 58.0 91.4 91.5 

*Reference sites 

 
 
4.3.7 Sulphate  

Natural sources of sulphate in water include sedimentary rocks, and sulphide and 

sulphate minerals such as pyrite. It may also arise from the atmospheric deposition of 

oceanic aerosols. The usual concentration range for natural waters is between 2mg/l 

and 80mg/l (Chapman and Kimstach, 1992). 

 

Sampling site M3 is significantly different (P<0.05; Kruskal Wallis) from the reference 

site M51, and the other three monitoring sampling sites in the highlands. Reference site 

M51 and monitoring site M52, both located on the Matsoku River, show seasonal 
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variation - dry seasons are characterized by higher sulphate concentrations.  Sites M1 

and M2, also located on the Matsoku River, do not depict seasonality similar to that of 

reference site M51. Sulphate water content is lowest in August for Malibamat�o; site M3 

shows no seasonality (Figure 4.14).   

 

In the lowlands, monitoring sites H10 and H11 are significantly different (P<0.05; 

Kruskal Wallis) from the reference sites H9 and H11a, and monitoring site H12.  Both 

reference sites show similar seasonal variation. Sulphate concentration increases 

during the dry season (Figure 4.14).  Lowlands reference sites have higher sulphate 

concentrations than the highlands reference sites (Table 4.14)  
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Figure 4.14. Sulphate concentration measured at five sampling sites in the highlands and 
lowlands of the Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.14. Summary of sulphate (mg/l) measured from 10 sampling sites in the 
highlands and lowlands LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 9.0 0.0 4.9 5.3 

M2 23 8.7 3.9 5.0 4.8 

M3 23 5.3 3.1 3.7 3.6 

M51* 21 7.5 2.9 5.3 5.2 

Highlands 

M52 22 10.2 0.0 5.7 5.4 

H9* 23 15.3 0.0 8.8 8.5 

H10 23 5.6 2.8 4.0 4.0 

H11 23 14.2 0.0 6.2 5.4 

H11a* 23 15.4 4.1 9.5 9.3 

Lowlands 

H12 23 11.8 5.0 8.2 7.8 

*Reference sites 

 

4.4 Nutrients:  

4.4.1 Nitrate and nitrite 

Nitrate (NO3) is more common than nitrite (NO2) in water. Nitrate may undergo 

denitrification during anaerobic conditions, becoming biochemically-reduced nitrite. 

However, under normal conditions nitrite is rapidly oxidised into nitrate. Sources of 

nitrate include plant and animal debris, land drainage, and weathering of igneous rocks. 

Aquatic plant growth and decay may cause seasonal fluctuation; it may also be used as 

an indicator of human pollutation, animal pollution or fertilizer-runoff. Nitrate 

concentration in natural water does not usually exceed 0.1mg/l (100µg/l). Nitrate levels 
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in excess of five mg/l (5000µg/l) indicate pollution that may have been caused by 

human or animal waste, or fertilizer run-off. Concentrations of 0.2mg/l of nitrate may 

stimulate algal growth in lakes (Chapman and Kimstach, 1992). 

 

The water content of nitrate in the highlands is not significantly different  (P=0.8; Kruskal 

Wallis) (Figure 4.15).  In general, nitrate concentration in the highlands increases 

during the wet season, but decreases in the dry season due to the low dilution factor.  

 

Contrary to the highlands sampling stations, nitrate concentration in the lowlands differ 

significantly (P<0.05; Kruskal Wallis) among the sampling sites.  In fact, the water 

nitrate content of reference sites H9 and H11a in the lowlands also differ significantly 

from each other (P= 0.02; 2-tailed t-test).  Clear seasonality is depicted in site H9, 

where the concentration of nitrate increases during the dry season.  Water samples 

from lowlands reference sites have higher nitrate concentrations than the highlands 

reference sites (Table 4.14). 
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Figure 4.15. Average nitrate for highlands and lowlands as at 
1999 and 2000
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Figure 4.15. Nitrate measured at five sampling sites in the highlands and lowlands of the Lesotho 
Highlands Water Project areas (1999 to 2000) 
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Table 4.15. Summary of nitrate (mg/l) measured at 10 sampling sites in the 
highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max Min Mean Median 

M1 23 3.7 0.0 0.7 0.2 

M2 23 3.6 0.0 0.8 0.5 

M3 23 2.2 0.0 0.8 0.6 

M51* 21 3.4 0.0 0.7 0.5 

Highlands 

M52 22 3.9 0.0 0.7 0.6 

H9* 23 8.8 0.0 3.3 2.7 

H10 23 1.7 0.0 0.8 0.7 

H11 23 2.7 0.0 1.1 1.3 

H11a* 23 5.9 0.0 2.1 1.4 

Lowlands 

H12 23 3.4 0.0 1.3 1.2 

*Reference sites 

 

4.4.2 Ammonia/ammonium 

Ammonia occurring in water may originate from the atmosphere through gas exchange, 

the reduction of nitrogen gas in water by the microorganisms, the breakdown of 

nitrogenous organic and inorganic matter in soil and water, and excretion by biota. High 

levels of ammonia may indicate organic pollution (Chapman and Kimstach, 1992). 

There is natural transformation of ammonia to ammonium in water (NH3⇋ NH4
+). In 

other words, ammonia is continually converted into ammonium and vice-versa.  The 

dominating form is determined by pH. At low pH levels, ammonium ions dominate; when 

pH levels are high, unionised ammonia increase in concentration. Of the two forms, the 
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latter is toxic especially at high pH (Dallas and Day, 1993). Unpolluted surface waters 

may contain total ammonia concentrations of 0.1-3 mg/l or 100-3000µg/l (Chapman and 

Kimstach, 1992). In this study, ammonium (NH4
+) was measured. 

 

There is no significant difference (P = 0.8; Kruskal Wallis) in ammonium concentration 

amongst all the sites in the highlands. For all the sites in the highlands, ammonium 

concentration is lowest in spring, and increases in mid-summer - probably due to runoff 

(Figure 4.16). 

 

In the lowlands, there is no significant difference (P= 0.9; Kruskal Wallis) between the 

reference sites H9 and H11a, and the monitoring sites H10, H11 and H12.    From mid-

spring  (October) to mid-summer (December), ammonium concentration is at its lowest 

at all the sampling sites (Figure 4.16).   

 

Ammonium concentration in the highlands reference site is higher than that of the 

lowlands sampling stations (Table 4.16)  
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Figure 4.16. Ammonium concentration measured at five sampling sites in the highlands and lowlands 
of the Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.16. Summary of ammonium (mg/l) measured at 10 sampling sites in the 
highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max. Min. Mean Median 

M1 23 610.0 0.0 132.2 50.0 

M2 23 440.0 0.0 117.8 40.0 

M3 23 320.0 0.0 103.9 40.0 

M51* 21 740.0 0.0 145.2 60.0 

Highlands 

M52 22 520.0 0.0 131.3 45.0 

H9* 23 450.0 0.0 136.1 40.0 

H10 23 420.0 0.0 146.5 130.0 

H11 23 430.0 0.0 147.8 60.0 

H11a* 23 460.0 0.0 125.7 50.0 

Lowlands 

H12 23 470.0 0.0 116.5 30.0 

*Reference sites 

 

4.4.3 Total phosphorus 

Phosphorus occurs in many inorganic and organics forms, and does not occur in the 

environment in its elementary form. Phosphorus is rarely found in high concentrations, 

though seasonal fluctuation may be encountered due to active plant uptake. High 

concentrations may indicate pollution. The range of phosphorus concentration in most 

natural waters is less than 0.1mg/l or 100µg/l  (Lind, 1979). 
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There is no significant difference (P> 0.05; Kruskal Wallis) amongst the highlands 

sampling points.  In general, phosphorus concentrations are relatively low from April to 

September (Figure 4.17). At this time of the year, the country is generally dry.   

 

There are no significant differences  (p>0.05; Kruskal Wallis) between the reference 

sites and the monitoring sites in the lowlands, and there is no evidence of seasonality 

(Figure 4.17).      
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Figure 4.17. Total phosphorus concentration measured at five sampling sites in the highlands 

and lowlands of the Lesotho Highlands Water Project areas (1999 to 2000) 



 

 

 

97 
 

Table 4.17. Summary of total phosphorus  (µg/l) measured at 10 sampling sites in 
the highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max. Min. Mean Median 

M1 23 466 0.0 102.2 47.6 

M2 23 482 0.0 92.0 33.0 

M3 23 298 0.0 63.5 27.2 

M51* 21 282 7.5 69.7 41.3 

Highlands 

M52 22 391 7.5 107.7 44.1 

H9* 23 562 0.0 117.9 55.8 

H10 23 295 0.0 58.8 19.2 

H11 23 466 0.0 72.0 34.7 

H11a* 23 200 0.0 43.4 26.0 

Lowlands 

H12 23 217 0.0 52.1 36.0 

*Reference sites 

Phosporus content among the reference sites vary significantly (Table 4.17).  

 

4.4.4 Phosphate (orthophosphate) 

This is the form of phosphorus that is soluble in water. Because of their solubility in 

water, orthophosphates are directly utilised by biota (DWAF, 1986). Phosphate 

concentration is often less than 0.01mg/l or 10µg/l in non-polluted waters (Lind, 1979).   

 

Variation in phosphate concentration among the sampling stations, in both highlands 

and lowlands, is not significant. In June, phosphate content at all the sampling stations 

is at its lowest (Figure 4.18)  
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Lowlands reference sites show higher phosphate concentrations than the highlands 

reference sites (Table 4.18). 
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Figure 4.18 Phosphate concentration measured at five sampling sites in the highlands and lowlands 

of the Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.18. Summary of phosphate (µg/l) measured at 10 sampling sites in the 
highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max. Min. Mean Median 

M1 23 204.0 0.0 22.3 9.0 

M2 23 175.0 0.0 18.3 7.5 

M3 23 32.4 0.0 8.4 6.1 

M51* 21 28.7 3.2 11.4 10.0 

Highlands 

M52 22 32.7 3.2 13.2 11.8 

H9* 23 58.4 0.0 16.6 12.4 

H10 23 41.5 0.0 11.8 7.5 

H11 23 63.0 0.0 14.0 11.9 

H11a* 23 24.4 0.0 11.0 10.4 

Lowlands 

H12 23 105.0 0.0 19.1 13.9 

*Reference sites 

 

4.5 Organic matter 

4.5.1 Total Organic Carbon (TOC) 

This is a measure of the dissolved and particulate organic carbon in water. The organic 

carbon originates from the processes of living material (such as plant photosynthesis), 

or indirectly from terrestrial matter.  Waste effluents may contribute to the loading of 

organic carbon into a water body. Therefore, TOC is a useful indicator of pollution in 

water. In surface waters, TOC concentration is generally less than 10 mg/l (Chapman 

and Kimstach, 1992). 
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Reference sites in the lowland and highlands are not significantly different from their 

respective monitoring sites.  In both regions, neither of these sites show clear 

seasonality. 
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Figure 4.19. Total Organic Carbon measured aat five sampling sites in the highlands and 
lowlands of the Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.19. Summary of Total Organic Carbon (mg/l) measured at 10 sampling 
sites in the highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max. Min. Mean Median 

M1 23 12.0 0.0 4.0 3.9 

M2 23 20.1 0.0 3.4 2.9 

M3 23 30.8 0.0 4.7 2.6 

M51* 21 19.8 0.0 5.4 3.6 

Highlands 

M52 22 9.7 0.0 2.9 2.9 

H9* 23 5.6 0.0 2.2 2.0 

H10 23 28.0 0.0 4.4 2.4 

H11 23 16.7 0.0 2.9 2.3 

H11a* 23 6.9 0.0 2.4 1.8 

Lowlands 

H12 23 19.1 0.0 3.7 2.9 

*Reference sites 

 

The median for the reference site in the highlands is slightly higher than that of the 

lowlands (Table 4.19) 

 

4.6 Trace elements 

4.6.1 Iron 

Iron is an abundant element on the earth's crust. It is also found in minor concentrations 

in natural waters. It occurs as ferrous (Fe2+) and ferric (Fe3+) iron in water, with the 

former being more water-soluble. The oxidation of Fe2+ to Fe3+ depends on pH, redox 

potential (Eh) and temperature. Large amounts of dissolved iron may be found where 
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the pH value is less than three. Excess concentrations of iron in water can cause the 

fixation of other essential elements required by plants. The concentration of iron in 

natural surface waters commonly ranges between 1mg/l and 10 mg/l (Chapman and 

Kimstach, 1992). 

 

The results show no significance difference in iron concentration between the reference 

and monitoring sites in the highlands and lowlands.  The highlands sites show some 

seasonality - from March to October, iron concentration is relatively lower than during 

other months of the year. In the lowlands, there is no evidence of seasonality (Figure 

4.20). The reference sites for both highlands and lowlands show equal concentrations of 

iron, based on the median values  (Table 4.20).  

  



 

 

 

103 
 

Table 4.20. Summary of iron (mg/l) measured at 10 sampling sites in the highlands 
and lowlands of the LHWP (1999 to 2000) 

Region Site n Max. Min. Mean Median 

M1 23 3.3 0.0 0.7 0.4 

M2 23 4.5 0.0 0.8 0.4 

M3 23 1.7 0.0 0.4 0.2 

M51* 21 2.6 0.0 0.5 0.2 

Highlands 

M52 22 2.3 0.0 0.7 0.5 

H9* 23 3.3 0.0 0.4 0.2 

H10 23 0.9 0.0 0.3 0.2 

H11 23 1.5 0.0 0.3 0.2 

H11a* 23 5.3 0.0 0.4 0.2 

Lowlands 

H12 23 4.0 0.0 0.6 0.4 

*Reference sites 
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4.7 Other variables 

4.7.1 Silicon 

Silica naturally enters river water through the chemical weathering of siliceous minerals. 

Silical exists in water as in its dissolved (mainly silicic acid), suspended or colloidal 

state. This element is essential for organisms such as diatoms. Seasonal uptake and 
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Figure 4.20. Iron concentration measured at five sampling sites in the highlands and lowlands of the 

Lesotho Highlands Water Project areas (1999 to 2000) 
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decomposition of these organisms can cause seasonal fluctuation of the silica level. 

Effluents from pottery and glasswork industries can also influence the level of silica in 

local watercourses. The range of silica concentration in surface water is often between 

1 mg/l to 30 mg/l (Chapman and Kimstach, 1992). 

 

Silicon concentration in the highlands monitoring sites do not differ significantly from 

that of the reference site In the lowlands, on the other hand, the reference sites differ 

significantly from the monitoring sites (P<0.01; Kruskal Wallis). In fact, reference sites 

H9 and H11a are significantly different (P< 0.01; 2-tailed t-Test). Both the highlands and 

lowlands do not show seasonality (Figure 4.21).  The reference sites in the lowlands 

are generally higher than the highlands reference site (Table 4.21).   
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Figure 4.20. Silicon concentration measured at five sampling sites in the highlands and lowlands of the 
Lesotho Highlands Water Project areas (1999 to 2000) 
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Table 4.21. Summary of silicon (mg/l) measured at 10 sampling sites in the 
highlands and lowlands of the LHWP (1999 to 2000) 

Region Site n Max. Min. Mean Median 

M1 23 11.3 0.0 7.2 8.0 

M2 23 13.2 0.0 7.1 7.4 

M3 23 9.2 6.1 7.3 7.0 

M51* 21 9.4 0.0 7.1 7.4 

Highlands 

M52 22 10.5 0.0 6.6 7.2 

H9* 23 14.3 6.1 9.7 9.5 

H10 23 9.3 6.4 7.4 7.3 

H11 23 11.4 0.0 7.6 8.0 

H11a* 23 12.8 3.8 8.2 9.0 

Lowlands 

H12 23 12.1 5.2 8.3 8.0 

*Reference sites 
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Table 4.22. Mean values observed at the five highlands sampling sites of the 
LHWP, Wasbank River Catchment Management water quality 
objective values (Eksteen, 2000) and literature ranges 

Water Quality 
Variable 

M1 M2 M3 M51 M52 Wasbank Literature 
ranges 

Temperature (oC) 12.5 12.3 11 15.1 14.4  5 -30 
pH 7.3 8.0 7.9 7.9 7.6 6.8-8.4 4 - 9 
DO (mg/l) 5.9 6.2 6.6 6.5 6.2  5 - 13 
EC  (mS/m) 11.7 11.4 8.9 11.9 12.8 70 1 - 100 
Alkalinity (mg/l) 52.1 52.7 42.7 55 58.9  20 - 200 
Hardness (mg/l) 51.5 52.2 41.5 54.3 58.5  0 - 180 
TDS (mg/l) 61.9 61.5 48.7 64.1 69.5 595 0 - 1000 
Calcium (mg/l) 13.9 13.8 10.8 14.3 15.8 80 10 - 100 
Magnesium (mg/l) 5.8 5.7 4 5.8 6.7 70 1 - 100 
Potassium (mg/l) 0.7 0.4 2 0.5 0.4 50 0 - 10 
Sodium (mg/l) 2.8 2.8 2.2 2.6 2.9 100 1 - 50 
Chloride (mg/l) 1.3 1.2 0.8 1.4 1.5 100 0 - 10 
Bicarbonate 
(mg/l) 

63.1 63.9 51.7 67 71.4  0 - 500 

Sulphate (mg/l) 4.9 5 3.7 5.3 5.7 200 2 - 80 
Nitrate (mg/l) 0.7 0.8 0.8 0.7 0.7 6 0 - 100 
Ammonium (ug/l) 132.2 117.8 103.9 145.2 131.3  100 - 3000 
Phosphorus (ug/l) 102.2 92 63.5 69.7 107.7  0 - 100 
Phosphate (ug/l) 22.3 18.3 8.4 11.4 13.2  0 - 10 
T O C (mg/l) 4 3.4 4.7 5.4 2.9  0 - 10 
Iron (mg/l) 0.7 0.8 0.4 0.5 0.7 1 1 - 10 
Silicon mg/l 7.2 7.1 7.3 7.1 6.6 150 1 - 30 
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Table 4.23. Mean values observed at the five lowlands sampling sites of the LHWP, 
Wasbank River Catchment Management water quality objective values 
(Eksteen, 2000) and various literature ranges 

Water Quality 
Variable 

H9 H10 H11 H11a H12 Wasbank  Literature 
ranges 

Temperature (oC) 16.2 13 16.7 14.9 16.8  5 -30 
pH 8 7.9 7.6 8.0 8.0 6.8-8.4 4 - 9 
DO (mg/l) 7.9 7.7 7.6 8.0 7.4  5 - 13 
EC  (mS/m) 16.2 8.8 10.5 15.1 16.3 70 1 - 100 
Alkalinity (mg/l) 70.2 41.1 48.2 69.5 75.3  20 - 200 
Hardness (mg/l) 68.5 40.7 46.8 67.4 73.7  0 - 180 
TDS (mg/l) 86.9 48.4 58.1 85.3 88.6 595 0 - 1000 
Calcium (mg/l) 17.7 10.7 12.1 16.9 18.1 80 10 - 100 
Magnesium (mg/l) 7.5 4.1 4.6 6.8 7.5 70 1 - 100 
Potassium (mg/l) 0.4 2.9 0.6 0.7 0.9 50 0 - 10 
Sodium (mg/l) 4.5 2.3 3 4.6 5 100 1 - 50 
Chloride (mg/l) 2.4 3.8 1.2 2.4 1.8 100 0 - 10 
Bicarbonate 
(mg/l) 

85.3 50.1 58.6 84.5 91.4  0 - 500 

Sulphate (mg/l) 8.8 4 6.2 9.5 8.2 200 2 - 80 
Nitrate (mg/l) 3.3 0.8 1.1 2.1 1.3 6 0 - 100 
Ammonium (ug/l) 136.1 146.5 147.8 125.7 116.5  100 - 3000 
Phosphorus (ug/l) 117.9 58.8 72 43.4 52.1  0 - 100 
Phosphate (ug/l) 16.6 11.8 14 11 19.1  0 - 10 
T O C (mg/l) 2.2 4.4 2.9 2.4 3.7  0 - 10 
Iron (mg/l) 0.4 0.3 0.3 0.4 0.6 1 1 - 10 
Silicon mg/l 7.4 7.6 8.2  8.3 150 1 - 30 
 

As mentioned previously, not all the variables covered in this study are listed in the 

DWAF study of the Wasbank River Catchment Management (excluded are temperature, 

DO, alkalinity, hardness, bicarbonate and nutrients - with the exception of nitrate)     

(Tables 4.22 and Tables 2.23). 

 

Mean values for all the physico-chemical variables in the highlands (except phosphate 

and total phosphorus at M52) fall within the range of most chemical variables observed 
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in the literature (e.g. Lind, 1979; Wetzel, 1983; Chapman and Kimstach, 1992; DWAF, 

1996; Cavanagh, 1998; Eksteen, 2000).   

 

In the lowlands, phosphate content of all the five sampling sites (including the two 

reference sites) is high in comparison to the range described by Lind (1979). Total 

phosphorus is only high at H9 (one of the two reference sites in the lowlands).    All 

other physico-chemical variables fall within the ranges described in the literature (e.g. 

Lind, 1979; Wetzel, 1983; Chapman and Kimstach, 1992; DWAF, 1996; Cavanagh, 

1998; Eksteen, 2000).   

 

4.8 Conclusion 

 

Maucha ionic presentation 

The Maucha diagrams illustrate the balance of cations and anions measured at different 

sampling stations.  Although Maucha diagrams were originally designed to include all 

eight major ions (Maucha, 1932), reliability of carbonate during analysis is often 

problematic due to difficulties in the preservation of samples. Alkalinity is therefore used 

in place of bicarbonate, and the carbonate slot is left blank (Silberbauer and King 1991).       

 

In the highlands, potassium is barely noticeable. It is, however, more prevalent in the 

Malibamat�o than in Matsoku River. With regard the cations (sodium, calcium and 

magnesium), anions (sulphate and chloride) and alkalinity, site M3 displays the lowest 

value in the highlands. Site M2 shows similar values to site M3 for the six 
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aforementioned variables. However, potassium at site M3 is even higher than the value 

for the refrence site M51(Figure 4.22).       

 

Similar to the highlands, the cationic proportion in the lowlands (all sampling sites) is 

such that Ca2+>Mg2+>Na+>K+, while the anionic proportion is SO4>Cl- with the highest 

alkalinity proportion. Spatially, all ions, except potassium, are lowest at site H10. The 

potassium concentration at site H10, on the other hand, is the highest for all sampling 

sites in the lowlands (Figure 4.23). 

 

Most of the physico-chemical variables used in this thesis are seasonal for both the 

highlands and lowlands.  In most cases, patterns are such that during the wet season 

concentration of the variables decreases, but increase during the dry months.  Water 

temperature also increases during the hot season, and decreases in cold months.  

 

Parameters such as hardness, TDS, and ions (except potassium in the highlands 

sampling sites), show seasonality for all sites except site M3 (located below the Katse 

Dam).  Potassium is seasonal for all sampling sites of the highlands and lowlands.       
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Three physico-chemical variables that do not show seasonal variability in the highlands 

are pH, total organic carbon and silicon.  

 

The median values of general variables such as temperature, pH, DO, nutrients, TOC, 

iron, potassium and silicon are not significantly different among the five highlands 

sampling sites. Site M3, the sampling site located below the Katse Reservoir on the 

Malibamat�o River, however, depicts significant difference from the other four sampling 

sites (including the reference site), in terms of the 10 physico-chemical variables. The 

physico-chemical variables that distinguish M3 from other sampling sites include three 

general parameters, namely: electrical conductivity, alkalinity/ hardness and TDS. All of 

the six major ions (calcium, magnesium, sodium, chloride, bicarbonate and sulphate), 

with the exception of potassium at M3, also differ significantly from that of the four 

sampling sites in the highlands.   

 

Similarly, in the lowlands, most of the physico-chemical variables used in this thesis 

were found to be seasonal (reference sites, and site H12 which is located on the 

Mohokare/Caledon River downstream from the �Muela Reservoir). Cations such as 

magnesium, potassium and sodium are seasonal for all the sampling sites in the 

lowlands. Other ions, general parameters (except pH), and nutrients (except 

phosphorus and nitrate) are seasonal at reference sites H9 and H11a,  and at site H12 

(not at the other two impact sites, H10 and H11).  Nitrate is only seasonal at site H9, 

while phosphorus is not seasonal at any of the lowlands sampling sites. TOC, iron 

silicon and pH are also not seasonal at any of the lowlands sampling sites.  
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Temperature, DO, ammonium, phosphorus, phosphate, TOC and iron do not differ 

significantly at any of the five sampling sites in the lowlands.  Other general parameters 

such as pH, electrical conductivity, alkalinity, hardness, TOC, major ions (calcium, 

magnesium, sodium, chloride, bicarbonate and sulphate), nutrients (ammonium, 

phosphorus and phosphates), and trace element iron have median values that are not   

significantly different between the reference site and H12 on the Mohokare River. These 

variables however, show significant difference between the reference sampling sites 

and monitoring sites H10 and H11, located bellow �Muela Reservoir.  

 

The third group of variables (potassium, nitrate and silicon) show no significant 

similarities among the sampling sites in the lowlands. 

 

In conclusion, the lowlands have higher concentrations of most physico-chemicals than 

the highlands. The highlands sites are situated typically in headwater zones, where 

streams are fed by short, few and steep tributaries. Valleys in this region are incised into 

V-shapes, and characterized by riparian vegetation that contribute in maintaining the 

temperature of water, that is already cold, by shading it from a direct sunlight (Gordon et 

al., 1992). Rivers in the highlands run through mountainous areas consisting of hard 

rock, where weathering is slow. Typically, the rivers in the Lesotho highlands would 

have small amounts of minerals leaching from the weathering-resistant rocks. In the 

lowlands, where tributaries are more plentiful, water is less pure because of an increase 

in leaching minerals, and the activities of communities living upstream.   
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Both reservoirs in the highlands and lowlands have some impact on the rivers by 

reducing the content of most variables in the river water. However, as one travels 

further downstream of the dams, concentration of most variables also increase due to 

the associated tributaries that join the river.  
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CHAPTER 5 
 

BENTHIC MAROINVERTEBRATES OF LHWP RIVERS 
 

 
5.1. Introduction 

In the ongoing process of improving water quality monitoring in the LHWP, the LHDA 

introduced biomonitoring as a monitoring tool alongside the use of the physico-chemical 

approach (CSIR, 1997).  In the past, physico-chemical analyses were the mainstay of 

water quality monitoring. Due to the unending number of pollutants to be monitored, it 

has become expensive and impracticable to analyse all known pollutants. Biological 

communities were found to be good indicators that integrate the effects of the different 

pollutants and thus provide a broad measure of their aggregate impact.  

 

Bbiological communities are capable of reflecting the effects of pollutants that often 

occur at concentrations below the analytical limits set for chemical variables. Thus, 

pollutants in water may be present in quantities not detectable by analytical instruments. 

Because the effect of an individual pollutant on the aquatic ecosystem may differ when 

contained in a mixture with other chemical constituents, the biological methods provide 

the synergistic/antagonistic effect of the toxicants.  

 

At present, benthic macroinvertebrates are the most popular organisms used in lotic 

ecosystem water quality monitoring  (Wiederholm, 1980; Hellawell, 1996; Abel, 1989; 

Rosenberg and Resh, 1993). Macroinvertebrates are easy to sample, require few 

people with inexpensive equipment; and has no detrimental effect on the resident biota 

(Rosenberg and Resh, 1993). According to Thorne and Williams (1997), the use of 
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rapid biological assessment (RBA) is suitable for use in developing countries. Lesotho is 

suh a country, where lack of funds, equipment and taxonomic expertise are a major 

hindrance. The use of macroinvertebrates is essential in water resources management 

(Let�ela, 2000).     

 

The LHDA employed SASS4 as a biomonitoring tool based on recommendation by the 

CSIR (Consultant Contract 007). The CSIR also undertook the initial study, and 

produced baseline information with regard water quality during Phase 1B of the LHWP. 

The CSIR collected information through water chemistry and sampling of aquatic 

invertebrates in the main rivers; these methods were subsequently adopted by the 

LHDA for routine monitoring.  Inputs for SASS interpretation include sample score and 

average score per taxon (ASPT). The outcome of this interpretation considers habitat 

diversity because it is based on an empirical study (Chutter, 1998). LHDA conveniently 

uses Chutter�s (1998) interpretation without any habitat assessment. Hence, this study 

does not have any data on habitats from which microinvertebrates were collected.  

  

This chapter presents the water quality status in the highlands and lowlands as 

determined by SASS4. The sampling period is from the year 1999 to 2000 (the same 

period as for the physico-chemical sampling).  

 

5.2. Occurrence of macroinvertebrates 

In general, it was observed that the highlands region has a similar number and type of 

major macroinvertebrates (phyla or orders) occuring in the lowlands.  
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Common name Taxon Highlands Lowlands 

Worms Phylum: Annelida Class: Oligochaeta1 (1) Class:  Oligochaeta  (1) 
Freshwater 
Polyps 

Phylum: 
Cnidaria 
(Coelenterata) 

Class: 
Hydrozoa  (1) 

Class: 
Hydrozoa (1) 

Beetles Order: Coleoptera Family: 
Dytiscidae  (5) 
Elmidae/Dryopidae  (8) 
Gyrinidae  (5) 
Hydraenidae (8) 

Family:  
Dytiscidae (5)    
Elmidae/Dryopidae (8) 
Gyrinidae (5) 
Haliplidae (5) 
Hydraenidae (8) 

Crabs Order: Decapoda Family: 
Potamonautidae/Grab (3) 

Family: 
Potamonautidae/Grab (3) 

Flies Order: Diptera Family: 
Ceratopogonidae (5) 
Chironomidae (2) 
Culicidae (1) 
Muscidae (1) 
Simuliidae (5) 
Tipulidae (5) 

Family: 
Ceratopogonidae (5) 
Chironomidae (2) 
Culicidae (1) 
Muscidae (1) 
Simuliidae (5) 
Tabanidae (5) 
Tipulidae (5) 

Mayflies Order: 
Ephemeroptera 

Family: 
Baetidae 1sp  (4) 
Baetidae 2spp (6) 
Baetidae >2spp (12) 
Caenidae (6) 
Heptageniidae (10) 
Leptophlebiidae (13) 
Tricorythidae (9) 

Family: 
Baetidae (4) 
Baetidae 2spp  (6) 
Baetidae >2spp (12) 
Caenidae (6) 
Leptophlebiidae  (13 
Tricorythidae  (9) 

Bugs Order: Hemiptera Family: 
Belostomatidae (3) 
Corixidae (3) 
Naucoridea  (7) 

Family: 
Corixidae (3) 
Naucoridea (7) 

Water Mites Order: 
Hydracarina 

Family: 
Hydrachnellae (8) 

Family: 
Hydrachnellae 

Dragonflies/Dams
elflies 

Order: Odonata Family: 
Aeshnidae (8) 
Coenagriidae (4) 
Gomphidae  (6) 
 

Family: 
Aeshnidae (8) 
Coenagriidae (4)        
Gomphidae  (6)                         

Snails Class: 
 Pelecypoda 

Family: 
Sphaeriidae (3) 

Family: 
Sphaeriidae (3) 

Stoneflies Order:  Plecoptera Family: 
Perlidae (12) 

Family: 
Perlidae    (12)                    

Caddisflies Order: Trichoptera Family: 
Hydropsychidae  1sp (4) 
Hydropsychidae 2spp (6) 
Hydropsychidae >spp (12) 
Movable case larva type 1 (8) 

Family: 
Hydropsychidae   1sp(4)  
Hydropsychidae 2spp (6) 
Hydropsychidae >spp (12) 
movable case larva type 1 (8) 

Flatwarms Class: Turbellaria Family: Family: 

Table 5.1. Taxonomic names and scores (numbers) of macroinvertebrates observed in the 
LHWP and associated areas (as it appeared on SASS4 scoring sheets (1999 � 2000)
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Planariidea  (5) Planariidea (5) 
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However, not all the families observed in the highlands were identified in the lowlands, 

and vice versa (Table 5.1).  

 

There are more families of beetles, mayflies and bugs in the highlands than in the 

lowlands. More families of flies and dragonflies/damselflies occur in the lowlands than in 

the highlands.  

 

 Results show that in the highlands, one can be 95% confident that Ceratopogonidae, 

Chronomidae, Simullidae, 2 species of Beadidae, Caenidae, Leptophlebiidae, 

Trichorythidae, corrixidea and 1 species of Hydropsychidae would be observed. The 

95% confidence mean value limits for the abovementioned organisms are between two 

and above (Table 5.2).  For the lowlands, organisms whose 95% confidence mean 

values are between 2 and above include Gyrinidaea, Chironomidae, Simullidae, 2 

species of Beadidae, more than two species of Beadidae, Caenida, Leptophlebiidae, 

Trichorythidae, Aeshnidae, and 1 species of Hydropsychidae (Table 5.3). The 

relevance of these organisms to water quality will be addressed in the next section.  

 

5.3  SASS 4 score and ASPT relationship   

SASS4 uses macroinvertebrates that are allocated with indices based on their 

sensitivity/tolerance to water quality conditions. The indices used in SASS range from 

one to 15, with an index of one allocated to the most tolerant organisms, and 15 to the 

most sensitive.   
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The interpretation of SASS4 is based on both the SASS4 score and ASPT.  The SASS4 

score is determined by working out the sum of the sample score on the scoring sheet; 

ASPT is obtained by dividing the SASS4 score by the number of organisms in each 

sampling site per visit.  

 

The global correlation coefficient between the SASS4 score and ASPT in the highlands 

sites and reference site M51 is relatively strong  (r =0.8); this is closely followed by M52  

(Table 5.4).  

 

Table 5.4.  SASS 4 and ASPT correlation coefficient of the 5 sampling sites in the 
highlands 

Sampling site Correlation coefficient (r) 

All highlands sites 0.8 

M1 0.6 

M2 0.6 

M3 0.5 

M51* 0.8 

M52 0.7 

* Reference sites 
 

Although the relationship between ASPT and SASS4 score is strong globally and for the 

reference site, it is relatively weak at M3, and moderate at M1 and M2  (Table 5.4 and 

Figure 5.1) 
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Figure 5.1. SASS4 and ASPT for five sampling stations in the LHWP Highlands area (1999 to 2000) 
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5.3. Sensitivity to water quality 
 
. The observed families of organisms were therefore classified into three groups  
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Figure 5.2. SASS4 and ASPT for five sampling stations in the LHWP lowlands (1999 to 2000) 
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Unlike the highlands, the correlation between SASS4 score and ASPT in the lowlands is 

poor. In fact, the relationship between the two indices at site H10 is zero (Figure 5. 2 

and Table 5.4)   

 

Table 5.4.  SASS 4 and ASPT correlation coefficient of the 5 sampling sites in the 
highlands 

Sampling site Correlation coefficient (r) 

All highlands sites 0.2 

H9* 0.4 

H10 0.0 

H11 0.3 

H11* 0.3 

H12 0.4 

 

 

5.4  Temporal comparison in the highlands and lowlands 

Comparison of the reference sampling site and the monitoring sites in terms of SASS4 

score and ASPT in the highlands shows that M3 is the only site that is significantly 

different (P<0.05; Kruskal Wallis). Both metrics show that there is no significant 

difference among the other four sites, including the reference sampling site (P >0.05; 

Kruskal walls). Site M3 is clearly the lowest in both SASS4 Score and ASPT (Figure 

5.3). 

 

 

* Reference sites 
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Figure 5.3 Box and Whiskers showing SASS4 score and ASPT at five sampling 
stations in the highlands (1999 to2000) 
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Figure 5.4 Box and Whiskers showing SASS4 score and ASPT at five 
sampling stations in the highlands (1999 to2000) 
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There is no significant difference (P>0.05; Kruskal Wallis) amongst the four sites in the 

lowlands, both in terms of SASS4 score and ASPT (Figure 5.4).   

 

5.5  Seasonality of ASPT and SASS 4 score  

Firstly, the results in the highlands and lowlands consider seasonality in terms of the 

four seasons: summer (November, December and January), autumn (February, March 

and April), winter (May, June and July) and spring (August, September and October).  

The period during which precipitation typically occurs in Lesotho is also considered; 

duration of the wet season is from October or late spring to March or late autumn, while 

the dry season begins in April, and up to September are considered relatively dry 

months (Mokothu et al., 1997).  Both SASS4 score and ASPT are explored taking both 

of these weather aspects into consideration.  
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5.5.1 SASS 4 score for the four seasons 
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Figure 5.5 Box and Whiskers showing SASS4 score seasonality at five sampling stations in the 

highlands 
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Figure 5.6 Box and Whiskers showing SASS4 score seasonality at five sampling 

stations in the Lowlands 
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Medians for the SASS4 score at all the sampling sites in the highlands are seasonally 

not significantly different  (P ≥ 0.5; Kruskal Wallis). For each of the five lowlands 

sampling sites, the SASS4 score medians are also not significantly different (P ≥ 0.5; 

Kruskal Wallis) when data is distributed seasonally (Figures 5.5 and 5.6)  

 

5.5.2 Average score per taxon (ASPT) for the four seasons  

 

The ASPT medians for all five sampling sites in the highlands are not significantly 

different  (P≥0.05; Kruskal Wallis) seasonally (Figure 5.7).  This is also true for the 

lowlands sampling sites, with the exception of H12, where the summer ASPT is 

significantly different (P<0.05;Kruskal Wallis) from the other three seasons (Figure 5.8). 
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Figure 5.7 Box and Whiskers showing ASPT seasonality at five sampling stations in 

the highlands 
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Figure 5.8 Box and Whiskers showing ASPT seasonality at five sampling 
stations in the Lowlands 
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5.5.3 SASS 4 score: wet and dry seasons 
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Figure 5.9 Box and Whiskers showing SASS4 Score for the wet and dry seasons at 

five sampling stations in the highlands  
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Figure 5.10 Box and Whiskers showing SASS4 score for the wet and dry 

seasons at five sampling stations in the lowlands  
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All the sampling sites in the highlands and lowlands show no significant difference 

(P≥0.05; 2-tailed t-Test). This implies that there is an observable difference when one 

samples during the dry season, as opposed to the wet season of the year (Figures 5.9 

and 5.10).  

 

5.5.4 ASPT wet and dry seasons 

 

Results show that there is no significant difference (P≥0.05; 2-tailed t-Test) in ASPT 

obtained during the wet or dry season; this is true for all the sampling sites in the 

highlands and the lowlands (Figures 5.11 and 5.12).   
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Figure 5.11 Box and Whiskers showing ASPT during wet and dry seasons at five 

sampling stations in the highlands 
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Figure 5.12 Box and Whiskers showing ASPT during wet and dry seasons at five 
sampling stations in the lowlands 
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5.6  SASS 4 interpretations 

 

As mentioned in Chapter 3, the interpretation used in this thesis is based on Chutter 

(1998), where ASPT and SASS4 score are the primary indices used to provide both 

water resources management and decision-makers with water quality statements 

(Table 3.1).  

 

Other interpretations for SASS4 in do exist in South Africa (e.g. Thirion et al., 1995; 

Dallas et al., 1998); these take into account habitat quality, and reference sites located 

on the same bioregion or sub-bioregion of the monitoring site. However, data available 

from the LHDA is limited to macroinvertebrates identified at particular sampling sites, 

and during particular time periods. Habitat assessment for this region was not carried 

out. Reference sites were selected solely based on the position of LHWP structures 

such as weirs and reservoirs in rivers, termed the �upstream/downstream or paired 

scenario� (Dallas, 2000)  

 

Table 5.5. Key-codes to interpretations as presented in Figures 5.10 and 5.11  

Code Interpretation 

A Water quality natural, habitat diversity high 

B Water quality natural, habitat diversity reduced 

C Borderline between natural water quality and some deterioration in water 

quality 

D Some deterioration in water quality 

E Major deterioration in water quality 

 



 

145 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Highlands Sampling Sites

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0 10 20 30 40 50 60 70 80 90 100

SASS 4 Score

A
SP

T

M1 M2 M3 M51 M52

M1

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 20 40 60 80 100 120

SASS 4 Score

A
SP

T

A

C

B

DE

2 samples (67, 7.4)

 
 
 

M2

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 20 40 60 80 100 120

SASS 4 Score

A
S

P
T

AB

CDE

M3

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 20 40 60 80 100 120

SASS 4 Score

A
S

P
T

AB

CD

E
2 samples (20,2.9)

2 samples (13, 3,3)

 
 

M51*

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0 20 40 60 80 100 120

SASS 4 Score

A
SP

T

AB

CD
E

M52

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 20 40 60 80 100 120
SASS 4 SCORE

A
SP

T

AB

CDE

2 samples (79, 7.2)

   Can be shared between �B�an �E�
 * Reference sampling site  

Figure 5.10. SASS4 interpretations for a 15-month duration at five sites in the    
highlands  
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Figure 5.10. SASS4 interpretations for a 19-month duration at five sites in the lowlands 
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Five interpretations are given for SASS4 (Chutter, 1998).  For ease of presentation, 

these five interpretations have been coded from �A� to �E� (Table 5.5). 

 

In the highlands, when ASPT�s are plot-scattered against SASS4 scores for all five 

sampling sites, M3 points are positioned in the lower region, while other sampling sites 

are mixed.   

 

Most M1 points fall in the �B� region, which is interpreted as �water quality natural, 

habitat diversity reduced.� The second group of four lies in �E� - interpreted as �major 

deterioration in water quality�.  One sample is classified as �D�, meaning �some 

deterioration in water quality�.  In summary, the samples collected from M2, reference 

site M51, and site M52 are distributed among the interpretations �B�, �D� and �E�. All of 

the 15 samples collected at site M3, however, yield to �major deterioration in water 

quality� (Figure 4.10). 

 

Although Chutter (1998) provides five interpretations for SASS4, none of the samples in 

the highlands fall within the key-codes �A�, �B� or �C� as denoted in Table 5.5. 

 

In the lowlands, when the samples for all the sites are scatter plotted, they are all mixed 

and no particular site seems to dominate in a particular area.   All the sites in the 

lowlands have samples that are distributed in three regions, namely �B�, �D� and �E�. 

Although in different ratios, samples in the lowlands can be interpreted as �water quality 

natural habitat diversity reduced�, �some deterioration in water quality� and �major 
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deterioration in water quality� respectively.  One sample in reference site H11a falls in 

the category �water quality natural habitat diversity high�.  

   

It should be noted that both key-codes �B� and �E� can be confusing - both refer to 

ASPT scores above 6, and a SASS4 score below 100. In fact, samples that are circled 

in �B� should actually be categorized as �E� - SASS4 score below 50, though ASPT ≥ 6.  

 

5.7  Conclusion 

Flies are the most common type of macroinvertebrates observed in both the highlands 

and lowlands. In the lowlands, the second most dominating family was the beetles, 

while mayflies were the second highest in the highlands.  

   

Although the correlation coefficient between SASS4 score and ASPT is weakest at site 

M3 (amongst the five sampling sites), the two indices are correlated in the highlands.  In 

the lowlands, on the other hand, SASS4 score and ASPT relationship is weak to zero.  

Sampling sites in the highlands and lowlands, where SASS4 score/ASPT relationships 

are weakest, are those proximal to the reservoirs.  

 

The highlands and lowlands show no significant seasonality in SASS4 score and ASPT 

for all the sampling stations, with the exception of ASPT at site H12.  Values at site H12 

during summer months were indeed different from other seasons. It also seems that it 

does not make a difference whether sampling is undertaken during the dry or wet 

season in the Lesotho Highlands Water Project Rivers.  All the conclusions have to be 
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drawn with caution, since seasonal months in this study are not equal, and data sets are 

relatively small (especially for the four seasons). 

 

According to Chutter�s (1998) interpretations of the SASS4 Score, there is a major 

deterioration in water quality at site M3. This site, however, is located in the lowlands, 

where there is a weak relationship between the SASS4 score and ASPT. In fact, here 

the relationship between the two indices is zero.  The rest of the sampling sites in the 

highlands and lowlands SASS4 interpretations show rivers with �water quality natural 

habitat diversity reduced�, �some deterioration in water quality� and �major deterioration 

in water quality��.     

 
 
At this stage, however, one cannot deduce that the difference between the two regions 

has any meaning in terms of water quality. Water resources with high water quality 

generally have diverse and rich macroinvertebrate fauna; however, certain pristine 

environments have low macroinvertebrate diversity, because of the cold temperature 

and/or relatively low nutrient levels (Peckarsky et al. 1990). The next section will review 

the sensitivity of the macroinvertebrates identified in the lowlands and highlands in 

relation to water quality impairment. 
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CHAPTER 6 
 

COMPARATIVE ANALYSES OF BENTHIC MACROINVERTEBRATES 
AND PHYSICO-CHEMICAL VARIABLES OF LHWP RIVERS 

 
 

6.1 Introduction 

Biological health of the aquatic ecosystem is primarily affected by habitat structure, 

energy source, flow regime, the biotic interaction factor and water quality. 

Bioassessment will provide indications of the cumulative impacts of multiple stresses, 

not just water quality. This thesis focuses on water quality and its relationship with the 

biological and physico-chemical variables. It is noted that a simplified comparative 

analyses based on seasonal variations may not be sufficient to address the physico-

chemical and biological interaction.  

 

Chapter 6 will focus on the links between water chemistry and biological data presented 

and interpreted in Chapters 4 and 5. 

 

Biological communities are affected by physico-chemical concentrations that fall below 

analytical limits. Pollutants in water may be present in quantities not detectable by 

analytical instruments. A chemical present singly in an ecosystem may have a 

completely different effect when part of a mixture with other variables. For instance, 

aluminium is extremely toxic in acidic water and yet is not harmful in alkaline waters 

(Davies and Day, 1998). Biological data provides information relating to the 

synergistic/antagonistic effect of physico-chemistry on the ecosystem.  
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Of the ten sites sampled, three were reference sites: Matsoku above the diversion weir 

(M51) in the highlands and in the lowlands, Nqoe above �Muela Dam (H9) and Hololo 

above Nqoe confluence (H11a). With regard macroinvertebrates, there is no difference 

between the reference sites and the impacted sites (Chapter 5).  

 

6.2   Statistical comparison of macroinvertebrates/physico-chemical variables 
 
Primer version 5.1 was used to determine the combination of variables responsible for 

structuring the community patterns in both the highlands and lowlands regions. Primer 

is a computer program that uses statistical techniques such as multivariate approaches 

that involve clustering or ordination methods (Clarke and Warwick, 1994). BIOENV 

(Biology and environmental variables correlation) and RELATE are some of the 

procedures that are used in Primer 5.1 multivariate analyses.  

 

The BIOENV procedure matches the biotic and environmental variable patterns and 

determines the best combinations by working out their weighted Spearman rank 

correlation coefficient (ρω). The RELATE technique, on the other hand, determines the 

significance of the coefficients worked out by BIOENV. 

 

6.2.1 Choice of physico-chemical variables 

There are certain physico-chemical variables whose effects on the biota are known. 

These variables are refereed to as  �variables of concern� (Dallas et al., 1998; Vos et 

al., 2001).  The techniques engaged to link the biological and physico-chemical data 
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utilizes the correlation coefficients. Incidentally, the physico-chemical variables that are 

excluded from the matching procedure are correlated to the �variables of concern.�   

Fifteen months of usable physico-chemical data is available for the highlands, and 19 

months for the lowlands.  The choice of months used was based entirely on whether 

data sets could be compared with other sites in the region (highlands or lowlands 

sampling sites), and whether the physico-chemical data sets were comparable with 

SASS4 data sets.   

 

The original data for the physico-chemical variables have some unexplained zeros.  The 

presence of zeros could mean that (a) for various reasons, analysis was never 

performed (b) the concentration of a particular parameter was below detection limit or 

(c) the zero refers to an absolute number e.g. water temperature.  Omitting the data 

sets containing unexplained zeros tremendously decreased the data available for use in 

this thesis.   

 

To prevent compromising the quality of the final analysis, criteria for physico-chemical 

variables was chosen to determine chemical constituents responsible for 

macroinvertebrates community structure in every sampling site; these were selected 

because they had been successfully applied in South Africa to ascertain 

macroinvertebrate community structures. Therefore, three groups (1st group, 2nd group, 

and 3rd group) whose validities on Bioen analysis were used: the first and second 

groups were used for �Water Quality for Aquatic Ecosystems: Tools for Evaluating 

Regional Guidelines� (Dallas, et al., 1998); the third group was used by Vos, et al., 
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(2002) for �Efficiency of the SASS4 Rapid Bioassessment Protocol in Determining   

River Health: Case Study on the Mhlatuze River, KwaZulu-Natal. South Africa� (Table 

6.1).    

   

Table 6.1 The sets of physico-chemical variables used in Bioenv analysis 

First group of variables Second group of variables Third group of variables

DO (mg/l) pH (pH units) Temp. (oC) 

pH (pH units) EC (mS/m) pH (pH units) 

EC (mS/m) PO4 (µg/l) EC (mS/m) 

PO4 (µg/l) NH4 ((µg/l) Cl- (mg/l) 

NH4 ((µg/l) Si (mg/l) Ca (mg/l) 

cations ratio cation ratio SO4 (mg/l) 

anions ratio anions ratio PO4 (µg/l) 

  NH4 ((µg/l) 

 

6.2.2 MDS technique for macroinvertebrates  

The Plymouth Routines In Multivariate Ecological Research version 5.1 (Primer 5.1) is a 

Windows-based computer package used for visual comparison of highlands and 

lowlands data in terms of their biological and physico-chemistry variables separately 

and collectively (CHAPTER 3).  

 

All the physico-chemical variables of concern (except pH) were transformed to log (x 

+1) using Euclidean distance similarity measure. Biological data, on the other hand, was 

transformed to �absence/presence� with Bray Curtis similarity measure.  BIOENV was 

run for both highlands and lowlands collectively, for each region separately, and for 



 

154 

 

every sampling site. The statistical significance of ρω was determined using the 

RELATE procedure. 

 

6.3 Results 

• Seasons 

Lesotho has four distinctive annual seasons - summer, autumn, winter and spring. It is 

assumed that samples that are similar in terms of the seasonality will be homogenous 

(this applies to both the highlands and lowlands).   

 

• Macroinvertebratesin the highlands  

The physico-chemical variables from the first, second and third group cannot be 

significantly correlated with the macroinvertebrate community of the highlands at 

regional level.  

 

• Macroinvertebrates at site M1 

At 60% Bray Curtis similarity, there are samples that share the same grouping for the 

spring season (Figure 6.1). The results show that whether it is the wet or dry season, 

there is no difference in the type of organisms sampled at site M1 (Figure 6.2).  

 

Not one of the three groups of physico-chemical variables show significant correlation 

with the community of macroinvertebrates sampled using SASS4. 
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Figure 6.1. Seasonal ordination dendrogram and MDS of macroinvertebrates 

observed using SASS 4 at site M1 
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Figure 6.2. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using SASS 4 at site M1 
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• Macroinvertebrates at site M2 

There are samples of macroinvertebrates at site M2 that show a 60% Bray Curtis 

similarity level, and form a cluster in spring (Figure 6.3). The macroinvertebrates at site 

M2 show no difference between the dry or wet seasons (Figure 6.4).  

 

There is no combination or single variables from the first, second or third group that 

correlate significantly with the macroinvertebrates identified at site M2. 
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Figure 6.3. Seasonal ordination dendrogram and MDS of macroinvertebrates 

observed using SASS 4 at site M2 



 

159 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

W
et

D
ry

W
et

D
ry

W
et

D
ry

D
ry

D
ry

W
et

W
et

D
ry

D
ry

D
ry

W
et

W
et

100

80

60

40

20
S

im
ila

rit
y

Malibamatso at Leoka (M2)

 
 

Malibamatso at Leoka (M2)

Wet

Dry

Stress: 0.17

 
Figure 6.4. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using SASS 4 at site M2 
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• Macroinvertebrates at site M3 

Approximating site M2, some samples of macroinvertebrates share a 60% similarity 

during spring using Bray Curtis (Figure 6.5). Also, at site M3, samples show similarity 

above 70% Bray Curtis � they share the same grouping for the wet season (Figure 6.6). 

 

There are no physico-chemical variables from any of the three groups that correlates 

significantly with SASS4 macroinvertebrates at the M3 sampling site.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

161 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A
ut

um
n

S
pr

in
g

W
in

te
r

A
ut

um
n

S
pr

in
g

W
in

te
r

A
ut

um
n

A
ut

um
n

S
um

m
er

W
in

te
r

W
in

te
r

S
pr

in
g

S
pr

in
g

S
pr

in
g

S
um

m
er

100

80

60

40

20

0

S
im

ila
rit

y

MalibaMatso at Katse Bridge (M3)

 
 
 

MalibaMatso at Katse Bridge (M3)

Autumn

Winter

Spring

Summer

Stress: 0.11

 
Figure 6.5. Seasonal ordination dendrogram and MDS of macroinvertebrates 

observed using SASS 4 at site M3 
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Figure 6.6. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using undertaking SASS 4 at site M3 
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• Macroinvertebrates at site M51 

The macroinvertebrates show no seasonality (Figure 6.7). The presence of a dry 

season cluster at 80% Bray Curtis similarity indicates that there is some seasonality in 

terms of wet/dry seasons (Figure 6.8). 

 

The physico-chemical varibles from the first, second and third group do not show 

signficant correlation with the community of macroinvertebrates at sampling site M51.  
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Figure 6.7. Seasonal ordination dendrogram and MDS of macroinvertebrates 

observed using SASS 4 at site M51 
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Figure 6.8. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using SASS 4 at site M51 
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• Macroinvertebrates at site M52 

There is no clustering to indicate seasonality for samples collected at site M52 (Figure 

6.9). However, at 70% Bray Curtis similarity, some samples do show clustering: this 

could be viewed as sensitivity to the dry season (Figure 6.10).  

 

No physico-chemical variables from the three groups significantly correlate to the 

macroinvertebrates sampled for SASS4 at site M52. 

 

At regional level, samples of the macroinvertebrates and physico-chemical variables are 

pooled, irrespective of the sampling sites; results in the lowlands show that no physico-

chemical variables has significant correlation with macroinvertebrates in the first group. 

A combination of calcium, electrical conductivity, pH, nitrate and silicon from the first 

group, correlate significantly (Pω=0.124; Bioenv, P=0.01;Relate) with the 

macroinvertebrates sampled using SASS4.  The third group of variables also show 

significant correlation (Pω=0.105; Bioenv, P=0.01;Relate) between the 

macroinvertebrate community and the combination of temperature, pH, calcium and 

ammonium. 
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Figure 6.9. Seasonal ordination in dendrogram and MDS of macroinvertebrates 
observed while undertaking SASS 4 at M52 
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• Macroinvertebrates at site H9 

 

• Macroinvertebrates at site H9 
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Figure 6.10. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using SASS 4 at site M52 
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Lack of clustering of macroinvertebrates sampled at site H9 indicates a lack of 

seasonality for both the four seasons, and dry/wet periods (Figures 6.11 and 6.12).  

  

Only the second group of physico-chemical variables produces a combination of 

variables that significantly correlate (Pω=0.152; Bioenv, P=0.05; Relate) to the 

macroinvertebrates sampled using SASS4 at site H9; these variables are phosphate 

and cations (in ratio). 
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Figure 6.11. Seasonal ordination in dendrogram and MDS of macroinvertebrates 
observed while undertaking SASS 4 at H9 
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Figure 6.12. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed while using SASS 4 at site H9 
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• Macroinvertebrates at site H10 

There is a clustering of samples collected during the winter and dry season (60% Bray 

Curtis similarity - Figures 6.13 and 6.14), indicating some seasonality.  

 

There is no significant correlation between the macroinvertebrate samples collected for 

SASS4, and any of the three groups of physico-chemical variables.    
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Figure 6.13. Seasonal ordination dendrogram and MDS of macroinvertebrates 

observed using SASS 4 at site H10 
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Figure 6.14. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using SASS 4 at site H10 

 



 

175 

 

• Macroinvertebrates at site H11 

As found with site H10, there is clustering of some samples collected during the winter 

and dry season (60% Bray Curtis similarity - Figures 6.15 and 6.16), indicating some 

seasonality at site H11. 

 

There is no significant correlation between the macroinvertebrate samples collected for 

SASS4, and any of the three groups of physico-chemical variables.    
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Figure 6.15. Seasonal ordination dendrogram and MDS of macroinvertebrates 

observed using SASS 4 at site H11 
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Figure 6.16. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using SASS 4 at site H11 
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• Macroinvertebrates at site H11a 

No clustering of macroinvertebrates samples in terms of the four seasons is evident at 

site H11a (Figure 6.17). There is clustering of some samples, however, for the dry 

months (50% Bray Curtis similarity - Figure 6.18).  

 

No combination or single physico-chemical variable(s) in the first group correlate 

significantly with macroinvertebrates sampled for SASS4 at site H11a.  

 

 Four combinations with the same weighted Spearman Correlation coefficient 

(Pω=0.155; Boenv) from the second group significantly   (p = 0.02; Relate) correlate to 

macroinvertebrates sampled for SASS4 at site H11a. These combinations are:  

(1) nitrate, pH, conductivity, phosphate and ammonium 

(2)  nitrate, pH, phosphate and ammonium 

(3) nitrate, pH, phosphate, ammonium and anions (in ratio) 

(4) nitrate, pH, phosphate, ammonium and cations (in ratio) 

 

There is also significant correlation between some of chemical constituents from the 

third group of physico-chemical variables. The best combination consists of dissolved 

oxygen, calcium, sulphate, phosphate and ammonium (Pω =0.146; Bioenv and P=0.02; 

Relate). 
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Figure 6.17. Seasonal ordination dendrogram and MDS of macroinvertebrates 

observed using SASS 4 at site H11a 
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Figure 6.18. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using SASS 4 at site H11a 
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• Macroinvertebrates at site H12 

No seasonality, not for the four seasons nor for the wet and dry seasons, is shown by 

the macroinvertebrates sampled for SASS4 at site H12 (Figures 6.19 and 6.20). 

 

Out of the three groups of physico-chemical variables measured at site H12 and used in 

this analysis, only the second group provides a combination of chemical constituents 

significantly correlating with the macroinvertebrates sampled for SASS4 at sampling site 

H12 (Pω = 0.247; Bioenv and P=0.01; Relate); this combination of physico-chemical 

variables is composed of nitrate, ammonium and silicon.    
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Figure 6.19. Seasonal ordination dendrogram and MDS of macroinvertebrates 

observed using SASS 4 at site H12
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Figure 6.20. Wet and dry seasonal ordination dendrogram and MDS of 

macroinvertebrates observed using SASS 4 at site H12 
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6.4  Conclusion 

The stress values that determine the validity of Non-metric multi-dimensional Scaling 

(NMDS) vary from one sampling site to another. In general, at sites M1 and M2, where 

NMDS values were less than 0.2, are potentially useful, but the results need to be 

supported by dendrograms.  On the other hand, NMDS ordinations at sites M3, M51 

and M52, are strong. 

 

In the highlands, all three sampling sites located on the Malibamat�o River show some 

seasonality in terms of macroinvertebrates. At site M1, some macroinvertebrate 

samples share similarity in autumn; M2 and M3 show seasonality in spring.   The two 

Matsoku River sampling sites (including reference site M51) do not show seasonality.  

Some of the samples collected from the two sampling sites on the Matsoku River, 

however, share similarity during the dry seasons.   

 

At the regional level, the combination of dissolved oxygen, nitrate and silicon correlate 

significantly with the pooled highlands macroinvertebrates. At sampling site level, 

however, no significant correlation is observed between the chosen physico-chemical 

variables and the macroinvertebrates from any of the five highlands sampling sites.    

 

NMDS ordinations of the sampling sites in the lowlands need the support of other 

techniques for the determination of macroinvertebrate seasonality (Stress= 0.2) - 

clustering using dendrograms is therefore important. 
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Lowlands reference sites show no seasonality (summer, autumn, winter and spring) in 

terms of macroinvertebrates.  Site H11a, however, presented SASS4 samples that 

share similarity during the dry season.  Both monitoring sites H10 and H11 have 

samples that share similarity during winter and the dry season. Site H12 shows no 

seasonality.  

 

There is significant correlation between the macroinvertebrates and some 

combinations of physico-chemical variables at regional level, the two reference sites 

H9 and H11a, and monitoring site H12.  The correlating suites of physico-chemical 

variables are from the second and third group for pooled lowlands samples, and for 

the two reference sites.  The suite of physico-chemical variables at site H12 are from 

the second group only. Either combination, or single variable(s), from the first group 

correlate significantly with macroinvertebrates in the lowlands.   

   

In the lowlands, results show that nutrients are important for the macroinvertebrates, 

since they are present in all of suites physico-chemical variables that correlate 

significantly with them.   

 

From the data used in this study, SASS4 does not reflect water quality status in the 

highlands and lowlands of the LHWP areas.  
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CHAPTER 7 
 

GENERAL DISCUSION AND CONCLUSION 
 
 
7.1 Introduction 
 
The aim of this study is to test the accuracy of SASS4 as a biomonitoring tool for water 

quality, as described by the physico-chemical variables in LHWP Rivers. The objective 

of this chapter is to discuss the findings of this study and relate its implications to the 

management of the LHWP. 

 

7.2 Discussion 

The results show that most of the physico-chemical variables are seasonal, especially 

at the reference sites. The reservoirs, on the other hand, seem to affect most variables, 

except potassium. Nutrients seem unaffected by the reservoirs.  The concentration 

levels of most physico-chemical variables fall within the acceptable ranges - phosphates 

and total phosphorus are unusually high.   

 

For the macroinvertebrates, there is ambiguity with regard seasonality.  SASS4 score 

and ASPT do not show seasonality, although macroinvertebrates identified from the 

SASS4 samples do depict seasonality, but not as vividly as the physico-chemical 

variables. Samples that do show seasonality are in the minority.  

 

Benthic macroinvertebrates have been found to vary seasonally elsewhere, largely as a 

reflection of life cycles of the constituent species (e.g. Soulsby et al., 2001). The 

temporal variations of the macroinvertebrates have also been positively associated with 
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regional factors such as climate (e.g. Hawkins et al., 1997). The cue for changes in the 

life history stages of macroinvertebrates is linked to seasonal variations (e.g. Yanoviak 

and McCafferty, 1996). Therefore, macroinvertebrates may vary seasonally and inter-

annually in a way that most closely correlates with environmental variations  (e.g. 

Soulsby et al., 1997).  

 

What similarities do abiotic and biotic variables share; are they complementary?  In the 

highlands, most of the physico-chemical variables show that site M3 is different from the 

rest of the sampling sites, including reference site M51.  Both SASS4 Score and ASPT 

generated from macroinvertebrate data differentiate site M3 from the other sampling 

sites in the area.     

 

Although the term �water quality� is a relative term dependent on the user, water quality 

in the mountains is often considered good due to its low chemical constituents.  Water 

flowing from the Katse Reservoir has a significantly lower chemical content in 

comparison to other sampling sites within the Malibamat�o River as well as the Matsoku 

River.  Based on the SASS4 interpretation (Chutter 1998), all the samples show �major 

deterioration in water quality� - SASS4 findings contradict the physico-chemical results.  

  

Site M3 is about 1.8 kilometres downstream of the Katse Dam-wall, which is a large 

structure.  Chutter (1998) recommends that SASS4 monitoring sites should be situated 

more than five kilometres from artificial structures such bridges, weirs, and dams. These 
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structures affect macroinvertebrate patterns (Munn and Brusven, 1991;Boon, 1993; De 

Jalon et al., 1994).          

 

In the lowlands, most physico-chemical variables show that sites H10 and H11 are 

significantly different from the two reference sites H9 and H11a, and H12.  The SASS4 

Score and ASPT on the other hand show no significant difference amongst the five 

lowlands sampling sites.  It would seem logical that the physico-chemical variables 

would illustrate the difference between the reference and monitoring sites, especially at 

site H10, situated approximately 3.2 kilometres below the �Muela Reservoir. The water 

in the �Muela reservoir is predominantly from the Katse Reservoir, transferred through a 

tunnel.  

 

The SASS4 Score and ASPT could not differentiate monitoring sites such H10 that is 

hugely influenced by water from the modified Malibamat�o (Katse Reservoir) catchment 

from reference sites that carry water from the local catchment.   

   

In the highlands, at regional level, there is a combination of physico-chemical variables 

that correlate with macroinvertebrates; the weighted Spearmen correlation coefficient is 

extremely weak (Pω =0.043). In addition, at sampling site level, there is no correlation 

between the macroinvertebrates and physico-chemical variables used.  This means that 

there is no evidence that the current structure of macroinvertebrate communities in the 

highlands is driven by water quality variables. The low SASS4 Score that is inherent in 

the area is not based on the water quality.    



 

189 

 

 At the five lowlands sampling sites, suites of physico-chemical variables that may be 

considered to have profound effects on the macroinvertebrate communities are found at 

reference sites and H12, further downstream of the �Muela Reservoir.  Interestingly, 

from each of the suites determined, nutrients are present. Yet, nutrient concentrations 

from either reference or monitoring sites are not significantly different.   This could be 

attributed to the fact the nutrients may play an important role in the 

synergic/antagonistic effect.         

 

In both the highlands and lowlands, where no variables responsible for 

macroinvertebrate communities were ascertained, other factors must be responsible for 

the community structures, and clearly, these have not been accounted for.  The 

question arises: Could these factors include physical aspects such as habitat 

availability, which was never factored in when sampling and analysis were undertaken? 

 

Interpretation of SASS is based on empirical study. SASS is intended to provide 

information that decision-makers such as water resources managers and the general 

public can relate to  (Dallas, 1997). SASS is not a magic tool whose interpretation can 

be applied in a generic manner. Extensive preliminary work should be undertaken in 

order to achieve sound and repeatable results.   

 

Selection of reference sites based on ecological homogeneity with monitoring sites, and 

knowledge inventory of the ecoregion (e.g. Brown et al., 1996) are important aspects of 
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SASS (Dallas, 2000). Habitat assessment (e.g. Dallas et al., 1998; Thirion et al., 1995) 

is not undertaken by the LHDA, but remains extremely important.  

 

The structure of macroinvertebrate communities is determined by a dynamic array of 

abiotic and biotic factors. Water chemistry and substrate are examples of abiotic factors, 

while biotic factors include productivity, competition and predation (Peckarsky, 1983; 

Dallas and Day; 1993; Power et al., 1998). SASS was introduced in the LHWP area at 

an earlier stage, but the transition from SASS 2 to SASS4 in Lesotho was never applied 

scientifically. SASS practitioners factor in habitat availability because of its importance 

in macroinvertebrate communities (e.g. Thirion, et al., 1995; Dallas et al., 1998) � this 

has not been forthcoming for LHWP. The SASS4 score is low in areas where sampling 

has been undertaken, but this is not because of water quality. 

 

It is strongly recommended that SASS data should be interpreted together with other 

factors that affect macroinvertebrates, other than water quality (Dickens and Graham, 

2002). The habitat quantity, quality and diversity assessments (MacMillan, 1998) have 

been successfully used with SASS (Dickens and Graham, 2002).  

 

SASS has been adapted for South African rivers (Chutter, 1998), and in an attempt to 

incorporate the diversity in terms of climate, geomorphology, geology and biota, a 

hierarchical spatial framework has been developed in South Africa (Brown et al., 1996). 

While the utility of that framework may not have been fully tested (Dallas, 2002), such a 

framework is nonexistent in Lesotho.  
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7.3  Conclusion 

SASS4 as currently practised by the LHDA does not reflect the water quality status in 

the highlands and the lowlands regions of the Lesotho Highlands Water Project areas. 

Other important factors impacting on the macroinvertebrate community, such as habitat 

assessment and appropriate selection of reference sites, should have been taken into 

account to ensure proper implementation of SASS4. SASS4 effectiveness on LHWP 

rivers cannot be determined without consideration of these factors.   

 

7.4   Recommendations  

1. Considering Lesotho�s economy and the importance of water as a resource in the 

country, SASS will play an important role in monitoring the water quality. SASS is 

robust and inexpensive, therefore befitting the Lesotho situation. However, more 

research initiatives are required in order to understand the interplay of the 

macroinvertebrates and water quality in Lesotho.  

2. South Africa is at the forefront with regard the use of macroinvertebrates as a water 

quality biomonitoring tool. Water resources scientists in Lesotho should actively liase 

with their experienced counterparts in South African institutions to modify SASS for 

application as a monitoring tool in Lesotho. Rivers know no political boundaries - as 

pledged by the Southern African Development Community (SADC) countries: 

�Scarce water resources in the region should be protected, nurtured and shared�. 

Tools such as SASS and many others need to be fostered and scientifically modified 

accordingly. 
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3. The LHDA will not be the only national beneficiary in the development and 

modification of scientifically and economically sound methodology for monitoring 

water resources in Lesotho. As new environmental and water resources laws are 

promulgated in the country, methodologies such as �modified� SASS may be 

entrenched in the legal system.  

4. SASS 5 is an advanced version of SASS, already in use in South Africa. It is good 

for routine purposes as well as identifying the habitat preference of the communities 

of the macroinvertebrates from one sampling site to another. The use of SASS 5 by 

the practitioners in Lesotho would ease comparison and sharing of information 

relating to water quality across SADC region. SASS 5 is likely to improve the poor 

sample score as families have been added, actual caddis fly families are now 

recorded, and sensitivity scores have been altered. 

5. Macroinvertebrates respond to a range of environmental variables such 

temperature, river flow and habitat availability. This makes them suitable tools for 

use in river health programmes that encompass various aspects and features of 

aquatic ecosystems. While the LHDA uses macroinvertebrates to monitor water 

quality, management should consider investing in an integrated programme of river 

health. This would help in identification of the  �background noise� or ambivalent 

relationship between macroinvertebrates and physico-chemical variables as 

observed in this study. There is a need to undertake research on water chemistry in 

relation to lithology and landuse; this would provide a scientifically sound 

understanding of water quality in the LHWP and other rivers in Lesotho. 
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6. It is imperative that SASS should be applied accordingly: by monitoring the habitat 

as well as selecting the ecological reference conditions homogeneous to monitoring 

sites. Since the headwaters of the rivers used in the LHWP fall mostly outside the 

project areas, establishment of reference conditions may require the LHDA to 

become the sole SASS practitioner in Lesotho � and to undertake studies beyond 

project areas or even outside the country.     
7. Interpretation of SASS should be scientifically based: Chutter (1998), for instance, is 

based on empirical studies of certain areas in South Africa and uses SASS4 score 

and ASPT. Reference sites were established at different ecoregions, and although 

SASS4 Score and ASPT are used to interpret the results, habitat availability is 

factored in (Dallas, et al., 1998), and whereby three indices are used to interpret 

SASS4 results. SASS4 score, ASPT and Habitat Assessment Matrix (HAM) or 

Habitat quality Index (HQI) are combined to interpret the quality of the stream or river 

(e.g. Thirion et al., 1995).          

8. Due to the inherent low SASS4 Score in Lesotho (Chutter, 1998), it is necessary to 

develop guidelines suitable for Lesotho Rivers.  
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APPENDICES 
Appedix A 

SENQU CONSULTANTS RAPID BIOLOGICAL ASSESSMENT SHEET  - SASS4 

    
RIVER: SITE: DATE: TIME: 

 
Taxon Score Ab. Taxon Score Ab. Taxon Score Ab.

      
Porifera 5 Odonata Lepidopterta 

Coelenterata Chlorolestidae 8 Nymphuliidae 15 
Hydra sp. 1 Lestidae 8 Coleoptera 

Turbellaria Protoneuridae 8 Dytiscidae (adults) 5 
Planarians 5 Platycnemidae 10 Elmidae/Dryopidae 8 

Annelida Coenagridae 4 Gyrinidae (adults) 5 
Oligochaeta 1 Calopterygidae 10 Haliplidae (adults) 5 

Hirudinea Chlorocyphidae 10 Helodidae 12 
Leeches 3 Zygoptera 6 Hydraenidae 8 

Crustacea Gomphidae 6 Hydrophilidae 5 
Amphipoda 15 Aeschnidae 8 Limnichidae 8 
Crabs 3 Corduliidae 8 Psephenidae 10 
Shrimps 8 Libellulidae 4 Diptera 

Hydracarina Hemiptera Blepharoceridae 15 
Hydrachnellae 8 Notonectidae 3 Tipulidae 5 

Plecoptera Pleidae 4 Psychodidae 1 
Notonemouridae 12 Naucoridae 7 Culicidae 1 
Perlidae 12 Nepidae 3 Dixidae 13 

Ephemeropteraa Belastomotidae 3 Simuliidae 5 
Polymitarcyidae 10 Corixidae 3 Chironomidae 1 
Epemeridae 15 Gerridae 5 Ceratopogonidae 2 
Baetidae    1 sp 4 Veliidae 5 Tabanidae 5 
                  2 sp 6 Megaloptera Syriphidae 1 
                >2 sp 12 Corydalidae 8 Athericidae 13 
Oligoneridae 15 Trichoptera Empididae 6 
Heptogeniidae 10 Hydropsychidae 1 4 Ephyridae 3 
Leptophlebiidae 13                            2 6 Muscidae 1 
Ephemerellidae 15                          >2 12 Gastropoda 
Trichorythidae 9 Philopotamidae 10 Lymnaeidae 3 
Prosopistomatidae 15 Polycentopodidae 12 Melaniidae 3 
Caenidae 6 Pscychomyiidae 8 Planorbidae 3 

Ecnomidae 8 Physidae 3 
Habitats SIC Hydroptiliidae 6 Ancylidae 6 

SOC Moveable larvae 8 Hydrobiidae 3 
MV                            2 15 Pelycypoda 
FV                            3 20 Sphaeridae 3 

Mud                            4 30 Unioidae 6 
Sand                            5 40 

Gravel                         > 5 50 
Other 
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Appendix C 
Macroinvertebrates observed in the highlands 

Station Year Month Month2 Order Family 

M1 1999 Feb 2 Annelida  Oligochaeta 

M1 1999 Feb 2 Coleoptera  Dytiscidae (adult) 

M1 1999 Feb 2 Crustacea  Crab 

M1 1999 Feb 2 Diptera  Ceratopogonidae 

M1 1999 Feb 2 Diptera  Chironomidae 

M1 1999 Feb 2 Ephemeroptera  Beatidae 1sp 

M1 1999 Feb 2 Ephemeroptera  Caenidae 

M1 1999 Feb 2 Ephemeroptera  Heptageniidae 

M1 1999 Feb 2 Ephemeroptera  Heptageniidae 

M1 1999 Feb 2 Hemiptera  Corixidae 

M1 1999 Feb 2 Odonata Gomphidae 

M1 1999 Feb 2 Trichoptera  Hydropsychidae > 2spp 

M1 1999 Feb 2 Trichoptera  Movable case larvae type 1 

M1 1999 Mar 3 Diptera  Ceratopogonidae 

M1 1999 Mar 3 Diptera  Chironomidae 

M1 1999 Mar 3 Ephemeroptera  Beatidae 1sp 

M1 1999 Mar 3 Ephemeroptera  Caenidae 

M1 1999 Mar 3 Ephemeroptera  Heptageniidae 

M1 1999 Mar 3 Odonata Gomphidae 

M1 1999 Apr 4 Diptera  Ceratopogonidae 

M1 1999 Apr 4 Diptera  Chironomidae 

M1 1999 Apr 4 Ephemeroptera  Caenidae 

M1 1999 Apr 4 Ephemeroptera  Heptageniidae 

M1 1999 Apr 4 Hemiptera  Belostomatidae 

M1 1999 Apr 4 Odonata Gomphidae 

M1 1999 Apr 4 Plecoptera  Perlidae 

M1 1999 Apr 4 Trichoptera  Hydropsychidae 2spp 

M1 1999 May 5 Annelida  Oligochaeta 

M1 1999 May 5 Crustacea  Crab 

M1 1999 May 5 Diptera  Chironomidae 

M1 1999 May 5 Diptera  Chironomidae 

M1 1999 May 5 Ephemeroptera  Beatidae >2spp 

M1 1999 May 5 Ephemeroptera  Heptageniidae 

M1 1999 May 5 Ephemeroptera  Tricorythidae 

M1 1999 May 5 Hemiptera  Corixidae 

M1 1999 May 5 Plecoptera  Perlidae 

M1 1999 May 5 Trichoptera  Hydropsychidae > 2spp 

M1 1999 Jun 6 Annelida  Oligochaeta 

M1 1999 Jun 6 Diptera  Athericidae 

M1 1999 Jun 6 Diptera  Ceratopogonidae 

M1 1999 Jun 6 Diptera  Ceratopogonidae 

M1 1999 Jun 6 Diptera  Chironomidae 

M1 1999 Jun 6 Diptera  Simuliidae 

M1 1999 Jun 6 Ephemeroptera  Beatidae >2spp 

M1 1999 Jun 6 Ephemeroptera  Beatidae 2spp 
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M1 1999 Jun 6 Ephemeroptera  Caenidae 

M1 1999 Jun 6 Ephemeroptera  Caenidae 

M1 1999 Jun 6 Ephemeroptera  Heptageniidae 

M1 1999 Jun 6 Ephemeroptera  Heptageniidae 

M1 1999 Jun 6 Plecoptera  Perlidae 

M1 1999 Jun 6 Trichoptera  Hydropsychidae > 2spp 

M1 1999 Jun 6 Trichoptera  Hydropsychidae 1sp 

M1 1999 Jul 7 Crustacea  Crab 

M1 1999 Jul 7 Diptera  Ceratopogonidae 

M1 1999 Jul 7 Diptera  Simuliidae 

M1 1999 Jul 7 Ephemeroptera  Beatidae 2spp 

M1 1999 Jul 7 Ephemeroptera  Caenidae 

M1 1999 Jul 7 Ephemeroptera  Heptageniidae 

M1 1999 Jul 7 Hemiptera  Corixidae 

M1 1999 Jul 7 Plecoptera  Perlidae 

M1 1999 Jul 7 Trichoptera  Hydropsychidae 2spp 

M1 1999 Aug 8 Annelida  Oligochaeta 

M1 1999 Aug 8 Crustacea  Crab 

M1 1999 Aug 8 Diptera  Ceratopogonidae 

M1 1999 Aug 8 Diptera  Chironomidae 

M1 1999 Aug 8 Diptera  Simuliidae 

M1 1999 Aug 8 Ephemeroptera  Beatidae >2spp 

M1 1999 Aug 8 Ephemeroptera  Caenidae 

M1 1999 Aug 8 Hemiptera  Corixidae 

M1 1999 Aug 8 Trichoptera  Hydropsychidae 2spp 

M1 1999 Aug 8 Turbellaria  Planarians 

M1 1999 Sep 9 Diptera  Chironomidae 

M1 1999 Sep 9 Diptera  Simuliidae 

M1 1999 Sep 9 Ephemeroptera  Beatidae 1sp 

M1 1999 Sep 9 Ephemeroptera  Ephemeridae 

M1 1999 Sep 9 Ephemeroptera  Heptageniidae 

M1 1999 Sep 9 Trichoptera  Hydropsychidae 1sp 

M1 1999 Oct 10 Annelida  Oligochaeta 

M1 1999 Oct 10 Diptera  Ceratopogonidae 

M1 1999 Oct 10 Diptera  Chironomidae 

M1 1999 Oct 10 Diptera  Simuliidae 

M1 1999 Oct 10 Ephemeroptera  Beatidae 2spp 

M1 1999 Oct 10 Ephemeroptera  Caenidae 

M1 1999 Oct 10 Ephemeroptera  Heptageniidae 

M1 1999 Oct 10 Hemiptera  Corixidae 

M1 1999 Oct 10 Plecoptera  Perlidae 

M1 1999 Oct 10 Trichoptera  Hydropsychidae > 2spp 

M1 1999 Oct 10 Turbellaria  Planarians 

M1 1999 Nov 11 Crustacea  Crab 

M1 1999 Nov 11 Diptera  Ceratopogonidae 

M1 1999 Nov 11 Diptera  Chironomidae 

M1 1999 Nov 11 Diptera  Simuliidae 

M1 1999 Nov 11 Ephemeroptera  Beatidae >2spp 
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M1 1999 Nov 11 Ephemeroptera  Caenidae 

M1 1999 Nov 11 Ephemeroptera  Heptageniidae 

M1 1999 Nov 11 Hemiptera  Corixidae 

M1 1999 Nov 11 Plecoptera  Perlidae 

M1 1999 Nov 11 Trichoptera  Hydropsychidae 2spp 

M1 1999 Nov 11 Turbellaria  Planarians 

M1 1999 Dec 12 Annelida  Oligochaeta 

M1 1999 Dec 12 Coleoptera  Hydraenidae(adult) 

M1 1999 Dec 12 Diptera  Simuliidae 

M1 1999 Dec 12 Ephemeroptera  Beatidae >2spp 

M1 1999 Dec 12 Ephemeroptera  Caenidae 

M1 1999 Dec 12 Ephemeroptera  Heptageniidae 

M1 1999 Dec 12 Hemiptera  Corixidae 

M1 1999 Dec 12 Hydracarina  Hydrachnellae 

M1 1999 Dec 12 Trichoptera  Hydropsychidae 2spp 

M1 1999 Dec 12 Turbellaria  Planarians 

M1 2000 Feb 2 Annelida  Oligochaeta 

M1 2000 Feb 2 Diptera  Chironomidae 

M1 2000 Feb 2 Ephemeroptera  Beatidae 2spp 

M1 2000 Feb 2 Ephemeroptera  Caenidae 

M1 2000 Feb 2 Ephemeroptera  Heptageniidae 

M1 2000 Feb 2 Hemiptera  Corixidae 

M1 2000 Jul 7 Diptera  Ceratopogonidae 

M1 2000 Jul 7 Diptera  Simuliidae 

M1 2000 Jul 7 Ephemeroptera  Beatidae >2spp 

M1 2000 Jul 7 Ephemeroptera  Caenidae 

M1 2000 Jul 7 Ephemeroptera  Heptageniidae 

M1 2000 Jul 7 Ephemeroptera  Tricorythidae 

M1 2000 Jul 7 Trichoptera  Hydropsychidae 1sp 

M1 2000 Jul 7 Trichoptera  Movable case larvae type 1 

M1 2000 Jul 7 Turbellaria  Planarians 

M1 2000 Aug 8 Annelida  Oligochaeta 

M1 2000 Aug 8 Coleoptera  Gyrinidae(adult) 

M1 2000 Aug 8 Diptera  Ceratopogonidae 

M1 2000 Aug 8 Diptera  Chironomidae 

M1 2000 Aug 8 Diptera   Culicidae 

M1 2000 Aug 8 Diptera  Simuliidae 

M1 2000 Aug 8 Ephemeroptera  Beatidae >2spp 

M1 2000 Aug 8 Ephemeroptera  Caenidae 

M1 2000 Aug 8 Ephemeroptera  Heptageniidae 

M1 2000 Aug 8 Trichoptera  Hydropsychidae 1sp 

M1 2000 Aug 8 Trichoptera  Movable case larvae type 1 

M1 2000 Oct 10 Annelida  Oligochaeta 

M1 2000 Oct 10 Diptera  Ceratopogonidae 

M1 2000 Oct 10 Diptera  Chironomidae 

M1 2000 Oct 10 Ephemeroptera  Beatidae >2spp 

M1 2000 Oct 10 Ephemeroptera  Caenidae 

M1 2000 Oct 10 Ephemeroptera  Heptageniidae 
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M1 2000 Oct 10 Ephemeroptera  Tricorythidae 

M1 2000 Oct 10 Odonata Gomphidae 

M1 2000 Oct 10 Trichoptera  Hydropsychidae 2spp 

M1 2000 Oct 10 Trichoptera  Movable case larvae type 1 

M2 1999 Feb 2 Annelida  Oligochaeta 

M2 1999 Feb 2 Crustacea  Crab 

M2 1999 Feb 2 Diptera  Ceratopogonidae 

M2 1999 Feb 2 Diptera  Chironomidae 

M2 1999 Feb 2 Diptera  Muscidae 

M2 1999 Feb 2 Diptera  Simuliidae 

M2 1999 Feb 2 Ephemeroptera  Beatidae 2spp 

M2 1999 Feb 2 Ephemeroptera  Heptageniidae 

M2 1999 Feb 2 Ephemeroptera  Heptageniidae 

M2 1999 Feb 2 Ephemeroptera  Tricorythidae 

M2 1999 Feb 2 Hemiptera  Corixidae 

M2 1999 Feb 2 Trichoptera  Hydropsychidae 1sp 

M2 1999 Mar 3 Coleoptera  Dytiscidae (adult) 

M2 1999 Mar 3 Ephemeroptera  Beatidae 2spp 

M2 1999 Mar 3 Ephemeroptera  Caenidae 

M2 1999 Mar 3 Ephemeroptera  Heptageniidae 

M2 1999 Apr 4 Coleoptera  Gyrinidae(adult) 

M2 1999 Apr 4 Diptera  Simuliidae 

M2 1999 Apr 4 Ephemeroptera  Beatidae 2spp 

M2 1999 Apr 4 Ephemeroptera  Caenidae 

M2 1999 Apr 4 Ephemeroptera  Heptageniidae 

M2 1999 Apr 4 Ephemeroptera  Tricorythidae 

M2 1999 Apr 4 Hemiptera  Corixidae 

M2 1999 Apr 4 Hemiptera  Naucoridea 

M2 1999 Apr 4 Odonata  Gomphidae 

M2 1999 May 5 Diptera  Chironomidae 

M2 1999 May 5 Diptera  Simuliidae 

M2 1999 May 5 Ephemeroptera  Beatidae 1sp 

M2 1999 May 5 Ephemeroptera  Heptageniidae 

M2 1999 May 5 Hemiptera  Corixidae 

M2 1999 Jun 6 Diptera  Chironomidae 

M2 1999 Jun 6 Diptera  Simuliidae 

M2 1999 Jun 6 Diptera  Simuliidae 

M2 1999 Jun 6 Diptera  Tipulidae 

M2 1999 Jun 6 Ephemeroptera  Beatidae >2spp 

M2 1999 Jun 6 Ephemeroptera  Beatidae 2spp 

M2 1999 Jun 6 Ephemeroptera  Caenidae 

M2 1999 Jun 6 Hemiptera  Corixidae 

M2 1999 Jun 6 Hemiptera  Corixidae 

M2 1999 Jun 6 Trichoptera  Hydropsychidae 1sp 

M2 1999 Jun 6 Trichoptera  Hydropsychidae 1sp 

M2 1999 Jun 6 Turbellaria  Planarians 

M2 1999 Jun 6 Turbellaria  Planarians 

M2 1999 Jul 7 Diptera  Simuliidae 
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M2 1999 Jul 7 Ephemeroptera  Beatidae 2spp 

M2 1999 Jul 7 Ephemeroptera  Heptageniidae 

M2 1999 Jul 7 Ephemeroptera  Tricorythidae 

M2 1999 Jul 7 Hemiptera  Corixidae 

M2 1999 Jul 7 Plecoptera  Perlidae 

M2 1999 Jul 7 Trichoptera  Hydropsychidae 1sp 

M2 1999 Jul 7 Turbellaria  Planarians 

M2 1999 Aug 8 Annelida  Oligochaeta 

M2 1999 Aug 8 Diptera  Chironomidae 

M2 1999 Aug 8 Diptera  Simuliidae 

M2 1999 Aug 8 Ephemeroptera  Beatidae 2spp 

M2 1999 Aug 8 Ephemeroptera  Caenidae 

M2 1999 Aug 8 Ephemeroptera  Heptageniidae 

M2 1999 Aug 8 Hemiptera  Corixidae 

M2 1999 Aug 8 Turbellaria  Planarians 

M2 1999 Sep 9 Diptera  Ceratopogonidae 

M2 1999 Sep 9 Diptera  Chironomidae 

M2 1999 Sep 9 Diptera  Simuliidae 

M2 1999 Sep 9 Ephemeroptera  Beatidae 2spp 

M2 1999 Sep 9 Ephemeroptera  Caenidae 

M2 1999 Sep 9 Hemiptera  Corixidae 

M2 1999 Sep 9 Odonata  Gomphidae 

M2 1999 Oct 10 Annelida  Oligochaeta 

M2 1999 Oct 10 Diptera  Ceratopogonidae 

M2 1999 Oct 10 Diptera  Chironomidae 

M2 1999 Oct 10 Diptera  Simuliidae 

M2 1999 Oct 10 Ephemeroptera  Beatidae >2spp 

M2 1999 Oct 10 Ephemeroptera  Caenidae 

M2 1999 Oct 10 Hemiptera  Corixidae 

M2 1999 Nov 11 Crustacea  Crab 

M2 1999 Nov 11 Diptera  Simuliidae 

M2 1999 Nov 11 Ephemeroptera  Beatidae 2spp 

M2 1999 Nov 11 Ephemeroptera  Caenidae 

M2 1999 Nov 11 Ephemeroptera  Heptageniidae 

M2 1999 Nov 11 Hemiptera  Corixidae 

M2 1999 Nov 11 Pelecypoda  Sphaeriidae 

M2 1999 Nov 11 Trichoptera  Hydropsychidae 2spp 

M2 1999 Nov 11 Turbellaria  Planarians 

M2 1999 Dec 12 Annelida  Oligochaeta 

M2 1999 Dec 12 Diptera  Simuliidae 

M2 1999 Dec 12 Ephemeroptera  Beatidae 2spp 

M2 1999 Dec 12 Ephemeroptera  Caenidae 

M2 1999 Dec 12 Ephemeroptera  Heptageniidae 

M2 1999 Dec 12 Hemiptera  Corixidae 

M2 1999 Dec 12 Trichoptera  Hydropsychidae 2spp 

M2 2000 Feb 2 Diptera  Chironomidae 

M2 2000 Feb 2 Diptera  Simuliidae 

M2 2000 Feb 2 Diptera  Tipulidae 
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M2 2000 Feb 2 Ephemeroptera  Beatidae 2spp 

M2 2000 Feb 2 Ephemeroptera  Caenidae 

M2 2000 Feb 2 Hemiptera  Naucoridea 

M2 2000 Jul 7 Diptera  Ceratopogonidae 

M2 2000 Jul 7 Diptera  Chironomidae 

M2 2000 Jul 7 Diptera  Simuliidae 

M2 2000 Jul 7 Ephemeroptera  Beatidae >2spp 

M2 2000 Jul 7 Ephemeroptera  Caenidae 

M2 2000 Jul 7 Hemiptera  Corixidae 

M2 2000 Jul 7 Odonata  Gomphidae 

M2 2000 Aug 8 Coleoptera  Gyrinidae(adult) 

M2 2000 Aug 8 Diptera  Ceratopogonidae 

M2 2000 Aug 8 Diptera  Chironomidae 

M2 2000 Aug 8 Diptera  Simuliidae 

M2 2000 Aug 8 Ephemeroptera  Beatidae >2spp 

M2 2000 Aug 8 Ephemeroptera  Caenidae 

M2 2000 Aug 8 Ephemeroptera  Heptageniidae 

M2 2000 Aug 8 Ephemeroptera  Tricorythidae 

M2 2000 Aug 8 Hemiptera  Corixidae 

M2 2000 Aug 8 Hemiptera  Naucoridea 

M2 2000 Aug 8 Trichoptera  Hydropsychidae 1sp 

M2 2000 Oct 10 Coleoptera  Elmidae/Dryopidae 

M2 2000 Oct 10 Diptera  Simuliidae 

M2 2000 Oct 10 Ephemeroptera  Beatidae >2spp 

M2 2000 Oct 10 Ephemeroptera  Caenidae 

M2 2000 Oct 10 Ephemeroptera  Heptageniidae 

M2 2000 Oct 10 Ephemeroptera  Tricorythidae 

M2 2000 Oct 10 Hemiptera  Corixidae 

M2 2000 Oct 10 Odonata  Gomphidae 

M2 2000 Oct 10 Trichoptera  Hydropsychidae 2spp 

M2 2000 Oct 10 Trichoptera  Movable case larvae type 1 

M2 2000 Oct 10 Turbellaria  Planarians 

M3 1999 Feb 2 Crustacea  Crab 

M3 1999 Feb 2 Diptera  Ceratopogonidae 

M3 1999 Feb 2 Diptera  Chironomidae 

M3 1999 Feb 2 Diptera  Simuliidae 

M3 1999 Feb 2 Ephemeroptera  Beatidae 2spp 

M3 1999 Feb 2 Ephemeroptera  Caenidae 

M3 1999 Feb 2 Hemiptera Corixidae Corixidae 

M3 1999 Feb 2 Trichoptera  Hydropsychidae 1sp 

M3 1999 Mar 3 Coleoptera  Dytiscidae (adult) 

M3 1999 Mar 3 Trichoptera  Hydropsychidae 1sp 

M3 1999 Apr 4 Annelida  Oligochaeta 

M3 1999 Apr 4 Crustacea  Crab 

M3 1999 Apr 4 Diptera  Ceratopogonidae 

M3 1999 Apr 4 Diptera  Chironomidae 

M3 1999 Apr 4 Diptera  Simuliidae 

M3 1999 Apr 4 Ephemeroptera  Caenidae 
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M3 1999 Apr 4 Hemiptera  Belostomatidae 

M3 1999 Apr 4 Hemiptera  Naucoridea 

M3 1999 May 5 Coleoptera  Dytiscidae (adult) 

M3 1999 May 5 Crustacea  Crab 

M3 1999 May 5 Diptera  Chironomidae 

M3 1999 May 5 Hemiptera Corixidae Corixidae 

M3 1999 Jun 6 Annelida  Oligochaeta 

M3 1999 Jun 6 Diptera  Ceratopogonidae 

M3 1999 Jun 6 Diptera  Chironomidae 

M3 1999 Jun 6 Diptera  Simuliidae 

M3 1999 Jun 6 Hemiptera Corixidae Corixidae 

M3 1999 Jul 7 Diptera  Simuliidae 

M3 1999 Jul 7 Hemiptera Corixidae Corixidae 

M3 1999 Jul 7 Trichoptera  Hydropsychidae 1sp 

M3 1999 Aug 8 Annelida  Oligochaeta 

M3 1999 Aug 8 Coleoptera  Dytiscidae (adult) 

M3 1999 Aug 8 Diptera  Ceratopogonidae 

M3 1999 Aug 8 Diptera  Chironomidae 

M3 1999 Aug 8 Diptera  Simuliidae 

M3 1999 Aug 8 Ephemeroptera  Beatidae 2spp 

M3 1999 Aug 8 Hemiptera Corixidae Corixidae 

M3 1999 Sep 9 Diptera  Ceratopogonidae 

M3 1999 Sep 9 Diptera  Simuliidae 

M3 1999 Sep 9 Ephemeroptera  Caenidae 

M3 1999 Sep 9 Hemiptera Corixidae Corixidae 

M3 1999 Sep 9 Trichoptera  Hydropsychidae 1sp 

M3 1999 Oct 10 Annelida  Oligochaeta 

M3 1999 Oct 10 Coelenterata  Hydra 

M3 1999 Oct 10 Crustacea  Crab 

M3 1999 Oct 10 Diptera  Chironomidae 

M3 1999 Oct 10 Diptera  Simuliidae 

M3 1999 Oct 10 Diptera  Tipulidae 

M3 1999 Oct 10 Hemiptera Corixidae Corixidae 

M3 1999 Nov 11 Annelida  Oligochaeta 

M3 1999 Nov 11 Crustacea  Crab 

M3 1999 Nov 11 Diptera  Chironomidae 

M3 1999 Nov 11 Diptera  Simuliidae 

M3 1999 Nov 11 Hemiptera Corixidae Corixidae 

M3 1999 Dec 12 Annelida  Oligochaeta 

M3 1999 Dec 12 Diptera  Ceratopogonidae 

M3 1999 Dec 12 Diptera  Chironomidae 

M3 1999 Dec 12 Diptera  Culicidae 

M3 1999 Dec 12 Hemiptera  Belostomatidae 

M3 1999 Dec 12 Hemiptera Corixidae Corixidae 

M3 2000 Feb 2 Crustacea  Crab 

M3 2000 Feb 2 Diptera  Ceratopogonidae 

M3 2000 Feb 2 Diptera  Chironomidae 

M3 2000 Feb 2 Hemiptera Corixidae Corixidae 
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M3 2000 Jul 7 Diptera  Ceratopogonidae 

M3 2000 Jul 7 Diptera  Chironomidae 

M3 2000 Jul 7 Diptera  Culicidae 

M3 2000 Jul 7 Diptera  Simuliidae 

M3 2000 Jul 7 Diptera  Tipulidae 

M3 2000 Jul 7 Ephemeroptera  Beatidae 1sp 

M3 2000 Jul 7 Hemiptera Corixidae Corixidae 

M3 2000 Aug 8 Coleoptera  Gyrinidae(adult) 

M3 2000 Aug 8 Diptera  Chironomidae 

M3 2000 Aug 8 Diptera  Culicidae 

M3 2000 Aug 8 Diptera  Simuliidae 

M3 2000 Aug 8 Ephemeroptera  Beatidae 2spp 

M3 2000 Aug 8 Ephemeroptera  Tricorythidae 

M3 2000 Aug 8 Hemiptera Corixidae Corixidae 

M3 2000 Aug 8 Odonata  Coenagriidae 

M3 2000 Aug 8 Turbellaria  

M3 2000 Sep 9 Crustacea  Crab 

M3 2000 Sep 9 Diptera  Ceratopogonidae 

M3 2000 Sep 9 Diptera  Chironomidae 

M3 2000 Sep 9 Diptera  Culicidae 

M3 2000 Sep 9 Diptera  Simuliidae 

M3 2000 Sep 9 Diptera  Tipulidae 

M3 2000 Sep 9 Ephemeroptera  Beatidae 1sp 

M3 2000 Sep 9 Hemiptera Corixidae Corixidae 

M3 2000 Oct 10 Annelida  Oligochaeta 

M3 2000 Oct 10 Crustacea  Crab 

M3 2000 Oct 10 Diptera  Ceratopogonidae 

M3 2000 Oct 10 Diptera  Chironomidae 

M3 2000 Oct 10 Diptera  Culicidae 

M3 2000 Oct 10 Diptera  Simuliidae 

M3 2000 Oct 10 Hemiptera Corixidae Corixidae 

M51 1999 Feb 2 Coleoptera  Hydraenidae(adult) 

M51 1999 Feb 2 Crustacea  Crab 

M51 1999 Feb 2 Crustacea  Crab 

M51 1999 Feb 2 Diptera  Ceratopogonidae 

M51 1999 Feb 2 Diptera  Chironomidae 

M51 1999 Feb 2 Diptera  Simuliidae 

M51 1999 Feb 2 Ephemeroptera  Caenidae 

M51 1999 Feb 2 Ephemeroptera  Heptageniidae 

M51 1999 Feb 2 Ephemeroptera  Leptophlebiidae 

M51 1999 Feb 2 Ephemeroptera  Tricorythidae 

M51 1999 Feb 2 Trichoptera  Hydropsychidae > 2spp 

M51 1999 Feb 2 Trichoptera  Movable case larvae type 1 

M51 1999 Feb 2 Turbellaria  Planarians 

M51 1999 Mar 3 Coleoptera  Dytiscidae (adult) 

M51 1999 Mar 3 Ephemeroptera  Beatidae 2spp 

M51 1999 Mar 3 Ephemeroptera  Caenidae 

M51 1999 Mar 3 Trichoptera Hydropsychidae 1sp Hydropsychidae 1sp 
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M51 1999 Apr 4 Annelida  Oligochaeta 

M51 1999 Apr 4 Coleoptera  Hydraenidae(adult) 

M51 1999 Apr 4 Diptera  Ceratopogonidae 

M51 1999 Apr 4 Diptera  Chironomidae 

M51 1999 Apr 4 Ephemeroptera  Beatidae 2spp 

M51 1999 Apr 4 Ephemeroptera  Caenidae 

M51 1999 Apr 4 Hemiptera  Belostomatidae 

M51 1999 Apr 4 Odonata  Gomphidae 

M51 1999 May 5 Diptera  Ceratopogonidae 

M51 1999 May 5 Diptera  Chironomidae 

M51 1999 May 5 Diptera  Simuliidae 

M51 1999 May 5 Ephemeroptera  Beatidae >2spp 

M51 1999 May 5 Ephemeroptera  Caenidae 

M51 1999 May 5 Ephemeroptera  Heptageniidae 

M51 1999 May 5 Ephemeroptera  Leptophlebiidae 

M51 1999 May 5 Ephemeroptera  Tricorythidae 

M51 1999 May 5 Pelecypoda  Sphaeriidae 

M51 1999 May 5 Plecoptera  Perlidae 

M51 1999 May 5 Trichoptera  Hydropsychidae > 2spp 

M51 1999 Jun 6 Annelida  Oligochaeta 

M51 1999 Jun 6 Coleoptera  Dytiscidae (adult) 

M51 1999 Jun 6 Diptera  Ceratopogonidae 

M51 1999 Jun 6 Diptera  Chironomidae 

M51 1999 Jun 6 Diptera  Simuliidae 

M51 1999 Jun 6 Diptera  Tipulidae 

M51 1999 Jun 6 Ephemeroptera  Beatidae >2spp 

M51 1999 Jun 6 Ephemeroptera  Caenidae 

M51 1999 Jun 6 Ephemeroptera  Tricorythidae 

M51 1999 Jun 6 Trichoptera Hydropsychidae 1sp Hydropsychidae 1sp 

M51 1999 Jul 7 Diptera  Simuliidae 

M51 1999 Jul 7 Diptera  Tipulidae 

M51 1999 Jul 7 Ephemeroptera  Beatidae >2spp 

M51 1999 Jul 7 Ephemeroptera  Leptophlebiidae 

M51 1999 Jul 7 Ephemeroptera  Tricorythidae 

M51 1999 Jul 7 Trichoptera  Hydropsychidae 2spp 

M51 1999 Jul 7 Turbellaria  Planarians 

M51 1999 Aug 8 Diptera  Ceratopogonidae 

M51 1999 Aug 8 Diptera  Chironomidae 

M51 1999 Aug 8 Diptera  Simuliidae 

M51 1999 Aug 8 Ephemeroptera  Caenidae 

M51 1999 Aug 8 Ephemeroptera  Leptophlebiidae 

M51 1999 Aug 8 Ephemeroptera  Tricorythidae 

M51 1999 Aug 8 Trichoptera Hydropsychidae 1sp Hydropsychidae 1sp 

M51 1999 Aug 8 Turbellaria  Planarians 

M51 1999 Sep 9 Diptera  Ceratopogonidae 

M51 1999 Sep 9 Diptera  Simuliidae 

M51 1999 Sep 9 Diptera  Tipulidae 

M51 1999 Sep 9 Ephemeroptera  Beatidae 1sp 
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M51 1999 Sep 9 Ephemeroptera  Caenidae 

M51 1999 Sep 9 Ephemeroptera  Leptophlebiidae 

M51 1999 Sep 9 Ephemeroptera  Tricorythidae 

M51 1999 Sep 9 Trichoptera  Hydropsychidae 2spp 

M51 1999 Sep 9 Turbellaria  Planarians 

M51 1999 Oct 10 Annelida  Oligochaeta 

M51 1999 Oct 10 Diptera  Chironomidae 

M51 1999 Oct 10 Diptera  Chironomidae 

M51 1999 Oct 10 Ephemeroptera  Beatidae 2spp 

M51 1999 Oct 10 Ephemeroptera  Caenidae 

M51 1999 Oct 10 Ephemeroptera  Leptophlebiidae 

M51 1999 Oct 10 Hemiptera  Corixidae 

M51 1999 Oct 10 Pelecypoda  Sphaeriidae 

M51 1999 Nov 11 Annelida  Oligochaeta 

M51 1999 Nov 11 Diptera  Chironomidae 

M51 1999 Nov 11 Diptera  Culicidae 

M51 1999 Nov 11 Diptera  Simuliidae 

M51 1999 Nov 11 Ephemeroptera  Beatidae 2spp 

M51 1999 Nov 11 Ephemeroptera  Caenidae 

M51 1999 Nov 11 Ephemeroptera  Tricorythidae 

M51 1999 Nov 11 Hemiptera  Corixidae 

M51 1999 Nov 11 Hydracarina  Hydrachnellae 

M51 1999 Nov 11 Trichoptera Hydropsychidae 1sp Hydropsychidae 1sp 

M51 1999 Nov 11 Trichoptera  Movable case larvae type 1 

M51 1999 Nov 11 Turbellaria  Planarians 

M51 1999 Dec 12 Annelida  Oligochaeta 

M51 1999 Dec 12 Diptera  Culicidae 

M51 1999 Dec 12 Ephemeroptera  Beatidae 1sp 

M51 1999 Dec 12 Hemiptera  Corixidae 

M51 2000 Feb 2 Crustacea  Crab 

M51 2000 Feb 2 Diptera  Simuliidae 

M51 2000 Feb 2 Ephemeroptera  Beatidae 1sp 

M51 2000 Feb 2 Ephemeroptera  Caenidae 

M51 2000 Feb 2 Ephemeroptera  Leptophlebiidae 

M51 2000 Jul 7 Diptera  Ceratopogonidae 

M51 2000 Jul 7 Diptera  Simuliidae 

M51 2000 Jul 7 Ephemeroptera  Beatidae >2spp 

M51 2000 Jul 7 Ephemeroptera  Caenidae 

M51 2000 Jul 7 Ephemeroptera  Heptageniidae 

M51 2000 Jul 7 Ephemeroptera  Leptophlebiidae 

M51 2000 Jul 7 Ephemeroptera  Tricorythidae 

M51 2000 Jul 7 Trichoptera Hydropsychidae 1sp Hydropsychidae 1sp 

M51 2000 Jul 7 Turbellaria  Planarians 

M51 2000 Aug 8 Diptera  Chironomidae 

M51 2000 Aug 8 Diptera  Simuliidae 

M51 2000 Aug 8 Ephemeroptera  Beatidae >2spp 

M51 2000 Aug 8 Ephemeroptera  Caenidae 

M51 2000 Aug 8 Ephemeroptera  Leptophlebiidae 
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M51 2000 Aug 8 Ephemeroptera  Tricorythidae 

M51 2000 Aug 8 Trichoptera Hydropsychidae 1sp Hydropsychidae 1sp 

M51 2000 Aug 8 Turbellaria  Planarians 

M51 2000 Oct 10 Diptera  Chironomidae 

M51 2000 Oct 10 Diptera  Simuliidae 

M51 2000 Oct 10 Ephemeroptera  Beatidae 2spp 

M51 2000 Oct 10 Ephemeroptera  Caenidae 

M51 2000 Oct 10 Ephemeroptera  Heptageniidae 

M51 2000 Oct 10 Ephemeroptera  Leptophlebiidae 

M51 2000 Oct 10 Ephemeroptera  Tricorythidae 

M51 2000 Oct 10 Trichoptera Hydropsychidae 1sp Hydropsychidae 1sp 

M52 1999 Feb 2 Annelida  Oligochaeta 

M52 1999 Feb 2 Coleoptera  Hydraenidae(adult) 

M52 1999 Feb 2 Crustacea  Crab 

M52 1999 Feb 2 Diptera  Ceratopogonidae 

M52 1999 Feb 2 Diptera  Chironomidae 

M52 1999 Feb 2 Diptera  Simuliidae 

M52 1999 Feb 2 Ephemeroptera  Beatidae 2spp 

M52 1999 Feb 2 Ephemeroptera  Caenidae 

M52 1999 Feb 2 Ephemeroptera  Heptageniidae 

M52 1999 Feb 2 Ephemeroptera   Leptophlebiidae 

M52 1999 Feb 2 Ephemeroptera  Tricorythidae 

M52 1999 Feb 2 Trichoptera  Hydropsychidae 2spp 

M52 1999 Feb 2 Trichoptera  Movable case larvae type 1 

M52 1999 Feb 2 Turbellaria  Planarians 

M52 1999 Mar 3 Crustacea  Crab 

M52 1999 Mar 3 Diptera  Chironomidae 

M52 1999 Mar 3 Diptera  Tipulidae 

M52 1999 Mar 3 Ephemeroptera  Beatidae 1sp 

M52 1999 Mar 3 Ephemeroptera  Heptageniidae 

M52 1999 Mar 3 Ephemeroptera   Leptophlebiidae 

M52 1999 Mar 3 Ephemeroptera  Tricorythidae 

M52 1999 Mar 3 Odonata  Gomphidae 

M52 1999 Mar 3 Trichoptera  Hydropsychidae > 2spp 

M52 1999 Apr 4 Coleoptera  Hydraenidae(adult) 

M52 1999 Apr 4 Diptera  Ceratopogonidae 

M52 1999 Apr 4 Diptera  Chironomidae 

M52 1999 Apr 4 Diptera  Simuliidae 

M52 1999 Apr 4 Diptera  Tipulidae 

M52 1999 Apr 4 Ephemeroptera  Beatidae >2spp 

M52 1999 Apr 4 Ephemeroptera  Caenidae 

M52 1999 Apr 4 Ephemeroptera   Leptophlebiidae 

M52 1999 Apr 4 Ephemeroptera  Tricorythidae 

M52 1999 Apr 4 Trichoptera  Hydropsychidae 2spp 

M52 1999 Apr 4 Trichoptera  Movable case larvae type 1 

M52 1999 May 5 Annelida  Oligochaeta 

M52 1999 May 5 Diptera  Chironomidae 

M52 1999 May 5 Diptera  Simuliidae 
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M52 1999 May 5 Diptera  Tipulidae 

M52 1999 May 5 Ephemeroptera  Beatidae 2spp 

M52 1999 May 5 Ephemeroptera  Heptageniidae 

M52 1999 May 5 Ephemeroptera   Leptophlebiidae 

M52 1999 May 5 Ephemeroptera  Tricorythidae 

M52 1999 May 5 Pelecypoda  Sphaeriidae 

M52 1999 May 5 Trichoptera  Hydropsychidae 2spp 

M52 1999 Jun 6 Diptera  Ceratopogonidae 

M52 1999 Jun 6 Diptera  Chironomidae 

M52 1999 Jun 6 Ephemeroptera  Beatidae 2spp 

M52 1999 Jun 6 Ephemeroptera   Leptophlebiidae 

M52 1999 Jun 6 Hemiptera  Corixidae 

M52 1999 Jul 7 Diptera  Chironomidae 

M52 1999 Jul 7 Diptera  Simuliidae 

M52 1999 Jul 7 Ephemeroptera  Beatidae 2spp 

M52 1999 Jul 7 Ephemeroptera  Caenidae 

M52 1999 Jul 7 Ephemeroptera   Leptophlebiidae 

M52 1999 Jul 7 Ephemeroptera  Tricorythidae 

M52 1999 Jul 7 Hemiptera  Corixidae 

M52 1999 Jul 7 Trichoptera  Hydropsychidae 2spp 

M52 1999 Jul 7 Trichoptera  Movable case larvae type 1 

M52 1999 Jul 7 Turbellaria  Planarians 

M52 1999 Aug 8 Diptera  Ceratopogonidae 

M52 1999 Aug 8 Diptera  Chironomidae 

M52 1999 Aug 8 Diptera  Simuliidae 

M52 1999 Aug 8 Ephemeroptera  Beatidae >2spp 

M52 1999 Aug 8 Ephemeroptera  Caenidae 

M52 1999 Aug 8 Ephemeroptera  Heptageniidae 

M52 1999 Aug 8 Ephemeroptera   Leptophlebiidae 

M52 1999 Aug 8 Ephemeroptera  Tricorythidae 

M52 1999 Aug 8 Trichoptera  Hydropsychidae 1sp 

M52 1999 Aug 8 Trichoptera  Movable case larvae type 1 

M52 1999 Aug 8 Turbellaria  Planarians 

M52 1999 Sep 9 Crustacea  Crab 

M52 1999 Sep 9 Diptera  Ceratopogonidae 

M52 1999 Sep 9 Diptera  Chironomidae 

M52 1999 Sep 9 Ephemeroptera  Beatidae 1sp 

M52 1999 Sep 9 Ephemeroptera   Leptophlebiidae 

M52 1999 Sep 9 Trichoptera  Hydropsychidae 1sp 

M52 1999 Oct 10 Diptera  Ceratopogonidae 

M52 1999 Oct 10 Diptera  Chironomidae 

M52 1999 Oct 10 Diptera  Tipulidae 

M52 1999 Oct 10 Ephemeroptera  Beatidae 2spp 

M52 1999 Oct 10 Ephemeroptera  Caenidae 

M52 1999 Oct 10 Ephemeroptera   Leptophlebiidae 

M52 1999 Oct 10 Pelecypoda  Sphaeriidae 

M52 1999 Oct 10 Trichoptera  Hydropsychidae 1sp 

M52 1999 Oct 10 Trichoptera  Movable case larvae type 1 
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M52 1999 Oct 10 Turbellaria  Planarians 

M52 1999 Nov 11 Crustacea  Crab 

M52 1999 Nov 11 Diptera  Chironomidae 

M52 1999 Nov 11 Diptera  Simuliidae 

M52 1999 Nov 11 Ephemeroptera  Beatidae 2spp 

M52 1999 Nov 11 Ephemeroptera  Caenidae 

M52 1999 Nov 11 Hemiptera  Corixidae 

M52 1999 Nov 11 Odonata  Gomphidae 

M52 1999 Nov 11 Trichoptera  Hydropsychidae 1sp 

M52 1999 Nov 11 Trichoptera  Movable case larvae type 1 

M52 1999 Dec 12 Annelida  Oligochaeta 

M52 1999 Dec 12 Crustacea  Crab 

M52 1999 Dec 12 Diptera  Chironomidae 

M52 1999 Dec 12 Diptera  Tipulidae 

M52 1999 Dec 12 Ephemeroptera  Beatidae 2spp 

M52 1999 Dec 12 Ephemeroptera  Caenidae 

M52 1999 Dec 12 Ephemeroptera   Leptophlebiidae 

M52 1999 Dec 12 Hemiptera  Corixidae 

M52 1999 Dec 12 Trichoptera  Hydropsychidae 2spp 

M52 1999 Dec 12 Trichoptera  Movable case larvae type 1 

M52 2000 Feb 2 Ephemeroptera  Beatidae 2spp 

M52 2000 Feb 2 Ephemeroptera  Caenidae 

M52 2000 Jul 7 Diptera  Ceratopogonidae 

M52 2000 Jul 7 Diptera  Chironomidae 

M52 2000 Jul 7 Diptera  Culicidae 

M52 2000 Jul 7 Diptera  Simuliidae 

M52 2000 Jul 7 Diptera  Tipulidae 

M52 2000 Jul 7 Ephemeroptera  Beatidae >2spp 

M52 2000 Jul 7 Ephemeroptera  Caenidae 

M52 2000 Jul 7 Ephemeroptera  Heptageniidae 

M52 2000 Jul 7 Ephemeroptera  Tricorythidae 

M52 2000 Jul 7 Hemiptera  Belostomatidae 

M52 2000 Aug 8 Crustacea  Crab 

M52 2000 Aug 8 Diptera  Ceratopogonidae 

M52 2000 Aug 8 Diptera  Chironomidae 

M52 2000 Aug 8 Diptera  Simuliidae 

M52 2000 Aug 8 Diptera  Tipulidae 

M52 2000 Aug 8 Ephemeroptera  Beatidae >2spp 

M52 2000 Aug 8 Ephemeroptera  Caenidae 

M52 2000 Aug 8 Ephemeroptera  Heptageniidae 

M52 2000 Aug 8 Ephemeroptera   Leptophlebiidae 

M52 2000 Aug 8 Ephemeroptera  Tricorythidae 

M52 2000 Aug 8 Trichoptera  Hydropsychidae 2spp 

M52 2000 Oct 10 Annelida  Oligochaeta 

M52 2000 Oct 10 Diptera  Ceratopogonidae 

M52 2000 Oct 10 Diptera  Chironomidae 

M52 2000 Oct 10 Diptera  Simuliidae 

M52 2000 Oct 10 Ephemeroptera  Beatidae 2spp 
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M52 2000 Oct 10 Ephemeroptera  Caenidae 

M52 2000 Oct 10 Ephemeroptera   Leptophlebiidae 

M52 2000 Oct 10 Ephemeroptera  Tricorythidae 

M52 2000 Oct 10 Trichoptera  Hydropsychidae 2spp 

 

Macroinvertebrates observed in the lowlands 
Station Year Month Month 2 Order Family 

H9 1999 Sep 9 Annelida  Oligochaeta 
H9 1999 Oct 10 Annelida  Oligochaeta 
H9 1999 Nov 11 Annelida  Oligochaeta 
H9 1999 Nov 11 Annelida  Oligochaeta 
H9 1999 Dec 12 Annelida  Oligochaeta 
H9 2000 Dec 12 Annelida  Oligochaeta 
H9 2000 Apr 4 Coleoptera  Dytiscidae (adult) 
H9 2000 May 5 Coleoptera  Elmidae/Dryopidae 
H9 1999 Mar 3 Coleoptera  Gyrinidae(adult) 
H9 1999 Apr 4 Coleoptera  Gyrinidae(adult) 
H9 1999 Sep 9 Coleoptera  Gyrinidae(adult) 
H9 1999 Oct 10 Coleoptera  Gyrinidae(adult) 
H9 1999 Dec 12 Coleoptera  Gyrinidae(adult) 
H9 2000 Feb 2 Coleoptera  Gyrinidae(adult) 
H9 2000 Mar 3 Coleoptera  Gyrinidae(adult) 
H9 2000 Apr 4 Coleoptera  Gyrinidae(adult) 
H9 2000 Jul 7 Coleoptera  Gyrinidae(adult) 
H9 2000 Sep 9 Coleoptera  Gyrinidae(adult) 
H9 2000 Oct 10 Coleoptera  Gyrinidae(adult) 
H9 2000 Dec 12 Coleoptera  Gyrinidae(adult) 
H9 2000 May 5 Coleoptera  Hydraenidae(adult) 
H9 2000 Sep 9 Coleoptera  Hydraenidae(adult) 
H9 2000 Oct 10 Coleoptera  Hydraenidae(adult) 
H9 2000 May 5 Crustacea  Crab 
H9 2000 Jun 6 Crustacea  Crab 
H9 1999 Sep 9 Diptera  Ceratopogonida 
H9 1999 Oct 10 Diptera  Ceratopogonida 
H9 2000 Sep 9 Diptera  Ceratopogonida 
H9 1999 Mar 3 Diptera  Chironomidae 
H9 1999 Apr 4 Diptera  Chironomidae 
H9 1999 May 5 Diptera  Chironomidae 
H9 1999 Aug 8 Diptera  Chironomidae 
H9 1999 Sep 9 Diptera  Chironomidae 
H9 1999 Oct 10 Diptera  Chironomidae 
H9 1999 Nov 11 Diptera  Chironomidae 
H9 1999 Nov 11 Diptera  Chironomidae 
H9 1999 Dec 12 Diptera  Chironomidae 
H9 2000 Feb 2 Diptera  Chironomidae 
H9 2000 Mar 3 Diptera  Chironomidae 
H9 2000 May 5 Diptera  Chironomidae 
H9 2000 Jul 7 Diptera  Chironomidae 



 

 

 

226

H9 2000 Aug 8 Diptera  Chironomidae 
H9 2000 Sep 9 Diptera  Chironomidae 
H9 2000 Oct 10 Diptera  Chironomidae 
H9 2000 Nov 11 Diptera  Chironomidae 
H9 2000 Jul 7 Diptera  Culicidae 
H9 1999 Mar 3 Diptera  Simuliidae 
H9 1999 Apr 4 Diptera  Simuliidae 
H9 1999 May 5 Diptera  Simuliidae 
H9 1999 Jun 6 Diptera  Simuliidae 
H9 1999 Jul 7 Diptera  Simuliidae 
H9 1999 Aug 8 Diptera  Simuliidae 
H9 1999 Oct 10 Diptera  Simuliidae 
H9 1999 Nov 11 Diptera  Simuliidae 
H9 1999 Nov 11 Diptera  Simuliidae 
H9 1999 Dec 12 Diptera  Simuliidae 
H9 2000 Feb 2 Diptera  Simuliidae 
H9 2000 Mar 3 Diptera  Simuliidae 
H9 2000 Apr 4 Diptera  Simuliidae 
H9 2000 May 5 Diptera  Simuliidae 
H9 2000 Jun 6 Diptera  Simuliidae 
H9 2000 Jul 7 Diptera  Simuliidae 
H9 2000 Aug 8 Diptera  Simuliidae 
H9 2000 Sep 9 Diptera  Simuliidae 
H9 2000 Oct 10 Diptera  Simuliidae 
H9 2000 Nov 11 Diptera  Simuliidae 
H9 2000 Dec 12 Diptera  Simuliidae 
H9 1999 Aug 8 Diptera  Tabanidae 
H9 2000 Jun 6 Diptera  Tabanidae 
H9 1999 May 5 Diptera  Tipulidae 
H9 2000 Mar 3 Diptera  Tipulidae 
H9 2000 Apr 4 Diptera  Tipulidae 
H9 2000 May 5 Diptera  Tipulidae 
H9 2000 Jun 6 Diptera  Tipulidae 
H9 2000 Jul 7 Diptera  Tipulidae 
H9 1999 Mar 3 Ephemeroptera  Beatidae >2spp 
H9 1999 Jul 7 Ephemeroptera  Beatidae >2spp 
H9 1999 Aug 8 Ephemeroptera  Beatidae >2spp 
H9 1999 Oct 10 Ephemeroptera  Beatidae >2spp 
H9 1999 Nov 11 Ephemeroptera  Beatidae >2spp 
H9 1999 Nov 11 Ephemeroptera  Beatidae >2spp 
H9 2000 Feb 2 Ephemeroptera  Beatidae >2spp 
H9 2000 May 5 Ephemeroptera  Beatidae >2spp 
H9 2000 Jun 6 Ephemeroptera  Beatidae >2spp 
H9 2000 Jul 7 Ephemeroptera  Beatidae >2spp 
H9 2000 Aug 8 Ephemeroptera  Beatidae >2spp 
H9 2000 Oct 10 Ephemeroptera  Beatidae >2spp 
H9 2000 Dec 12 Ephemeroptera  Beatidae >2spp 
H9 1999 Sep 9 Ephemeroptera  Beatidae 1sp 
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H9 1999 Oct 10 Ephemeroptera  Beatidae 1sp 
H9 2000 Nov 11 Ephemeroptera  Beatidae 1sp 
H9 1999 Apr 4 Ephemeroptera  Beatidae 2spp 
H9 1999 May 5 Ephemeroptera  Beatidae 2spp 
H9 1999 Jun 6 Ephemeroptera  Beatidae 2spp 
H9 1999 Dec 12 Ephemeroptera  Beatidae 2spp 
H9 2000 Mar 3 Ephemeroptera  Beatidae 2spp 
H9 2000 Apr 4 Ephemeroptera  Beatidae 2spp 
H9 1999 Jun 6 Ephemeroptera  Caenidae 
H9 1999 Aug 8 Ephemeroptera  Caenidae 
H9 1999 Sep 9 Ephemeroptera  Caenidae 
H9 1999 Oct 10 Ephemeroptera  Caenidae 
H9 1999 Dec 12 Ephemeroptera  Caenidae 
H9 2000 Jul 7 Ephemeroptera  Caenidae 
H9 2000 Oct 10 Ephemeroptera  Caenidae 
H9 2000 Dec 12 Ephemeroptera  Caenidae 
H9 1999 Mar 3 Ephemeroptera  Leptophlebiidae 
H9 1999 Apr 4 Ephemeroptera  Leptophlebiidae 
H9 1999 May 5 Ephemeroptera  Leptophlebiidae 
H9 1999 Jun 6 Ephemeroptera  Leptophlebiidae 
H9 1999 Jul 7 Ephemeroptera  Leptophlebiidae 
H9 1999 Dec 12 Ephemeroptera  Leptophlebiidae 
H9 2000 Feb 2 Ephemeroptera  Leptophlebiidae 
H9 2000 Mar 3 Ephemeroptera  Leptophlebiidae 
H9 2000 Apr 4 Ephemeroptera  Leptophlebiidae 
H9 2000 May 5 Ephemeroptera  Leptophlebiidae 
H9 2000 Jun 6 Ephemeroptera  Leptophlebiidae 
H9 2000 Aug 8 Ephemeroptera  Leptophlebiidae 
H9 2000 Sep 9 Ephemeroptera  Leptophlebiidae 
H9 2000 Oct 10 Ephemeroptera  Leptophlebiidae 
H9 2000 May 5 Ephemeroptera  Tricorythidae 
H9 2000 Jun 6 Ephemeroptera  Tricorythidae 
H9 2000 Sep 9 Ephemeroptera  Tricorythidae 
H9 1999 Dec 12 Hemiptera  Corixidae 
H9 2000 Sep 9 Hemiptera  Corixidae 
H9 1999 Sep 9 Hydracarina  Hydrachnellae 
H9 1999 Oct 10 Hydracarina  Hydrachnellae 
H9 1999 Dec 12 Odonata  Aeshnidae 
H9 2000 Sep 9 Odonata  Aeshnidae 
H9 2000 Nov 11 Odonata  Aeshnidae 
H9 2000 Dec 12 Odonata  Aeshnidae 
H9 2000 Mar 3 Odonata  Coenagriidae 
H9 1999 Mar 3 Odonata  Gomphidae 
H9 1999 Jun 6 Odonata  Gomphidae 
H9 1999 Dec 12 Odonata  Lestidae 
H9 2000 Oct 10 Plecoptera  Perlidae 
H9 1999 Mar 3 Trichoptera  Hydropsychidae 1sp 
H9 1999 Apr 4 Trichoptera  Hydropsychidae 1sp 
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H9 1999 May 5 Trichoptera  Hydropsychidae 1sp 
H9 1999 Jul 7 Trichoptera  Hydropsychidae 1sp 
H9 1999 Aug 8 Trichoptera  Hydropsychidae 1sp 
H9 1999 Nov 11 Trichoptera  Hydropsychidae 1sp 
H9 1999 Nov 11 Trichoptera  Hydropsychidae 1sp 
H9 1999 Dec 12 Trichoptera  Hydropsychidae 1sp 
H9 2000 Mar 3 Trichoptera  Hydropsychidae 1sp 
H9 2000 Apr 4 Trichoptera  Hydropsychidae 1sp 
H9 2000 Jun 6 Trichoptera  Hydropsychidae 1sp 
H9 2000 Jul 7 Trichoptera  Hydropsychidae 1sp 
H9 2000 Aug 8 Trichoptera  Hydropsychidae 1sp 
H9 2000 Sep 9 Trichoptera  Hydropsychidae 1sp 
H9 2000 Dec 12 Trichoptera  Hydropsychidae 1sp 
H9 2000 May 5 Trichoptera  Hydropsychidae 2spp 
H9 2000 Nov 11 Trichoptera  Hydropsychidae 2spp 
H9 1999 Jul 7 Turbellaria  Planarians 
H9 1999 Aug 8 Turbellaria  Planarians 
H9 2000 Apr 4 Turbellaria  Planarians 
H9 2000 Jul 7 Turbellaria  Planarians 
H9 2000 Sep 9 Turbellaria  Planarians 
H9 2000 Oct 10 Turbellaria  Planarians 
H9 2000 Dec 12 Turbellaria  Planarians 
H10 1999 Nov 11 Annelida  Oligochaeta 
H10 1999 Nov 11 Annelida  Oligochaeta 
H10 1999 Oct 10 Annelida  Oligochaeta 
H10 2000 Jul 7 Coleoptera  Dytiscidae (adult) 
H10 2000 Mar 3 Coleoptera  Dytiscidae (adult) 
H10 1999 Apr 4 Coleoptera  Gyrinidae(adult) 
H10 2000 Aug 8 Coleoptera  Gyrinidae(adult) 
H10 1999 Dec 12 Coleoptera  Gyrinidae(adult) 
H10 1999 Jul 7 Coleoptera  Gyrinidae(adult) 
H10 1999 Jun 6 Coleoptera  Gyrinidae(adult) 
H10 2000 Jun 6 Coleoptera  Gyrinidae(adult) 
H10 1999 Mar 3 Coleoptera  Gyrinidae(adult) 
H10 1999 May 5 Coleoptera  Gyrinidae(adult) 
H10 2000 May 5 Coleoptera  Gyrinidae(adult) 
H10 1999 Nov 11 Coleoptera  Gyrinidae(adult) 
H10 1999 Nov 11 Coleoptera  Gyrinidae(adult) 
H10 2000 Nov 11 Coleoptera  Gyrinidae(adult) 
H10 1999 Oct 10 Coleoptera  Gyrinidae(adult) 
H10 2000 Oct 10 Coleoptera  Gyrinidae(adult) 
H10 1999 Oct 10 Coleoptera  Gyrinidae(adult) 
H10 1999 Sep 9 Coleoptera  Gyrinidae(adult) 
H10 2000 Sep 9 Coleoptera  Gyrinidae(adult) 
H10 2000 Jul 7 Coleoptera  Haliplidae (adult) 
H10 2000 Dec 12 Coleoptera  Hydraenidae(adult) 
H10 1999 Nov 11 Coleoptera  Hydraenidae(adult) 
H10 1999 Nov 11 Coleoptera  Hydraenidae(adult) 
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H10 2000 Nov 11 Coleoptera  Hydraenidae(adult) 
H10 1999 Oct 10 Coleoptera  Hydraenidae(adult) 
H10 1999 Dec 12 Crustacea  Crab 
H10 2000 Sep 9 Crustacea  Crab 
H10 1999 Aug 8 Diptera  Ceratopogonidae 
H10 1999 Dec 12 Diptera  Ceratopogonidae 
H10 2000 Dec 12 Diptera  Ceratopogonidae 
H10 2000 Jul 7 Diptera  Ceratopogonidae 
H10 1999 Jun 6 Diptera  Ceratopogonidae 
H10 2000 Jun 6 Diptera  Ceratopogonidae 
H10 1999 Nov 11 Diptera  Ceratopogonidae 
H10 2000 Nov 11 Diptera  Ceratopogonidae 
H10 1999 Oct 10 Diptera  Ceratopogonidae 
H10 2000 Sep 9 Diptera  Ceratopogonidae 
H10 1999 Aug 8 Diptera  Chironomidae 
H10 1999 Dec 12 Diptera  Chironomidae 
H10 2000 Dec 12 Diptera  Chironomidae 
H10 2000 Feb 2 Diptera  Chironomidae 
H10 2000 Mar 3 Diptera  Chironomidae 
H10 1999 Mar 3 Diptera  Chironomidae 
H10 1999 May 5 Diptera  Chironomidae 
H10 2000 May 5 Diptera  Chironomidae 
H10 1999 Nov 11 Diptera  Chironomidae 
H10 2000 Nov 11 Diptera  Chironomidae 
H10 1999 Oct 10 Diptera  Chironomidae 
H10 2000 Oct 10 Diptera  Chironomidae 
H10 1999 Oct 10 Diptera  Chironomidae 
H10 1999 Sep 9 Diptera  Chironomidae 
H10 2000 Sep 9 Diptera  Chironomidae 
H10 2000 Jul 7 Diptera  Culicidae 
H10 2000 Mar 3 Diptera  Culicidae 
H10 1999 Nov 11 Diptera  Culicidae 
H10 2000 Sep 9 Diptera  Culicidae 
H10 2000 Mar 3 Diptera  Muscidae 
H10 1999 Nov 11 Diptera  Muscidae 
H10 1999 Oct 10 Diptera  Muscidae 
H10 1999 Apr 4 Diptera  Simuliidae 
H10 1999 Aug 8 Diptera  Simuliidae 
H10 2000 Aug 8 Diptera  Simuliidae 
H10 1999 Dec 12 Diptera  Simuliidae 
H10 2000 Dec 12 Diptera  Simuliidae 
H10 2000 Feb 2 Diptera  Simuliidae 
H10 1999 Jan 1 Diptera  Simuliidae 
H10 2000 Jul 7 Diptera  Simuliidae 
H10 1999 Jul 7 Diptera  Simuliidae 
H10 1999 Jun 6 Diptera  Simuliidae 
H10 1999 Jun 6 Diptera  Simuliidae 
H10 1999 Jun 6 Diptera  Simuliidae 
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H10 2000 Jun 6 Diptera  Simuliidae 
H10 1999 Mar 3 Diptera  Simuliidae 
H10 1999 May 5 Diptera  Simuliidae 
H10 2000 May 5 Diptera  Simuliidae 
H10 1999 Nov 11 Diptera  Simuliidae 
H10 2000 Nov 11 Diptera  Simuliidae 
H10 1999 Oct 10 Diptera  Simuliidae 
H10 1999 Oct 10 Diptera  Simuliidae 
H10 2000 Oct 10 Diptera  Simuliidae 
H10 1999 Oct 10 Diptera  Simuliidae 
H10 1999 Sep 9 Diptera  Simuliidae 
H10 2000 Sep 9 Diptera  Simuliidae 
H10 1999 Aug 8 Diptera  Tipulidae 
H10 1999 May 5 Diptera  Tipulidae 
H10 1999 Nov 11 Diptera  Tipulidae 
H10 1999 Apr 4 Ephemeroptera  Beatidae >2spp 
H10 1999 Aug 8 Ephemeroptera  Beatidae >2spp 
H10 2000 Aug 8 Ephemeroptera  Beatidae >2spp 
H10 2000 Feb 2 Ephemeroptera  Beatidae >2spp 
H10 2000 Jul 7 Ephemeroptera  Beatidae >2spp 
H10 1999 Jul 7 Ephemeroptera  Beatidae >2spp 
H10 2000 Jun 6 Ephemeroptera  Beatidae >2spp 
H10 1999 Mar 3 Ephemeroptera  Beatidae >2spp 
H10 1999 Mar 3 Ephemeroptera  Beatidae >2spp 
H10 1999 May 5 Ephemeroptera  Beatidae >2spp 
H10 2000 May 5 Ephemeroptera  Beatidae >2spp 
H10 1999 Nov 11 Ephemeroptera  Beatidae >2spp 
H10 1999 Nov 11 Ephemeroptera  Beatidae >2spp 
H10 1999 Oct 10 Ephemeroptera  Beatidae >2spp 
H10 2000 Oct 10 Ephemeroptera  Beatidae >2spp 
H10 2000 Sep 9 Ephemeroptera  Beatidae >2spp 
H10 2000 Nov 11 Ephemeroptera  Beatidae 1sp 
H10 1999 Oct 10 Ephemeroptera  Beatidae 1sp 
H10 1999 Oct 10 Ephemeroptera  Beatidae 1sp 
H10 1999 Sep 9 Ephemeroptera  Beatidae 1sp 
H10 1999 Dec 12 Ephemeroptera  Beatidae 2spp 
H10 2000 Dec 12 Ephemeroptera  Beatidae 2spp 
H10 1999 Jan 1 Ephemeroptera  Beatidae 2spp 
H10 1999 Jun 6 Ephemeroptera  Beatidae 2spp 
H10 1999 Jun 6 Ephemeroptera  Beatidae 2spp 
H10 2000 Mar 3 Ephemeroptera  Beatidae 2spp 
H10 1999 Apr 4 Ephemeroptera  Caenidae 
H10 1999 Aug 8 Ephemeroptera  Caenidae 
H10 1999 Dec 12 Ephemeroptera  Caenidae 
H10 2000 Dec 12 Ephemeroptera  Caenidae 
H10 2000 Feb 2 Ephemeroptera  Caenidae 
H10 2000 Jul 7 Ephemeroptera  Caenidae 
H10 1999 Jun 6 Ephemeroptera  Caenidae 
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H10 2000 Mar 3 Ephemeroptera  Caenidae 
H10 1999 Mar 3 Ephemeroptera  Caenidae 
H10 1999 Nov 11 Ephemeroptera  Caenidae 
H10 1999 Nov 11 Ephemeroptera  Caenidae 
H10 1999 Oct 10 Ephemeroptera  Caenidae 
H10 2000 Oct 10 Ephemeroptera  Caenidae 
H10 1999 Oct 10 Ephemeroptera  Caenidae 
H10 2000 Sep 9 Ephemeroptera  Caenidae 
H10 2000 Aug 8 Ephemeroptera  Leptophlebiidae 
H10 2000 Dec 12 Ephemeroptera  Leptophlebiidae 
H10 2000 Jul 7 Ephemeroptera  Leptophlebiidae 
H10 1999 Jun 6 Ephemeroptera  Leptophlebiidae 
H10 2000 Jun 6 Ephemeroptera  Leptophlebiidae 
H10 2000 Mar 3 Ephemeroptera  Leptophlebiidae 
H10 2000 May 5 Ephemeroptera  Leptophlebiidae 
H10 2000 Nov 11 Ephemeroptera  Leptophlebiidae 
H10 1999 Aug 8 Ephemeroptera  Tricorythidae 
H10 1999 Dec 12 Ephemeroptera  Tricorythidae 
H10 2000 Dec 12 Ephemeroptera  Tricorythidae 
H10 1999 Jun 6 Ephemeroptera  Tricorythidae 
H10 2000 Jun 6 Ephemeroptera  Tricorythidae 
H10 1999 May 5 Ephemeroptera  Tricorythidae 
H10 2000 May 5 Ephemeroptera  Tricorythidae 
H10 1999 Nov 11 Ephemeroptera  Tricorythidae 
H10 1999 Nov 11 Ephemeroptera  Tricorythidae 
H10 2000 Oct 10 Ephemeroptera  Tricorythidae 
H10 1999 Oct 10 Ephemeroptera  Tricorythidae 
H10 2000 Sep 9 Ephemeroptera  Tricorythidae 
H10 1999 Dec 12 Hemiptera  Corixidae 
H10 2000 Jul 7 Hemiptera  Corixidae 
H10 2000 Jun 6 Hemiptera  Corixidae 
H10 2000 May 5 Hemiptera  Corixidae 
H10 2000 Sep 9 Hemiptera  Corixidae 
H10 2000 Feb 2 Hemiptera  Naucoridea 
H10 2000 May 5 Hemiptera  Naucoridea 
H10 2000 Oct 10 Hydracarina  Hydrachnellae 
H10 1999 Dec 12 Odonata  Aeshnidae 
H10 2000 Jun 6 Odonata  Aeshnidae 
H10 2000 Mar 3 Odonata  Aeshnidae 
H10 2000 May 5 Odonata  Aeshnidae 
H10 1999 Nov 11 Odonata  Aeshnidae 
H10 1999 Nov 11 Odonata  Aeshnidae 
H10 1999 Nov 11 Odonata  Aeshnidae 
H10 1999 Oct 10 Odonata  Aeshnidae 
H10 1999 Oct 10 Odonata  Aeshnidae 
H10 2000 Oct 10 Odonata  Aeshnidae 
H10 1999 Oct 10 Odonata  Aeshnidae 
H10 1999 Sep 9 Odonata  Aeshnidae 
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H10 2000 Sep 9 Odonata  Aeshnidae 
H10 2000 Oct 10 Odonata  Coenagriidae 
H10 2000 Feb 2 Odonata  Gomphidae 
H10 1999 Jun 6 Odonata  Gomphidae 
H10 1999 Jun 6 Odonata  Gomphidae 
H10 2000 Mar 3 Odonata  Gomphidae 
H10 2000 May 5 Odonata  Gomphidae 
H10 1999 Nov 11 Odonata  Gomphidae 
H10 1999 Dec 12 Odonata  Lestidae 
H10 1999 Oct 10 Pelecypoda  Sphaeriidae 
H10 2000 Nov 11 Plecoptera  Perlidae 
H10 1999 Apr 4 Trichoptera  Hydropsychidae 1sp 
H10 1999 Aug 8 Trichoptera  Hydropsychidae 1sp 
H10 1999 Dec 12 Trichoptera  Hydropsychidae 1sp 
H10 2000 Dec 12 Trichoptera  Hydropsychidae 1sp 
H10 2000 Feb 2 Trichoptera  Hydropsychidae 1sp 
H10 1999 Jan 1 Trichoptera  Hydropsychidae 1sp 
H10 2000 Jul 7 Trichoptera  Hydropsychidae 1sp 
H10 1999 Jul 7 Trichoptera  Hydropsychidae 1sp 
H10 1999 Jun 6 Trichoptera  Hydropsychidae 1sp 
H10 2000 Mar 3 Trichoptera  Hydropsychidae 1sp 
H10 1999 Mar 3 Trichoptera  Hydropsychidae 1sp 
H10 1999 May 5 Trichoptera  Hydropsychidae 1sp 
H10 1999 Nov 11 Trichoptera  Hydropsychidae 1sp 
H10 1999 Nov 11 Trichoptera  Hydropsychidae 1sp 
H10 2000 Oct 10 Trichoptera  Hydropsychidae 1sp 
H10 2000 Sep 9 Trichoptera  Hydropsychidae 1sp 
H10 2000 Jun 6 Trichoptera  Hydropsychidae 2spp 
H10 2000 May 5 Trichoptera  Hydropsychidae 2spp 
H10 2000 Nov 11 Trichoptera  Hydropsychidae 2spp 
H10 1999 Aug 8 Turbellaria  Planarians 
H10 1999 Dec 12 Turbellaria  Planarians 
H10 2000 Dec 12 Turbellaria  Planarians 
H10 2000 Feb 2 Turbellaria  Planarians 
H10 2000 Jul 7 Turbellaria  Planarians 
H10 1999 Jul 7 Turbellaria  Planarians 
H10 1999 Jun 6 Turbellaria  Planarians 
H10 2000 Jun 6 Turbellaria  Planarians 
H10 2000 Mar 3 Turbellaria  Planarians 
H10 2000 May 5 Turbellaria  Planarians 
H10 1999 Nov 11 Turbellaria  Planarians 
H10 1999 Nov 11 Turbellaria  Planarians 
H10 2000 Oct 10 Turbellaria  Planarians 
H10 1999 Oct 10 Turbellaria  Planarians 
H11 1999 Dec 12 Annelida  Oligochaeta 
H11 2000 Dec 12 Annelida  Oligochaeta 
H11 1999 Nov 11 Annelida  Oligochaeta 
H11 2000 Nov 11 Annelida  Oligochaeta 



 

 

 

233

H11 1999 May 5 Coelenterata  Hydra 
H11 1999 Apr 4 Coleoptera  Gyrinidae(adult) 
H11 2000 Aug 8 Coleoptera  Gyrinidae(adult) 
H11 1999 Dec 12 Coleoptera  Gyrinidae(adult) 
H11 2000 Dec 12 Coleoptera  Gyrinidae(adult) 
H11 2000 Feb 2 Coleoptera  Gyrinidae(adult) 
H11 1999 Jan 1 Coleoptera  Gyrinidae(adult) 
H11 2000 Jul 7 Coleoptera  Gyrinidae(adult) 
H11 2000 Jun 6 Coleoptera  Gyrinidae(adult) 
H11 1999 Jun 6 Coleoptera  Gyrinidae(adult) 
H11 2000 Mar 3 Coleoptera  Gyrinidae(adult) 
H11 1999 Mar 3 Coleoptera  Gyrinidae(adult) 
H11 2000 May 5 Coleoptera  Gyrinidae(adult) 
H11 1999 Nov 11 Coleoptera  Gyrinidae(adult) 
H11 1999 Oct 10 Coleoptera  Gyrinidae(adult) 
H11 2000 Oct 10 Coleoptera  Gyrinidae(adult) 
H11 1999 Oct 10 Coleoptera  Gyrinidae(adult) 
H11 2000 Sep 9 Coleoptera  Gyrinidae(adult) 
H11 2000 Nov 11 Coleoptera  Hydraenidae(adult) 
H11 2000 Oct 10 Coleoptera  Hydraenidae(adult) 
H11 2000 Sep 9 Coleoptera  Hydraenidae(adult) 
H11 1999 May 5 Crustacea  Crab 
H11 2000 May 5 Crustacea  Crab 
H11 1999 Sep 9 Crustacea  Crab 
H11 1999 Aug 8 Diptera  Ceratopogonidae 
H11 2000 Aug 8 Diptera  Ceratopogonidae 
H11 2000 Jul 7 Diptera  Ceratopogonidae 
H11 2000 Mar 3 Diptera  Ceratopogonidae 
H11 1999 May 5 Diptera  Ceratopogonidae 
H11 2000 Nov 11 Diptera  Ceratopogonidae 
H11 2000 Oct 10 Diptera  Ceratopogonidae 
H11 1999 Sep 9 Diptera  Ceratopogonidae 
H11 1999 Apr 4 Diptera  Chironomidae 
H11 1999 Aug 8 Diptera  Chironomidae 
H11 2000 Aug 8 Diptera  Chironomidae 
H11 1999 Dec 12 Diptera  Chironomidae 
H11 2000 Dec 12 Diptera  Chironomidae 
H11 2000 Mar 3 Diptera  Chironomidae 
H11 1999 May 5 Diptera  Chironomidae 
H11 1999 Nov 11 Diptera  Chironomidae 
H11 2000 Nov 11 Diptera  Chironomidae 
H11 1999 Oct 10 Diptera  Chironomidae 
H11 2000 Oct 10 Diptera  Chironomidae 
H11 1999 Oct 10 Diptera  Chironomidae 
H11 2000 Sep 9 Diptera  Chironomidae 
H11 1999 Sep 9 Diptera  Chironomidae 
H11 1999 Nov 11 Diptera  Culicidae 
H11 2000 Sep 9 Diptera  Culicidae 
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H11 1999 Nov 11 Diptera  Muscidae 
H11 1999 Oct 10 Diptera  Muscidae 
H11 1999 Apr 4 Diptera  Simuliidae 
H11 1999 Aug 8 Diptera  Simuliidae 
H11 2000 Aug 8 Diptera  Simuliidae 
H11 1999 Dec 12 Diptera  Simuliidae 
H11 2000 Dec 12 Diptera  Simuliidae 
H11 2000 Feb 2 Diptera  Simuliidae 
H11 1999 Jan 1 Diptera  Simuliidae 
H11 2000 Jul 7 Diptera  Simuliidae 
H11 1999 Jul 7 Diptera  Simuliidae 
H11 2000 Jun 6 Diptera  Simuliidae 
H11 1999 Jun 6 Diptera  Simuliidae 
H11 2000 Mar 3 Diptera  Simuliidae 
H11 1999 Mar 3 Diptera  Simuliidae 
H11 1999 May 5 Diptera  Simuliidae 
H11 2000 May 5 Diptera  Simuliidae 
H11 1999 Nov 11 Diptera  Simuliidae 
H11 2000 Nov 11 Diptera  Simuliidae 
H11 1999 Oct 10 Diptera  Simuliidae 
H11 1999 Oct 10 Diptera  Simuliidae 
H11 2000 Oct 10 Diptera  Simuliidae 
H11 1999 Oct 10 Diptera  Simuliidae 
H11 2000 Sep 9 Diptera  Simuliidae 
H11 1999 Sep 9 Diptera  Simuliidae 
H11 2000 Aug 8 Diptera  Tipulidae 
H11 1999 Dec 12 Diptera  Tipulidae 
H11 1999 Jun 6 Diptera  Tipulidae 
H11 1999 May 5 Diptera  Tipulidae 
H11 2000 May 5 Diptera  Tipulidae 
H11 1999 Nov 11 Diptera  Tipulidae 
H11 1999 Aug 8 Ephemeroptera  Beatidae >2spp 
H11 2000 Aug 8 Ephemeroptera  Beatidae >2spp 
H11 2000 Dec 12 Ephemeroptera  Beatidae >2spp 
H11 2000 Jul 7 Ephemeroptera  Beatidae >2spp 
H11 2000 Jun 6 Ephemeroptera  Beatidae >2spp 
H11 1999 Jun 6 Ephemeroptera  Beatidae >2spp 
H11 1999 Mar 3 Ephemeroptera  Beatidae >2spp 
H11 1999 May 5 Ephemeroptera  Beatidae >2spp 
H11 2000 May 5 Ephemeroptera  Beatidae >2spp 
H11 1999 Oct 10 Ephemeroptera  Beatidae >2spp 
H11 2000 Sep 9 Ephemeroptera  Beatidae >2spp 
H11 2000 Mar 3 Ephemeroptera  Beatidae 1sp 
H11 1999 Apr 4 Ephemeroptera  Beatidae 2spp 
H11 1999 Dec 12 Ephemeroptera  Beatidae 2spp 
H11 2000 Feb 2 Ephemeroptera  Beatidae 2spp 
H11 1999 Jan 1 Ephemeroptera  Beatidae 2spp 
H11 1999 Jul 7 Ephemeroptera  Beatidae 2spp 
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H11 2000 Nov 11 Ephemeroptera  Beatidae 2spp 
H11 1999 Oct 10 Ephemeroptera  Beatidae 2spp 
H11 1999 Oct 10 Ephemeroptera  Beatidae 2spp 
H11 1999 Sep 9 Ephemeroptera  Beatidae 2spp 
H11 1999 Aug 8 Ephemeroptera  Caenidae 
H11 2000 Aug 8 Ephemeroptera  Caenidae 
H11 1999 Dec 12 Ephemeroptera  Caenidae 
H11 2000 Mar 3 Ephemeroptera  Caenidae 
H11 1999 Mar 3 Ephemeroptera  Caenidae 
H11 1999 May 5 Ephemeroptera  Caenidae 
H11 1999 Nov 11 Ephemeroptera  Caenidae 
H11 2000 Nov 11 Ephemeroptera  Caenidae 
H11 1999 Oct 10 Ephemeroptera  Caenidae 
H11 1999 Oct 10 Ephemeroptera  Caenidae 
H11 2000 Oct 10 Ephemeroptera  Caenidae 
H11 1999 Oct 10 Ephemeroptera  Caenidae 
H11 2000 Sep 9 Ephemeroptera  Caenidae 
H11 1999 Sep 9 Ephemeroptera  Caenidae 
H11 2000 Aug 8 Ephemeroptera  Leptophlebiidae 
H11 2000 Dec 12 Ephemeroptera  Leptophlebiidae 
H11 2000 Jul 7 Ephemeroptera  Leptophlebiidae 
H11 2000 Jun 6 Ephemeroptera  Leptophlebiidae 
H11 1999 Jun 6 Ephemeroptera  Leptophlebiidae 
H11 2000 Mar 3 Ephemeroptera  Leptophlebiidae 
H11 1999 Mar 3 Ephemeroptera  Leptophlebiidae 
H11 1999 May 5 Ephemeroptera  Leptophlebiidae 
H11 2000 May 5 Ephemeroptera  Leptophlebiidae 
H11 1999 Nov 11 Ephemeroptera  Leptophlebiidae 
H11 1999 Oct 10 Ephemeroptera  Leptophlebiidae 
H11 2000 Oct 10 Ephemeroptera  Leptophlebiidae 
H11 2000 Sep 9 Ephemeroptera  Leptophlebiidae 
H11 1999 Dec 12 Ephemeroptera  Tricorythidae 
H11 2000 Dec 12 Ephemeroptera  Tricorythidae 
H11 1999 Jul 7 Ephemeroptera  Tricorythidae 
H11 2000 Jun 6 Ephemeroptera  Tricorythidae 
H11 2000 Mar 3 Ephemeroptera  Tricorythidae 
H11 1999 May 5 Ephemeroptera  Tricorythidae 
H11 2000 May 5 Ephemeroptera  Tricorythidae 
H11 2000 Nov 11 Ephemeroptera  Tricorythidae 
H11 2000 Oct 10 Ephemeroptera  Tricorythidae 
H11 1999 Dec 12 Hemiptera  Corixidae 
H11 2000 May 5 Hemiptera  Corixidae 
H11 1999 Nov 11 Hemiptera  Corixidae 
H11 2000 Nov 11 Hemiptera  Corixidae 
H11 1999 Jun 6 Hydracarina  Hydrachnellae 
H11 1999 Jun 6 Hydracarina  Hydrachnellae 
H11 1999 Sep 9 Hydracarina  Hydrachnellae 
H11 1999 Dec 12 Odonata  Aeshnidae 
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H11 2000 Dec 12 Odonata  Aeshnidae 
H11 2000 Jun 6 Odonata  Aeshnidae 
H11 1999 Jun 6 Odonata  Aeshnidae 
H11 2000 May 5 Odonata  Aeshnidae 
H11 1999 Nov 11 Odonata  Aeshnidae 
H11 1999 Oct 10 Odonata  Aeshnidae 
H11 2000 Oct 10 Odonata  Aeshnidae 
H11 1999 Oct 10 Odonata  Aeshnidae 
H11 2000 Sep 9 Odonata  Aeshnidae 
H11 1999 Sep 9 Odonata  Aeshnidae 
H11 1999 Jun 6 Odonata  Gomphidae 
H11 1999 May 5 Odonata  Gomphidae 
H11 1999 Nov 11 Odonata  Gomphidae 
H11 1999 Oct 10 Odonata  Gomphidae 
H11 1999 Oct 10 Odonata  Gomphidae 
H11 1999 Sep 9 Odonata  Gomphidae 
H11 2000 Oct 10 Plecoptera  Perlidae 
H11 1999 Nov 11 Trichoptera  Hydropsychidae > 2spp 
H11 1999 Apr 4 Trichoptera  Hydropsychidae 1sp 
H11 2000 Aug 8 Trichoptera  Hydropsychidae 1sp 
H11 1999 Dec 12 Trichoptera  Hydropsychidae 1sp 
H11 2000 Dec 12 Trichoptera  Hydropsychidae 1sp 
H11 1999 Jan 1 Trichoptera  Hydropsychidae 1sp 
H11 2000 Jul 7 Trichoptera  Hydropsychidae 1sp 
H11 1999 Jul 7 Trichoptera  Hydropsychidae 1sp 
H11 1999 Jun 6 Trichoptera  Hydropsychidae 1sp 
H11 2000 Mar 3 Trichoptera  Hydropsychidae 1sp 
H11 1999 Mar 3 Trichoptera  Hydropsychidae 1sp 
H11 1999 May 5 Trichoptera  Hydropsychidae 1sp 
H11 2000 May 5 Trichoptera  Hydropsychidae 1sp 
H11 1999 Oct 10 Trichoptera  Hydropsychidae 1sp 
H11 2000 Sep 9 Trichoptera  Hydropsychidae 1sp 
H11 2000 Jun 6 Trichoptera  Hydropsychidae 2spp 
H11 2000 Nov 11 Trichoptera  Hydropsychidae 2spp 
H11 2000 Oct 10 Trichoptera  Hydropsychidae 2spp 
H11 2000 Dec 12 Turbellaria  Planarians 
H11 2000 Nov 11 Turbellaria  Planarians 
H11 2000 Oct 10 Turbellaria  Planarians 
H11 2000 Sep 9 Turbellaria  Planarians 
H11a 1999 Dec 12 Annelida  Oligochaeta 
H11a 2000 Mar 3 Annelida  Oligochaeta 
H11a 1999 Nov 11 Annelida  Oligochaeta 
H11a 2000 Nov 11 Annelida  Oligochaeta 
H11a 2000 May 5 Coleoptera  Elmidae/Dryopidae 
H11a 2000 Apr 4 Coleoptera  Gyrinidae(adult) 
H11a 2000 Aug 8 Coleoptera  Gyrinidae(adult) 
H11a 1999 Dec 12 Coleoptera  Gyrinidae(adult) 
H11a 2000 Dec 12 Coleoptera  Gyrinidae(adult) 
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H11a 2000 Feb 2 Coleoptera  Gyrinidae(adult) 
H11a 2000 Jul 7 Coleoptera  Gyrinidae(adult) 
H11a 1999 Jul 7 Coleoptera  Gyrinidae(adult) 
H11a 2000 Jun 6 Coleoptera  Gyrinidae(adult) 
H11a 2000 Mar 3 Coleoptera  Gyrinidae(adult) 
H11a 2000 May 5 Coleoptera  Gyrinidae(adult) 
H11a 1999 Nov 11 Coleoptera  Gyrinidae(adult) 
H11a 2000 Nov 11 Coleoptera  Gyrinidae(adult) 
H11a 2000 Oct 10 Coleoptera  Gyrinidae(adult) 
H11a 2000 Sep 9 Coleoptera  Gyrinidae(adult) 
H11a 2000 Dec 12 Coleoptera  Hydraenidae(adult) 
H11a 1999 May 5 Coleoptera  Hydraenidae(adult) 
H11a 1999 Oct 10 Coleoptera  Hydraenidae(adult) 
H11a 2000 Oct 10 Coleoptera  Hydraenidae(adult) 
H11a 1999 Sep 9 Coleoptera  Hydraenidae(adult) 
H11a 2000 Sep 9 Coleoptera  Hydraenidae(adult) 
H11a 1999 Dec 12 Crustacea  Crab 
H11a 1999 May 5 Crustacea  Crab 
H11a 2000 May 5 Crustacea  Crab 
H11a 1999 Aug 8 Diptera  Ceratopogonidae 
H11a 1999 Dec 12 Diptera  Ceratopogonidae 
H11a 2000 Jul 7 Diptera  Ceratopogonidae 
H11a 2000 Nov 11 Diptera  Ceratopogonidae 
H11a 2000 Oct 10 Diptera  Ceratopogonidae 
H11a 2000 Aug 8 Diptera  Chironomidae 
H11a 1999 Dec 12 Diptera  Chironomidae 
H11a 2000 Dec 12 Diptera  Chironomidae 
H11a 2000 Jul 7 Diptera  Chironomidae 
H11a 1999 Jun 6 Diptera  Chironomidae 
H11a 1999 May 5 Diptera  Chironomidae 
H11a 2000 May 5 Diptera  Chironomidae 
H11a 1999 Nov 11 Diptera  Chironomidae 
H11a 2000 Nov 11 Diptera  Chironomidae 
H11a 1999 Oct 10 Diptera  Chironomidae 
H11a 1999 Sep 9 Diptera  Chironomidae 
H11a 2000 Sep 9 Diptera  Chironomidae 
H11a 2000 Oct 10 Diptera  Culicidae 
H11a 2000 Apr 4 Diptera  Simuliidae 
H11a 1999 Apr 4 Diptera  Simuliidae 
H11a 1999 Aug 8 Diptera  Simuliidae 
H11a 2000 Aug 8 Diptera  Simuliidae 
H11a 1999 Dec 12 Diptera  Simuliidae 
H11a 2000 Dec 12 Diptera  Simuliidae 
H11a 2000 Feb 2 Diptera  Simuliidae 
H11a 1999 Jan 1 Diptera  Simuliidae 
H11a 2000 Jul 7 Diptera  Simuliidae 
H11a 1999 Jul 7 Diptera  Simuliidae 
H11a 1999 Jun 6 Diptera  Simuliidae 
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H11a 2000 Jun 6 Diptera  Simuliidae 
H11a 2000 Mar 3 Diptera  Simuliidae 
H11a 1999 Mar 3 Diptera  Simuliidae 
H11a 1999 May 5 Diptera  Simuliidae 
H11a 2000 May 5 Diptera  Simuliidae 
H11a 1999 Nov 11 Diptera  Simuliidae 
H11a 2000 Nov 11 Diptera  Simuliidae 
H11a 1999 Oct 10 Diptera  Simuliidae 
H11a 1999 Oct 10 Diptera  Simuliidae 
H11a 2000 Oct 10 Diptera  Simuliidae 
H11a 1999 Sep 9 Diptera  Simuliidae 
H11a 2000 Sep 9 Diptera  Simuliidae 
H11a 2000 Jun 6 Diptera  Tabanidae 
H11a 2000 Nov 11 Diptera  Tipulidae 
H11a 2000 Oct 10 Diptera  Tipulidae 
H11a 1999 Aug 8 Ephemeroptera  Beatidae >2spp 
H11a 2000 Aug 8 Ephemeroptera  Beatidae >2spp 
H11a 2000 Feb 2 Ephemeroptera  Beatidae >2spp 
H11a 2000 Jul 7 Ephemeroptera  Beatidae >2spp 
H11a 1999 Jul 7 Ephemeroptera  Beatidae >2spp 
H11a 2000 Jun 6 Ephemeroptera  Beatidae >2spp 
H11a 2000 Mar 3 Ephemeroptera  Beatidae >2spp 
H11a 1999 May 5 Ephemeroptera  Beatidae >2spp 
H11a 2000 May 5 Ephemeroptera  Beatidae >2spp 
H11a 1999 Nov 11 Ephemeroptera  Beatidae >2spp 
H11a 2000 Oct 10 Ephemeroptera  Beatidae >2spp 
H11a 2000 Sep 9 Ephemeroptera  Beatidae >2spp 
H11a 2000 Apr 4 Ephemeroptera  Beatidae 1sp 
H11a 1999 Mar 3 Ephemeroptera  Beatidae 1sp 
H11a 1999 Oct 10 Ephemeroptera  Beatidae 1sp 
H11a 1999 Apr 4 Ephemeroptera  Beatidae 2spp 
H11a 1999 Dec 12 Ephemeroptera  Beatidae 2spp 
H11a 2000 Dec 12 Ephemeroptera  Beatidae 2spp 
H11a 1999 Jan 1 Ephemeroptera  Beatidae 2spp 
H11a 1999 Jun 6 Ephemeroptera  Beatidae 2spp 
H11a 2000 Nov 11 Ephemeroptera  Beatidae 2spp 
H11a 1999 Oct 10 Ephemeroptera  Beatidae 2spp 
H11a 1999 Sep 9 Ephemeroptera  Beatidae 2spp 
H11a 1999 Dec 12 Ephemeroptera  Caenidae 
H11a 2000 Dec 12 Ephemeroptera  Caenidae 
H11a 2000 Jul 7 Ephemeroptera  Caenidae 
H11a 1999 Jun 6 Ephemeroptera  Caenidae 
H11a 2000 Mar 3 Ephemeroptera  Caenidae 
H11a 1999 May 5 Ephemeroptera  Caenidae 
H11a 1999 Nov 11 Ephemeroptera  Caenidae 
H11a 2000 Oct 10 Ephemeroptera  Caenidae 
H11a 2000 Apr 4 Ephemeroptera  Leptophlebiidae 
H11a 2000 Aug 8 Ephemeroptera  Leptophlebiidae 
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H11a 2000 Dec 12 Ephemeroptera  Leptophlebiidae 
H11a 2000 Feb 2 Ephemeroptera  Leptophlebiidae 
H11a 1999 Jan 1 Ephemeroptera  Leptophlebiidae 
H11a 1999 Jul 7 Ephemeroptera  Leptophlebiidae 
H11a 1999 Jun 6 Ephemeroptera  Leptophlebiidae 
H11a 2000 May 5 Ephemeroptera  Leptophlebiidae 
H11a 2000 Nov 11 Ephemeroptera  Leptophlebiidae 
H11a 2000 Oct 10 Ephemeroptera  Leptophlebiidae 
H11a 2000 Sep 9 Ephemeroptera  Leptophlebiidae 
H11a 1999 Dec 12 Ephemeroptera  Tricorythidae 
H11a 1999 Jan 1 Ephemeroptera  Tricorythidae 
H11a 1999 Mar 3 Ephemeroptera  Tricorythidae 
H11a 1999 May 5 Ephemeroptera  Tricorythidae 
H11a 2000 May 5 Ephemeroptera  Tricorythidae 
H11a 2000 Nov 11 Ephemeroptera  Tricorythidae 
H11a 2000 Oct 10 Ephemeroptera  Tricorythidae 
H11a 2000 Sep 9 Ephemeroptera  Tricorythidae 
H11a 1999 Dec 12 Hemiptera  Corixidae 
H11a 1999 Nov 11 Hemiptera  Corixidae 
H11a 2000 Nov 11 Hemiptera  Corixidae 
H11a 2000 Oct 10 Hemiptera  Corixidae 
H11a 2000 Oct 10 Hemiptera  Naucoridea 
H11a 2000 Sep 9 Hydracarina  Hydrachnellae 
H11a 2000 Aug 8 Odonata  Aeshnidae 
H11a 1999 Dec 12 Odonata  Aeshnidae 
H11a 2000 Jun 6 Odonata  Aeshnidae 
H11a 1999 May 5 Odonata  Aeshnidae 
H11a 2000 Sep 9 Odonata  Aeshnidae 
H11a 1999 Jan 1 Odonata  Gomphidae 
H11a 1999 Jun 6 Odonata  Gomphidae 
H11a 1999 May 5 Odonata  Gomphidae 
H11a 2000 May 5 Odonata  Gomphidae 
H11a 2000 Nov 11 Plecoptera  Perlidae 
H11a 2000 Oct 10 Plecoptera  Perlidae 
H11a 1999 Jan 1 Trichoptera  Hydropsychidae > 2spp 
H11a 2000 Apr 4 Trichoptera  Hydropsychidae 1sp 
H11a 1999 Dec 12 Trichoptera  Hydropsychidae 1sp 
H11a 2000 Dec 12 Trichoptera  Hydropsychidae 1sp 
H11a 2000 Feb 2 Trichoptera  Hydropsychidae 1sp 
H11a 2000 Jul 7 Trichoptera  Hydropsychidae 1sp 
H11a 1999 Jul 7 Trichoptera  Hydropsychidae 1sp 
H11a 1999 Mar 3 Trichoptera  Hydropsychidae 1sp 
H11a 1999 May 5 Trichoptera  Hydropsychidae 1sp 
H11a 1999 Nov 11 Trichoptera  Hydropsychidae 1sp 
H11a 2000 Jun 6 Trichoptera  Hydropsychidae 2spp 
H11a 2000 May 5 Trichoptera  Hydropsychidae 2spp 
H11a 2000 Nov 11 Trichoptera  Hydropsychidae 2spp 
H11a 2000 Oct 10 Trichoptera  Hydropsychidae 2spp 
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H11a 2000 Sep 9 Trichoptera  Hydropsychidae 2spp 
H11a 2000 Aug 8 Turbellaria  Planarians 
H11a 2000 Dec 12 Turbellaria  Planarians 
H11a 1999 Nov 11 Turbellaria  Planarians 
H11a 2000 Nov 11 Turbellaria  Planarians 
H11a 2000 Oct 10 Turbellaria  Planarians 
H11a 2000 Sep 9 Turbellaria  Planarians 
H12 1999 Dec 12 Annelida  Oligochaeta 
H12 1999 Dec 12 Annelida  Oligochaeta 
H12 1999 Mar 3 Annelida  Oligochaeta 
H12 1999 Nov 11 Annelida  Oligochaeta 
H12 2000 Nov 11 Annelida  Oligochaeta 
H12 1999 Mar 3 Coleoptera  Dytiscidae (adult) 
H12 1999 Mar 3 Coleoptera  Gyrinidae(adult) 
H12 2000 Mar 3 Coleoptera  Gyrinidae(adult) 
H12 2000 May 5 Coleoptera  Gyrinidae(adult) 
H12 1999 Nov 11 Coleoptera  Gyrinidae(adult) 
H12 2000 Nov 11 Coleoptera  Gyrinidae(adult) 
H12 1999 Oct 10 Coleoptera  Gyrinidae(adult) 
H12 2000 Oct 10 Coleoptera  Gyrinidae(adult) 
H12 2000 Sep 9 Coleoptera  Gyrinidae(adult) 
H12 2000 Oct 10 Coleoptera  Hydraenidae(adult) 
H12 2000 Sep 9 Coleoptera  Hydraenidae(adult) 
H12 1999 Dec 12 Crustacea  Crab 
H12 1999 Dec 12 Crustacea  Crab 
H12 1999 Nov 11 Crustacea  Crab 
H12 2000 Oct 10 Crustacea  Crab 
H12 2000 Sep 9 Crustacea  Crab 
H12 1999 Dec 12 Diptera  Ceratopogonidae 
H12 1999 Dec 12 Diptera  Ceratopogonidae 
H12 1999 May 5 Diptera  Ceratopogonidae 
H12 2000 Oct 10 Diptera  Ceratopogonidae 
H12 1999 Sep 9 Diptera  Ceratopogonidae 
H12 1999 Apr 4 Diptera  Chironomidae 
H12 1999 Apr 4 Diptera  Chironomidae 
H12 1999 Aug 8 Diptera  Chironomidae 
H12 2000 Aug 8 Diptera  Chironomidae 
H12 1999 Dec 12 Diptera  Chironomidae 
H12 2000 Jun 6 Diptera  Chironomidae 
H12 1999 Mar 3 Diptera  Chironomidae 
H12 2000 Mar 3 Diptera  Chironomidae 
H12 1999 May 5 Diptera  Chironomidae 
H12 2000 May 5 Diptera  Chironomidae 
H12 1999 Nov 11 Diptera  Chironomidae 
H12 1999 Oct 10 Diptera  Chironomidae 
H12 1999 Oct 10 Diptera  Chironomidae 
H12 2000 Oct 10 Diptera  Chironomidae 
H12 1999 Sep 9 Diptera  Chironomidae 
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H12 2000 Sep 9 Diptera  Chironomidae 
H12 1999 Dec 12 Diptera  Culicidae 
H12 1999 Dec 12 Diptera  Culicidae 
H12 1999 Nov 11 Diptera  Culicidae 
H12 2000 Nov 11 Diptera  Culicidae 
H12 1999 Aug 8 Diptera  Simuliidae 
H12 2000 Aug 8 Diptera  Simuliidae 
H12 2000 Feb 2 Diptera  Simuliidae 
H12 1999 Jan 1 Diptera  Simuliidae 
H12 2000 Jul 7 Diptera  Simuliidae 
H12 1999 Jul 7 Diptera  Simuliidae 
H12 1999 Jun 6 Diptera  Simuliidae 
H12 2000 Jun 6 Diptera  Simuliidae 
H12 1999 May 5 Diptera  Simuliidae 
H12 2000 May 5 Diptera  Simuliidae 
H12 2000 Nov 11 Diptera  Simuliidae 
H12 2000 Oct 10 Diptera  Simuliidae 
H12 2000 Sep 9 Diptera  Simuliidae 
H12 2000 May 5 Diptera  Tabanidae 
H12 1999 Apr 4 Diptera  Tipulidae 
H12 1999 Aug 8 Ephemeroptera  Beatidae >2spp 
H12 1999 Aug 8 Ephemeroptera  Beatidae >2spp 
H12 2000 Aug 8 Ephemeroptera  Beatidae >2spp 
H12 1999 Dec 12 Ephemeroptera  Beatidae >2spp 
H12 1999 Dec 12 Ephemeroptera  Beatidae >2spp 
H12 1999 Jan 1 Ephemeroptera  Beatidae >2spp 
H12 1999 Jun 6 Ephemeroptera  Beatidae >2spp 
H12 1999 Mar 3 Ephemeroptera  Beatidae >2spp 
H12 1999 May 5 Ephemeroptera  Beatidae >2spp 
H12 1999 Oct 10 Ephemeroptera  Beatidae >2spp 
H12 2000 Sep 9 Ephemeroptera  Beatidae >2spp 
H12 1999 Nov 11 Ephemeroptera  Beatidae 1sp 
H12 1999 Apr 4 Ephemeroptera  Beatidae 2spp 
H12 2000 Feb 2 Ephemeroptera  Beatidae 2spp 
H12 2000 Jul 7 Ephemeroptera  Beatidae 2spp 
H12 1999 Jul 7 Ephemeroptera  Beatidae 2spp 
H12 2000 Jun 6 Ephemeroptera  Beatidae 2spp 
H12 2000 Mar 3 Ephemeroptera  Beatidae 2spp 
H12 2000 May 5 Ephemeroptera  Beatidae 2spp 
H12 2000 Nov 11 Ephemeroptera  Beatidae 2spp 
H12 1999 Oct 10 Ephemeroptera  Beatidae 2spp 
H12 2000 Oct 10 Ephemeroptera  Beatidae 2spp 
H12 1999 Sep 9 Ephemeroptera  Beatidae 2spp 
H12 2000 Aug 8 Ephemeroptera  Caenidae 
H12 1999 Dec 12 Ephemeroptera  Caenidae 
H12 1999 Dec 12 Ephemeroptera  Caenidae 
H12 2000 Feb 2 Ephemeroptera  Caenidae 
H12 1999 Jan 1 Ephemeroptera  Caenidae 
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H12 2000 Jul 7 Ephemeroptera  Caenidae 
H12 1999 Jun 6 Ephemeroptera  Caenidae 
H12 2000 Mar 3 Ephemeroptera  Caenidae 
H12 1999 Mar 3 Ephemeroptera  Caenidae 
H12 1999 May 5 Ephemeroptera  Caenidae 
H12 1999 Nov 11 Ephemeroptera  Caenidae 
H12 1999 Oct 10 Ephemeroptera  Caenidae 
H12 1999 Oct 10 Ephemeroptera  Caenidae 
H12 2000 Oct 10 Ephemeroptera  Caenidae 
H12 1999 Sep 9 Ephemeroptera  Caenidae 
H12 2000 Sep 9 Ephemeroptera  Caenidae 
H12 2000 Feb 2 Ephemeroptera  Leptophlebiidae 
H12 1999 Jan 1 Ephemeroptera  Leptophlebiidae 
H12 2000 Jul 7 Ephemeroptera  Leptophlebiidae 
H12 1999 Jun 6 Ephemeroptera  Leptophlebiidae 
H12 2000 Jun 6 Ephemeroptera  Leptophlebiidae 
H12 2000 Mar 3 Ephemeroptera  Leptophlebiidae 
H12 1999 Mar 3 Ephemeroptera  Leptophlebiidae 
H12 1999 May 5 Ephemeroptera  Leptophlebiidae 
H12 2000 May 5 Ephemeroptera  Leptophlebiidae 
H12 2000 Oct 10 Ephemeroptera  Leptophlebiidae 
H12 1999 Apr 4 Ephemeroptera  Tricorythidae 
H12 1999 Aug 8 Ephemeroptera  Tricorythidae 
H12 1999 Aug 8 Ephemeroptera  Tricorythidae 
H12 2000 Aug 8 Ephemeroptera  Tricorythidae 
H12 2000 Feb 2 Ephemeroptera  Tricorythidae 
H12 1999 Jan 1 Ephemeroptera  Tricorythidae 
H12 2000 Jul 7 Ephemeroptera  Tricorythidae 
H12 1999 Jul 7 Ephemeroptera  Tricorythidae 
H12 2000 Jun 6 Ephemeroptera  Tricorythidae 
H12 2000 Mar 3 Ephemeroptera  Tricorythidae 
H12 1999 Mar 3 Ephemeroptera  Tricorythidae 
H12 1999 May 5 Ephemeroptera  Tricorythidae 
H12 2000 May 5 Ephemeroptera  Tricorythidae 
H12 2000 Oct 10 Ephemeroptera  Tricorythidae 
H12 2000 Sep 9 Ephemeroptera  Tricorythidae 
H12 1999 Dec 12 Hemiptera  Corixidae 
H12 1999 Dec 12 Hemiptera  Corixidae 
H12 2000 Mar 3 Hemiptera  Corixidae 
H12 1999 Nov 11 Hemiptera  Corixidae 
H12 1999 May 5 Hemiptera  Naucoridea 
H12 2000 Sep 9 Hydracarina  Hydrachnellae 
H12 2000 Aug 8 Odonata  Aeshnidae 
H12 1999 Dec 12 Odonata  Aeshnidae 
H12 1999 Jun 6 Odonata  Aeshnidae 
H12 2000 Jun 6 Odonata  Aeshnidae 
H12 2000 Mar 3 Odonata  Aeshnidae 
H12 1999 Mar 3 Odonata  Aeshnidae 
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H12 1999 May 5 Odonata  Aeshnidae 
H12 2000 May 5 Odonata  Aeshnidae 
H12 2000 Nov 11 Odonata  Aeshnidae 
H12 1999 Oct 10 Odonata  Aeshnidae 
H12 2000 Oct 10 Odonata  Aeshnidae 
H12 1999 Sep 9 Odonata  Aeshnidae 
H12 2000 Sep 9 Odonata  Aeshnidae 
H12 2000 Aug 8 Odonata  Gomphidae 
H12 2000 Mar 3 Odonata  Gomphidae 
H12 1999 Mar 3 Odonata  Gomphidae 
H12 1999 Nov 11 Odonata  Gomphidae 
H12 1999 Dec 12 Odonata  Lestidae 
H12 1999 Dec 12 Odonata Lestidae 
H12 2000 Aug 8 Plecoptera  Perlidae 
H12 2000 Feb 2 Plecoptera  Perlidae 
H12 2000 Jun 6 Plecoptera  Perlidae 
H12 2000 May 5 Plecoptera  Perlidae 
H12 1999 Nov 11 Plecoptera  Perlidae 
H12 2000 Nov 11 Plecoptera  Perlidae 
H12 2000 Oct 10 Plecoptera  Perlidae 
H12 1999 Jan 1 Trichoptera  Hydropsychidae > 2spp 
H12 1999 Nov 11 Trichoptera  Hydropsychidae > 2spp 
H12 1999 Apr 4 Trichoptera   Hydropsychidae 1sp 
H12 2000 Aug 8 Trichoptera   Hydropsychidae 1sp 
H12 2000 Feb 2 Trichoptera   Hydropsychidae 1sp 
H12 2000 Jul 7 Trichoptera   Hydropsychidae 1sp 
H12 1999 Jul 7 Trichoptera   Hydropsychidae 1sp 
H12 1999 Jun 6 Trichoptera   Hydropsychidae 1sp 
H12 1999 Mar 3 Trichoptera   Hydropsychidae 1sp 
H12 2000 Sep 9 Trichoptera   Hydropsychidae 1sp 
H12 1999 Aug 8 Trichoptera  Hydropsychidae 2spp 
H12 1999 Dec 12 Trichoptera  Hydropsychidae 2spp 
H12 1999 Dec 12 Trichoptera  Hydropsychidae 2spp 
H12 2000 Jun 6 Trichoptera  Hydropsychidae 2spp 
H12 2000 Mar 3 Trichoptera  Hydropsychidae 2spp 
H12 2000 Nov 11 Trichoptera  Hydropsychidae 2spp 
H12 2000 May 5 Trichoptera  Movable case larvae type 1 
H12 2000 Sep 9 Turbellaria  Planarians 
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Apendix D 
 Three SASS 4 Indices Highlands 

Station Month SCORE NOT ASPT Station Month SCORE NOT ASPT 
M1 Feb-99 78 13 6.0 M3 Nov-99 14 5 2.8
M1 Mar-99 36 6 6.0 M3 Dec-99 15 6 2.5
M1 Apr-99 53 8 6.6 M3 Jan-00 22 5 4.4
M1 May-99 67 9 7.4 M3 Feb-00 13 4 3.3
M1 Jun-99 89 13 6.8 M3 Mar-00 20 8 2.5
M1 Jul-99 47 8 5.9 M3 Apr-00 32 8 4.0
M1 Aug-99 48 10 4.8 M3 May-00 18 5 3.6
M1 Sep-99 43 6 7.2 M3 Jun-00 29 7 4.1
M1 Oct-99 70 11 6.4 M3 Jul-00 25 7 3.6
M1 Nov-99 72 11 6.5 M3 Aug-00 40 9 4.4
M1 Dec-99 67 10 6.7 M3 Sep-00 28 8 3.5
M1 Feb-00 31 6 5.2 M3 Oct-00 20 7 2.9
M1 Apr-00 61 12 5.1 M3 Nov-00 18 6 3.0
M1 May-00 22 6 3.7 M3 Dec-00 35 8 4.4
M1 Jun-00 59 10 5.9 M51 Feb-99 86 12 7.2
M1 Jul-00 67 9 7.4 M51 Mar-99 21 4 5.3
M1 Aug-00 62 11 5.6 M51 Apr-99 37 8 4.6
M1 Oct-00 68 10 6.8 M51 May-99 89 11 8.1
M2 Feb-99 62 12 5.2 M51 Jun-99 54 10 5.4
M2 Mar-99 30 4 7.5 M51 Jul-99 55 7 7.9
M2 Apr-99 60 9 6.7 M51 Aug-99 49 8 6.1
M2 May-99 27 5 5.4 M51 Sep-99 58 9 6.4
M2 Jun-99 60 12 5.0 M51 Oct-99 36 8 4.5
M2 Jul-99 57 8 7.1 M51 Nov-99 58 12 4.8
M2 Aug-99 41 8 5.1 M51 Dec-99 9 4 2.3
M2 Sep-99 33 7 4.7 M51 Feb-00 31 5 6.2
M2 Oct-99 34 7 4.9 M51 Jun-00 54 8 6.8
M2 Nov-99 50 9 5.6 M51 Jul-00 69 9 7.7
M2 Dec-99 40 7 5.7 M51 Aug-00 56 8 7.0
M2 Feb-00 31 6 5.2 M51 Oct-00 55 8 6.9
M2 Apr-00 29 5 5.8 M51 Nov-00 63 8 7.9
M2 May-00 17 4 4.3 M52 Feb-99 87 14 6.2
M2 Jun-00 27 6 4.5 M52 Mar-99 64 9 7.1
M2 Jul-00 39 7 5.6 M52 Apr-99 79 11 7.2
M2 Aug-00 71 11 6.5 M52 May-99 60 10 6.0
M2 Oct-00 81 11 7.4 M52 Jun-99 29 5 5.8
M3 Feb-99 34 8 4.3 M52 Jul-99 63 10 6.3
M3 Mar-99 9 2 4.5 M52 Aug-99 79 11 7.2
M3 Apr-99 32 8 4.0 M52 Sep-99 31 6 5.2
M3 May-99 13 4 3.3 M52 Oct-99 57 10 5.7
M3 Jun-99 16 5 3.2 M52 Nov-99 43 9 4.8
M3 Jul-99 12 3 4.0 M52 Dec-99 53 10 5.3
M3 Aug-99 27 7 3.9 M52 Feb-00 12 2 6.0
M3 Sep-99 23 5 4.6 M52 Apr-00 64 11 5.8
M3 Oct-99 20 7 2.9 M52 May-00 25 6 4.2
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   M52 Jul-00 58 10 5.8
   M52 Aug-00 76 11 6.9
   M52 Oct-00 53 9 5.9

Three SASS 4 Indices lowlands 
Station Month SCORE NOT ASPT Station Month SCORE NOT ASPT 

H10 Jan-99 15 3 5 H11a Jan-99 51 6 9
H10 Mar-99 34 6 6 H11a Mar-99 22 4 6
H10 Apr-99 32 5 6 H11a Apr-99 11 2 6
H10 May-99 42 7 6 H11a May-99 63 10 6
H10 Jun-99 70 11 6 H11a Jun-99 38 6 6
H10 Jul-99 31 5 6 H11a Jul-99 39 5 8
H10 Aug-99 53 9 6 H11a Aug-99 22 3 7
H10 Sep-99 24 5 5 H11a Sep-99 21 4 5
H10 Oct-99 88 17 5 H11a Oct-99 25 5 5
H10 Nov-99 83 16 5 H11a Nov-99 43 9 5
H10 Dec-99 69 13 5 H11a Dec-99 57 12 5
H10 Feb-00 47 8 6 H11a Feb-00 39 5 8
H10 Mar-00 57 11 5 H11a Mar-00 29 5 6
H10 May-00 81 12 7 H11a Apr-00 31 5 6
H10 Jun-00 71 10 7 H11a May-00 69 10 7
H10 Jul-00 64 11 6 H11a Jun-00 41 6 7
H10 Aug-00 35 4 9 H11a Jul-00 39 7 6
H10 Sep-00 63 12 5 H11a Aug-00 50 7 7
H10 Oct-00 68 11 6 H11a Sep-00 81 11 7
H10 Nov-00 60 9 7 H11a Oct-00 102 15 7
H10 Dec-00 63 10 6 H11a Nov-00 77 13 6
H11 Jan-99 20 4 5 H11a Dec-00 54 9 6
H11 Mar-99 45 6 8 H12 Jan-99 57 6 10
H11 Apr-99 22 5 4 H12 Mar-99 71 11 6
H11 May-99 71 12 6 H12 Apr-99 28 6 5
H11 Jun-99 66 9 7 H12 May-99 67 9 7
H11 Jul-99 24 4 6 H12 Jun-99 48 6 8
H11 Aug-99 30 5 6 H12 Jul-99 24 4 6
H11 Sep-99 49 9 5 H12 Aug-99 43 6 7
H11 Oct-99 92 16 6 H12 Sep-99 27 5 5
H11 Nov-99 68 13 5 H12 Oct-99 41 7 6
H11 Dec-99 54 11 5 H12 Nov-99 55 11 5
H11 Feb-00 16 3 5 H12 Dec-99 55 11 5
H11 Mar-00 53 9 6 H12 Feb-00 55 7 8
H11 May-00 67 10 7 H12 Mar-00 64 10 6
H11 Jun-00 58 7 8 H12 May-00 73 10 7
H11 Jul-00 44 6 7 H12 Jun-00 61 8 8
H11 Aug-00 57 9 6 H12 Jul-00 43 6 7
H11 Sep-00 69 11 6 H12 Aug-00 64 9 7
H11 Oct-00 84 12 7 H12 Sep-00 75 12 6
H11 Nov-00 56 11 5 H12 Oct-00 82 12 7
H11 Dec-00 64 10 6 H12 Nov-00 44 8 6



 

 

 

246

   H9 Mar-99 47 7 7
   H9 Apr-99 35 6 6
   H9 May-99 35 6 6
   H9 Jun-99 36 5 7
   H9 Jul-99 39 5 8
   H9 Aug-99 39 7 6
   H9 Sep-99 31 7 4
   H9 Oct-99 48 9 5
   H9 Nov-99 30 6 5
   H9 Dec-99 61 11 6
   H9 Feb-00 37 5 7
   H9 Mar-00 44 8 6
   H9 Apr-00 48 8 6
   H9 May-00 71 10 7
   H9 Jun-00 56 8 7
   H9 Jul-00 45 9 5
   H9 Aug-00 36 5 7
   H9 Sep-00 67 11 6
   H9 Oct-00 68 9 8
   H9 Nov-00 25 5 5
   H9 Dec-00 46 8 6
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