Chapter 6:

evaluation of the living environment





the living environment



This chapter assesses the five sectoral studies of aquatic environment, fish, terrestrial vegetation, fauna and avifauna, plus the living environmental characteristics of wilderness values and the Cunene Delta Complex.  From among the parameters presented in Chapter 4, the following are relevant for this analysis of the living environment: Diversity, Rarity, Sensitivity to Change, Barrier Effects, Research Interest and Size of Area.



There are inherent weaknesses in the general methodology used which are particularly pronounced for the living environment considerations.  The coarse matrix structure which encompasses large units of key habitats and large segments of the living environments, is of course a simplification of a complex reality and may not be entirely applicable or easy to use for particular items, since impact in reality relates to the species/individual level. The methodol�ogy also includes a certain amount of qualified scientific “guess-work” from each specialist. However, in order to facilitate the comparison of the alternative hydropower sites proposed, the tabulated approach has been used as an approach to provide a systematic screening of important parame�ters and to achieve a certain structure in the comparison process. The result of the scoring should thus be regarded as an indicative assessment and not as a numerical objective result, and the scoring in one segment of the living environment should not be compared with the scoring in another one since they are not compatible.



The detailed matrices of key habitats and key parameters are included in the Annex.  Sections in this chapter limit their presentation to summary matrices of “high” scores when such scores differ between the alternatives.



For increased understanding of the significance attached to the sum of “high” scores, the sum of possible “high” scores is added in parenthesis at the bottom line in each impact score matrix.





Aquatic environment



Key Aquatic Habitats



It is possible to distinguish about ten different major biotopes along that part of Cunene River which potentially may be affected by future dam constructions below Ruacana. Most of these biotopes are to various extent dependent on the naturally occurring seasonal flow changes.



Following key aquatic habitats are distinguished: Temporary pools, Seasonally flooded river margins, Parapotamic pools, Parapotamic riffles, Riffles, Riverine soft bottoms, “Permanent” tributaries”, Spray-zone habitats and Hygropetric habitats.  As background to the evaluation of aquatic environment impacts, a detailed description of the relevant habitats follows below:



Temporary pools.  Where the terrain is flat and the permeability of the soil is not too high, pools will be created during the summer rainfall or during recession of the flood in the autumn. To judge from the topography of the catchment, such pools would be expected to be particularly numerous upstream from Epupa. However, this kind of aquatic biotope is abundant also in other parts of the catchment area and in fact the least sensitive to alterations in the natural discharge of the river. It can also be expected that temporary waters of similar shape and duration occur along the ephemeral rivers in western Namibia (cf. Jacobsohn, Jacobsohn and Seely 1995).



Organisms inhabiting temporary waters are adapted to the amphibious conditions characterising these biotopes. They must be able to cope with large fluctuations in temperature as well as the erratic appearance of the aquatic phase. High dispersal abilities and entering of different kinds of resting stages in order to bridge periods of drought are typical features of plants and animals inhabiting temporary waters (Williams 1987). Consequently, it is reasonable to assume that the set-up of species is rather similar in different temporary waters within the region and that the geographical distribution of these water bodies will be apt to large natural changes between years as a consequence of climatic variations. Therefore, the impact of future dam constructions in the Cunene River on this particular kind of biotope will not be considered further in this study.



Seasonally flooded river margins. The size and ecological significance of this kind of habitat is related to the slope of the flooded littoral zone and its vegetation. Because alluvial soils are formed where the gradient is low, there is usually a direct relationship between this slope and the presence of higher vegetation, and particularly so along the Cunene River. The most developed riparian zone is found in the Angolan part of the river. The only similar area of importance in Namibia is located within the area to be flooded by the Epupa A (and B) alternatives. Below the Epupa Falls, the river margins are generally steep and a rise in water level will add very little to the available aquatic habitat. This difference between the two river reaches is illustrated by the average width of the river above and below the Epupa Falls, i.e. 82.5 and 30 m, respectively. However, the difference is even higher than these figures indicate, because in the downstream reaches the river is usually bordered with steep granite bedrock, which will not constitute a floodplain habitat but rather an extended riffle zone when flooded. In other words, seasonally flooded river margins is a habitat of significant importance above Epupa Falls only.



Parapotamic pools.  Floodplains in their most typical outline contain various aquatic habitats each of which is characterised by the length of the aquatic phase and the rate of water exchange. Based on these two factors, which usually relate to the distance from the central river channel, floodplain habitats have been given a specific terminology (Foeckler 1991, Hills et al. 1994, Ward and Stanford 1995).



Several, functionally different bodies of water are found along the Cunene River. Farthest from the main river bed are those channels which are covered by flowing water only during the summer high-flow period. When the discharge decreases in the autumn, depressions along those channels will still withhold surface water through subsurface connections which transfer the water level changes of the river but without apparent throughflow (seepage). Since the seepage is filtered through the river bed the water in the resulting pools is transparent. The bottom is dominated by sand and some erecting stones covered with silt and comparatively large amounts of leaf fragments (still in the middle of June at least). Rooted higher vegetation is scarce, probably because of the high level of insolar radiation on the mainly shallow bottoms. The bottom fauna in the middle of June was dominated by deposit feeding species (mayflies of the families Ephemeridae and Caenidae (Caenis sp.) and a few Chironominae midges). Despite comparatively large amounts of coarse detritus, there were only few shredders (case-bearing caddisflies). The only scrapers observed were heptagenid mayflies (Afronurus sp.).

The number of parapotamic pools, inclusive of the parapotamic riffles as defined below, was comparatively large upstream from Epupa Falls and mainly confined to Reservoir area A. A total of 58 pools with an average size of 0.12 ha were registered there. Between Epupa Falls and the Sea only 11 such pools were found. In addition, the average size of these pools was comparatively small in the downstream section of the river    (0.06 ha). The habitat type is completely lacking between dam site E and Epupa Falls.



Parapotamic riffles. In addition to parapotamic pools, there were also cut-off channels with a more significant exchange of water with the main channel. The water in these channels appeared to be as turbid as in the river itself, although it was impossible to register by eye a significant throughflow. The bottom was stony with scattered pockets of sand behind the larger ones. No macrophyte vegetation was observed.



Compared to the parapotamic pool habitat there were only few deposit feeders in the parapotamic riffles, e.g. a species burrowing mayfly . Instead there was a clear dominance of scrapers (mayflies) and immature water beetles  Small tubes of sedentary chironomids were also found on the stones but at present it is not known whether these belong to the scraper category or were gatherers of the deposit feeding type.



Again, the predators were dominated by dragonfly larvae, but also some perlid stoneflies. Terrestrial species which seemed to utilise the aquatic food source of emerging adult insects were actively hunting spiders.



Riffles. The    between Ruacana and the sea is generally swiftly flowing on more or less exposed bedrock. Even where the river seems to form pools the rocky bottom is often visible on the aerial photographs. The force of the fluid medium, particularly during flood periods, is clearly detectable on the smoothened, dark rocks far above the low-water level. Because of this topography and the large flow variations, most of the bottom in the main river channel seems to be devoid of organic material and fine particle sediments.



It is obvious that large amounts of organic debris are transported through the riffles of the main channel, but very little of this seems to be available for the aquatic ecosystem more than a short period during winter high flow. The bulk of this material, and the woody debris in particular, is deposited at about the height of the annual maximum water level, below Epupa Falls sometimes about 10 m above the summer water level. Small pockets of twigs and other coarse organic matter were also found behind protruding rocks below Epupa Falls, but despite careful examination of such material, it was not possible to detect the presence of any higher organism that seemed to make use of this material.



Scraping larvae of leptophlebiid mayflies were by far the dominating macroinvertebrates in the swiftly flowing river reaches downstream of Epupa Falls. Being the dominant habitat type in the Cunene River, those riffles were among the least species-rich habitats investigated.



To judge from the bottom structure and composition of the macroinvertebrate fauna, it seems justified to treat the shallow riffles as a separate habitat (cf. Bethune 1994). The extension of this habitat along the Cunene River has been calculated from aerial photographs. Between Ruacana and Epupa Falls, 37 separate reaches of this kind altogether reaching a total length of 15.5 km were registered (mean 0.42 km). Below Epupa Falls only two such riffles were registered, with a total length of 1.34 km (mean 0.67 km). Both were located downstream of the dam site of Epupa E.



Riverine soft bottoms.  Soft bottoms, and especially those found in rivers where the bed material is frequently overturned, represent the least species rich habitat type in running waters. This habitat type was registered both upstream and downstream from Epupa Falls. Sandy shores were examined at several sites but macroscopic organisms were found only exceptionally.



The extent and relative proportion of soft bottoms downstream of Ruacana are difficult to evaluate, because most sediments of this kind occur in small patches. However, it is clear that soft bottoms have their largest extension upstream from Epupa Falls.



“Permanent” tributaries . Although most of the tributaries to the Cunene River become dry during the winter, some seem to retain surface water for most of the year. However, also in these streams the main flow is subsurface, resulting in small pools of almost still water or, as another extreme, shallow trickles with a current, the actual character of the habitat depending on the topography and depth of the sediments.



There seems to be an extensive primary production in this habitat type. In June, most of the bottom was completely covered with dense growth of filamentous green algae (Spirogyra spp.) and small patches of stoneworts (only Chara vulgaris has been recorded). But there were also several other kinds of periphyton algae.



The bottom fauna appeared to be very different from that of the river. In the deep (sometimes nearly 0.5 m) pools most stones were completely covered with spongiae, which provided shelter for vast amounts of ostracods, small copepods, and some chironomids and hydroptilid water beetles. A few flat worms (Turbellaria, Tricladida) were also found on the stones.



Large numbers of small snails (Bulinus scalaris) were found among the algae together with a few larvae of Stratiomyidae and some Coleoptera (mainly Laccobius sp. and Yolina sima).



The composition of the bottom fauna seemed to be basically the same in all tributaries, but the proportions differed depending on the substrate structure, degree of shading and water velocity. Larvae of mayflies (Ephemeroptera, Baetidae and Leptophlebiidae) seemed to be particularly abundant in shallow and exposed reaches.



Because of the dense cover of filamentous green algae, it was easy to spot water retaining tributaries from the air. Thus, this habitat type seemed to be scattered rather evenly over the catchment, both below and above Epupa Falls.



Other habitats. In addition to the above mentioned kinds of environments, two more habitats have been identified at Epupa Falls.



The first habitat is confined to the gorge in immediate connection with the water fall area at Epupa Falls, where a so called “spray-zone” occurs. This particular kind of habitat is created by the constant cascade of small droplets forming in the water-fall and giving rise to a semiaquatic habitat on the vertical cliffs surrounding the falls. Spray-zones are comparatively rare, even on a global scale. The knowledge about the ecology of spray-zones is also rather meagre, with very few published scientific reports. Since the most conspicuous organisms in spray-zones are different plants (mainly cryptogams like mosses, liver-worts, lichens and ferns), such reports have generally dealt with the flora (e.g. Mitchell 1978, Leonard 1993). However, it is known that many species of insects, in particular dipterans of the orders Chironomidae, Tipulidae, Blepharoceridae and Empididae are more or less confined to spray-zone habitats.



The second  habitat, namely rocks overflown with a thin film of water (a so-called hygropetric habitat) is also found in conjunction with the falls at Epupa. The scientific exploration of this kind of habitat is still meagre, not only in Africa but also in other parts of the world. To judge from studies made in Europe, the dominating macroscopic animals belong to the same insect groups as those found in spray-zones.



Impact on Habitats of High Rarity or Diversity



Characteristics of the Impact



Loss of Habitat



The main influence of future dam constructions along the river is related to the flooding of some of the above mentioned habitats. The reservoir A and B will completely eliminate the spray-zone habitat and considerably reduce the extent of the hygropetric habitat, the parapotamic pools and the two riffle habitats, in this order of importance.



Impact of Regulation of the Water



The regulation of the river per se will have much less impact on the extension and prevalence of the different habitats. The reason for this is the naturally high amplitude of water flow and the capacity of the organisms to cope with these changes. There are also good prospects of mitigating undesired habitat changes by means of biotope adjustments.



Scoring of Impact



The importance of  key habitats of the aquatic environment has been assessed and the result of the scoring tabulated in Annex 6.I.  The results for the rarity parameter are summarised in Table 6.2.1 below. From this it may be concluded that Alternatives A+C and B are almost equal in scoring of habitats of a high rarity, while Alt. E shows a considerably lower scoring.



The evaluation of the habitats against the diversity parameter produces equal “high” scores for the alternatives studied (see Annex 6.I) and results have therefore been omitted from further considerations in this context.

�Table 6.2.1.	Aquatic environment. Number of scores of habitats of high rarity in various key habitats and in the different hydropower alternatives. (From Annex 6.I).



Key habitats

Aquatic environment�( of High Rarity (frequency) scores 

���Comments

see below���Hydropower Alternatives������A+ C�B�E���Temporary pools�0�0�0�1��Seasonally flooded river margins�2�2�1�2��Permanent pools (A)�3�3�2�3��Permanent Pools (B)�3�3�2�4��Riffles�3�3�2�5��Riverine soft bottoms�2�2�2�6��”Permanent” tributaries”�0�0�0�7��Other aquatic habitats�2�3�2�8��( High scores (sum of total possible high scores)�15 (40)�16(32)�11(32)���



Comments  to Table 6.2.1:



(1) In steep terrain, temporary pools are comparatively rare and ephemeral in appearance. The habitat is more common in other parts of Namibia. In addition, there is a high degree of resem�blance in terms of the setup of species between such habitats. 



(2) This habitat is only important where the gradient is low and a floodplain occurs. Although many/all of the ephemeral rivers in Namibia flood the surrounding land, it can be expected that the floodplain habitats differ considerably between sites where they lay adjacent to permanent vs. temporal watersheds, respectively. 



(3) and (4) Permanent pools of both types are more or less confined to the floodplains of perma�nent rivers and those found within reservoir area A and B consequently of great importance for the overall existence of the habitat in Namibia. It might be that these pools also provide refuges for fish species which are adapted to seasonal flooding of rivers. 



(5) Shallow riffle habitats are rare outside reservoir area A; also on a national scale. However, some at least of the organisms utilising the habitat also occur in patches in the main river chan�nel. 



(6) Riverine soft bottoms occur along the entire Cunene River and with about the same species composition. Fragments of similar habitats are also found in connection with springs in other parts of Namibia, but those sites are probably different with respect to ecology, including organ�ism communities. 



(7) ÒPermanentÒ tributaries also occur outside the Cunene catchment. Fauna and the aquatic (algal) flora display a high degree of similarity between localities. 



(8) The spray-zone habitat of the gorge at Epupa is unique in Namibia. Its biological importance can, however, only be anticipated from studies of similar habitats made in other parts of the world. Likewise, the hygropetric habitat (solid substrate overflown by a thin film of water) is rare in Namibia. However, it is to be expected that species found there might also occur in con�junction with springs.



Impact on Key Parameters



Apart from the habitats, the living environment could be characterised by its biodiversity (in a broad sense) and its sensitivity to disturbances. These aspects are summarised below.



Characteristics of Impact



Loss of Habitat



The loss or reduction of habitats will influence the key parameters, but to a lesser extent than would be expected from the habitat changes. The reason is the high capacity of the river organisms to cope with disturbances, signified by their wide distribution both within the catchment and in the rest of this part of Africa. The main impact is related to the altered proportions between the identified habitats and their characteristic biodiversity.



Impact of Regulation of the Water



A lowering of the flood peaks and a more constant discharge will reduce the abundance of lotic species and increase the dominance of lentic organisms. This is a universal outcome of most river regulations. With carefully planned instream enhancements, it is usually possible to maintain the diversity and protect the most sensitive organisms.



A fact which will reduce the impact of water regulation and facilitate the success of possible mitigation methods is the good water quality and the predicted low impact on the water quality of the flooding of the reservoir.



Scoring of Impact



The impact from key construction and operation activities on key parameters has been assessed by scoring. The result of the scoring is shown in Annex 6.II. From this it is obvious that the construction phase is not assessed to create any high impact. The operation phase shows a highest scoring for Alt. B , with Alt A + C close. Alternative E is significantly lower, with only one high impact score.



Table 6.2.2	Summary of high impact rankings on key parameters of the aquatic environment of the various hydropower alternatives 

	(From Annex 6.II)

 

Key Parameters

Aquatic environment�Construction phase ���Operation phase ���( High Scores

Both phases�����Alternative   ���Alternative  ���Alternative�����A+C�B�E�A+C�B�E�A+C�B�E��Diversity�0�0�0�0�0�0�0�0�0��Rarity�0�0�0�1�2�0�1�2�0��Sensitivity�0�0�0�1�2�0�1�2�0��Barrier effects�0�0�0�0�0�0�0�0�0��Research interest�0�0�0�3�3�1�3�3�1��Area�0�0�0�2�2�0�2�2�0��( High scores�0 (36)�0 (30) �0 (30)�7 (45)�9 (23)�1 (23)�7 (81)�9 (55)�1 (53)��

To summarise



The most severe impact of future dam constructions and regulations of the Cunene River is re�lated to the loss of biodiversity following the inundation of habitats which have restricted distri�butions and are mainly confined to the reservoir areas. The construction and operation phases of the project will have much less influence on the river biota.



Epupa A+C and B are oustanding in terms of impact in this respect, whereas Epupa E and C are outside the areas where the rare habitats have been registered. In addition, the last mentioned reservoirs can be foreseen to have only marginal impacts on the rest of the river.



Changes in water quality, which will be of short duration, are also expected to be comparatively small following Epupa E or C, but more prominent for Epupa A +C and B. However, because of the current good water quality of the Cunene River and the low amount of organic matter within the future inundations, the impact on the reaches downstream from any of the dam sites, will be low compared to most other river regulations.



Fish



General



The result from the field studies of the fish fauna was not available at the time of the report writing for the project formulation report. For that reason a short account of some main facts of the fish fauna and a discussion of tentative consequences of the different hydropower developments is included below; thus a scoring matrix has been omitted. 



The Lower Cunene, 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. 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 suc�cessfully 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 it�self (van der Waal 1991).



The local Himba people living in the vicinity of the proposed hydropower scheme do not use fish or any other aquatic organisms as a part of their diet.



Key Fish Habitats



The key fish habitats are much related to the aquatic habitats described in the section on aquatic environment to which reference is made concerning occurrence, distribution and impact.



Impact on Key Parameters



The impact from key construction and operation activities on key parameters is mainly related to flooding of existing habitats, barrier effects by dam structures and operation of the reservoir/s, i.e. regulation of water.

Concerning size of areas affected the A + C and the B alternatives will create a quantitatively larger impact on existing habitats but the shallow reservoirs of these alternatives will be more favourable for fish when compared to the deep reservoir of the E alternative.



Concerning barrier effects Alternative E is more severe than A + C and B since it will create a barrier approx. 40 km downstream of the Epupa Falls, which presently acts as a barrier to up�stream migration. Alternatives B and C will also have their dam structures downstream the Epupa Falls, but rather close to the falls, thus creating a lesser impact when compared to the E alternative.



Terrestrial vegetation



Terrestrial Plant Communities



Plant communities identified in the areas of Site Alternatives A and B upstream from the Epupa Falls can be divided into: Acacia mellifera - Commiphora spp. open low mountainous savannah, Rhigozum virgatum - Calophractes alexanderi colluvial slope low tree and shrub mountainous vegetation, Euphorbia koakoensis - Grewia villosa variation, Colophosphermum mopane - Combretum imberbe riverine woodland (related to the ephemeral rivers), Salvadora persica - Pechuel-loeschia - leubnitzia low tree and shrub layer, Faidherbia albida - hyphaene petersiana riverine woodland, Ficus capreifolia - Phragmites australis - riverbank and tree and shrub woodland variation and the Cunene River and islands vegetation. 



The plant communities for the area below the Epupa falls (Site Alternatives C and E) are basi�cally the same as the plant communities upstream from the falls with the exception of a very small riverine vegetation. The total number of plant species recorded was also significantly lower/lesser in the E alternative: approx. 50 % of the number of species occurring in the areas to be flooded in Alt. A + C and B.



The plant communities can be classified into: Acacia mellifera - Commiphora spp open low tree mountainous savannah, Rhygozium vergatum - Stipagrostis spp colluvial slope low tree and shrub mountainous vegetation, Combretum imberbe - Ficus caprafolia riverine woodland, Ficus capricifolia - Phragmites australia island and river vegetation.



Impact on Habitats of High Rarity or High Diversity



The importance of terrestrial vegetation and flora of the key habitats has been assessed; the scoring is tabulated in Annex 6.III. The high rarity scores are summarised in Table 6.4.1 below. The occurrence of high rarity habitats differs only slightly between the alternatives, while for habitats of high diversity the scoring is equal between the alternatives and thus omitted here.

�

Table 6.4.1	Terrestrial vegetation and flora. Number of scores of vegetation and flora habitats of high rarity in various key habitats and in the different hydropower alternatives. (From Annex 6.III).





Key habitats

Vegetation�( of High Rarity (frequency) scores 

�����Hydropower Alternatives�����A+ C�B�E��I  Steep hillslopes�2�2�1��II Colluvial footslopes�2�2�1��III Intermittent streams & ground water bushlands�2�3�1��IV Cunene riparian zone �2�2�4��V Cunene River�4�4�4��( High scores�12 (20)�13 (20)�11 (20)��



Impact on Key Parameters



The impact from construction and operation activities on key parameters of the vegetation and flora has been assessed. The scoring appears in Annex 6.IV. The high rarity scores are summarised in Table 6.4.2 below. Alternatives A+C , with 26, and Alternative B , with 25 high impact scores, are by and large equal while the E Alternative shows a somewhat lower scoring of 20.



Table 6.4.2	Terrestrial vegetation and flora. Number of high impact scores on key parameters in the different hydropower alternatives 

	(From Annex 6.IV).



Key Parameters

Vegetation�Construction phase ���Operation phase ���( High Scores

Both phases�����Alternative   ���Alternative  ���Alternative�����A+C�B�E�A+C�B�E�A+C�B�E��Diversity�1�1�1�1�1�1�2�2�2��Rarity�1�1�1�1�1�1�2�2�2��Sensitivity�5�3�5�2�3�1�7�6�6��Barrier effects�2�2�2�3�3�1�5�5�3��Research interest�5�5�5�4�4�2�9�9�7��Area����1�1��1�1���( High scores�14�12�14�12�13�6�26 (54)�25 (54)�20 (54)��



Fauna



The assessment of impact on the fauna is divided into two sections viz., impact on large mam�mals and impact on the fauna in general with the exception of birds and fish which are treated in separate accounts.

�	Impact on Habitats of High Rarity or Diversity



Large Mammals



The importance and diversity of the key habitats for large mammals in general has been as�sessed. The scoring is tabulated in Annex 6.V. The results are summarised in Table 6.5.1. From this it can be seen that Alternative A+C and Alt. B exhibit equal number of habitats of a high rarity while Alt. E has a slightly lower number. The Cunene River and Riparian zone in each of the alternatives are mammal habitats of high rarity. 



The scores for high diversity do not differ between the alternatives and are therefore omitted here.



Table 6.5.1	Large mammals. Number of scores of fauna habitats of high rarity in the different hydropower alternatives. (From Annex 6.V)





Key habitats

Large mammals�( of High Rarity (frequency) scores 

�����Hydropower Alternatives�����A+ C�B�E��I  Steep hillslopes�0�0�0��II Colluvial footslopes�1�1�0��III Intermittent streams &     ground water bushlands�1�1�0��IV Cunene riparian zone �4�4�4��V Cunene River�4�4�4��( High scores�10 (40)�10 (20)�8 (20)��



The Fauna in General



The importance of the key habitats for the fauna in general has also been assessed. The scoring is tabulated in Annex 6.VI. The results are summarised in Table 6.5.2. Alternative A+C has the highest number of habitats of a high rarity for the fauna in general (score 10), while the B and E alternatives score 4 and 5 respectively. 



The scores of high diversity are equal for Alt. A+C, and B (3) while Alt. E is lower (1), cf. Annex 6.VI.



Table 6.5.2	Fauna in general. Scores of habitats of high rarity in each hydropower alternative. (From Annex 6.VI)



Key habitats

Fauna in general�( of High Rarity (frequency) scores 

�����Hydropower Alternatives�����A+C�B�E��I  Steep hillslopes�0�0�0��II Colluvial footslopes�1�0�0��III Intermittent streams &     ground water bushlands�2�0�1��IV Cunene riparian zone �2�1�1��V Cunene River�5�3�3��( High scores�10 (40)�4 (20)�5 (20)��

A summary of the two fauna habitat assessments is shown in Table 6.5.3. Alternative A + C shows the highest scoring. The lower scoring of the B alternative is depending on a lower rank�ing of the habitats in an regional, national and international context in the assessment of habitats concerning the fauna in general.



Table 6.5.3	Fauna habitats of high rarity. Summary of scores of two assessments.



Key habitats of large mammals and fauna in general

�

( of High Rarity (frequency) scores 

�����Hydropower Alternatives�����A+C�B�E��( High scores�20 (80)�14 (40)�13 (40)��



	Impact by Construction and Operation Activities 



General



Impacts will occur during the construction phase, as a result of habitat loss due to inundation and during the operational phase as a result of increased accessibility and infrastructure. To provide input to evaluation and scoring, a number of impacts are characterised below.  They are all, in the case of larger wildlife species, likely to be effective in the shorter term (i.e. during and shortly after construction and inundation) as well as in the longer term.



The more direct impacts are associated with loss of habitat, construction and the presence of an impoundment and infrastructure, and include the following at all sites:



The gravel pits resulting from construction will provide water in previously waterless areas where the vegetation is not adapted to prolonged continuous grazing pressure. Further, gravel pits created by road construction have been shown to be reservoirs of anthrax in Etosha National Park and once established the disease becomes almost impossible to eradicate (Ebedes 1976; Berry 1981). Such pits should be rehabilitated (see Mitigation below).



Tourism to the area is rapidly expanding (Stevens 1993) and will in all likelihood increase as the infrastructure is developed and access becomes easier. Unless carefully  managed, the pres�ence of tourists who habitually camp near water holes can disturb natural behaviour patterns of wildlife.

New permanent water sources created in place of the current ephemeral sources (including water in the impoundment) will compromise the current opportunistic nomadism of livestock and lead to overgrazing and trampling (the piosphere effect) and increased competition with wildlife.

Crocodiles are abundant at both sites. Inundation will virtually eliminate the "sandy beaches" needed for successful breeding, and currently found in abundance at the Epupa and Baynes sites. It is possible that very limited sand banks may develop in the larger drainage lines enter�ing the impoundment (probably more so in the case of the Epupa sites than Baynes). 



Vervet monkeys occur mainly along the riverine habitat upstream of Epupa falls. This habitat will be lost if the Epupa site is chosen. NB, Vervet monkeys have a very restricted distribution in Namibia, although common regionally (Southern Africa).



Fruit-eating bats and rodents will also lose their habitat, whereas insectivorous animals might bene�fit from the increased insect populations.



The riverine vegetation, particularly that upstream of Epupa, has the potential to support a high browser pressure and importantly to provide the critical winter browse. Inundation will re�sult in major loss of this habitat. It is highly unlikely that much of the existing vegetation will re-establish along the new shoreline, as a result of soil type and fluctuations in water level of the dam, more so in the case of the Epupa site. The widest riverine vegetation fringe (usually 80-200m wide) is between Swartbooisdrift and Epupa and further west narrows to 20m (Owen-Smith 1970; Viljoen 1980).





Less direct or indirect impacts associated with the project at both sites include the following:  



During the construction phase, following similar experience at other dam sites in Namibia (e.g. Von Bach) it is inevitable that poaching will increase in addition to the disturbance factor as�sociated with the influx of such a large number of people;



The area has a history of sporadic isolated outbreaks of wildlife and stock diseases particularly anthrax and Foot and Mouth Disease (other stock diseases include contagious bovine pleurop�neumonia, which has not been recorded as being transmitted to wildlife other than Asian water buffalo, and enterotoxaemia, while rabies affects both livestock and wildlife). Increased stock/wildlife contact will increase the likelihood of transmission in both directions. 



Although fires are very rarely encountered in the area (Viljoen 1980) due to a insufficiency of fuel, they are likely to become more prevalent due to increased influx of workers and tourists, destroying reserve grazing and possibly changing the grass species composition. 



All-weather roads allow greater access and disturbance by both locals and tourists into previ�ously isolated areas. Access to the Baynes site in particular is likely to be through narrow river passes that many species of wildlife also utilise.



Clearing land for cultivation will be an inevitable consequence of the increased population . Areas around the edge of the new dam and some of the river lines would be prime sites. This will prevent access by the wildlife. River lines are important locations for the mesophytic vege�tation that would otherwise be absent.



At this stage it is not known if any fencing is planned, but agricultural and veterinary fences almost inevitably follow development and are likely to prevent the free  movement of game in the area.

Increased access might also make the already established semi-precious stone and other min�eral (Owen-Smith 1970) deposits worth exploiting.  

�	Impact on Large Mammals



The impact from key construction and operation activities on key parameters concerning large mammals has been assessed. The scoring appears in Annex 6.VII. The high impact scores are summarised in Table 6.5.4



Table 6.5.4	Large mammals. Summary of high impact scores for each hydropower alterna�tive (From Annex 6.VII). 



Key Parameters

Large mammals�Construction phase ���Operation phase ���( High Scores

Both phases�����Alternative   ���Alternative  ���Alternative�����A+C�B�E�A+C�B�E�A+C�B�E��Diversity�����������Rarity�����������Sensitivity����2�1�1�2�1�1��Barrier effects�2�1�1�2�1�1�4�2�2��Research interest�����������Area�2������2����( High scores�4 (6)�1 (30)�1 (30)�4 (12)�2 (12)�2 (12)�8 (72)�3 (42)�3 (42)��

Alternative A+C shows the highest impact score (8), while Alternative B and E show an equal, significantly lower scoring of 3.



Fauna in General



The impact from key construction and operation activities on key parameters has been assessed.  Dam alternatives A and C have been assessed in separation and scores of one for A and zero for B are listed as 1/0. The scoring appears in Annex 6.VIII. The high impact scores are summarised in Table 6.5.5.



Alternative A+C , with 28 high impact scores, and Alternative B , with 31 scores are by and large equal while the E Alternative is significantly lower, with only 6 high impact scores. 



Table 6.5.5	Fauna in general. Summary of high impact scores in each hydropower alternative. (From Annex 6.VIII). 



Key Parameters

�Construction phase ���Operation phase ���( High Scores

Both phases�����Alternative   ���Alternative  ���Alternative�����A+C�B�E�A+C�B�E�A+C�B�E��Diversity�1/0�2�0�4/0�3�1�5/0�5�1��Rarity�0/0�1�0�2/1�2�1�2/1�3�1��Sensitivity�3/0�5�2�4/0�4�1�7/0�9�3��Barrier effects�2/0�2�0�1/0�1�0�3/0�3�0��Research interest�0/0�1�0�3/0�4�0�3/0�5�0��Area�3/0�3�1�4/0�3�0�7/0�6�1��( High scores�9/0(60)�14(30)�3(30)�18/1(48)�17(30)�3(30)�28(108)�31(60)�6(60)��



A summary of the impact scoring of the two different assessments is shown in Table 6.5.6. The low impact on the living environment of the E alternative is very distinct when compared to the two other alternatives which by and large are equal.



Table 6.5.6	Impact on the fauna. Summary of scores of high impact of two assessments.



Key Parameters 

Large mammals and fauna in general�Construction phase ���Operation phase ��� ( High Scores

Both phases�����Alternative   ���Alternative  ���Alternative�����A+C�B�E�A+C�B�E�A+C�B�E��( High scores�13�15�4�23�19�5�36(180)�34(102)�9(102)��



AVIFAUNA 



	Impact on Habitats of High Rarity



Key Habitats



Three of the principal vegetation/habitat types (key habitats) are of particular importance for the avifauna, namely: III Intermittent stream & ground water bushland, IV Cunene riparian zone and V the Cunene River.  To support the evaluation of scores, these key habitats are described below:



III) Intermittent stream & ground water bushland. "Salvadora dense ground water bushland."



In areas of relatively high water tables and along the margins of intermittent stream courses, the vegetation is dominated by dense thickets formed by Salvadora persica. These thickets provide important browse for livestock as well as being an important food source for a variety of bird species when in fruit. Rednecked Francolin are almost exclusively associated with Salvadora thickets and these probably provide some of the safest breeding habitat for this species. Other species often recorded within these thickets include Redeyed Bulbul, Palewinged and Cape Glossy Starling and Bleating Warbler.



IV) Cunene riparian zone "Tall riparian woodland habitats, including Hyphaene palm thickets ".



The tall riparian zone woodlands along the margins of the river are probably the most important habitats within the study area. These woodlands are dominated by Faidherbia albida and Combretum imberbe trees over 15 m in height, interspersed with patches of Hyphaene ventri�cosa palms (both tall and scrub forms are present). Dense stands of the river fig Ficus capreifo�lia are characteristic of the margins of the river. Riparian woodlands are also well developed in areas several kilometres away from the main river course. These woodlands have the highest species richness of all the Cunene River habitats and several localised species occur predom�inantly in these habitats. Species of particular interest and concern are Rufoustailed Palm Thrush, Cinderella Waxbill, Grey Kestrel and Olive Bee Eater. Rufoustailed Palm Thrush are only found in Hyphaene stands and thickets, and the remaining three species are most com�monly recorded in or associated with riparian woodland habitats. These habitats are poorly de�veloped below the Epupa Falls and will be subject to considerable loss if the area above the falls is inundated.







V) Cunene River . "Open freshwater and riverine habitats". 



The relatively low productivity of the river in terms of benthic zooplankton and fish determines that both the species richness and den�sity of species specialising in these habitats is low. Piscivorous species such as Pied, Giant and Malachite Kingfishers, Reed and White breasted Cormorant and Goliath Heron occur along the entire length of the river from Ruacana to the mouth at low densities. Other species which occur in these habitats are African Pied Wagtail, Three banded Plover, Common Sandpiper and Hamerkop.



	Scoring of Impact



The potential impacts of Dam alternatives A + C, B and E on the most important avian habitats in the study area are compared in Table 6.6.1 below.



Table 6.6.1	Comparison of the potential impacts of alternative dam sites on the major avian habitats within the Cunene River study area.



Key Habitats�Impact of alternative����Birds� A+C� B� E��I Steep hillslopes�Low�Low�Low��II Colluvial footslopes�Moderate�Moderate�Low��III Intermittent stream & ground water bushland�Moderate�Moderate�Low��IV Cunene riparian zone�High�High�Low��V Open water and riverine �Moderate/

High�Moderate/

High�Moderate��( High scores�2�2�0��



Open water and riverine habitats will be severely influenced by the construction of the dams in that large new open water habitats will be created and sections of fast flowing water, ponds and backwaters will be lost. Dam site E has the least influence on these habitats because the new reservoir will be relatively small and will be formed in a relatively tight valley 40 km West of Epupa. Given the very large impoundments formed by Dams A/C and B all woodland and shrubland habitats upstream of Epupa are likely to be impacted negatively. Open Grassland and Shrubland, Mopane-Commiphora and Salvadora habitats are widespread within the Cunene River valley, hence the impact of the dams on these habitats is likely to be moderate to low. Critical habitats are the tall riparian woodlands and the Hyphaene palm habitats which are lim�ited in extent and a large proportion of these habitats will be lost should the dams at A/C and B be constructed. Dam E has little influence on most woodland habitats because the are largely absent from the inundation area.



	Impact on Key Bird Species



Key Bird Species



There are 5 species of particular concern, particularly within a southern African sub-regional context. These are: Grey Kestrel, Rednecked Francolin, Olive Bee Eater, Rufoustailed Palm Thrush and Cinderella Waxbill.  As basis for evaluating scores, which addresses these important species,  descriptions of characteristics for each are included below:



Grey Kestrel Falco ardosiaceus. Category: Rare. This species has a highly restricted dis�tribution in southern Africa, centred on the Lower Cunene River valley, from Ruacana to Epupa. During the current survey birds of this species were observed in tall mopane woodlands in the Ruacana area (n=6), and on the margin of tall riverine woodland 20 km West of Swartbooisdrift (n=1), Zebra mountains (n=1) and about    30 km East of Epupa in similar habitat. This species is largely solitary and is not known to undertake any seasonal movements. It is a species that is widespread through the West and Central Africa and the wetter western parts of East Africa. This species occurrence in the study area is at the extreme southern margin of its continental distribution and the population must be considered peripheral. The construction of a dam at ei�ther of the Epupa sites would seriously affect its preferred habitat, but it is unlikely that there are more than a few pairs within the inundation zone.



Rednecked Francolin Francolinus afer afer. Category: Rare. The Rednecked Francolin is a species with a wide distribution in Africa. The subspecies F. afer afer, to which the Cunene birds are assigned, has a relatively restricted range in North-west Namibia and West Angola. In the Cunene River valley it was found to be uncommon to common, depending on the availability of certain dense scrub habitats. It was, however, found to be widespread within the catchment as well, with birds being recorded on the Epupa-Okangwati road, up to 45 km from Epupa itself.  Inundation of the area upstream of the Epupa sites will result in the loss of fairly large tracts of suitable habitat. However, as indicated, the bird is not restricted to the im�mediate inundation area and is probably commonest in the area between Swartbooisdrift and Ruacana where much suitable habitat will remain unaffected by the flooding of land. Dam con�struction will be unlikely to critically affect this subspecies.



Olive Bee Eater Merops supercilliosus alternans. Category: Amber. The form of Olive Bee Eater occurring in the Cunene River valley is a restricted range subspecies which represents the western most breeding population of this species. M. s. alternans breeds along the Lower Cunene (up to about the Marienfluss) and along the desert littoral North to about Lucira in Angola. Olive BeeEaters were found to be common along the entire length of the river from Ruacana to junction of the Marienfluss during the summer months from October to late March/April. They are absent from the study area during the winter months. Although breeding is known to take place as far south as Hobatere and in several small rivers around Opuwo, the largest breeding colonies occur in silt banks and mud cliffs in the riparian zone of the Cunene. The inundation caused by the Epupa alternatives (A + C and B) would see the loss of a number of large colonies between Epupa and the Zebra mountains. There are, however, large areas where breeding occurs between Swartbooisdrift and Ruacana, as well as West of Epupa Falls. Dam construction is unlikely to critically affect this species.



Rufoustailed Palm Thrush Cichladus ruficauda. Category: Vulnerable. This species is highly restricted in its range within the southern African sub-region (limited to the Cunene River valley) but is widespread and common throughout its African range from southern Gabon, through the western escarpment and the west central plateau areas of Angola. The Rufoustailed Palm Thrush is locally abundant in stands of Hyphaene palms throughout the study area. This particular habitat type is largely restricted to the riparian fringe upstream of Epupa Falls and large tracts would be inundated should the Epupa sites(A+ C or B) be developed. Although not as well developed, Hyphaene palm woodland and scrub is common between the Zebra moun�tains and Ruacana.  Aerial reconnaissance of the area between Ruacana and Calueque in Angola has shown that there are large well developed tracts of Hyphaene palms in this area. Although there would be considerable loss of palm habitats should the Epupa options be utilised, this species is unlikely to be critically threatened by dam construction.



Cinderella Waxbill Estrilda thomense. Category: Vulnerable. Stated to be locally abun�dant within its limited distribution range in western Angola and northern Namibia. It was only recorded 6 times during the current field work (in small groups of 2-6 birds) and it is thought to be rare within the Namibian sector of its distribution. No particular habitat preference was clearly discernible for this species as it was recorded in mopane woodland, thornscrub areas, in coarse grass and reed habitats within the riverine fringe, as well as in Ficus capreifolia thickets on the river margin. This species warrants considerably more research to clarify its conserva�tion requirements. Given that the species is considered common elsewhere in its distribution and that it is found in cage bird collections, inundation of the areas between Epupa and the Zebra mountains is unlikely to affect the long-term viability of the species critically. 



	Scoring of Impact



The impact of the alternative dam sites on key bird species is shown in Table 6.6.2.



Table 6.6.2	Potential impacts of dam site alternatives on key bird species in the Cunene River Valley.



Key Bird Species�Impact of alternative �����A+C�B�E��Grey Kestrel�Moderate�Moderate�Low��Rednecked Francolin�Moderate�Moderate�Low��Olive Bee Eater�Moderate�Moderate�Low��Rufoustailed Palm Thrush�High�High�Low��Cinderella Waxbill�Moderate�Moderate�Low��( of High scores�1�1�0��



	Downstream Impact



All three dam options will affect the downstream compartment of the river, unless there are well planned compensatory releases. However, as shown by the Environmentek (1996) report on the dynamics of the river mouth, productivity in the system is very low (as opposed to the evaluation by Simmons et al. (1994), and as long as minimum flow levels are maintained the functioning of the downstream system should be maintained in the long-term. 





	Wilderness values



During a workshop in Windhoek to define the scope of studies for the feasibility phase, wilder�ness value was selected as a separate item to consider in the impact assessment.



General



Impacts of dam development on the wilderness characters or values of the area need to be dis�cussed within the context of an understanding or definition of the term ÒwildernessÓ. 



At the outset it must be appreciated that the search for an absolute scientific definition of wilderness continues. Definitions are dependent on prevailing value judgements, including cul�tural, aesthetic and spiritual values. Further, those appearing in the literature are largely western-oriented. For example, a definition dependent on the absence of man is unlikely to be valid in most African situations where man has been an integral part of most systems historically. Using similar reasoning, definitions based on "remoteness" or "inaccessibility" are loaded towards modern societies in that such areas are not remote or inaccessible to the ingenious people (in this case the Himba people). Ultimately, one person's wilderness may well be antherÕs grazing lands or ancestral home.



In the modern African context, wilderness is perhaps generally best defined as areas with little or no artefacts of modern society such as roads, towns, hydroelectric schemes, modern mines, transmission lines, radio and telephone lines and suchlike. Wilderness status is then assessed relative to complete absence of such modern artefacts, while bearing in mind that indigenous people are and always have been "part of the system".



	Wilderness Values of the Kakoland and Southern Angola



By this definition, Kaokoland and southern Angola can be regarded as having relatively high wilderness values. The construction of a dam, and the resultant large, unnatural water body, coupled with the infrastructure associated with the hydropower scheme therefore obviously has high negative impacts on the current wilderness value and “sense of place”, whatever site is chosen.



	Wilderness Values of the Different Alternatives



Whether the impact on wilderness is greater in the A+C, B (Epupa area) or E (Baynes) is simi�larly a value judgement based on whatever definition of wilderness is selected. Impacts of a large unnatural standing water body with associated infrastructure will detract from the wilder�ness value perceived by, for example, those with purist eurocentric or western-dominated value systems. 



The impact on wilderness values is thus not considered to be substantially different when com�paring the hydropower alternatives discussed.





	The Cunene Delta complex



Considerations in Project Formulation



To maintain the integrity of the living environment and especially the biological components of high conservation value associated with the Cunene Delta Complex, there are a number of issues which need to be considered in the formulation of the Epupa Falls Hydropower Scheme. However, as for the physical environment, there would not appear to be any significant differential in the impact of the new dam and reservoir upon the biological environment in the Delta, regardless of which alternative is chosen (either Epupa A, B, C or E), provided that the discharge characteristics listed below can be obtained from either scenario. 

 









	Minimum Water Discharge



The level of the minimum water discharge is primarily important to the maintenance of the river outlet to the ocean, and thus access to aqueous species which move between the two environments. As noted previously, tidal flushing is non-existent and the outlet is presently maintained by the river discharge. This must be maintained. The figures for minimum discharge will be elaborated during the current finalisation of the Foz do Cunene component of the full EIA.



	Discharge Cycles 



Of critical importance to the well-being of the natural ecosystem in the Delta is the inherent variability of the present Òquasi-naturalÓ discharge. Of particular importance to the biology is the annual cyclic pattern of discharge. It is this variability in flow (specifically the increases associated with floods and the reduced discharges subsequent to the floods, which trigger the breeding and recruitment of the existing species stocks). For example, the freshwater prawn (Macrobrachium vollenhovenii) requires large flood discharges to re-distribute the larvae (Environmentek, 1966); furthermore, the crocodile (Crocodylus niloticus), which breeds between November and February, relies upon the exposed channel side bars and braid bars at the limit of the flood level to lay its eggs; thus it is necessary to maintain sandy deposits well above the average water level, both within the channel upstream of Foz do Cunene and in the delta itself. 



Power generation should be planned in such a way that a significant annual cycle of discharge is maintained. The peak of discharge should be associated as it is now with the rainy season (February, March, April) and spread over several days to a week or more; more uniform discharges could be maintained for the remainder of the year. A gradual reduction in discharge through the Òdry seasonÓ would be acceptable and preferable to the very short oscillations of water level currently generated by the Ruacana diversion (Environmentek recorded water level fluctuations of 0.45 m (rising) and 0.15 m (falling) in one 24 hour period (figure 2.6, p. 2.26). The latter has already seriously affected the recruitment of at least 3 species of tilipia, as their nests established at the higher water level are exposed at the low water levels (Holtzhausen, 1991, cited in Simmons et al., 1993). 



The river is generally oligotrophic (Environmentek/CSIR, 1996) and this is unlikely to be impacted negatively by the dam and reservoir at Epupa, and nutrient loads derived from the catchment area between Ruacana and Epupa at present are extremely small. Very little mineralisation of the Cunene River waters takes place
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