Chapter 3:


the cunene delta complex - environmental setting














the morpho-sedimentary system





The lowest reaches of the Cunene River (downstream of Foz do Cunene) comprise a rock-controlled, sandy, braided delta bounded at the seaward margin by a drift-aligned, sandy barrier. The river is linked to the ocean through the barrier via an outlet(s) which exhibits both cross-sectional and locational instability. The delta complex exhibits no true ÒestuarineÓ characteristics, with the usual association of richness of benthic and fish species, since salt-water intrusion is restricted to within a very short distance of the river outlet(s) and flow reversal through the outlet even at spring tides has not been observed (Environmentek 1996; Greenwood 1996). This unidirectional flow pattern is a direct response to:





The small tidal range which exists at the river outlet (a maximum tide of 1.6 m at springs is predicted for the ocean side of the barrier, based upon the primary port at Walvis Bay);





The relatively small wind and wave set-up except under extreme storms, even though winds can be strong and waves large; this results from the highly oblique approach to the shoreline of both winds and waves and the resulting lowering of wave energy through both friction and refraction;





The relatively large current speeds generated in a confined channel by the river effluent.





At extremely low discharges, tidal incursions could potentially increase were it not for the fact that under these conditions a longshore sediment transport by waves and currents would cause the outlet first to be reduced in size (which would accelerate the effluent by decreasing the cross-sectional area of the outlet) and finally to close, so cutting the Delta off from the ocean completely and restricting the free flow of saline water into the delta channel and lagoon. The tidal prism associated with the Cunene Delta under all conditions is therefore extremely small to non-existent. Increased salinities in the lagoon do occur occasionally immediately landward of the barrier as a result of overwash induced by large waves and high tides (in combination) wherever low points along the barrier permit (Greenwood, 1996). True tidal sand and mud flats are absent, and the extremely small areas of salt marsh that do exist are not tide-dependent (Environmentek, 1996). Local reversals of water flow do occur across the braid bars as the rising ocean tide causes a restriction of the outflow of river water and an increase in water level in the lagoon of several tens of centimetres or more at spring tides. Nevertheless, the flow of water throughout the delta and the outlet is river-dominated.





The braided nature of the delta reflects three characteristics of the river discharge:





the highly variable water discharge regime associated with the strong annual precipitation cycle in the source areas of the catchment


�
a relatively abundant supply of medium-to-coarse sands which are transported as bedload





a relative lack of fine-grained silts or clays to provide cohesive materials to stabilised channels.





The morpho-sedimentary system is supported by sands supplied both from the Cunene catchment (minor) and the Engo-Cunene Sand Sea (major) situated on the left hand bank of the river (Namibia) between Foz do Cunene and just west of the confluence with the Marienfluss. However, the delta is a relatively thin sediment body covering a bedrock surface which protrudes through this veneer throughout the delta plain, frequently within a few tens of metres of the river mouth. Little or no sediment from the littoral transport corridor enters the delta directly, even though predicted transport rates are large (»       600 m3/year; Consulmar, 1995). However, the Skeleton Coast beaches south of the Cunene Delta are the source for the spreading sand sheets which exist on the southern border of the Delta and, ultimately for the dune sands in the Engo-Cunene Sand Sea (Greenwood, 1996). 





Braided channel systems are inherently unstable, as large discharges can rapidly re-arrange both channel form and location. Nevertheless, evidence from available maps and aerial photographs indicate that the Cunene Delta Complex is of some longevity, having changed only in detail over the last 50 years (since the earliest air photos in 1943), and having survived previous river regulation schemes without dramatic physical change. 





geo-chemistry and nutrient status





Below Ruacana, the Cunene flows through an extremely arid, undeveloped catchment, and, except for flood episodes when the riparian vegetation is under water, nutrient concentrations are extremely small; this is matched to a certain extent by small values in the adjacent sea (Environmentek, 1996). The river is characterised by a correspondingly low phytoplankton biomasses (chlorophyll a), while the sea, in contrast, exhibits high phytoplankton biomass. Although the latter is at variance with the comparatively low nutrient concentrations, it is consistent with observations of other of southern African nearshore zones (McLachlan et al. 1983).





Very little mineralization of the Cunene River waters takes place downstream of the present lowermost diversion on the river at Ruacana (Hannan, 1995) and thus river waters are very little affected by the tributaries downstream. This is because the latter are rarely active in such an arid environment. However, when a precipitation event does occur, the total dissolved solids, the sodium chloride and sodium sulphate may triple (Hannan, 1995).





Oxygen concentrations recorded in the fast turbulent river flow were below saturation levels (e.g. 8.26 mg/l) as were those in the sea (ca. 8.70 mg/l); although the former were higher in absolute concentrations than the latter (Environmentek, 1996). These values are surprising considering the oligotrophic nutrient levels (and consequent low organic loads), although the nearshore value (ca. 60% saturated in terms of oxygen) accords with the generally low oxygen concentrations characteristic of the continental shelf water of the west coast off southern Africa (Chapman and Shannon, 1985)

















phytogeographical setting





The lowermost reaches of the Cunene River fall within the BWk unit of Kšppen's classification (Schulze 1947); it is described as an arid zone having a dry-hot desert climate with a mean annual temperature below 18oC (Environmentek/CSIR, 1996). The coastal vegetation is classified by Werger (1978) as comprising part of the Namib domain of the Karoo-Namib region, consisting primarily of open steppe-like grasslands with patches of evergreen communities confined to the banks of perennial streams and rivers. The vegetation in the Delta Complex is predominantly a wetland evergreen vegetation occupying channel banks or river bars; it is essentially natural except for the invasion of some alien species and the Raffia palm (Raphia farinifera) which has been planted (Environmentek,/CSIR 1996). A minor vegetation element occupies the dry wind-blown sand environment. Seven community types occur, including:





¥	Phragmites- Reedswamp dominated by Phragmites australis, this community is dominant along wet drainage lines and in low lying saturated areas;





¥	Sporobolus Grassland - dominated by Sporobolus virginicus, it occurs in elevated areas on river banks and the islands;





¥	Saltmarsh - generally dominated by Sarcocornia perrenis., this is a very small depaupurate community sustained not by tidal intrusion but salinity within the soil;





¥	Mosaic of Sporobolus and Saltmarsh;





¥	Dune Slack and Strand Vegetation - dominated by Cladoraphis cyperoides with occasional Lycium ferocissimum, this community develops on actively accreting aeolian sands;





¥	Mosaic of Sporobolus, Dwarf Phragmites and purple Verbena;





¥	High Saltmarsh - dominated by Tamarix usneoides and Chenolia diffusa, this vegetation is sustained by precipitating, salt-laden water from the fogs which regularly occur in the area.





Aerial photographs taken from 1943 until the present indicate that the areal distribution of Phragmites Reedswamp and the wetland vegetation in general, is dependent upon the state of the river. Reedbeds are relatively narrow immediately after floods, following significant erosion of the channel bars and re-organisation of channels. During periods of low discharge the reed beds expand, indicating a community that is highly resilient to discharge extremes, and which can recover even after massive disturbances by floods. In a number of places, highly mobile spreading sand sheets of aeolian origin are inundating the vegetation and in some instances building coppice dunes colonised by Cladoraphis cyperoides and Lycium ferocissimum. 





All the community types are considered to have a relatively low botanical conservation importance (Environmentek, 1996), but are important for providing food and refuge for many animals and birds in the area.. While the plant biomass and accumulated litter may be quite high in some of the communities (e.g. Sporobolus Grassland), much of this material is inaccessible as a source of organic carbon for tropic processes within the river owing to its elevation (generally > 1 m above normal river height, Environmentek, 1996) and its infrequent inundation by significant floods.





aquatic fauna





The lack of continuous salt water intrusion into the Delta results in a lack of marine/estuarine plankton and the complete absence of benthos; the lack of any evidence for benthos in the system indicates that this situation has persisted over at least the recent past (5 - 10 years - Environmentek, 1996). The Cunene River has been shown to support a diverse fish population throughout its length (a total of 93 species; Hay et al. 1994), with 69 freshwater and 19 marine species clearly identified.. In the recent study by Environmentek (1996), the dominant species in the Delta was Mugilidae (mullet - Mugil bananensis, M. cephalus). This species commonly penetrates freshwater in most other southern African ÒestuariesÓ (Wallace et al., 1984), and in the Cunene is preyed upon by L. amia (Leervis) and larger Argyrosomus hololepidotus (kob). Other common species were: Eleotris daganensis, Eleotridae sp., Ctenogobius lepturus, Synodontis leopardinus, Pomadasys commersoni, Lichia amia, Liza dumerilii, L. tricuspidens and Galeichthys feliceps, reflecting the essentially freshwater character of the Delta. The adjacent sea provides are prime angling sites with high availability, in particular Argyrosomus hololepidotus (kob), but also Lithognathus lithognathus (steenbras), Diplodus sargus (blacktail), Coracinus capensis (galjoen) and, to a lesser extent, Pomadasys commersoni (spotted grunter) (Environmentek/CSIR 1996). These species are fairly common throughout the northern Namibian nearshore (e.g. Penrith and Loutit, 1982), but Leervis (L. amia) was the only species that appeared to be concentrated at the Cunene Outlet, feeding on the mullet. 





avifauna





Seventy-two wetland avian species have been identified in the Delta (Simmons et al. 1993) with non-wading residents being dominant (42%). In general, the total bird population in the Delta is larger during the period of small river discharges (October-December) than during the period of large discharges (March-May); in contrast, species diversity is greatest during the ÒwetÓ season.





The avifauna of the Delta is dominated numerically by piscivores, which reflects the large fish populations and is characteristic of other emergent freshwater wetlands in southern Africa. Seventeen seabird species have been identified in the Cunene Delta (Environmentek/CSIR 1996) dominated by the Cape and Whitebreasted Cormorant (Phalacrocorax capensis and P.carbo)., the Kelp and Greyheaded Gull (Larus dominicanus and L. cirrocephalus) and the Common/Arctic, Damara, Sandwich and Black Tern (Sterna hirundo/paradisaea, S. sandvicensis, S. balaenarum and Chlidonias niger). It is clear from the highly variable counts associated with the species within this group (e.g. 3000 Cape Gannets, Morus Capensis, recorded in November 1991 by Simmons et al. [1993] compared to 3 in November-December 1995 by Environmentek [1996]), that many sightings reflect birds either on passage or opportunistic visitors (Environmentek, 1996). Eight resident wader species, dominated by Whitefronted and Chestnutbanded Plovers (Charadrius marginatus and C. pallidus), were reported by Simmons et al. (1993) and a total of eighteen palaearctic wader species have been identified since 1981 (Ryan, 1984; Braine, 1990; Simmons et al., 1993; Environmentek, 1996). The latter group is dominated by the Curlew Sandpiper (Calidris ferruginea), the Little Stint (Calidris minuta), the Sanderling (Calidris alba) and the Ringed Plover (Charadrius hiaticula). However, the limited intrusion of saline water forced by the tides results in a lack of an estuarine intertidal benthic fauna, which is normally the attraction for both Palaearctic migrant waders and resident wader species such as Avocets (Avocetta recurvirostrata) and Blackwinged Stilts (Himantopus himantopus). The resident wetland species (35 recorded species - Environmentek, 1996) is typical of freshwater emergent reed marshes anywhere in southern Africa. Consistently, the most numerous species is the White Pelican (Pelecanus onocrotalus), with the Reed Cormorant (Phalacrocorax africanus), the Egyptian Goose (Alopochen aegyptiacus) and Little Egret (Egretta garzetta) also found in significant numbers. Traylor (1963) reported that there were no records of White Pelicans breeding in Angola; the nearest known breeding sites are Walvis Bay and Etosha Pan in Namibia (Maclean, 1993). Reed Cormorants Phalacrocorax africanus and Little Egrets Egretta garzetta do breed in the Phragmites Reedbeds. While large numbers of Flamingoes are found consistently at Ilha dos Tigres, they appear to be infrequent visitors to the Cunene Delta, again because of the lack of suitable benthos on which to feed. 





The large species diversity of the avifauna in the Cunene Delta (78 species) is second only to that of Sandwich Harbour (79 species; Berry and Berry, 1975; Simmons, 1991). However, recent large geomorphological changes at Sandwich Harbour have greatly reduced the area of reedbeds and of wetland vegetation in general (P. Morant; pers. obs.) such that the Cunene Delta may now support the richest wetland avifauna, in terms of species, along the entire Namib coast. 





The large species diversity of the avifauna in the Cunene Delta (78 species) is second only to that of Sandwich Harbour (79 species; Berry and Berry, 1975; Simmons, 1991). However, recent large geomorphological changes at Sandwich Harbour have greatly reduced the area of reedbeds and of wetland vegetation in general (P. Morant; pers. obs.) such that the Cunene Delta may now support the richest wetland avifauna, in terms of species, along the entire Namib coast. 





environmental significance





The fluvially dominated deltaic sedimentary system is unique to the Namib Desert only insofar as it is maintained by a perennial river which, except for rare occasions maintains an outlet to the Atlantic Ocean. Thus, Cunene water is continuously supplied to the shoreface and shelf, whereas only small amounts of sediment (dominated by medium-coarse sandy bedload) are continuously fed into this area. Only during large floods are significant quantities of fine-grained suspended sediments contributed to the nearshore sedimentary system, bypassing the deltaic sedimentary body almost completely. The low nutrient levels in the river do not contribute to any significant extent to the nearshore system. 





The overall ecological importance of the Delta Complex can, therefore, be attributed to:





(a)	it being the geographical limit of a number of tropical species on the west coast of Africa (Environmentek/CSIR, 1996; Hay et al., 1996), owing to the warmth of its waters and the shelter it affords from cold ocean currents, e.g.





the green turtle, Chelonia mydas





the soft-shelled terrapin Trionyx triunguis





the crocodile, Crocodylus niloticus;





the freshwater prawn, Macrobrachium vollenhovenii (Kensley, 1981; Curtis, 1991);





several species of fish (Hay et al., 1995);





b)	it being an oasis in the extremely harsh Namib Desert capable of supporting vegetation communities, which by themselves are of relatively low conservation importance in a southern Africa context, but which are locally extremely important for the survival of other species (Environmentek/CSIR 1996);





(c)	it being a staging area for migratory avian species and used by a significant number of Namibian Red Data birds (12 documented by Simmons et al. 1993). 





The green turtles use the lower Cunene primarily for thermo-regulatory reasons as no food organisms suitable for adults or sub-adults (attached benthic macro algae; Bjorndal, 1985) are available in the Delta, nor is there evidence of nesting activity (Environmentek/CSIR 1996). At temperatures less than about 18o C, turtles become moribund; the Cunene Delta and the associated effluent plume with water temperatures consistently between 20o and 30o C provides an important aggregation point for the turtles which is important to their breeding success in this part of the south east Atlantic. The crocodile is known to breed in the Delta (Griffin and Chang, 1991, Environmentek/CSIR 1996) and at least 20 other reptilian species are know to occur in this area (Simmons et al., 1993).





Although normally requiring ÒbrackishÓ water for larval survival (Bickerton, 1989), the Cunene population of M. vollenhovenii is able to complete its life cycle in fresh water (as reported by Prah; 1982). This factor coupled with the geographic isolation (the next nearest river mouth, the Cuanza, is 900 km to the north) reinforces genetic separation from adjacent stocks, increasing the conservation and scientific importance of this species (Kensley, 1981, Environmentek/CSIR, 1996).
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