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4 CHAPTER 4 – BIOLOGICAL IMPACT 
ASSESSMENT 

4.1 Introduction 

 Description of Project 4.1.1

The CBG Project is described in Chapter 1. 

The efficient management of risks and impacts linked to the implementation of the 

Project requires a complete Environmental and Social Impact Assessment (ESIA) 

that covers and assesses the risks and potential impacts of all the actions and 

phases of the Project. 

 Goals of the study 4.1.2

The biology impact assessment follows a series of studies in preparation of the 

implementation of the CBG Expansion Project, notably the biology baseline study, 

carried out in the impact zone of the Project in 2013/2014 (Chapter 3). This biology 

impact assessment also takes into account certain of the results of the physical 

environment study of the Project carried out in the first half of 2014 (Chapter 2). 

The Scoping Report for the Environmental and Social Impact Assessment for the 

CBG Expansion Project produced by ÉEM in November 2013 details the Terms of 

Reference for the studies. The Terms of Reference were approved by the Ministère 

de l’Environnement, des Eaux et Forêts on Novembrer 8 2013 and the final Scoping 

Report submitted to the Bureau Guinéen d’Études et d’Évaluation Environnementale 

(BGÉÉE) December 5 2013. 

The main objective of the biology impact assessment is to analyze the potential 

impacts of an increase in bauxite production and of the support infrastructure on 

biological components in the zone of influence of the Project. It also describes the 

mitigation measures to put in place to reduce negative impacts or to optimize 

Project impacts when they are positive. 
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More specifically, the objectives of the biology impact study were to: 

• to work in close collaboration with the CBG technical teams (Expansion cell) 

and, to the extent possible, with the subcontractor companies, so as to know 

the options linked to different phases of the Project and be able to give 

advice on alternatives rapidly; 

• to work in close collaboration with the other disciplines of the ESIA to ensure 

the qualuty of the impact assessments and to determine realistic and 

compatible mitigation measures; 

• to ensure that IFC Performance Standards and Guinean laws are fullly taken 

into consideration; 

• to evaluate the impacts in a rigorous manner and with the latest data 

available; and 

• to propose mitigation measures likely to protect the natural environment in 

the Study Area. 

The Environmental and Social Impact Assessment (ESIA) includes the production of 

an Environmental and Social Management Plan (ESMP) so as to allow a coherent 

implementation of the various mitigation and enhancement measures reccomended 

and favor a sustainable management of the Project to the benefit of the promoter, 

the natural environments and the host communities. 

 Study Areas 4.1.3

The Study Areas have been described in a general way in Chapter 1. Some specific 

aspects related to the biological studies are brought up in Chapter 3. 

 Participants 4.1.4

The ESIA Project team is described in a general way in Chapter 1. 

For the biology impact assessment the key persons were: 
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4.1.4.1 CBG 

Stéphane Dallaire of the Service Hygiène, Sécurité, Environnement, Relations 
communautaires of CBG’s Expansion Project and CBG’s main contact with the ÉEM 

biology study team. 

4.1.4.2 ÉEM 

Eric Muller, Leader of the environmental study. 

ÉEM had the overall responsibility of the ESIA studies and of the reports and project 

management. 
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4.2 Legal framework 
The Scoping Report for the Environmental and Social Impact Assessment for the 

CBG Expansion Project produced by ÉEM in November 2013 details the legal 

framework and the standards applicable to the ESIA from the Guinean and 

international point of view. This information is repeated in Chapter 1 of the ESIA. 

The more detailed information below on biological aspects come partly from the 

Monographie nationale sur la biodiversité de la Guinée (Bah et al., 1997) (Chapter 

13-1-3) and the Rapport de la Cour suprême de Guinée sur le droit pénal de 
l’environnement (as reported in the Actes de la Réunion constitutive du comité sur 
l’environnement de l’AHJUCAF École Régionale Supérieure de la Magistrature de 
l’OHADA Porto-Novo (Bénin), 2008). The biology legal framework is presented in 

more detail in Annexe 4-1.  

 Guinean legal framework 4.2.1

4.2.1.1 Introduction 

According to the Rapport de la Cour suprême de Guinée sur le droit pénal de 
l’environnement (2008), the Guinean legal authorities have wide powers to protect 

the environment.  

The principal elements of the legal framework applicable to the Project and of 

importance from the biological perspective are the following:  

• Code de la Protection et de la Mise en Valeur de l’Environnement (or Code de 
l’environnement) – establishes the national framework for natural resource 

management and prescribes mechanisms, such as ESIAs, for minimizing 

negative environmental impacts; 

• Loi L/96/010/An du 22 juillet 1996 portant sur la réglementation des taxes à 

la pollution applicables aux établissements classés ; 

• Décret présidentiel N° 199/PRG/SGG/89 codifiant les Études d’Impact sur 

l’Environnement (November 1989) – establishes that ESIAs must be 

conducted for certain types of projects, including ports, power stations, 

mines, etc.; 
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• Décret 201/PRG/SGG/89 du 8 novembre 1989 portant sur la préservation du 

milieu marin ; 

• Arrêté Nº 990/MRNE/SGG/90 – établit les procédures et la méthodologie pour 

la réalisation d’une ÉIES ;  

• Arrêté N° A/2013/474/MEEF/CAB portant sur l’adoption du Guide général 

d’évaluation environnementale – establishes the procedures and methodology 

for carrying out an ESIA; 

• Loi L/95/036/CTRN du 30 juin 1995, portant sur le Code minier de la 

République de Guinée – governs mining exploration, operations, commerce 

and processing in the mining industry, with reference to the Code de 

l’environnement; 

• Code de l’eau, établi en vertu de la Loi L/94/005/CTRN – governs the 

management of water resources; 

• Code forestier (Loi L/99/013/AN, 1999) – governs the management of forest 

resources; 

• Code de protection de la faune sauvage et réglementation de la chasse (Loi 

L/99/038/AN) ; 

• Code minier (Loi L/2011/006/CNT) ; 

• Loi-cadre sur les activités de la pêche en eau douce (L/96/067/AN du 22 

juillet 1996) ; and 

• Code pastoral – establishes the conditions for using lands and resources as 

pasturage. 

The code on the protection of fauna is particularly important for the biological 

impact assessment. It is therefore described in more detail in the following section.  

4.2.1.2 Code de protection de la faune sauvage 

The Loi L/99/038/AN adopting and enacting the Code de protection de la faune 
sauvage et réglementation de la chasse dates from 1998. 

Among the principles of the code it is worth mentioning: 

The wild fauna is a heritage of general interest. Thus are recognized its 

economic, food and social value, as well as its scientific, esthetic, 

recreaional and educational value. 

It is the duty of all to contribute to its maintenance and its development. 
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The preservation of the wild fauna is assured by all appropriate means 

including the protection of the environment and the plants species that are 

necessary for it. The education of the whole of the population is also 

ensured, as much by teaching in schools as by all audio-visual means to 

elicit a national growing awareness of the need for that preservation. 

The fauna is a renewable resource that must be conserved by placing it in 

favorable habitat and management conditons. 

All animal species are an integral part of the national heritage. For this 

reason, it must be protected. 

The preservation, the retention or the re-establishment of a sufficient 

diversity of habitats necessary for wildlife is also a national obligation. The 

environment in which evolve the wild fauna is normaly devoted to 

agricultural, pastoral, forestry aquatic or marine activities. 

Speciesl biotope protection measures may be applied on part of the 

national territory, each time that the state of certain animal species 

justifies it. 

 

An important part of the law deals with the protection of species: 

Article 42: All animal species must be protected. Those whose population 

conditions allow it may be exploited by hunting according to the 

management rules that ensure the maintenance or increase of population 

numbers. 

Article 47: All animals that are particularly rare or threatened with 

extinction, are totally protected on the full extent of the national territory. 

This list may be modified by decree, taken on joint proposition of the 

ministerial authorities in charge of hunting and scientific research. 

Hunting and capture of totally protected animal species, including young 

and harvesting of eggs, are formally forbidden. An exception may be 

accorded to holders of a scienfitic hunting and captures permit. 
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Article 56: All the animals of species that are partly protected, list for which 

is fixed by an application decree of the present, have to be the object of an 

authorization before any hunting act. This authorization is mentioned on 

the hunting permit. 

 

Some of the species found in the Study Areas of the ESIA are either totally 

protected (for example the African golden cat and the chimpanzee) or partly 

protected (for example the serval, the crested porcupine and the hippopotamus) by 

Guinean legislation. 

 Action plans of the Guinean government 4.2.2

A number of strategic action plans of the Government of Guinea must also be taken 

into account in the deployment of the Project. These plans constitute the primary 

administrative framework for ensuring that environmental priorities are observed 

throughout the territory. The plans whose strategic directions and objectives are 

relevant to the ESIA and the Project implementation include the following: 

• Plan d’action national pour l’Environnement (PNAE); 

• Plan d’action forestier national (PAFN); 

• Plan directeur d’aménagement forestier des mangroves (SDAM); 

• Plan d’action national d’adaptation aux changements climatiques 

(PANA-CC); 

• Plan d’action national sur la diversité biologique; and 

• Plan d’action national de lutte contre la désertification (PANL-

LCD). 

These plans are described in Annexe 4-1 
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 Monographie nationale sur la biodiversité de la 4.2.3
Guinée 

The Monographie nationale sur la biodiversité de la Guinée (Bah et al., 1997) is an 

important document from several points of view. The Monographie follows from the 

United Nations Conference on the Environment and Development held in Rio de 

Janeiro in June 1992 and oblications under the United Nations Convention on 

Biological Diversity. It presents a first approach for a national action plan for 

biodiversity, taken up later in the 2001-2002 strategy and action plan listed above. 

It is also a useful compilation of the information available at the time on the status 

of species in Guinea.  The lists in the Monographie need to be brought up to date, 

as knowledge and statuses evolve quickly in biodiversity matters. Neverheless, the 

Monographie remains a useful document on the Guinean status of species and the 

statuses given are considered in this study. 

 

 Conventions and international agreements 4.2.4
ratified by Guinea 

According to the Rapport de la Cour suprême de Guinée sur le droit pénal de 
l’environnement (2008): 

The fundamental law of the Republic of Guinea admits the principles of the 

primacy of international law over internal law. 

Article 79 specifies in effect that “treaties or accords regularly approved or 

noted have as soon as they are published an authority superior to that of 

laws with reserve of reciprocity.” 

For the implementation of these principles by the state actors, notably the 

legislator and the judge, the Republic of Guinea adopts monism, that is the 

unity of principle between internal and international law, leading to 

searching for conformity between internal and international law by 

proceding to amendments or modifications to legislative and regulatory 

texts. That is to say that the international conventions ratified in the field 
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of the environment and containing penal provisions impose themselves on 

the Guinean penal legislation and are integrated into our texts. 

The international conventions ratified by Guinea and the agreements that have 

possible implications for the biological aspects of the ESIA of the Expansion Project 

are the following: 

• International Convention for the Prevention of Pollution from Ships 
(IMO - London, 1954); 

• International Convention for the Prevention of Pollution of the Sea by 

Oil  (IMO - London, 1967); 

• Convention Concerning the Protection of the World Cultural and 

Natural Heritage (UNESCO - Paris, 1972); 

• Convention on International Trade in Endangered Species of Wild 

Fauna and Flora (CITES) (Washington, 1973 – amended Bonn, 

1979); 

• Convention on the Conservation of Migratory Species of Wild Animals 

(CMS) (Bonn, 1979); 

• Agreement on the Conservation of African-Eurasian Migratory 

Waterbirds (AEWA) (The Hague, 1995); 

• Convention for Co-operation in the Protection and Development of 

the Marine and Coastal Environment of the West and Central African 

Region (Abidjan, 1981); 

• African Convention on the Conservation of Nature and Natural 

Resources (Algiers, 1968 revised in 2003); 

• United Nations Convention on the Law of the Sea (Montego Bay, 

1982); 

• Convention on Wetlands of International Importance especially as 

Waterfowl Habitat (Ramsar, 1971); 

• Convention to Combat Desertification (UN - Paris, 1994); 

• International Union for the Conservation of Nature and Natural 

Resources (IUCN) (Fontainebleau, 1948); 

• Convention on Biological Diversity (UN - Nairobi, 1991); 

• Extractive Industries Transparency Initiative (Candidate status 

renewed in 2011) (ITIE); 
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• New Partnership for Africa's Development (NEPAD), African Union 

strategic framework; and 

• The environmental policies of the Economic Community of Western 

African States (ECOWAS). 

These treaties or agreements are described in Annexe 4-1. 

 Performance standards of the International 4.2.5
Finance Corporation (IFC) 

Conformity with the International Finance Corporation’s (IFC) Performance 
Standards on Environmental and Social Sustainability (IFC, 2012), as well as with 

the Equator Principles for managing the environmental and social impacts of 

international investment projects, is a cornerstone of this ESIA report. 

The IFC Performance Standards establish essential criteria, in terms of social and 

environmental sustainability, for accessing international capital. The set of eight 

operational standards requires that environmental and social management systems 

be developed, implemented and followed in order to ensure that risks and impacts 

related to the basic themes of sustainable development are effectively and 

systematically managed throughout the life of a project. For each theme, particular 

methodology criteria, essential subjects and support principles are established to 

guide the process. The themes applicable to the biological impact assessment are as 

follows: 

• Performance Standard 1: Assessment and Management of Environmental and 

Social Risks and Impacts; 

• Performance Standard 3: Resource Efficiency and Pollution Prevention; 

• Performance Standard 6: Biodiversity Conservation and Sustainable 

Management of Living Natural Resources; 

Performance Standards 1 and 3 deal with general principles that have applications 

for biology, but Performance Standard 6 deals specifically with biological questions. 

For this reason, Performance Standard 6 is described in more detail in Annexe 4-2. 

The objectives of Performance Standard 6 are: 

• protect and conserve biodiversity;  
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• maintain the benefits from ecosystem services; and 

• to promote the sustainable management of living natural resources through 

the adoption of practices that integrate conservation needs and development 

priorities. 

 Equator Principles 4.2.6

The Project has also been developed in compliance with the Equator Principles III 

(2011), a financial industry benchmark for taking social responsibility and 

environmental management into account.  
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4.3 Initial state of the receiving environment 
The initial state of the receiving environment was established on the basis of earlier 

studies and mainly by field studies undertaken by ÉEM/Sylvatrop in 2013-2014. 

These are all detailed in the biology baseline for the ESIA (Biology Baseline Study 

for the CBG Mine Expansion Project, 2014, ÉEM) that includes Chapter 3 of this 

ESIA and its 12 appendices that are the specialist’s reports. 

Prior studies are of limited applicability. The most important are the ESIA for Guinea 

Alumina Corporation (GAC) (2008) and the AECOM ESIA for CBG (2011). 

Two specific studies were particularly useful: 

• the 2006 inventory A Rapid Biological Assessment of Boké Préfecture, 
Northwestern Guinea is a recent assessment of good quality for sites within 

Boké prefecture (Wright, McCullough, and Diallo, 2006); and 

• the Critical Habitat Assessment Report, Guinea Alumina Corporation Project 
published in 2008, on the habitats of certain mammals (mainly chimpanzees) 

in the GAC concession (Ecology and Environment Inc. and Kormos, 2008). 

The ÉEM/Sylvatrop biology baseline study had as its objectives: 

• to identify and characterize the habitats of the Study Area based on aerial 

photographs and satellite imagery available;  

• to assess the faunistic and floristic diversity, in particular in the habitats 

affected by the Project; and      

• to determine the presence of vulnerable or threatened species (according to 

the lists of the Monographie Nationale and the IUCN). 

The field studies took place from October to December 2013 and detailed in the 

reports of the specialists (annexes 3-1 to 3-12 of Chapter 3). The biological studies 

specifically look at the following main topics:  

• vegetation; 

• large and medium terrestrial mammals; 

• freshwater fauna (Sangarédi only); 

• birds; 

• reptiles and amphibians; and 

• marine mammals, turtles and crocodiles (Kamsar only).  
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Other important studies not directly related to plant or animal inventories and linked 

with the social studies (Chapter 5) were also undertaken: 

• marine fishing study (Kamsar only); 

• firewood and charcoal study; and 

• hunting and bushmeat study. 

For each of these studies, a specialist of international repute was associated with at 

least one senior national researcher. Specimens were exported to be studies in 

laboratories of international repute such as Kew Botnaical Gardens in England and 

the Berlin Museum of Natural History. 
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4.4 Methodology for the biology impact 
assessment 

The Scoping Report for the Environmental and Social Impact Assessment for the 

CBG Expansion Project produced by ÉEM in November 2013 details the impact 

evaluation applicable to the ESIA. This information is expanded and corrected in 

Chapter 1 of the ESIA. The description below is a short reminder of the elements of 

this evaluation within the context of the biological impact assessment and that are 

the subject of the next sections. 

 Identification of impacts 4.4.1

The identification of impacts is the first step before their assessment. The technical 

description of the mine Expansion Project (Chapter 1) allows the identification of 

sources of impacts. The identification of impact sources attempts to determine all of 

the Project components (impacting factors) that could have an impact on the 

biological environment, or the environment in general. These are thus associated 

with the work and activity needed to increase bauxite production. 

These sources of impact can come during the different phases of the Project, either 

in construction/installation or during operation/maintenance. Work is then carried 

out to categorize the impacts. 

 Valued ecosystem components (VECs) 4.4.2

The concept of valued ecosystem components (VECs) refers every part of the 

environment judged as having a scientific, social, cultural economic, historical, 

archaeological or esthetic importance.  

The list of VECs was determined following the technical studies of the scoping study 

and the baseline studies in the receiving environment (Chapter 3). 

The relative value of ecosystem elements can be determined according to cultural 

and scientific concerns. Important ecosystem components likely to interact with 

Project elements are included in the assessment of environmental effects. For 

biology, three VECs were identified and discussed in more detail in Section 4.6: 
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• important biological species (based mainly on the IUCN status of the 

species); 

• important biological habitats (based mainly on the IFC Performance 

Standards); and 

• natural resources (fishing, hunting and woodfuel). 

 Assessment of impacts 4.4.3

The impact assessment methodology and the presentation of mitigation measures 

and residual impacts are detailed in the general part of the ESIA in Chapter 1. 

Potential impacts of the Expansion Project were assessed for each of the 

subcomponents, using an impact matrix. The matrix allowed the following 

determination for each impact: the sources of impacts, the phases of the Project 

involved, its nature (positive or negative), its description, the zone and phase 

involved, the value of the VEC, the degree of disturbance, the spatial extent and the 

duration of the impact. The compilation of these data leads to a value that allows an 

assessment of the “importance of the impact”  (negative or positive). 

 Mitigation measures 4.4.4

For each of the negative impacts, prevention and mitigation measures are proposed 

to give CBG direction on limiting the impacts caused by the Project. For positive 

impacts, enhancement measures are suggested. 

 Residual impacts 4.4.5

The levels of impact after the application of the mitigation and enhancement 

measures, the “residual impacts”, are assessed.  

 Cumulative impacts 4.4.6

The cumulative impacts of the Expansion Project and other adjacent projects are 

described in Chapter 9. 
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 Monitoring measures 4.4.7

Beyond the first phases of implementation of the Expansion Project, it is important 

that the company undertake continuous impact assessment, recognizing that the 

risks relative to impacts evolve during the course of operations and following 

changes in the Guinean mining context and the mitigation measures put into place.  

It is also particularly important that indicators be used that allow monitoring of the 

impacts of the Project. Qualitative and quantitative monitoring indicators are 

proposed for the main types of impacts. 

  



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-17 

4.5 Identification of impacts 

 Introduction 4.5.1

The identification of impacts on the biological environment is always complex 

because it can be approached in various ways, especially, as in the case of the 

Extension Project, that cover a large territory and several types of activity. The 

basic principle is that the assessment deals with the increase in the rate of 

extraction, transport and treatment of bauxite. The operations already exist and are 

considered in the baseline case. For some aspects, notably the new mining areas, 

the difference between the baseline and the state after the increase can be hard to 

separate. 

The first section that follows briefly details the sources of impacts on the biological 

aspects according to the activities described in the description of Project section of 

the ESIA (Chapter 1). 

The second section that follows assembles the impacts according to their types, 

defines them and describes acceptable thresholds (when they exist). These are the 

types of impacts that will be used in the systematic assessment of impacts. 

 Potential sources of impacts  4.5.2

4.5.2.1 Increase in bauxite 

Increase in the extraction area 

The development of new bauxite mining areas in the Sangarédi region will likely be 

the major source of Project impacts on the biological environment. The 

quantification is difficult because the baseline case assumes a continuation of the 

extraction at the current rare, therefore the use of new mining areas in any case. 

Only the surface used in the 2014 to 2028 period will change. The situation is made 

still more complicated by the three extraction rate increase scenarios. Given this 

complexity, the direct impacts will be calculated within the simplified context of 

attributing the impacts of mining new areas to the Expansion Project. For some 

derived aspects (for example noise and dust) this position is reasonable because the 

increase in rate determines the final impact values. 
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The most critical direct impacts will obviously be the elimination of individuals 

during clearing, habitat elimination for a shorter or longer period and the 

replacement by possibly less productive or useful habits whose legal situation may 

remain uncertain. 

There will also be direct impacts outside the mined areas, including impacts 

associated with air quality, noise, vibrations, water quality and lighting. Most of 

these impacts can be estimated after the studies and modeling of the physical 

environment presented in the ESIA (Sections 2-2 to 2-4). 

Changes in the levels of groundwater as a result of the exploitation of new mining 

areas are another potential impact. In theory, a lowering of groundwater levels 

could affect springs and stream flow on the slopes of the plateau. Even so, the 

hydrogeological analysis (Section 2-4) suggests that there might be a slight 

increase in the flow. Therefore, this impact was not retained. 

Finally, the new mining surfaces will have indirect impacts by changing the structure 

of nearby natural habitats and by increasing fragmentation. 

Another complex aspect of the increase in the mining surface is that the 

construction and operations phases are in fact telescoped and are not easily 

differentiated. 

Development of the road network 

The development of new mining areas requires the development of an appropriate 

road network. Even if in some cases the mining roads will use what remains of old 

4x4 trails, wide ones for large trucks will replace them. 

The construction of the network will result in the elimination of natural habitats and 

potential impacts on aquatic habitats at stream crossings. There will also likely be 

important fragmentation impacts. 

CBG’s use of the road network for the new mining zones could cause other impacts, 

such as noise, vibration, dust, use of water, lighting and risks of collisions with 

animals. 

After CBG stops using some of the new roads, the roads could have an impact by 

changing the ease of access for hunting and firewood harvesting. 
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Impacts related to the development of road networks have become a major subject 

of study. In the EU, the subject has been the base for a series of studies (COST) 

that culminated in a veritable guide of practices to protect the environment (COST 

341 2007). 

The road network is still at a preliminary planning stage, so it is not possible to 

determine with precision the associated biological impacts. 

  

4.5.2.2 Increase in the transport of bauxite from Sangarédi to 
Kamsar 

Creation of a new sorting yard and sidings  

These modifications will eliminate limited surface areas of partly natural 
habitat but the impacts will be minor. 

Increase in the number of trains 

The number of trains will double with the production of 27.5 MTPA. This will reduce 

the periods of calm between trains. 

Increase in the number of locomotives and cars in each train    

There will be an additional locomotive and some extra railcars for each train. This 

will slightly increase the noise, vibrations and aerial emissions at the passage of 

each train. 

4.5.2.3 Increase in the grinding and drying of bauxite at 
Kamsar 

Changes of structures within the plant boundaries 

There will be several modifications to the equipment within the boundaries of the 

plant. They will not cause biological impacts during construction because the work 

will take place entirely within the plant’s boundaries. In the long term, there will be 

some positive impacts, such as a reduction of dust emissions. 
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Increase in treated bauxite 

The increase in treated bauxite will result in an increase of some gases as a result of 

increased fuel needs. 

4.5.2.4 Increase in marine transport of bauxite from Kamsar 

(Note: the ESIA only covers impacts within the Rio Nuñez Estuary.)  

Construction associated with the quay 

There will be certain modifications at the quay (enlargement of the quay, new 

conveyors and dredging of the basin adjacent to the quay). These could have 

impacts linked to losses of habitat (marine bottom and mangrove) and the 

disturbance of animals because of submarine noise during construction. 

Increase in marine traffic 

The increase in marine traffic will increase the risks of collision between ships and 

marine mammals. There will also be the potential for increases accidental releases 

into the waters of the estuary and potential increases in noise and atmospheric 

emissions. 

 Definitions and estimates of intensity of impact 4.5.3
types for the assessment  

4.5.3.1 Loss of habitat 

The loss of habitat is measured by the surface of natural habitat converted. The 

main habitat losses from the Project are the use of new mining areas that will 

eliminate about 3,200 ha of habitat. Other losses will be related to the development 

of the mining road network, improvements to the railroad line and the new quay in 

Kamsar. 

The loss of habitat is the clearest and most immediate impact on the biological 

environment. Clearing typically involves the elimination of most of the plants from 

the site (except for seeds in the soil) and the majority of animals (mainly 
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invertebrates). Certain animals can avoid the clearing activities but frequently they 

cannot find adequate unoccupied habitat nearby and die. 

The intensity of the impact depends in part on the percentage of the range of 

species or habitats that are affected. 

The importance of the impact of the habitat loss is linked to the species impacted 

and the nature of the habitats removed. Habitats of species of restricted range or in 

danger of extinction and critical habitats are obviously the most important. 

4.5.3.2 Fragmentation 

The elimination of habitat can have much more extensive impacts than those 

related to the habitat loss itself. This is particularly the case for road networks. New 

roads can become effective barriers for animals and plants. For example, a large 

forest cut in two by a road is reduced to two fragments equivalent in size to half the 

size of the original habitat. Such fragmentation becomes critical for animals 

requiring a minimum continuous forest range. It also increases the length of edge 

habitat, which is often less suitable for forest species, and decreases the surface 

area of deep forest. 

The fragmentation is accentuated by secondary effects from vehicles (noise, dust, 

lighting, collisions) that contribute to the barrier effects due to the loss of habitat. 

The question of fragmentation is a subject of more and more intensive studies by 

biologists, because it is a preoccupying subject for nature conservation: Adam & 

Geist, 1983 ; Baur A. & Baur B., 1990; Bennett A. F., 1991; Benson R., 1995; 

Bissonette J. A. & S. A. Rosa, 2009; Bissonette J.A. & C.A. Kassar, 2008; Bouchard, 

J., A. T. Ford, F. Eigenbrod, & L. Fahrig, 2009; Brody A.J. & Pelton M.R., 1989; 

Brothers T. S. & Spingarn A., 1992; Brown R. J., Brown M. N. & Pesotto B., 1986; 

Burnett S. E. 1992; Clevenger, A.P., B. Chruszcz, & K.E. Gunson, 2003; Develey P. 

F. & Stouffer P. C., 2001; Di Giulio, M., & R. Holderegger, 2009; Donaldson A. & 

Bennett A., 2004; Eigenbrod, F., S. J. Hecnar, & L. Fahrig, 2009; Foppen R. & 

Reijnen R., 1994; Forman R. T. T. & Deblinger R. D., 2000; Forman R. T. T., 

Friedman D. S., Fitzhenry J. D., Martin J. D., Chen A. S. & Alexander L. E., 1997; 

Forman, R. T. & L. E. Alexander, 1998; Frair, J. L., E. H. Merrill, H. L. Beyer, & J. M. 

Morales, 2008; Goosem M. W., 1997; Goosem M. W., 2000; etc. 
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4.5.3.3 Air pollution 

Air pollution was considered in a preceding section of the ESIA (Section 2.2). In that 

section, modeling produced predictions of levels of various atmospheric emissions. 

The levels of dust and certain gases (NOx, NO2, SO2) were estimated for the new 

mining areas, the mining roads and the plant and port at Kamsar. 

Dust - particulates (PM) 

Dust can have direct impacts on animals by inhalation, direct impacts by deposition 

on plants and indirect impacts through changes to the terrestrial or aquatic 

environment (deposition on soil or water). In addition, if the dust contains toxic 

substances such as heavy metals, can have effects on animals and plants. 

Dust is recognized as an important element for human health (US EPA, 2009; US 

EPA, 2012). The main impact is linked to the inhalation of dust during breathing and 

effects on the respiratory system. In principle terrestrial animals can also be 

sensitive to inhalation of dust. The respiratory systems of animals can be fairly 

different from the human system and can be more or less sensitive than the human 

one, but there are very few studies on this topic. In the absence of more precise 

information, levels for the protection of human health will be considered. 

Deposition of dust on vegetation can have effects on: 

• the light arriving to the cells responsible for photosynthesis, thus reducing 

productivity;  

• the stomata that are responsible for the flow of gases by blocking their 

closure;  

• the temperature of the leaves; and  

• a series of induced factors (for example susceptibility to diseases and 

parasites) (Farmer, 1991; Doley, 2013). 

Studies on the effects of dust on plants suggest that it is mainly the effects on light 

levels that are of consequence rather than the effects on the stomata (for example 

Doley, 2013). 

Analyses of the effects of light are fairly complex because the effects depend upon a 

considerable number of variables, notably: 
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• the rate of dust deposition;  

• the duration of the deposition;  

• the size of the particles;  

• the weather (rain and wind that “wash” the plant surfaces);  

• the lifespan of the leaves;  

• the leaf characteristics that can influence holding the dust;  

• the physical characteristics of the plants; and  

• the presence of other plants (position under cover for example).  

Very complex modeling, by species, is needed to arrive at impact estimates (Doley 

and Rossato, 2010). For example, according to Doley (2013), for a deposition rate 

of mg/m2/d for 40 days, there would be a reduction in productivity of 96% to 51% 

depending on species in Australia. Sharifi et al (1997) determined a reduction in 

photosynthesis of 21% to 58% in a study in the Mojave Desert. On the other hand, 

Wijayratne et al’s (2009) study in the field and in the laboratory suggests 

contradictory results. Armbrust (1986), in a series of experiments on the effect of 

dust on cotton plants came to interesting conclusions on the duration of the 

impacts: a return to physiological normalcy three days after dust cover; a loss of 

weight that can last two weeks with high deposition rates  (28,6 µg/m2); and rapid 

washing by wind and rain (on the order of a week). 

The ESIA for the Rio Tinto Simandou Project (Simandou Project, 2013a) has 

proposed impact levels for vegetation and these are retained for the impact analysis 

in the ESIA for the CBG Expansion Project (Table 4-1) 
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Table 4-1 Vegetation impact levels from dust deposition 

 

Average annual deposition rate  Effect  Importance  

< 350 mg/m2/day  Nuisance and damage to plants unlikely  Not significant 

from 350 to 650 mg/ m2/day Nuisance and damage to plants possible  Negative - Minor  

from 650 to 950 mg/ m2/day Nuisance and damage to plants probable Negative - 
Moderate  

from 950 to 1190 mg/ m2/day Nuisance and damage to plants very probable Negative - Major  

> 1 190 mg/ m2/day Serious complaints probable and serious 
damage to plants  

Negative - 
Critical  

 

The results of the modeling of dust (Section 2.2) indicate that the impacts would be 

very limited. 

The deposition of particles on the soil or water can have an effect on plants or 

animals if the dust contains toxic substances and plants and animals assimilate 

these. The effects of toxic substances are generally considered the most important 

impacts of dust on the natural environment. Studies on dust carried out in the 

context of this ESIA did not reveal substances toxic to plants in sufficient quantity to 
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pose problems apart possibly from aluminum). The results of the analyses of dust 

samples from Kamsar and Sangarédi show the absence of antimony (Sb), arsenic 

(As), cadmium (Cd), chromium (Cr), copper (Cu) and of nickel (Ni). Only aluminum 

is present in fairly high quantities. 

Aluminum is the third most common element on earth. Aluminum is present in 

significant quantities in the soils and the waters of the region naturally. For Kamsar 

modeling for air quality (Section 2.2) indicated a decrease in dust levels during the 

Expansion Project, so that there might potentially be a slight decrease of aluminum 

in the water and at the surface of soils near Kamsar, or a stable state. On the other 

hand, in the Sangarédi region, a slight increase in aluminum deposition might be 

expected. In the water, the increase could lead to levels slightly above the US EPA 

recommendations (87 µg/L) (see Section 2.4). 

The toxicity of aluminum has been studies for a long time. The toxicity in water is 

linked to the levels of dissolved organic carbon (see appendix on aluminum toxicity 

in Annexe 4-10). The conditions in the waters of the region suggest that impacts 

would be generally minor but that local effects are possible. 

Nitrogen oxides (NOx, NO2) 

Exposure to very high levels of NO and NO2 and for a long period can have 

phytotoxic effects  (Winner et al 1985, Cape 2003, Greaver et al 2012). In practice, 

atmospheric levels are rarely high enough to reach the threshold for phytotoxic 

effects (US EPA, 1993).  

The deposition of nitrogen in terrestrial and aquatic environments can have 

important impacts, notably on environmental acidification  (US EPA, 2008). The 

conclusion of the study of impacts on the aquatic environment is that there should 

not be effects on the water pH. 

The standards recommended for ecologically sensitive areas are often more strict 

than those for residential zones. For example the Central Pollution Control Board of 

India recommends levels of 30 µg/m3 for one year and of 80 µg/m3 for 24 hours 

(CBCB, 2009). The EU (Directive 2008/50/CE) gives recommendations that are then 

translated into national legislation. For France (2010) the critical average annual 

level for the protection of vegetation is 30 µg/m³ (NO2 equivalent). Rio Tinto also 

used these levels for the Simandou Project. The Simandou ESIA (Simandou, 2013a) 
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also uses an average annual level for the protection of vegetation of 30 µg/m³. The 

levels predicted in the physical environment section (Section 2.2) indicate a small 

zone above these limits extending out a few hundred meters around the Kamsar 

plant (without mitigation and for the 27.5 MTPA scenario). 

Sulfur dioxide (SO2) 

Exposure to very high levels of SO2 and for a long period can have phytotoxic effects  

(Winner et al 1985, Greaver et al 2012). SO2 has a US EPA three-hour average 

criterion for the protection of plants of 0,50 ppm (US EPA 2008). Lichens are 

particularly susceptible to the level of SO2 and the level of SO2 seems to be the main 

cause for the absence of lichens in in urban and industrial locations.  The levels 

predicted in the physical environment section (Section 2.2) are below those that can 

cause direct phytotoxic damage. 

The deposition of sulfur in terrestrial and aquatic environments can have important 

impacts, notably on environmental acidification  (US EPA, 2008). The conclusion of 

the study of impacts on the aquatic environment is that there should not be effects 

on the water pH. 

The standards recommended for ecologically sensitive areas are often more strict 

than those for residential zones. For example the Central Pollution Control Board of 

India recommends levels of 20 µg/m3 for one year and of 80 µg/m3 for 24 hours 

(CBCB, 2009). The EU (Directive 2008/50/CE) gives recommendations that are then 

translated into national legislation. For France (2010) the critical average annual 

level for the protection of vegetation is 20 µg/m³ and 20 µg/m³ on average for the 

period October 1 to March 31. Rio Tinto also used these levels for the Simandou 

Project. The Simandou ESIA (Simandou, 2013a) also uses an average annual level 

for the protection of vegetation of 20 µg/m³. The levels predicted in the physical 

environment section (Section 2.2) indicate a zone above these limits extending out 

up to one to two km around the Kamsar plant (without mitigation and for the 27.5 

MTPA scenario). 

4.5.3.4 Noise and vibrations 

Noise and vibrations were examined in a preceding section of the ESIA. In that 

section (Section 2.3) predictions of noise levels were produced by complex 
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modeling. The levels were estimated for the new mining areas, the railroad and the 

plant and port in Kamsar. 

The impact of noise and vibrations on animals is more and more recognized: 

Barber, J. R., Crooks, K. R. & Fristrup, K. M., 2010; Bee M. A. & Swanson E. M., 

2007; Bowles A. E. 1995; Brattstrom, B. H., and M. C. Bondello, 1994; Brumm H., 

2004; Brumm, H., 2010; Chan, A. A. Y. H., Giraldo-Perez, P., Smith, S. and 

Blumstein, D. T., 2010; Francis CD, Ortega CP, and Cruz A. 2009; Francis, C.D., 

N.J. Kleist, C.P. Ortega, and A. Cruz., 2012; Gordon, S.D., and G.W. Uetz, 2012; 

Herrera-Montes, M.I., and T.M. Aide, 2011; Holthuijzen, A. M. A., W. G. Eastland, A. 

R. Ansell, M. N. Kochert, R. D. Williams, and L. S. Young, 1990; Klump GM, 1996; 

Larkin, R., L. L. Pater, and D. Tazik, 1996; Pater, L.L., T.G. Grubb, and D.K. 

Delaney, 2009. 

Vibrations were evaluated for the mining areas where vibrations associated with the 

use of explosives during mining may be important. The calculations show that for 

normal charges, accelerations over 5 mm/s, a conservative value) would be limited 

to a distance of less than 200 m from the explosion site. This suggests that the 

vibration impact zone will be limited. The maximum vibrations associated with the 

increase in transport of bauxite should not increase significantly, however the 

frequency of the vibration episodes will increase. Vibrations for the new road 

network were not assessed given the questions still unanswered.  

4.5.3.5 Water pollution 

In the report on water and sediments (Section 2.4), the increase of aluminum in 

some streams of the Sangarédi area is the most probably form of pollution. It will 

come indirectly from the deposition of dust on the ground and directly from 

deposition in watercourses. The impact will be most pronounced on small 

watercourses near the mining areas. The duration of the impact will be fairly short 

because the mining activities will change location fairly rapidly. The impact of a 

higher level of aluminum will be minimized in part because of the pH and levels of 

dissolved carbon in the water. The questions of aluminum toxicity are discussed in 

Appendix A - Overview of aluminum speciation and toxicity of the complete report 

on water quality: SENES, 2014. CBG Extension project environmental impact 
assessment - Surface water and groundwater impact assessment. (Annexe 2-10). 
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There are also possible impacts linked to accidental release and accidents. These 

could result in the presence of various organic molecules such as fuel oil in the 

surface waters. This is discussed in Section 2.4 and 2.5. 

4.5.3.6 Lighting 

The mining of bauxite in the new mining areas will proceed 24 hours a day. It will 

thus be necessary to light the mine site and the mining roads will be illuminated by 

a sometimes intense level of traffic. 

This lighting in a region currently without many source of lighting will lead to 

definite impacts, especially for nocturnal animals (Beier P., 2006; Buchanan, B.W., 

1993; Buchanan, B.W., 2006; de Molenaar, J.G., M.E. Sanders, & D.A. Jonkers, 

2006; Eisenbeis, G., 2006; Frank, K.D., 2006; Gauthreraux Jr., S.A., & C.G. Belser, 

2006; Grigione, M.M., & R. Mrykalo, 2004; Longcore, T., & C. Rich, 2006; 

Montevecchi, W.A., 2006; Wise, S., 2007). 

4.5.3.7 Human presence 

Certain animal species may be very sensitive to the presence of humans and will 

avoid places where they are present. During the use of the mining areas there will 

be a relatively high number of persons on these normally fairly isolated areas. See 

Freddy, D.J., W.M. Bronaugh, and M.C. Fowler, 1986. 

4.5.3.8 Collisions 

The increase in the quantity of bauxite to be transported results in an increase in 

road, railroad and marine traffic. This increases the risks of collisions with animals, 

particularly with trucks on the mining roads and ships in the du Rio Nuñez Estuary. 

See: Carsignol J., 1999; Clevenger, A.P., B. Chruszcz, & K.E. Gunson, 2003; Gerow, 

K., N.C. Kline, D.E. Swann, & M. Pokorny, 2010; Hourdequin, M., editor, 2000; 

Jaeger, J.A.G., J. Bowman, J. Brennan, L. Fahrig, D. Bert, J. Bouchard, N. 

Charbonneau, K. Frank, B. Gruber, & K. Tluk von Toschanowitz, 2005; Orlowski, G., 

and L. Nowak, 2006).  
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4.5.3.9  Induced anthropic pressure 

The induced anthropic pressure includes the increased pressure on natural 

environments around the mining zones that were used as grazing lands, and the 

pressure on certain animals and trees du to an increase in ease of access to isolated 

areas (bushmeat hunting and tree cutting for woodfuel). 

4.5.3.10 Invasive species 

Clearing of the mining areas and the mining roads will provoke changes in 

conditions that are often favorable to the invasion of non-native invasive species. 

These species can compete with local species and prevent the re-establishment of 

the original vegetation. Frequently also these invasive species are not of great utility 

of the local fauna. 

The impact of invasive species can be mitigated by destroying them when they are 

present and by avoiding planting non-native species that could become invasive. 
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4.6 Valued ecosystem components (VECs) 

 Introduction 4.6.1

Three VECs were retained to evaluate biological impacts: 

• important biological species; 

• important biological habitats; and 

• biological resources. 

These three components were divided into several subcomponents. This is 

particularly the case for the important species, because the sensitivities of the 

species to various actions of the Extension Project vary enormously. 

Other aspects could have been considered (for example, ecosystemic values); 

however, these aspects were deemed to have been taken into account sufficiently 

by the three main components or to have been taken into account by components 

in the other disciplines (physical and social). 

The choice of components and subcomponents and the judgment on their 

importance is based as much as possible on the well-established and justified 

criteria described in the following sections. 

 Important biological species 4.6.2

4.6.2.1 Principles 

There are numerous documents that try to identify the conservation status of 

species that are present in Guinea. At the national level one can cite particularly the 

Monographie Nationale de la Diversité Biologique and the level of protection (total or 

partial) under the Code de la Chasse. There are also lists of species to protect under 

the various conventions to which Guinea is a signatory (par example the CITES 

statuses). In certain cases books or articles in specialized journals may also give 

indications on the level of rarity of species. All of these sources have been consulted 

and the information retained in the evaluation of the status of species, however the 

primary source remains the IUCN statuses. 
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The IUCN categories are the most complete and up-to-date. They are described in 

IUCN Red List Categories and Criteria, Version 3.1, Second edition (IUCN, 2012). 

The applicable IUCN categories (IUCN, 2012) are: 

 

“Critically Endangered (CR) 

A taxon is Critically Endangered when the best available evidence indicates 

that it meets any of the criteria A to E for Critically Endangered …. and it is 

therefore considered to be facing an extremely high risk of extinction in the 

wild. 

Endangered (EN) 

A taxon is Endangered when the best available evidence indicates that it 

meets any of the criteria A to E for Endangered …. and it is therefore 

considered to be facing a very high risk of extinction in the wild.. 

Vulnerable (VU) 

A taxon is Vulnerable when the best available evidence indicates that it 

meets any of the criteria A to E for Vulnerable …. and it is therefore 

considered to be facing a high risk of extinction in the wild. 

Near Threatened (NT) 

A taxon is Near Threatened when it has been evaluated against the criteria 

but does not qualify for Critically Endangered, Endangered or Vulnerable 

now, but is close to qualifying for or is likely to qualify for a threatened 

category in the near future. 

Least Concern (LC) 

A taxon is Least Concern when it has been evaluated against the criteria 

and does not qualify for Critically Endangered, Endangered, Vulnerable or 

Near Threatened. Widespread and abundant taxa are included in this 

category. 
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Data Deficient (DD) 

A taxon is Data Deficient when there is inadequate information to make a 

direct, or indirect, assessment of its risk of extinction based on its 

distribution and/or population status. A taxon in this category may be well 

studied, and its biology well known, but appropriate data on abundance 

and/or distribution are lacking. Data Deficient is therefore not a category of 

threat. Listing of taxa in this category indicates that more information is 

required and acknowledges the possibility that future research will show 

that threatened classification is appropriate. It is important to make 

positive use of whatever data are available. In many cases great care 

should be exercised in choosing between DD and a threatened status. If 

the range of a taxon is suspected to be relatively circumscribed, and a 

considerable period of time has elapsed since the last record of the taxon, 

threatened status may well be justified. 

Not Evaluated (NE) 

A taxon is Not Evaluated when it has not yet been evaluated against the 

criteria.” 

(The abbreviation for each category [in brackets] corresponds in all 

languages to the English name)  

The most recent status reports, as well as available data, are given on species data 

sheets on the IUCN website (http://www.iucnredlist.org/search – The IUCN Red List 

of Threatened Species. Version 2014.2.). The data sheets were last consulted and 

validated between June and September 2014. 

Although the IUCN information and assessments are critical for the identification of 

important species for this ESIA, they most nevertheless be used with caution. 

First of all it must be recognized that the assessments of the IUCN do not concern 

all the species present. For certain groups (for example the mammals) the 

assessments were done on most species but for others the number of assessed 

species is restricted. For example the botanists from Kew Gardens that at most 5% 

of the plants of Guinea have been assessed by the IUCN. It is thus important to 

ensure that non-assessed species but evidently of importance are considered. 
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Even among the assessed species, an important number remain in the DD category, 

suggesting potentially important species but for which there is a lack of data to 

assign a status. 

It must also be recognized that the assessments are in constant evolution. For 

example the three Endangered vulture species present (hooded vulture, African 

white-backed vulture and Rueppell’s griffon vulture) were only given the EN status 

in 2012, following a decline in their populations. The status of the hippopotamus is 

actually being revised and it is probable that the status, especially for West African 

populations, will be revised upwards. 

With recent advances in taxonomy through the use of DNA studies, statuses need to 

be revised. For example, it is probable that the Nile crocodile is in fact two species 

and that the species present in Guinea will be a species with a more important 

status once the situation is re-assessed. It is the same for the African dwarf 

crocodile and it is likely that the specimens in the Study Area are likely of a new 

species. 

It is important to remember that distributions in Guinea are still only known in a 

fragmentary way. The number of significant range extensions reported on the 

baseline studies for the ESIA illustrates this. Nevertheless it is clear that certain 

species that are present have very limited distributions and are endemic to very 

small areas, such as the Sangarédi region. These endemic species are of great 

importance and must be assessed as such, even in the absence of an IUCN 

assessment. 

The important species have been divided into two groups: 

• biological species of first priority; and 

• biological species of second priority. 

Species of first priority are defined as those identified by the IUCN as Critically 
Endangered (CR) or Endangered (EN), plus those species for which the available 

data strongly suggest that they may have that status in the near future. These 

species are given a High rating in the VEC value column in the assessment of 

impacts. 
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Species of second priority are defined as those defined by the IUCN as Vulnerable 

(VU) or Near Threatened (NT), plus those species for which the available data 

strongly suggest that they may have that status in the near future. These species 

are given a Medium rating in the VEC value column in the assessment of impacts. 

In conclusion, identification and classification of important biological species is a 

complex topic. There will always be a relative lack of presence data and species 

status assessments. Nevertheless, the study has shown the presence of a large 

number of status species that cover a good representation of the types of organism 

present (plants, terrestrial and marine mammals, birds, terrestrial and marine 

reptiles, amphibians, and freshwater and marine fish). The broad representation 

allows for satisfactory identification of the types of impacts and their ranges. 

4.6.2.2 Species of first priority 

Nineteen species present in the Study Areas have been classified as first priority. 

These species are described in a summary fashion in Table 4-2 and in more detail in 

Annexe 4-3. As stated in the table, the presence of all these species was established 

during ESIA fieldwork in 2013. For most of the species, these are the first 

confirmations of their presence in the Study Areas. 

Table 4-2 Species of first priority 

Scientific 
name 

English 
name 

French 
name 

Type IUCN status Presence Notes 

Hemidactylus 
kundaensis 

  Reptile - lizard 

Critically 

Endangered  

(B2ab(iii)) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

Endemic to 

Sangarédi 

subprefecture 

Eretmochelys 
imbricata 

Hawksbill 

turtle 

Tortue à 

écailles 

Reptile – 

marine turtle 

Critically 

Endangered   

(A2bd) 

Kamsar (field 

work EEM 

ESIA, 2013) 

 

Cynisca cf 
oligopholis 

  
Reptile - 

amphisbaenian 

Endangered 

(B1ab(iii)) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

Endemic to 

Sangarédi 

subprefecture 

– species not 

yet described? 

Phrynobatrach
us pintoi 

  
Amphibian - 

frog 

Endangered 

(B1ab(iii)) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

Endemic to the  

Sangarédi area 
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Scientific 
name 

English 
name 

French 
name 

Type IUCN status Presence Notes 

Pan 
troglodytes 
verus 

Chimpanzee Chimpanzé ́ 
Mammal - 

primate 

Endangered 

(A4cd) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

 

Procolobus 
badius 

West African 

red colobus 

Colobe Bai 

D'Afrique 

Occidentale 

Mammal - 

primate 

Endangered 

(A2cd) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

 

Epinephelus 
guaza 
(=marginatus) 

Dusky 

grouper 
Mérou Brun Marine fish 

Endangered 

(A2d) 

Kamsar (field 

work EEM 

ESIA, 2013) 

 

Rhinobatos 
cemiculus 
(=Glaucostegu
s cemiculus 

Blackchin 

guitarfish 

Guitare De 

Mer 

Fouisseuse 

Marine fish 
Endangered 

(A4bd) 

Kamsar (field 

work EEM 

ESIA, 2013) 

 

Epiplatys 
njalaensis 

  
Freshwater 

fish 

Endangered 

(B1ab(iii)+2ab

(iii)) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

 

Nimbapanchax 
jeanpoli (= 
Archiaphyosem
ion jeanpoli) 

  
Freshwater 

fish 

Endangered 

(B1ab(iii)+2ab

(iii))  

Sangarédi 

(field work 

EEM ESIA, 

2013) 

 

Necrosyrtes 
monachus 

Hooded 
vulture 
 

Percnoptère 
brun 
 

Bird of prey 

Endangered 

(A2acd+3cd+4

acd) 

Kamsar, 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

 

Gyps africanus 
African white-

backed 

vulture 

Gyps africain Bird of prey 

Endangered 

(A2bcd+3bcd+

4bcd) 

Kamsar, 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

 

Gyps rueppellii 
Rueppell’s 

griffon vulture 

Vautour de 

Rüppell 
Bird of prey 

Endangered 

(A2abcd+3bcd

+4abcd) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

 

Chelonia 
mydas 

Green turtle Tortue verte 
Reptile – 

marine turtle 

Endangered 

(A2bd) 

Kamsar (field 

work EEM 

ESIA, 2013) 

 

Osteolaemus cf 
tetraspis 

(African dwarf 

crocodile) 

(Crocodile 

nain Africain) 

Reptile - 

crocodile 

Vulnerable 

(A2cd) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

Species not 

yet described 

and status to 

be reviewed by 

the IUCN 
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Scientific 
name 

English 
name 

French 
name 

Type IUCN status Presence Notes 

Hippopotamus 
amphibius 

Hippopotamus Hippopotame Mammal 
Vulnerable 

(A4cd) 

Sangarédi 

(field work 

EEM ESIA, 

2013) 

Status being 

revised and 

may move up 

to Endangered  

Hemidactylus 
albivertebralis 

  Reptile - lizard 

Data Deficient 

(to be revised 

soon) 

Kamsar (field 

work EEM 

ESIA, 2013) 

Rare species of 

restricted 

distribution 

 

4.6.2.3 Species of second priority Espèc  

Twenty-three species present in the Study Areas have been classified as second 

priority. These species are described summarily in Table 4-3 in more detail in 

Annexe 4-3. For 21 species, their presence was established during fieldwork on the 

ESIA in 2013. The presence of two species of plant comes from the botanical study 

by BERCA-baara for CBG in 2003. For most of these species these are the first 

confirmations of their presence in the Study Areas. 

Table 4-3 Species of second priority 

 

Scientific 
name 

English 
name 

French 
name Type IUCN status Presence Notes 

Circaetus 
beaudouini 

Beaudouin’s 
snake eagle 

Circaète de 
Beaudouin 

Bird of prey Vulnerable 
(A2bcd+3bcd+4
bcd;C1+2a(ii)) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Cercocebus 
atys 

Sooty 
mangabey  

Mangabey 
enfumé 

Mammal - 
primate 

Vulnerable 
(A2cd) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Lepidochelys 
olivacea 

Olive Ridley 
turtle  

Tortue de 
Ridley 

Reptile – 
marine turtle 

Vulnerable 
(A2bd) 

Kamsar (field 
work ÉEM 
ESIA, 2013) 

 

Trichechus 
senegalensis 

West African 
manatee 

Lamantin 
D'Afrique 

Marine 
mammal 

Vulnerable 
(A3cd) 

Kamsar (field 
work ÉIES 
ÉEM, 2013, 
observation 
CBG 2014) 

 

Sousa teuszii Atlantic 
humpback 
dolphin 

Dauphin à 
Bosse de 
L'Atlantique 

Marine 
mammal 

Vulnerable 
(C2a(i)) 

Kamsar (field 
work ÉEM 
ESIA, 2013) 

 

Khaya 
senegalensis 

 Caïlcédrat Plant Vulnerable (VU 
A1cd) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Milicia regia   Plant Vulnerable (VU 
A1cd) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 
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Scientific 
name 

English 
name 

French 
name Type IUCN status Presence Notes 

Afzelia 
africana 

  Plant Vulnerable A1d Sangarédi 
(field work 
BERCA-baara 
2003) 

 

Albizia 
ferruginea 

  Plant Vulnerable (VU 
A1cd) 

Sangarédi 
(field work 
BERCA-baara 
2003) 

 

Epiplatys 
hildegardae 

  Freshwater 
fish 

Vulnerable (D2) Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Epiplatys 
guineensis 

  Freshwater 
fish 

Vulnerable (D2) Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Limosa limosa Back-tailed 
godwit 

Barge à queue 
noire 

Aquatic bird Near 
Threatened 
(NT) 

Kamsar (field 
work ÉEM 
ESIA, 2013) 

 

Numenius 
arquata 

Eurasian 
curlew 

Courlis cendré Aquatic bird Near 
Threatened 
(NT) 

Kamsar (field 
work ÉIES 
ÉEM, 2013) 

 

Caracal aurata African 
golden cat 

Chat Doré 
Africain 

Mammal - 
carnivore 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Rhinoptera 
marginata 

Lusitanian 
cownose ray 

Mourine 
échancrée 

Marine fish Near 
Threatened 
(NT) 

Kamsar (field 
work ÉEM 
ESIA, 2013) 

 

Scriptaphyose
mion roloffi 

  Freshwater 
fish 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Ichthyborus 
quadrilineatus 

  Freshwater 
fish 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Malapterurus 
barbatus 

  Freshwater 
fish 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Malapterurus 
stiassnyae 

  Freshwater 
fish 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Malapterurus 
teugelsi 

  Freshwater 
fish 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Paramphilius 
trichomycteroi
des 

  Freshwater 
fish 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Petrocephalus 
levequei 

  Freshwater 
fish 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Epiplatys 
olbrechtsi ssp. 
olbrechtsi 

  Freshwater 
fish 

Near 
Threatened 
(NT) 

Sangarédi 
(field work ÉEM 
ESIA, 2013) 

 

Philothamnus 
cf 
semivariegatus 

  Reptile - 
snake 

NE Sangarédi 
(field work ÉEM 
ESIA, 2013) 

Species not yet 
described 
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Scientific 
name 

English 
name 

French 
name Type IUCN status Presence Notes 

Crocodylus 
suchus 

Nile crocodile Crocodile du Nil Reptile –
marine and 
freshwater 

 Kamsar and 
Sangarédi 
(field work ÉEM 
ESIA, 2013) 

DNA analyes 
indicate that 
the West 
African 
specimens 
belong to a 
different 
species  

Terminalia 
scutifera 

  Plant NE Kamsar (field 
work ÉEM 
ESIA, 2013) 

Species of 
restricted 
distribution 

Rungia 
eriostachya 

  Plant NE Sangarédi 
(field work ÉEM 
ESIA, 2013) 

Rare but not 
yet assessed 
by the IUCN 

 

 Important biological habitats 4.6.3

4.6.3.1 Introduction 

It was decided to use the habitat categories recognized by the IFC in its 

Performance Standard 6 (see Annexe 4-2), namely: 

• legally protected and internationally recognized areas (similar to critical 

habitats but with additional restrictions); 

• critical habitat; 

• natural habitat; and 

• modified habitat. 

 

In practice, modified habitats were not retained for this ESIA on the basis of the 

analysis below.  

Legally protected and internationally recognized areas and critical habitat are given 

a value of High in the VEC value column of the impact assessment, and natural 

habitat is given a value of Medium. 

4.6.3.2 Legally protected and internationally recognized areas 

Performance 6 of the IFC defines an area protected by law as: 
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This Performance Standard recognizes legally protected areas that meet 

the IUCN definition: “A clearly defined geographical space, recognized, 

dedicated and managed, through legal or other effective means, to achieve 

the long-term conservation of nature with associated ecosystem services 

and cultural values.” For the purposes of this Performance Standard, this 

includes areas proposed by governments for such designation 

 

Performance 6 of the IFC defines an area recognized by the international community 

as: 

Exclusively defined as UNESCO Natural World Heritage Sites, UNESCO Man 

and the Biosphere Reserves, Key Biodiversity Areas, and wetlands 

designated under the Convention on Wetlands of International Importance 

(the Ramsar Convention). 

 

Before the creation of modern Guinea, there was a plan for the creation of a Parc 

National de Boké, for the protection of coastal islands and mangrove. This plan 

might have included part of the Rio Nuñez Estuary. The plan was not retained after 

independence in 1958. 

In 2000, the AGIR project (Appui à la Gestion Intégrée des Ressources naturelles de 
l’Union Européenne) had proposed an Aire protégée transfrontalière de Guinée-
Guinée Bissau, with some 800,000 ha in Guinea and including at least a part of the 

Rio Nuñez Estuary. The AGIR project ended in 2005 and there does not yet seem to 

be any concrete follow-up to the proposal sufficient to satisfy the IFC definition. 

The only nearby areas that seem to currently satisfy the definition of Performance 

Standard 6 are the Ramsar sites of the Tristao Islands to the northwest and of the 

Rio Kapatchez at the southern border of the Kamsar Study Area. 

The site of the Tristao Islands has been a Ramsar site since 1992 and since 2009 a 

community natural reserve: 

The Tristao Islands, declared a Ramsar Site in 1992, are declared “Réserve 

Naturelle Communautaire Gérée des Îles Tristao” in December 2009 
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(Arrêté Conjoint A/2009/ 3997/MPA/MEDD/SGG). This island complex 

includes several villages. This territory shelters an important biodiversity 

because of the strong relations that link the local populations to their 

environment. The main human activities remain rice production, artisanal 

fishing, oil palm production, salt production and small-scale horticulture. 

Situated between the delta of the Cogon River or Rio Compony and Cacine 

River, it is bordered on the north, east and south by extensive mangrove 

forests and sand dunes of more than 20 km in the west. It is a nesting site 

for more than 200 aquatic bird species that shelters refuges, nurseries and 

reproduction areas for marine fish. In addition one finds threatened species 

such as manatees, dolphins (Sousa teutzi), marine turtles, crocodiles 

(Crocodilus niloticus) etc. 

http://www.lafiba.org/index.php/fr/actualites/archives/fin_decembre_2009_la_guinee_cree

_deux_reserves_naturelles 

The site of the Rio Kapatchez is to the south and touches the Kamsar Study Area. 

The following extract (Figure 4-1) that describes the site is from Robertson, P. 

(2001) Guinea. Pp. 391-402 in L. D. C. Fishpool and M. I. Evans, eds. Important 
Bird Areas in Africa and associated islands: Priority sites for conservation. Newbury 

and Cambridge, UK: Pisces Publications and BirdLife International (BirdLife 

Conservation Series No. 11). 
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Figure 4-1 Description of Rio Kapatchez Ramsar Site 
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The sites along the Guinean coast were examined recently by Veen et al : Veen, J., 

Keita, N., Dallmeijer, H., Gbansara, M. S. (2009) Colonies d’oiseaux piscivores 
nidifiant le long des côtes de Guinée: Étude prospective effectuée du 14 au 30 mai 
2009. VEDA, The Netherlands. They say: 

The natural resources of the region of the Tristao Islands, Rio Kapatchez 

and Rio Pongo are under threat by the destruction of mangroves, the 

increasing of fishing camps (often temporary) and burning of the 

vegetation for agricultural uses of the land. Although there exist directions 

for the protection of Ramsar Sites, there are not very often respected. The 

surveillance of these sites remains extremely weak. 

 

The report by Veen et al led BirdLife International to re-examine the importance of 

these coastal sites and to determine in particular if they still fulfilled the criteria for 

an IBA (important bird area: BirdLife International (2013) Conservation of Migratory 
Birds project: scientific review of migratory birds, their key sites and habitats in 
West Africa. BirdLife International, Cambridge, UK. 

Their conclusions are cited below: 

Sites possibly no longer meeting IBA Criteria: 

Guinea 

i ̂les Tristao 

This collection of islands, which is an IBA and Critical Site, is currently 

designated as a Ramsar Site for waterbirds, and the species present trigger 

three different IBA criteria for four species as well as for waterbirds as a 

whole. However, a study by Veen et al. (2009) revealed that its key 

sandbank colony, Pani Bankhi, that previously supported terns and other 

ground-nesting seabirds, was no longer present. The sandbank had been 

permanently submerged and the survey of remaining areas found no signs 

of nesting seabirds. The other sandbanks documented hosted hundreds of 

resting terns, but were inundated at high tide and thus unsuitable as 

breeding colonies. Consensus amongst local people was that there were no 

breeding seabirds in the area at all although heron and ibis were known to 
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roost at night in the mangroves. However, more recent, verbally 

communicated information indicates that the breeding birds have, in fact, 

simply re-located to a different part of the complex, thus indicating the 

need for further information and the need to retain the site as an IBA, at 

least in the short term. 

 

Rio Kapachez et Mouchon 

Like i�les Tristao, this site is currently an IBA and Critical Site and is 

designated under Ramsar Site, with the species present triggering three 

separate IBA criteria. Unfortunately, like i�les Tristao, the site appears to 

no longer support the bird populations it once did. Veen and colleagues 

found no sign of any breeding colonies or suitable sand banks that were 

not inundated at high tide, anywhere within the site. Moreover, Khoni 

Benki (previously a suspected seabird breeding colony) had disappeared. 

Again, these observations suggest the site may no longer qualify as an IBA 

but further survey may be worthwhile, particularly in light of reports 

experiences reported above from i�les Tristao. (p. 41) 

 

The ornithological study for this ESIA suggests prudence. According to the 

ornithologists who did the study for ÉEM, the estuary of the Rio Nuñez qualifies as 

an IBA on three different criteria. Therefore for this ESIA, the Ramsar site of Rio 

Kapatchez is retained in the assessment as an area recognized by the international 

community. 

4.6.3.3 Critical habitats 

Performance Standard 6 of the IFC defines critical habitats as those with areas that 

have a high biodiversity value, including: 

• 1 - habitat of significant importance to Critically endangered and/or 

endangered species;  

• 2 - habitat of significant importance to endemic and/or restricted-range 

species;  
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• 3 - habitat supporting globally significant concentrations of migratory 

species and/or congregatory species;  

• 4 - highly threatened and/or unique ecosystems; and/or  

• 5 - areas associated with key evolutionary processes. 

 

According to the Performance Standard 6 definitions for critical habitat, three zones 

of critical habitat were identified in this ESIA: 

• the estuary of the Rio Nuñez at Kamsar; 

• the gallery forests around Sangarédi; and 

• the Cogon Corridor. 

 

The Rio Nuñez Estuary at Kamsar  

The estuary of the Rio Nuñez in the Kamsar Study Area is clearly an important area 

that fulfills several of the IFC criteria to be a critical habitat. The area includes at 

least one species considered Critically Endangered, five species considered 

Endangered and several Vulnerable species (criterion 1). There are at least two 

restricted-range species (criterion 2). The ornithological studies show migratory bird 

populations that exceed the threshold for the identification of an important bird area 

(IBA) (criterion 3). Finally, the area has important mangrove stands, a high-value 

habitat that is disappearing along the Guinean coast (criterion 4). Criterion is 

perhaps the least well established. The presence of Endangered species is of course 

not in doubt but these are species with wide ranges and it might be difficult to 

establish whether the estuary is of “crucial importance” for these species. 

The estuary must be considered in its entirety because it is a very integrated 

ecosystem, tied by the tidal rhythms and the influx of waters and sediments from 

the rivers. It is also an important habitat for humans because artisanal fishing is 

critical for many residents. 

The area is defined as being the total water surface of the estuary, the mangroves 

and associated habitats (mud flats and beaches) in the Study Area (Map 4-1). 

Anthropic surfaces are excluded. 
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Map 4-1 Map of the critical habitat Rio Nuñez Estuary 
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Gallery forests around Sangarédi 

The gallery forests in the Sangarédi region represent the last remnants of a forest 

cover that was once much more extensive. They represent the only habitat for a 

suite of species, often status species, tied to areas with trees. They also act as 

protection for the local watercourses. These forest pieces are disappearing at a 

rapid rate, and with them the associated animal and plant species. 

The gallery forests in the Sangarédi region are clearly an important area that fulfills 

several of the IFC criteria for a critical habitat. The area shelters a Critically 
Endangered species, several Endangered species and also Vulnerable species 

(criterion 1). There are at least two range-restricted species (endemics of the 

Sangarédi area) (criterion 2). Finally, the forest itself represents a habitat in danger 

that may disappear in the near future (criterion 4). 

The gallery forests were defined by identification of habitats classified as dense 

forests on the vegetation map, because practically all the dense forests are gallery 

forests. These forests occupy only 8% of the surface of the Sangarédi Study Area 

(Map 4-2). 
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Map 4-2 Map of critical habitat – gallery forests Sangarédi region 

  

Critical Habitat:!
Gallery Forests (in 

purple)!
 Sangarédi!

!
Old pits in green, new 

pits in red!
!

ESIA for the CBG mine 
Extension Project!

!
ÉEM - June, 2015!
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Cogon Corridor 

The Cogon Corridor is clearly important from the biological standpoint, with the 

confirmed presence of two Endangered primates (the chimpanzee and the red 

colobus, with the latter just outside the Study Area boundary). The presence of a 

hippopotamus population is equally important because this species, currently 

considered Vulnerable, could change categories in the near future. The Cogon is the 

largest watercourse in the area with substantial wooded habitat left. The Cogon 

must play an important role as a regional corridor, exemplified by the movement of 

hippopotami. Finally, the Cogon represents a source of revenue for residents from 

artisanal fishing. 

The Cogon Corridor in the Sangarédi area is clearly an important area that fulfills 

several of the IFC criteria for critical habitat. The zone includes several Endangered 

species and undoubtedly plays a crucial role for at least one or two (criterion 1). 

There are at least two range-restricted species (endemic to the Sangarédi area) 

(criterion 2). Finally, the forest itself represents a habitat in danger that may 

disappear in the near future (criterion 4). 

The representation of the corridor on Map 4-3 is very approximate and will have to 

be studied in more detail during development of the protection plan. 
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Map 4-3 Map of critical habitat – Cogon Corridor 

 

4.6.3.4 Natural habitats 

Applying the IFC distinction between natural habitats and modified habitats is 

complex in a region where the human population has been present for a long time. 

Indeed, there must be few areas that have not undergone some impact. Even the 

surviving gallery forests have partly become plantations, with certain trees 

selectively planted or retained. 

The question is particularly complex and important for the bowals. Traditionally, the 

bowals and their vegetation have been interpreted as results of degradation caused 

by human intervention: 

All of these soils may be covered by a thick ferruginous or bauxitic 

duricrust. One can find these duricrusts in every topographic position, 
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indifferent to lithology. They often form vast plateaus denuded of all woody 

vegetation: the bowal. These are raw mineral soils with no obvious 

pedological evolution (Maignien, 1958; Leprun, 1979). Their arrival is tied 

to the disappearance of the forest. There is then an important modification 

of the bioclimate and the formation of organic complexes follows the 

rhythm of the seasons. The process of kaolinization slowing with the 

desiccation of the environment whereas the individualization of iron 

remains important. The result is a general concretioning and hardening of 

the soils. In dry regions the lack of humidity slows the release of the 

different oxides and the development of the vegetation. The phenomena of 

duricrust formation are then less intense (Orange, D., 1990. 

Hydroclimatologie du Fouta Djalon et dynamique actuelle d'un vieux 
paysage latéritique. Thesis presented to Université Louis Pasteur de 

Strasbourg). 

All these soils of the tropical regions are menaced by laterization under the 

effect of the alternating humidity and dryness and the bush fires that 

destroy the protective vegetation cover, favoring the hardening and 

erosion of the superficial loose soil. Once it is gone, the mineral carapace 

appears at the surface. In West Africa it goes under the Peul name of 

“bowal”. These crusts and laterite carapaces, totally sterile, cover vast 

surfaces in the west of the African continent on the plateaus of the south 

Sudanese zone, between 8° and 15° de latitude north (Mali upper Guinea, 

Burkina Faso). “The major part of Africa is made up of surfaces that the 

irreversible processes of pedogenisis have render sterile or not very fertile” 

(H. Isnard).  (Maldague, M., 2006. Traité de gestion de l’environnement 
tropical.) 

This opinion is shared by Lisowski (2009), author of the only Guinean flora. 

The vegetation of lower Guinea is very degraded; in large part 

synanthropized… currently vast stretches with more or less deep ferralithic 

soils are occupied by cultivated fields, fallow lands or by more or less 

degraded savannas. In the totally degraded areas the ferralithic duricrusts 

(bowé) appear. (p 3) 
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…. The soil deprived of its primary vegetation cover is subject to more and 

more accentuated erosion. The bowalization, that is to say the appearance 

and formation of ferralithic duricrusts, manifests itself everywhere. The 

denuded sites, called bowé and without economic value for agriculture 

become a characteristic and constant element of the Guinean landscape 

(from lower Guinea to upper Guinea). (p 6) 

However, the Kew Garden botanists do not share this opinion: 

This is a natural, climax vegetation and not "degraded" as claimed e.g. by 

Lisowski (2009). Impeded drainage and thin or absent soils results in an 

absence of woody plants, and seasonally inundated grassland with a unique 

assemblage of species including [some] restricted to bowal. Evidently 

species groups have evolved in this habitat over many millennia. Fire is a 

natural part of this ecosystem, though it has now become managed by the 

local population to aid cattle husbandry. » (ÉEM, 2014. Biology Baseline 
Study - Environmental and Social Impact Assessment of the CBG Mine 
Expansion Project. Annexe 1 : Botanical baseline survey in Guinea for 
Compagnie des Bauxites de Guinée (CBG). (Annexe 3-1). 

In the bowals father east in Guinea the vegetation seems more diverse and there 

are often status species present. It is possible that this increased diversity is due to 

higher rainfall in these regions or deeper soils. Status species were not found in the 

bowals during fieldwork in the Sangarédi region in 2013 but their presence is not 

excluded and additional surveys will be done prior to any clearing. In any case it is 

evident that the bowal vegetation in the Sangarédi region, even if it relatively poor, 

includes species specific to this type of habitat. As a precaution measure, it has 

been decided in this ESIA to consider the bowals as well as fallow land and other 

forms of extensive agriculture as natural habitats. 

4.6.3.5 Modified habitats 

IFC Performance Standard 6 foresees the consideration of modified habitats if these 

are of high value in terms of biodiversity: “This Performance Standard applies to 

those areas of modified habitat that include significant biodiversity value….” Since 

this ESIA has as a precaution already elevated the potentially modified habitat into 
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natural habitat, there are no remaining modified habitats of “significant biodiversity 

value.” What remains is zones of human housing, industrial zones and mines. 

 Biological resources 4.6.4

4.6.4.1 Introduction 

IFC Performance Standard 6 specifies: 

Performance Standard 6 recognizes that protecting and conserving 

biodiversity, maintaining ecosystem services, and sustainably managing 

living natural resources are fundamental to sustainable development. 

The two preceding sections dealt specifically with aspects concerning the protection 

and conservation of biodiversity. The management of ecosystem services is partly 

handled in the preceding section (in the sense that the protection of habitats is 

considered by ecosystem protection plans), but also in those sections dealing with 

physical aspects. This section deals with sustainable management of living natural 

resources to the extent that the Project may have an impact on such resources. 

These resources include notably fishing (in the Rio Nuñez Estuary and the Cogon 

River in particular), hunting for bushmeat, harvesting of firewood and the 

harvesting of wild plants for food and as medicines. The three most important 

elements are fishing in the Rio Nuñez estuary, hunting and firewood harvesting. 

These aspects are treated in the specific studies: 

ÉEM, 2014. Biology Baseline Study - Environmental and Social Impact 
Assessment of the CBG Mine Expansion Project. Annexe 3 : Results of a 
Rapid Baseline Survey of the Fishery Resources of the Rio Nuñez Estuary, 
North-west Guinea. 36 p. (Annexe 3-3) 

ÉEM, 2014. Biology Baseline Study - Environmental and Social Impact 
Assessment of the CBG Mine Expansion Project. Annexe 11: Rapid Survey 
of Hunting and the Bushmeat Trade in and around Sangarédi, North-west 
Guinea. 23 p. (Annexe 3-11) 

ÉEM, 2014. Biology Baseline Study - Environmental and Social Impact 
Assessment of the CBG Mine Expansion Project. Annexe 12 : Results of a 
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Rapid Baseline Survey of the Use of Woodfuel Resources in and around 
Sangarédi, North-west Guinea. 32 p. (Annexe 3-12) 

The purely socioeconomic aspects of these activities are included in the Social 

section of the ESIA (Chapter 5). The discussion here involves only the biological 

aspects. 

4.6.4.2 The fish of the Rio Nuñez 

Fishing in the Rio Nuñez Estuary is an important artisanal activity on which a 

considerable number of residents depend. The fish and other edible animals of the 

estuary are therefore considered a VEC of Medium value. 

4.6.4.3 Bushmeat 

The right to hunt is recognized by Guinean legislation, and the consumption of 

legally obtained animals is a potentially important aspect for residents from the 

nutritional point of view but also in terms of tradition. The animals likely to be 

hunted or trapped are therefore considered a VEC of Medium value. An important 

aspect in a consideration of bushmeat as a VEC is that one of the major impacts 

assessed will in effect be a potential increase in illegal capture once access to more 

or less isolated areas improves. It is mainly a VEC for the Sangarédi region because 

the principal impacts will occur there. 

4.6.4.4 Woodfuel 

Firewood is important for residents, being for many the only means of cooking or 

heating. It is therefore considered a VEC of Medium value. As for bushmeat, one of 

the key aspects of the assessment will be the impact of improved access to more or 

less isolated regions. It is mainly a VEC for the Sangarédi region because the main 

impacts will occur there. 

  



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-54 

4.7 Impact analysis 

 Introduction 4.7.1

The three following sections present the results of the impact assessment for the 

important biological species, the habitats and the biological resources. The summary 

tables for the evaluations are presented in Section 4.7.5. 

 Important biological species 4.7.2

For the important biological species, the analyses must be done species by species, 

because each species tends to be affected in a different way (depending on its 

distribution, habitat, ecological niche, numbers and characteristics). Each important 

species (that is, each of the 42 species identified as being of first or second priority 

in Section 4.6 of Chapter 4) was analyzed individually, and the summary results of 

the analyses by species are given in the data sheets in Annexe 4-3. The impact 

levels by species are given in Section 4.7.5 and the summary of the impact 

calculations in Annexe 4-4. 

 Important biological habitats 4.7.3

4.7.3.1 Rio Nuñez Estuary – critical habitat 

The estuary of the Rio Nuñez will be affected in two ways: 

First, by activities associated with the enlargement of the port of the plant: the 

additional dredging of the turning basin, the enlargement of the quay and 

potentially the construction of one or more conveyors toward the quay (local and 

short-term activities but with a high level of disturbance in a critical habitat with 

important species). The importance of the impact must be assessed as High – 

negative. 

Second, by long-term changes, such as the increase in marine traffic and additional 

maintenance dredging (local long-term activities in a critical habitat with important 

species). The importance of the impact must be assessed as High – negative. 
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The mitigation measures in Section 4.8 address many potential impacts, notably: 

• specific measures (underwater noise, collisions, etc.) ; and 

• development of a management and action plan for the protection of the Rio 

Nuñez Estuary. 

The plan specifies that the goals of the plan must be to: protect important species 

(dolphin, manatee, aquatic birds, marine turtles, crocodiles, marine fish); protect 

key habitats (mangrove, mud flats); protect artisanal fishing; plan the port 

installations in a sustainable fashion; determine a realistic schedule; and determine 

monitoring measures. 

The application of these measures would reduce the impact level. The residual 

impact level given is the Medium – negative for the construction impacts because 

even with mitigation measures certain impacts will remain. The impact level during 

the operation phase is this Medium – positive because protection measures for the 

estuary should compensate certain other long-term impacts. 

4.7.3.2 Gallery forests near Sangarédi – critical habitat 

Gallery forests are without doubt the most critical habitat in the Sangarédi region. 

Fortunately, the gallery forests, by definition, are found in the bottom of valleys, 

whereas the new mining areas are found on the plateau. Therefore, the 

development of the new mining areas will occur almost entirely outside the gallery 

forest zones. In total, only seven ha out of 4,900 ha of gallery forest in the Study 

Area (0.1%) will be eliminated to make way for mines. The areas of gallery forest 

that might be eliminated are very small (the average size of the 103 parcels is 640 

m2) and they should be confirmed in the field. The estimates presented here are all 

based on interpretation of satellite imagery. 

Nevertheless, the risk of impact, apart from clearing, is real in view of the proximity 

of the mining areas and the gallery forest in some cases (see Map 4-4) and the 

likely impacts associated with the development of the mine road network. In view of 

the value of the of gallery forests the importance of the potential impact must be 

assessed as High – negative. 
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Map 4-4 Gallery forests near new mining areas 

 

The mitigation measures in Section 4.8 notably include: 

• Additional studies on the mining road network;  

• Other specific measures (noise, dust, lighting, etc.); and especially 

• Development of a forest protection plan.  

The forest protection plan is a key element in the strategy for protection of 

biodiversity for the Project. The measures described in Section 4.8 specify: 

• The goals of this plan must be to protect ecosystems and the important 

species that inhabit them (chimpanzee, mangabey, African golden cat, rare 

plants, reptiles, amphibians and fish); protect remnant habitat; promote the 

restoration of key habitats to ensure or bring back an effective corridor role 

to the gallery forests; determine a realistic schedule; and determine 

monitoring measures;  

500m setback (in blue) 
from new mining 

areas  !
Sangarédi!

!
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Extension Project!
!

ÉEM - June, 2015!



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-57 

• The determination of a functional corridor is complex and requires knowledge 

about the animals that are supposed to use the corridors. Corridors that are 

too narrow may not fulfill their roles; and  

• As the plan must in part be considered a compensation measure by CBG for 

the destruction of natural habitats on future mines, the surface area of the 

areas to protect and the corridors to create must at least be comparable to 

the surface area lost: 3,200 ha. This surface area is approximate and may 

evolve to consider losses linked to the road network (when there will be 

enough data on this topic) and impacts outside of the area to be cleared 

(impact from noises, dust, etc.). The plan may also take into account 

rehabilitated mine areas if these are devoted solely to the restoration of 

natural habitat. An important part of the to surface area (at least half) must 

be devoted to the creation of new forest habitat linked to the existing gallery 

forests to improve their role as corridors. 

 

It will be important during the development of the plan to take well into account the 

role of corridors. The fragmentation of habitats will become important with the 

development of the mine road network. Map 4-5 shows the application of a 500 m 

buffer from the existing gallery forests. It is not intended to recreate such a network 

of corridors but the map is useful to put into relief potential zones.  

Map 4-6 shows zones of concentrations of important species. The Cogon Corridor 

and the gallery forests to the north of Kourawel come out as zones to prioritize. 

 
The application of these measures would reduce the level of final impact on the 

gallery forest and the residual impact would be positive. The residual impact would 

thus be a Medium – positive. 
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Map 4-5 500m setback from gallery forests - examples of corridors 
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Map 4-6 Areas of concentration of important species 

 

4.7.3.3 Cogon Corridor – critical habitat 

The Cogon corridor will not be strongly affected by the Expansion Project in that 

nearly all the new mining areas are relatively far from the corridor. Nevertheless, 

impacts are possible from small mining areas close to the corridor and from impacts 

such as increased aluminum in the water. 

The importance of the potential impact is assessed as Medium – negative. 
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The mitigation measures in Section 4.8 include: 

• Specific measures (noise, dust, lighting, etc.); and 

• The development of a protection plan for the Cogon Corridor 

The plan specifies that: 

• The goals of the plan must be to: protect important species present 

(chimpanzee, new population of red colobus, hippopotamus); protect the 

remaining habitat; promote the restoration of key habitats to ensure or 

restore the role of regional corridor; protect local resources such as artisanal 

fishing; determine a realistic schedule; and determine monitoring measures; 

and 

• In this case, the identification of a wide corridor going to the heights of the 

plateaus is needed. 

The application of these measures would reduce the level of impact and should have 

a positive affect on the corridor. The residual impact is thus Medium - positive 

4.7.3.4 Natural habitats 

At least 3,200 ha of natural habitat, in the broadest sense of the word as defined 

earlier, will be cleared for the new mining areas. This area represents the mine 

surface only and could increase if there is a need for additional work areas outside 

the mine area per se. In addition, clearing will probably be needed during the 

construction of mining roads. 

This entire surface is not attributable to the Expansion Project. The baseline for the 

Project is the continuation of extraction at current levels. Therefore, a good part of 

this surface would be cleared in any case in the 2014-2027 period. Because the 

maximum extraction rate (close to twice the current rate) will be reached only 

toward the end of the Project, it is conservative to estimate that less than 50% of 

the clearing will be the result of the Expansion Project. A precise estimate is difficult 

because the mining planning studies are based on volume rather than surface area, 

and the depth of the deposits can vary. 

It is also important to consider that the total surface of new mining areas will not be 

in continuous use during the duration of the Project. As a result of modifications to 

the mining plan in 2014, the use of a given area will take place over a shorter time 
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and if the rehabilitation of the exploited areas is rapid and effective, only a portion 

of the 3,200 ha will be outside natural habitat at any time. 

More than half of the natural habitats that will be eliminated will be bowals (about 

1,800 of bowal of the 3,200 ha total) (Map 4-7). This represents about 12% of the 

bowal area in the Study Area. 

Map 4-7 Bowal distribution at Sangarédi 

 

The certain impacts on biological elements through the elimination of an important 

surface area (whatever the percentage that can be attributed to the Expansion 

Project) and all of the indirect impacts listed before indicate that the potential 

impact importance must be assessed as High – negative. 

The mitigation measures in Section 4.8 address many of the potential impacts, 

notably through: 

• additional studies prior to clearing; 

• specific measures to avoid habitats; 
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• specific measures during clearing; 

• rehabilitation measures 

• other specific measures (noise, dust, lighting, etc.) 

• development of a mine rehabilitation plan 

• development of plan for the protection of bowal vegetation. 

The application of these measures would reduce the level of impact, without totally 

eliminating it. The residual impact is thus Medium - negative 

Compensating for the loss of biodiversity would be done by positive measures in the 

Study Area for gallery forest and the Cogon Corridor. 

 Biological resources 4.7.4

4.7.4.1 Fish of the Rio Nuñez Estuary 

The assessment for the estuary fish is similar to that of the estuary as critical 

habitat however the impacts are scored differently because the value of the fish as 

a resource is lower and because many of the fish involved are benthic (therefore on 

average more sensitive to the effects of dredging). 

The fish of the Rio Nuñez Estuary will be impacted in two ways. 

First, by activities associated with the enlargement of the port of the plant: the 

additional dredging of the turning basin, the enlargement of the quay and 

potentially the construction of one or more conveyors toward the quay (local and 

short-term activities but with a Medium level of disturbance. The importance of the 

impact must be assessed as Medium – negative. 

Second, by long-term changes, such as the increase in marine traffic and additional 

maintenance dredging (local long-term activities). The importance of the impact 

must be assessed as Medium – negative. 

The mitigation measures in Section 4.8 address many potential impacts, notably: 

• specific measures (underwater noise, collisions, etc.); and 

• development of a management and action plan for the protection of the Rio 

Nuñez Estuary. 

The plan specifies that the goals of the plan must be to:  
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• protect important species (dolphin, manatee, aquatic birds, marine turtles, 

crocodiles, marine fish); 

• protect key habitats (mangrove, mud flats(; 

• protect artisanal fishing; 

• plan the port installations in a sustainable fashion; 

• determine a realistic schedule; and 

• determine monitoring measures. 

The application of these measures would reduce the impact level. The residual 

impact is of Low – negative for construction impacts because even with the 

mitigation measures certain impacts will remain.  The residual impact is of Low – 

negative for operation impacts because dredging impacts may be difficult to 

mitigate for benthic fish. 

4.7.4.2 Bushmeat 

The main impact on the bushmeat resources, outside of general impacts on animals, 

is the greater access to the resource following the development of the mine road 

network. 

The importance of the potential impact must be assessed as Medium – negative. 

The mitigation measures in Section 4.8 include: 

• specific measures (noise, dust, lighting, etc.); and 

• the development of a management plan for bushmeat hunting. 

The plan specifies: 

• The goals of the plan must be to: identify measures to take to reduce aspects 

of this hunt that are outside of legality according to the Code de la chasse; 

ensure that the mining roads do not becomes a means of transport favoring 

the bushmeat trade; in particular, ensure that the trade in sensitive species 

(such as the black duiker or colobus monkeys) is stopped; determine a 

realistic schedule; and determine monitoring measures. 

The application of these measures would reduce the level of impacts. The residual 

impact would be Low – negative. 
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4.7.4.3 Woodfuel 

The main impact on the woodfuel resources, outside of general impacts on trees, is 

the greater access to the resource following the development of the mine road 

network. 

The importance of the potential impact must be assessed as Medium – negative. 

The mitigation measures in Section 4.8 include: 

• specific measures for the protection of vegetation (dust, etc.); and 

• the development of a management plan for woodfuel harvesting. 

The plan specifies: 

• The goals of the plan must be to: identify measures to take to protect 

particularly sensitive area such as areas close to springs and areas of forest 

protection identified in the forest protection plan; ensure that the mining 

roads do not become a means of transport for woodfuel trade for people not 

of the area; determine a realistic schedule; and determine monitoring 

measures. 

 

The application of these measures would reduce the level of impacts. The residual 

impact would be Low – negative. 

 Summary presentation of the potential and 4.7.5
residual impacts 

Table 4-4 gives a summary of the potential and residual impacts by component and 

subcomponent. The methodology is the one described in Chapter 1. The impacts are 

described in more detail in preceding sections, Annexe 4-3 and the summary of 

calculations in Annexe 4-4. 

The potential impact levels of the Extension Project are reassessed in this section, 

assuming the application of all the mitigation measures for each discipline, and they 

are summarized in the ESMP (Chapter 10) according to an aggressive and sustained 
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schedule with support from the appropriate resources. The residual impact levels 

under these conditions are presented below. 

For the biological impacts, the mitigation measures are particularly complex and 

often include, besides specific measures, additional studies and management and 

protection plans. The residual impacts assume that these studies and plans have 

been carried out. If the studies are not done or if the plans are not applied, it is 

evident that the residual impacts will have to be reviewed. 

Often there are negative and positive impacts to assess for a subcomponent, and 

the final assessment takes into consideration these opposite impacts. 

Impacts of a positive nature:  

 

High Medium Low 
Does not 
apply 
(n/a) 

Impacts of a negative nature: 

High Medium Low 
Does not 
apply 
(n/a) 

Other impacts: 

None = no predicted impact 

Neutral = positive and negative predicted impacts counterbalance 

n/a = does not apply 
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Table 4-4 Summary of impacts on the biological environment 

 

VEC/impacts by 
subcomponent 

Construction phase Operation phase 

Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 

Species of first priority (Critically Endangered and Endangered according to the IUCN 
or equivalent) 

Hemidactylus 
kundaensis – 
Critically 
Endangered lizard  
endemic to 
Sangarédi 

High n/a n/a n/a n/a n/a 

Residual impacts 
None 

n/a n/a 
n/a 

n/a n/a 

Phrynobatrachus 
pintoi – 
Endangered and 
endemic frog 

n/a n/a n/a High n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Chimpanzee n/a n/a n/a High n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Two species of 
freshwater fish 

n/a n/a n/a High n/a n/a 
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VEC/impacts by 
subcomponent 

Construction phase Operation phase 

Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 

Residual impacts n/a n/a n/a Medium n/a n/a 

Undescribed 
species of African 
dwarf crocodile 

n/a n/a n/a High n/a n/a 

Residual impacts n/a n/a n/a Medium  n/a 

Two species of 
marine turtle 

n/a High n/a n/a Medium n/a 

Residual impacts n/a Medium n/a n/a None n/a 

Undescribed form 
of Cynisca 

oligopholis – 
reptile 

n/a n/a n/a Medium n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Red colobus n/a n/a n/a Medium n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Blackchin 
guitarfish – marine 

fish 

n/a n/a n/a n/a Medium 

 

n/a 
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VEC/impacts by 
subcomponent 

Construction phase Operation phase 

Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 

Residual impacts n/a n/a n/a n/a Medium n/a 

Species of vulture 
(2 at Kamsar, 3 at 

Sangarédi) 

n/a n/a n/a Medium None n/a 

Residual impacts n/a n/a n/a None None n/a 

Hippopotamus  n/a n/a n/a Medium n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Hemidactylus 
albivertebralis – 
recently described 
lizard  

n/a n/a n/a n/a None n/a 

Residual impacts     None  

Dusky grouper     None  

Residual impacts n/a n/a n/a n/a None n/a 

Species of first priority (Vulnerable or Near Threatened according to the IUCN or 
equivalent) 

West African 
manatee 

n/a High n/a n/a High n/a 

Residual impacts n/a None n/a n/a Neutral n/a 
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VEC/impacts by 
subcomponent 

Construction phase Operation phase 

Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 

Atlantic humpback 
dolphin 

n/a High n/a n/a High n/a 

Residual impacts n/a None n/a n/a Neutral n/a 

African golden cat n/a n/a n/a High n/a n/a 

Residual impacts n/a n/a n/a Neutral n/a n/a 

Smoky mangabey  n/a n/a n/a Medium n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Eleven species of 
freshwater fish 

n/a n/a n/a Medium n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Rhinoptera 
marginata – 
marine fish 

n/a n/a n/a n/a Medium n/a 

Residual impacts n/a n/a n/a n/a Medium n/a 

 Two species of 
migratory aquatic 

birds 

n/a n/a n/a n/a Medium n/a 
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VEC/impacts by 
subcomponent 

Construction phase Operation phase 

Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 

Residual impacts n/a n/a n/a n/a Medium n/a 

Nile crocodile 
(likely a distinct 

species) 

n/a Medium n/a Medium Medium n/a 

Residual impacts n/a Low n/a Low Low n/a 

Three tree species 
of dry woodlands 

n/a n/a n/a 
Low 

n/a n/a 

Residual impacts n/a n/a n/a Low n/a n/a 

Three tree species 
of humid habitats 

n/a n/a n/a None None n/a 

Residual impacts n/a n/a n/a None None n/a 

Beaudouin’s snake 
eagle 

n/a n/a n/a n/a None n/a 

Residual impacts n/a n/a n/a n/a None n/a 

  Critical habitats according to IFC standards 

Gallery forests n/a n/a n/a High n/a n/a 
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VEC/impacts by 
subcomponent 

Construction phase Operation phase 

Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 

Residual impacts n/a n/a n/a Medium n/a n/a 

Cogon Corridor n/a n/a n/a Medium n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Rio Nuñez Estuary n/a High n/a n/a High n/a 

Residual impacts n/a Medium n/a n/a Medium n/a 

Natural habitats according to IFC standards 

Natural habitats  n/a n/a n/a High n/a n/a 

Residual impacts n/a n/a n/a Medium n/a n/a 

Biological resources 

Marine fish n/a Medium n/a n/a Medium n/a 

Residual impacts n/a Low n/a n/a Low n/a 

Bushmeat n/a n/a n/a Medium n/a n/a 

Residual impacts n/a n/a n/a Low n/a n/a 

Firewood n/a n/a n/a Medium n/a n/a 
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VEC/impacts by 
subcomponent 

Construction phase Operation phase 

Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 

Residual impacts n/a n/a n/a Low n/a n/a 

 
  



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-73 

 

4.8 Mitigation measures 

 General consideration  4.8.1

Guinean laws including the Mining Code, Environment Code, Land and Domain Code 

and Local Government Code, along with the international IFC Guidance Notes (SFI, 

2012a) and the ICMM standards provide a normative environmental and social 

framework for mining projects. Many measures set out in national legislation and 

international standards are designed to prevent and mitigate real or perceived 

potential impacts of mining projects. 

Figure 4-2 National and international legislative framework 

 

The mitigation measures proposed in this part of the report include the main 

measures presented in individual parts. Certain measures common to several 

 National Legislation and International Standards  

• Constitution of Guinea  
• Mining Agreement between CBG and the State - 1963 (decrees 

and amendements) 
• Mining Code 
• Forestry Code 
• Hunting Code 
• Code for the Protection and Enhancement of the Environment 
• National Action Plan  for Biological Diversity 
• National Plan for the Managment of Mangroves 
• African Convention on the Conservation of Nature and Natural 

Resources  
• Convention on the Conservation of Migratory Species of Wild 

Animals 
• Agreement on the Conservation of African-Eurasian Migratory 

Waterbirds 
• Convention on Wetlands of International Importance 
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components or subcomponents are consolidated into a single measure. They have 

as goal to enhance positive impacts of the Project and to prevent, even compensate 

negative impacts of the Expansion Project. These are also summarized in the 

Environmental and Social Management Plan (ESMP – Chapter 10). 

An unusual aspect is the predominant role played by CBG in the region of Kamsar 

and Sangarédi. For more than 40 years, CBG has been the main economic strength 

in the region and it takes on roles often reserved to government agencies. That is 

why there are certain cases where the measures recommended in this section are 

beyond the normal framework for a mining company. This is the case for example of 

the role of CBG in the protection of habitats in the Cogon South concession, but 

outside the mining areas. 

General measures related to the reduction of emissions, dust, noise, of impacts to 

water, etc. are considered in the physical environment report (Chapter 2) and are 

not repeated here, although often it has been impacts on biodiversity that have 

required their application. Nevertheless the total mitigation measures (physical, 

biological and social) are considered in the assessment of residual impacts for 

biology. 

Measures introduced during the development of the Project and included in the 

description of the Project (for example the reduction of dredging) are already taken 

into account during the pre-mitigation assessment of impacts. These measures are 

detailed in Chapter 1 of the ESIA. 

 General measures 4.8.2

4.8.2.1 Recognition of the importance of biodiversity 

The detailed discussion of the place of biodiversity in the legislative and prescriptive 

framework of Guinea (Section 4.2.1) illustrates clearly the importance placed by 

Guinea on biodiversity. 

It would undoubtedly be useful if CBG talked officially to its employees and 

subcontractors about this importance accorded by the Republic of Guinea and 

voiced its adherence to the principles formulated. 
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• In view of the importance accorded by the Republic of Guinea to biodiversity, 

as demonstrated in its laws, its action plans and the international conventions 

it has ratified, CBG reiterates its adherence to the principles and 

recommendations of these texts and recalls them to its employees and 

subcontractors. 

4.8.2.2 Recognition of the overall biodiversity situation in the 
Study Areas 

Efficient management depends on a good understanding of the situation. 

The ESIA has, for the first time, given a detailed view of the biodiversity in the 

Study Area. 

The studies confirm a biodiversity impoverished by the disappearance of many of 

the large mammals, likely following a demographic surge and the loss of habitats 

associated with it. 

It is clear that habitat and species losses continue at a rapid rate. 

The studies demonstrate however that there are still important species and habitats 

to protect. 

Among the species present there are at least two species Critically Endangered, 

twelve Endangered and numerous others with high conservation or protection 

statuses. 

Among these habitats there are large areas of critical and natural habitat that 

Performance Standard 6 of the IFC require protection or compensation measures. 

• In view of the presence of numerous important species for conservation and 

critical habitats, discovered during the ESIA, and that could be impacted by 

the Expansion Project, CBG commits to taking the mitigation measures 

required by the applicable Guinean and international texts and the IFC 

standards for their protection. All employees and subcontractors will be 

advised about the biological importance of the sites, of the specific measures 

to be taken in the field (for example to avoid bush fires), and of forbidden 

acts (for example hunting on the sites). 
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 Additional studies 4.8.3

The additional studies described below were not part of the studies undertaken 

during the ESIA either because of engineering decisions still being considered 

(dredging and mining roads), or because the studies preferably have to done just 

before the opening of new pits. These studies are in addition to the monitoring 

measures described in Section 4.9. 

It is evident that other studies could be recommended during the development of 

the action plans. For example it is becoming clear that the taxonomic situation of 

bats in the region is more complex than previously thought (Koubinova et al, 2013) 

and that a bat study would undoubtedly be useful. 

4.8.3.1 Additional study on dredging (Kamsar) 

As it is possible that dredged sediments will be deposited on the marine bottom in 

the estuary, analyses of the benthic fauna and others on the deposition site should 

be done. This, to determine more precisely impacts in an area identified as critical 

habitat. 

4.8.3.2 Additional study on the mining road network 
(Sangarédi) 

At the date of finalizing the biology report, there were no details on the 

development of a road network associated with the mining of new areas. The 

network itself will have a significant impact, notably by destroying habitats, 

fragmenting of habitats and reducing animal movements (especially for medium and 

large mammals). The network would also have impacts on access to isolated areas 

for persons searching for bushmeat and woodfuel. It will be imperative that 

competent biologists participate in the development of the network: alignments, 

avoidance of critical habitats, reduction of fragmentation of habitats, protection of 

aquatic habitats, use by residents and others, status after the end of mining, etc. 

4.8.3.3 Additional botanical studies (Sangarédi) 

The botanical study for the ESIA recommends that additional studies be done in 

areas to be mined during the September to October period, the preferred period to 
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identify bowal species. The botanical studies to date have not identified species of 

high conservation status on the bowals but this remains a possibility. In addition, a 

species considered Vulnerable by IUCN was found in a wooded grassland (Khaya 
senegalensis). 

It is recommended to do these studies in September-October before mining in a 

new area. The identification of bowal plants can be difficult and requires very 

competent botanists (such as those of Kew Royal Botanical Gardens). During these 

studies, the botanists should also verify the limits of critical habitats in proximity 

and inform CBG if there are corrections to make to their distribution. They could 

also make recommendations as to the measures to be taken if necessary 

identification of species with high status). 

Before clearing for the new mining roads, it would be judicious to check for the 

presence of important species by the botanists already present for the mining area 

studies. 

4.8.3.4 Additional study for Endangered vultures (Sangarédi) 

Three species of Endangered vultures are quasi the only Endangered species to 

frequent in a regular manner the sites to be mined at Sangarédi. The individuals of 

the three vulture species cover large territories and would likely not be very 

sensitive to mining activities in a specific area. The exception is in the case of 

nesting on tree close to or on the sites to be mined. As the Mining Plan covers a 

long period, it is not useful to do a survey at the beginning of the Project. However, 

as the time approaches for the opening of a new mining area, it would be prudent to 

do a verification for vultures and other birds of prey. They could make 

recommendation on measures to take if necessary. 

4.8.3.5 Additional study for the Kunda half-toed lizard 
Hemidactylus kundaensis 

During work close to Kourawel it will be important to verify the presence of this 

species by a competent herpetologist and to take measures necessary for its 

protection if there impacts predicted. This species could live in houses and if there 

changes to the village by CBG actions, this would have to be taken into account. 
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4.8.3.6 Collection of ancillary observations on biodiversity 

CBG employees and subcontractors can help to understand the biodiversity in the 

Study Area by keeping logs of observations or in advising the environmental 

inspector. Among the specific actions: 

• Keeping of logs by certain key people: for example environmental inspectors, 

site supervisors, drivers, ship captains); 

• The logs should contain all observations of large fauna or unusual 

environmental aspects (death of vegetation, fish kill in a stream, etc.); and  

• In particular, finds of all vertebrate carcasses should be notified to the 

environmental inspector who will be able to identify the carcass (or preserve 

it or photograph it for identification by a specialist) and determine if tissue 

samples should be taken (for DNA analysis for certain species or 

determination of cause of death is poisoning is suspected). 

 Specific measures 4.8.4

4.8.4.1 General habitat avoidance measures 

Certain avoidance measures of sensitive habitats were taken during the 

development of the Expansion Project (for example reduction of the dredging). 

Other studies depend on additional studies awaiting engineering results (choice of 

deposition zone for dredging, study of road network) or that should be done just 

before clearing (botanical and ornithological studies). The mining zones were 

determined by geological criteria and are relatively predetermined, save avoiding 

mining altogether. Most of the modifications to the infrastructure at Kamsar and 

Sangarédi are occurring in areas already affected by the Project or populated areas 

close to the railroad. 

Construction and operation activities have to be done in the context of explicit work 

areas and not allowing access to neighboring areas (except specific exceptions). 

That is to say: 

• Clear delimitation (signs, barriers, fencing) of work zones for each phase 

(construction and operation); 
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• Forbidding access outside of the work area or the roads or trails leading to it, 

on foot or by vehicle. This with the aim of reducing disturbance to animals, 

destruction of vegetation (trampling or risk of fire) and compacting of soil. 

This applies to CBG employees and subcontractors except for special cases to 

be approved by the environmental inspector; 

• Explanations to be given to all regarding the reasons for these measures; and  

• In particularly sensitive areas, reinforce the interdiction by signs. 

4.8.4.2 Measures during clearing (everywhere but especially 
Sangarédi) 

Even though quasi all of the clearing will take place in fairly open environments and 

without any identified high status species at this date (except the vultures), the 

precaution principles recommends that certain measures be taken: 

• Presence of an environmental inspector during clearing. The inspector will 

have to make sure the explicit measures are respected. In addition he or she 

will have to exercise a precautionary judgment in case of unexpected 

discoveries (for example presence of unexpected animals or archeological 

specimens); 

• Clear delimitation in the field of the area to be cleared and for the passage of 

machinery; 

• Ensure respect of those limits. Work or even passage on foot forbidden 

outside the limits. The presence of an important number of persons outside 

the work area could negatively affect the fauna around the site. Hunting or 

harvesting of natural products outside of the work area to be absolutely 

forbidden; 

• Avoid clearing more than absolutely necessary; 

• Keep the access for heavy machinery to the minimum required. Compacting 

of soil outside the work area is negative for the rehabilitation of the site; 

• Avoid passing too close to trees with heavy machinery; 

• Take measures against setting vegetation on fire; 

• If it is necessary to cut trees, the wood will have to be made available to local 

residents; 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-80 

• Clearing will have to take place in such a manner as to aid movement of 

animals towards habitats that are not going to be cleared. In particular avoid 

temporary habitat islands; 

• During clearing, if it is evident that there are animals present (mammals, 

birds, reptiles, amphibians), these should be encourage to leave by making 

noise for example. For amphibians and lizards capture them if possible to 

place them outside of the area to be cleared. Not to be done for snakes, 

given the possibility of the presence of dangerous species; 

• Avoiding voluntarily killing animals during clearing; 

• Take into considerations the recommendations of specialists that will visit the 

sites before clearing; 

• As specified in the mitigation measures for the physical environment (Chapter 

2), the soil will have to be carefully removed and stored so as to be reused 

during rehabilitation. This soil is important not only as a substrate for plants 

but also as reservoir of seeds of local plants adapted to the environment; and  

• As specified in the mitigation measures for the physical environment and the 

following section, take all required measures to prevent erosion and the 

contamination of streams. 

4.8.4.3 Measures associated with work near streams and other 
surface water elements (Sangarédi) 

General measures to reduce impacts on the surface freshwater system are given in 

Section 2.4 of Chapter 2 (Physical Environment Study). Most of the work in 

Sangarédi will be done far from streams, however there are some specific measures 

that have to be considered, particularly for the development of the road network: 

• Avoid all work in the water or the banks unless it is absolutely necessary; 

• Avoid the destruction of vegetation on the banks 

• An environmental inspector will have to be present during any work in or 

close to streams; and  

• Any stream crossing of a stream to improve or create a new road will have to 

be the object of a specific environmental plan that will specify measures to 

take and periods to avoid (spawning periods for example). 
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4.8.4.4 Measures for noise (especially Sangarédi) 

The general measures to reduce or control noise are given in Section 2.3 of Chapter 

2 (Physical Environment Study). However, there are certain specific measures to 

consider for the protection of biodiversity: 

• Take into consideration the critical habitats close to the new mining areas and 

ensure that mining takes place in such a way as to limit noise in the critical 

habitats. For example by starting to dig in the part farthest away. This will 

allow a progressive increase in noise (perhaps allowing habituation) and will 

reduce the noise because much of the digging will take place below grade; 

• When possible, place noise generating equipment in area far from the critical 

habitat; and  

• Avoid making too much noise (use of explosives) during the night, early in 

the morning or as sunset. These are key periods for many animals and they 

will be more impacted. 

4.8.4.5 Measures for dust and air quality (everywhere) 

The general measures to reduce or control noise are given in Section 2.3 of Chapter 

2 (Physical Environment Study). However, there are certain specific measures to 

consider for the protection of biodiversity: 

• Avoid burning vegetation (cut or in place) during clearing. It is a source of 

atmospheric pollution. Consider grinding and composting to improve soil 

quality during rehabilitation; 

• Ensure that soil stockpiles are well protected from the wind by stabilizing 

them and letting plants grow on them; and 

• Ensure the rehabilitation of areas that are no longer required as soon as 

possible to reduce dust and bring the area back into natural habitat. 

4.8.4.6 Measures for lighting (everywhere) 

The lighting of the mines and installations and by trucks along the mining roads can 

impact some animals: 

• Reduce the use of lighting to what is absolutely required for safety; 
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• Consider the use of directional lighting to avoid lighting non-essential areas 

such as the sky or areas outside the work area; 

• Consider the use of screens to limit the lighted area; 

• Use timers or movement detectors where constant lighting is not required; 

• Use fairly low lighting towers to reduce non-essential lighting; 

• Vehicles should use low beams except if security conditions require the use of 

high beams; 

• Ensure that interior areas are not over-illuminated. Indoor illumination can 

have impacts outside via windows and doors; and 

• In some cases these light may have an impact on bats. These effects may be 

linked to the attraction of insects coming to the light or by avoidance of lit 

areas. In the case of attraction of insects, this can be reduced by using 

sodium lights. 

4.8.4.7 Measures concerning dredging (Kamsar) 

At the date the biology report was finished, there were no details on the type and 

techniques of dredging to be used during the enlargement of the turning basin by 

the quay. Dredging has the potential to be the cause of significant impacts on at 

least one Endangered species in the Rio Nuñez Estuary. This is biologically 

important and because according to Peformance Standard 6 of the IFC, such 

impacts in a critical habitat are problematical for the Project. 

• Implicate the biologists of the team in discussion on dredging; 

• A critical species is the blackchin guitarfish  (Rhinobatos cemiculus 

[=Glaucostegus cemiculus]). This benthic fish is considered Endangered 

according to the IUCN, it is present in the estuary and fairly close to the quay 

and is important for artisanal fishing. The reproduction period is September 

to October and it is likely the most important period for this species. It is 

therefore recommended that, if possible, dredging be avoided from August to 

January. The study for marine mammals and reptiles for this ESIA concluded 

that there was no particularly critical time for the other important species in 

the estuary; 

• Dredging should be done using methods that minimize impacts on marine 

turtles, notably by avoiding the use of trailing suction dragheads that can 
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wound turtles by the action of their sucking heads. If there is no alternative, 

turtle-shields or other means should be used (see Dickerson et al., 2004) 

4.8.4.8 Construction of conveyors and extension of the quay 
(Kamsar) 

The construction of the extension to the quay and potentially the construction of 

new conveyors will occur in an area of critical habitat (the waters and mangroves of 

the Rio Nuñez Estuary). The critical impact will likely be the underwater noise 

produced by construction activities (construction of pilings, explosives, drilling). 

• Avoid noise levels above the injurious threshold proposed by Southall et al. 

(2007) for cetaceans. These levels are sound pressure levels of 230 dB re: 1 

µPa and sound exposure levels of 198 dB re: 1 µPa2-s for single- or multi-

pulse acoustic sources such as piling, and sound exposure level of 215 dB re: 

1 µPa2-s for non-pulse sound sources such as drilling); 

• These levels can be avoided by using the measures described in the report on 

marine mammals and reptiles of this ESIA (Annexe 3-2 p. 63-64); and 

• Minimize impacts on mangroves during the construction of conveyors; in 

particular minimize destruction during construction access. See the measures 

recommended for clearing at Sangarédi. 

4.8.4.9 Measures to avoid collisions between animals and 
ships (Kamsar) 

The Project Expansion assumes that the number of ore ships will double. 

Additionally there will be an increase in other ships (dredges, tugs and launches). 

The possibility of collisions between ships and large marine animals (dolphins, 

manatees, crocodiles and marine turtles) will thus increase considerably. The risks 

of collisions can be reduce through the use of the following measures: 

• Impose a speed limit for ships. A maximum speed of 18.5 km/hr protects 

certain cetaceans  (Conn and Silber, 2013) and a maximum speed of 7 to 11 

km/hr protects manatees (Laist and Shaw, 2006). Therefore a general limit of 

18.5 km/hr associated with a limit of 11 km/hr or less within less than 100 m 

of the coast should protect many species;  
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• Collisions between boats and animals are often the result of frequent changes 

in boat heading that make it difficult for animals to track and avoid the boat. 

Consequently, vessels should be reminded to maintain a steady heading 

when possible. When vessels are required to maneuver continuously, a 

slower vessel speed should be implemented. 

• Produce and distribute a brochure that explains the importance of protecting 

animals in the estuary and the means of reducing the problems; 

• Select construction vessels that have ducted or cowled propellers; and 

• Any collision with a substantial animal (cetacean, manatee, crocodile, marine 

turtle) should be reported to the environmental inspector. If the possible the 

animal should be taken and data recorded by the inspector (photos, 

measurements, samples, etc.). 

4.8.4.10 Measures to avoid collisions between animals and 
vehicles (Sangarédi) 

The risks of collisions are particularly real in the case of the mining road network in 

Sangarédi (see additional study in Section 4.8.3.2). Certain general measures can 

be considered and applied to other situations: 

• Specify and apply severely a speed limit for all Project vehicles. To the extent 

that CBG allows access to its roads by others, CBG should also apply this limit 

to others. There are few studies that clearly determine the effects of speed 

reduction on accidents with animals. One of these studies Gunther, Biel, and 

Robison, 1998) suggests a very significant decrease in accidents in going 

from 88 km/hr to 72 km/hr. One study (Hobday, 2010) shows that a car 

must travel at less than 60 km/hr at night to avoid collision with a dark 

animal (like a chimpanzee). For large trucks, the ideal speed at night would 

of course be less. Clearly a speed limit can only have an impact if it is 

enforced; 

• Have drivers follow courses that will include sensitization to environmental 

issues in general and risks of collisions in particular; and   

• Drivers will have to keep a log of observations of large animals seen (alive or 

dead) and of collisions with large animals. The inspector will have to be 

notified in case of a dead animal so as to get information (photos, 

measurements, samples, etc.). 
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4.8.4.11 Measures concerning invasive species 

Clearing and changes in habitats are often favorable for certain invasive species, 

often not native to the area. These species can compete with local species and 

reduce the biodiversity value. Among the measures to take: 

• Chromalaena odorata is an invasive species from the Neotropical zone and 

was seen in several places around Sangarédi. This plant is considered to be a 

great danger for tropical forests (Grice and Setter, 2003; Struhsaker, 

Struhsaker and Siex, 2004), and poses environmental problems in West 

Africa. It should be destroyed wherever it is found in the Project area; and 

• Anacardium occidentale (cashew tree) is present in certain plantations and 

has been planted in some CBG rehabilitated mines. It is not native to Guinea 

(from South America) and it poses a certain invasive danger. The approach to 

rehabilitation should be reviewed and local species used. 

4.8.4.12 Measures for rehabilitation (everywhere but especially 
Sangarédi) 

Ideally the goal of rehabilitation is to re-establish the habitats that were there 

before the intervention and in certain cases even to create habitats of higher value. 

Most of the habitats to rehabilitate will be on the exploited mines. This topic is 

approached in the action plan for mine rehabilitation. However certain general 

measures also applicable to rehabilitation in other areas, are listed here: 

• Avoid using exotic species; 

• Use local species that can contribute to the ecosystemic value of the habitat; 

• On the bowals, use species that are typical of bowal vegetation; 

• Put back the soil that was stripped as it is a veritable seed bank of species 

that are locally adapted; and 

• If necessary consider the possibility of nurseries of local species, some taken 

during clearing. 
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 Management and actions plans for the protection 4.8.5
of biodiversity  

4.8.5.1 Measures required under Performance Standard 6 of 
the IFC 

Performance Standard 6 of the IFC explains the measures to be taken if the Project 

impacts natural or critical habitats (as explained in Annexe 4-2, the modified 

habitats of the IFC are not involved and the protected areas are not directly 

impacted). 

For natural habitats, the IFC specifies the search for an alternative, consultation 

with stakeholders and the use of mitigation measures. The mitigation measures 

strive to ensure no net loss of biodiversity. The measures can include: 

• Avoiding impacts on biodiversity through the identification and protection of 

set asides; 

• Implementing measures to minimize habitat fragmentation, such as biological 

corridors; 

• Restoring habitats during operations and/or after operations; and 

• Implementing biodiversity offsets. 

For critical habitat, it must be shown that the activities of the project fulfill the 

required conditions of Paragraph 17 (see Annexe 4.2). Paragraph 18 says: 

In such cases where a client is able to meet the requirements defined in 

paragraph 17, the project’s mitigation strategy will be described in a 

biodiversity action Plan and will be designed to achieve net gains of those 

biodiversity values for which the critical habitat was designated.  

It is this clear that in the two cases (natural habitat and critical habitat), measures 

beyond classis mitigation measures described in the preceding sections must be 

applied. These protection measures, set-asides, corridor creation, et al., must be 

described in one more action plans. 

Although the emphasis here is on the requirements of the IFC, such plans may also 

be required under the laws, action plans and conventions of Guinea. 
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All action plans must also include monitoring measures. These are described 

separately in Section 4.9.  

The following subsections describe the plans to put into place to arrive at the 

request of the IFC. These plans will obviously have to be detailed with the progress 

of the Project (specifically with the data from the additional studies described 

earlier). Nevertheless the plans described here and the monitoring measures 

described in Section 4.9 give the essential elements of an action plan on 

biodiversity. 

Fieldwork undertaken in 2013 demonstrated the presence of numerous species 

considered important from the perspective of biodiversity conservation. The 

additional studies and monitoring measures will reinforce these data. The presence 

of these species justifies putting in place a protection and management system in 

the Study Areas. The following action plans are intended to protect all the elements 

of the ecological systems of the Study Areas, even those species whose presence is 

not yet recognized 

4.8.5.2 Development of a mine rehabilitation plan (Sangarédi) 

A good and rapid rehabilitation of the mines as soon as extraction is complete is an 

essential point of any biodiversity protection plan. This is particularly true when 

there is a series of small zones to mine, spread out in the concession. Ideally the 

rehabilitation should be a return of the land to its initial roles as natural habitat or 

agricultural land, this as quickly as possible and in a permanent way. The 2014 

Mining Plan is a big step forward from the environmental point of view compared to 

the 2013 Mining Plan because it specifies the use of contiguous mining areas at the 

same time. This not only reduces the impacts linked to spread-out mines, but also 

allows planning rehabilitation of an area shortly after its use. 

The question of the rehabilitation of the mines is complex and must consider not 

only biological aspects but also social and economic ones: 

• The plan must be seen by CBG as one of the approaches to satisfy 

Performance Standard 6 of the IFC. The plan will demand efforts and costs 

from CBG;  

• This plan must of course include besides CBG, local stakeholders, notably 

local residents and villages 
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• The rehabilitation plan must also include biologists, agricultural experts and 

sociologists, familiar with the local situation; 

• The goals of the plan must be to: specify the rehabilitation measures, clarify 

the status of the rehabilitated areas (notably vis-à-vis the local populations); 

determine a schedule for rehabilitation; and determine monitoring measures 

for rehabilitation; 

• It will be important to explain well the reason for the plan and how it will 

work to residents. Without the support of the local populations, the plan will 

not be effective; 

• A schedule must be established at the beginning of the plan development; 

• A list of people responsible and participants will be established as soon as 

possible; 

• An annual report must be published each year that describes what was done 

and decided and what remains to; and 

• The development of the plan will finish upon the production of the final plan 

that will establish more precise actions. 

4.8.5.3 Development of a mining road management plan for 
bushmeat hunting  

It is very probable that without mitigations measures there will be an increase in 

bushmeat hunting linked to the development of a road network that will allow easier 

and more rapid access to locations currently fairly isolated. The use of the existing 

mine road network by private citizens is evident. The development of the new road 

network may occur over existing roads and any closure of the roads would leave 

residents of several villages totally isolated. The need for a management plan will 

follow the additional study on mining roads that was recommended. If a plan is 

necessary it will have to include the following elements: 

• This plan must of course include besides CBG, local stakeholders, notably 

local (residents, villages and the commune of Sangarédi) and government 

agencies; 

• The plan must also include one or two competent biologists, familiar with the 

local situation; 
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• The goal of the plan is not to limit or forbid legal hunting acts but to target 

illegal acts that put animal species in peril. In fact, all commerce of bushmeat 

is forbidden in Guinea except with a special ministerial agreement; 

• The goals of the plan must be to: ensure that the mining roads do not 

become an easier means of transport for bushmeat; determine a realistic 

schedule; and determine monitoring measures; 

• It will be important to explain well the reason for the plan and how it will 

work to residents. Without the support of the local populations, the plan will 

not be effective; 

• A schedule must be established at the beginning of the plan development; 

• A list of people responsible and participants will be established as soon as 

possible; 

• An annual report must be published each year that describes what was done 

and decided and what remains to; and 

• The development of the plan will finish upon the production of the final plan 

that will establish more precise actions. 

4.8.5.4 Development of a mining road management plan for 
woodfuel harvesting 

It is very probable that without mitigations measures there will be an increase in 

woodfuel harvesting linked to the development of a road network that will allow 

easier and more rapid access to locations currently fairly isolated (as for bushmeat, 

described above). The need for a management plan will follow the additional study 

on mining roads that was recommended. If a plan is necessary it will have to 

include the following elements: 

• This plan must of course include besides CBG, local stakeholders, notably 

local (residents, villages and the commune of Sangarédi) and government 

agencies; 

• The plan must also include one or two competent biologists, familiar with the 

local situation; 

• The goal of the plan is not to limit or forbid woodfuel harvesting but to ensure 

that the new means of transport do not put the resource or harvesting by 

residents in danger; 
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• The goals of the plan must be to: ensure that the mining roads do not 

become an easier means of transport for woodfuel by persons not living in 

the area; determine a realistic schedule; and determine monitoring 

measures; 

• It will be important to explain well the reason for the plan and how it will 

work to residents. Without the support of the local populations, the plan will 

not be effective; 

• A schedule must be established at the beginning of the plan development; 

• A list of people responsible and participants will be established as soon as 

possible; 

• An annual report must be published each year that describes what was done 

and decided and what remains to; and 

• The development of the plan will finish upon the production of the final plan 

that will establish more precise actions. 

4.8.5.5 Development of a forest protection plan (Sangarédi) 

It is clear that the forests that still exist in the Sangarédi area are the most critical 

habitats of the area. Nearly all of the dense forests that still exist are along 

watercourses in the form of gallery forests. The protection of the forests also 

ensures the protection of the watercourses of the valleys. 

• The plan must be seen by CBG as one of the approaches to satisfy 

Performance Standard 6 of the IFC. The plan will demand efforts and costs 

from CBG;  

• This plan must of course include besides CBG, local stakeholders, notably 

local (residents, villages and the commune of Sangarédi) and government 

agencies; 

• An effort should be made to also include other mining companies, with 

neighboring concessions. Their support could help build a regional approach 

that would extend beyond the limits of the Study Area; 

• The plan must also include one or two competent biologists, familiar with the 

local situation; 

• The goals of this plan must be to protect ecosystems and the important 

species that inhabit them (chimpanzee, mangabey, African golden cat, rare 

plants, reptiles, amphibians and fish); protect remnant habitat; promote the 
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restoration of key habitats to ensure or bring back an effective corridor role 

to the gallery forests; determine a realistic schedule; and determine 

monitoring measures; 

• The determination of a functional corridor is complex and requires knowledge 

about the animals that are supposed to use the corridors. Corridors that are 

too narrow may not fulfill their roles; 

• As the plan must in part be considered a compensation measure by CBG for 

the destruction of natural habitats on future mines, the surface area of the 

areas to protect and the corridors to create must at least be comparable to 

the surface area lost: 3,200 ha. This surface area is approximate and may 

evolve to consider losses linked to the road network (when there will be 

enough data on this topic) and impacts outside of the area to be cleared 

(impact from noises, dust, etc.). The plan may also take into account 

rehabilitated mine areas if these are devoted solely to the restoration of 

natural habitat. An important part of the to surface area (at least half) must 

be devoted to the creation of new forest habitat linked to the existing gallery 

forests to improve their role as corridors; 

• It will be important to explain well the reason for the plan and how it will 

work to residents. Without the support of the local populations, the plan will 

not be effective; 

• A schedule must be established at the beginning of the plan development; 

• A list of people responsible and participants will be established as soon as 

possible; 

• An annual report must be published each year that describes what was done 

and decided and what remains to; and 

• The development of the plan will finish upon the production of the final plan 

that will establish more precise actions. 

4.8.5.6 Development of a bowal protection plan  

It may seem paradoxical to suggest a bowal vegetation protection plan when the 

bowals of Sangarédi do not seem to have species of high status. Nevertheless the 

bowals of the Sangarédi region often coincide with the bauxite areas to be mined. It 

is not impossible that the mining of bauxite by CBG ad other nearby mining 

companies could result in a marked decrease of the area of bowals and their specific 

vegetation. Thus it is reasonable to ensure that that vegetation of the bowals does 
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not disappear. It is also necessary to take into account the presence of some 

animals specific to this type of vegetation. 

• The botanists that will do the additional studies will determine for each new 

area to mine the percentage of the bowal vegetation that will be eliminated; 

and  

• If the percentage is over 50% a study will have to be done to determine 

approaches for the protection of a minimum population. 

4.8.5.7 Development of a Cogon Corridor protection plan  

The valley of the Cogon in the Study Area is clearly important from the biological 

point of view. Even more, the valley of the Cogon viewed in a larger context 

deserves to be considered at the regional level, as the valley still seems to be acting 

as an important regional corridor. A plan such as this can only succeed with the 

participation of mining companies holding concessions along the Cogon. 

• The plan must be seen by CBG as one of the approaches to satisfy 

Performance Standard 6 of the IFC. The plan will demand efforts and costs 

from CBG; 

• This plan must of course include besides CBG, local stakeholders, notably 

local (residents, villages and the commune of Sangarédi) and government 

agencies; 

• The participation of other mining companies, with neighboring concessions, is 

of course essential. Their support could help build a regional approach that 

would extend beyond the limits of the Study Area. The Government of Guinea 

and the IFC could encourage other companies to participate; 

• The plan must also include one or two competent biologists, familiar with the 

local situation; 

• CBG should take the role of initiator of the discussions; 

• The goals of the plan must be to: protect important species present 

(chimpanzee, new population of red colobus, hippopotamus); protect the 

remaining habitat; promote the restoration of key habitats to ensure or 

restore the role of regional corridor; protect local resources such as artisanal 

fishing; determine a realistic schedule; and determine monitoring measures; 

• In this case, the identification of a wide corridor going to the heights of the 

plateaus is needed; 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-93 

• It will be important to explain well the reason for the plan and how it will 

work to residents. Without the support of the local populations, the plan will 

not be effective; 

• A schedule must be established at the beginning of the plan development; 

• A list of people responsible and participants will be established as soon as 

possible; 

• An annual report must be published each year that describes what was done 

and decided and what remains to; and 

• The development of the plan will finish upon the production of the final plan 

that will establish more precise actions. 

4.8.5.8 Development of a Rio Nuñez Estuary protection plan   

The Rio Nuñez Estuary is a critical habitat but the situation is very different from the 

Sangarédi area where CBG has a mining concession that covers a large surface area 

and where CBG can exercise a major role in its protection. For the Rio Nuñez 

Estuary there are several groups having rights, including local and foreign 

fishermen, and undoubtedly soon other mining companies. More than in Sangarédi, 

a protection plan here must include large number of actors, including of course the 

Government of Guinea. Only an integrated approach will allow the management of 

the estuary for the good of all and of biodiversity. 

• The plan must be seen by CBG as one of the approaches to satisfy 

Performance Standard 6 of the IFC. The plan will demand efforts and costs 

from CBG; 

• This plan must of course include besides CBG, local stakeholders, notably 

local (residents, villages and the commune of Kamsar), government agencies 

and mining companies that might locate here; 

• CBG should take the role of initiator of the discussions; 

• The plan must also include one or two competent biologists, familiar with the 

local situation; 

• The goals of the plan must be to: protect important species (dolphin, 

manatee, aquatic birds, marine turtles, crocodiles, marine fish); protect key 

habitats (mangrove, mud flats); protect artisanal fishing; plan the port 

installations in a sustainable fashion; determine a realistic schedule; and 

determine monitoring measures; 
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• It will be important to explain well the reason for the plan and how it will 

work to residents. Without the support of the local populations, the plan will 

not be effective; 

• A schedule must be established at the beginning of the plan development; 

• A list of people responsible and participants will be established as soon as 

possible; 

• An annual report must be published each year that describes what was done 

and decided and what remains to; and 

• The development of the plan will finish upon the production of the final plan 

that will establish more precise actions. 

 Communication measures 4.8.6

4.8.6.1 Annual report of the environmental inspector 

It is essential to regularly communicate the environmental results and observations: 

• The environmental inspector is responsible for the annual report; 

• The annual report must be addressed to responsible parties at the CBG, to 

government agencies and to local stakeholders. In some cases it may also be 

judicious to send copies to the IFC, interested NGOs and other interested 

parties. Distribution of the report by public download via the Internet is 

recommended and would be a sign of good faith; 

•  The environmental inspector should be seconded by competent external 

biologists for the report writing; 

• The report should contain the results of observations of incidents and animal 

observations (including those of drivers, site supervisors and others); 

• The report should also contain the proceedings of all meetings held with the 

public or government agencies dealing with environmental matters; and  

• The report should also include a copy of all of the final or annual reports 

regarding the varied environmental work underway during the year 

(additional studies, action plans and monitoring reports). 
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4.8.6.2 Communications with the public 

Besides the annual report, the environmental inspector will be responsible for 

communications with the residents. These communications must include: 

• Regular meetings with residents to explain what is happening; 

• Special meetings when there are incidents or when a new mining area opens; 

• Communications via radio and newspapers; 

• Brochures; and  

• An Internet site. 
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4.9 Monitoring measures 

 Introduction 4.9.1

A monitoring program is a requirement for verifying impact predictions and the 

efficiency of mitigation measures. Some of the mitigation measures already include 

monitoring measures and the protection plans will undoubtedly establish other 

specific monitoring measures. Certain aspects are already recommended by other 

disciplines (for example water quality monitoring). Monitoring measures described 

here are those not already included in the preceding section and that merit 

consideration. 

A good monitoring program must be doable. For example it would be theoretically 

desirable to verify the continued presence of certain rare species such as the 

endemic frog (Phrynobatrachus pintoi) or certain reptiles (Philothamnus cf 
semivariegatus, Cynisca cf oligopholis, and Hemidactylus kundaensis. Unfortunately 

it is not clear that it would be possible to verify fluctuations in numbers of these 

species, not very visible and present in very low numbers. An approach by habitat 

would also be useful but very complex. 

 Reports 4.9.2

Each year the persons responsible for the monitoring will have to submit a report 

detailing the fieldwork, the results, the conclusions and the recommendations. This 

report will have to be transmitted to all of the applicable stakeholders and, if 

possible, put on an Internet site for public download. 

 Primates at Sangarédi 4.9.3

Monitoring of chimpanzees is very desirable. It is an Endangered species, present in 

critical habitats in the Sangarédi area. Chimpanzee monitoring will also allow 

verification of measures to preserve these critical habitats. Chimpanzees are 

relatively numerous and fairly easy to see (individuals and nests in trees). During 

the monitoring for chimpanzees, it will be important to follow the evolution of other 
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threatened primates in the area (red colobus, sooty mangabey and others whose 

presence are not yet confirmed). 

The choice of consultant for this monitoring program will have to be based mainly 

on competence doing this type of work. 

The details of the monitoring protocol will have to be established by the consultant 

in charge of the monitoring program and approved by government agencies but 

should: 

• Have the clearly stated goal of following the fluctuations of primate 

populations, particularly primates; 

• Cover the environmental Study Area for Sangarédi for the ESIA of the 

Expansion Project but potentially targeting preferentially areas close to he 

new mining areas; 

• Allow for sufficiently frequent field studies (probably annually) to be able to 

detect changes quickly; 

• Follow recommendations from the most recent studies on inventory methods 

for primates (for example H. Ku�hl, F. Maisels, M. Ancrenaz and E.A. 

Williamson (2008). Best Practice Guidelines for Surveys and Monitoring of 
Great Ape Populations. Gland, Switzerland: IUCN SSC Primate Specialist 

Group); 

• Include recommendations in case of substantial population decreases; and  

• Provide competent field biologists 

 Hippopotamus at Sangarédi 4.9.4

Hippopotamus are one of the species using the Cogon Corridor. The IUCN status of 

this species is being revised and could change. In addition they are fairly easy to 

see and therefore easy to monitor. The monitoring could also be helped by 

information from residents. Monitoring of hippopotamus could also be the 

opportunity to monitor other species along the river. 

The choice of consultant for this monitoring program will have to be based mainly 

on competence doing this type of work. 
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The details of the monitoring protocol will have to be established by the consultant 

in charge of the monitoring program and approved by government agencies but 

should: 

• Have the clearly stated goal of following the fluctuations of hippopotamus 

populations along the Cogon; 

• Cover the environmental Study Area for Sangarédi for the ESIA of the 

Expansion Project but preferentially targeting the Cogon Corridor; 

• Allow for sufficiently frequent field studies (probably annually) to be able to 

detect changes quickly; 

• Include recommendations in case of substantial population decreases; and  

• Provide competent field biologists 

 

 Atlantic humpback dolphin at Kamsar 4.9.5

The Atlantic humpback dolphin is an IUCN Vulnerable species and there is a good 

population in the Rio Nuñez Estuary. The species is fairly easy to see and individuals 

can be recognized by differences in their fins. It is a type of species likely to be 

sensitive to disturbance. 

The choice of consultant for this monitoring program will have to be based mainly 

on competence doing this type of work. 

The details of the monitoring protocol will have to be established by the consultant 

in charge of the monitoring program and approved by government agencies but 

should: 

• Have the clearly stated goal of following the fluctuations of dolphin 

populations in the Rio Nuñez Estuary; 

• Cover the environmental Study Area for Kamsar for the ESIA of the 

Expansion Project; 

• Allow for sufficiently frequent field studies (probably annually) to be able to 

detect changes quickly; 

• Follow recommendations from the most recent studies on inventory methods 

for dolphins, particularly methods using the identification of individuals (for 

example Parsons, K. M. 2010. Procedural Guideline No. 4–5 Using 
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photographic identification techniques for assessing bottlenose dolphin 
(Tursiops truncatus) abundance and behaviour dans Marine Monitoring 
Handbook March 2001. Joint Nature Conservation Committee); 

• Include recommendations in case of substantial population decreases; and  

• Provide competent field biologists. 

 

 Revisions 4.9.6

A good monitoring program is not static but is continually modified in view of the 

monitoring results. It is highly probable that following the initial results, 

modifications in methodology or target species may be recommended. These 

modifications should be considered and implemented. 

  



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-100 

4.10 List of references 
Adams L. W. & Geis A. D. (1983) Effects of roads on small mammals. Journal of 

Applied Ecology. 20, 403 - 415. 

AECOM. 2011. Projet d’augmentation de la production de la Compagnie des 

Bauxites de Guinée (CBG). Étude d’impact environnemental et social (EIES) 

présentée au Ministère de l’Environnement de la Guinée. 

Aicher B, Tautz J (1990) Vibrational communication in the fiddler crab. Uca 

pugilator. I. Signal transmission through the substra- tum. J Comp Physiol A 

166:345–353. 

Altenberg W and J van der Kamp 1991 The ornithological importance of coastal 

wetlands in Guinea. A and W. rapport 91.02/ICBP Study report no. 47/WIWO report 

no.35 Veenwouden/Cambridge/Zeist. 

Altenberg W et J van der Kamp. 1989. Étude ornithologique préliminaire de la zone 

humide côtière du nord-ouest de la Guinée. Joint report of WIWO and ICBP. WIWO 

report 23, Zeist and ICBP study report 30, Cambridge. 

Angel, F., (1950): Arthroleptis crusculum et A. nimbaense. Batraciens nouveaux de 

Guinée Française (Materiaux de la mission Lamotte, au Mont-Nimba). Bulletin du 
Muséum National d’Histoire Naturelle 22: 559-562. 

Arab A., Lek S., Lounaci A. and Park Y.S. 2004. Spatial and temporal patterns of 

benthic invertebrate communities in an intermittent river (North Africa). Annales de 

Limnologie - International Journal of Limnology, 40: 317 - 327. 

Armbrust, D. V. 1986. Effect of Particulates (Dust) on Cotton Growth, 

Photosynthesis, and Respiration. Agronomy Journal Vol. 78. No. 6. 

Arnason BT, O’Connell CE, Hart LA (1998) Long range seismic characteristics of 

Asian elephant (Elephus maximus) vocaliza- tions and locomotion. J Acoust Soc Am 

104:1810. 

Arpacıoglu, C. B., et C. Er. 2003. Estimation of Fugitive Dust Impacts of Open-Pit 

Mines on Local Air Quality - A Case Study: Bellavista Gold Mine, Costa Rica. 8t" 

International Mining Congress and Exhibition of Turkey-IMCET 2003. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-101 

Aruna, E. 2007. Developing conservation program for marine turtles in Sierra 

Leone. Conservation Society of Sierra Leone (CSSL). Reporting Period: 3/29/2006 – 

03/12/2007. 

Bah M., Thiam A., Keita A., Sylla S., Barry H.M. et Lauriault J. 1997. Monographie 

nationale sur la diversité biologique de la Guinée. Ministère des Travaux Publiques 

et de l’Environnement. Direction Nationale de l’Environnement. Conakry-République 

de Guinée, 311p. 

Bah, Maadjou. Année non précisée. Rapport sur la mise en œuvre du programme 

sur la biodiversité marine et côtière. République de Guinée. 

Bakarr, M., Bailey, B., Byler, D., Ham, R., Olivieri, S., & Omland, M., (eds.), (2001): 

From the forest to the sea: Biodiversity connections from Guinea to Togo. 

Conservation Priority Setting Worshop, December 1999, Washington DC. 

Conservation International, 78 pp. 

Bamy, I.L., Van Waerebeek, K., Bah, S.S., Dia, M., Kaba, B., Keita, N. and Konate, 

S. 2010. Species occurrence of cetaceans in Guinea, including humpback whales 

with southern hemisphere seasonality. Marine Biodiversity Records, 3: e48. 

Banque Mondiale (1992) Evaluation Hydrologique de l'Afrique Sub-Saharienne Pays 

de l'Afrique de l'Ouest. Rapport de pays: GUINEE. Cambridge : Mott MacDonald. 

320 p.  

Baptista D.F., Buss D.F., Egler M., Giovanelli A., Silveira M.P. and Nessimian J.L. 

2007. A multimetric index based on benthic macroinvertebrates for evaluation of 

Atlantic Forest streams at Rio de Janeiro State, Brazil. Hydrobiologia, 575: 83-94. 

Baran, E. (1995) Dynamique spatio-temporelle des peuplements de poissons 
estuariens en Guinée - relations avec le milieu abiotique. Paris: Éditions ORSTOM. 

Available at: 

Baran, E. (2000) "Rôle des estuaires vis-à-vis de la ressource halieutique côtière en 

Guinée" Pp. 137-157 in Domain, F., Chavance P., & Diallo A. (Eds.) La Pêche Côtière 
en Guinée: Ressources et Exploitation. Paris: IRD. 

Baran, E. (2001) "Physical environments and variability of the contribution of 

mangroves to coastal zone production." In Proceedings of the Mangrove Valuation 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-102 

Workshop, University Sains Malaysia, Penang, 4-8 April, 2001. Beijer International 

Institute of Ecological Economics, Stockholm, Sweden.  

Barber, J. R., Crooks, K. R. & Fristrup, K. M. 2010 The costs of chronic noise 

exposure for terrestrial organisms. Trends Ecol. Evol. 25, 180 – 189. 

Barnes, D. F. Krutilla K. and Hyde W. 2004. The Urban Household Energy 

Transition: Energy, Poverty, and the Environment in the Developing World. Energy 

Sector Management Assistance Program: Washington DC. Available at: 

Barnett, A. and Prangley, M.L. 1997. Mammalogy in the Republic of Guinea: an 

overview of research from 1946 to 1996, a preliminary check-list and a summary of 

research recommendations for the future. Mammal Review 27:115–167. 

Barrie, A. and Camara, M. in Wright, H.E., McCullough, J. and Diallo, M.S. (eds). 

2006. A Rapid Biological Assessment of the Boké Préfecture, Northwestern Guinea. 

RAP Bulletin of Biological Assessment 41. Conservation International, Washington, 

DC.  

Baum, J., Clarke, S., Domingo, A., Ducrocq, M., Lamónaca, A.F., Gaibor, N., 

Graham, R., Jorgensen, S., Kotas, J.E., Medina, E., Martinez-Ortiz, J., Monzini 

Taccone di Sitizano, J., Morales, M.R., Navarro, S.S., Pérez-Jiménez, J.C., Ruiz, C., 

Smith, W., Valenti, S.V. and Vooren, C.M. 2007. Sphyrna lewini. In: IUCN 2013. 

IUCN Red List of Threatened Species. Version 2013.2. <www.iucnredlist.org>.  

Baur A. & Baur B. (1990) Are roads barriers to dispersal in the land snail Arianta 

arbustorum? Canadian Journal of Zoology. 68, 613-617. 

Beck, T. and Nesmith, C. 2001. Building on poor people's capacities: the case of 

common property resources in India and West Africa. World Development 29 (1): 

119-133. 

Bee, M. A. & Swanson, E. M. 2007 Auditory masking of anuran advertisement calls 

by road traffic noise. Anim. Behav. 74, 1765 – 1776. 

Beier, P. 2006. Effects of artificial night lighting on terrestrial mammals. In 

Ecological Consequences of Artificial Night Lighting, edited by C. Rich and T. 

Longcore, pp. 19–42. Washington, D.C.: Island Press. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-103 

Belhabib, D. Doumbouya A. Diallo I. Traore S. Camara Y. Copeland D. Gorez B. 

Harper S. Zeller D. & Pauly D. (2012) "Guinean fisheries, past, present and...future? 

" Fisheries Centre Research Reports. 20(3): 91-104.  

Bellefontaine, R. 1997. Synthèse des espèces des domaines sahélien et soudanien 

qui se multiplient naturellement par voie végétative. Pages 95-104 in 

Fonctionnement et Gestion des Écosystèmes Forestiers Contractés Sahéliens. Edited 

by J.M. d'Herbès, J. M. K. Ambouta et R. Peltier. Paris: John Libbey Eurotext. 

Bennett A. F. (1991) Roads, roadsides and wildlife conservation: a review. In: 

Nature Conservation 2: the role of corridors (Eds D.A. Saunders & R. J. Hobbs) pp 

99-118. Chipping Norton: Surrey Beatty and Sons. 

Benson, R. 1995. The effect of roadway traffic noise on territory selection by 

golden-cheeked warblers. Bulletin of the Texas Ornithological Society 28:42–51. 

BERCA-Baara-BERD. 2003. Étude d’impact environnemental du Projet d’exploitation 

des gisements de N’Dangara et de Boundou Waadee. 

BERCA-Baara. 2003. Inventaire de la flore des plateaux de Sangarédi. 

BirdLife International. 2012. Circaetus beaudouini. In: IUCN 2013. IUCN Red List of 

Threatened Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 21 

January 2014.  

BirdLife International. 2012. Gyps africanus. In: IUCN 2013. IUCN Red List of 

Threatened Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 20 

January 2014. 

BirdLife International. 2012. Gyps rueppellii. In: IUCN 2013. IUCN Red List of 

Threatened Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 21 

January 2014. 

BirdLife International. 2012. Mirafra africana. In: IUCN 2013. IUCN Red List of 

Threatened Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 21 

January 2014.  

BirdLife International. 2012. Necrosyrtes monachus. In: IUCN 2013. IUCN Red List 

of Threatened Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 20 

January 2014. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-104 

BirdLife International. 2012. Streptopelia decipiens. In: IUCN 2013). IUCN Red List 

of Threatened Species. Version 2013.2. <www.iucnredlist.org>.  

BirdLife International. 2013. State of the world’s birds: indicators for our changing 
world. BirdLife International, Cambridge, UK. 

Bissonette, J. A., and S. A. Rosa. 2009. Road zone effects in small-mammal 

communities. Ecology and Society 14(1): 27. 

Bissonette, J.A., and C.A. Kassar. 2008. Locations of deer–vehicle collisions are 

unrelated to traffic volume or posted speed limit. Human–Wildlife Conflicts 

2(1):122–130. 

Böhme W., Rödel M.-O., Brede C. and Wagner P. 2011. The reptiles (Testudines, 

Squamata, Crocodylia) of the forested southeast of the Republic of Guinea (Guinée 

forestière), with a country-wide checklist. Bonn Zoological Bulletin, 60 (1): 35-61. 

Böhme, Wolfgang, Mark-Oliver Rödel, Christian Brede and Philipp Wagner. 2011. 

The reptiles (Testudines, Squamata, Crocodylia) of the forested southeast of the 

Republic of Guinea (Guinée forestière), with a country-wide checklist. Bonn 

zoological Bulletin, Volume 60, Issue 1, pp. 35–61, Bonn, May 2011. 

Borrow, N. and Demey, R. 2001. Birds of Western Africa. Christopher Helm. London. 

Borrow, N. and Demey, R. 2010. Field Guide to the Birds of Western Africa. 

Christopher Helm. London. 

Bouchard, J., A. T. Ford, F. Eigenbrod, and L. Fahrig. 2009. Behavioral response of 

northern leopard frogs (Rana pipens) to roads and traffic: implications for 

population persistence. Ecology and Society 14(2): 23. 

Bouju, S. et Chavance, P. 2000. Embarcations et engins de la pêche artisanale. Pp. 

233-255 in Domain, F., Chavance P., et Diallo A. (Eds.) La Pêche Côtière en Guinée: 

Ressources et Exploitation. Paris: IRD. 

Bousso, T. and Lalèyè, P. 2010. Ichthyborus quadrilineatus. In: IUCN 2013. IUCN 

Red List of Threatened Species. Version 2013.2. <www.iucnredlist.org>. 

Downloaded on 22 April 2014. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-105 

Bowles, A. E. 1995. Responses of wildlife to noise. Pages 109–156 in R. L. Knight 

and K. J. Gutzwiller, editors. Wildlife recreationists: coexistence through 

management and research. Island Press, Washington, D.C., USA. 

Bowles, A., F. Awbrey, and R. Kull. 1990. A model for the effects of aircraft over-

flight noise on the reproductive success of raptorial birds. Pages 1129–1132 in H. G. 

Jonasson, editor. INTERNOISE 90 proceedings: noise and sonic boom impact 

technology. Acoustical Society of Sweden, Gothenburg, Sweden. 

Brandt, C.J., and R.W. Rhoades. 1972. Effects of limestone dust accumulation on 

composition of a forest community. Environmental Pollution 3:217–225. 

Brattstrom, B. H., and M. C. Bondello. 1994. Effects of off-road vehicle noise on 

desert vertebrates. Pages 167–206 in R. B. Ruby and D. J. Germano, editors. 

Biology of North American tortoises. National Biological Survey, Fish and Wildlife 

Research 13, Washington, D.C., USA. 

Brody A.J. & Pelton M.R. (1989) Effects of roads on black bear movements in 

western North Carolina. Wildlife Society Bulletin. 17, 5-10. 

Brothers T. S. & Spingarn A. (1992) Forest fragmentation and alien plant invasion of 

central Indiana old-growth forests. Conservation Biology. 6, 91-100. 

Brown R. J., Brown M. N. & Pesotto B. (1986) Birds killed on secondary roads in 

Western Australia. Corella. 10, 118-122. 

Brugiere, D. Magassouba, B. 2009. Pattern and sustainability of the bushmeat trade 

in the Haut Niger National Park, Republic of Guinea. Afr. J. Ecol., 44, 630–639. 

Brumm H (2004) The impact of environmental noise on song ampli- tude in a 

territorial bird. Journal of Animal Ecology, 73, 434–440. Brumm H, Slabbekoorn H 

(2005) Acoustic communication in noise. Advances in the Study of Behavior, 35, 

151–209. 

Brumm, H. 2010 Animal communication and anthropogenic noise: implications for 

conservation. In The encyclopedia of animal behavior (eds M. Breed & J. Moore), pp. 

89–93. Amsterdam, The Netherlands: Elsevier. 

Buchanan, B.W. 1993. Effects of enhanced lighting on the behaviour of nocturnal 

frogs. Animal Behaviour 45(5):893–899. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-106 

Buchanan, B.W. 2006. Observed and potential effects of artificial night lighting on 

Anuran amphibians. In Ecological Consequences of Artificial Night Lighting, edited 

by C. Rich and T. Longcore, pp. 192–220. Washington, D.C.: Island Press. 

Burnett S. E. (1992) Effects of a rainforest road on movements of small mammals: 

mechanisms and implications. Wildlife Research. 19, 95-104. 

Byron H (2000). Biodiversity and Environmental Impact Assessment: A Good 

Practice Guide for Road Schemes, The RSPB, WWF-UK, English Nature & The Wildlife 

Trusts, Sandy, Bedfordshire. 

Cadenat, J. (1947) Noms vernaculaires des principales formes d'animaux marins 
des côtes de l'Afrique occidentale française. Dakar: Institut Français d'Afrique Noire. 

Cape JN. 2003. Effects of airborne volatile organic compounds on plants. Environ 

Pollut 122: 145–57. 

Carrière, M. 2000. Flore de Guinée : appellations vernaculaires et usages 

traditionnels de quelques plantes. Tiré de : Carrière, M. 1994. Plantes de Guinée à 

l'usage des éleveurs et des vétérinaires. Minist. Coop. Fr., CIRAD-EMVT (éds.): 235 

p., 130 fig. 

Carsignol J. (1999). The wildlife problem in motorway project development, 

construction and operation, CETE de l'Est, Metz. 

Catry, P., Barbosa, C., Paris, B., Indjai, B., Almeida, A., Limoges, B., Silva, C. and 

Pereira, H. 2009. Status, ecology, and conservation of sea turtles in Guinea-Bissau. 

Chelonian Conservation and Biology, 8(2): 150-160. 

Chan, A. A. Y. H., Giraldo-Perez, P., Smith, S. & Blumstein, D. T. 2010 

Anthropogenic noise affects risk assessment and attention: the distracted prey 

hypothesis. Biol. Lett. 6, 458–461. 

Chappuis, C. 2000. African Bird Sounds: Birds of North, West and Central Africa and 
neighbouring Atlantic islands. 15 CDs. Sociéte d’Études Ornithologiques de France, 

Paris.  

Chardonnet, P. ; Chardonnet, B. ; Daneil, P. ; Darroze, S. ; Feer, F. ; Forster, M. ; 

Fritz, H. ; Lamarque, F. ; Lamotte, I. De ; Laplanche, S. ; Msellati, I. ; Planton, H. ; 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-107 

Woodford, J. ; Zorzi, N.; 1995. Faune Sauvage Africaine, La Ressource Oubliée. 

C.E.C.A.- C.E.- C.E.E.A; Bruxelles, Luxembourg ; tomes 1 :416 p et 2 : 248 p 

Chirio L. 2012. Inventaire des reptiles de la région de Sangarédi (Guinée : Afrique 

de l’Ouest) - Bull. Soc. Herp. Fr., 144 : 67-100. 

Chirio, L., 2013. Hemidactylus kundaensis. In: IUCN 2013. IUCN Red List of 

Threatened Species. Version 2013.2. <www.iucnredlist.org>.  

Clevenger, A.P., B. Chruszcz, and K.E. Gunson. 2003. Spatial patterns and factors 

influencing small vertebrate fauna road-kill aggregations. Biological Conservation 

109(2003):15–26. 

Colyn, M. Dufour, S. Condé, C.P. and van Rompaey, H. 2005. The importance of 

small carnivores in forest bushmeat hunting in the Classified Forest of Diecké, 

Guinea. 1st International Symposium on Wolverine Research and Management. 

Cormier-Salem, M. C. (1987) La cueillette des huîtres en Casamance : place de 
cette pratique dans le système d'exploitation diola. Dakar: CRODT.  

Cornish, A. and Harmelin-Vivien, M. (Grouper & Wrasse Specialist Group) 2004. 

Epinephelus marginatus. In: IUCN 2013. IUCN Red List of Threatened Species. 

Version 2013.2. <www.iucnredlist.org>. Downloaded on 06 February 2014). 

COST 341. 2007. Fragmentation des habitats due aux infrastructures de transport. 

Faune et trafic. Manuel européen d’identification des conflits et de conception de 

solutions. Service ‘detudes techniques des routes et autoroutes. 

Couceiro S.R.M., Hamada N., Forsberg B.R., Pimentel T.P. and Luz S.L.B. 2012. A 

macroinvertebrate multimetric index to evaluate the biological condition of streams 

in the Central Amazon region of Brazil. Ecological Indicators, 18: 118-125. 

Couch, C. and Williams, C.T. 2006. In: Wright, H.E., McCullough, J. & Diallo, M.S. 

(eds). A Rapid Biological Assessment of the Boké Préfecture, Northwestern Guinea. 

RAP Bulletin of Biological Assessment 41. Conservation International, Washington, 

DC. 

CPCB, 2009. Ambient air quality data. Central Pollution Control Board, New Delhi. 

http://www.cpcb.nic.in/bulletin/del/2009html. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-108 

Cumberlidge N. 1999. The Freshwater Crabs of West Africa: Family Potamonautidae. 

Édition de l’IRD, Collection faune et Flore Tropicale N° 6, 382p. 

Cumberlidge N. 2005. A rapid survey of the decapod crustaceans of the Boké 

Préfecture, Guinea. In: Wright H.E., McCullough J. and Diallo M.S. (eds.). A rapid 

Biological Assessment of Boké Préfecture, Northwestern Guinea. Bulletin Biological 

Assessment, 41, 38–46. 

Cumberlidge N. et Huguet, D. 2003. Les crustacés décapodes du Nimba et de sa 

région. In: Lamotte P. et Roy R. (eds). Le peuplement animal du mont Nimba 

(Guinée, Côte d’Ivoire, Liberia). Mémoires du Muséum national d’Histoire Naturelle, 

Paris, 190: 211-229. 

Cumberlidge N. et Sachs R. 1989. Three new subspecies of the West African 

freshwater crab Liberonautes latidactylus (de Man, 1903) from Liberia, with notes 

on their ecology. Zeitschrift für Angewandte Zoologie, 76: 425-439. 

Cumming, D.H.M. 2008. Phacochoerus africanus. In: IUCN 2013. IUCN Red List of 

Threatened Species. Version 2013.2. <www.iucnredlist.org>.  

Cunningham S. A. (2000) Effects of habitat fragmentation on the reproductive 

ecology of four plant species in mallee woodland. Conservation Biology. 14, 758-

768. 

Curatolo J.A. & Murphy S.M. (1986) The effects of pipelines, roads, and traffic on 

the movements of Caribou, Rangifer tarandus. Canadian Field Naturalist. 100, 218-

224. 

Dajun, W., Sheng, L., McShea, W. and Fu, L. 2006. Use of remote-trip cameras for 

wildlife surveys and evaluating the effectiveness of conservation activities at a 

nature reserve in Sichuan province, China. Environmental Management, 38 (6), 

942-51. 

Dark Sky Partners LLC. 2010. An Assessment of the Impact of Potential Mining 

Operations at the Rosemont Copper Mine on the Night Sky of Southern Arizona. 

Draft report. Prepared for SWCA Environmental Consultants. Tucson, AZ: Dark Sky 

Partners LLC. September. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-109 

de Molenaar, J.G., M.E. Sanders, and D.A. Jonkers. 2006. Road lighting and 

grassland birds: Local influence of road lighting on a black-tailed godwit population. 

In Ecological Consequences of Artificial Night Lighting, edited by C. Rich and T. 

Longcore, pp. 114–136. Washington D.C.: Island Press. 

de Moor I.J., Day J.A. and de Moor F.C. 2003. Guide to the Freshwater 

Invertebrates of Southern Africa. Volume 7: Insecta I: Ephemeroptera, Odonata and 

Plecoptera. Rapport N° TT 207/03 Water Research Commission, South Africa, 288 p. 

Dejoux, C., Elouard, J.M., Forge P. et Maslin, J.L. 1981. Catalogue Iconographique 

des Insectes Aquatiques de Côte d'Ivoire. Rapport ORSTOM, Bouaké, 172 p. 

Delaney, D. K., L. L. Pater, L. D. Carlile, E. W. Spadgenske, T. A. Beaty, and R. H. 

Melton. In press. Response of red-cockaded woodpeckers to military training 

operations. Wildlife Monographs. 

Demey, R. 2006. A rapid survey of the birds of the Boké Préfecture, northwestern 

Guinea, pp 65-68, 137-140, 182-190. In: Wright, H.E., McCullough, J. & Diallo, M.S. 

(eds). A Rapid Biological Assessment of the Boké Préfecture, Northwestern Guinea. 

RAP Bulletin of Biological Assessment 41. Conservation International, Washington, 

DC. 

Demey, R. and Rainey, H.J. 2004. A rapid survey of the birds of the Forêt Classée 

du Pic de Fon, Guinea, pp 61-66, 165-171, 238-247. McCullough, J. (ed.). A Rapid 

Biological Assessment of the Forêt Classée du Pic de Fon, Simandou Range, 

Southeastern Republic of Guinea. RAP Bulletin of Biological Assessment 35. 

Conservation International, Washington, DC. 

Demey, R. and Rainey, H.J. 2006. Rapid surveys of the birds of the Fôret Classées 

de Déré, de Diécké and du Mont Béro, Southeastern Guinea, pp 59-68, 159-167, 

236-244. In: Wright, H.E., McCullough, J., Alonso, L.E. & Diallo, M.S. (eds.). 2006. 

A Rapid Biological Assessment of Three Classified Forests in Southeastern Guinea. 

RAP Bulletin of Biological Assessment 40. Conservation International, Washington, 

DC.  

Dethier, M. 1995. Étude Chasse. Cameroun, Ministère de l’Environnement, ÉCOFAC, 

AGRECO/CTFT : 118 p + annexes 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-110 

Dethier, M. 1996. Étude chasse villageoise - Forêt de N’gotto. Rep. Centraficaine, 

Ministère des Eaux et Forêts, ÉCOFAC, AGRÉCO - CIRAD - FORÊT : 105p + annexes. 

Develey P. F. & Stouffer P. C. (2001) Effects of roads on movements by understorey 

birds in mixed-species flocks in central Amazonian Brazil. Conservation Biology. 

15(5), 1416-1422.  

Dhindsa M. S., Sandhu J. S., Sandhu P. S. & Toor H. S. (1988) Roadside birds in 

Punjab (India), relation to mortality from vehicles. Environmental Conservation. 15, 

303-310. 

Di Giulio, M., and R. Holderegger. 2009. Effects of habitat and landscape 

fragmentation on humans and biodiversity in densely populated landscapes. Journal 

Of Environmental Management 90:2959-2968. 

Dia, M. 2005. Évaluation de la problématique viande de brousse en Guinée. 

Document de travail –FAO. 

Diallo, S.T., Camara, M.H., Guilavogui, A., Diallo, B. et Sow, M. 2009. Rapport 

synthèse sur le secteur de la pêche en Guinée. APPECCAO. Centre National des 

Sciences Halieutiques de Boussoura, BP 3738/39, Conakry, Guinée.  

Dickens C.W.S. and Graham P.M. 2002. The South African Scoring System (SASS) 

Version 5 rapid bioassessment methods for rivers. African Journal of Aquatic 

Sciences, 27: 1-10. 

Diop, E. S. (1990) La côte ouest-africaine: du Saloum (Sénégal) à la Mellacorée 

(Rép. de Guinée). Paris: ORSTOM.  

Dodman, T., Ndiaye, M.D.D. and Sarr, K. (eds.). 2008. Conservation Strategy for 

the West African Manatee. UNEP, Nairobi, Kenya and Wetlands International Africa, 

Dakar, Sénégal. 

Doley, D. (2006) Airborne particulates and vegetation: Review of physical 

interactions. Clean Air and Environmental Quality 40 (2), 36-41. 

Doley, D. 2013. Report on the Potential Effects of Quarry Dust on Selected 

Vegetation Communities on the Gold Coast, Queensland. Prepared for Katestone 

Environmental Pty Ltd. UniQuest Project No: C01455. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-111 

Doley, D., and L. Rossato. 2010. Mineral particulates and vegetation: Modelled 

effects of dust on photosynthesis in plant canopies. Air Quality and Climate Change 

44(2):22–27. 

Domain, F. & Bah, M.O. (2000) "Description des fonds du plateau continental" Pp. 

37-49 in Domain, F., Chavance P., & Diallo A. (Eds.) La Pêche Côtière en Guinée: 
Ressources et Exploitation. Paris: IRD. 

Domain, F., Chavance P., & Diallo A. (2000) La Pêche Côtière en Guinée: 

Ressources et Exploitation. Paris: IRD.  

Donaldson A. & Bennett A. (2004) Ecological effects of roads: Implications for the 

internal fragmentation of Australian parks and reserves. Parks Victoria Technical 

Series No. 12. Parks Victoria, Melbourne. 

Doumbouya, A. (n.d). Guinean Fisheries: Case Study Identification and Selection.  

Doumbouya, A. 2010. Inventory and Sustainable Exploitation of Edible Mollusc 

Resources of the Guinean Coastline: Case Study in the Tristao Islands Marine 

Protected Area (Tristao MPA). Poster presented at the Tropentag 2010 Conference 

"World Food System - A Contribution from Europe" from September 14 - 16, in 

Zurich, Germany. Abstract available at: 

Dufour S. 2006. Projet chasse et filière viande de brousse aux Monts Nimba, 

République de Guinée. Fauna & Flora Int – CEGENS – SYLVATROP, 124pp. 

Dufour, S. 2000. Étude préliminaire de la chasse villageoise dans la Réserve de 

Biosphère des monts Nimba – Guinée. Non publié. 

Dufour, S. 2002. Premier recensement des activités cynégétiques en Forêt Classée 

de Diécké. Rep. de Guinée. Ministère de l’Agriculture et des Eaux et Forêts. 

PGRR/CF. GFA terra systems. 151p. 

Dufour, S.; Bikouyah, H.; Gautier, M.; Nganga, P.Y.; Ohlsen, A. 2013. Etude de la 

chasse et de la filière gibier dans le corridor du chemin de fer – Projet SIMANDOU / 

Rio Tinto. 

Dupire, M. 1970. Organisation Sociale des Peul: Étude d'Ethnographie Comparee, 

Paris, Librairie Plon. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-112 

Eaton M. J., Martin A., Thorbjarnarson J. B. and Amato G. D. 2009. Species-level 

diversification of African dwarf crocodiles (Genus Osteolaemus): a geographic and 

phylogenetic perspective. Molecular Phylogenetics and Evolution (50): 496–506. 

(doi:10.1016/j.ympev.2008.11.009). 

Eaton, M.J., Meyers, G.L., Kolokotronis, S.O., Leslie, M.S., Martin, A.P. and Amato, 

G. 2010. Barcoding bushmeat: molecular identification of Central African and South 

American harvested vertebrates. Conservation Genetics, 11: 1389–1404. 

Ecology and Environment Inc. and Kormos, R. 2008. Critical Habitat Assessment 

Report, Guinea Alumina Corporation Project. Guinea, West Africa. Prepared for 

Guinea Alumina Corporation (GAC), July 2008. 

Ecoscope Applied Ecologists (2001) : « Highways and Birds: A best practice guide », 

Highways Agency & Ecoscope Applied Ecologists, St Ives, Cambridgeshire. 

Edward, H. J., Elliott, I. A., Pressey, R. I, Mumby, P. J., 2010: Incorporating 

ontogenetic dispersal, ecological processes and conservation zoning into reserve 

design. Biol. Conserv. 143: 457-470. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Rapport sommaire. 288 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 1 : Botanical baseline survey in Guinea for Compagnie des Bauxites de 

Guinée (CBG). 44 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 2: Marine mammal, sea turtle and crocodile occurrence in the Rio 

Nuñez region of Guinea, 24 October to 8 November 2013. 102 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 3 : Results of a Rapid Baseline Survey of the Fishery Resources of the 

Rio Nuñez Estuary, North-west Guinea. 36 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 4 : Inventaires des poissons et des macroinvertébrés aquatiques. 53 

p. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-113 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 5 : A survey of the large mammals of Sangarédi and Kamsar in Boké 

prefecture. 61 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 6 : A survey of the birds of Sangarédi sous-prefecture. 34 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 7 : A survey of the birds of Kamsar. 13 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 8 : Inventaire des reptiles de la région de Sangarédi dans le contexte 

du Projet d’expansion de la mine de bauxite de la CBG. 67 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 9 : Inventaire des reptiles de la région de Kamsar dans le contexte du 

Projet d’expansion de la mine de bauxite de la CBG. 40 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 10 : Inventaire des amphibiens dans les sous-préfectures de Kamsar 

et Sangarédi (région de Boké). 36 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 11: Rapid Survey of Hunting and the Bushmeat Trade in and around 

Sangarédi, North-west Guinea. 23 p. 

ÉEM, 2014. Étude de base biologique pour l’ÉIES du Projet d’extension de la mine 

CBG. Annexe 12 : Results of a Rapid Baseline Survey of the Use of Woodfuel 

Resources in and around Sangarédi, North-west Guinea. 32 p. 

Egnor SER, Hauser MD. 2006. Noise-induced vocal modulation in cotton-top 

tamarins (Saguinus oedipus). Am J Primatol. 68: 1183–1190. 

Eigenbrod, F., S.J. Hecnar, and L. Fahrig. 2009. Quantifying the road-effect zone: 

Threshold effects of a motorway on anuran populations in Ontario, Canada. Ecology 

and Society 14(1):1–18. 

Eisenbeis, G. 2006. Artificial night lighting and insects: Attraction of insects to 

streetlamps in a rural setting in Germany. In Ecological Consequences of Artificial 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-114 

Night Lighting, edited by C. Rich and T. Longcore, pp. 281–304. Washington, D.C.: 

Island Press. 

EJF (2005) Party to the Plunder – Illegal Fishing in Guinea and its links to the EU. 

Environmental Justice Foundation, London, UK. Available at: 

Eller, B. M. (1977). Road dust induced increase of leaf tem- perature. Environ. Poll., 

13, 99-107. 

English Nature (1996). The significance of secondary effects from roads and road 

transport on nature conservation, English Nature Research Report No 178, 

Peterborough. 

Entsua-Mensah, M. 2010. Petrocephalus levequei. In: IUCN 2013. IUCN Red List of 

Threatened Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 23 

April 2014. 

Eriksson, J. and Kpoghomou, E. in Wright, H.E., McCullough, J. and Diallo, M.S. 

(eds). 2006. A Rapid Biological Assessment of the Boké Préfecture, Northwestern 

Guinea. RAP Bulletin of Biological Assessment 41. Conservation International, 

Washington, DC.  

Ernst, R. and M.-O. Rödel. (2002): A new Atheris species (Serpentes: Viperidae), 

from Taï National Park, Ivory Coast. Herpetol. J. 12: 55-61. 

Ernst, R., & Rodel M.-O., (2005): Anthropogenically induced changes of 

predictability in tropical anuran assemblages. Ecology, 86: 3111�3118 p. 

Eschmeyer W.N. (eds.). 2013. Catalog of Fishes. California Academy of Sciences 

(http://research.calacademy.org/research/ichthyology/catalog/fishcatmain.asp). 

Electronic version (10/2012). 

Etherington, J. R. (1977). The effect of limestone quarrying dust on a limestone 

heath in south Wales. Nature in Wales, 15, 218-23. 

Fahrig, L., and T. Rytwinski. 2009. Effects of roads on animal abundance: An 

empirical review and synthesis. Ecology and Society 14(1):1–20. 

Farmer, A. M, 1993. The effects of dust on vegetation—A review. Environmental 

Pollution, 79: 63–75. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-115 

Farmer, A. M. (1991). The effects of dust on vegetation and its consequences for 

nature conservation in Great Britain. CSD Note 57, Nature Conservancy Council, 

Peterborough. 

Farmer, A.M. 1993. The effects of dust on vegetation—a review. Environmental 

Pollution 79:63–75. 

Fernández-Juricic E, Poston R, De Collibus K et al. (2005) Micro- habitat selection 

and singing behavior patterns of male house finches (Carpodacus mexicanus) in 

urban parks in a heavily urban- ized landscape in the Western U.S. Urban Habitats, 

3, 49–69. 

Fields-Black, E. L. (2008). Untangling the many roots of West African mangrove rice 

farming: rice technology in the Rio Nuñez region, earliest times to c. 1800. Journal 

of African History 49(1): 1-21. 

Findlay C. S. & Bourdages J. (2000) Response time of wetland biodiversity to road 

construction on adjacent lands. Conservation Biology. 14(1), 86-94. 

Fishpool, L.D.C. & Evans, M.I. (eds.). 2001. Important Bird Areas in Africa and 

Associated Islands: Priority sites for conservation. Pisces Publications and BirdLife 

International, Newbury and Cambridge, UK. 

Foote AD, Osborne RW, Hoelzel AR (2004) Whale-call response to masking boat 

noise. Nature, 428, 910. 

Foppen R. & Reijnen R. (1994). The effects of car traffic on breeding bird 

populations in woodland. II. Breeding dispersal of male willow warblers 

(Phylloscopus trochilus) in relation to the proximity of a highway. Journal of Applied 

Ecology. 31, 95-101. 

Forman R. T. T. & Deblinger R. D. (2000). The ecological road-effect zone of a 

Massachusetts (USA.) suburban highway. Conservation Biology. 14(1), 36-46. 

Forman R. T. T., Friedman D. S., Fitzhenry J. D., Martin J. D., Chen A. S. & 

Alexander L. E. (1997) Ecological effects of roads: toward three summary indices 

and an overview for North America. In: Habitat fragmentation & infrastructure: 

proceedings (Ed: K. Canters). pp. 40-54. Delft, The Netherlands: Ministry of 

Transport, Public Works and Water Management. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-116 

Forman, R. T. & L. E. Alexander, 1998. Roads and their major ecological effects. 

Annual Review of Ecology and Systematics, 29: 207–231. 

Forman, R. T. T., D. Sperling, J. A. Bissonette, A. P. Clevenger, C. D. Cutshall, V. H. 

Dale, L. Fahrig, R. France, C. R. Goldman, K. Heanue, J. A. Jones, F. J. Swanson, T. 

Turrentine, and T. C. Winter. 2003. Road Ecology. Science and Solutions. Island 

Press, Washington, D.C., USA. 

Forman, R.T.T., and L.E. Alexander. 1998. Roads and their major ecological effects. 

Annual Review of Ecology and Systematics 29:207–231. 

Formia, A. 2002. Population and genetic structure of the green turtle (Chelonia 
mydas) in West and Central Africa: implications for management and conservation. 

PhD Dissertation, Cardiff University. 

Fortes, O., Pires, A.J. and Bellini, C. 1998. Green turtle, Chelonia mydas in the 

island of Poilao, Bolama-Bijagos Archipelago, Guinea-Bissau, West Africa. Marine 

Turtle Newsletter, 80: 8-10. 

Frair, J. L., E. H. Merrill, H. L. Beyer, and J. M. Morales. 2008. Thresholds in 

landscape connectivity and mortality risks in response to growing road networks. 

Journal Of Applied Ecology 45:1504-1513. 

Francis, C. D., Ortega, C. P. & Cruz, A. 2009 Noise pollution changes avian 

communities and species inter- actions. Curr. Biol. 19, 1415–1419. 

Francis, C.D., N.J. Kleist, C.P. Ortega, and A. Cruz. 2012. Noise pollution alters 

ecological services: Enhanced pollination and disrupted seed dispersal. Proceedings 

of the Royal Society B: Biological Sciences 279(1739):2727–2735. 

Frank, K.D. 2006. Effects of artificial night lighting on moths. In Ecological 

Consequences of Artificial Night Lighting, edited by C. Rich and T. Longcore, pp. 

305–344. Washington, D.C.: Island Press. 

Freddy, D.J., W.M. Bronaugh, and M.C. Fowler. 1986. Responses of mule deer to 

disturbance by persons afoot and snowmobiles. Wildlife Society Bulletin 14:63-68. 

Fretey, J. 2001. Biogeography and conservation of marine turtles of the Atlantic 

coast of Africa. CMS technical Series Publication No. 6, UNEP/CMS Secretariat, 

Bonn, Germany, 429 pp. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-117 

Froese R. and Pauly D. (eds.). 2014. FishBase. World Wide Web electronic 

publication. (www.fishbase.org). Electronic version (02/2014). 

Frost, Darrel R. 2014. Amphibian Species of the World: an Online Reference. 

Version 6.0 (last checked on 25 march 2014). Electronic Database accessible at 

http://research.amnh.org./herpetology/amphibia/index.html. American Museum of 

Natural History, New York, USA. 

Fuller RA, Warren PH, Gaston KJ (2007) Daytime noise predicts nocturnal singing in 

urban robins. Biology Letters. 

Gauthreraux Jr., S.A., and C.G. Belser. 2006. Effects of artificial night lighting on 

migrating birds. In Ecological Consequences of Artificial Night Lighting, edited by C. 

Rich and T. Longcore, pp. 67–93. Washington D.C.: Island Press. 

Gerow, K., N.C. Kline, D.E. Swann, and M. Pokorny. 2010. Estimating annual 

vertebrate mortality on roads at Saguaro National Park, Arizona. Human–Wildlife 

Interactions 4(2):283–292. 

Giam, X., Clements, G. R., Aziz, S. A.,Chong, K. W., Miettinen, J., (2011): 

Rethinking the back to wilderness concept for Sundaland’s forests. Biol. Conserv. 

144: 3149-3152. 

Girard, P. 2002. Charcoal production and use in Africa: what future? Unasylva 

33(211): 30-34.. 

Goodquarry. 2011. Dust impacts: Ecology and agriculture.  

Goosem M. (2000) Effects of tropical rainforest roads on small mammals: Edge 

changes in community composition. Wildlife Research. 27(2), 151-163. 

Goosem M. W. (1997) Internal fragmentation: the effects of roads, highways and 

powerline clearings on movements and mortality of rainforest vertebrates. In: 

Tropical rainforest remnants: ecology, management and conservation of fragmented 

communities (Eds: W. F. Laurance & R. O. Bierregaard Jr.) pp. 241-255. Chicago: 

University of Chicago Press. 

Gordon N.D., McMahon T.A. and Finlayson B.L. 1994. Stream Hydrology, an 

Introduction for Ecologists. Wiley & Sons, New York, 526p. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-118 

Gordon, S.D., and G.W. Uetz. 2012. Environmental interference: impact of acoustic 

noise on seismic communication and mating success. Behavioral Ecology 707–714. 

Gordon, Shira D. & George W. Uetz. 2012. Environmental interference: impact of 

acoustic noise on seismic communication and mating success. Behavioral Ecology. 

Advance Access publication 15 March 2012. 

Greaver, T. L., Timothy J Sullivan, Jeffrey D Herrick, Mary C Barber, Jill S Baron, 

Bernard J Cosby, Marion E Deerhake, Robin L Dennis, Jean-Jacques B Dubois, 

Christine L Goodale, Alan T Herlihy, Gregory B Lawrence, Lingli Liu, Jason A Lynch, 

et Kristopher J Novak. 2012. Ecological effects of nitrogen and sulfur air pollution in 

the US: what do we know? Front Ecol Environ 2012; doi: 10.1890/110049. 

Greenbaum, E., & Carr, J.L., (2005): The Herpetofauna of Upper Niger National 

Park, Guinea, West Africa. Scientific Papers, Natural History Museum, The University 
of Kansas, 37: 1�21. 

Grigione, M.M., and R. Mrykalo. 2004. Effects of artificial night lighting on 

endangered ocelots (Leopardus paradalis) and nocturnal prey along the United 

States-Mexico border: A literature review and hypotheses of potential impacts. 

Urban Ecosystems 7:65–77. 

Grubb, P., Amori, G., de Smet, K. and Bertolino, S. 2008. Hystrix cristata. In: IUCN 

2013. IUCN Red List of Threatened Species. Version 2013.2. 

<www.iucnredlist.org>. Downloaded on 11 April 2014. 

Grubb, T. G., and W. W. Bowerman. 1997. Variations in breeding bald eagle 

response to jets, light planes, and helicopters. Journal of Raptor Research 31:213–

222. 

Grubb, T. G., W. W. Bowerman, J. P. Giesy, and G. A. Dawson. 1992. Responses of 

bald eagles, Haliaeetus leucocephalus, to human activities in north-central Michigan. 

Canadian Field Naturalist 106:443–453. 

Grubb, T.G., and R.M. King. 1991. Assessing human disturbance of breeding bald 

eagles with classification tree models. The Journal of Wildlife Management 

55(3):500–511. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-119 

Guibé, J., & Lamotte, M., (1958a): La réserve naturelle intégrale du Mont Nimba. 

XII. Batraciens (sauf Arthroleptis, Phrynobatrachus et Hyperolius). Mémoires de 
l’Institut fondamental d’Afrique noire, Série A, Dakar. 53: 241�273. 

Guibé, J., & Lamotte, M., (1958b). Morphologie et reproduction par développement 

direct d’un anoure du Mont Nimba, Arthroleptis crusculum Angel. Bulletin du 

Museum National d’Histoire Naturelle, 2e Série. Paris. 30: 125�133. 

Guibé, J., & Lamotte, M., (1963): La réserve naturelle intégrale du Mont Nimba. 

XXVIII. Batraciens du genre Phrynobatrachus. Mémoires de l’Institut fondamental 
d’Afrique noire, Série A, Dakar. 66: 601�627. 

Guyer, C., K. E. Nicholson, and S. Baucom. 1995. Effects of tracked vehicles on 

gopher tortoises (Gopherus polyphemus) at Fort Benning military installation, 

Georgia. Georgia Journal of Science 54:195–203. 

Habib L, Bayne EM, Boutin S (2007) Chronic industrial noise affects pairing success 

and age structure of ovenbirds Seiurus aurocapilla. Journal of Applied Ecology, 44, 

176–184. 

Harmelin, J.-G. et Harmelin-Vivien, M. 1999. A review on habitat, diet and growth of 

the dusky grouper Epinephelus marginatus (Lowe, 1834). Mar. Life, 9 (2): 11-20. 

Hartline PH (1971) Physiological basis for detection of sound and vibration in 

snakes. J Exp Biol 54:349–371 

Hawkes, L.A., Broderick, A.C., Coyne, M.S., Godfrey, M.S., López-Jurado, L.F., 

López Suarez, P., Merino, S.E. Varo-Cruz, N. and Godley, B.J. 2006. Phenotypically 

linked dichotomy in sea turtle foraging requires multiple conservation approaches. 

Current Biology, 16: 990-995. 

Hekkala, E., Shirley, M.H., Amato, G., Austin, J.D., Charter, S., Thorbjarnarson, J., 

Vliet, K.A., Houck, M.L., Desalle, R. and Blum, M.J. 2011. An ancient icon reveals 

new mysteries: mummy DNA resurrects a cryptic species within the Nile crocodile. 

Molecular Ecology, 20: 4195–4215. 

Henschel, P., Breitenmoser-Wursten, C.and Sogbohossou, E. 2008. Caracal aurata. 

In: IUCN 2013. IUCN Red List of Threatened Species. Version 2013.2. 

<www.iucnredlist.org>. Downloaded on 11 April 2014. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-120 

Herrera-Montes, M.I., and T.M. Aide. 2011. Impacts of traffic noise on anuran and 

bird communities. Urban Ecosystems 14(3):415–427. 

Heyer, W.R., Donnelly, M.A., McDiarmid, R.W., Hayek, L.-A.C., & Foster, M.S., 

(1993): Measuring and monitoring biological diversity, standard methods for 

amphibians -Washington D.C. (Smithsonian Institution Press) 364 pp. 

Hill, P.S.M. 2008. Vibrational Communication in Animals. Cambridge, MA: Harvard 

University Press. 

Hill, P.S.M. 2009. How do animals use substrate-borne vibrations as an information 

source? Naturwissenschaften 96:1355–1371. 

Hillers, A., Bangoura, M.A., Loua, N.S., & Rödel, M.-O., (2006): Rapid survey of 

amphibians and reptiles in the Boké region, northwestern Guinea. In: Wright H.E., 

McCullough J. & Diallo M.S. (eds), A rapid biological assessment of Boké Préfecture, 

northwestern Guinea. RAP Bulletin of Biological Assessment 41, Conservation 

International, Washington D.C., pp. 131–136, appendices 5�7, pp. 178�181. 

Hillers, A., Loua, N.-S., & Rödel, M.-O., (2008a): A preliminary assessment of the 

amphibians of the Fouta Djallon, Guinea, West Africa. Salamandra, 43: 1�10. 

Hillers, A., Zimkus B. & Rödel M.-O., (2008b). A new species of Phrynobatrachus 
(Amphibia: Anura: Phrynobatrachidae) from north-western Guinea, West Africa. 

Zootaxa, 1815: 43-50. 

Hoffmann, M. 2008. Aonyx capensis. In: IUCN 2013. IUCN Red List of Threatened 

Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 11 April 2014. 

Holthuijzen, A. M. A., W. G. Eastland, A. R. Ansell, M. N. Kochert, R. D. Williams, 

and L. S. Young. 1990. Effects of blasting on behavior and productivity of nesting 

prairie falcons. Wildlife Society Bulletin 18:270– 281. 

Hoskin, C. J., and M. W. Goosem. 2010. Road impacts on abundance, call traits, and 

body size of rainforest frogs in northeast Australia. Ecology and Society 15(3): 15. 

Houlahan, J. E., Findlay C. S., B. R., Schidt A. H. Meyer & Kuzmin S. L., (2000): 

Quantitative evidence for global amphibian population declines. Nature 404: 752-

755 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-121 

Hourdequin, M., editor. 2000. The ecological effects of roads. Special issue of 

Conservation Biology 14(1):16-94. 

Hudson, W.E. (ed.). 1991. Landscape Linkages and Biodiversity. Washington D.C.: 

Island Press. 

ICMM 2006. Good Practice Guidance for Mining and Biodiversity. International 

Council on Mining and Metals: London, UK. Available at 

http://www.icmm.com/document/13 

IFC 2012. Performance Standard 6. Biodiversity Conservation and Sustainable 

Management of Natural Resources. January 1, 2012. International Finance 

Corporation (IFC), Washington DC. [accessed 10 January 2014] 

IUCN 2013. IUCN Red List of Threatened Species. Version 2013.2. 

<www.iucnredlist.org> 

IUCN SSC Antelope Specialist Group 2008. Cephalophus rufilatus. In: IUCN 2013. 

IUCN Red List of Threatened Species. Version 2013.2. <www.iucnredlist.org>. Last 

downloaded on 11 April 2014. 

Iuell, B., G. J. Bekker, R. Cuperus, J. Dufek, G. Fry, C. Hicks, V. Hlavác�, V. Keller, 

B. Rosell, T. Sangwine, N. Tørsløv, and B. l. M. Wandall. 2003. COST 341 - Wildlife 

and traffic: a European handbook for identifying conflicts and designing solutions. 

KNNV Publishers, Brussels, Belgium. 

Jaeger, J. A. G., S. Grau, and W. Haber, editors. 2005. Landscape fragmentation 

due to transportation infrastructure and urban development: from recognition of the 

problem to implementation of measures. Special issue of GAIA 14(2):98-185. 

Jaeger, J.A.G., J. Bowman, J. Brennan, L. Fahrig, D. Bert, J. Bouchard, N. 

Charbonneau, K. Frank, B. Gruber, and K. Tluk von Toschanowitz. 2005. Predicting 

when animal populations are at risk from roads: An interactive model of road 

avoidance behavior. Ecological Modelling 185(2005):329–348. 

Jefferson, T.A., Curry, B.E., Leatherwood, S. and Powell, J.A. 1997. Dolphins and 

porpoises of West Africa: A review of records (Cetacea: Delphinidae, Phocoenidae). 

Mammalia, 61: 87–108. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-122 

John, D. W. & Lawson G. W. (1990) "A review of mangrove and coastal ecosystems 

in West Africa and their possible relationships." Estuarine, Coastal and Shelf Science 

31(5): 505–518. 

Kasparek, Max. 2001. Priorities for the Conservation of the Nile Soft-shelled Turtle, 

Trionyx triunguis, in the Mediterranean. Testudo, The Journal of the British Chelonia 

Group, (2001), 5(3):49-45.  

Keita, N. 2002. Inventaire du lamantin d’Afrique en République de Guinée 

(Trichechus senegalensis). 6 pages. [Not seen]. 

Keith, S., Urban, E.K. & Fry, C.H. 1992. The birds of Africa. Volume IV. Academic 

Press, London. 

KEW Royal Botanic Gardens. 2014. Botanical baseline survey in Guinea for 

Compagnie des Bauxites de Guinée. Prepared for Sylvatrop Consulting. March, 

2014.  

Kingdon J, 2011. The Kingdon Field Guide to African Mammals. A&C Black 

Klump GM (1996) Bird communication in the noisy world. In: Ecology and Evolution 

of Acoustic Communication in Birds (eds Kroodsma DE, Miller EH), pp. 321–338. 

Cornell University Press, NY. 

Knight Piésold and Co. 2008. Guinea Alumina Corporation - Projet d’alumine de 

Guinée Évaluation Sociale et Environnementale. 

Konan K.M. 2009. Diversité morphologique et génétique des crevettes des genres 

Atya Leach, 1816 et Macrobrachium Bate, 1868 de Côte d’Ivoire. Thèse de Doctorat 

de l’Université d’Abobo-Adjamé, Abidjan, Côte d’Ivoire, 170p. 

Kopytoff, I. 1987. "The Internal African Frontier: The Making of African Political 

Culture" Pages 3-83 in The African Frontier: The Reproduction of Traditional African 

Societies. Edited by Kopytoff, I. Bloomington: Indiana University Press. 

Kormos, R. et Boesch, C. 2003. Regional action plan for chimpanzees in West Africa. 

Washington: Conservation International. 38 pp. 

Kourouma, Souleymane et Lancinè Faro. 2007. Communication sur la situation des 

crocodiles en Guinée. Actes du 1er Congrès d’Afrique de l’Ouest sur les Crocodiles « 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-123 

Élevage et Conservation des crocodiles » 13 au 15 novembre 2007 à la Tapoa, Parc 

Régional W du Niger. Pp 114-120. IUCN.  

Krumme, U. (2009) "Diel and Tidal Movements by Fish and Decapods Linking 

Tropical Coastal Ecosystems" Pages 271-324 in Nagelkerken, I. (Ed) Ecological 

Connectivity among Tropical Coastal Ecosystems. Dordrecht: Springer. 

Kuitunen MT, Rossi E, Stenroos A (1998) Do highways influence density of land 

birds? Environmental Management, 22, 297–302.  

Kuitunen MT, Viljanen J, Rossi E, Stenroos A (2003) Impact of busy roads on 

breeding success in pied flycatchers Ficedula hypoleuca. Environmental 

Management, 31, 79–85. 

LaFramboise, D. 1984. Various aspect of wood use in the Labé region of middle 

Guinea (31 p). USAID Mission to Guinea.  

Lalèyè, P. 2010. Epiplatys hildegardae. In: IUCN 2013. IUCN Red List of Threatened 

Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 22 April 2014. 

Lamotte, M., & Ohler, A., (1997): Redécouverte de syntypes de Rana bibroni 
HALLOWELL, 1845, désignation d’un lectotype et description d’une espèce nouvelle 

de Ptychadena (Amphibia, Anura). Zoosystema, 19: 531�543. 

Larkin, R., L. L. Pater, and D. Tazik. 1996. Effects of military noise on wildlife: a 

literature review. U.S. Army Construction Engineering Research Laboratory 

Technical Report 96/21, Champaign, Illinois, USA. 

Le Fur, J. Guilavogui A. & Teitelbaum A. (2011). Contribution of local fishermen to 

improving knowledge of the marine ecosystem and resources in the Republic of 

Guinea, West Africa. Canadian Journal of Fisheries and Aquatic Sciences 68(8): 

1454-1469. 

Leciak, E. 2006. De l’Espèce au Territoire: La Gestion Locale de la Biodiversité en 

Guinée Maritime. Unpublished PhD Thesis, U.F.R. de Géographie – Aménagement, 

Université Michel de Montaigne Bordeaux III: Pessac, Bordeaux, France.  

Leitao, A.B., and J. Ahern. 2002. Applying landscape ecological concepts and 

metrics in sustainable landscape planning. Landscape and Urban Planning 59:65-93. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-124 

Lengagne T. 2008. Traffic noise affects communication behaviour in a breeding 

anuran, Hyla arborea. Biol Conserv. 141:2023–2031. 

Lewison, R. and Oliver, W. (IUCN SSC Hippo Specialist Subgroup) 

2008. Hippopotamus amphibius. In: IUCN 2013. IUCN Red List of Threatened 

Species. Version 2013.2. <www.iucnredlist.org>. Downloaded on 11 April 2014. 

Lips, K. R., Burrowes P. A., Mendelson J. R. & Parra-Olea (2005b): Amphibian 

declines in Latin America: Widespread population declines, extinctions, and impacts. 

Biotropica 37: 163-165. 

Lisowski, S. 2009. Flore (Angiospermes) de la République de Guinée. Première 

partie (texte). Meise, Jardin Botanique National de Belgique. (Scripta Botanica 

Belgica, vol. 41). 

Longcore, T., and C. Rich. 2006. Synthesis. In Ecological Consequences of Artificial 

Night Lighting, edited by C. Rich and T. Longcore, pp. 413–430. Washington, D.C.: 

Island Press. 

Longcore, T., and C. Rich. 2004. Ecological light pollution. Frontiers in Ecology and 

the Environment 2(4):191–198. 

LSTP. 2003. Under threat: The over exploitation of sea turtles in south eastern 

Liberia. Report by the Liberia Sea Turtle Project (LSTP) of the Save My Future 

Foundation (SAMFU). March 2003. 

Luiselli, L., Akani, G. C., Ebere, N., Angelici, F. M., Amori, G., and Politano, E. 2012. 

Macro-habitat preferences by the African manatee and crocodiles – ecological and 

conservation implications, Web Ecol., 12, 39-48, doi:10.5194/we-12-39-2012. New 

York, USA. 

Maigret 1980, Ross et al. 1994 in IUCN 2013. IUCN Red List of Threatened 

Species. Version 2013.1. <www.iucnredlist.org>. Downloaded on 19 

September 2013. 

Manning, W. J. (1971). Effects of limestone dust on leaf condition, foliar 

disease incidence, and leaf surface microflora of native plants. Environ. Poll., 

2, 69-76. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-125 

Marco, A., Perez, E.A., Arguello, C.M., Martins, S., Araujo, S. and Lopez-Jurado, L.F. 

2011. The international importance of the archipelago of Cape Verde for marine 

turtles, in particular the loggerhead turtle Caretta caretta. Zoologia Caboverdiana, 

2: 1-11. 

Mason MJ, Narins PM (2002) Seismic sensitivity in the desert golden mole 

(Eremitalpa granti): a review. J Comp Psychol 116:158–163 

McNett GD, Luan LH, Cocroft RB. 2010. Wind-induced noise alters signaler and 

receiver behavior in vibrational communication. Behav Ecol Sociobiol. 64:2043–

2051. 

Ministère de l'Équipement, du Transport, du Logement, du Tourisme et de la Mer, 

Service d'Études Techniques des Routes et Autoroutes (SETRA), Ministère de 

l’Écologie et du Développement Durable, Direction de la Nature et des Paysages 

(DNP) (1994) : « La gestion extensive des dépendances vertes routières, intére�ts 

écologiques, paysagers et économiques », 120 p. 

Mittermeier, R. A., Myers, N., Mittermeier,C. G., and Gill, P. R. (1999). Hotspots: 

Earth’s Biologically, Richest and Most Endagered Terrestrial Ecoregions-CEMEX. 

Monod T. 1966. Crevettes et crabes des côtes occidentales d’Afrique. In : Gordon I., 

Hall D.N.F., Monod T., Guinot D., Postel E., Hoestlandt H. and Mayrat A. (éds.). 

Réunion de spécialistes C. S. A. sur les crustacés. Mémoires de l’Institut 

Fondamental d’Afrique Noire, Zanzibar, N°77: 103-234. 

Monod T., 1980. Décapodes. In: Durand J.R. and Levêque C. (éds). Flore et faune 

aquatiques de l’Afrique sahélo-soudanienne. ORSTOM, Paris, Tome I, 44: 369-389. 

Monrad, C.K., J. Benya, and D.L. Crawford. 2012a. Rosemont Copper Project Light 

Pollution Mitigation Recommendation Report. Tucson, AZ: Monrad Electrical 

Engineering Inc. January 24. 

Monrad, C.K., J. Benya, and D.L. Crawford. 2012b. Rosemont Copper Project Light 

Pollution Mitigation Recommendation Report. Revision 1. Monrad Engineering Inc. 

June 18. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-126 

Montevecchi, W.A. 2006. Influences of artificial light on marine birds. In Ecological 

Consequences of Artificial Night Lighting, edited by C. Rich and T. Longcore, pp. 94–

113. Washington D.C.: Island Press. 

Moore, M.V., S.J. Kohler, and M.S. Cheers. 2006. Artificial light at night in 

freshwater habitats and its potential ecological effects. In Ecological Consequences 

of Artificial Night Lighting, edited by C. Rich and T. Longcore, pp. 365–384. 

Washington, D.C.: Island Press. 

Moya N., Tomanova S. and Oberdorff T. 2007. Initial development of a multi-metric 

index based on aquatic macroinvertebrates to assess streams condition in the Upper 

Isiboro-Secure Basin, Bolivian Amazon. Hydrobiologia, 589: 107-116. 

Myers-Smith, I. H., B. Arnesen, R.M. Thompson, et F. S. Chapin III. 2006. 

Cumulative impacts on Alaskan arctic tundra of a quarter century of road dust. 

Écoscience, vol. 13 (4), 503-510. 

Myers, N., R.A. Mittermeier, C.G. Mittermeier, G.A.B. de Fonseca, J. Kent. 2000. 

Biodiversity hotspots for conservation prioritaires. Nature 403: 853-858. 

Narins PM, Lewis ER, Jarvis JJUM, O’Riain J (1997) The use of seismic signals by 

fossorial Southern African mammals: a neuroethological gold mine. Brain Res Bull 

44:641–646 

National Research Council. 2005. Assessing and managing the ecological impacts of 

paved roads. L. Gunderson, A. Clevenger, A. Cooper, V. Dale, L. Evans, G. Evink, L. 

Fahrig, K. Haynes, W. Kober, S. Lester, K. Redford, M. Strand, P. Wagner, and J. 

Yowell, committee members. National Academies Press, Washington, D.C., USA. 

Ndiaye, P.I., Galat-Luong, A., Galat, G. and Nizinski, G. 2013. Endangered West 

African chimpanzee Pan troglodytes verus (Schwarz, 1934) (Primates: Hominidae) 

in Senegal prefer Pterocarpus erinaceus, a threatened tree species, to build their 

nests: Implications for their conservation. Communication Journal of Threatened 
Taxa. 5(17): 5266–5272. 

Ndour, Andrée Prisca Ndjoug. 2010. Biologie et génétique du Lamantin ouest-

africain Trichechus senegalensis (Link, 1795) au Sénégal. Université Cheikh Anta 

Diop de Dakar. Thèse présentée et soutenue publiquement le 02 Juillet 2010 devant 

la Faculté de Médecine, de Pharmacie et d’Odonto-Stomatologie de Dakar. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-127 

Nédélec, C. & Prado J. (1990) Definition and Classification of Fishing Gear 

Categories (FAO Fisheries Technical Paper No. 222). Rome: FAO.  

New Mexico Department of Game and Fish. 2005. Habitat Fragmentation and the 

Effects of Roads on Wildlife and Habitats. 

Niang I. 1982. "Chasse et environnement culturel en milieu peul traditionnel de la 

haute casamance." Pages 193-201 in Gestion de la faune sauvage, facteur de 

développement ? Actes du colloque des 5,6 et 7 mai 1982. Edited by Vincke, P. P. & 

Singleton M. Dakar: ISE, ENDA, MAB/UNESCO. 

Noss, A.J. 2008. The Impact of Cable Snare Hunting on Wildlife Population in the 

Forest of the Central African Republic. Conservation Biology, 12(2) : 390-398 

Notarbartolo di Sciara, G., Bradai, M.N., Morey, G., Brahim, K., Camara L., Litvinov, 

F., Dulvy, N. Doumbouya, F., Ducrocq, M., Heenan, A. and Sidi, N. 2007. 

Glaucostegus cemiculus. In: IUCN 2013. IUCN Red List of Threatened Species. 

Version 2013.2. <www.iucnredlist.org>. Downloaded on 06 February 2014). 

Notarbartolo di Sciara, G., Serena, F., Ducrocq, M. et Séret, B. 2009. Rhinoptera 
marginata. In: IUCN 2013. IUCN Red List of Threatened Species. Version 2013.2. 

<www.iucnredlist.org>. Downloaded on 06 February 2014. 

Nowak, R. M. 1999. Walker's mammals of the World. 6th ed. Vols. 1. The Johns 

Hopkins University Press, Baltimore, Maryland. 1936 pp. 

Nowell, K. and Jackson, P. 1996. Wild Cats Status Survey and Conservation Action 

Plan. IUCN, Gland, Switzerland. 

O’Connell-Rodwell CE, Wood JD, Rodwell TC, Puria S, Partan SR, Keefe R, Shriver D, 

Arnason BT, Hart LA (2006) Wild elephant (Loxodonta africana) breeding herds 

respond to artificially transmitted seismic stimuli. Behav Ecol Sociobiol 59:842–850. 

Oates, J.F., Gippoliti, S. and Groves, C.P. 2008b. Cercocebus atys. In: IUCN 2013. 

IUCN Red List of Threatened Species. Version 2013.2. <www.iucnredlist.org>. 

Downloaded on 11 April 2014. 

Oates, J.F., Tutin, C.E.G., Humle, T., Wilson, M.L., Baillie, J.E.M., Balmforth, Z., 

Blom, A., Boesch, C., Cox, D., Davenport, T., Dunn, A., Dupain, J., Duvall, C., Ellis, 

C.M., Farmer, K.H., Gatti, S., Greengrass, E., Hart, J., Herbinger, I., Hicks, C., 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-128 

Hunt, K.D., Kamenya, S., Maisels, F., Mitani, J.C., Moore, J., Morgan, B.J., Morgan, 

D.B., Nakamura, M., Nixon, S., Plumptre, A.J., Reynolds, V., Stokes, E.J. & Walsh, 

P.D. 2008a. Pan troglodytes. In: IUCN 2013. IUCN Red List of Threatened Species. 

Version 2013.2. <www.iucnredlist.org>. Downloaded on 11 April 2014. 

Orlowski, G., and L. Nowak. 2006. Factors influencing mammal roadkills in the 

agricultural landscape of south-western Poland. Polish Journal of Ecology 54(283–

294). 

Paling, E.I., Humphries, G., McArdle, I. And Thomson, G. (2001) The effect of iron 

ore dust on mangroves in Western Australia: lack of evidence for stomatal damage. 

Wetlands Ecology and Management 9, 363-370. 

Parks, S. E., Clark, C. W. & Tyack, P. L. 2007 Short- and long-term changes in right 

whale calling behavior: the poten- tial effects of noise on acoustic communication. J. 

Acoust. Soc. Am. 122, 3725–3731. 

Parris K. M., M. Velik-Lord, and J. M. A. North. 2009. Frogs call at a higher pitch in 

traffic noise. Ecology and Society 14(1): 25. 

Parris, K.M., and A. Schneider. 2009. Impacts of traffic noise and traffic volume on 

birds of roadside habitats. Ecology and Society 14(1):1–23. 

Pater, L.L., T.G. Grubb, and D.K. Delaney. 2009. Recommendations for improved 

assessment of noise impacts on wildlife. Journal of Wildlife Management 73(5):788–

795. 

Patricelli, G.L., and J.L. Blickley. 2006. Avian communication in urban noise: Causes 

and consequences of vocal adjustment. The Auk 123(3):639–649. 

Paugy D., Lévêque C. et Teugels G.G. 2003a. Poissons d'eaux douces et saumâtres 

de l'Afrique de l'Ouest, édition complète. Tome I. Edition IRD-MNHN-MRAC, Paris-

Turvuren, 457p. 

Paugy D., Lévêque C. et Teugels G.G. 2003b. Poissons d'eaux douces et saumâtres 

de l'Afrique de l'Ouest, édition complète. Tome II. Edition IRD-MNHN-MRAC, Paris-

Turvuren, 815p. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-129 

Paugy, D., Lévêque C. & Teugels G.G. (2004) Faune des Poissons d'Eaux Douces et 

Saumâtres de l'Afrique de l'Ouest. Paris: IRD Éditions, Publications scientifiques du 

Musée Royal de l'Afrique Centrale. 

Peñate, J.G., Karamoko, M., Bamba, S. and Djadji, G. 2007. An update on marine 

turtles in Côte d’Ivoire, West Africa. Marine Turtle Newsletter, 116: 7-8. 

Penner, J., Adum, G.B., McElroy, M.T., Doherty-Bone, T., Hirschfeld, M., 

Sandberger, L., Weldon, C., Cunningham, A.A., Ohst, T., Wombwell, E., Portik, 

D.M., Reid, D., Hillers, H., Ofori-Boateng, C., Oduro, W., Plötner, J., Ohler, A., 

Leaché, A.D. & Rödel, M.-O. (2013). West Africa - A Safe Haven for Frogs? A Sub-

Continental Assessment of the Chytrid Fungus (Batrachochytrium dendrobatidis). 

PLOS ONE 8: e56236 

Penny Anderson Associates (1994) : « Roads and Nature Conservation: Guidance on 

impacts, mitigation and enhancement », 81p., English Nature, Peterborough. 

Peris SJ, Pescador M (2004) Effects of traffic noise on paserine populations in 

Mediterranean wooded pastures. Applied Acous- tics, 65, 357–366. 

Perrin, W.F. 2001. Conservation status of the West African Manatee. Sirenews 36. 

Perry, G., and R.N. Fisher. 2006. Night lights and reptiles: Observed and potential 

effects. In Ecological Consequences of Artificial Night Lighting, edited by C. Rich and 

T. Longcore, pp. 169–191. Washington, D.C.: Island Press. 

Pezennec, O. (2000). L'environnement hydro-climatique de la Guinée, Pp 7-27 in 

Domain, F., Chavance P., & Diallo A. (Eds.) La Pêche Côtière en Guinée: Ressources 

et Exploitation. Paris: IRD. 

Pineda, E., Moreno, C., Escobar, F., & Hlaffter, G., (2005): Frog bat, and dung 

beetle diversity in the cloud forest and coffee agroecosystems of Veracruz, Mexico. 

Conservation Biology, 19: 400�410. 

Pohl NU, Slabbekoorn H, Klump GM, Langemann U. 2009. Effects of signal features 

and environmental noise on signal detection in the great tit, Parus major. Anim 

Behav. 78:1293–1300. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-130 

Poizat, G. & Baran E. (1997). Fishermen’s knowledge as background information in 

tropical fish ecology: a quantitative comparison with fish sampling results. 

Environmental Biology of Fishes 50: 435–449. 

Polajnar J, Cokl A. 2008. The effect of vibratory disturbance on sexual behaviour of 

the southern green stink bug Nezara viridula (Heteroptera, Pentatomidae). Cent Eur 

J Biol. 3:189–197. 

Powell, J. and Kouadio, A. 2008. Trichechus senegalensis. In: IUCN 2013. IUCN Red 

List of Threatened Species. Version 2013.1. <www.iucnredlist.org>. Downloaded on 

12 October 2013. 

Powell, J.A. 1996. The distribution and biology of the West African manatee 

(Trichechus senegalensis Link, 1795). United Nations Environment Programme, 

Regional Seas Programme, Oceans and Coastal Areas, Nairobi, Kenya. 

Querouil, S. and Leus, K. 2008. Potamochoerus porcus. In: IUCN 2013. IUCN Red 

List of Threatened Species. Version 2013.2. <www.iucnredlist.org>. Downloaded 

on 11 April 2014. 

Rabin LA, Greene CM. 2002. Changes to acoustic communication systems in human-

altered environments. J Comp Psychol. 116:137–141. 

Rai, Richa, Madhu Rajput, Madhoolika Agrawal et S.B. Agrawal. 2011. Gaseous air 

pollutants : a review on current and future trends of emissions and impact on 

agriculture. Journal of Scientific Research Banaras Hindu University, Varanasi. Vol. 

55, 2011 : 77-102 

Rainey, H.J., Pollard, E.H.B., Dutson, G., Ekstrom, J.M.M., Livingstone, S.R., 

Temple, H.J. & Pilgrim, J.D. In press. A review of corporate goals of ‘No Net Loss’ 

and ‘Net Positive Impact’ on biodiversity. Oryx.. 

Reijnen R, Foppen R, Veenbaas G (1997) Disturbance by traffic of breeding birds: 

Evaluation of the effect and considerations in planning and managing road corridors. 

Biodiversity and Conser-vation, 6, 567–581. 

Rheindt FE (2003) The impact of roads on birds: does song frequency play a role in 

determining susceptibility to noise pollution? Journal fu�r Ornithologie, 144, 295–

306. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-131 

Ribot, J. C. 1998. Theorizing access: Forest profits along Senegal's charcoal 

commodity chain. Development and Change 29(2): 307-341. 

Rios S.L. and Bailey R.C. 2006. Relationship between riparian vegetation and 

stream benthic communities at three spatial scales. Hydrobiologia, 553: 153- 160. 

Robertson, P. 2001. Guinea. In: Fishpool, L.D.C. & Evans, M.I. (eds.). Important 

Bird Areas in Africa and Associated Islands: Priority sites for conservation. Newbury 

and Cambridge, UK: Pisces Publications and BirdLife International. Pp. 391-402. 

Robillard, M. & Séret B. (2006). Cultural importance and decline of sawfish 

(Pristidae) populations in West Africa. Cybium 30(4): 23-30. Available at: 

Robinson, J.G, Bennett, E. L. ; 2000. Hunting for Sustainability in Tropical Forests. 

Columbia University Press. 582 p. 

Robinson, J.G. 2012. Common and conflicting interests in the engagements between 

conservation organisations and corporations. Conservation Biology 26: 967-977 

Robinson, J.G. et Redford, K.H. ; 1994. Measuring the sustainability of hunting in 

tropical forests. Oryx. vol 28, N°4 : 249-256 

Rödel M.-O. & Bangoura M., (2004). A conservation assessment of Amphibians in 

the forêt classée du Pic de Fon, Simandou Range, southeastern Republic of Guinea, 

with the description of a new Amnirana species (Amphibia, Anura, Ranidae). 

Tropical Zoology, 17: 201-232. 

Rödel M.-O. & R. Ernst (2004): Measuring and monitoring amphibian diversity in 

tropical forests. I. An evaluation of methods with recommendations for 

standardization. Ecotropica, 10: 1�14. 

Rödel M.-O., Bangoura, M.A., & Böhme, W., (2004): The amphibians of south-

eastern Republic of Guinea (Amphibia: Gymniphiona, Anura). Herpetozoa, 17: 99�

118. 

Rödel, M.-O. (2000a). Amphibians of the West African savanna. Frankfurt/M. (ed. 

Chimaira), 335 pp. 

Rödel, M.-O. (2000b). Les communautés d’amphibiens dans le Parc National de Taï , 

Côte d’Ivoire. Les anoures comme bio-indicateurs de l’état des habitats. In: 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-132 

Girardin, O., I. Koné and Y. Tano (eds). Etat des recherches en cours dans le Parc 

National de Taï (PNT), Sempervira, Rapport de Centre Suisse de la Recherche 

Scientifique, Abidjan, 9: 108-113. 

Rödel, M.-O. & Ernst, R., (2002): A new reproductive mode for the genus 

Phrynobatrachus: Phrynobatrachus alticola has nonfeeding, nonhatching tadpoles. 

Journal of Herpetology, 36: 121�125. 

Rosenberg D.M. and Resh V.H. 1993. Freshwater Biomonitoring and Benthic 

Macroinvertebrates. Chaman and Hall, London, 488p. 

Rossi, G., Fontana, A. & Bazzo, D. (2000). Atlas Infogéographique de la Guinée 

Maritime. Projet Observatoire de la Mangrove, IRD et Université de Bordeaux III.  

RSPB (2000). Biodiversity Impact – Biodiversity and Environmental Impact 

Assessment: A Good Practice Guide for Road Schemes, Sandy, Bedfordshire. 

Ryals BM, Dooling RJ, Westbrook E et al. (1999) Avian species differences in 

susceptibility to noise exposure. Hearing Research, 131, 71–88. 

Rydell, J. 2006. Bats and their insect prey at streetlights. In Ecological 

Consequences of Artificial Night Lighting, edited by C. Rich and T. Longcore, pp. 43–

60. Washington, D.C.: Island Press. 

Santelmann, M. V. & E. Gorham, 1988. The influence of airborne road dust on the 

chemistry of Sphagnum mosses. Journal of Ecology, 76: 1219–1231. 

Schaub, A., Ostwald, J. & Siemers, B. M. 2008 Foraging bats avoid noise. J. Exp. 

Biol. 211, 3174 – 3180. 

Schiøtz, A. (1967): The treefrogs (Rhacophoridae) of West Africa. Spolia zoologica 

Musei hauniensis, 25: 1–346. 

Semlitsch, R.D. (Ed.) (2003): Amphibian conservation. Smithsonian Institution, 

Washington, D C. 

Seret, Bernard. 2011. Poissons de mer de l’Ouest africain tropical. IRD éditions. 

Marseille 2011. 

Shanas, Uri, Müge Gidi, Yakup Kaska, Yael Kimalov, Oren Rosner and Rachel Ben-

Shlomo. 2012. The Nile Soft-shell Turtle, Trionyx triunguis, of Israel and Turkey: 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-133 

Two genetically indistinguishable populations? Zoology in the Middle East 57, 2012: 

61-68. 

Sharifi, M.R., Gibson, A.C. and Rundel, P.W. (1997) Surface dust impacts on gas 

exchange in Mojave Desert shrubs. Journal of Applied Ecology 34, 837-846. 

Shirley M. H., Vliet K. A., Carr A. N. and Austin J. D. 2014. Rigorous approaches to 

species delimitation have significant implications for African crocodilian systematic 

and conservation. Proceedings of the Royal Society Publishing 281: 20132483. 

Shirley, M.H. and M.J. Eaton. 2012. Procédures Standard de Suivi des Populations 

de Crocodiles. Groupe Spécialiste de Crocodiles : Darwin. (edition électronique ; 

www.iucncsg.org/pages/Publications.html). 

Siemers, Bjorn and Andrea Schaub. 2010. Hunting at the highway: traffic noise 

reduces foraging efficiency in acoustic predators. Proc. R. Soc. B 2011 278, 1646-

1652. 

Silveira, L., Jacomo, A. and Diniz, J. 2003. Camera trap, line transect census and 

track surveys: a comparative evaluation. Biological Conservation, 114 (3), 351-355. 

Simandou Project. 2013a. Marine mammals baseline report. Simandou Project 

(Guinea): Port Component. Final Report, January 2013. Presented to SNC Lavalin 

Environnement by Environnement Illimité inc. Available online from: 

http://www.riotintosimandou.com 

Simandou Project. 2013a. Simandou Project (Guinea). Available online from: 

http://www.riotintosimandou.com 

Simandou Project. 2013b. Sea turtles – Kabak Island area baseline report. 

Simandou Project (Guinea): Port Component. Final Report, January 2013. Presented 

to SNC Lavalin Environnement by Environnement Illimité inc. Available online from: 

http://www.riotintosimandou.com 

Simandou Project. 2013d. Crocodiles complementary report: genetic analysis. 

Simandou Project (Guinea): Port Component. Final Report, January 2013. Presented 

to SNC Lavalin Environnement by Environnement Illimité inc. Available online from: 

http://www.riotintosimandou.com 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-134 

Simandou Project. 2013e. Crocodiles baseline report. Simandou Project (Guinea): 

Port Component. Final Report, January 2013. Presented to SNC Lavalin 

Environnement by Environnement Illimité inc. Available online from: 

http://www.riotintosimandou.com 

Singleton, M. (1982). De l’intendance indigène du gibier à une gestion endogène de 

la faune. Pages 69-106 in Gestion de la Faune Sauvage, Facteur de 

Développement? Actes du colloque des 5,6 et 7 mai 1982. Environnement africain-

Série Études et Recherches N°71/72.Edited by Vincke, P. P. & Singleton M. Dakar: 

ISE, ENDA, MAB/UNESCO. 

Slabbekoorn H, den Boer-Visser A (2006) Cities change the songs of birds. Current 

Biology, 16, 2326–2331. 

Slabbekoorn H, Peet M (2003) Birds sing at a higher pitch in urban noise. Nature, 

424, 267. 

Slabbekoorn H, Smith TB (2002) Habitat-dependent song divergence in the little 

greenbul: an analysis of environmental selection pressures on acoustic signals. 

Evolution, 56, 1849–1858. 

Slabbekoorn H, Yeh P, Hunt K (2007) Sound transmission and birdsong divergence: 

a comparison of urban and forest acoustics. Condor, 109, 67–78. 

Slabbekoorn, H., & E.A.P. Ripmeester. 2007. Birdsong and anthropogenic noise: 

implications and applications for conservation. Molecular Ecology (2007). 

Slabbekoorn, H., Bouton, N., Van Opzeeland, I., Coers, A., Ten Cate, C. & Popper, 

A. N. 2010 A noisy spring: the impact of globally rising underwater sound levels on 

fish. Trends Ecol. Evol. 25, 419–427. 

Soldner M., Stephen I., Ramos L., Angus R., Wells N.C., Grosso A. and Crane M. 

2004. Relationship between macroinvertebrate fauna and environmental variables in 

small streams of the Dominican Republic. Water Research, 38: 863 - 874. 

Sonnenberg R. and Busch E. 2009. Description of a new genus and two new species 

of killifish (Cyprinodontiformes: Nothobranchiidae) from West Africa, with a 

discussion of the taxonomic status of Aphyosemion maeseni Poll, 1941. Zootaxa, 

2294: 1-22. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-135 

Spellerberg I.F. & Gaywood M.J. (1993). Linear features: linear habitats and wildlife 

corridors », English Nature Research Report No 60, Peterborough. 

Stone, E. L., Jones, G. & Harris, S. 2009 Street lighting disturbs commuting bats. 

Curr. Biol. 19, 1123 – 1127. 

Stuart, S.N., Chanson, J.S., Cox, N.A., Young, B.E., Rodrigues, A.S.L., Fischman, 

D.L., & R.W. Waller (2004): Status and trends of amphibian declines and extinctions 

worldwide. Science, 306: 1783–1786. 

Sun JWC, Narins PA (2005) Anthropogenic sounds differentially affect amphibian call 

rate. Biological Conservation, 121, 419–427. 

Swaddle JP, Page LC. 2007. High levels of environmental noise erode pair 

preferences in zebra finches: implications for noise pollution. Anim Behav. 74:363–

368. 

Tachet P., Richoux H., Bournaud P. et Usseglio-Polatera, M. 2003. Invertébrés d’eau 

douce: Systématique, biologie, écologie ; édition CNRS, Paris, 588p. 

Tedd, L., Liyanarachchi, S. and Saha, S.R. 2003. Energy and Street Food. DFID KaR 

Project R7663 Final Project Report. Intermediate Technology Development Group, 

Warwickshire, UK. 105 pp.. 

The Biodiversity Consultancy. 2013. Critical Habitats: a concise summary. The 

Biodiversity Consultancy, Cambridge, UK.  

The State of Queensland (Department of Main Roads). 2006. Guidelines for 

Assessment of Road Impacts of Development. 

The Wilderness Society. 2008. Analysis of habitat fragmentation from oil and gas 

development and its impact on wildlife: a framework for public land management 

planning.  

Thompson, J. R., Mueller, P. W., Fluckiger, W. & Rutter, A. J. (1984). The effect of 

dust on photosynthesis and its significance for roadside plants. Environ. Poll. (Ser. 

A), 34, 171-90. 

Traeger, L. 1981. Customers and Creditors: Variation in Economic Personalism in a 

Nigerian Market System. Ethnology 20(2): 133-146. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-136 

Trape J.-F. et Mané Y. 2006. Guide des serpents d’Afrique occidentale - savane et 

désert. I.R.D. Editions, 226 pp. 

Trape J.-F., Trape S. et Chirio L. 2012. Lézards, crocodiles et tortues d’Afrique 

occidentale et du Sahara. I.R.D. Editions, 503 pp. 

Trombulak, S. C. & C. A. Frissell, 2000. Review of ecological effects of roads on 

terrestrial and aquatic communities. Conservation Biology, 14: 18–30. 

U.S. EPA. (U.S. Environmental Protection Agency) (1993). Air Quality Criteria for 

Oxides of Nitrogen (Report no. EPA/600/8-91/049aF-cF; 3 Volumes). Research 

Triangle Park, NC; Environmental Criteria and Assessment Office; Office of Health 

and Environmental Assessment; U.S. Environmental Protection Agency. 

U.S. EPA (U.S. Environmental Protection Agency). (2004). Air quality criteria for 

particulate matter [EPA Report]. (EPA/600/P-99/002aF-bF). Research Triangle Park, 

NC. 

U.S. EPA (US Environmental Protection Agency). (2008). Integrated Science 

Assessment (ISA) for oxides of nitrogen and sulfur – ecological criteria (final 

report). Washington, DC: EPA. 

U.S. EPA (U.S. Environmental Protection Agency). (2009). Integrated science 

assessment for particulate matter [EPA Report]. (EPA/600/R-08/139F). Research 

Triangle Park, NC. 

U.S. EPA (U.S. Environmental Protection Agency). (2012). Provisional Assessment 

of Recent Studies on Health Effects of Particulate Matter Exposure. National Center 

for Environmental Assessment RTP Division Office of Research and Development. 

U.S. Environmental Protection Agency. Research Triangle Park, NC 27711 

UICN. (2012). Catégories et Critères de la Liste rouge de l’UICN : Version 3.1. 

Deuxième édition. Gland, Suisse et Cambridge, Royaume-Uni : UICN. vi + 32pp. 

Union Internationale pour la Conservation de la Nature. UICN. 2013. IUCN Red List 
of Threatened Species. Liste rouge des espèces menacées. Version 2013.2. 

<www.iucnredlist.org> 

UNEP (1999) Regional overview of land-based sources and activities affecting the 

coastal and associated freshwater environment in the West and Central African 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-137 

region. UNEP/GPA Coordination Office and West and Central Africa Action Plan, 

Regional Coordinating Unit. 

Van der Ree, R., J. A. G. Jaeger, E. A. van der Grift, and A. P. Clevenger. 2011. 

Effects of roads and traffic on wildlife populations and landscape function: road 

ecology is moving towards larger scales. Ecology and Society 16(1): 48. 

Van der Zande AN, ter Keurs WJ, van der Weiden WJ (1980) The impact of roads on 

the densities of four bird species in an open field habitat — evidence for long-

distance effect. Biological Conservation, 18, 299–321. 

Vanwijsberghe, S. ; 1996. Etude sur la chasse villageoise aux environs du Parc 

National d’Odzala. Rep du Congo, Ministère de l’Agriculture, de l’Elevage, des Eaux 

et Forêts et des Ressources Halieutiques ; ECOFAC, AGRECO / CTFT : 171p + 

annexes 

Walker, D.A. and Everett, K.R. (1987) Road dust and its environmental impact on 

Alaskan taiga and tundra. Arctic and Alpine Research 19, 479-489. 

Weir, C. R. 2013. Marine mammal, sea turtle and crocodile occurrence in the Rio 

Nuñez region of Guinea, 24 October to 8 November 2013. Report for Sylvatrop 

Consulting, Guinea. 

Weir, C.R. 2010a. A review of cetacean occurrence in West African waters from the 

Gulf of Guinea to Angola. Mammal Review, 40(1): 2-39. 

Weir, C.R. 2010b. A review of marine mammal occurrence in Guinea and 

surrounding waters. Report to Environnement Illimité inc. Ketos Ecology, UK. 

October 2010. 76 pp. 

Weir, C.R. 2011a. Ecology and conservation of cetaceans in the waters between 

Angola and the Gulf of Guinea, with focus on the Atlantic humpback dolphin (Sousa 
teuszii). PhD Thesis, University of Aberdeen, UK. 

Weir, C.R. 2011b. Distribution and seasonality of cetaceans in tropical waters 

between Angola and the Gulf of Guinea. African Journal of Marine Science, 33: 1–

15. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-138 

Weisenberger, M. E., P. R. Krausman, M. C. Wallace, D. W. DeYoung, and E. O. 

Maughan. 1996. The effects of simulated jet aircraft noise on heart rate and 

behavior of desert ungulates. Journal of Wildlife Management 60:52–61. 

Wetlands International (2014). Waterbird Population Estimates. wpe.wetlands.org 

[accessed 17 Mar 2014] 

White, F. 1983. The vegetation of Africa, a descriptive memoir to accompany the 

UNESCO/AETFAT/UNSO vegetation map of Africa. UNESCO, Natural Resour. Res. 

20: 1-356. 

Wijayratne, Upekala C., Sara J. Scoles-Sciulla, and Lesley A. Defalco. 2009. Dust 

Deposition Effects on Growth and Physiology of the Endangered Astragalus 

jaegerianus (Fabaceae). Madroño, 56(2):81-88. 2009. 

Winner W, Mooney H, Williams K, and Von Caemmerer S. 1985. Measuring and 

assessing SO2 effects on photosynthesis and plant growth. In: Winner WE, Mooney 

HA, and Goldstein RA (Eds). Sulfur dioxide and vegetation: physiology, ecology, and 

policy issues. Stanford, CA: Stanford University Press. 

Wise, S. 2007. Studying the ecological impacts of light pollution on wildlife: 

Amphibians as models. In StarLight: A Common Heritage; Proceedings of the 

StarLight 2007 Conference; International Initiative in Defence of the Quality of the 

Night Sky and the Right to Observe the Stars, edited by C. Marín and J. Jafari, pp. 

209–218. La Palma, Canary Islands, Spain: StarLight Initiative; Instituto de 

Astrofísica de Canarias. 

Wise, S., and B.W. Buchanan. 2006. Influence of artificial illumination on the 

nocturnal behavior and physiology of salamanders. In Ecological Consequences of 

Artificial Night Lighting, edited by C. Rich and T. Longcore, pp. 221–251. 

Washington, D.C.: Island Press. 

World Bank. 1994. Guinea - Household Energy Strategy. Energy Sector 

Management Assistance Programme. Report No. ESM 163/94. Washington, DC: 

World Bank.. 

Wright, H.E., McCullough, J. & Diallo, M.S. (eds). 2006. A Rapid Biological 

Assessment of the Boké Préfecture, Northwestern Guinea. RAP Bulletin of Biological 

Assessment 41. Conservation International, Washington, DC. 



 CBG Mine Expansion Project ESIA: Chapter 4  -  Biological Impact Assessment 

 

  
4-139 

Wurster, K. 2010. Management matters? Effects of charcoal production 

management on woodland regeneration in Senegal. Geography Dept, University of 

Maryland, Unpublished PhD Thesis.  

Ziegler, S. 1996. Une première analyse de la chasse dans le Parc National du Haut 

Niger. Nature et Faune, 12 (4), pp. 13-29 


