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Abstract:  

It is estimated that 3,700 major dams are either planned or under construction, notably in developing 

countries. Dams can pose a threat to fish diversity, as one of the biggest impacts of damming is habitat 

fragmentation. Damming causes the isolation of small fish habitats, which reduces genetic diversity and 

expose fish species to vulnerability of local extinction, hence habitat fragmentation is one of the causes of 

biological loss. There are tools, which are used to balance between development and biodiversity 

conservation. One of the tools, which is commonly used, is environmental impact assessment (EIA). EIA 

uses both science and political knowledge. Science knowledge is important in EIA process as it is required to 

generate reliable baseline information, impact prediction and effective proposed mitigation. However, no 

studies have investigated the extent of the use of science knowledge in EIA for hydropower dams in 

Southern Africa. The purpose of this study is to examine the usage of scientific knowledge in environmental 

impact statements (EIS), focusing on EISs of dam construction on the impact of habitat fragmentation in 

fish. Ten EISs were collected from Lesotho, Malawi, Mozambique, Zambia, Zimbabwe. These countries 

were chosen because they are the hotspots for hydropower planning. I conducted EIS quality   review to 

answer the research purpose. I adopted and used EIS quality review package, which was developed by Lee 

and Colley (1991), to assess the content and quality of EISs. The results show that the use of science 

knowledge varies from one EIS to the other, and from one area of review to the other. The baseline and 

mitigation areas of EISs aligned with the scientific consensus the best, while the identification, prediction 

and evaluation of impacts area is generally unsatisfactory. Overall, six EISs out of ten EISs use science in a 

satisfactory way, and four EISs are unsatisfactory, meaning they attempted or completely omitted methods 

for assessing the ecological concept of fragmentation. I recommend a comprehensive study to review the use 

biodiversity concepts and methods in EISs for all the dams in southern Africa. 
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Summary:

Sustainable development goals have put pressure on countries to eradicate poverty and end hunger while

slowing the rate of biodiversity loss and preventing further global climate change. One way to eradicate

poverty in developing countries is to improve industrial development; however, most of the developing

countries have insufficient infrastructure and power supply, which deters investors. To meet investor

demands, countries are investing in hydro power projects. It is estimated that 3,700 major dams, are either

planned or under construction, especially in developing countries. 

Hydropower dams cause habitat fragmentation, which can lead to biodiversity loss, especially of fish species. 

To deal with the dilemma that development brings, countries adopted environmental impact assessment 

(EIA) as a tool to prevent, minimize or compensate environmental and social impacts of the project. This 

tool helps the decision makers to make informed decision on development. Documentation of EIA process is 

called environmental impact statements (EISs). EIA process relies on political knowledge and science 

knowledge. Usage of the science in the EIA process can provide quantitative and realistic predictions of the 

effects, criteria for testing such predictions, and design a proper and adequate monitoring program after 

decision. However, no studies have investigated the extent of the use of scientific knowledge from tracking 

the impact of habitat fragmentation in EIA for hydropower dams. The purpose of this study was to examine 

the usage of scientific knowledge in EIA reports, focusing on EISs for dam construction notably on habitat 

fragmentation in fish. 

  

Ten EISs were retrieved from governments and development partners’ websites and libraries. The EISs were 

collected from Lesotho, Malawi, Mozambique, Zambia, Zimbabwe. These countries were chosen because 

they are the hotspots for hydropower planning. I conducted EIS quality review method to answer the 

research purpose. I adopted and used environmental statements (EIS) quality review package, which was 

developed by Lee and Colley (1991), to assess content and quality of EISs. The results show that the use of 

science knowledge varies from one EIS to the other and from one area of review to the other. The baseline 

and mitigation components of EISs aligned with the scientific consensus the best, while the identification, 

prediction and evaluation of impacts component is unsatisfactory. Overall quality of EISs shows that six 

EISs out of ten EISs used science satisfactory and four EISs are unsatisfactory, which means they attempted 

or completely omitted methods for assessing the ecological concepts of fish habitat fragmentation. 

 

This study contributes to the wider investigation of the quality of EISs, for the purpose of improving EISs, in 

order to achieve sustainable development. I recommend a comprehensive study to review the use 

biodiversity concepts, methods used in EISs to capture knowledge for all the dams in Southern Africa. 
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1. INTRODUCTION 
The Brundtland report publication from 1987 has united countries to pursue sustainable development 

together. It defined sustainable development as “development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs." 

(World Commission on Environment, Development, 1987). To achieve sustainable development, 

countries have tried to adopt so many strategies including sustainable development goals (SDGs) in 

2015. The SDGs follow a holistic approach which address global challenges, poverty, inequality, 

climate change, environmental degradation, peace and justice.  However, it is a big  challenge to 

achieve the aspiration of sustainable development goals at once, for example,  to reduce inequality, 

limit ecological damage, and secure resilient livelihood (Bowen et al., 2017). SDGs have put pressure 

on countries to  eradicate poverty and end hunger but at the same time they face pressure of slowing 

the rate of biodiversity loss and preventing further global climate change (United Nations, 2015). One 

way to eradicate poverty in developing countries is to improve industrial development; however, most 

of the developing countries have low infrastructure and power supply which deter investors who have 

interest to invest (Deloitte, 2017). Many development countries aspire to increase the supply of 

electricity and access to reliable, affordable energy to achieve socio-economic development 

(Borgstein et al., 2019). These aspirations have caused the booming of hydropower dams. It is 

estimated that 3,700 major dams are either planned or under construction, especially in developing 

countries (Zarfl et al., 2015). Presently, hydropower is the most widely used form of renewable 

energy, accounting for 17 percent of global electricity generation. Over the last two decades the global 

hydropower generation has increased by 50 percent and it is expected to increase by approximately 3 

percent each year for the next 25 years (IEA, 2015). However Africa has used only 11 percent of the 

total hydropower potential, and it is anticipated that in the next decade  there  will be an increase of 

hydropower development by 6 percent per year to 2040 to keep pace with the rising electricity 

demand (IHA, 2019).  

Hydropower electricity can have a positive bearing on economic development as it has the potential to 

boost industrial development, improve health service, and education (Burke, Stern and Bruns, 2018). 

A study conducted by Akinlo (2009) looked at the relationship between electricity consumption and 

gross domestic product (GDP) in Nigeria, and showing that there is a positive correlation  between 

electricity consumption and GDP. Although hydroelectricity improves the lives of people and 

increases investments, especially in the developing countries, its impact on the environment cannot be 

overlooked. Hydropower dams have impacts on climate, water resources, biodiversity, and ecosystem 

processes and services. Researchers have shown that construction of hydropower dams have caused 

loss of biodiversity, and in the worst cases, the extinction of species, for example of fish (Gehrke, 

Gilligan and Barwick, 2002). Freshwater fish species are threatened by dams, which cause 

fragmentation of fish habitat which is detrimental to fish movement, feeding and spawning.  In a 

global analysis covering about 10,000 freshwater fish species and close to 40,000 existing large dams, 

researchers identified fragmentation as a wide-spread issue and the most disconnected geographical 

ranges for species are in the United States, Europe, South Africa, India, and China (Barbarossa et al., 

2020). 

Habitat fragmentation is one of the major impacts of damming and causes loss of diversity and 

species extinction in fish. Fragmentation is when rivers or water bodies are transformed into patches 

which are discontinuous, blocking migration routes for fish down or up the stream network. The 

isolation of small fish habitats reduces genetic diversity and expose fish species to vulnerability of 

local extinction. A study in Japan  discover that over 30 percent of the charr species in  that are found 

in the upper 52 dammed streams are expected to disappear 50 years  due to the disconnectivity of their 

habitats (Morita and Yamamoto, 2002).  Occasionally the dam creates a barrier for fish to move and 

hence some fish will become vulnerable to predators. Lack of connectivity in fish habitat hinders 

species dispersal necessary to achieve important life stages; it further reduces adaptive potential and 

the possibility of natural recolonization of the remnants, and thus increase the vulnerability of the 

species to extinction. It is believed that diadromous species went extinct above the Tallowa dam due 
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to fish passage obstruction. The research further reveals that although there is historical evidence that 

fish communities were continuously present along the river before damming, currently, species 

richness has decreased in the downstream with 21 species downstream compared to 16 species 

upstream of the dam. In addition, the size  and the structure of five species which are present  in the 

upper and downstream are  significantly different (Gehrke, Gilligan and Barwick, 2002)  

Analysing the threats of hydropower development on fish diversity, the completion of near-future 

plans of about 3,700 large hydropower projects exacerbate the issue, especially in Africa, a region 

which is becoming a more attractive place for hydropower development. Africa  has  12 percent of the 

world’s hydropower potential yet produces only about 3 percent of the global hydropower 

(Appleyard, 2014). Southern Africa remains a region with low hydropower production. However, new 

hydropower projects are concentrated  in southern African countries, including Zambia, Malawi, 

Zimbabwe and Mozambique (Kings, 2018). 

To deal with the dilemma between socio-economic developments, like hydropower dams, and 

protection of the environment, many countries have adopted Environmental Impact Assessment 

(EIA). Since its initiation in 1970 in the National Environmental Policy Act (NEPA, 1970 cited in 

Glasson and Therivel, 2019, p.11), 190 countries have adopted EIA as a legal instrument for 

environmental intervention (Morgan, 2012). The process uses an interdisciplinary approach which 

integrates the use of natural and social science and environmental arts.  In this case, the scientific 

consensus entails a system of study which includes observation, experimentation, and hypothesizing. 

The purpose is  to test the phenomena being studied (Beattie, 1995). Relying on the scientific 

consensus in the EIA process can provide quantitative and realistic predictions of the effects, criteria 

for testing such predictions, and design a proper and adequate monitoring program after decision 

(Cashmore, 2004). The use of scientific rigour has been used as one of the indicators of quality of  

EIA (Barker and Wood, 1999; Pinho, Maia and Monterroso, 2007). However, there are different 

perceptions among stakeholders on scientific practices in EIA. Some studies have tried to investigate 

the role of science in EIAs (Cashmore, 2004), the perception of EIA practitioners on scientific 

practices in EIA (Ma, Duinker and Walker, 2018), legitimacy in impact assessment (Bond et al., 

2018) and the quality of environmental impact statements (EIS) which is the resulting documentation 

of the EIA process (Barker and Wood, 1999; Lee, 2000; Cashmore, Christophilopoulos and Cobb, 

2002; Pinho, Maia and Monterroso, 2007; Sandham and Pretorius, 2008; Kabir and Momtaz, 2012; 

Sandham, Moloto and Retief, 2019). However, no studies have investigated the use of scientific 

baseline consensus in environmental impact statements (EIS) for dam construction in Southern Africa. 

Furthermore, no studies have specifically restricted the analysis to habitat fragmentation in fish. 

Hence, it is imperative to review the use of scientific rigour in EIS, considering the growing 

development of hydropower in southern Africa. The scientific rigour in this study refers to the 

production of reliable knowledge about habitat fragmentation in fish in EIS, starting with methods, 

ecological concepts and parameters used, throughout the EISs, from baseline information to proposed 

mitigation.  

 

The purpose of this study is to examine the usage of scientific knowledge in EIA reports, focusing on 

EISs for dam construction. This study has been guided by the question: to what extent do EISs use 

scientific rigour to establish the body of knowledge, in the baseline information, impacts identification 

and evaluation and proposed mitigation measures for hydropower dam construction for decision 

making? 

2. ENVIRONMENTAL IMPACT ASSESSMENT  
Environmental Impact Assessment refers to the process of identifying impacts, predicting the 

likelihood of those impacts, evaluating the  impacts  that may become significant and  propose 

mitigation measures  to  the environment, social and other relevant effects of proposed development 

proposals prior to major decisions being taken (IAIA, 2009 cited in Glasson and Therivel, 2019, p.3). 

It provides a systematic examination of the environmental implications of a proposed action, and 

alternatives, before a decision is taken.  The types of impacts assessed involve natural environment 
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which include air, water, soil, waste, climate change, flora and fauna and social environment which 

include  local economy , migration of population and involuntary resettlement, cultural heritage and 

equality  of benefits and losses and equality  in the development process. EIA process varies from one 

country to the other but commonly involves screening, scoping, baseline survey, evaluation of 

alternatives, impact prediction, choice of alternatives, design mitigation, report production, internal 

review and amendments, submission and decision, and finally implementation, monitoring and 

auditing (Glasson and Therivel, 2019).  The EIA process also varies from one project to the other 

depending on terms of reference (TOR) where items to be examined are selected and where 

examination methods are decided, and it is a requirement that the proponent of the development 

should follow the TORs for a specific project. To the proponents of the development, the EIA process 

has been used to gain good standing and to reduce conflicts between the proponent of development  

and the public (Bond et al., 2018).  

In its early development, the EIA process was voluntary, however the process has been subjected to 

both critique and changes in its implementation. This has resulted in changes in procedures and 

incorporation of emerging issues. Now, EIA  is mandatory in most countries either by national 

legislation or international agreements (Morgan, 2012). The Ecolex database for legislation and 

treaties shows that 191 out of 193 member nations of the United nation have national legislation or 

have signed legal documents relating to the use of EIA (Morgan, 2012). Hence it has become an 

important tool in decision-making in many countries.  As Wood (2003a) indicates, the EIA is one of 

the most successful policy innovations of the 20th century, and is practiced  in more than 100 

countries of the world Many countries have thus seized the opportunity to use EIA as a solution to 

environmental problems (Wood, 1995). This tool has also become a prevalent process within the 

framework of sustainable development since it tries to balance the ambitions of economic growth and 

conservation of  sustainability of ecosystems (Aung, Fischer and Shengji, 2020).  Although it is a 

widely used tool and its importance and popularity is not contested, the success of EIA remains 

unknown. 

The benefits of EIA have been described in the literature; however, the stakeholders differ in their 

perception. The key potential and realised benefits as perceived by regulators are the protection of 

biodiversity, public participation, access to information, mitigation of environmental impacts, and 

legal compliance and enforcement (Roos et al., 2020). Some professional reports claim that the EIA 

process is successful and serves its intended purpose and contribute towards achieving sustainability. 

Despite the alleged success on EIA achievements, these achievements do not occur in all countries, 

and varies from one country to the other. The lack of achievements is attributed to the type of EIA 

arrangements and procedures, and the capacity of practitioners (Abaza, Bisset and Sadler, 2004). 

Others attribute the varying results to lack of resources and priorities of countries. For example, in 

most developing countries the main focus is on economic growth, controlling population growth and 

to meet the ever-increasing energy demands (Wood, 2003a; Nizami et al., 2011). Hence, the EIA 

process in these countries is a process to meet a requirement of the development assistant agencies, 

forgoing the primary focus of environment conservation. This results in poor quality EIS as compared 

to developed countries (Nizami et al., 2011). Some researchers have questioned the potentiality of 

EIA to fulfil its intended purpose, because there are loopholes for decision makers to effectively 

ignore EIA. A review of EIA system in Greece found that although the EIA law contains progressive 

and innovative elements, for example, adopting a life cycle approach to the EIA process, and 

mandating the development and use of a central Electronic Environmental Registry, there is  a 

significant difference between what is stipulation in EIA law and what happens in practice (Pediaditi 

et al., 2018). Furthermore, EIA is a process which usually has time limits and proponents of 

development rush to prepare EISs to  meet deadlines resulting in data gaps and simplified assumptions 

which makes EIA an unreliable process (Beattie, 1995). 

One of the prevalent causes of lack of potency of EIA is the contribution of science in an EIA. The 

use of scientific rigour is important to improve lives of the people, since it helps to understand the 

system and provides knowledge to address practical problems, for example for managing species  

(Romesburg, 1991; Howitt and Cramer, 2020). Many recognise that EIAs are not science since they 
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frequently contain unexamined and unexplained value assumptions (Beattie, 1995), and there is little 

observation, experimentation and hypothesising; however, EIA is not developed to test and refine 

explanation, it is created to predict and  inform decision-makers and the public of the environmental 

repercussions of implementing a proposed project. Many researchers have indicated that the 

theoretical basis of EIA is only partially developed and detailed (Cashmore, 2004). While there is a 

conceptual consideration of empirical investigation of the purpose of EIA,  and there is more research 

to incorporate holistic approaches of science, the process of EIA continues to have weak degree of 

influence on planning decisions (Wood, 2003b). More literature has concentrated on the effectiveness 

of EIA (Sadler, 1996), but EIA studies are criticized for lack of scientific rigour in clarifying and 

evaluating values and judgements that underpin the contested issues. On the other hand, some 

researchers have pointed out that EIA should not viewed as science. For an EIA to be scientific, it 

should be interpreted as a research problem, scientific objectives must be defined, literature reviewed, 

modelling and experiment manipulation undertaken, recommendations formulated and monitoring 

initiated (Rosenberg et al., 1981). The EISs subjected to peer review require the analysis to be based 

on published research and results be published in academic literature (Rosenberg et al., 1981). While 

this is not always necessary, EIAs should, at the least, be based on accepted scientific principles and 

procedures. 

The EIA process involves a lot of activities which depend on different stakeholders including experts 

in different fields, politicians, impacted communities, interest groups, the general public and many 

more. Each group has its own interests, for example the impacted communities who usually do not 

participate in scientific talk, are interested in the viability of the project, sense of security, personal 

benefits and community benefits of the development (Piróg et al., 2019). The purpose of the 

stakeholder involvement include sharing information , involving stakeholders at an early stage  of 

decision making to avoid conflicts, incorporate stakeholders aspirations  and give stakeholders ability 

to influence the outcome of decision making (Momtaz and Gladstone, 2008). Ideally an EIA should 

consider all the interest of different groups. However studies have shown that there is passive 

participation of stakeholders in EIA and there has been limited assessment of  the significance of 

different forms and degrees of stakeholders  participation for public decision making based on EIA 

(Momtaz and Gladstone, 2008; O’Faircheallaigh, 2010). In addition, the EIA process is not a 

standalone process, it is supposed to depend on indigenous knowledge, enacting legislation, 

implementing wider environmental controls, awareness raising, improving data systems, 

counteracting corruption and providing opportunities for public participation (Wood, 2003b). The 

wish to implement the supporting components of an EIA depends on compliance of the implementor 

of the projects and the regulators. There have been cases where the regulations of EIA  and supporting 

components are well developed but there is a failure to implement them (Pediaditi et al., 2018) 

2.1 Environmental Impact Statement 
EIS is the final concrete product of an EIA. The EIS is an important part of the EIA process, and 

involves the documentation of findings. Hence, it requires time and details, because if it is done 

incompletely, it affects all the efforts of the EIA process. EIS is also used as a tool for 

communication, which informs the public and stakeholders of the identified significant impacts of the 

proposed projects, proposed mitigation and enhancement plans and description of alternatives to the 

proposed project. EIS reflects both technical and scientific information, hence it is the tool that is used 

to incorporate scientific information whether from primary data sources or from peer-reviewed 

literature in the EIA study. The quality  of EIS is important because it determines the first step to 

effectiveness of the EIA process (Nizami et al., 2011). EIA legislation specifies the minimum contents 

required in an EIS, but it does not contribute a standardization of presentation of the information. The 

coverage of EIS thus varies from a few pages to several hundred pages per report (Glasson and 

Therivel, 2019). However, the overall success of the EIA process depends on the quality of 

documentation in the EIS (Momtaz and Kabir, 2013). 

The EIS undergoes review by authorizing actors, usually government agencies. The aim of the review 

of the EIS is to assess if all requirements are satisfied and that the information presented in the report 
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is credible and acceptable for decision-making purposes (Glasson and Therivel, 2019). Review of the 

EIS is one of steps in the EIA process that provides the main opportunity for the public to comment 

on the statement of significant impacts and their mitigation. Review of EIA is very important for 

improvement of the quality of the EIS since it is a quality control and assurance in the EIA process, 

which in turn can result in more informed decisions and better environmental outcomes (Glasson and 

Therivel, 2019). However, the quality of EISs have been questioned. A study in South Africa found 

that EISs generally were satisfactory but some components like identification and evaluation of 

impacts were poorly executed (Sandham, Moloto and Retief, 2019). In a similar study by Nizami  and 

others (2011)  discovered  that EISs from developing  countries were of poor quality compared to 

developed countries . Hence the quality of   EIS varies from one project to the other and from one 

country to the other. 

2.1.1 Components of the Environmental Impact Statement 

EIS compilation differs from one country to the other, but is broadly organized into four sections: a 

description of the project, alternatives to the proposed project considered, and a brief outline of the 

environmental context; a discussion of methodology, including scoping and public participation; a 

series of chapters that discuss environmental components such as air and water, baseline conditions, 

likely environmental impacts, proposed mitigation measures and residual impacts; and finally a non-

technical summary (Glasson and Therivel, 2019; Bregman, 1999). For the purpose of this paper, I will 

only briefly discuss the areas that are categorised in the environment statement review package by Lee 

and Colley (1991). I will not discuss the communication component as it merely summarises the other 

components discussed in this paper and it does not add significance to findings to the study. 

2.1.1.1 Description of the development, the local environment and the baseline 

conditions  
This part of a review entails the description of the development, site description, residuals and base 

line conditions before the project, it describes in details the current situation around the proposed 

project area for example natural environment, pollution, social and economic situation and land use.  

This is where the EIS sets the context: revealing names of proponents and consultants and all that are 

involved in the preparation of the EIS. It further describes  the conditions of the existing and future 

environment in the absence of the project, taking into account the natural events  and other human 

activities (Glasson and Therivel, 2019). Baseline information includes water, air, land use, climate, 

and ecological information. This information is collected through interviewing the stakeholders and 

some information require science to provide the basis for baseline data collection for example in 

ecological data (Tenney, Kværner and Gjerstad, 2006). Since EISs are typically restrained by budget 

and time, only the environment to be affected by the project is usually considered. Nizami and others 

(2011) recognise that the absence of a survey or assessment of ecological information makes it 

difficult to identify the ecological or environmental impacts according to baseline condition. Gaps in 

techniques and  baseline studies in EIS have been reported in literature, but these are common in 

developing countries (Ebisemiju, 1993).  

2.1.1 Identification and evaluation of key impacts 

At the centre of EIA process is the identification, prediction and evaluation of impacts. These factors 

depend on baseline studies, as the impacts demonstrate the deviation from the baseline. The aim of 

identifying the impacts is to ensure that all the potential significant environmental impacts, both 

positive and negative, are considered (Glasson and Therivel, 2019). Next, the prediction of impacts 

aims to assess the magnitude and other parameters of identified change in the environment with a 

project – as compared to situation without a project. Following these predictions, the proponents of 

development will identify the impacts that are not as significant. Hence, the proponents of 

development narrow down to few impacts through evaluation and assessment of their significance. 

This process assesses the relative significance of the predicted impacts in order come up with the 

main adverse and beneficial impacts” (Glasson and Therivel, 2019). Determining the significance of 
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predicted impacts is vital in EIA, thus focusing on impacts that matter most significantly is one of the 

quality criteria of a good EIS (Ehrlich and Ross, 2015). Despite their importance to creating a high 

quality EIS, studies have shown that identification and evaluation of impacts is one of poorly 

executed components in EIS ((Barker and Wood, 1999; Sandham and Pretorius, 2008; Kabir and 

Momtaz, 2012)). 

There are several methods used to identify, predict and evaluate impacts. Some use simple matrix, 

scoring weighing and multicriteria methods, mathematical and computer based  models, expert 

judgements and analogue  models and physical/  architectural models and computer graphics (Rau and 

Wooten, 1980; Rodriguez-Bachiller and John Glasson, 2004; IEMA, 2011; Glasson and Therivel, 

2019). The significance of some  impacts are guided by the policy framework of specific country of 

treaties, for example threatened species (The IUCN Red List of Threatened Species, 2020). 

Uncertainty is unavoidable in predictions of impacts, however to improve the EIA process as a 

decision tool, the uncertainty and assumption are best communicated to the stakeholders so as to 

increase transparency (Tenney, Kværner and Gjerstad, 2006). Furthermore the EIA should take into 

account the emerging scientific knowledge  in impact prediction and evaluation to keep up-to-date  

methods (Tullos, 2009) 

2.1.2 Alternatives and mitigation 

Following the aforementioned processes, proponents of development describe alternatives, mitigation 

and indication of commitment to mitigation. Mitigation is one of the important components which 

leads to practical action to offset the adverse environmental impacts of proposed developments. This 

is where measures are identified to avoid, minimise or remedy and enhance impacts. Avoidance of 

impacts is the priority in EIA by use of preventative measures. This is where proponents of 

development or consultants consider feasible alternatives to the proposal and identify the best 

practicable environmental option. If the prevention of impacts is not feasible, the option to minimize 

becomes the next plausible solution. This stage is where the measures are implemented as part of the 

process of impact management (Glasson and Therivel, 2019). When the impacts cannot be prevented 

or minimized, compensation becomes an option. For example, there has been a recent development 

towards the biodiversity offset as the last resort in biodiversity impacts. The biodiversity offset  is the 

compensatory measure  when  avoidance, minimization and restoration has been exhausted (Brownlie, 

King and Treweek, 2013). The compensation has the overall outcome of no net loss or net gain from 

development, whether by prevention, minimization or enhancement and compensation. Mitigation 

measures are discussed in all significant impacts identified in air quality, visual quality, transport, 

employment, biodiversity and many more. 

2.2 Scientific knowledge in environmental impact assessment 
Researchers agree that to achieve sustainable development, two aspects are used: scientific and 

political knowledge. However, there little guidance on how these two can be mainstreamed in each 

other (Sadler, 1996). EIA tries to combine scientific knowledge and political knowledge, to come up 

with the decision. Since this study focuses on the scientific component, the question remains: what 

scientific knowledge in EIA is. EIA scientific knowledge is based on the general scientific knowledge 

which provide the EIA experts the ecological effects of a project. Experts then use that knowledge to 

come up with precise impact predictions for decision makers (Greig and Duinker, 2011) 

2.3 Science knowledge on fragmentation of fish habitat in 

reviewed journals  
The protection of fish species has a wider coverage in literature, this ranges from fragmentation, fish 

habitat protection to restoration. The  topics   are  becoming very popular in research as fish habitat 

loss  and habitat fragmentation  are becoming a threat to fish diversity due to damming  (Chen et al., 

2016). Most researchers agree that the impacts of a dam  on fish  diversity  must be assessed to ensure 

biodiversity  conservation  and fisheries management (Welcomme, Winemiller and Cowx, 2006). 
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Like in any sequence of scientific explanation, the process begins with induction, observing patterns  

in technically  accurate data and then deducing, drawing  a logical conclusion  from regularities  

observed in the information phase (Epp, 1995). In fragmentation, researchers have studied the 

relationship of components that are affected by fragmentation, these components are connectivity and 

genetic, population, and community structure (Taylor et al., 1993). Others use connectivity and  

community structure (Perkin and Gido, 2012), some have studied  spatial variation in fish species 

richness in relation to predictions based on random  or deterministic processes of community structure  

(Ault and Johnson, 1998) and estimate total biomass for the focal species (Valentine-Rose et al., 

2007). Sometimes researchers use subcomponents,  which are the following: structure  connectivity  

which entails the networks of habitants, in this case it includes network of rivers (Fullerton et al., 

2010); functional  connectivity which entails the movement of biomass, which some researchers have 

used tracking the individual between nursery areas and adult populations to measure the functional 

connectivity (Warren and Pardew, 1998). Genetic data is  often used to assess ‘population 

connectivity and demographic connectivity’ (Lowe and Allendorf, 2010). Some researchers use 

recruitment , mortality and growth (Sissenwine, 1984), biomass, abundance, species composition, 

richness (Shetty, Venkateshwarlu and Dharan, 2015) and species abundance, population size and 

structure, and structure of fish community parameters in assessing fragmentation  (Gehrke, Gilligan 

and Barwick, 2002) . Some researchers assess baseline information of  hotspots fishing areas in the 

focus area, identification of species present, diversity, behaviours, reproductive cycles, life histories, 

habitat preferences and conservation status (Gehrke, Gilligan and Barwick, 2002; Valentine-Rose et 

al., 2007; Rechisky et al., 2013). Sometimes when the baseline information is unavailable, researchers 

have used the comparison of the upper part of the dam and the lower part of the dam, this method is 

also used to track and monitor the effectiveness of measures (Gehrke, Gilligan and Barwick, 2002).  

Different methods of capturing information of habitat fragmentation has been identified in literature,  

the common method used are quadrat surveys (Valentine-Rose et al., 2007), which usually use passive 

capture techniques, including gill/trammel, seine fyke, and cast nets sampling (Hubert, Pope and 

Dettmers, 2012). Following ethical regulation, the researchers catch the fish, assess and release the 

fish in their habitat without causing harm. There is additionally the growing development of aerial 

surveys, which reduce the use of passive techniques that can be harmful to the fish  (Marsh et al., 

2004). Electrical resistance sensors are used to quantify streamflow continuity (Jaeger and Olden, 

2012). In addition, the sampling period varies. In some studies, fish sampling is carried out four times: 

monsoon season, post-monsoon season, winter season, and pre-monsoon season. In other studies, it is 

done twice yearly for two years. In comprehensive studies, sampling and assessment takes 20 years 

(Rechisky et al., 2013)  

Researchers have proposed solutions to habitat fragmentation caused by damming. The solutions 

range from biomonitoring, restocking of fish to restore depleted stock and constructing fish passage, 

or installing a fish ladder to allow fish to move downstream and upstream. Stocking has been a 

technique in fisheries to maintain the stock, however studies have shown that the stocking of fish in 

water bodies is minimal, and fails conservation limits (Maoiléidigh et al., 2008).  In the worst-case 

scenario, the introduction of  fish species may have irreversible negative outcomes (Sasi and Berber, 

2012). Sasi and Berber further recommend that if stocking of fish is adopted, there is need for an 

integrated data and fish restocking, which should be based on scientific data and monitoring activities. 

Fish passage or fish ladder is a common solution for habitat fragmentation, as it allows fish to move 

upstream and down stream (Morita and Yamamoto, 2002). However, limitations to this process are 

due to the combination of the length of the fish passage channel and inadequate flow in the fish 

passage channel (Aarestrup, Lucas and Hansen, 2003; Larsson, 2016). 

3. METHODS  
To answer the research question on the extent of use of science knowledge in EISs, I conducted a 

systematic review of EISs in hydropower dam construction, while focusing on the impact of 

fragmentation of fish habitat. Systematic review entails the collection of all possible studies related to 

a given topic and design, and reviews and analyses their results (Gough, Oliver and Thomas, 2017). 
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Firstly, I demarcated my area of interest to southern Africa, which included: Zambia, Malawi, 

Mozambique, Lesotho, Botswana, Zimbabwe, South Africa. These countries were selected because 

they are within the region where hydropower planning is concentrated. Secondly, I organised words 

that I used to retrieve the EISs by conducting searches in google search engine, Zambia 

Environmental Management authority website, Eskom South Africa website, African Development 

Bank Website, World Bank website, Malawi government EIA data base and SADC website. The 

query search included such terms as, “environmental impact assessment report for dams”, “dams 

EIS”, “EIA hydropower projects,” “environmental and social impact assessment report of a dam,” 

“dam Impact report”, “sustainability reports”, “environmental safeguards reports”, “impact 

assessment report” (IAR), “environmental impact Report” (EIR), “environmental statement” (ES) or 

“impact studies” (IS). Furthermore, I conducted a hand search in the Malawi government libraries. In 

addition, my personal contacts from different countries in Southern Africa helped to search and 

retrieve EISs for the hydropower dams in their government libraries. Only English EISs from 2009 to 

2019 were used for review.  

A sample of 10 EIS collection from google search, government websites and libraries and agencies 

websites were reviewed. It should be noted that, there were more EISs that could contribute to this 

study, but they were in governments databases and archives, which were not accessed due to time 

contraints. The EIS retrieved are presented in Table 1.  The information that is presented in the table 

was taken from the EISs (Troppenwasser Consulting Professionals, 2009, 2010; Australcowi, n.d.; 

Aspire  Global Ltd, 2012; Environment and Natural Resources Management Consultants, 2013; 

Zambezi River Authority, 2015; CENOR Consulting Engineers and Agri-Pro Ambiente Consultores, 

2017; Multiconsult, 2017; Jrox Company Limited, 2019; Lesotho Highlands Water Project, 2019) 

Table 1: List of the EISs assessed (2009 -2019) 

Project name  Project proponent country year Status of EIA 

Lesotho Highland 

Water Project 

Phase (LHWP II) 

Lesotho Lesotho 2019 Approved 

 

Kundabwika 

Hydropower 

Generation 

Scheme 

Luapula 

Hydropower 

Corporation 

Zambia  2019 Approved 

Fufu hydropower 

project  

Malawi government  Malawi 2017 Approved 

Mpatamanga 

hydropower 

project  

Malawi government Malawi 2017 Approved 

Kariba Dam 

Rehabilitation 

Project 

Zambia and 

Zimbabwe 

Zambia and 

Zimbabwe 

2015 Approved 

Mbongozi 

Hydropower 

Project 

HE Power Ltd  

 

Malawi 2013 Approved 

Dwangwa 

hydropower 

project 

Dwangwa 

Hydropower Ltd. 
Malawi 2012 Approved 

Corumana Dam Mozambique 

government 
Mozambique  2011 Approved 
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Mbiya small 

hydropower station  

Lujeri Tea estates 

Limited 

Malawi 2010 Approved 

Ruo small 

hydropower station 

Lujeri Tea estates 

Limited 

Malawi 2009 Approved 

3.1. Review of environment impact statement 
To review  the quality of EISs, I adopted the tool developed by  Lee and Colley (1991) for evaluating 

the quality and content of EISs in United Kingdom. The same tool guided the selection of the 

components for review. The components of interest were, baseline line information, impact 

identification, prediction and identification and mitigation.  Since my focus was on the proper use of 

scientific backing, I selected the themes of ecological or biodiversity concepts in fish, and methods 

used in collecting information. For example, on baseline information I was looking at ecological 

concepts relating to habitat fragmentation, like fish population, genetic diversity and connectivity, 

community structure and their subcomponents.  Methods and biodiversity concepts information were 

collected from peer reviewed journals. 

3.1.1 Review criteria 

EIS review by practitioners is one of the important components in EIA process. Different countries 

have developed the tools for assessing the quality of the EIS. Most of these tools are based on the  tool 

developed by Lee and Colley (1991) to review the content and the quality of EIS (Sandham, Moloto 

and Retief, 2019). Although the Lee and Colley EIS review package was developed for the UK (Lee 

and Colley, 1991), it is now used widely  in both the developed and developing countries (Badr, 

Zahran and Cashmore, 2011; Sandham and Pretorius, 2008; Sandham, Moloto and Retief, 2019; 

Hughes and Wood, 1996; Kabir and Momtaz, 2012). In general, this review package is internationally 

recognised. However Lee (2000) proposes that it should be modified to fit the context of application. 

Hence, the tool was modified to fit the context of the study 

The tool is a hierarchical review framework that is presented in four levels: overall assessment, 

review area, review categories and review sub-categories. For the overall assessment, I was looking at 

the summary of the assessment of the EISs. Review area is the second level which has four 

components; baseline, impact identification, prediction and evaluation, mitigation and 

communication. This study forwent the last one. The third level is review categories, where I looked 

at the information required by each area. The fourth level is subcategories, where I looked at the 

detailed information of each area level. The major assessment criteria are divided into three 

categories; area (1, 2, 3 and 4), category (1.1, 1.2 etc.) and sub-category (1.1.1, 1.1.2 etc.) as presented 

in figure 1. The areas, categories and sub-categories are referred to as criteria or tasks. 

 



10 

 

  

Figure 1: Hierarchical review process of EIS in the Lee and Colley (1991)  

The tool assesses four Review areas which are tabulated in table 2.  For this study, three headings were 

reviewed; description of the development, the local environment and the baseline conditions, identification and 

evaluation of key impacts and alternatives and mitigation. 

Table 2: Abbreviated EIS review criteria ;1. Review area; 1.1 Review category; 1.1.1 — Review sub-category  

1. Description of the development   2.3 Scoping 

 1.1 Description of the development   2.3.1 Example of notice published in media 

  1.1.1 Identification of Applicant   2.3.2 On-site notice 

  1.1.2 Purpose and objectives of development   2.3.3 Identify affected people 

  1.1.3 Description and nature of 

activity/development 

  2.3.4 Identify interested people 

  1.1.4 Description of the site   2.3.5 Procedures whereby I&A parties can 

participate 

  1.1.5 Proposed location   2.3.6 Provision for I&A parties to express their 

views 

  1.1.6 Description of processes and 

technology employed 

  2.3.7 List of issues identified 

  1.1.7 Expected rate of production   2.3.8 Notification criteria 

  1.1.8 Raw materials used during different 

phases 

  2.3.9 A record of all the views as an addendum 

  1.1.9 Source and availability of water and 

materials 

  2.3.10 Evidence that all parties were approached 
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 1.2 Site description   2.3.11 Key impacts identified for further 

investigation 

  1.2.1 Site plan  2.4 Prediction of impact magnitude 

  1.2.2 Description and demarcation of land 

use areas 

  2.4.1 Prediction of impact magnitude 

  1.2.3 Estimated duration of different phases   2.4.2 Quantification of impact magnitude 

predictions 

  1.2.4 Expected number of workers and 

visitors 

 2.5 Assessment of impact significance 

  1.2.5 Access to site and likely means of 

transport 

  2.5.1 Significance of impact on affected community 

  1.2.6 Infrastructure required   2.5.2 Significance of impact (nature, intensity, 

duration, probability, extent) 

 1.3 Waste and residuals   2.5.3 Method of assessing significance and ranking 

  1.3.1 Types and quantities of waste and 

disposal routes 

 

  1.3.2 Proposed handling and disposal of 

wastes 

3. Alternatives and mitigation 

 1.4 Environmental description  3.1 Alternatives 

  1.4.1 Indication of likely area to affected   3.1.1 Description of methods used to identify 

alternatives 

  1.4.2 Physical description of the site   3.1.2 Description of analysis of range of 

alternatives 

  1.4.3 Biological description   3.1.3 Investigation of at least 2 alternatives 

  1.4.4 Social characteristics   3.1.4 Discussion and reasons for final choice 

  1.4.5 Cumulative impacts  3.2 Mitigation 

 1.5 Baseline Conditions   3.2.1 Description of mitigation measures 

  1.5.1 Important components of the affected 

environment 

  3.2.2 Mitigation measures considered 

  1.5.2 Interaction and effect of project on the   3.2.3 Mitigation measures clearly defined 
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environment 

 
  3.2.4 Indication of effectiveness of mitigation 

measures 

2. Identification and evaluation of key 

impacts 

 

 2.1 Definition of impacts 4. Communication of results 

  2.1.1 Description of effects of project on 

environment 

 4.1 Layout 

  2.1.2 Description of interaction of effects en 

environment 

  4.1.1 Introduction briefly describing the project 

  2.1.3 Impacts from non-standard operating 

procedure 

  4.1.2 Logical arrangement of information 

 2.1.4 Impacts from deviation from 

Base Line conditions 

  4.1.3 External sources acknowledged 

 2.2 Identification of impacts  4.2 Presentation 

  2.2.1 Project divided into distinct phases   4.2.1 Comprehensible to non-specialist 

  2.2.2 All possible impacts from each phase 

identified 

  4.2.2 Presented as an integrated whole 

 
 4.3 Emphasis 

 
  4.3.1 Emphasis given to severe impacts 

 
  4.3.2 EIR should be unbiased 

Lee and Colley(1991)  and  modified by Sandham and Pretorius (2008)  

3.1.2 Assessment procedure 

This paper also adopted the grades of assessment by Lee and Colley(1991) which  use letters to assess 

the  content and quality of the EIS  in each subheading. These grades of assessment are presented in 

Table 3. 
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Table 3: List of assessment symbols (Lee and Colley, 1991) 

Symbol  Description by Lee and Colley 1991 

A work has generally been well performed with no important omissions 

B generally satisfactory and complete with only minor omissions and inadequacies 

C just satisfactory despite some omissions or inadequacies 

D parts are well attempted but, on the whole, just unsatisfactory because of omissions or 

inadequacies 

E not satisfactory, revealing significant omissions or inadequacies 

F very unsatisfactory with important tasks poorly done or not attempted 

NA Not applicable  

 

It should be noted that the grades A to F were assigned to areas, categories and subcategories 

depending on adequacy of scientific knowledge, use of parameters and methods that are used in peer 

reviewed journals and proposed mitigation measures that are accepted in literature. The overall grade 

for each EIS was determined from the grades in three reviewed areas.  

3.2 Limitation of the study  
It was difficult to find EISs in the interested countries, hence few EISs were retrieved and thus 

represent but a small percentage of the total EISs. Most of the EISs were retrieved from Malawi 

where the author comes from, hence the results of this study doesn’t give definitive results but 

indicative and caution should be considered when using the results. 

4. RESULTS  
It should be noted that this assessment is only for the impact of fragmentation in fish, it does not 

represent the whole quality of EISs. In this study, the EISs which are regarded as conducted well are 

in the category of Well Performed (A) and Satisfactory and Complete (B) while Unsatisfactory (E) 

and Very Unsatisfactory (F) are regarded poorly performed.  Therefore, to make comparison on 

strength weaknesses, the best A-B and worst E-F grades are discussed  

4.1 Overall quality of the Environmental Impact Statements  
The overall quality of the EIS is dependent on the evaluation from categories and sub-categories. 

Figure 2 shows the overall quality of EISs. According to Figure 2, six EISs out of ten EISs are 

satisfactory (A-C) and four EISs are unsatisfactory (D-F).  As can be seen, the grade with slightly 

high numbers of EIS is B, representing satisfactory and complete. It should be noted that EISs which 

are supported by international organization, are satisfactory (A-B), compared to local supported EISs 

which are poorly done (E-F). EISs for small dam or weir construction are not satisfactory (E-F).  
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Figure 2: The overall quality of habitat fragmentation in fish in EIS  

Figure 2 shows the overall quality of the EIS. To understand those review areas that used scientific 

rigour well, versus those that have weaknesses, it is important to show how each area performed   

4.2 Review results of the quality of environmental impact 

statements by area 
Seeing as the areas of review depend on the categories, I have combined the areas and the categories. 

This was done to demonstrate how they are related and how one contributes to the quality of the other. 

These results are presented in Table 4. 

Table 4: Review results at the review category, review area and report levels 
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Overall assessment A B D B B C F C E F 

Review Area 1. Description 

of the development 

B B A A B C E A F F 

1.1 Description of the 

development 

NA NA NA NA NA NA NA NA N

A 

NA 

1.2   Site description NA NA NA NA NA NA NA NA N

A 

NA 

1.3   Wastes and residual NA NA NA NA NA NA NA NA N

A 

NA 

1.4 Environment description B B A A B C E A F F 

1.5 Baseline conditions B B A A B C E A F F 
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Review Area 2. identification 

and evaluation of key 

impacts 

A A F B B D F C F F 

2.1 Definition of potential 

impacts  

A A F A B C D B D F 

2.2 Identification of impacts  A A F B B C D B F F 

2.3 Scoping  A A F B B C D B F F 

2.4 Prediction of impact 

magnitude  

A A F C B D F D F F 

2.5 Assessment of impact 

significance  

A A F A B D F D F F 

Review Area 3. Alternatives 

and mitigation of impacts 

A C F A B A F A A F 

3.1Alternatives NA NA NA NA NA NA NA NA N

A 

NA 

3.2 mitigation A C F A B A F A A F 

  

According to Table 5, area 1 (Baseline) and area 3 (Mitigation) perform better than area 2 (Impact 

Identification, Prediction and Evaluation). Table 5 shows that seven EISs are satisfactory (A-C) in the 

use of methods parameters and use reliable information in baseline information and seven EISs are 

also satisfactory in coming up with mitigation. Area 2 is the area of review that is poorly done. Table 

5 show that only five EISs satisfactory (A-C) and the other five EISs are not satisfactory.  

Table 5: comparison between areas of review in EISs 

Grade  Area 1 Area 2 Area 3 

A = well performed 3 2 5 

B = satisfactory and complete  3 2 1 

C =just satisfactory 1 1 1 

D =just unsatisfactory   1  

E = unsatisfactory  1   

F = very unsatisfactory 2 4 3 

 

It should be noted that area 3 shows five EISs that are well done (A) in terms of mitigation compared 

to area 1 which shows three EISs in the same grade. The results in areas is an aggregated result from 

the categories and sub-category quality review scores.  

The grading provides a picture of how the area of review performed in terms of scientific information, 

but it does not give a clear picture of what is required and how each area is assessed, hence it is 

imperative to show the assessment of each review area. 
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4.2.1 Area 1: The use of science knowledge in description of the 

development, local environment and base line studies 

The baseline information forms the foundation of the prediction and evaluation of impacts; hence the 

baseline provides the conditions and parameters for assessing the impact of the habitat fragmentation 

in fish. The quality of the baseline assessment depends on the methods used for data collection, 

parameters used, completeness of information and reliability of information. The parameters for 

assessment are: Connectivity, Population and Community Structure and their subcategories, for 

example  functional connectivity, structure connectivity, recruitment, population size, mortality, 

species richness, species composition and species abundance (Sissenwine, 1984; Fullerton et al., 

2010; Woodford and McIntosh, 2010; Shetty, Venkateshwarlu and Dharan, 2015). Using the grading 

procedure for determining scientific knowledge in baseline information as provided by Lee and 

Colley (1991), the results for this study are compiled in a Table 6. 

Table 6: Science coverage and quality of science knowledge 

Project name  Baseline science information on fish  Symbol of 

assessment 

Lesotho Highland 

Water Project Phase 

(LHWP II) 

Number of species, community structure, mortality, 

connectivity 

B 

Kundabwika 

Hydropower 

Generation Scheme 

Number of fish species, species distribution, connectivity 

(fish food preference), breeding /spawning, growth, 

abundance and endangered fish species  

B 

Fufu hydropower 

project  

Fish diversity/number of species, biomass, abundance, 

conservation, structure and function connectivity, 

recruitment, biomass, endangered, breeding and spawning, 

food preferences 

A 

Mpatamanga 

hydropower project  

Fish diversity/number of species, biomass, abundance, 

conservation, structure and function connectivity, 

recruitment, biomass, endangered species, breeding and 

spawning grounds, food preferences 

A 

Kariba Dam 

Rehabilitation Project 

Fish species, community, species distribution, community 

(rehabilitation) 

B 

Mbongozi 

Hydropower Project 

Community structure, structural and functional 

connectivity, species distribution.   

 

C 

Dwangwa 

hydropower project 

General information on fauna E 

Corumana Dam Function and structural connectivity, migratory behaviour, 

spawning, feeding, species diversity and distribution, 

community structure, trophic preference and specialization, 

specialization, mortality, intolerance index, species 

distribution, fish health species richness, endangered, 

habitat preference, conservation status  

A 

Mbiya small 

hydropower station  

General information on aquatic fauna, none on fish  F  

Ruo small General information, none on fish F 
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hydropower station 

 

Table 6 shows the EISs that perform well with regards to baseline information, versus those that do 

not perform well. According to Table 6, seven EISs out of ten are satisfactory (A-C) while three EISs 

attempted to cover the parameters with omission, or they are unsatisfactory (D-F). Out of the seven 

satisfactory EISs, there are three EISs that have scientific knowledge relating to fragmentation 

parameters that are well presented in the baseline information, they include well-detailed and reliable 

information.   

Figure 3 shows common parameters covered in EISs. According to Figure 3, nine parameters are used 

to set the context of habitat fragmentation in fish. Some parameters are used more than others, with 

the number of species being the most common one used in EISs. Figure 3 shows that eight EISs out of 

ten use number of species, while hotspots and species distribution are uncommon parameters in EISs. 

No EIS shows the population size of fish. 

 

 

Figure 3: showing parameters used in EIS 

4.2.2 Area 2: The use of science in identification, prediction and 

evaluation of impacts 

Most of the EISs use tools in identification, prediction and evaluation, however, some tools are shown 

in EISs without proper explanation. In impact identification, prediction and evaluation, many methods 

are used to come up with the conducive results.  Although nine EISs identified, predicted and 

evaluated the impacts, they do not capture all the significant details of the impact identification. Only 

five EISs present fragmentation as an impact. In the reviewed EISs, the use of the Leopold matrix is 

prevalent, others include the risk assessment matrix, impact evaluation matrix and global assessment 

matrix.  As for the predictions, eight EISs use magnitude, probability of occurrence, duration of 

occurrence and spatial extent and two EISs added reversibility, value of affected resources and 

capacity of mitigation. Two EISs in addition indicate that expert’s opinion, previous experience on 

similar projects, existing documentation and field data analysis is very important in evaluating the 

impacts. International project like Kariba and Corumana  included  political impact  as proposed by 

Glasson and Therivel (2019). In five EISs, the identification of impacts is not detailed, and only direct 

impacts are presented. Furthermore, the matrix and models are not used to give details of the process 

of impact identification, prediction and evaluation.  
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The major claims by the proponents of the project with regards to habitat fragmentation are compared 

to scientific information to determine whether they agree with the general scientific consensus or not. 

The claims, justifications and significance of the impacts as stated by the proponents of the project are 

presented in Table 7. These are compared against the scientific knowledge as stated in peer-reviewed 

literature. 

Table 7:  Comparative analysis of impact claims with scientific information 

Claim Justification  Significance  No. of 

EISs 

Agree w. science And 

justification 

+/- 

Increase in fisheries 

due to good 

management of 

reservoir 

Good 

management 

High 1 No, dams impact 

fish directly by 

blocking migration in 

upstream and 

downstream directions 

+ 

The damming of the 

water blockage of 

river continuity 

during construction 

and operation  of a 

dam/weir, this can 

have an impact on 

aquatic  biodiversity 

such  as fish  as 

might not  be able  

to migrate  upwards 

or downstream  of 

the retaining wall 

affecting fish 

breeding/spawning, 

feeding  and fish 

diversity  

The dam 

creates patched 

which create 

discontinuous 

patches. This 

hinder the 

movement; 

however, the 

species are 

generalists 

which will not 

be affected 

much  

 Low 2 Yes ,the claim agrees 

with scientific 

information,  but the 

justification  of 

tolerance and generalist 

species will minimally 

be affected, it is not 

scientifically proven     

- 

The dam 

creates patches 

which create 

discontinuous 

patches. This 

hinder the 

movement of 

fish, however  

since is 

rehabilitation 

the impact will 

be medium 

Medium 2 Yes, to both claims,  

significance  and 

justification of the 

impacts are  in 

agreement with 

scientific information  

depending on the 

conditions of  the river 

and type of the project  

- 

The dam 

creates patched 

which create 

discontinuous 

patches. This 

hinder the 

movement of 

fish,  

High 3 Yes, both claims, 

significant and 

justification  are in 

agreement with 

scientific information 

that damming  create  

barrier and restrict fish 

movement for spawning 

dispersal and these 

result in  fragmentation. 

Habitat Fragmentation 

- 
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is one of the causes of 

fish biodiversity loss. 

None   NA 3 No attempt   NA 

 

Source of justification:(Larinier, 2001; Hart et al., 2002; Gido et al., 2015; Woodford and McIntosh, 

2010; Datry et al., 2017; Barbarossa et al., 2020) 

Only five EIS are totally in agreement with scientific information regarding the claim, significance 

and justification. The other two present a claim that agrees with the scientific consensus but is faulty 

with regards to the significance and justification. The remaining three EISs do not show any impact of 

the dams on habitat in fish. The dams that are in rehabilitation show that there is no new threat to 

migrating fish species. 

4.2.3 Area 3: The Use of science knowledge in mitigation  

Mitigation measures involve reducing or eliminating the impacts to minimum possible level.  For the 

impact of fragmentation, the most commonly proposed solution in literature is provision of fish 

ladders or passage to allow migratory fish to move along the river upstream and downstream of the 

storage dam (Fullerton et al., 2010; Walters et al., 2014). The question thus remain are the mitigation 

measures for habitat fragmentation proposed in EISs in southern Africa in agreement with the 

scientific consensus. To answer this question, the mitigation measures proposed in EISs are compared 

with mitigation measures that are accepted in peered reviewed journals. The results are compiled in 

Table 8. 

Table 8: proposed mitigation measures to curb fragmentation 

Impact  Mitigation measure  No of EIS Agree with scientific knowledge 

Fragmentation  Fish ladder/passage should be 

included in the designs of the 

dam 

5 Yes, it is the most common 

proposed solution to habitat 

fragmentation  

Restocking of fish  2 Yes, however, it is not commonly 

the best choice because scientific 

evidence suggest that artificial 

introductions are likely to depress 

rather than enhance the 

productivity of natural populations  

improved zoning to protect 

fish breeding habitats, and 

improved management 

1  Yes, this is just a processing 

procedure for management 

Translocation of fish  2 Yes, however physical transferring 

of species may cause stress and is 

not a preferred mitigation  

none 3 NA 

 

Source of information:(Maoiléidigh et al., 2008; Sasi and Berber, 2012; Walters et al., 2014; Larsson, 

2016) 
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As shown in Table 8, only five EISs proposed the common solution to fragmentation as fish passage 

or fish ladder, while three EISs propose nothing as a solution to fragmentation. The remaining three 

propose mitigation measures that are not scientifically reliable. 

4.2.4 Sub-category quality review  

Results from subcategories gives us the detailed analysis of the what information is analysed in 

coming up with the aggregate of the use of science knowledge in EISs. Table 9 show the details of 

subcategories, however economic, social and part of environmental sub categories which are not 

applicable in this study are not included, for example subcategories  concerning the applicant of the 

development, purpose and objective of the development, raw materials, site plan, soil characteristics, 

direct impacts on people, publication and stakeholder participation. In this review out of fifty-four 

subcategories only twenty subcategories are applicable as presented in Table 9 however the review 

topic numbering remains the same. To understand the whole assessment tool and all the subcategories 

please refer to Table 2. 

Table 9: Sub-category quality review scores 
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1.1.4 Description of 

the site  

B B A A B C E A F F 

1.2.2 Description and 

demarcation of 

land use areas 

B B  A A B B C A C C 

1.4.1  Indication of 

Likely area to be 

affected  

B B A A B C B A C C 

1.4.2 Physical 

description   

B B A A B C D A D D 

1.4.3  Biological 

description 

B B A A B C E A F F 

1.5.1 Important 

components of 

the affected 

environment 

B B A A B C E A F F 

1.5.2 Interaction & 

effects of 

project on 

environment  

B B A A B C E A F F 

2.1.1 Description   of 

the effects on 

the environment  

A A F A B C D B D F 
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2.1.4 Impacts from 

deviation from 

baseline 

condition  

A A F A B C D B D F 

2.2.1 Project divided 

into distinct 

phases 

A A F A B C D B D F 

2.2.2 All possible 

impacts from 

each phase 

identified  

A A F A B C D B D F 

2.3.11 Key impacts 

identified for 

further 

investigation  

A A F C B D F D F F 

2.4.1 Prediction of 

impacts 

magnitude  

A A F C B D F D F F 

2.4.2 Quantification 

of impact 

magnitude  

A A F C B D F D F F 

2.5.2 Significance of 

impact (nature 

duration, 

intensity, 

probability, 

extent) 

A A F A B D F D F F 

2.5.3 Method of 

assessing 

significance and 

ranking  

A A F A B D F D F F 

3.2.1 Description of 

Mitigation 

measure  

A C F A B A F A A F 

3.2.2 Mitigation 

measures 

considered  

A C F A B A F A A F 

3.2.3 Mitigation 

measures clearly 

defined 

B D F B B B F B D F 

3.2.4 Indication of 

effectiveness of 

mitigation 

A C F A B A F A A F 
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measures 

 

Based on these results, area 3 performs well; however, subcategory level 3.2.3 shows that there is no 

EIS in category A, meaning only five EIS are satisfactory as presented in Table 9. This shows that 

although the EISs consider measures for fragmentation, they do not clearly describe and define the 

measures. Since this study focuses on habitat fragmentation in fish, some subcategories are analysed 

depending on the detailed discussion and the content of information on the subcategory level. For 

example, subcategory 2.2.2 demands that all possible impacts from each phase should identified; 

however, I only looked at habitat fragmentation in all the phases. 

5. DISCUSSION  
Past studies have aimed to review the quality and content of EISs in literature (e.g, Cashmore, 

Christophilopoulos and Cobb, 2002; Sandham and Pretorius, 2008; Badr, Zahran and Cashmore, 

2011; Nizami et al., 2011; Kabir and Momtaz, 2012; Cristescu et al., 2019; Sandham, Moloto and 

Retief, 2019). These studies have observed that 70 percent or more EIS were satisfactory. However, in 

this study, 60 percent of the EISs were satisfactory. The same studies indicated that better 

performance was observed in the more descriptive areas and poorer performance in analytical and 

technical areas. Since my study tracked the use of scientific rigour in EISs, which is technical in 

nature, this could explain the lower figures in this study. It should be noted that most of studies 

generalise the quality of EISs; however, my study singled out  the use of science knowledge in habitat 

fragmentation – which has  been reported to be the major impact  of dams on  fish diversity (Gontier, 

Balfors and Mörtberg, 2006; Valentine-Rose et al., 2007; Walters, 2014; Chen et al., 2016; Datry et 

al., 2017; Gough, Fernandez Garrido and Van Herk, 2018; Barbarossa et al., 2020). Thus, this study 

provides partial confirmation of these studies and provides new information in the field.  

5.1 Overall assessment of the use of science knowledge in 

EISs 
For the EIS to achieve its role as a sustainability assessment tool, it should be precise in describing, 

predicting and proposing effective measures of impacts from baseline conditions to monitoring. 

Habitat fragmentation is one of the major impacts of constructing a dam. However only six EISs were 

satisfactory, in agreement with past studies on the topic (Cashmore, Christophilopoulos and Cobb, 

2002; Sandham and Pretorius, 2008; Kabir and Momtaz, 2012; Sandham, Moloto and Retief, 2019). 

On the different ‘levels’ of satisfactory: only four EISs described the habitat fragmentation concepts 

well and had a methodology and justification section in agreement with science knowledge, while 

three EIS were very unsatisfactory with important tasks poorly done or not attempted from baseline to 

mitigation. The complete omission of the habitat fragmentation by EISs is alarming to the 

conservation of the environment. Some studies suggest that the omissions of negative impacts are a 

deliberate move by the proponent to serve their business interest , while ignoring the actual objective 

of the preparation of EIS (Kabir and Momtaz, 2012). Similarly, Runhaar and others (2013) indicate 

that  EIA  is mainly  considered as  legal and procedural  perceptive rather than  an instrument for  

environmental management and conservation of projects. With the need  for development, especially 

in developed countries, proponets of the developement rush to prepare EISs, resulting in oversights, 

which are approved by policy makers as the developments meet the national agenda requirements 

(Nizami et al., 2011). Furthermore, the proponents of the development have a tight schedule and 

usually don’t have time to assess issues comprehensively. Hence, they simplify assumptions, 

methodology and procedures (Beattie, 1995). Even decision makers speed  up decisions, which can 

affect the effectiveness of an EIA (Runhaar et al., 2019). Unless there is clear guidance on the extent 

of the use of scientific backing in EIS reports, the omission of main impacts in EISs will continue to 

the detriment of biodiversity – for example of fish species from dam construction. This in turn has 

negative effects on the wider ecosystem, and for the organisms that depend on one another.  
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Bigger projects requiring international support utilized scientific information better than the projects 

which were locally supported. This is also true for most of the current EISs from 2015 to 2019, which 

had better coverage of scientific knowledge in terms of baseline information, methods of scoping, 

prediction and mitigation that the older EIS from 2009 to 2014. Similarly to my findings, based on the 

size and the date  of the project,  Barker and Wood (1999)  found that a  bigger project had a higher 

quality EIS, and older EISs were of lesser quality than their newer counterparts.  This gives hope that 

EISs  are changing in terms of the content and  quality of information, as the public become aware of 

the environmental performance  and puts pressure on the proponents of the developement, consultants 

and regulators to improve the information for decision making (Morrison-Saunders and Bailey, 2003). 

For the EISs that are on the agenda of international agencies, for example for the Convention of 

Biological Biodiversity, governments are motivated to produce higher quality information that 

competes on the international market. Others have suggested that involvement of international finance 

agencies  improves the ownership of the project, resulting in higher quality EISs and their  

implementation (Kolhoff et al., 2016). Hence for the proponents of development to come up with 

higher quality EISs, there is need for collaboration of the international EIA experts with local experts 

in adaptive learning. 

The three EISs which omitted the major concepts and methods of habitat fragmentation either 

partially or completely were for either small dams or weirs. This can give misinterpretation that the 

smaller the project, the smaller the impact or no impact. However construction  of weirs is one of the 

most obvious ways to fragment riverine habitats (Wiens, 2002; Seliger and Zeiringer, 2018). Both 

construction of a weir or a dam needs proper assessment from baseline to monitoring. When it 

comes to mitigation, the proponents of development need to use the management action hierarchy; 

starting with avoidance, minimization, mitigation and, only if the impact is unavoidable, 

compensation becomes an option. 

5.2 Areas assessment 

5.2.1 Description of the development, local environment and base line 

studies 

The results in this section indicated that this area was typically performed well. Seven EISs were 

satisfactory in describing baseline parameters, and the three EISs that were unsatisfactory omitted 

baseline parameters that could lead to the identification of habitat fragmentation in fish, like fish 

species, community structure, population distribution   and the description of the general environment 

was narrow. Likewise  Barker and others (1999) found that over 70 percent EISs  were satisfactory in 

terms of  coverage of  baseline information. Weakness at this level was due to the lack detailed 

technical information. Some researchers indicated that in general, descriptive parts of EIS were better 

than the technical parts (Cashmore, Christophilopoulos and Cobb, 2002; Sandham and Pretorius, 

2008; Sandham, Moloto and Retief, 2019). 

5.2.2 Identification, prediction and evaluation of impacts 

In terms of impacts, the lack of use or partial use of scientific information in five of the studied EISs 

gives the illusion that damming does not affect fish or aquatic life, or that the effect is negligible.  For 

example, Dwangwa hydropower project on Dwangwa river did not present anything on 

fragmentation, from baseline to impact identification, prediction and evaluation. However Chafota 

and others  (2005) present Dwangwa river as one of the critical conservation areas for aquatic life 

including fish species. In addition, it is one of the important catchments for Lake Malawi. These 

omissions of ecological concepts and  non-use of scientific justification agrees with Beattie (1995), 

who  indicated that EIS are not science, they may use science in some parts but they are not scientific 

documents. Epp (1995) concur with Beattie, that most  of the prediction  are un-tested  or only 

partially verified and depend on the time and information and sometimes the goal is already set for 

government and regulators to approve the project, hence big impacts are low-rated or omitted 
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altogether, as in the case of Dwangwa. In some countries the approach for strong scientific practice 

are in place, but the main hurdle is lack of scientific support from outside the EIA experts (Greig and 

Duinker, 2011). As such, there is need to enhance the scientific rigour of EIAs. 

5.2.3 Mitigation 

Fish passage or fish ladder is the major mitigation measure proposed for the impact of habitat 

fragmentation in fish in scientific journals. Five out of ten EIS considered fish ladder as a measure to 

habitat fragmentation. For this study the detailed, engineering aspect of the fish ladder was not 

considered, being replaced by the effectiveness of the fish ladder. Most of the EIS did not have 

detailed information. Three EISs did not justify their proposed mitigation measures as per the 

scientific consensus and three EISs completely omitted the proposal on fragmentation. These 

deficiencies of scientific rigour in mitigation  in EISs are supported by past studies (Sadler, 1996; 

Morrison-Saunders and Bailey, 1999) , indicating that mitigation  and environmental management 

activities in EIAs are typically lower than the international expectation. These mitigation measures 

have an effect on the fish species diversity and conservation. For example, it has been reported that 

measures like restocking fish have negative impacts on fish (Maoiléidigh et al., 2008). I recommend 

documentation of effective measure in the EIA guidelines or a catalogue of effective measures which 

EIA practitioners may choose from. This will reduce proposals of ineffective measures in EISs. 

5.3 Limitation of the study 
The use of EIS quality review tool helped this study to assess the use of scientific knowledge in EISs, 

however there were some limitation that could prevent the achievement of the purpose. First, the EISs 

were assessed without looking at the terms of reference of EISs in different countries, this should be 

noted that when consultants are preparing the EISs they follow the terms of reference (TOR) which 

outline procedures and what to contain in the EISs. Usually each project is accompanied with TORs 

which may slightly vary from one project to the other. In this study   I used the assumption that the 

requirement is the same which may not be right. Different countries may have different standards or 

terms of reference and treating them equally may produce unreliable results. Although the TORs may 

vary from one project to the other and one country to the other , the general framework is similar and 

this limitation may not have affected this study since I was looking at habitat fragmentation in fish 

which is the major impact of dam construction. Secondly, there were practical problem in terms of 

collecting the data, It should be noted that this study was primarily concerned with all relevant EISs in 

study countries, and  I anticipated to collect  a modest number of reports in each of the study 

countries. However, most countries had one or no reports on internet, and some reports found on 

agencies websites were summaries which could not be used in this study. To increase the number of 

EISs, I contacted my personal contacts in the study countries to help me to retrieve hard and soft 

copies of EISs, however there was too much bureaucracy to obtain reports hence I managed to collect 

ten reports. These ten reports had a bias towards Malawi since the researcher works with the 

department that compiles the EISs in Malawi. For example, out of ten reports assessed, six reports 

were from Malawi. In Malawi from 2009 to 2019 there were six EISs concerning hydropower dam, 

this means all relevant EISs from Malawi were included in this study, hence the results might be 

biased towards Malawi. Another limitation was the use of English EISs only. One of the selection 

criteria of EISs in this study was that the EISs should be in English. All study countries except 

Mozambique use English as their official language, while Mozambique use Portuguese and English as 

their official language. Most EISs were written in Portuguese which limited the number of relevant 

EISs from Mozambique. I managed to get one English EIS which may not give a true representation 

of EISs in Mozambique 

The interesting question is whether the results would be different if the study considered the terms of 

reference in each country and collected equal number of reports in each study country.  Different 

countries might have different standards in producing EISs but in all EISs scientific knowledge was 

prevalent.  In addition, the review package used to assess the EISs removed the biasness since all the 

EISs were treated equally and hence may have increased the validity of results. In addition, the study 
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was supported by other studies in the category of assessing the quality of EIS (Cashmore, 

Christophilopoulos and Cobb, 2002; Badr, Zahran and Cashmore, 2011; Kabir and Momtaz, 2012). 

Hence the results of this study provide some important insights on the extent of the use of scientific 

knowledge in EISs for hydropower dams.  

5.4 Challenges and opportunities for future research 
This study contributes to new information on the quality of EISs. However more comprehensive 

studies which involve large amounts of data from hydropower dams in Southern Africa are required 

to validate and expand the results of this study. Furthermore, I recommend the investigation of the 

use of science knowledge in major impacts of dam construction. Challenges for future research are 

to quantify the effectiveness of scientific knowledge in EIA for decision-making. 

6. CONCLUSION 
The extent of the use of scientific rigour in EISs varies according to date of the preparation of EISs, 

size of the project and the authorities supporting the project. While some EISs used scientific 

knowledge satisfactory, smaller and older projects tended to display partial or complete omission of 

scientific consensus. Partial use or the complete non-use of the scientific consensus in EIS have 

major repercussions on the environment, and the importance of scientific rigour in the completion 

of an EIA have been widely discussed. Hence, I recommend the transformation of EIA procedure to 

include sound and clear scientific guidelines that are rigorous, and easy for stakeholders to follow. In 

addition, there is need to empower the public, who can hold the proponents of development and 

regulators responsible. Furthermore, there is need for awareness and capacity building for EIA 

practitioners on the importance of scientific rigour, and its use in EIAs. As stated by Greig and 

Duinker  (2011), EIAs have the potential to make a strong  improvement to sustainable development, 

and, unless the methodology is transformed, it will continue to be without a significant impact. 
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