CHAPTER 10	ENVIRONMENTAL IMPACT ASSESSMENT

                                                                             





10.1		STUDY APPROACH



10.1.1		General



Any preliminary EIA can only identify the problems from ex�isting informa�tion and assess the impacts based on current scientific knowledge. On the basis of those preliminary findings and assessments it can furthermore suggest studies to be performed during the next step of the project develop�ment (i.e. the feasibility study).



The approach used in the present study can be described as an experience based funnelling and filtering process, where the analysts at an early stage identify the important prob�lems related to the project. Often a simple check-list of items will draw the attention of the less experienced inves�tigator to cover too many aspects regardless of their impor�tance for the actual project. The items to be addressed this assessment are, according to the terms of reference;



  .	water flow, changes in flow regime and inundation of land

  .	water quality

  .	erosion, sedimentation, ground water, transport of       nutrients

  .	littoral drift at beaches where the Cunene outlets

  .	flora and fauna

  .	human settlements

  .	socio-economic effects

  .	agriculture and livestock

  .	safety aspects

  .	pollution

  .	archaeology

  .	recreation and tourism



In environmental terms any river and its drainage basin can be looked upon as an open system where the input, output and fluxes of energy and ma�terial are interrelated. What is hap�pening in the upstream reaches will influ�ence the lower sec�tions of the river system and any interference at any point along the river course will create impacts on the downstream en�vironment.



As the drainage basin acts as a geomorphologic and ecological system the environmental impact assessment cannot be made without analysing the whole catchment area. The upstream reaches, their geology, geomorphology, climate, soils, vege�tation cover and human land-use influence all the existing environmental condi�tions in the river at the future dam site and subse�quently also the en�viron�mental development of the future reservoir and downstream reaches. 

 

Past experience from the drainage basin and project area is used to support the environmental impact assessment. Such data has been collected from government authorities, scien�tific reports, maps etc.



Map information is, however based on a certain degree of generalisation and specialisation and does not necessarily reflect the most actual information of the area and its en�vironment. Therefore the use of remote sensing (i.e. analy�ses of air-photos and satellite images) has been applied, not only as supplementary information, but as the most im�portant source of information concerning the spatial rela�tions within the catchment and the project areas.



10.1.2	Geoecology, fauna and flora



Field studies (on both the Angolan and Namibian side of the Cunene) and reconnaissance flights have been used to support the image interpretation of the geoecology of the project area. In a similar fashion information on flora and fauna was gathered from existing literature, interviews with knowledgeable people, analysis of satellite imagery, topo�graphical maps and site inspection. Site inspection in�cluded an aerial reconnaissance by he�licopter from the Cunene river mouth up to and including the region of in�unda�tion. Ground checking was conducted at the dam sites and the region of in�undation in Namibian territory only. Particular attention was paid to ex�amination of the terrestrial fauna and flora on different geomorphologically defined habitats.



10.1.3	Socio-economic assessment



In view of both time and financial constraints, the socio-economic investi�gation deployed rapid rural appraisal meth�ods in evaluating the likely impacts of the proposed scheme. As a consequence, the information gen�erated was of a largely qualitat�ive nature.



The approach entailed a series of interviews with key infor�mants (headmen, councillors, health workers, school teach�ers, nature conserva�tion officials, traders, police and tour operators etc.) and with individual members of the commu�nity, both male and female and of different age groups. Community leaders on both sides of the Cunene were inter�viewed.



The survey undertook to generate an overall picture of the character and productive base of communities in the project area. This, inter alia, in�cluded information on productive activities and income differentiation, the social and gender division of labour, patterns of decision making, skill lev�els within the community, emigration trends, leadership structures and the potential for community organisation, as well as the key determi�nants in the  maintenance of a socio-ecological balance. Focused group discussions with segments of the local population were also undertaken to ascertain popular perceptions towards the proposed scheme; these in�cluded inquiries into attitudes towards the prospect of em�ployment creation in the area and perceived threats to the prevailing culture and way of life as a consequence of the construction of the dam.



In view of the fact that disaggregated data from the 1991 Census was un�available at the time of the assessment, the study endeav�oured to ascertain estimates of the size and de�mographic composi�tion of the population in the immediate project area. This was undertaken from available aerial pho�tography and from locally available records. "Tribal au�thor�ities" esti�mates exist of the population numbers in ad�minis�trative sub-areas in the survey area, and although these were incomplete, they were of value in es�tablishing broad estimates of the total population.



Information on the socio-economic structure of communities in the im�mediate vicinity of the project has drawn exten�sively from the anthropo�logical work of two of the EIA team members, who have undertaken re�search in the region for much of the past decade (c.f. Owen-Smith and Jacobsohn 1991).



10.1.4	Archaeology



As the Cunene valley holds evidence for two of the most im�portant modern ar�chaeological issues that could elucidate the pre-colonial history of southern Africa and her people (origins of pastoralism and the transition from a hunting and gathering economy to that of domestic food pro�duction) the suggested project area is likely to be of great impor�tance for future archaeological research.



The time on the site was however, inadequate, to at�tempt any sys�tematic archaeological survey of the area. The pro�posed reservoir area was flown by helicopter, and a few selected areas along the river and inland were explored on foot.





10.2		ENVIRONMENTAL AND SOCIO-ECONOMICAL PROFILE



10.2.1.	Geoecology of the Cunene drainage basin



In a previous section (Chapter 5) various aspects of the catch�ment area have been described and analyzed. Here we will only summarise the geoe�cological characteristics of im�portance for the preliminary environmental impact assess�ment.



The river is divided into two major geomorphological sec�tions different in past development, present geomorphologi�cal process activity, climate and land-cover;

 

  .	An upstream section belonging to an ancient river system, previously draining into the Etosha basin, is characterised by low river gradients, annual flooding and floodplain depo�sition of sediments. Much of the upper catchment area is characterised by high rainfall amounts, a well-developed vegetation cover (miombo woodland, wet grasslands) and a fairly small acreage of agriculture.



  .	A downstream section that has been developed by river cap�ture of the upstream drainage by a coastal stream cutting back eastwards from the coast. This section is characterised by steep river gradients, a river channel that is influenced by the bed-rock structure and a semi-arid to arid climate.



  .	The low soil erosion within the upper section in combina�tion with the annual flooding of the floodplain and of the extensive dambo areas reduce the sediment trans�port of the river to be fairly low when it enters the project area.



  .	The annual flooding of the dambo soils (i.e. vertisols), the little impact from agriculture and the lack of any larger industries etc. furthermore influence the water qual�ity of river in the project area, which at present is char�acterised by high pH values and a low content of pollutants.



  .	The most dynamic part of the Cunene drainage basin is the river mouth where a natural interaction between wind trans�port of sand into the river, fluvial sediment transport and coastal processes has created a unique environment along a coastline otherwise characterised by the lack of perennial rivers reaching the sea.



10.2.2	Land Unit Characteristics of the Project Area



In principle the reservoir area can be divided in the fol�lowing land-units, defined by interpretation of satellite images and aerial photographs;



I)	Steep hillslopes,



II)	Colluvial footslopes,



III)	Intermittent stream courses and ground water bush lands,



IV) 	Cunene riparian zone



V)	The Cunene river



All land-units have different geomorphological characteris�tics and pro�cess response to environmental change.



Steep hillslopes



In general the project area is strongly dissected. The steep hillslopes, formed by erosion of older land-surfaces, expose

a varied and rather complex geology (c.f. Chapter 7). The steep hill slopes, at slope angles of approxi�mately 10 - 15 degrees or more, expose rather frequent rock outcrops as well as cobble and bolder scree. The soils are therefore shal�low, about 20 cm deep, and can be characterised as stony skeletal soils (lithosols). The steep hill slopes reach the river bank in places, e.g. at Dam Site A, or may grade into a colluvial toe or pediment. Darker coloured rocks, e.g. at Dam Site B and downstream, are doloritic and thus more basic whereas the lighter coloured rocks, e.g. east of Dam Site A are acidic metasediments. Scattered Mopani scrub is the dom�inant tree.Because of the thin infertile soil, steep to�pography and scat�tered vegeta�tion rapid run-off and wash erosion are the dominat�ing geomorphic processes during the rainy seasons.



  		Table 10.1	Land units at the proposed Epupa Falls Reservoir





�Land unit�Area�Geomor-phic pro�cesses

�Geology and soils�Land-cover��I�Steep hill�slopes�Mostly out�side the planned in�undated area or at the res�er�voir shorelines

�Surface wa�ter erosion



Deposition of scree�Residual (doloritic or acidic meta

sediment) rocks and skeletal soils�Rock ex�po�sures, scrub land��II�Colluvial foot�slopes (pediments and minor hills)�Major areas to be inundated�Colluvial deposition, and surface water ero�sion�Red/Brown coarse textured colluvial soils. 7.5 YR. 6/4, 7/2

�Grassland w. scrub land��III�Intermittent stream courses and alluvial fans �Dominant on the colluvial foot�slopes�Sediment transport, tempo�rary sed�iment storage

�River sand�Ground wa�ter bush�land��IV

�Cunene riparian zone



�Narrow zone ( 100 m) along the Cunene�Fluvial de�position during floods

�Recent al�luvium, stratified�Riparian vegetation��V�Cunene river�The permanent river�Fluvial transport

�River sand�-��





�		Colluvial footslopes



The colluvial foot slopes border the steep hillslopes and dominate the suggested reservoir area. Throughout a major portion of the basin to be inundated, low hills, not border�ing on steep hill slopes, represent the analogue of collu�vial foot slopes.



The colluvial foot slopes lie at an angle of approximately 5 degrees or less. Accumulation of material from the upper hill�slopes has cre�ated coarse textured colluvial deposits.  Field inspection on the Angolan side of the river showed ob�vious signs of overgrazing and acceler�ated erosion (cf.10.2.3.), as indicated by the poor field layer vegeta�tion (cover 40-50%), by the development of coarse grained erosion pavements of gravel and stones and by the large  amount of sediment stored in the intermittent streams (washes).



Although there are no hard calcretes, the foot slopes are calcareous in nature. The soil colour to the north of the Cunene is usually light-brown, dull orange or red-brown (Hue 7.5 YR. 6/4, 7/2, 3/4, 4/4) contrasting with the southern side where similar soils have more yellowish colour because of geological differences. According to pre�vious surveys (SWAWEK 1966) the colluvial soils are moder�ately alkaline, non saline and have a medium water holding capacity. In the SWAWEK inventory about 1280 ha of irrigable brown medium to fine textured colluvial soils and 2910 ha red coarse tex�tured colluvial soils were identified between Ruacana and Epupa Falls.



Intermittent stream courses and ground water bushlands



Seasonal (ephemeral) tributaries to the Cunene River have developed a dense drainage network across the colluvial foot�slopes. Ephemeral streams (washes) flow in direct re�sponse to precipitation and depending on the catchment size and rainfall amounts the flow duration vary between a few hours to a few days.



Some of the streams originate within the footslopes and are less pronounced than those having their head waters in the surrounding mountains. Field in�spections reveal that most rivers of the latter type carry large quantities of bed-load material. Large areas along the streams are covered by sandy alluvial deposits which in the footslopes can develop into low gradient alluvial fans.



�

The highly mobile sand of the river beds is generally unveg�etated. In some places a narrow sandy, silty deposition zone, separates the main water courses from the abutting colluvial foot slopes or steep hill slopes.



The sandy rivers are important aquifers during the dry sea�son as the ground water flow is concen�trated to the sand beds of the stream courses. The shallow ground water is in�dicated by ground water bush lands along the channels and by natural springs in the river beds. Close to the steep hill�slopes the morphology of the channels, and deposits of stones and boulders, indicate the occurrence of occasional torrential floods.



Cunene riparian zone



The Cunene riparian zone is a narrow belt (20-300 m) of re�cent alluvial (stratified) sediments deposited during the annual floods. Contrasting to the sedimentation environment of the flood�plain upstream of Xangongo (cf. Chapter 5) the Cunene ripar�ian zone downstream of the Epupa Falls is formed by overbank flow deposition at higher stream velocities. Hence the texture of the sediments is coarser  (sandy silt). The slopes of this land-unit average at about 2-3 %.



The riparian zone, which extends almost from the Ruacana Falls to the Epupa Falls, is cut by rapids at bed-rock out�crops which in�dicate a recent geological rejuvenation of the land�scape and illustrate the comparatively thin layer of al�luvial soils.



Sediment terraces along the river verify past base levels of erosion and the geomorphological development of the area. At Swartboisdrift (upstream of the pro�posed reservoir) the gen�eral erosion level of older Tertiary (the Angola-Namib sur�face at 550-850 metres) is indicated by ter�races whilst ter�races downstream of the project area indi�cate Pliocene and Quaternary erosion levels (levels at 400 m or less).



Below the Epupa Falls, the flood plain is entirely ab�sent as the gorge is very narrow. The flood plain expose a luxuri�ant vegeta�tion, easy to identify on the satellite im�ages, contrasting with the surrounding open bushland of the collu�vial footslopes.



In the SWAWEK (1966) report about 200 ha of irrigable allu�vial deposits were identified between the Rua Cana and Epupa Falls.



The Cunene river



The water course itself is relatively broad (more than 100 m in some places) in the area upstream from Dam Site A and surrounds several islands (of sediments and exposed bed-rock). From Dam Site A downstream, the river narrows as the gorge walls become steeper and in some cases the steep hill slope borders di�rectly on the flowing water.



10.2.3	Major Habitats and Associated Vegetation and Fauna



Terrestrial vegetation in general



The area surrounding the Epupa Falls, including the poten�tial dam site and inundated area, can be described as arid shrub land interrupted by denser, taller vegetation lining ephemeral washes and the perennial Cunene River. Giess (1971) classifies it as part of the Mopane Savanna.



The vegetation of the area is composed of a relatively high proportion of species that occur only in the Cunene region and nearby (cf. Table 10.2). There are, nevertheless, no species identified as restricted entirely to the area pro�posed for the hydro-power scheme. Alien species do not con�stitute a large pro�portion of the vegetation cover.



Few, if any, young individuals of the various woody species  were noticed in any of the four major habitats. In the more heavily used areas, this may be partly attributable to the continuous trampling and grazing pressure exerted by exces�sive numbers of livestock. It is also attributable, perhaps primarily, to the infrequent occurrence of suitable recruit�ment events (seed dispersal and germination) in this arid area. Recruitment will probably be closely linked to spe�cific rainfall and flooding regimes and specific periods of adequate soil moisture. Elimin�ation of most game species, and consequently of their contribu�tion to seed dispersal and soil fertility, may also be a factor.



Terrestrial and semi-terrestrial fauna in general



The fauna of the area is composed mainly of species with wide distributions throughout the arid and semi-arid areas of Namibia and Angola and these species are therefore not particularly threatened by the proposed development project. A total of 80, predominantly terrestrial, mammal species are expected to occur in the area (Table 10.3). During the re�cent wars a general decline in game species has been ob�served. The Cunene River region is the only place in Namibia which supports vervet monkeys and is one of the few places in which hippopotami, impala and otters occur. Furthermore, the Cunene River represents the northern most limit of the Namibian endemic Damara dik dik. The proposed development could have a negative impact on the popula�tions of these species in Namibia but it will not rep�resent a serious threat to the existence of the species as a whole.



The avifauna of the region is relatively rich with 234 recorded species for the development region and a possible additional 42 species that have been recorded upstream of the proposed region of inundation but which quite possibly occur in the area as well (C. Brown in prep). Of the species recorded in the pro�ject area, 21 are listed as red data species and six have a Namib�ian distribution that is con�fined to the Cunene River (Table 10.4). These six species are well represented in other countries.



Reptiles appear to be common in the area but have been poorly studied. A total of 48 species have been listed as occurring in the area (Table 10.5). During the previous year, two new, undescribed, species or subspecies of snake and two new, un�described, species or subspecies of gecko were also found in the area (M. Griffin pers. comm.). In view of the fact that the fauna of this area in Namibia and especially in Angola has received little attention from bi�ologists, the discovery of these previ�ously unknown animals may indicate that the reptile fauna is particularly specious in this area. This species richness is coupled with re�stricted distributions, which could make these substrate-de�pendent species vulnerable to extinction through a loss of habitat.



A total of ten amphibian species have been recorded in the area (Table 10.6).The different habitats are described more in detail in the following section.



�		TABLE 10.2	Terrestrial vegetation surrounding the Epupa dam site

Major plant species observed in at least one habitat (x) and expected (/) in other habitats near the Epupa Falls and basin area.





Families, genus and spe�cies of veg�etation iden�tified�Steep Hill Slopes�Collu�vial Foot Slopes�Inter-mit�tent Stream Courses and Ground-wa�ter Bush�l�ands�Cunene River Rip�arian Zone��Acanthaceae

-Monechma spp./Peta�lidium spp�

/�

X����Agavaceae

-Sansevieria aethiopica�

X�

/����Anacardiaceae

- Rhus quartiniana

- Sclerocarya caffra�



X�

 ��

x��Apocynaceae

- Adenium boehmianum (?)

- Pachypodium lealii�

x

x�����Aracaceae

- Hyphaene petersiana���

x�

x��Asclepiadaceae

- Hoodia sp. (tall with yel�low flower)

- Hoodia sp.�



x��





x���Asteraceae

- Geigeria ornativa

- Pechuel-Loeschea leub�nitz�iae��

/

x��

x

x��Balanitaceae

- Balanites welwitschii��

x�

x�

x��Bignoniaceae

- Catophractes alexandri

- Rhigozum brevispinosum�

x�

x

x�

x

x���Bombacaceae

- Adansonia digitata�

x��

x���Boraginaceae

- Cordia sinensis�

x���

x��Burseraceae

- Commiphora angolensis

- Commiphora sp.

- Commiphora sp.

- Commiphora sp.

(minimum of 4 four spe�cies ob�served, probably more)�

x

x

x

x�

/

/

/

/����Caesalpiniaceae

- Adenolobus garipensis

- Colophospermum mopane�

x

x�

 /

x�



x�



x��Capparaceae

- Boscia albitrunca

- Boscia foetida

- Maerua schinzii�

x

x

x�

/

/

/�

/

/

/���Celastraceae

- Maytenus senegalensis���

/�

x��Combretaceae

- Combretum apiculatum

- Combretum imberbe

- Combretum hereroense

- Combretum mossambi�cense

- Combretum zeyheri

- Terminalia prunioides�











x�





x





/�

x



x�



x



x

x��Convolvulaceae

- Ipomoea rubens����

x��Cyperaceae

- Cyperus longus����

x��Ebenaceae

- Euclea pseudebenus���

x�

x��Euphorbiaceae

- Euphorbia (thin)

- Euphorbia virosa (?)�

 x

x�����Fabaceae

- Sesbania sp.����

x��Gramineae

- Phragmites australis

- Sporobolus fimbriatus

- Stipagrostis spp.�





x�





x��

x

x��Liliaceae

- Aloe littoralis�

x�����Mimosaceae

- Acacia albida

- Acacia robynsiana

- Acacia tortilis�



x�



x�

x



/�

x



x�� Moraceae

- Ficus capreifolia

- Ficus sycomorus	����

x

x��Moringaceae

- Moringa ovalifolia�

x��

/���Myrothamnaceae

- Myrothamnus flabelli�folius�

x�

x����Olacaceae

- Jasminum fluminense

- Ximenia americana���



/�

x

x��Pedaliaceae

- Sesamothamnus benguel�lensis (?)��



x����Rhamnaceae

- Ziziphus mucronata���

/�

x��Salvadoraceae

- Salvadora persica��

x�

x�

x��Solanaceae

 - Datura innoxia��

�

�

x��Sterculiaceae

- Sterculia africana�

x�����Tamaricaceae

- Tamarix usneoides���

/�

x��Tiliaceae

- Grewia flavescens�

x�

x����Vitaceae

- Cyphostemma juttae�

x�����

TABLE 10.3 Mammal species that could occur in the study area. [data from    Smithers 1983] (* Species that have very narrow distributions in Namibia in which the Cunene river represents an important habitat.)



�Reddish-grey Musk Shrew	Crocidura cyanea

Lesser Red Musk Shrew	Crocidura hirta

Hedgehog	Erinaceus frontalis

Bushveld Elephant-shrew	Elephantulus intufi

Angolan Epauletted Fruit Bat	Epomophorus angole-� 	nosis

Tomb Bat	Taphozus mauritianus

Egyptian Free-tailed Bat	Tadarida aegyptiaca

Schreiber's Long-fingered Bat       Miniopteris-  	schrei�ber�sii

Angola Hairy Bat	Myotis seabrai

Banana Bat	Pipistrellus nanus

Butterfly Bat	Chalinolobis vari�	egatus

Cape Serotine Bat	Eptesicus capensis

Yellow House Bat	Scotophilus dinganii

Schlieffen's Bat	Nycticeius schlieff�enii

Damara Woolly Bat	Kerivoula argentata

Common Slit-faced Bat	Nycteris thebaica

Ruppell's Horseshoe Bat	Rhinolophus fumig�	atus

Geoffroy's Horseshoe Bat	Rhinolophus clivosus

Dent's Horseshoe Bat	Rhinolopus denti

Commerson's Leaf-nosed Bat	Hipposideros commer�soni

Sundevall's Leaf-nosed Bat	Hipposideros caffer

Lesser Bushbaby	Galago senegalensis

Chacma Baboon	Papio ursinus

Vervet Monkey*	Cercopithecus pygery�	thrus

Pangolin	Manis temminckii

Cape Hare	Lepus capensis

Scrub Hare	Lepus saxatilis

Jameson's Red Rock Rabbit	Peonolagus randensis

Common Molerat	Cryptomys hottent�otus

Porcupine	Hystrix africaeaus�tralis

Springhaas	Pedetes capensis

Striped Tree Squirrel	Funiscuirus congicus

Dassie Rat	Petromus typicus

Single Striped Mouse	Lemniscomys griselda

Tree Mouse	Thallomys paedulcus

Namaqua Rock Mouse	Aethomys namaquensis

Short-tailed Gerbil	Desmodillus auricu�laris

Hairy-footed Gerbil	Desmodillus paeba

Bushveld Gerbil	Tatera leucogaster

Large-eared Mouse	Malacothrix typica

Pygmy Rock Mouse	Petromyscus collinus

Aardwolf	Proteles cristatus

Brown Hyaena	Hyaena brunnea

Spotted Hyaena	Crocuta crocuta

Cheetah	Acinonyx jubatus

Leopard	Panthera pardus

Lion	Panthera leo

Caracal	Felis caracal

African Wild Cat	Felis lybica

Serval	Felis serval

Bat-eared Fox	Otocyon megalotis

Cape Fox	Vulpes chama

Black-backed Jackal	Canis mesomelas

Cape Clawless Otter*	Aonyx capensis

Spotted-necked Otter*	Lutra maculicollis

Honey Badger	Mellivora capensis

Striped Polecat	Ictonyx striatus

Small-spotted Genet	Genetta genetta

Suricate	Suricata suricata

Yellow Mongoose	Cynictis pencillata

Slender Mongoose	Galerella sanguinea

Water Mongoose	Atrilax paludinosus

Banded Mongoose	Mungo mungo

Dwarf Mongoose	Helogale parvula

Antbear	Orycteropus

Elephant	Loxodonta africana

Kaokoveld Rock Dassie	Procavia welwitschi

Hooked-lipped Rhinoceros	Diceros bicornis

Hartmann's Mountain Zebra	Equus hartmannae

Warthog	Phacochoerus aethi�opi�cus

Hippopotamus*	Hippopotamus amphi�bius

Giraffe	Giraffa camelopard�alis

Common Duiker	Sylvicapra grimmia

Klipspringer	Oreotragus oreotr�agus

Damara Dik-dik	Madoqua kirkii

Steenbok	Raphicerus campes�tris

Impala*	Aepyceros melampus

Gemsbok	Oryx gazella

Kudu	Tragelaphus strep�siceros

�TABLE 10.4 Avian fauna with red data status (X) or that have their distribution in Namibia restricted to the Cunene River (/) [data from Brown, in prep.]



�Blackheaded Heron	Ardea melanocephala	X

Goliath Heron	Ardea goliath	X

Black Egret	Egretta ardesiaca	X

Rufousbellied Heron	Butorides rufiventris	X

Little Bittern	Ixobrychus minutus	X

Dwarf Bittern	Ixobrychus sturmii	X

Black Stork	Ciconia nigra	X

Openbilled Stork	Anastomus lamelligerus	X

Yellowbilled Stork	Mycteria ibis	X

Sacred Ibis	Threskiornis aethiop�icus	X

Spurwinged Goose	Plectropterus gambensis	X

Lappetfaced Vulture	Torgos tracheliotus	X

Whiteheaded Vulture	Trigonoceps occipitalis	X

Tawny Eagle	Aquila rapax	X

Martial Eagle	Polemaetus bellicosus	X

Bateleur	Terathopius ecaudatus	X

Peregrine Falcon	Falco peregrinus	X

Grey Kestrel	Falco ardosiaceus	/

Rednecked Francolin	Francolinus afer	/

Crowned Crane	Balearica regulorum	X

Kori Bustard	Ardeotis kori	X

Ruppell's Parrot	Poicephalus rueppellii	X

Olive Bee-eater	Merops superciliosus	/

Rufoustailed Palm Thrush	Cichladusa ruficauda	/

Yellowbilled Oxpecker	Buphagus africanus	X

Spectacled Weaver	Ploceus ocularis	/

Cinderella Waxbill	Estrilda thomensis	/

�

TABLE 10.5 Reptilian species expected to occur in the study area

[data from Branch 1988]



�Leopard tortoise	Geochelone pardalis

Marsh terrapin	Pelomedusa subrufa

Schlegel's Blind Snake	Typhlops schlegelii

Damara Thread Snake	Lepoyphlops labialis

Anchieta's Dwarf Python	Python anchietae

African Rock Python	Python sebae

Brown House Snake	Lamprophis fuligin�osus

Hellmich's Wolf Snake	Lycophidion hellm�ichi

Angola File Snake	Mehelya vernayi

Mole Snake	Pseudapsis cana

Western Keeled Snake	Pyhonodipsas carinaa

Western Sand Snake	Psammophis rigrammus

Stripe-bellied Sand Snake	Psammophis subaen�iaus

Leopard Grass Snake	Psammophis sibilans

Bibron's Burrowing Asp	Aracaspis bibronii

Spotted Bush Snake	Philohamnus semiva�rie�	gaus

Common Egg Eater	Dasypelis scabra

Boomslang	Disphodlidus ypus

Twig Snake	Thelotornis capensis

Coral Snake	Aspidelaps lubricus

Black-necked Spitting Cobra	Naja nigricollis	

Black Mamba	Dendroapsis polyl�epis

Puff Adder	Bitis arieans

Angolan Spade-snouted Worm Lizzard	Monopelis anchieae

Albert's Burrowing Skink	Sepsina angolensis

Sundevall's Writhing Skink	Lygosoma sundevallii

Ovambo Tree Skink	Mabuya binoaa

Angolan Blue-tailed Skink	Mabuya laevis

Kalahari Tree Skink	Mabuya spilogaser

Striped Skink	Mabuya sriaa

Western Rock Skink	Mabuya sulcaa

Bushveld Lizard	Heliobolus lugubris

Western Sand Lizard	Pedioplanis undaa

Black-lined Plated Lizard	Gerrhosauris nigr�olin�	eaus

Giant Plated Lizard	Gerrhosauris validus

Rock Monitor	Varanus exanhemaicus

Water Leguuan	Varanus niloticus

Ground Agama	Agama aculeaa

Anchieta's Agama	Agama anchieae

Namibian Rock Agama	Agama planiceps

Bradfield's Dwarf Gecko	Lygodacylus b�radfieldi

Lawrence's Dwarf Gecko	Lygodacylus lawrenc�ei

Bibron's Gecko	Pachydacylus bibron�ii

Button-scaled Gecko	Pachydacylus l�aevigaus

Speckled Gecko	Pachydacylus puncaus

Large-scaled Gecko	Pachydacylus scuaus

Barnard's Namib Day Gecko	Rhopropus barnardi

Nile Crocodile	Crocodylus niloticus

�



�		Steep hillslopes



Vegetation



The vegetation of the steep hill slopes consists mainly of  a cover of ephemeral grasses and scrub woodland (Table 10:2). The more basic slopes are dominated by Acacia spp trees, es�pecially A. robysiana, whereas the more acidic slopes are dominated by Commiphora spp trees. The maximum height at�tained by trees on the slopes is about 6-7 m, although most shrubs are about 3-4 m tall. The herbaceous cover within the river valley is less extensive than expected for this habi�tat and climate. This may have been the result of insuf�fi�cient rainfall during the previous season that allowed ger�mination of grass but not herbaceous species. Subtle dif�fer�ences in composition were noted between vegetation grow�ing on narrower, steeper parts of the river valley with greater shade and in more open areas with slightly gentler slopes and more direct incident sunlight.



These differences are of no major significance. The steep hill slopes are extensively grazed by livestock, including cattle, goats and sheep. The local peo�ple have chopped down a few isolated trees, e.g. marula, but do not appear to make extensive use of the woody vegetation on the steep hill slopes. A few kraals constructed from closely packed and ap�propriately oriented scrub, apparent�ly col�lected in close proximity to the kraal site, are sited at saddles or other more level sites on the steep hill slopes.



Fauna



No game was seen in this area dur�ing the site inspection but several species are known to use the area; large species in�cluding elephant un�doubtedly utilised this habitat in the past.Kudu, klipspringer and zebra are the only game species known to be present in any numbers on the steep hill slopes today but a high diversity of mammals and birds probably oc�curs in the area (Tables 10:3 & 10:4). A variety of large mammals, e.g. eleph�ant, lion, rhino, occupied this area un�til the second half of the present century. Livestock, in�cluding cattle, goats and sheep, were observed in relatively large numbers on surprisingly steep slopes.



The invertebrate fauna of the area is little known and prob�ably wide spread and is not discussed further.



The game is so sparse in this area that the local people no longer appear to hunt them. The potential for sport hunting has also been eliminated.



Colluvial footslopes



Vegetation



The vegetation of the colluvial foot slopes appeared to be mainly an impoverished version of that on the steep hill slopes (Table 10:2). The sparse grass cover comprised  annual species only and herbaceous species were conspicuous�ly scarce. Trees such as mopane and Commiphora species were of smaller stature than on the steep hill slopes.



The colluvial foot slopes are heavily used by livestock and people, particularly in the vicinity of homesteads. Coppiced mopane were frequently observed and the overall cover of woody vegetation was less; individual trees were shorter than on the steep hill slopes.



The shrubs of this area ap�pear to be the main source of woody material for the numer�ous livestock kraals that are constructed on the flood plain, particularly near home�steads. Grass cover was sparser than on the steep hill slopes and numerous livestock paths traverse the area. The presence of Geigeria ornativa, a seed retaining indigenous species that is invasive in overgrazed areas, is also in�dicative of environmental degra�dation in this habitat (cf. Section 10.2.2).





TABLE 10.6 Amphibians that are

likely to occur in the proposed reservoir area.

[Data from Griffin & Channing 1991]



Bufo dam�aranus

Bufo dom�bensis

Bufo guttura�lis

Bufo macul�atus

Bufo poweri

Hyperolius angolensis

Phrynomanis bifasciatus

Phrynobatra�chus natalen�sis

Tomopterna cryptotis

Tomopterna tuberculosa



Fauna



Dik dik were observed on the colluvial foot slopes. Other species noted for the steep hill slopes would also be ex�pected on the lower slopes. The situation on the colluvial foot slopes is however, similar to that of the steep hill slopes, although the intensity of livestock use is far greater.



Intermittent stream courses and ground water bushlands



Vegetation

 

The vegetation of this habitat (Table 10:2) is highly depen�dent on the depth of the alluvium and hence the amount of water stored. Palms, Acacia albida, Tamarix usneoides and large mopane trees lined some of the larger washes, while on the smaller washes only smaller mopane and associated species were noted. Salinity does not appear to be a an im�portant factor controlling species distribution, although a few of what appeared to be saline patches were observed from the air.



Use of this habitat vary with proximity to homesteads, pre�sumably dictated by availability of water, and with type of vegetation. In the larger washes, with a more extensive flood plain and taller trees, there is clear evidence of the frequent presence of people and livestock. The trees are used for shade and fuel, and some mopane were coppiced. Some palms had been tapped for making alcoholic beverages.



Fauna



The fauna of this habitat varies with the amount of vegeta�tion bordering the ephemeral water courses. The animal species noted for the steep hill slopes and the colluvial foot slopes could all be expected to use the ephemeral washes as well. In addition, vervet monkeys, baboons, rap�tors and other species from the Cunene flood plain habitat could occupy those washes with more extensive vegetation cover. Livestock browse on the vegetation and use the shade of the larger trees in this habitat.



The fauna of this habitat is used in a fashion similar to that of the steep hill slopes and colluvial foot slopes.



Cunene riparian zone



Vegetation



The outer fringe of the flood plain may be roughly charac�terised by Salvadora persica, taller mopane trees, Balanites welwitschii and the indigenous, invasive herb Pechuel-Loeschea leubnitziae. Closer to the river, Salvadora, Tamarix usneoides and Acacia albida (up to 20 m high) are common. The riparian fringe is occupied by Ficus capreifo�lia, Acacia albida and palms (up to 30 m high). Palms pre�dominate in slightly rockier areas whereas A. albida grows where there is more fine silt. The riparian fringe formed by F. capreifolia may be very dense in places. Phragmites aus�tralis, Sporobolus fimbriatus and other perennial grasses line the flood plain in some localities or grow on islands within the stream. The alien invasive Datura is present but was found only close to the water's edge.



The flood plain of the Cunene is the most used habitat in the area of the proposed hydro-power scheme. Most home� steads are located there as are cultivated maize fields and live�stock kraals.



Away from the river, trampling and overgrazing is evident and P. leubnitziae, a good indicator of degradation, is com�mon. The high, distinct browse line, especially on Salvadora but also on Euclea and Balanites, is indicative of serious, possibly seasonal, over stocking in this area.



The pods of Acacia albida are a very nutritious food for livestock and in some westward flowing rivers of Namibia, and possibly the Cunene, are collected and fed to young livestock or stored for use during times of grazing scarc�ity. The shade provided by A. albida, Combretum im�berbe and other large trees of the flood plain was mentioned by local interviewees as a very important factor for live�stock, people and maize cultivation during the hot summer months.



Most woody vegetation growing on the Cunene flood plain in the vicinity of the hydro-power scheme has been used for fuel or fence construction and most remaining mopane, if alive, have been coppiced. A small proportion of the tall palms have been tapped for alcoholic beverages and have sub�sequently died. A number of palms, large and small, have been recently burned in the vicinity of Dam Site A. It was reported, but not verified, that the local Himba protect palms as they provide food and are considered to be beauti�ful and that outsiders who destroy palms are fined by the local community.



Fauna



The terrestrial and avian fauna of the Cunene flood plain is richer than the fauna of the other three terrestrial habi�tats. Several species are dependent on the large trees of the flood plain, e.g. vervet monkeys, fish eagles, or use the flood plain and the river itself to support their life style, e.g. otters, crocodiles. Domestic livestock are com�mon in this habitat.

There is no known use of the fauna of this habitat that dif�fers from that of the other three terrestrial habitats men�tioned previously.



The Cunene river



Vegetation



In addition to the grass species that occur on the banks and on islands close to the flowing water, there is a spe�cialised flora associated with the rocks of the Epupa Falls that is dependent on continually moist to wet conditions. This flora was not examined closely but is reported to in�clude species in the family Podostemaceae, probably Leiothy�lax warmingii and Tristicha trifaria, and probably  also Hydrostachys poplymorpha, of the family Hydrostachyaeceae. This flora has probably disappeared or been seriously reduced at the Ruacana Falls that remain dry for long periods. The Epupa Falls probably represent the only remaining habitat of extensive occurrence of this flo�ral type in Namibia. The flora on the rocks of the falls ap�pears to be very rich. Specimens could not be obtained dur�ing the brief prefeasibility study and a number of species not noted in this report may grow only in this lim�ited area.



No use of this specialised flora has been recorded.



Fauna



The lower Cunene River, shared by Namibia and Angola has a very diverse fish fauna with some 91 species, 71 of which are found in the non-estuarine section (Table 10:7).  This species richness is very high compared to rivers of Europe or North America. At least seven species are endemic to the Cunene River while two species are listed as rare in the Red Data Book (van Zyl 1991). At least six species have very specialised habitat requirements and may therefore be very vulnerable to environmental changes. On the other hand, 46 species appear to be very adaptable having successfully transferred from the Cunene River into the oshana and dam system of Owambo since 1972 and these species would probably be successful under changed conditions in the Cunene itself (van der Waal 1991).



At least 5 crustaceans, 38 aquatic insects, 8 aquatic mol�luscs and 7 bivalves are known from the Cunene River, un�doubtedly a gross under estimate of the total number of species present.



The local Himba people living in the vicinity of the pro�posed hydro-power scheme do not use fish or any other aquatic organisms as a part of their diet.





TABLE 10.7 Fishes of the Cunene River (Hay et al. in press) 

[+ species thought to be well adapted to colonise new habitats,

* species that may have habitat restrictions as they have not colonised the oshana system in Owambo, # thought to be habitat spe�cialists and vulnerable to change (adapted from van der Waal 1991)]



�Mormyridae

- Hippopotamyrus ansorgii	Not recorded below Epupa

- Hippopotamyrus discorhynchus	

* Pollinyrus castelnaui

+ Marcusenius macrolepidotus	Not collected below Ruacana

 - Mormyrus lacerda

- Petrocephalus castostoma



Citharinidae

- Hemigrammocharax machadoi	Not collected below Epupa

* Hemigrammocharax multifasciatus	Not collected below Ruacana



Kneriidae

# Kneria angolensis

# Kneria maydelli

# Kneria polli



Characidae

+ Brycinus lateralis

- Micralestes acutidens

- Rabdalestes maunensis	Not recorded below Ruacana



Hepsetidae

- Hepsetus odeo



Cyprinidae

# Barbus afrovernayi

- Barbus barnardi	Not recorded below Epupa

- Barbus bifrenatus	Not recorded below Epupa

- Barbus barotseensis	Dubious record

- Barbus breviceps	Endemic to Angola

# Barbus dorsolineatus	Endemic to Angola

# Barbus eutaenia

* Barbus fasciolatus

# Barbus kerstenii

* Barbus lineomaculatus	Not recorded below Ruacana

- Barbus mattozi

- Barbus multilineatus	Not recorded below Ruacana

- Barbus paludinosus

+ Barbus poechii/trimaculatus

+ Barbus radiatus	Not recorded below Epupa

* Barbus thamalakanensis	Not recorded below Ruacana

- Barbus unitaeniatus

- Labeo ansorgii	Endemic to Angola

* Labeo ruddi

- Mesobola brevianalis



Bagridae

- Leptoglanis rotundiceps	Not recorded below Epupa



Clariidae

 # Clarias dumerilii/C. liocephalus

+ Clarias gariepinus

+ Clarias ngamensis	Not recorded below Epupa

* Clarias stappersii	Not recorded below Epupa

* Clarias theodorae



Mochokidae

# Chiloglanis neumanni

- Synodontis macrostigma

- Synodontis woosnami	Not recorded above Ruacana

- Synodontis macrostoma

- Synodontis vanderwaali

- Synodontis leopardinus

- Synodontis nigromaculatus

- Synodontis thamalakanensis



Cyprinodontidae

- Aplocheilichthys johnstonii

- Aplocheilichthys katangae

* Aplocheilichthys macrurus



Cichlidae

- Chetia welwitschi

+ Oreochromis andersonii

- Oreochromis macrochir

- Orthochromis machadoi	Endemic

+ Pseudocrenilabrus philander

- Pharyngochromis acuticeps

+ Serranochromis coulteri	Endemic

- Serranochromis codringtonii/giardi

- Serranochromis greenwoodi	Not recorded below Epupa

- Serranochromis angusticeps	Not recorded below Epupa

+ Serranochromis macrocephalus

- Serranochromis altus

# Serranochromis robustus jallae	Not recorded below Epupa

- Serranochromis thumbergi

+ Tilapia rendalli

+ Tilapia sparrmanii

- Thoracochromis buysi	Endemic

- Thoracochromis albolabris	Endemic

�

10.2.4.	Socio-economic survey



An overview of the recent history of Kaokoland



The wealthy cattle and sheep herders encountered by the Portuguese conquistador, Cerveiro Pereira in southern  Angola in 1617, may have been the ancestors of today's Himba and Herero peoples. Because of the dearth of archaeological evi�dence, Western historians and ethnographers have tended to see the history of the Herero-speaking people starting in Kaokoland around 1550, conveniently coinciding with the re�gion's earliest recorded history. These first written ac�counts by Portuguese mariners concentrated on the more hos�pitable Angolan shores rather than Namibia's harsh "Skeleton Coast". Only after 1850 did Europeans manage to penetrate into the Kaokoland interior.



It is believed, on circumstantial rather than hard evidence, that the pastoralist Herero migrated into northern Namibia from the Mocamedes province of Angola around the middle of the 16th century. These largely historical approaches, for example, include simplistic "migration" models to explain the origins of pastoralism and explanatory models which re�duce the material record to economic and/or ecological rela�tions independent of the social relations of production. It should be noted that recent archaeological work elsewhere in Namibia (Kinahan 1991) and in southern Africa have developed alternative pre-colonial models to account for changes in the social economy of regions.



In the mid-1700s, the majority of Herero people then resi�dent in Kaokoland moved south-east to more hospitable cen�tral Namibia. Some of the group that chose to remain in Kaokoland would eventually become the Himba.



The last 50 years of the 19th century proved a turbulent one for Kaokolanders. The terrain's widely separated springs and waterholes, and its seasonal graze and browse, requires a nomadic and dispersed settlement pattern. The spatial and social isolation which this gave rise to meant that individ�ual families were easy prey for the Nama bands of stock raiders who migrated from the south after 1850. Between 1850 and the end of the century the Nama groups, based at Sesfontein and Fransfontein, raided large numbers of cattle in Kaokoland and southern Angola, killing all who resisted.



Formerly wealthy cattle herders were forced to hunt, gather and scavenge to survive and in the 1870s, when the Nama raids were at their worst, many of these impoverished Herero-speaking people fled across the Cunene River into Angola. They sought refuge with another pastoral people, the Ngambwe.



There the Kaokoland refugees were joined by several hundred Herero-speaking men who had been defeated by the German forces in the 1904 southern Herero rebellion, and under the leadership of Vita Tom, formed into a fighting force. Allied with the so-called Dorsland trekkers and Portuguese colon�ists against local insurrections in return for arms  and ammunition, Vita and his men began a series of lucrative cattle raids against, among others, the Kuvare, Ngumbi and Kwanyama. The group had thus acquired vast herds when most of them returned to sparsely populated Kaokoland after Germany's South West African forces surrendered in 1915 dur�ing World War I.



The Himba people who resettled in Kaokoland retained their links with those Himba who stayed in southern Angola, and these links continue today. South West Africa was proclaimed a German colony in 1884 but apart from a small military post at Sesfontein and a few expeditions by geologists Hartman and Kuntz, the explorer Baynes, and Vedder, the missionary-ethnographer, Kaokoland was left alone. After World War I, when in terms of the Treaty of Versailles, South West Africa became a C-mandated territory entrusted to the Union of South Africa, Kaokoland was declared a reserve for four "chiefs", including Chief Vita.



After 1920 there was a gradual influx of Herero-speakers from the southern reserves to relatives in Kaokoland. A po�lice post was established in 1925 at Swartbooisdrift, 100 km east of Epupa on the Cunene River, to control poaching and livestock movement across the border. It was later abandoned and a Native Commissioner was stationed at Otjitundua in 1938. In 1928 Kaokoland had been proclaimed a game reserve in addition to being a reserve for the various "chiefs". In 1939 the commissioner's office was moved to Opuwo, and the region's first mission, including a school and hospital, was established in 1954 at Orumana.



Largely left to its own resources, Kaokoland prospered into the 1980s. At the beginning of that decade a devastating drought killed 80 to 90 percent of the region's cattle. At the same time SWAPO guerrillas, in conflict with the South African Defence Force since 1966, opened a western front into Kaokoland. The resulting social upheaval, combined with the drought, appeared likely to crush Kaokoland's decades of social and economic self-sustainability. Nevertheless, since the end of the war and the 1980s, many Himba lineages have quickly re-established themselves as self-sufficient, suc�cessful semi-nomadic herders.



The complex history and social interaction of the last few hundred years in northern Kaokoland and southern Angola is demonstrated by the fact that most of the other Herero-speaking groups in Namibia, north-western Botswana and southern Angola share various degrees of matrilineal kinship through matriclans, with the Herero and Himba. These groups, some of whom have their own distinctive material culture and Herero dialect, include the Mbandero, Thwa, Tjavikwa and Tjimba. Membership of matriclans also extends into non-Herero speaking groups including the Zemba or Ndimba, Hakahona, Ovambo, Ngambwe, Tjimbundu, Kuvare, Ngumbi and Sele.



Survey Area



The flood zone of the proposed Epupa dam will cover an area of some 250 km2. As the future inundated area represents the area of most immediate impact particular at�tention was paid to the social economy of the resident  popu�lation. However, given the semi-nomadic character of the lo�cal popu�lation and their transhumance patterns both season�ally and in times of drought, the flood zone cannot been considered in isolation from a broader functional zone of several thou�sand square kilometres. This includes substan�tial areas to the north of the Cunene River in Angola. In consequence, al�though de�tailed investigation of this broader area was not possible, consideration was given to a func�tional zone stretching roughly from Epupa to Onkangwati in the south, Otjinungua in the west, Enyandi in the east, and Erora/Onkokuwa (Oncocua) in the north (Fig 10:2). Inevitably, all com�munities down�stream of the proposed dam will be affected to some extent by changes in the river flow regime and the con�sequent changes in riverine vegetation. The potential im�pacts among downstream communities, however, were not con�sidered in any depth.



Demographic Characteristics



Estimates of the population in both the flood zone and the broader functional area were difficult to establish. It is evident that during the wet season the proposed flood zone is largely uninhabited, as the population moves inland to take advantage of seasonal grazing and browse and rain-fed water sources.



Estimates of the population were derived from aerial counts of homesteads in the flood zone, from estimates of the clinic in Okangwati, and from discussions with officials in the area. These amounted to approximately 600 - 1 000 people who would seasonally inhabit the flood zone and potentially an additional 5 000 within the functional zone who make pe�riodic use of the river, or who seasonally traverse the pro�posed flood zone.



Preliminary evidence suggests that the social structure of communities within the survey area are relatively intact, and with the limitations of life expectancy imposed by the semi- nomadic lifestyle, there appears to be a "normal" age/gender distribution. It is evident that during the war years some young men left the area to seek employment in the South African Defence Force. Following demobilisation, the majority of these young men returned to their communities and there is little evidence of significant emigration from the area.



The evident social cohesiveness of communities in the func�tional zone can largely be attributed to the economic inde�pendence of the type of subsistence pastoralism practised in the area. Should this semi-nomadic settlement pattern be al�tered, emigration of young people from the area is likely to occur, as has taken place in some other areas of the Cunene Region (especially that area formerly known as the Kaokove�ld).



As common ethnic groups and lineages exist on either side of the river there is considerable movement of people between Namibia and Angola.



Social Structure



The survey area is predominantly inhabited by the Herero speaking Himba people, with small numbers of other ethnic sub-groups also living in the region. These include the Hakaona, Zemba, Thwa, Ngambue, Ngumbi and Kuvare and Ovambo ethnic groupings. Despite distinctive differences in mate�rial culture, domestic architecture and economy, these sub-groups are integrated into the social economy of the area. They perform a number of social and economic services for the Himba people, including traditional healing, divining, herbalism, metal-working and trading. In addition, those members of the sub-groups who are permanently resident among the Himba are subject to the traditional leadership struc�tures of the Himba people.



The Himba population have a system of dual lineages and dou�ble descent so that each individual belongs simultaneously to both a matriclan and patriclan. The functional segments of these clans involve membership of a matrilineage and a patrilineage, with the former controlling inheritance and family relations. The patrilineage is the actual residential unit and encompasses religious practices and local political functions. Each patrilineage comprises five generations with the deceased father and grandfather of the lineage head con�tinuing to play a significant role in the religious and cul�tural life of the family. This belief system will later be shown to be significant when discussing possible submersion of grave sites and sacred fire sites within the proposed dam's flood zone. Lineages vary in size, averaging between 15 and 40 men, women and children. The division of labour within the community is gender and age-related with each so�cial grouping making an integral contribution to household and lineage economies.



Historically, the Himba have no tradition of a centralised hereditary chieftainship. Powerful and wealthy lineage heads assumed positions of leadership within the community al�though lineages retained much autonomy. In the last 50 years the leadership role of lineage heads has been institution�alised into a council of headmen who wield considerable in�fluence within the region and in the affairs  of the lineages within their areas. To that extent, it is note�worthy that these headmen do not exercise absolute authority and that a democratic tradition of councils, with input from all adults in the community, has either evolved or survived. This will need to be taken into consideration when community consensus is sought within the project area. 



Traditionally adult women as well as men were able to con�tribute to the decision-making process through the decen�tralised power structure of the lineages. In other Himba and Herero communities within the Cunene region the influential position of women has tended to be eroded by the centralisa�tion of power, party politics, modern government structures, wage labour and the cash economy and this will need to be investigated within the project area. 



The absence of centralised channels of communication coupled with the semi-nomadic settlement patterns of the community presents constraints on quick decision-making by the commu�nity as a whole. This suggests that efforts to canvas the opinions of those people affected by the proposed dam are likely to be time-consuming.



The Himba believe in a divine creator, called Njambi Karunga or Mukuru, and ancestors, particularly deceased parents and grandparents, are invoked to intercede as intermediaries be�tween the living and the supreme being. The centre of Himba religious and cultural life is the sacred fire which passes from father to senior son, unless the deceased has surviv�ing younger brothers, within each lineage. Sacred fires are moved to each of the seasonal camps where the lineage head is resident. No social, cultural or economic activity of any significance can take place without the ancestors being called to bear witness at the sacred fire.



Land Tenure System



Sustainable livestock production in the semi-arid environ�ment within the project area has led to the evolution of a complex system of transhumance and range management. This system, which is based on seasonal movement of stock, serves to optimize usage of both water and pasture within the pre�vailing ecology. The fact that up until the severe drought of the early 1980s and the subsequent disruption of the war, the Himba were among the wealthiest cattle herders in Africa, attests to the viability of this system of livestock production. The resilience of the socio- economic system of people in the survey area is also reflected in the fact that livestock numbers are now regenerating.



While rangelands are, in theory, communally owned, in prac�tice usage rights are negotiated between lineages on the ba�sis of a number of factors including hereditary rights,  es�tablished water rights, livestock numbers and existing needs. What this implies is that grazing usage may vary ac�cording to environmental pressures as well as seasonally.



Within the survey area households traditionally graze their livestock in the close vicinity of the Cunene River during the dry months, from June/July until the onset of rains. During the wet season stock is moved inland to take advan�tage of seasonal grazing and browse and rain-related water. This pattern of transhumance serves to preserve grazing at and near the river for the next dry season. Although large tracts of land appear to be uninhabited and unutilized at certain times of the year, it is evident both from the exis�tence of stockposts throughout the area and from the people themselves, that there is little or no land that is unuti�lized or that is regarded as vacant by the community. A ran�dom and incomplete aerial count in the immediate vicinity of the Cunene between Epupa and Enyandi revealed more than 80 stockposts on the Namibian side alone during the month of August. While the majority of these were uninhabited at the time of the count, the number is indicative of the extent to which the riverine area is utilized by households within the survey area.



Although some small-scale horticulture is practised in allu�vial silts in the wet season, sedentary agricultural devel�opments would not be compatible with the present semi-no�madic pastoralist system. Indiscriminate provision of water to existing dry season settlements would not of itself elim�inate the need for transhumance, if the present social econ�omy is to be maintained, and could lead to severe over-graz�ing. The negative environmental effects of the ill-consid�ered provision of artificial water points during the colo�nial period have been amply illustrated elsewhere in the Cunene region (Owen-Smith and Jacobsohn, 1991).

The national border between Angola and Namibia is, in essence, a colonial imposition on the defined territory of the Himba people. Thus lineages on either side of the border still recognise traditional rights of access to land and natural resources on both sides of the Cunene River.



Livestock



The principal economic activity of the population within the project area revolves around subsistence pastoralism of cat�tle, sheep and goats. While cattle have a limited commodity value and are bartered, bought and sold, their primary con�tribution to the household economy is in the form of a milk staple, butter fat, meat, leather and horn. The slaughter of cattle, however, is largely limited to ceremonial occasions.



In this respect cattle have an intrinsic socio-cultural value and are central to the social organization and func-� tioning of the Himba society. It must, however, be stated that Himba household herds are differentiated into sacred cattle (which are inherited through the patriliny and are never sold) and secular stock which is inherited matrilin�eally and may permissibly be sold. At present cattle repre�sent the principal store of wealth in the area and offtake rates are relatively low (see Paskin, 1990). However, this does not preclude the possibility for more commercial ex�ploitation of local matrilineal herds in the future. Although it was not possible to ascertain herd sizes within the survey area evidence from the Directorate of Veterinary Services suggests that households currently own an average of 50 to 100 cattle. More recent evidence suggests that herd sizes have grown further during the past two years.



Goats and sheep provide the major source of domestic meat and are slaughtered regularly (three to four times a month). As has happened elsewhere in the Cunene Region, it is likely that, as a consequence of the drought and the decimation of cattle herds in the early 1980s, there has been an increase in goat and sheep numbers in relation to cattle herd sizes. This will need to be investigated. Goats milk and goat and sheep skins are also utilized.



Fishing, Hunting and Gathering



Limited horticulture is practised along the larger seasonal rivers, particularly but not exclusively, by some of the ethnic sub-groups. Small-scale hoe farming also occurs in wetland silts on both sides of the Cunene River during the dry season. Although this form of domestic production is limited, it does represent an important supplement to house�hold diets.



No fishing by Himba people takes place in the Cunene River, as this society has a traditional aversion to the consump�tion of fish. As a pastoralist people the Himba do not tra�ditionally rely on hunting of wildlife as a source of meat. However, as a consequence of stock losses during the drought of the 1980s and the ready availability of firearms during the war years, wildlife populations were decimated by the local people, by officials of the former government and by the occupying South African military forces.



A significant number of wild plant foods are gathered for household consumption. These include plants used seasonally for food, medicine, ritual, cosmetics, household utensils, personal adornment and building materials. More than 100 species are exploited, and a number of these important wild plants only occur in the riverine area.



Wage Employment



Although a number of Himba men acquired employment in the armed forces during the war years, the majority of these jobs were lost following demobilisation. At present formal  wage employment is limited to a handful of government posts in Okangwati. Wage labour is virtually non-existent within the survey area. Although there is evidence that some young men are seeking employment outside of the area there is not a tradition of migrant labour among the resident population. The formal skills base among the adult population is there�fore extremely limited. This is likely to have a bearing on the recruitment of local labour for the construction of the proposed dam.



Social Services and Infrastructure



Due to the remoteness of the region, to the effects of the war and to the administrative neglect of the colonial gov�ernment, the Cunene region as a whole, and the survey area in particular, have a severe shortage of basic social ser�vices. This shortfall was also compounded by the Himba peo�ple's own stated rejection of social services such as schools and clinics.



There is just one school (a senior primary school at Okangwati) in the entire survey area. The school is a board�ing and day school with 11 teachers, none of whom are local inhabitants. About 230 children were enroled this year, which implies that the vast majority of children of school-going age are not receiving formal education. As a conse�quence, levels of literacy are extremely low among the younger population and virtually non existent among older generations.



Health facilities are similarly limited with a single clinic at Okangwati, staffed by one nurse and a clerk, serving a population of more than 4 000 people. The clinic is visited every two weeks by a doctor from Opuwo and is in radio con�tact with Opuwo hospital for emergencies. Clinic staff esti�mate that they treat 150 to 200 patients a week. The princi�pal ailment encountered is gonorrhoea, with some cases of malaria (in the wet season), colds, bronchial infections and diarrhoea. Only one case of malnutrition had been reported in the last two months and the community as a whole was per�ceived to be relatively well nourished and healthy. This perception must be qualified by the absence of comprehensive health data. Informal information suggests that alcohol abuse is a growing problem in certain centres, such as Okangwati. It is not known the extent to which traditional alcohol use/abuse patterns have altered in the past two decades.



Access to reticulated water systems is limited to a number of official buildings in Okangwati. A limited number of boreholes (9) and at least one small dam exist in addition to natural water sources.



There is a police station at Okangwati staffed by four po�licemen. The station however, at present has no electricity, no communications (radio or telephone) and no  transport. Maintenance of law and order and the apprehension of offend�ers is thus severely constrained. Crimes of violence are minimal and the major offence in the area was reported to be stock theft. Some stolen stock is being taken across the border into Angola. There are no Magistrates Courts in the area and criminal cases are heard in Opuwo. Traditional headmen and their councillors do, however, resolve domestic disputes and minor cases.



The survey area formally falls under the jurisdiction of the regional commissioner in Opuwo. However, over and above teachers, a nurse and four policemen, administration and ex�tension services are extremely limited. The Ministry of Agriculture, Water Affairs and Rural Development is in the process of building a rural development service centre which would imply the introduction of a more comprehensive exten�sion network. Although the Cunene office of the Ministry of Wildlife, Conservation and Tourism is based in Opuwo, and officials are active in the survey area, they have no formal base there.



The road network in the survey area is limited, with gener�ally poor road conditions. This has undoubtedly contributed to the isolation of the area. However, the road from Okangwati to Epupa is currently being upgraded.



Unlike other areas in Namibia, there is not an extensive network of churches. Three formal churches which are in existence at Okangwati, the most prominent of which is the Nederduitse Gereformeerde Kerk serves the school. Numbers of con�gregants could not be established, however, it is not likely that they constitute a significant proportion of the general population. This is particularly so, in that the traditional belief structure of the Himba people appears to be still relatively intact.



Apart from one radio at the clinic at Okangwati there are no official telecommunications in the area.



While social services on the Namibian side of the survey area are limited, they are virtually non-existent on the Angolan side of the Cunene River. Respondents reported that there is an emergency clinic at Oncocua (some 40 km inland), but that most serious cases are taken to Okangwati. There are no schools, roads are few and in poor condition and telecommunications are non existent. There is reported to be a police station at Oncocua.



Trends in Social Transformation



A noteworthy feature of the survey area is the resilience of traditional practices among the local population. This is reflected in traditional dress and adornment (the ubiquitous use of ochre by the Himba), domestic architecture and social and economic practices. This is not to suggest that the Himba culture is static or that customs  are not adapting or changing strategically. The remoteness of the region as in�dicated, has inevitably limited modernising influences. However, the resilience of traditional practices can in large part be ascribed to the economic independence of the resident population. While the influence of military occupa�tion and the recent increased influx of tourists has un�doubtedly had an influence on the local people, this has been tempered by the strong local economic base.



�10.2.5. 	Recreation and Tourism



At present tourism in the project area comprises private camping safaris and guided tour groups. Two tourist ventures exist at Epupa Falls: a campsite and a small, tented camp used mainly for exclusive fly-in safaris. A total of four permanent employees staff these enterprises, only two of whom are local inhabitants. Casual local labour is employed periodically. A similar camp is at present being developed at Swartbooisdrift upstream of the proposed reservoir area.



Despite increasing tourism in the area and the fact that colourful local traditions are a tourist attraction in them�selves, few direct benefits currently accrue to the local population. However, if sensitively developed, controlled eco-tourism could become a major source of income for the people of the region and a source of foreign exchange for Namibia as a whole.



10.2.6. 	Archaeology



As the only permanent river in this arid region, the Cunene would undoubtedly have been a focus for human ac�tivity from prehistoric times. At present, virtually nothing is known about the prehis�tory of the area and little was documented in early colonial times up to the middle of this century. The archaeology of the area thus provides an impor�tant source of material for any possible construction of a social history for this part of southern Africa.



It is known that cattle and sheep herding people were well established in south�ern Angola and north western Namibia by the time the 15th century Portuguese mariners first visited this part of the African continent (Pereiro dos Nascimento 1898; Delgado 1941). The proposed flood zone of the dam was also within the area where the most recently known stone-us�ing hunter-gathering people were "dis�covered" (McCalman and Grobbelaar 1965). Today most of these so-called Tjimba and Coroca people have assimilated into Himba society, although a number of adults who grew up as hunter-gatherers are still alive.



The Cunene valley thus holds evidence for two of the most important modern ar�chaeological issues that could elucidate  the pre-colonial history of southern Africa and her people: the time depth and origins of pastoralism in southern Africa and a transition from a hunting and gathering economy to that of domestic food pro�duction.



In addition, given the general failure of some 30 years of western aid and devel�opment intervention into indigenous forms of African pastoralism (Lusigi and Nekby 1991; Owen-Smith and Jacobsohn 1991; Wood 1990; Lusigi and Glaser 1984; Hogg 1983; Dyson Hudson 1983), it would be productive to further research and record the remarkably successful form of semi-nomadic pastoralism practised by the Himba people in northern Kaokoland and southern Angola. The development of the proposed dam will almost certainly be incompatible with the current semi-nomadic settlement pattern and if the dam is built, nomadism in this area is likely to break down rapidly and be replaced by more sedentary forms of economic activity. The settlement patterns and socio-economy of the Himba in the past, as well as at present, therefore need to be recorded before they are lost. In that re�spect, a super�ficial examination of the areas to be flooded by the pro�posed dam in both Angola and Namibia show scores of old herder sites that could usefully con�tribute to such re�search.



To date, almost no archaeological work has been done in Kaokoland, the north-western part of the Cunene Region, nor in southern Angola. This can be at�tributed to the remoteness of the region and to the war which effectively closed the region from 1980 up till independence. A small test excava�tion at Otjitati (Smith 1986) revealed an antequem date of 670 +-50 BP (Pta-4362) for the appearance of pottery and an on-going programme of ethno-archaeological research (Jacobs�ohn 1986; 1988; 1990; 1992 in press) has provided some insights into the history and so�cio-economy of the Himba people. Earlier anthropological work was undertaken by Malan 1974; Malan and Owen-Smith 1974; Steyn 1977; Estermann 1961 and this literature, plus field research over the past seven years, are drawn on to provide a brief historical and ethnographic overview.



Scores of old, collapsed ozon�ganda (homesteads) in the Cunene valley attest to many gen�erations of human settlement and activity. All the sites ex�amined appeared to be related to herder occupation.



Downriver of the Epupa Falls but within the proposed dam zone, several rock shelters and at least one large cave, were observed. All of these merit archaeological investiga�tion.



A large stone-tool factory site, just inland of the proposed flood zone, displayed hundreds of hand-axes, flakes, scrap�ers and cores. Raw materials included quartzite and gneiss. Scatters of small quartz flakes were  also recorded. Differential patina on worked edges of some artifacts sug�gests considerable differences in age between them and indi�cate that the site has been in long use.



Local informants claimed there were other such sites in the area and that stone artifacts as well as living sites that predate the herding economy, occurred along the river in both Namibia and Angola.



10.3		ENVIRONMENTAL AND SOCIAL IMPACTS



10.3.1	General



River inundation and the resultant man made lakes generate a complex net of impacts that affect the human, biological and physical components of the environment.



The first order impacts can be related to barrier effects (i.e. the dam) influencing the hydrology (flow regime), sed�iment load, water quality and plankton production. The loss of land and natural habitats (by inundation, construc�tion, rock waste disposal, access roads etc.) is another important first order impact.



Impacts on the flow regime and sediment load will generate secondary impacts on downstream channel geometry and sub�strate composition (i.e. bed material) for the biotic life. The combination of first and second order impacts will in�fluence the higher forms of aquatic life.



The transformation of a river and its adjacent terrestrial environment into a lake, will also directly affect the so�cial and economic welfare of people. Dams may furthermore in�crease the opportunities for the transmission of infec�tions and vector borne diseases.



As indicated above, the biogeophysical and socio-economic impacts of such a hydropower scheme could be considerable, however, and should be included when assessing project fea�sibility. In a preliminary impact assessment it is only pos�sible to stress the most likely impacts by the proposed pro�ject, based on experience and cur�rent information about the area and, if more data is needed, to suggest further studies and monitoring programmes to be carried out in a feasibility study.



This section focuses upon potential positive and negative impacts that the proposed development would have on the en�vironment of the region and suggests mitigatory and remedial measures that could reduce any negative impacts.



Any detailed assessment of the environmental impacts, cannot however, be made until after the dam design, opera�tional practices etc. have been decided. This preliminary assess�ment will therefore not focus on the obvious (and general) impacts but on those specific for the Cunene project, and how they will influence the Cunene river  system.

10.3.2	Impacts on River Hydrology



Many factors determine the precise effects of an impoundment on the hy�drological regime of a river. Some of those, as basin morphometry and surface area can produce effects com�mon to many reservoirs whereas the dam design and related operational procedures can generate a wide range of dis�charge patterns depending on the reservoir operation.



The existence of dams in the upstream catchment (cf. Section 5), has however until now only had a modest impact on the hydrological regime of the river in the project area and its downstream reaches because:



  .	The Gove dam has approximately been kept at a constant level during the Angolan civil war and has therefore not been used for river regulation.



  .	The Matala dam, and its related irrigation projects, has for the same reason only been used and developed to a lim�ited extent and the (still un�completed) Calueque dam is too small to influence the general run-off pattern of the river.



  .	The weir at Ruacana does not permit long term storage of water, but influence the dry season run-off by short term fluctuations according to the power demands.



The inundation of water at Epupa Falls will however have an impact on the natural flow regime as the sea�sonal fluctua�tions will be controlled by storage of wet sea�son run-off for subsequent release during periods of low flow.



During "normal" years the Epupa reservoir will function like an ordinary reservoir, filling up during the rainy season to it’s FSL, decreasing in vol�ume during the dry season, creat�ing a zone of fluctuating reservoir water level below the FSL. Climatic and hydrological records however, (cf. Chapter 6) indicate dry spells for instance during the hydrological years 1971/1972 to 1978/1979 and 1980/1981 to 1983/1984. From an environmental point of view the dry-spells will com�plicate the situation in both the reservoir and in the down�stream areas.



During normal years the dry season flow will increase during approxi�mately 60 per cent of the time and the peaks reduced proportionally. During periods of subsequent wet years, the reservoir level is likely to be kept at a rather constant high level with minor fluctuations only.



10.3.3	Impacts on Water Quality



The quality of natural river-water is controlled predomi�nantly by the climatic and geological characteristics of the river basin. Water storage in an open reservoir induces physical, chemical and biological changes within the im�pounded water. Many factors influence the quality of reser�voir discharge, among those the forces capable of generating reservoir stratification, and hence discharges of different quality from different release elevations are particularly important.



Natural rivers commonly contain four important cations (calcium, magnesium, sodium and potassium) while chloride, sulphate and bicarbonate are the predominant anions. Soil disturbance, drainage and vegetation clearance increase con�centrations of NO3, SO4 and Mg.



The chemical composition of stream water released from a reservoir will differ from that of the inflows. In reservoir of a short retention time the dissolved oxygen may for in�stance approximate those of the influents, whilst longer residence time favour the development of oxygen deficit, the release of hydrogen sulphide and the development of anoxic bot�tom water. Long water retention time furthermore favour other changes in water quality such as changes of tempera�ture, salt content.



As illustrated by the catchment description and water qual�ity data (Sections 5.2 and 5.3) the Cunene water is of a good quality in terms of pollution. Reasons are the limited agricultural land use and irrigation, the large areas natu�ral vegetation and the existence of vast flood plains of al�kaline sediments in�creasing the pH value of the river water.



A full development of the upstream irrigation projects etc. in the catchment area will have a negative impact on the wa�ter flowing into the Epupa reservoir by transporting, not only an increased amount of nutrients into the lake, but also pesticides and herbicides, that to�gether with the dis�solved salts will be concentrated by evaporation.



As the basin fills up, the organic, inorganic and biological nature of Cunene River water will be modified as a result of the operation practices, the natural water quality and the aquatic life. As the water backs-up behind the wall, vegeta�tion and slow-moving animals will drown, decom�pose and re�

lease nutrients in the lake. Such nutrient re�leases will lead to huge increases in phytoplankton includ�ing toxic species such as Microcystis aeruginosa.



There is also good potential for infestation of the dam basin with alien aquatic vegetation (Table 10:8) such as Kariba Weed (Salvinia molesta), water hyacinth (Eichornia crassipes), water fern (Azolla filiculoides) and water let�tuce (Pistia stratiotes) under these conditions. This will have an ef�fect on the quality of the water within the flooded area and downstream. In such a case water losses by 





















TABLE 10.8 Aquatic plants with potential pest status. Reference was made to Davies 1986 and Goetze unpublished.



1.	Plants of major importance



1.1	Free-floating



Pistea stratiotes L. (Water lettuce) not an alien by invasive in new condi�tions. Can block channels and form suds and cause trouble at turbines.



1.2	Rooted or sud forming



Cyperus papyrus L. (Papyrus) can encroach and form suds but is considered bene�ficial to fish and invert�ebrates.



Typha spp. (Bulrush) can become troublesome in chan�nels.



Nymphaea caerulia (Water lily) can cover small dams.



Potamogeton sp. (Pondweed) with 11 species recorded from South Africa; can cause problems and cover small dams.



2.	Potential pest species



2.1	Free-floating



Eichhornia crassipes (Water hyacinth) can cause major problems.



Salvinia molesta (Kariba weed) can now be controlled with the wee�vil Certoibagus salvinae



Azolla africana (Water fern) causes problems on Zambezi lakes



Ceratophylum sp. was a problem in Volta Lake in the 1970's; it provides habitat for bilharzia host snails.

2.2	Rooted



			Chara sp.		Marsilea spp.	Otelia ulvifolia

			Phragmites spp.	Ludwigia spp.	Nymphoides spp.













































Fig 10.1 The Lower Cunene Drainage Basin. 

The dense drainage net downstream of Ruacana is, excluding the main river, composed of ephemeral streams (washes). The surface area of the Caluque "reservoir" is shown as it is during normal floods (1a) and  as it will be if the project is completed (1b). The outline of the Epupa reservoir is based on 700 m contour.





Evapotranspiration will have a negative impact on the pro�ject.



As the lake fills, gradients of nutrients, oxygen and avail�ability of light will develop. In summer, these affects will be further defined by surface heating and stratifica�tion of the water body will occur. The lower layers of wa�ter will become anoxic and hydrogen sulphide will be produced from anaerobic decomposition of organic matter. In the sur�face layers, planktonic algae will flourish, depleting nu�trients as they die and fall to the bottom. In winter, the surface waters will cool and mix with the anoxic but nutri�ent rich bottom waters. This could cause fish deaths and a spring surge of phytoplankton and macrophytic growth. Such an un�stable stage in a new lake may last for many years and possibly de�lay the potential for fisheries development (Davies and Day 1986).



After the inundation a period of increased organic produc�tion can be expected (resulting in oxygen deficit etc.) un�til a balance is established in the new lake. During periods of normal river discharge the reservoir water level is ex�pected to be high and the water retention time long which favour the stratification of reservoir water.



A full assessment of the water quality changes, in relation to the proposed operational practices and the catchment de�velopment can however, not be made at this stage of project development and has to be completed during the feasibil�ity study.



10.3.4	Impact on the Geoecological Environment



Reservoir sedimentation



The sediment transport by the main river into the reservoir will be in the range of 1.1 million metric tonnes per year. Most of the suspended load will be deposited along the  present river channel in the reservoir (cf. Jansson and Rodriguez 1992).The vast areas of inundated colluvial footslopes will therefore more or less retain their surface soil cover of coarse grained colluvium, excluding areas of active shore�line development and areas acting as deposition zones off the influent washes.



Because of the high amount of bed-load transported by the main river the reduced flow will cause an upstream deposi�tion of coarse material changing the river channel into a braided pattern influencing the riparian zone upstream from the inundation level (i.e. 700 metre contour).







































































Fig 10.2  The Reservoir Catchment (i.e. ephemeral stream drain�ing directly into the reservoir). 

Especially the northern influents carry large amounts of bedload directly into the reservoir when flooding. The southern area is characterised by large sediment storage in an east-west valley parallel to the Cunene. Based on Landsat MSS data.



The Cunene riparian zone is likely to be affected within the nearest kilometres upstream of the reservoir whilst the river bed can be affected further upstream.



Coarse material (sands) transported into the reservoir by the ephemeral streams, will in a similar fashion cause an increased deposition of sand in their channels upstream of the full supply level. As the water level is likely to be kept high during subsequent wet years (cf. 10.3.1.) favour�able conditions for the creation of tributary coarse material deltas (alluvial fans) will develop.



The reservoir area



The steep hillslopes and colluvial footslopes around the fu�ture reservoir are vulnerable to an increased soil erosion, especially if the access to reservoir water will increase their use as grazing lands. The degradation of land at the reservoir may be more hazardous for both the environment and the project (i.e. the reduction of reservoir storage volume) if not a careful land use and conservation plan is made of the future of the reservoir region.



The development of the reservoir shorelines will depend on the land characteristics (ie.. land-units) and the exposure. Small sections of sandy shores will develop at the mouths of the seasonal streams. Stable shores will be created along the steep hillslopes as both the size of the reservoir (i.e. the fetch), the likely regulation programme and the charac�ter of future shoreline material do not favour the develop�ment of active shore-line erosion or land-sliding.



Muddy shores are likely to develop only in those flat areas where shallow water will prevail during long periods of  time (i.e. within parts of the northern (Angolan) sub basin.



The suggested land-use plan also has to include a plan of safe (for health reasons) access to reservoir water in rela�tion to the furore shoreline character.

Downstream impact



Downstream the deposition of sediments in the Epupa reser�voir will have a limited impact on the channel morphology, that is confined to the bedrock structure throughout the gorge section. The present channel morphology is dominated by bed-rock exposures and boulders. Minor point bars down�stream of rock spurs and river bends indi�cate a present  balance between the flood discharge bed load transport.



An increased erosion and transportation of the sediment, at present in channel storage, out of the gorge section will oc�cur after the inundation until a new balance is reached between the sediment input from the seasonal tributaries and the bed-load transport of the main stream.

























































































Fig 10.3  Outline of the Proposed Reservoir Area Based on 700 metre Contour. 

The impact of inundation continues for about 3 km upstream the main river. Damsite A is located upstream of the Epupa Falls. Alternative B will inundate also the waterfall area.











































































Fig 10.4  Possible Geoecological Development of the Proposed Epupa Reservoir. 

Arrows indicate major washes entering the reservoir (cf Fig 10:2). I most of the western area the shorelines will be developed  within the steep-hillsl�opes (Land-unit I). The eastern area is characterized by collu�vial footslopes. Silt deposition will take place mostly along the main channel of the former river and in closed area off the major ephemeral streams.



Downstream of the project area the greatest impacts on the geoecological environment (especially erosion and sedimenta�tion processes) can be expected in the river mouth area. As previously described (Chapter 5) this area is the most geo�morphologically active zone in the Cunene basin. The geomor�phological system of process interaction is sensitive to en�vironmental changes such as reduction of flow.



A reduction of flow in the lower Cunene will at first con�centrate the outflow to the northerly low discharge outlet (cf. Chapter 5), as the coastal beach drift will close the temporary flood discharge channels in the centre of the es�tuary. A further reduction in river discharge may, at least during periods, close the outlet to the ocean because of the beach drift.



At present the floods are likely to balance the aeolian in� put of sediments and the coastal sediment transport. The re�duc�tion of peak floods may however distort this balance and the entire ecology of the river mouth area. It is therefore recommended to focus the geoecological surveys during feasi�bility study to an assessment of the impacts on the river mouth area and the related coastal and marine environments (cf. 10.3.5.).



10.3.5.	Impact on Flora and Fauna



The reservoir area



The vegetation of the steep hill slopes will not be exten�sively affected by the dam construction process or the fill�ing of the dam. Some vegetation will be destroyed during the process of construction and by the infrastructure re�quired for the process and some will be flooded during fill�ing of the dam. After flooding, the steep hill slopes will abut di�rectly on the high water line in some areas. This may result in greater erosion as livestock concentrates around the wa�ter's edge for drinking and for moving from place to place. Greater erosion, in turn, will reduce even further the al�ready limited potential for germination and re-establishment of woody and other plant species in the area. None of these impacts can be considered major in a regional vegetation context. Game will not be significantly affected.



The vegetation of the colluvial foot slopes will be af�fected in a similar way to that of the steep hill slopes. After the basin has filled, large areas of this new habitat may be completely inun�dated or abut onto the high water line. In areas where the flood plain habitat and associated home�steads have been eliminated, overgrazing and trampling of the colluvial foot slope habitat may actually be reduced. Game will not be sig�nificantly affected.



With flooding, the lower reaches of the intermittent stream courses and ground water bushlands may be en�tirely elimi�nated in those washes closer to the dam wall. With the elim�ination of the Cunene flood plain habitat, the flood plains of the dry washes will become the only avail�able sites for homesteads and agricultural activities. The impact upon this habitat, by people relocated from the inun�dated area, could be great. All the problems of overgraz�ing, tram�pling and de�structive use of the woody vegetation will in�crease along these ephemeral water courses, as more people are concen�trated in the few suitable areas for habi�tation and the pop�ulation continues to increase. While this will have a great affect on the local human population, its con�sequences on a regional vegetation scale are not great. Habitat for any re�maining game will become more restricted as the human popu�lation increases in this area.



Relative to its total cover in the area, the vegeta�tion of the Cunene River riparian zone will be most severely af�fected by the hy�dro-power scheme. From immediately below the greater con�struction area associated with the dam wall to the upstream limits of the flooded basin (approximately 75 km) the Cunene flood plain and its associated vegetation will be elimi�nated. As the fluctuating water level and other factors will prevent re-establishment of a flood plain, this vegeta�tion has no chance of becoming re-established along the edge of the flooded basin.



The people currently inhabiting the area live mainly along this flood plain. Their homesteads and plots for maize cul�tivation are located there and they use the woody vegetation from this area in a variety of ways. Wild animals dependent on this vegetation, or stream conditions, will be unable to traverse the basin area and those upstream will be cut off from the downstream reaches of the Cunene. The remaining isolated populations to the west of the dam would become re�duced with time. The feasibility study EIA should address this point.



The reservoir



All vegetation dependent on flowing water, including the po�dostemaceous flora of the falls area, will be severely af�fected in the area of the hydro-power scheme. Should Dam Sites B be used, the podostemaceous flora of the falls will be totally eliminated from this region and probably from Namibia.



An entirely new terrestrial habitat will be created by the flooding of the basin behind the dam wall. Large variations in water level are too rapid for the establishment of most terrestrial or aquatic vegetation along the lake margin



This habitat (depending on the land-unit) will be charac�terised by intermittent flooding, little soil and probably heavy trampling by livestock gaining access to wa�ter.



There is potential for the establishment of a quick-growing flora, probably invasive in nature, dominating this area. The po�tential for the growth of seasonal grazing below the FSL during low water levels in the proposed dam is unknown 

and needs to be explored further. However, evidence from the von Bach and Hardap dams, lying within similar rainfall and edaphic regimes, suggests that gains of this nature are likely to be limited The feasibility study EIA should ad�dress this area.



It is unlikely that any of the slower-growing species, par�ticularly woody species, will ever become re-established in view of the fluctuating water level and the continuous expo�sure of this habitat to livestock.



Game will not be signif�icantly affected by the presence of this new habitat.



If large areas of mud will be exposed in the during draw down drying silt could cause dust problems. When the dust is blown onto the lake, the surface waters will be enriched with nutrients in the summer growth peri�ods.



The water quality changes related to the limnological devel�opment of the reservoir have been discussed in section 10.2.2.



Downstream impact



The Cunene River downstream of the dam wall passes through semi-arid to arid desert areas. Consequently there are no perennial tributaries and only a few ephemeral side washes that may flow for a few hours to days during exceptional rainfall events. All geomorphological processes and biota depend on the water provided by the Cunene itself.



Alteration in the flow regime is perhaps the most important effect of the impoundment on downstream processes (cf 10.3.1 and 10.3.2.). Reduction in the amplitude of the natural flow will be especially sig�nif�icant in the Cunene River as it naturally exhibits large fluctuations of intra- and inter-annual flow. The feasibil�ity study EIA will have to estab�lish ecological water re�quirements for the area downstream of the dam.



Reduction of annual floods can eliminate spawning triggers for many fish species, thus reducing diversity as well. Reduction of flood variation encourages littoral vegetation which often causes mosquitoes and black fly to flourish. Invasive surface macrophytes and benthic algae may also be enhanced with consequent negative effects on water quality and human and livestock health.



Rapid water level fluctuations can adversely affect species such as crocodiles, otters and waterfowl that breed close to the water's edge. The fluctuations of water level resulting from the Ruacana Hydroelectric Scheme have already affected the recruitment of Tilapia rendalii a fish species with good potential for the development of a fisheries (van Zyl, 1991) and probably other fish species.



Temperature changes downstream will depend on the imposed flow regime and could have a major impact on all biological and ecological processes and ultimately on populations and species (Simmons et al. in press). Alterations that could prove important include daily range, annual range, seasonal temperatures including maxima and minima and seasonal rates of change.



Downstream flows tend to have lower sediment loads, as the dam silts up, and this has a direct influence on water  clar�ity and temperature. Some organisms e.g. phytoplankton bene�fit from increased light levels. Reduction of silt can also af�fect the nature of sand banks and reduce nutrient concen�tra�tions.



The feasibility study EIA will have to address the above factors paying particular attention to impacts of altered flow regime, level fluctuations, thermal regime, nutrient levels, plankton and macrophytes, dissolved gasses, dis�solved salts, detritus and silt. Biological components of the downstream system that will be influenced and must be considered include riparian vegetation, aquatic vegetation, species diversity, biotic productivity, migratory movements and life-cycle phenomena.



The Cunene Mouth estuary and the sea



The Cunene estuary will be influenced by changes in flow rate and silt load and by volume reductions (Simmons et al. in press). These factors determine the structure, the salt/fresh water balance and the biological composition and processes and control encroachment of dunes into the estu�ary. In turn, physical and biological conditions in the river and estuary may possibly influence the pelagic ecosystem off�shore.



The fauna of the Cunene River, from the eastern edge of the inundated basin to the sea, will be seriously affected by the Epupa hydro-power scheme. As noted previously, the species diversity downstream will be influenced in unpre�dictable ways that might include an increase in pest species and a decrease in those species that are isolated there. The feasibility study should address this point in detail and recommend remedial and mitigatory measures.



The feasibility study EIA will have to address the above factors paying particular attention to impacts of altered flow regime and other influences on estuarine and marine systems.



10.3.6	Human Settlements and Population Dislocation



In assessing the likely impacts of the proposed dam on the social economy of the surrounding area, it is necessary to distinguish between the short-term impacts experienced dur�ing the construction phase and longer term impacts following inundation of the basin. These distinctions will be dis�cussed in the section below.



As indicated by the socio-economical survey, the population which would be directly affected by the flooding of the Epupa basin would vary according to season. While there are virtually no permanent residents in the flood zone, the area is seasonally used by several hun�dred stock owners within a radius of 50 km on either side of the Cunene River. In drier periods and in times of drought this  functional zone extends further afield.



Consequently, while human relocation in the conventional sense (removal of permanent residents) might not be neces�sary, the effects of the loss of land, graz�ing and riparian resources are nevertheless likely to be profound. The ripar�ian re�sources exploited during the dry season are based on a combination of a high wa�ter table from the Cunene and deep alluvial silts. Such riparian growth will not easily estab�lish itself on the shallow soils of the proposed lake perimeter.



It is therefore likely that the centuries old patterns of transhumance that form the basis of the local Himba social economy will break down. Inquiries as to possible sites for dry season relocation of communities to be displaced by the proposed dam yielded a negative response, as such a move was perceived to be likely to put in�creased pressure on popula�tions and grazing further inland. Potential relocation of the population in the survey area and the affects on grazing resources will therefore need to be studied in greater de�tail during the feasibility phase. The pre�cise number of people directly and indirectly affected would also need to be estab�lished.



It is possible that the loss of traditional transhumance patterns, and an ensuing loss of local economic indepen�dence, could be partially offset by the provision of perma�nent employment and social services in the relocation area. It is likely, nev�ertheless, that the loss of economic inde�pendence will give rise to a community which is, in the ini�tial phases at least, largely dependent on external and costly inputs from government for their welfare.



10.3.7.	Population Influx into the Area



The influx of an estimated 1 000 workers during the con�struction period of be�tween four to five years will in�evitably impact on the social economy and culture of the resident population. It is to be expected, given the low formal skills base of lo�cal Himba people, that the majority of the workforce will need to be recruited from outside the region. Given that the resident labour force are likely to interact with the resident population to a considerable de�gree, the introduction of new social be�haviour patterns, new values and new material aspirations is inevitable. The full extent of these changes cannot be anticipated but it is likely that many of these will have a profound and not nec�essarily positive affect on the Himba society.



The need for recreation and entertainment among this labour force is also likely to give rise to the establishment of more liquor outlets and will be conducive to the growth of alcohol related social problems and prostitution, the latter hitherto un�known in the area.



It is also likely that the prospects of acquiring employment on the construction site will attract numerous job-seekers from both within the survey area and con�siderably further afield in Namibia and Angola. The growth of unemployed squat�ter communities may thus be anticipated. (See for exam�ple, the experiences of the Lesotho Highlands Water Scheme, Munnik, 1992). Health and social conditions in such squatter camps are likely to be poor and the possibility exists for an increase in malnutrition-related diseases, social con�flict with the local population, and crime (stock-theft in particular).



10.3.8	Human Health



The snails essential for the life cycle of bilharzia (Bulinus globosus) live in the Cunene River although the disease is not yet known from the area. Previously unknown in neighbouring Owambo, bilharzia has suddenly become very common in localities within the Oshana region. Establishment of bilharzia in the Cunene is an almost inevitable conse�quence of development in the area as infected people are bound to be attracted to the area. This point should be ad�dressed in the feasibility study EIA.



Malaria is endemic in the Cunene River valley. Its preva�lence will undoubtedly be enhanced during the development activities primarily because of an increase in breeding habitat of Anopheles mosquitoes in the region of inundation and in the slower flowing downstream regions and an increase in human population. This impact should receive attention in the feasibility study EIA.



Black fly (Simulium species) thrive in identical habitat as Anopholes mosquitoes and African river blindness could be�come a medically important problem. This issue should re�ceive further attention in the feasibility study EIA.



The potential for other medically important, free-living or�ganisms to be fostered by development activities should be investigated in the feasibility study EIA.



With the exception of certain venereal diseases, which have become endemic in the area, and incidences of malaria, the population in the survey area as a whole appear from infor�mal evidence to be well nourished and relatively healthy. No cases of AIDS have yet been recorded in the survey area. At present there is no ev�idence of bilharzia in the Cunene River although the host snails are present in the river sys�tem.



The problems of health universally associated with dams and their construction would inevitably apply in the survey area. These relate to the introduction and spread of sexu�ally transmitted diseases (AIDS in particular), an increase in the incidence of malaria, hepatitis, tuberculosis and  the possible introduction of bil�harzia. These potential impacts will need to be studied in considerably greater de�tail, as will the introduction of programmes to minimise the impacts.



In that respect, it would appear essential that the influx of labour for the construc�tion of the dam be preceded by the establishment of a comprehensive primary healthcare network, and programmes to alert the local population of the dangers of AIDS and other sexually transmitted diseases.



Further in�vestigation into the poten�tially negative health impacts including a plan for the establishment of base-line data and monitoring will need to be undertaken during the feasibility study.



10.3.9.	Impact on Human Land-Use



Communities that seasonally spend time along the Cunene river use a wide vari�ety of riparian resources unavailable or scarce in other parts of the Cunene Region. Of particular importance to livestock during the dry season are: the pods of the Anaboom (Acacia albida) for cattle, goats and sheep; browse from the mus�tard bush (salvadora perica) for goats; young shoots of reeds (phragmitis) for cat�tle; wetland stoloniferous grasses (Cynodin) for cattle, goats and sheep; and sedges (Scirpus, Juncellus and Cyprus etc.). Trees along the river also provide shade for young livestock (kid goats in particular) and for people themselves.



Over and above loss of graze and browse along the river, the people themselves eat the fruits of the fan palms (Hyphaena ventricosa); mustard bush (Salvadora per�sica), and other wild plants. This vegetation becomes particularly important in times of drought, during which time people spend most of their time along the river.



Although limited horticulture already exists along the Cunene and seasonal river banks in the survey area, there is no tradition of sedentary agriculture among the dominant Himba population. As indicated above, some sedentary agri�culture is practised by other ethnic sub groups living among the Himba. While pastoralism is the preferred form of pro�duction, agriculture has also been constrained by eco�logical factors including the poor soil regime and erratic rainfall. The only truly reliable agricultural production at present is on the alluvial wetlands of the Cunene River. The impor�tance of the loss of seasonal gardens along the river wet�lands would need to be investigated and, in particular, the extent to which this could be offset by the introduction of small scale irriga�tion projects or development of foreshore agriculture.



Improved road access and the establishment of local markets  could facilitate a shift towards more commercially based livestock farming. This, however, is only likely to come about with a simultaneous break down in existing social and cul�tural practices which ascribe non-commercial value to cattle.



The potential for developing a fishing industry on the lake, both for local and na�tional consumption, needs to be inves�tigated by experts in this field. It should be noted, how�ever, that the majority of the local population have a cul�tural aversion to eating fish. Nevertheless, it is probably that this cultural restriction would break down in the fu�ture, particularly among the younger generation.



10.3.10	Impacts from Infrastructure Development



The terrestrial vegetation directly affected by the estab�lishment of supporting infrastructure for the hydro-power scheme will be mainly of the steep hill slope and colluvial hill foot slope communities in the project area and in areas directly affected by power-lines and access roads.



More significant than those specimens directly eliminated, will be:



  -	the possibility of extensive erosion, particularly on the steep hill slopes, that would affect large areas of vegeta�tion;



  -	the access pro�vided for commercial exploitation of some of the rarer plant species with unusual veg�etative forms and for poaching of game;



  -	and the introduction of invasive alien plant and ani�mal species.



In summary the most important environmental impact is re�lated to the improved access to previously rather remote ar�eas. Planning the access roads to the site in relation to an improved access to the established national parks and sug�gested nature reserve (cf.10.3.16) can if the conservation aspects are applied reduce the negative aspects of the de�velopment.



From a socio-economic point of view, it is likely that the construction of the dam would bring such benefits as im�proved roads, improved telecommunications, schools, clinics and extension services to the area. The ready availability of electricity throughout the project area could also facil�itate and up�grade development in the spheres of education, health, agriculture and commer�cial ac�tivity.

10.3.11.	Socio-Cultural Impacts



The socio-cultural impacts of the proposed dam are likely to be far-reaching both within the construction phase and sub�sequently. As indicated above, the influx of large numbers of people will lead to changes in patterns of social be�haviour. While change is inevitable, the pace with which changes are introduced will influence the  communities' abil�ity to adapt and evolve new social values, structures and strategies to cope with modernisation processes. The con�struction of the dam and the influx of large numbers of peo�ple during the construction phase is likely to precipi�tate rapid, possibly uncontrollable, changes with the consequent potential for social disruption.



The ensuing dis-empowerment of the local population through reduction of eco�nomic independence and loss of control by traditional leadership structures could complicate efforts to introduce alternative development programmes. The social cohesion of this area is therefore likely to be adversely affected.



Considerable contact exists between lineages on either side of the Cunene River. These extend to attendance of mutually important ceremonies, barter and familial visits. Although this access will not be totally severed by the construction of the dam, it is likely that contact will be impeded by the large body of water between banks.



The flooding of ancestral grave sites, including the grave of the grandfather of Headman Hikominue Kapika, Headman Tjihaka Kapika (Angola) and Councillor Kapira Kapika (Angola), along the banks of the Cunene River, on both the Angolan and Namibian sides, is likely to emerge as a major issue. As previously indicated, the traditional belief sys�tem of the local Himba population is still rela�tively intact and reverence for ancestors is a major feature of this sys�tem. Ceremonies are held near grave sites of important lin�eage heads on certain an�niversaries of the deceased's death. Over and above this, the grave sites of all re�cently de�ceased family members are also of importance to the people in the area.



Some sacred fire sites of prominent deceased men are also regarded as of reli�gious significance. Some such sites ap�parently occur in the proposed flood zone.



10.3.12	Impact on Water Supply



At present the main river and the seasonal streams are the main sources of water for man and beast in the area. The in�tensive use of the water resources of the riparian zone dur�ing the dry season may be compensated for by safe access  the reservoir water (cf. 10.3.9).



The seasonal streams are also used for water supply during the dry season, as the sandy riverbeds conduct ground water from their upstream catchment areas. Rock thresh�olds create natural springs in the river beds and the shallow ground wa�ter is also easy to access elsewhere along the intermittent stream beds.



The seasonal steams are at present used as ground water  sources within colluvial footslope zone, most of which is going to be inundated. It is therefore suggested that the feasibility study plan for a safe (also taking into account the health aspects) wa�ter supply for human consumption after inundation. Pumping from the reservoir to sub-surface stor�age in sandy deposits (to avoid infections and evaporation losses) is one possibility to explore in the future.



Downstream of the gorge the satellite inventory reveal shal�low ground water near Marienflu . To what extent that ground water is sup�plied from the Cunene or its ephemeral tributary is diffi�cult to say. The possible temporary reduction of the total flow down�stream of the Epupa Falls calls for a survey of which mini�mum discharge is required to maintain a reason�able water supply.



10.3.13	Safety Aspects



The Epupa reservoir will be located in an area of rather stable geology (cf. Chapter 7). The downstream areas are sparsely populated and an eventual dam break will cause lim�ited human disasters in the downstream region. Nevertheless the safety aspects have to be considered especially in plan�ning the construction phase (cf. 10.3.14). as for instance a sudden release of water from temporary dams or diversion channels will cause a non-reversible impact on the sensitive river mouth environment.



The sparse vegetation cover of the proposed inundated area eliminate much of the hazards of floating debris. A feasi�bil�ity assessment has however to be made of the likelihood of the development of floating debris from the existing woody vegetation species in the reservoir.



10.3.14	Pollution



Special attention must be taken during the planning stage to ensure that all reasonable environmental precautions are considered and their economic and environmental implications evaluated. During the construction phase, at which time a variety of short-term activities will have negative impacts, special attention must be given to eliminate unnecessary im�pacts of short duration with long-term consequences, such as reducing the risks of an increased turbidity of the river by tailoring works to the run-off pattern of the river.



Necessary mitigatory measures for downstream environment would require ecologically appropriate regulation of water discharge. Dam design and operational practices can reduce the negative impact.



The feasibility study EIA should inves�tigate and recommend appropriate organisational structures and decision making procedures to support essential mitiga�tion activities.

10.3.15	Archaeology



The proposed Epupa dam will inundate large tracts of the Cunene. As the only permanent river in this arid region, the Cunene would undoubtedly have been a focus for human ac�tiv�ity from prehistoric times. At present, virtually nothing is known about the prehis�tory of the area and little was docu�mented in early colonial times up to the middle of this cen�tury. The archaeology of the area thus provides an impor�tant source of material for any possible construction of a social history for this part of southern Africa (cf,10.2.6.).



To date, almost no archaeological work has been done in Kaokoland, the north-western part of the Cunene Region, nor in southern Angola.



In view of the dearth of research in this area hitherto, it is essential that before any further disturbance of the pro�posed inundation zone takes place, (including road building activities), a full and systematic archaeological survey of the area should be undertaken.



10.3.16	Impacts on Recreation, Tourism and Nature Conservation



The tourist potential in the survey area at present is based on the scenic attraction of the natural environment (Epupa Falls and the riverine vegetation, in particular). The colourful traditional attire of the resident population also con�tributes to the appeal of the area. As currently packaged by tourist operators, the Epupa area is mar�keted as part of one of the few remaining "wilderness" areas on the sub-con�ti�nent; in that respect, the undeveloped nature of the area unquestionably contributes to its appeal.



The loss of the area's natural integrity by the creation of an artificial lake is likely to prejudice the marketability of the area. The changed environment will have limited ap�peal for eco-tourism.



Although a large expanse of water has potential for the de�velopment of alternative recreational and tourist attrac�tions including water sports, its distance from ma�jor cen�tres in both Angola and Namibia makes it unlikely to be able to compete with dams such as von Bach and Hardap which are easily accessible.

 

Experience from projects in other remote areas developed for exclusive tourism (cf. Bäck et.al 1989, 1990), indicate a change of the tourist popula�tion, from long distance visi�tors interested in the wilderness and re�moteness of the area to local and short term visitors taking advantage of the new infrastructure to utilize the area for other purposes.



A fairly recent study of local tourism in Southern Africa predicts few changes until the turn of the century, which means that Namibia in total will re�tain about 1.8 % of the local South African tourist market (cf. Ferrario 1986).



The tourist potential of the Caluque reservoir was briefly discussed, in a report prior to its construction (SWAWEK 1966). Speculations in that re�port how the creation of a large water-body could attract overseas and lo�cal visitor are of little significance today and no conclusions can be drawn that are valid for the current project.



Many overseas visitors come to Africa because of the game parks. Well-established centres for tourism like the East African and the Southern African game parks will continue to attract the bulk of overseas visi�tors. The European travel industry, however predicts that the develop�ment of more ex�clusive forms of tourism like individual (or small group) safaris to remote and unique areas (eco-tourism), will con�tinue to develop, i.e. to areas like the Okavango, the Etosha pan and the Lower Cunene.



Despite the fact that wildlife in the area has been severely depleted there is poten�tial for the re-introduction of many species which would add to the marketability of the area for eco-tourism (for example, black-faced impala, a Red Data species, previously common in the area)



As existing and proposed conservation areas are situated close to the project area, and will be affected by the project it is important to co-ordinate the project develop�ment with an improved conservation plan for the Cunene valley.



Access roads to the new power plant can be planned in such a way that they give access to the surrounding national parks and nature reserves. Including parts of the project area (i.e. the reservoir) in a larger game reserve or nature re�serve, can reduce the negative impacts of the project and perhaps also have a positive in�flu�ence the tourist poten�tial. This issues needs further in�ves�tigation.





10.4.		ASSESSMENT AND RECOMMENDATIONS



10.4.1	Assessment



The preliminary impact assessment of the Epupa project is  based on current informa�tion and on data collected during very brief site visits. It has identified the most criti�cal study areas and objectives to be assessed by the subsequent feasibility study.



For such a study, however more data has to be generated both for the assessment per se and as a base-line for future en�vi�ronmental monitoring aiming at reducing the negative im�pacts of the project.



The preliminary impact assessment has shown that the envi�ron�mental impacts of the proposed reservoir and river regu�lation scheme will be concentrated in the reser�voir area and the down�stream reaches, especially to the estu�ary.



The environmental impact of inundation, such as loss of wilder�ness and specific habitats, cannot be reduced by pro�moting any of the dam-site alternatives or inundation lev�els. The initial loss of land and habitats is the most im�portant environmental change, modifica�tions of the reservoir levels and alternative dam sites will only be of marginal interest.



The lost environments can hardly be compensated for, but any future negative (secondary) impact can be reduced by a care�ful planning of the reservoir area. Such a land-use plan can for instance advise on safe access to the reservoir wa�ter(health risks) and how to reduce land degradation and sedimentation by erosion of land close to the lake. Such a plan also has to in�clude other conservation aspects like wildlife and protection of sensi�tive habitats at the reser�voir and investigate the possibilities of foreshore cultiva�tion and grazing and the development of fisheries.



The preliminary socio-economic assessment has shown that the proposed reservoir will influence the transhumance of the Himba herdsmen. Based on experience from the current pro�ject, the so�cio-economic assessment also addresses the need for the develop�ment of proper information channels to and from the local herdsmen. Further studies are needed to as�sess the number of people affected and to what extent the tradi�tional land-use will suffer and/or benefit from the en�viron�mental changes.



The archaeological reconnaissance has indicated the need for a pre-impoundment archaeological inventory of the reservoir area. Artifacts and other findings already indicate a long human land use history of the riparian zone, which can be�come a key area in explaining the regional cultural links of the past.



The infrastructure developments (access roads, power lines, quarries, building sites etc.) will have only a limited im�pact per se on the environment. Secondary developments, fa�cilitated by the improved access to the land, will however  cause envi�ronmental impacts of a higher magnitude (impacts on vegetation and wildlife).



Also the socio-economical impacts related to the infrastruc�tural changes have to be assessed and monitored during and af�ter the construction period.



The good water quality of the Cunene can be explained by the natural catchment characteristics and by the limited agri�cul�tural development within the basin. Base-line water qual�ity data are essential to assess the probable water quality changes of the reservoir. Therefore water quality monitoring before, during and after the construction period is essen�tial in order to assess both the future water qual�ity of the reservoir, its fishery potential and the downstream environ�mental impact.



When assessing the geomorphological process activity of the drainage basin the river mouth area was found to be the most geomorphologically active. An interesting interaction be�tween fluvial, aeolian and coastal processes maintain a sed�i�mentologi�cal system of importance not only for the estuary itself but also in maintaining shelf and beach development in a large area along the Angolan coast. Further studies are needed to assess the sedimentolological balance in relation to river discharge in order to advice on minimum flows and river regulation pattern downstream the power plant.



The impact on the ecology of the estuary has to be examined in detail to analyze its importance as a nursery area for marine fish species and to what extent a change in flow, wa�ter temper�ature and quality will influence the rich and di�versified fauna of the river mouth area and its related ma�rine environment. The estuary is at present an important lo�cality for migrant waders.



10.4.2	Recommendations



  .	The preliminary impact assessment indicates a general need for base-line data and the development of an environmental monitoring programme to assess the changes during and after the construction period. Results from such a programme could be used to modify the operational practices of the reservoir in order to reduce the negative environmental and social im�pacts.



  .	The collection of base-line data and the development of a monitoring programme will include different environmental aspects such as;.



  .	catchment (by remote sensing) monitoring of land-use and land cover changes and river monitoring (sediment transport and water quality observations upstream and downstream of  the site)



  .	monitoring human land-use and transhumance prior to the project, during the construction phase and after in order to analyze the impact of the project.



  		  .	health status of the local population in order to assess the influence of vector borne diseases and diseases, such as AIDS that can be introduced during the construction phase



  .	distribution and abundance of aquatic fauna, especial�ly fishes and aquatic flora in order to determine positive and negative impacts on the fisheries poten�tial of the inunda�tion region and downstream area.



  .	The preliminary impact assessment clearly illustrates the need to focus the feasibility EIA on the down�stream environ�ments, especially on the estuary and the related marine en�vironment. This assessment has to be made in close co-opera�tion with the technical feasi�bility study in order to define tolerance limits in relation to flow variation and power de�mands.



  .	A need for information and exchange of information with the local population has been identified and procedures have to be developed for experience sharing in order to minimise the cultural impacts on the local population.



The findings of this environmental and social assessment form the base for the feasibility terms of reference pre�sented in section 14.2.
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