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EXECUTIVE SUMMARY

This study of the Omadhiya Pan Complex in the Oshana Region was undertaken as part of the Northern Namibia Environmental Project’s (NNEP) community based natural resource management activities with the Ministry of Environment and Tourism. The study was initiated following consultations with community members and local government representatives who were concerned about the use of resources in the area (Nemarundwe and Kean, 1998). They were prompted by the conflicts which had arisen between fishers and cattle owners  over the use of water in the Omadhiya area. The study comprised several components including: fieldwork to monitor fish catches, a key informant survey in the Omadhiya area, a formal questionnaire survey across the Oshana System and a study of turbidity and conductivity of pan soils.

The Omadhiya Pan Complex lies at the end of an endorheic land-locked river drainage, the Cuvelai, wedged between the Kunene River draining towards the Atlantic Ocean and the Okavango (Cubango) River draining into the Okavango Delta. It consists of ten major and a number of smaller interconnected shallow open water bodies, pans, with a combined low water level surface area of about 1500ha and a full water area in the order of 7000ha. The water resource of this system is not reliable as most surface waters dry up regularly and water quality deteriorates towards the end of the dry season to become unfit for livestock and even the most hardy fish species. 

Historical data on floods in the Oshana Region indicate one dry year about every three years, when no flood water reaches the Pans.  Medium to large floods also had a frequency of one in three years, but the occurrence of both floods and droughts were highly variable with low predictability. Fish life in the Pans is thus not permanent and populations have to be re-established from existing stocks in the in-flowing oshanas which are in their turn dependent on fish migration down the oshanas from more permanent river reaches in Southern Angola. The management of the fish resources of the Omadhiya Pans cannot be addressed in isolation but depends on the maintenance of the hydrological and biotic quality of the Oshana System in Northern Namibia and Southern Angola.

The Omadhiya Pan Complex is fed by direct rainfall, local floodwater and floodwater conveyed to the Pans by four channels entering the system from the west, north-west, north and north-east. The last two channels convey the main floodwater of the Cuvelai from Angola to the Pans and in high flood years, through the Pans and via the Ekuma River, to Etosha Pan.

By November 1998 only two pans had some water in them. In February 1999 a moderate small flood (efundja), (local runoff and floodwater from Angola) filled all the main Pans with the exception of Oponono. The maximum depths of Pans were only 70 to 160cm in April and dropped to <110cm by July. By October, only two Pans still contained undrinkable saline water and by the end of the year all water had evaporated. 

Ten fish species have so far been collected from the Omadhiya Pans. Six are reported regularly and four species, including two catfishes (Ombwishi and Ehepala), one small barb (Oontangu) and a tilapia (Omakende) form the main fish community. Three of the recorded fish species are possible new and invasive species from the Kunene River that managed to establish populations in the Oshana System after escape from the Ruacana-Oshakati Canal (Van der Waal 1991). In 1999 five fish species were collected in the Pans: Clarias gariepinus (Ehepala, sharptooth catfish), C. ngamensis (Ombwishi, blunttooth catfish), Barbus paludinosus (Oontangu, straightfin barb), B. poechii (Oontangu, dashtail barb) Orthochromis machadoi (Omakende, Kunene dwarf happy) and Oreochromis andersonii (Omakende, threespot tilapia). 

The fish community structure in the Pans differed considerably from that sampled in the oshanas in April. The fish community in the Pans was dominated by B. paludinosus while many more C. gariepinus were collected in the oshanas. C. gariepinus were larger in the Pans than in oshanas, possibly indicating a more successful migration of larger fishes further downstream. B. paludinosus and B. poechii were much smaller in the Pans, with mature barbs found in April in the oshanas and post-fry in the Pans. This may indicate that young fish were successfully spawned in the oshanas and later migrated to the Pans. Only the barbs showed any increase in length during the observed period in the Pans.

Fishers living in the inhabited area north and east of the Pans showed a sound knowledge of the functioning of the Pans, supplementing the information obtained from literature. Most Pans are regarded as annual, with Uupeke, Omanetha, Hinakulu and Oponono regarded as more semi-permanent. Many agreed on a serious deterioration of the Pans, resulting in less frequent floods, shallower water and faster drying out of Pans, accompanied by a decline in water quality and fish life in the Pans. Reasons offered for this deterioration included overgrazing, removal of vegetation around the Pans and in the Oshana System and lastly, sedimentation.  The fishers were in favour of control of the presently uncontrolled fishery. There was agreement to re-introduce old traditional regulations. This implies a ban on all destructive fishing methods and allowing only single hooks and traps to catch fish whilst the water level is high and of good quality. As soon as the water level is low and quality deteriorates, push baskets and seine nets should be allowed. These regulations would conserve the fish, and if applied in the Oshana System, more fish would come down to the Pans. It would also solve present conflicts between commercial fishers and cattle owners at the Pans. Regional councillors and traditional authorities together with government departments were favoured as agents implementing these regulations. The fishers unanimously agreed that access to the Pans should be controlled.

The survey showed that most fishers around the Pans possessed fish hooks and push baskets as their main fishing gear. Nets were owned by less than half of the respondents. They needed assistance of 4 to 22 persons to pull the nets through the thick sloppy mud of the Pans and paid them with fish. In general, the fishers questioned fished for home consumption, catching around 2 buckets of fish per day. 

1999 was not a good fishing season at the Pans and only in April were intensive catching operations seen at Umpundja for catfish and in October at Omanetha Pan. The most preferred fish species  are the catfish species (Ombwishi and Ehepala). Prices fetched at the Pans were around N$5-50 while the price realised at the market at Oshakati was N$8-00 per kg. 

Fish were caught in the Pans by fishers employing traditional, adapted and modern fishing gear.  Long lines and seine nets were the most important gear used commercially. No data on harvest intensity or the tonnage removed could be collected, but literature indicates that it can be considerable after extensive flooding of the Oshana System, in the order of one thousand tonnes. The harvest of fish from the relative small 1999 flood was however considerably smaller. The average harvest is expected to vary considerably from year to year and to be less than a hundred tons.

 A short investigation on the possible negative effects of seine netting on the water quality by Mr Roberts and Dr Clarke did not conclusively demonstrate a deterioration of water quality by stirring mud in situ. An increase in salinity in the soil with depth was however found and a disturbance of the considerably thicker mud-layer towards the end of the dry period may contribute to rendering the water undrinkable for the many cattle relying on the Pan water for survival. 

To promote wise use of this temporal fish resource, management and fisheries activities have to be flexible and also consider changing situations and thus include short-term objectives. To define these objectives requires an input of data that has to be collected locally. Fishing should be allowed when fish in the Pans are of reasonable size (50mm for barbs and 20 cm for catfish) and when drying out of the Pans is imminent. To facilitate decision making and the formulation of such short term objectives, a Omadhiya Management Authority is proposed, including local community leaders, traditional leaders, fishers, stock owners and scientists to monitor water levels, water quality and condition of the fish populations in the Pans. Recommendations on a fishing season for the Pans can then be made and applied by the local authorities in compliance with the inland fishery policy and new inland fishery legislation.

The Omadhiya Pans form a unique system that is presently threatened by sedimentation and general environmental degradation in the Oshana System. Studies on the hydrology of this system are required to understand and manage it wisely.

2 GLOSSARY

Anastomosing

interconnected or bridled system of channels or veins

Benthos
animal life living on bottom of water body

Conductivity
measure of the amount of dissolved substances in water that can conduct electricity – expressed as Siemens per unit of distance [rainwater -  50 (S/m and seawater 50 000(S/m

Efundja
floodwaters with fish from the Cuvelai slowly moving southwards through oshanas towards the Omadhiya Pans and Etosha

Endorheic
internal drainage; a river basin with no outflow, resulting in accumulation of salts. in the lowest part.

Ephemeral
seasonally inundated 

Fecundity
ability to breed and number of eggs that are produced per season per female

FL
fork length, used for fish with a distinct forked tail

Gonad (-al)
reproductive glands of an animal, ovaries and testes

Length frequency 
graphical display of the number of an organism in each length group

distribution 


Molluscivore
animal specialising in eating snails and bivalve molluscs

Multiple spawner
fish able to lay batches of eggs a number of times a season

NNEP
Northern Namibia Environmental Project 

Omadhiya

local plural for pans, and general name applied to study area

Oshana
grassed shallow wide temporary wetlands with low gradient

Oshana System
Network of shallow grassed temporary wetlands with higher laying sandy ridges in between, situated in the southern part of the Cuvelai River drainage in southern Angola and northern Namibia; about 130 km wide and converging to an apex at the Omadhiya Pans (see Figure 1)  

Pan


circular temporary shallow open wetland, typical of interior southern Africa

Phytoplankton
floating microscopic and small plants in water

Pioneer species
plant or animal species that first colonise a new area

Post-larvae
stage in fish life cycle just after eggs hatch and young start feeding


Recolonisation
migration of organisms into an area where they were earlier wiped out

Refugium (a pl.)
safe area where a population can survive harsh conditions

Salinisation
process of increasing the salt content of water

Secchi reading
estimate of the penetration of sunlight into water, indirectly related to turbidity values

Stratification
water forms separate layers according to differences in density and temperature

TL
total length of a fish. FL = fork length, used for fish with a distinct forked tail

Turbidity
amount of suspended substances in water, measured as light extinction in water

Wetland
shallow area that is temporary or permanently inundated by running or standing water; characterised by unique soil types and/or aquatic vegetation

Zooplanctivore
fish eating swimming invertebrates
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INTRODUCTION
Aim of this study

The Northern Namibia Environmental Project is an initiative of the Ministry of Environment and Tourism of Namibia, funded by the Department for International Development, United Kingdom. One of NNEP’s  aims is to  develop the communal areas directly north of the Etosha National Park through community based natural resource management. One of the renewable natural resources is freshwater fish in the Oponono-Ekuma wetland. Consultations with local communities in 1998 pointed to the need for improved management of the fish resource and need to solve existing conflicts between cattle ranchers and commercial fishers about water use (Nemarundwe & Kean, 1998).

The Terms of Reference for this study include:

· Assessment of the importance of the fish resource of the various Pans, fish species and their abundance, seasonal and annual population dynamics of the fish populations and fish breeding. 

· Assessment of the fishery, economic importance, fishing methods, seasons, present control.

· Recommendations on management options, zonation, fishing regulations. 

· Recommendations of future monitoring and development of a fisheries management plan.

Persons involved in study:

This study was only possible through teamwork conducted between November 1998 and July 2000. Regular fieldwork at the Pans as well as the undertaking of a questionnaire survey in the oshana area north of the Pans was done by Lineekela Kandjengo (BSc) and Olympio Nhuleipo (BEcon), two graduates from the University of Namibia, working as junior researchers for the project. Mr Lotto Kuushomwa, a CBNRM Community Facilitator with the Rossing Foundation, did an important in-depth survey of key informants and fishermen living in the area north of the Omadhiya Pans. Maps and entry of GPS data were prepared by Dr Alex Verlinden and Mrs Diane Davies of NNEP at Ongwediva. A study on the turbidity and conductivity of pan soils was conducted by Dr Nicholas V Clarke and Mr Kevin S Roberts with  the Water Environment Division, Department of Water Affairs. The overall study was co-ordinated and managed by Dr Stuart Kean, NNEP Project Co-ordinator. Other persons contributed to fieldwork, including staff of the fisheries section of the Rural Development Centre. Discussions were held with many experts in Namibia and some in South Africa (Appendix 1). All these persons are sincerely thanked for their valuable contribution.

Activities covered in this study: 

Activities during field visits included the mapping of pans, monitoring of water depth, quality, vegetation, the fish life of different Pans and observed fishing activities. Visits to collect information on the chemical and physical and biological aspects  of the Omadhiya Pans were undertaken in November 1998 and April 1999. Surveys of some environmental factors as well as fish life and fishing activities were also made by the junior researchers in May, June, July and October 1999.  A survey of fishing activities and perceptions held by key informants living directly north of the Pans was undertaken by Mr Kuushomwa and a formal questionnaire survey of fishing and fish eating across the Oshana System was undertaken by the two junior researchers. After the  data entry, the results were analysed  and were compared with data from a similar survey undertaken previously in 1989.

 General information on the area and history of project:

The Omadhiya Wetland Complex (previously referred to as Oponono-Ekuma Wetland and shown as Lake Oussouk (Stengel 1963) and Lake Oponono on earlier maps)), forms the sump of the inverted oshana delta, lower part of the unique internal, endorheic Cuvelai drainage system. It is annually filled with water from rainwater and converging floodwaters of the Oshana Etaka (draining rain-fed oshanas in the north west of the Oshana  System) and oshanas from the north, representing a number of branches of the Cuvelai River in Namibia (Figure 1). The Pans represent an important seasonal grazing and watering resource for cattle and are important for seasonal commercial fishing activities. It forms a focal point for aquatic bird life, including pelicans, flamingos and waterfowl (Berry 1972, Berry et al. 1973).
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Figure 1

Map of the Cuvelai River system in southern Angola and northern Namibia
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Figure  2
Map of Omadhiya Pan complex showing individual pans at minimum level of filling 
(April 1999)

Reference to possible detrimental effects of fishing activities in the oshanas and on the Pans were first made in 1975 by Mr H Ferreira, the then director of Agriculture of Owamboland, that initiated a fisheries survey by Van der Waal (1976). The observed aquaculture and fisheries potential led to the development of a fish hatchery run by the Rural Development Centre at Ongediva for the supply of fish seed to fish ponds and pools.

The fish life of the Omadhiya Pans themselves has never been studied systematically. Mr M Bloemhoff of the Fisheries Research Institute of the Department of Environment and Tourism at Hardap Dam made collections of fish life in the Pans in 1971. This was followed by collections by Dr B C W van der Waal in 1975, 1984, 1989, 1991 and 1993.  From casual observations and reports of officials it appears that the Pans temporarily harbour large populations of fish. Under normal conditions the fish will however not survive until the next rainy season and are then actively harvested by fishers from near and far. Only when years of good rainfall and flood follow each other, can fish survive in the Pans from one year to the following.  In such case, certain protective measures would be required to maintain fish populations until the next season. When drying out or exponential increase in salinity are imminent, total capture of the fish stocks is permissible. 

The flooding and repeated re-colonization of the Omadhiya Pans cannot be understood without a short description of the Cuvelai River system. The Cuvelai River is a relative small river with an endorheic catchment of some 37 000km2 (Stengel 1963), situated between the Kunene River (flowing towards the Atlantic Ocean) and the Cubango/Okavango system (draining towards the south-west into the land-locked Okavango Swamps and Makgalagadi Pans). The upper reaches of the Cuvelai and its branches some 300 km north of the Pans, drain the Sierra Encoco escarpment receiving more than 1000 mm of rain annually. These upper rivers are permanent but 200 km further southwards a flat sandy plain is reached where a delta is formed with oshanas anastomosing laterally until the widest part is reached at the Angola/Namibian border (Figure 1). Further southwards oshanas converge from west and north and in good rain years form a flood or efundja that drains slowly towards the Omadhiya wetland and in high flood years, to Etosha Pan itself. During the rainy season, successful fish breeding in the upper parts of the Cuvelai leads to local overpopulation and young-of-the-year fish start migrating downstream in an attempt to recolonise the uninhabited southern section of the system. At the beginning of the efundja, fish are said to be smaller and lean and traditionally the king (or headman) himself decided when fish were large enough to be harvested. One such efundja was shortly studied in 1975 when 4.2 tons of fish was harvested along the Ondangwa-Oshakati road by 123 fishers in one day (Van der Waal 1991). 

In normal years most of the water in oshanas and in the Omadhiya Pans evaporates and all fish succumb before the next flood. During medium to large floods however, a considerable portion of the flood water and those fish that have not been fished out, reach Omadhiya Pans which then experience a high fish population. The calculated tonnage of fish removed from the Omadhiya Pans by breeding white pelicans in 1971 was calculated to be just less than 1000 tons (Berry et al 1973).

Key issues of conflict in the area:

The rangeland around the Pans are an important grazing resource for cattle during the dry period when large herds drink daily at the Pans. Towards the end of the dry season, water levels of the Pans drop and fishers start more intensive fishing operations with seine nets. The fishers are then blamed for increasing turbidity and salinity of the water so that it is rendered undrinkable for cattle. Other issues include the general perception that the oshanas and specifically the Pans are silting up, keep water for shorter periods and become more saline, as well as the disappearance of game, bird and even fish life from the area. 
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ENVIRONMENT OF THE OMADHIYA WETLAND COMPLEX

General description of the Pans

The Omadhiya Wetland Complex consists of a series of shallow, interconnected pans that are not permanent as assumed in some circles (hence the previous misnomer “lake”) but dependent on local rainwater, local floods and major efundja from Angola. Fish similarly do not find a permanent refuge in the Pans; they have to be repopulated during floods (efundja). The hydrology of the system is not well understood and basic work still has to be undertaken to describe this system.  A short description of the hydrology of the oshana system is presented by Marsh and Seeley (1993) and Van der Waal (1991).

A map of the Pans is presented in Figure 2, based on satellite interpretation and ground verification.

For filling, the Pans rely on direct rainfall (in the order of 400 mm per year (Byers 1997)) and flood water from the Oshana System draining into it.  The water supply to the Pans is derived from four sources: direct precipitation, local rainwater draining into the Pans, flood water from local rain water draining via oshanas and then the proper efundja floods, bringing water from the upper portions of the Cuvelai River system in southern Angola. These floodwaters enter the Pans via from the following directions:  

1. Western arm, Oshana Etaka draining the oshana area to the west and north west, including Oshana Etaka south of Olushandja Dam. This source feeds the most westerly Oponono Pan proper, and spills into Uulidi-Omanetha. 

2. North-western arm, draining local rain-fed oshanas in Namibia west and south of Ombalantu, feeding Uupeke, Oshekediya and Korolo Pans. These Pans drain via Omanetha towards the eastern Pans. 

3. Northern arm, fed by the major oshanas between Ogongo and Oshikuku which are connected to the Cuvelai itself. The floodwaters feed Uulidi, then Omanetha and Hinakulu-yomadhiya and then drain eastwards.

4. North-eastern arm, fed by oshanas from Oshakati to Ondangwa and possibly representing the main course of the Cuvelai; These feed Uulidi and Onamagwena Pans and then drain towards Oshituntu. 

5. When all these Pans fill, they become connected to three important and seemingly, more permanent Pans in the south an east: Hinakulu-yomadhiya, Omanetha in the south west and Oshituntu in the east. This last Pan is connected to the Ekuma River via a number of smaller water bodies. The Ekuma River is a well-defined winding channel that drains surplus water from the Pans area towards the north-western end of Etosha Pan. 

The Pans can be divided on basis of their relative permanency, depth and presence of  aquatic vegetation. The following Pans all share well-defined banks, with mostly open water and some beds of emergent vegetation on the edge of the open water:

· Oponono, Omanetha, Hinakulu, southern sections of Onamagwena and Oshituntu. When dry they all exhibit a black floor. 

· Uupeke, Korolo, Uulili and large areas of Onamagwena are shallower with a different substrate and contain large beds of the aquatic grass Diplachne cuspedata.

The surface areas of the different Pans at low level (areas with contrasting black mud) as well as the calculated total area of the flooded area  (1995 flood, satellite data) are presented in Table 1

Table 1 
Calculated surface area of Pans, ha [Data from Mrs D Davies and Dr A Verlinden, NNEP]

Minimum water level (area showing a black surface)
Uupeke


 

  
76


Uulidi


 


283

Korolo


   
  

  66

Oshekediya


  

  58

Onamagwena




672

Oshituntu

 


103

Omanetha 

   
  

  61

Hinakulu-yomadhiya
   
  

  89

Oponono




122

===============================================

Total

              
        
          1530ha

Estimated normal full water level     
           2065ha

Calculated  flooded area, 1995 flood          >7430ha (from Landsat images)

Variation in water levels and permanency of water in the Pans
As result of the remoteness of the area and absence of all-weather roads, little is known about the reliability of water in the Pans. No regular monitoring of the water levels or fish life in the Pans has ever been attempted. Recently, however, the Department of Water Affairs has given attention to flood water runoff of the Cuvelai River through the oshanas, but no monitoring of the flood water through the Omadhiya Pans or into Etosha could be undertaken (Hydrology Division 1995). Circumstantial and anecdotal information  could be used to develop a model of possible water retention and presence of fish in the Pans.  

Table 2
   Summary of estimated magnitudes of floods in the oshana area, based on data of Stengel (1963), Van der Waal (1991) Hydrology Division (1995) and own observations.

	Year
	none
	small*
	medium*
	large*
	major *
	Year
	none
	small*
	medium*
	large*
	major *

	1941/2
	
	X
	
	
	
	1970/1
	
	
	
	X
	X?

	1942/3
	
	X
	
	
	
	1971/2
	
	
	
	
	

	1943/4
	
	
	X
	
	
	1972/3
	
	
	
	
	

	1944/5
	X
	
	
	
	
	1973/4
	
	
	
	
	

	1945/6
	X
	
	
	
	
	1974/5
	
	
	
	
	

	1946/7
	
	
	X
	
	
	1975/6
	
	
	X
	
	

	1947/8
	
	X
	
	
	
	1976/7
	
	
	
	
	X?

	1948/9
	X
	
	
	
	
	1977/8
	X
	
	
	
	

	1949/50
	
	
	
	X
	
	1978/9
	
	
	X
	
	

	1950/1
	
	X
	
	
	
	1979/80
	X
	
	
	
	

	1951/2
	X
	
	
	
	
	1980/1
	X
	
	
	
	

	1952/3
	X
	
	
	
	
	1981/2
	
	X
	
	
	

	1953/4
	
	
	
	X
	
	1982/3
	
	
	X
	
	

	1954/5
	X
	
	
	
	
	1983/4
	
	X
	
	
	

	1955/6
	
	
	X
	
	
	1984/5
	
	
	X
	
	

	1956/7
	
	
	
	X
	
	1985/6
	X
	
	
	
	

	1957/8
	X
	
	
	
	
	1986/7
	
	
	X
	
	

	1958/9
	
	X
	
	
	
	1987/8
	X
	
	
	
	

	1959/60
	X
	rainwater to Pans
	
	
	
	1988/9
	X
	
	
	
	

	1960/1
	
	
	
	
	
	1989/90
	
	X
	
	
	

	1961/2
	
	
	
	
	
	1990/1
	
	
	X
	
	

	1962/3
	
	
	
	
	
	1991/2
	X
	
	
	
	

	1963/4
	
	
	
	
	
	1992/3
	
	X
	
	
	

	1964/5
	
	
	
	
	
	1993/4
	
	
	X
	
	

	1965/6
	
	
	
	
	
	1994/5
	
	
	
	X
	?

	1966/7
	
	
	
	
	
	1995/6
	
	X
	
	
	

	1967/8
	
	
	
	
	
	1996/7
	
	
	X
	
	

	1968/9
	
	
	
	
	
	1997/8
	
	X
	
	
	

	1969/70
	
	
	
	
	
	1998/9
	
	
	X
	
	

	
	
	
	
	
	
	1999/

2000
	
	
	X
	
	


[* objective criteria, (estimated mean annual flood added in brackets (Hydrology Division 1995) ;  small = low flood: limited local flooding, little and  inconsequential inflow into Omadhiya, (93Mm3a-1)  medium = ‘average’ : most oshanas flow for some time (= efundja), fish typically present in oshanas, some significant flow into Omadhiya, Pans fill with water  (154,6 Mm3a-1),  large = high flood: presence of an efundja, with plenty fish, all Pans completely filled, some spilling into the Ekuma and reaching Etosha (228 Mm3a-1), major = large efundja, Etosha filled considerably by floodwater/ rainwater, pelicans  breed successfully on Etosha].

Droughts in Owambo are a recurrent phenomenon. Missionaries at Okatana and other mission stations have kept valuable records of past droughts. In the period from 1872 to 1959 droughts [often experienced by the local population as famine periods] were experienced in no less than 27 of the 87 years of continuous records, representing 31% of the years reported as dry (Stengel 1960).  From these data, it can be assumed that sufficient rain fell in 69% of the years during which some flooding of the oshanas took place. Another series of observations on floods in the oshanas can be used to deduct the frequency of floods (and presumably inflow into the Pans) Table 2 lists data of floods recorded at Okatana near Oshakati between the periods 1941/2 to 1960/1 (adapted from Stengel 1963) and at Oshakati from 1975 to 2000, (Van der Waal, 1991 and personal observations). These data may not be directly applicable to the Pan area, but could present an indication of the regularity of floods.  In 32% of the years, no significant flow was recorded (14 out of 44 years). This correlates with the reported incidence of droughts in the period 1872 -1959.  Medium to major floods, that are assumed to be large enough to fill all the Omadhiya Pans, were recorded in 18 out of the 44 years, representing an interval of once in three years. Years with small floods, that may have been sufficient to fill the Pans only partly (for one summer season only), have a frequency of 12 out of 44 years, or 27%. If all the years of small to major efundja are considered, the Pans seem to receive some floodwater in only 68% of the years. 

If the dry and wet years would alternate in a regular fashion, the Pans would contain some water almost every year. Inspection of Table 2 shows that floods and dry years (and rainfall, Van der Waal 1991) however, show a highly irregular pattern.  In a period of 46 years of record, there were five periods with two consecutive years with no or little flood and five periods with three consecutive years with no or little flood.  On the other hand, major and large floods were recorded in intervals ranging from 3 to 17 years. The conclusion is drawn that although the Pans may receive some flood water in about two thirds of the years, drying out of  pans or deterioration of the water quality is a reality  in nearly all the years. This is illustrated by recent observations by Mr W. Versfeld (Hines 1998) where the water of a large flood  (estimated to be in the region of 350 million m3) filled all the Pans and partly drained down the Ekuma River into Etosha in 1994/5, yet only two years later, all the Pans were nearly dry. In 1997 and 1998 Pans were again filled by rain and a medium flood but by September 1998, most pans were dry and in November only one pan (Uupeke)  had some water.  The extremely high evaporation rate in the study area (2500 cm per year (Clarke 1998)), relative shallowness of the Pans (no records are known of full supply depths of the Pans but estimates of 1-2m are made) as well as possible water loss through the Pan floor, must be responsible for the observed desiccation. 

Oshanas and the Omadhiya Pans every year contain some water for a shorter or longer period during the rainy season, when shallow groundwater resources are replenished and water then stands for weeks in local depressions before it evaporates.  Later during a good flood year, this local rainwater mixes and contributes to the proper efundja flood of the Cuvelai. It is possible that with good local rain, the Omadhiya Pans can fill - but if the Pans had been dry before, they would be without any fish life. On the other hand, small floods from Angola, regarded by local persons as small efundja and allowing fish catches in some parts of the oshana delta, may reach Omadhiya Pans and  bring some fish to the Pans, but do not prevent the drying up of the Pans in the same year. This seems to have happened during the last four years: The flood of 1994/5, estimated at 350.7 million m3a-1   (Hydrology Division 1995) was followed by two years of small floods, during which some water entered some of the Pans (for instance Uulidi was fed from the north and remnants of fish fences were seen during a field trip on 13 November 1998). This did not prevent the complete drying out of all the Pans, with exception of Uupeke Pan, by the end of 1998. A similar fast drying out process was observed in 1999. All Pans received flood water in February  which was sufficient to fill them to an estimated ¾ of the full mark. By July, the Pans were only half full and by October only three Pans still had water in them. The great variation in local rainfall and the local character of floods will affect various Pans in different ways as illustrated by the data presented by Versfeld ( Hines 1998). This complexity makes  it extremely difficult to  understand the hydrology, functioning and management of the Pans.

The fishers and headmen living in close proximity of the Omadhiya Pans reported to Mr Kuushomwa, that they regard most Pans as being seasonal. The Pans can be divided into three major groups: 

· drying up early in the winter: Oshekediya, Onamagwena, 

· August and September: Korolo, Uulidi, Hinakulu   

· later in October, November: Oshituntu, Omanetha, and Uupeke. 

· This information agrees closely with the pattern observed in 1999.

The fishers indicated how they rank the different Pans in terms of the permanency of the Pans (Table 3). 

Uupeke, Omanetha and Oponono had the highest score as permanent but were regarded by most to regularly dry out every 2/3 years, However, Uulidi, Korolo, Oshekediya, Onamagwena, Omanetha, Oshituntu were considered as annual Pans by most fishers. 

Table 
3
Frequency of desiccation of  the Omadhiya Pans as perceived by 39 fishers

	name of pan
	Dry out annually
	dry every2/3 year
	dry out seldomly

	Uupeke
	3
	24
	7

	Korolo
	18
	2
	

	Oshekediya
	17
	1
	1

	Uulidi
	17
	
	

	Onamagwena
	4
	
	

	Oshituntu
	10
	6
	1

	Omanetha
	18
	13
	5

	Hinakulu
	8
	15
	2

	Oponono
	3
	22
	4


The pattern of  evaporation and accompanying drop in water level was monitored at the most important Pans over the study period from April to October 1999 and results shown in Figure 3. There is acceleration in the rate of water level drop as the summer with high temperature and windy conditions approaches. 
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Figure 3
Change in maximum water depth of Omadhiya Pans in 1998-9

The present information on Pan depths indicates that the Pans are even shallower than anticipated. It is realised that the 1999 flood was just able to fill all Pans and connect them, without any overflow into the Ekuma. The information collected from local fishers and chiefs is supported by our own measurements and observations: none of the Pans can really be regarded as permanent and the water quality deteriorates considerably towards the early summer. This has serious implications for fishery management in that very few if any fish will survive from one season the next in normal flood years.  Every year a fish community has to be established anew from inocula outside the Omadhiya Pans. 

Variation in water quality in the Pans

The study investigated aspects of water quality in the Pans in order to better understand the claims made by some cattle owners that the fishers spoil the water for watering cattle, especially early in the season. Water quality of the Pans is an issue on which even less data is available .  Table 4 summarises information on water quality of oshanas and Pans obtained from the Department of Water Affairs.  Conductivity (a measure of conductance of electricity through water, closely reflecting total dissolved solids in the water) in the oshanas varied between 260 and 7050(S/m while the corresponding values in Omadhiya Pans was much higher, from 33750 to 475000(S/m. In both the oshana and in the Pans a more than tenfold increase was observed in oshana water from a lowest value in the rainy season to the highest value in early summer. The recorded high values for the Pans may be attributed to the late season when samples were taken, representing water that had been subjected to considerable evaporation. pH values seem to increase slightly in oshanas as the water begins evaporating. Again, the values in Pans were somewhat higher than in oshanas.

Table 4
Conductivity and pH values in oshanas and Omadhiya Pans recorded earlier (data 

from Department of Water Affairs (from Van der Waal 1991)

	DATE
	LOCALITY
	CONDUCTIVITY

(S/m
	pH

	22 April 1976
	Oshana, Oshakati
	260
	6,7

	22 April 1976
	Oshana, Oshakati
	3900
	6,6

	28 April 1976
	Oshana, Oshakati
	550
	7,3

	6 May 1977
	Oshana, Oshakati
	4990
	7,5

	6 May 1977
	Oshana Ombalantu
	3420
	8,4

	6 May 1977
	Oshana, Oshikuku
	4680
	8,1

	6 October 1972
	Oshana, Ongediva
	7050
	8,4

	7 August 1975
	Omadhiya Pans
	33750
	5,8

	15 October 1975
	Omadhiya Pans
	145000
	7,2

	15 October 1975
	Omadhiya Pans
	430000
	8,8

	9 December 1975
	Oshituntu Pan
	475000
	8,5


Some of the most important water attributes as found in 1999 are listed in Appendix 3.  Conductivity values in oshanas were low, similar to that of tap water. In April 1999, there was already a considerable difference between the conductivity of the standing oshanas and that of the Pans with values between 835-3350(S/cm and that of oshanas around 150 (S/cm. There seems also to be an increase in conductivity from the north [Uulili] to the south [ Omanetha] and to the east [Oshituntu] with highest values to the east. 

There was a trend towards increased conductivity values in the Pans over the observed period from April to October 1999. With increased evaporation rates towards summer, the conductivity rose sharply by October (Figure 4). The observed conductivity values in October were high, but not as high as in 1975, when  conductivity values of 47500(S/cm were recorded. At the conductivity values reached in Omanetha in October 1999 (18180(S/cm), fish were observed dying. In 1975 catfish showed red and injured fins at similar conductivity values of 14500(S/cm.  
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Figure 4
Conductivity value change with time in Omadhiya Pans, 1999

Turbidity and water temperatures of water in Omadhiya Pans

Secchi disk values are indirectly related to turbidity. Observed values varied between 5 and 60mm, reflecting a very high turbidity in the Pans, similar to that of the standing oshanas. Towards the end of the study period, there was a general increase in the secchi value, indicating lower turbidity and thus the effect of settling out of a portion of the suspensoids. This observation together with the fact that the thickness of the soft mud layer (as measured with a stick pushed into the substrate), increases from April towards October, may partly explain the origin of the conflict between fishers and cattle herders (Figure 5). Disturbance by fishers pulling seine nets through the thick soft mud layer would increase the turbidity towards late spring and render the already brackish water undrinkable for livestock.
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 Bottom water temperatures in April varied from 23,3 to 25,2 oC while surface temperatures of 20,5 and 32,7 oC were recorded. This reflects large diurnal changes in the top layer and directs towards diurnal stratification. In June and July the temperature varied between 17,2 and 23,5. This may permit some feeding and possible growth for fish during wintertime.  

Figure 5
Change in depth of the soft mud layer in two Omadhiya Pans

5


FISH IN THE OMADHIYA WETLAND COMPLEX

Fish species of the Omadhiya Pans

Fish were collected from the Omadhiya Pans in 1971 by Bloemhoff (1971, Berry et al 1973) and then on occasions in 1975, 1984 and 1993  by Van der Waal. Samples of fish collected were deposited in the JLB Smith Institute for Ichthyology freshwater fish collection where preliminary identifications were verified and voucher specimens lodged. Table 5 summarises fish species reported from the Omadhiya Pan complex: 

Table 5
     Fish species reported or collected from the Omadhiya Pans.

FISH SPECIES & AUTHOR

STANDARD NAME      OSHIWAMBO 
COLLECTOR

------------------------------------------------------------------------------------------------------------------------------------------------

  
Mormyridae
Petrocephalus catostoma (Gunther, 1866)
churchill

Onziyanekunkilo
Berry et al 1973




Cyprinidae
Barbus paludinosus Peters, 1852 

straightfin barb

Oontangu
Berry/Van der Waal
Barbus poechii (trimaculatus) 



Steindachner, 1911
dashtail barb

Oontangu 
Van der Waal 1991



Schilbeidae
Schilbe intermedius Rüppell, 1832

silver catfish

Ombanda
Berry et al 1973


Clariidae
Clarias gariepinus (Burchell, 1822)

sharptooth catfish
Ehepala

Berry/Van der Waal

Clarias ngamensis Castelnau, 1861

blunttooth catfish
Ombwishi
Berry/Van der Waal

Cichlidae
Oreochromis andersonii (Castelnau, 1861) 
threespot tilapia

Omakende
Berry/Van der Waal

Tilapia rendalli rendalli (Boulenger, 1896)
redbreast tilapia 
Omakende
Van der Waal

Orthochromis(Schwetzochromis) machadoi
Kunene dwarf happy 
Omakende
Van der Waal



 (Poll, 1967)

Sargochromis coulteri (Bell-Cross, 1975)
Kunene happy

Omakende 
Van der Waal

* Oreochromis macrochir


greenhead tilapia
Omakende
Berry et al

[*Oreochromis macrochir  (Boulenger, 1912) greenhead tilapia is listed by Berry et al (1973) on strength of one specimen obtained as regurgitation from a white pelican chick in Etosha Pan. This species  was never collected in the Omadhiya Pans nor oshanas feeding it until 1986, when it could have entered the Cuvelai System via the Owambo canal ( See van der Waal 1991)].

The Omadhiya Pans fish community is relatively simple and dominated by representatives of three hardy, adaptable groups of freshwater fishes: catfish  (predators), barbs (zooplanctivores) and tilapia (benthos and phytoplankton feeders). Other species have been recorded in low numbers and do not constitute important components of the ecosystem or commercial catch. This fish community  composition agrees to a large extent to that of similar endorheic fresh water systems as Lake Chilwa, Lake Ngami and Mweru Wa’Ntipa (Jackson 1989).

The fish community in the Cuvelai River system  that feeds the Pans, has changed over the past 30 years, after the  Ruacana-Oshakati Canal was built to transfer Kunene water to the region. Seventeen fish species were originally reported from the Cuvelai River. Twelve of these species have been collected from the oshanas in Namibia. The canal linking the oshanas with the Kunene River allowed 35 additional Kunene species to enter the canal, of which the following fish species have been recorded from the Pans:, T. rendalli, S. coulteri and O. machadoi. The first species is a herbivore, the second a small predator/molluscivore and the last a insectivore. Feeding niches  for these species exist and no serious change in the fish community structure is expected.  Other invading fish species from the Kunene that are already present in the  canal and some oshanas may eventually inhabit the oshana delta permanently with the increase in survival of fish in that region and  availability of more permanent open water habitat as refugia.  During major floods, all these fish species are then expected to migrate down to the Pans. When conditions in the Pans deteriorate with a decrease in water level, the less generalist and less hardy species will become extinct first until only the hardiest, adaptable species remain. The last species to survive the adverse conditions is invariably C. gariepinus (Jackson 1989, Van der Waal, 1998).

Recorded distribution of fish species in the Omadhiya Pans

Occasional collections were made by Bloemhoff (Berry et al 1973) and Van der Waal (1991). The Pan area was visited personally a number of times between 1975 and 1993 and the results in terms of estimated fullness, water quality and fishing activities are presented in Table 6 together with all published references to fish presence.

Table 6
Pan fullness, recorded fish species present and observed fishing activities during  

visits to the Omadhiya Wetland complex, 1975 to 1998.

	Date
	Pan 
	Fullness
	Fish species present
	Fisheries activities observed

	April 1971

(Berry et al 1973)
	Ekuma River
	Full, flowing towards Etosha Pan
	C. gariepinus, 

C. ngamensis, 

B. paludinosus,

 S. intermedius*
	Pelican predating on fish, feeding chick colony in Etosha Pan

	Oct 1975
	Omanetha
	Full, water fresh
	C. gariepinus,  

C. ngamensis,

B. paludinosus,

O. andersonii, 

O. machadoi**
	Large groups of fishers drawing huge  small mesh seine nets, ox carts and few vehicles. Catch catfish and barbs.

	Dec 1984


	Oshituntu
	half full

water, brackish
	C. gariepinus, 

C. ngamensis,

B. paludinosus
	9 boys, use long lines , small parties using traps and baited hook and lines. Catch catfish species

	
	Uulidi
	
	C. gariepinus

C. ngamensis

O. andersonii

B. paludinosus 

O. machadoi**
	

	
	Omanetha
	full
	C. gariepinus 

O. andersonii 

B. paludinosus
	Six different parties using large seines. Catch catfish, tilapia and barbs.

	
	Hinakulu yomadhiya
	filling: water seen running from Omanetha into this Pan
	
	

	April 1988
	Aerial view
	Full, - fresh rain water
	
	

	Nov 1991
	Observation of fisherman catches
	low, water salty
	C. gariepinus
	Fishermen sent truckload to market at Oshakati, caught with thrust baskets in one day. Catch catfish

	April 1993
	western part 
	full,  sedges
	C. gariepinus,

B. paludinosus, 

B. poechii
	Boys  use long lines to catch catfish

	
	eastern part
	full , fresh water
	C. gariepinus, 

B. paludinosus, 

B. poechii
	

	
	Omanetha
	full
	C. gariepinus, 

B. paludinosus, 

B. poechii, 

O. machadoi**
	

	Nov 1998
	Oshituntu to Omanetha, all Pans 
	all completely dry, except for rainwater at the south of Uulidi
	No fish or fish remains in the Pan bottom
	No fishing activities 

	Nov 1998
	Uupeke 
	nearly dry, very muddy
	C. gariepinus, 

C. ngamensis
	12 women use thrust baskets (oshonga) and catch 140 fish in one morning. Catch catfish species.


*
Referred to by Van der Waal (1991) as Schilbe mystus, a synonym of S. intermedius
**
Wrongly identified as Pseudocrenilabrus philander (Van der Waal 1991)
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Figure 6
Frequency of occurrence of fish species collected in the Omadhiya Pans 1971 to 1999.

The main fish species recorded and caught in the Pans are the sharptooth catfish, C. gariepinus, followed by B. paludinosus, the blunttooth catfish C. ngamensis and the threespot tilapia. O. andersonii. Other fish species collected less regularly were  B. poechii, O. machadoi, S. intermedius and recently T. rendalli. The frequency of occurrence of the fish species of 28 different collections in the Pans on 7 occasions is shown in Figure 6.  The frequency falls quickly from C. gariepinus and B. paludinosus to S. intermedius. This pattern of occurrence of fish species in the Pans was supported by the fishers that were questioned by Mr Kuushomwa.

Composition of fish communities in the oshanas and Pans, April 1999

The numbers of fish  species collected in the various pans and their respective percentages are presented in Table 7. There is a similar composition in the Pans with B. paludinosus forming the main fish species, followed by C. gariepinus, present in all pans sampled. B. poechii was collected only in Oshituntu Pan, an unexpected find since that pan develops the highest salinity as it lies at the end of the Pan complex. From the information, it appears that C. gariepinus could be more plentiful in Uupeke and Korolo Pans, closest to the oshanas where water entered the Pan system in 1999.  That means that B. paludinosus  should  be regarded as the first  species migrating into the system, followed by C. gariepinus, B. poechii, C. ngamensis and then later, O. andersonii.

Table 7
Numbers and percentages of  the various fish species collected in Omadhiya Pans, April 1999

	Number

	Fish species
	Uupeke/

Korolo
	Onamagwena
	Omanetha
	Oshituntu
	Total

	B. paludinosus
	67
	49
	22
	133
	271

	B. poechii
	0
	0
	0
	4
	4

	C. gariepinus
	22
	2
	2
	5
	31

	total
	89
	51
	24
	142
	306

	Percentage

	Fish species
	Uupeke/

Korolo
	Onamagwena
	Omanetha
	Oshituntu
	Mean

	B. paludinosus
	75
	96
	92
	94
	89

	B. poechii
	0
	0
	0
	3
	1

	C. gariepinus
	25
	4
	8
	4
	10


Figure 7  presents a comparison of fish species composition of the two oshanas sampled in April 1999 as well as a combined composition of the Pans. There are a number of important differences:

1 Many more C. gariepinus were collected in pools in the oshanas than found in the wide-

open and shallow Pans.

2 B. paludinosus appears to be more common in the Pans

3 The following fish species were collected in the oshanas in low numbers but not in the Pans

in April 1999:

· C. ngamensis (however, this fish was observed in catches of fishermen at Onamagwena Pan),

· O. andersonii, 

· T. rendalli ( an invasive species originating from the Kunene Canal),

· O.(S). machadoi (an invasive species originating from the Kunene Canal)

All these fish were later collected in the Pans as well (See Appendix 5).

S. intermedius was never collected in the Pans since the report in 1971 (a year with an  exceptional flood).

Possible reasons for the observed differences in fish community composition may include the following:

Some fish species sometimes found in the Pans (originating from the oshanas) are not pioneer species. Following Jackson (1989), Clarias gariepinus, Barbus paludinosus and Oreochromis species can be regarded as typical early pioneer fish species that are first to inhabit new flooded habitat and also last to survive in pools when harsh conditions develop. The previous findings on the Pans and oshanas are in complete agreement with this observation made in other tropical African water systems. Species such as Schilbe intermedius, Clarias ngamensis, B. poechii, Tilapia rendalli and the small Orthochromis  machadoi as well as other species reported earlier, can then be considered as later colonisers of the oshanas that can be expected to reach the Pans only in years when the floods are greater than those experienced in 1999.
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Figure 7
Percentage composition of fish communities in oshanas and in Omadhiya Pans in April 1999

Length composition of fish species populations collected in the oshanas and Omadhiya Wetland complex in April 1999 

The distribution of length composition of fish populations in the Pans in comparison with the oshanas can indicate which size of fish undertake active migration to the Pans from the oshanas. Collections were therefore made of fish lengths in oshanas as well as the Pans and the results presented in Figure 8.
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Figure 8
Length frequency distribution of fish species collected in oshanas and Omadhiya Pans in April 1999

The length frequencies of most fish species indicate the presence of young and small fish in both the oshanas and Pans. This can be misleading as the barbs mature at short lengths, and even O. andersonii and C. gariepinus may breed at the lengths that were recorded. The data demonstrate considerable differences between the fish populations of the Pans and oshanas.  The length frequency distribution of the species will be therefore discussed separately.

Barbus paludinosus

In the Pans, the length frequency of the most common fish indicates one  prominent length group  with a median at 2cm total length - young fish. The population has a skewed length distribution with only a few larger specimens longer than 5 to 8 cm TL. In the oshanas, a similar representative sample showed two distinct peaks, with median lengths at 2 and 8 cm. In both the oshanas and Pans, all specimens longer  than 6 cm were mature and most actually contained eggs, indicating that they had just spawned or were actually ready to spawn again. 

The two distinct length groups in oshanas indicate that this fish species may actually breed in the oshanas in Namibia as soon as the fish reach the oshanas from Angola or migrate out of refugia.  The population in oshanas contained a considerable proportion of mature fish that could all have bred in February/March. The many small fish collected in the oshanas and especially in the Pans, may then represent the offspring of these larger fish and were thus were bred in the oshanas in Namibia. The low number of larger fish collected in the Pans may indicate that the migration urge to move downstream disappears as soon as breeding commences. Young fish however, exhibited active downstream migration from the oshanas to the Pans.

Barbus poechii

Only a few specimens were collected in the Pans, all immature with a median length of only 3cm TL. In the oshanas, only larger specimens were collected with a peak at 10cm TL. As was the case with B. paludinosus, the fish in the oshanas were mature but not in breeding condition anymore in April: one female was found with a few eggs left in the ovaries, the other did not contain any eggs.  The small B. poechii collected in the Pans can be assumed to be offspring of fish in the oshanas that bred there but did not migrate to the Pans themselves.

Clarias gariepinus

The population structure of the catfish in the Pans in 1999 showed a peak with a median at 15 cm TL and mean of 17,5 cm, indicating young-of the year fish,  similar to the barbs. The catfish collected in the oshanas were considerably smaller with a mean of 15,4 and median length of 13 cm. However, some larger catfish were also collected in the oshanas. The catfish found in the Pans in 1999 are not thought to be offspring of spawning activities in Namibia. The length distribution of a population of catfish sampled in the Pans in April 1984 was very much the same with a mean length of 17,2cm (TL)

Other collections do indicate however that two and possibly three different age groups of catfish were present in Uupeke Pan in 1998, where fish of 34 to 88 cm were observed, reflecting fish of one to possibly four/five years old.  Some of  these fish yielded ripe, fully formed eggs in November 1998, indicating the possibility that catfish  can breed successfully in the Pans provided they survive one season and the Pan fills again with rain and/or flood water the next year. This was certainly possible for Uupeke Pan, the Pan considered permanent by most local fishers. The lowest observed length of 8 cm  indicates an age of about 2-3 months (data from fed experimental pond, van der Waal 1972).

Clarias ngamensis

Only a few specimens were collected in the Pans with lengths of ranging from 14 to 26 cm. In earlier collections, specimens were collected in Pans with lengths from 25 to 41 cm.  

Oreochromis andersonii

No tilapia were collected in the Pans in April 1999 but it has been collected in the Pans in 1975 and 1984.  Fish collected in oshanas were 6  to 16 cm(TL) with a median at 14 cm. This represents fish of at least 3 months old. These fish must thus have been bred early in the rainy season and migrated from the more permanent waters in Angola or survived in some refugia [some of the deep dams constructed by Water Affairs] in Namibia. Only one male fish showed some gonadal development and these fish were thus not mature and unable to breed in the oshanas.  

Other fish species collected earlier in the Pans were represented only by juvenile and small specimens, most of which were not yet mature.

The collected data indicate that only young and small barbs were present in Pans, assumed to have largely originated from breeding activities in the oshanas in Namibia or southern Angola. In contrast, the catfish in the Pans migrated from spawning areas higher up in the system down with the oshanas into the Pans, and were possibly not bred in the oshanas.  A similar situation exists for O. andersonii that did not breed in the oshanas but migrated down from Angola.

Considerable differences between the fish populations of oshanas and Pans were found in April 1999: 

· Composition - More B. paludinosus in the Pans, more C. gariepinus in the oshanas.

· Length distribution -  Mainly small and young barbs in the Pans, adult barbs in oshanas. Somewhat larger catfish were collected in the Pans as in the oshanas. 

· Fecundity - Mature and ripe B. paludinosus were collected in the oshanas, while B. poechii were mature but had already spawned by April. No mature tilapia or catfish were collected in either the Pans or oshanas.

Breeding and growth of fish in the Pans in 1999
The length frequency distribution of samples collected in the Pans during visits in April, May, June, July and October, are summarised in Figures 9 and 10 for C. gariepinus and B. paludinosus.
There is no clear shift of the mode or the mean length over time in the case of C. gariepinus that could indicate positive growth ( Figure 11). There is also no indication of any recruitment (by breeding) either during the period (Figure 9). Individual pans showed some change in population composition: Oshituntu catfish were longer in July than in April and May, This was also the case in Uupeke Pan; In the other pans and especially Onamavo and Korolo more smaller catfish were collected /observed in catches in July than in May or April. This may be an artefact of lower water levels when smaller fish that could other ways hide, were caught in the seine net. Therefore, the conclusion is reached that the catfish did not grow much in individual size from April to October in the Pans.
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Figure 10
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Figure 11
Growth in length of C. gariepinus in Omadhiya Pans, April to October 1999

In the case of  B. paludinosus, a general increase in length was observed from April to July and October with the mean length increasing from  29 to 67mm Fork Length.
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Figure 12
Growth in length of B. paludinosus in Omadhiya Pans 1999

One other important observation is the presence of  post-fry of 1 and 2 cm in collections in Omanavo, Onamagwena, Korolo and some in Omanetha  and even Oshituntu  Pans. This may indicate earlier spawning by  B. paludinosus in oshanas followed by a migration into the Pans by young post-larvae. It is even possible that these small fish were actually bred in the Pans themselves. Ripe and ripe-running females (eggs were released from the vent upon pressure of the abdomen) were identified in the Uupeke, Korolo and  Oshituntu Pans in April, in Uupeke, Korolo and Omanetha Pans in May and in Uupeke, Korolo, Omanetha and Oshituntu Pans in June. In July, only one female was found with ripe eggs, indicating the end of any possible spawning activities. This fish species is a multiple spawner and the collected data support the possibility that it does actually breed in the Pans when conditions are favourable, even late in the season.

The conclusion is made that the fish community in the Pans relies on migration and the survival of fish in the oshanas. In the case of catfish and tilapia, the relative larger size of the fish in the Pans indicates that they were spawned in Angola and survived the downstream migration as young fish to the Pans. The barbs found in the Pans may be the offspring of fish breeding actually in the flooding oshanas in Namibia. In that case, successful breeding in the oshanas may be a prerequisite for colonisation of the Pans by barbs.
There is a possibility that colonising species (catfish, barbs and tilapia) can all breed in the Pans as well, provided that fish reach minimum breeding length, that environmental conditions do not deteriorate during low water levels  and in the case of barbs and catfish,  floodwater will reach the Pans to act as external stimulant.  In good rain and flood years, the Omadhiya Pans can act as important fish spawning grounds, from where rain-filled oshanas could again be repopulated. From a conservation and sustainable productivity point of view, over-exploitation of fish stocks should be prevented in years where water levels stay reasonably high and drying out is not foreseen. When desiccation of the Pans is imminent, total harvesting  of the fish stocks should however be allowed.

6. 
SURVEY OF FISHING ACTIVITIES AND PERCEPTIONS OF PROBLEMS IN THE OMADHIYA WETLAND SYSTEM

This section brings together information from several visits and surveys undertaken in 1999 and 1989. The surveys include a survey of 40 key informants who live close to the Omadhiya Pans, and  comparison of results from two formal surveys of fish consumption and fishing across the Oshana System conducted in 1989 and 1999 with 250 and 400 respondents respectively.. 

Fishing apparatus used by fishers near Omadhiya Pans 

The fishing gear presently used are modern (based on steel fish hooks and nylon lines, nylon seine nets and nylon gill nets) or are adaptations of traditional fishing methods, making use of new materials (fykes and fences of nylon netting).

1
Oshongo  thrust basket

The thrust basket is commonly used to fish drying out pools and muddy pans. Fish (usually catfish, the last survivors) are spotted when they churn the water and the basket is then quickly plunged over the spot, trapping the fish inside. A 15 by 15 cm hole in the side of the basket allows an arm to be inserted to collect the fish. Traps are made from strong twigs of shrubs such as Pechuel-Loeschea leunitziae and are up to 100 cm long and between 35 and 65 cm in diameter. Only women have been seen using this gear. The average number owned per household was 1,7.

2
Oshalala  open fish trap

A conical basket constructed from fine twigs or metal mosquito gauze, is used like a  dipnet where water is running. This gear is very effective to catch small fish (mainly barbs) where fish migrations occur through narrow areas. It has no valve and is drawn through the water and then lifted up. Sometimes this basket is supplied with a handle, resembling a dipnet. It was seen once at the Pans.

3
Omudiva, fish fyke

The fish fyke is constructed of locally available material, including stems of  Pechuel-Loeschea leunitziae  or small bundles of grass and fitted with a  no-return valve. Sizes  of fykes observed ranged from 50 to 100 cm length and 25 to 45 cm diameter. Fykes are placed in openings of a fence constricted from branches, sods, soil or rolled grass stolons, and set in narrower connections between Pans. All species can be caught with this method. 

4
Okanjolo, single hook
Simple rod and few meter of nylon line armed with a small (No2) hook and small float, baited with a shelled snail or piece of barb. The fishers around the Pans had from 1 to 10 such single hooks, which can be used simultaneously by pushing the base of the rod into the mud in 40cm deep water so that the baited hook dangles in the water. Catfish then usually hook themselves. The price paid for one hook varied from $0-50 to $6-00 with a rather high average cost of $3-25.
5
Omulavalava,   long-line

Long-lines of 10 to 120m long are provided with 5 to 200 hooks. Usually the main line is set at or above water level, stretched tight between two or more stakes driven into the bottom, in water 30 to 70 cm deep. At 100 to 150 cm intervals short leaders are attached to small (No 2) hooks, baited with deshelled large freshwater snails (Pila occidentalis)  pieces of B. paludinosus or blue soap. The catch invariably consists of catfish (both species). In 1999, long lines at Oshituntu were from 20 to 120m long with 10 to 200 hooks (mean 56). No data on costs for long lines are available.

6
Gill net

Gill nets  have been used since the early 1990s in Olushandja Dam and weremainly imported from Angola. Gill nets were for the first time recorded on the Omadhiya Pans in 1999: two monofilament 50m nets with 62mm meshes. A number were also recorded around the Pans. The nets had the following characteristics: length span: 40 to 60m and mesh size 25mm. As a pulling rope was also indicated, it is assumed that these nets are also used as seine nets. Some confusion about the definition of a gill net may therefore exist. The reported cost for gill nets varied from one goat to $1200-00 (mean=$700-00).

7
Uuluwa, seine net

Modern braided nylon nets are of variable size,  depending on the circumstances for which they are needed, ranging from 10 m to 100m long and up to 10m deep, forming a prominent bag. These nets originate from the pilchard fishing industry on the coast and  have small meshes, commonly 10 or 20 mm. They are effective to catch down to the smaller barbs and all fish species and sizes are targeted by seine nets. 

Very long seines were seen in operation in 1975 when teams of up to 16 persons were hauling nets laid 300 m into the shallow pan with long ropes. All fish species present in the pan would be collected with these small mesh nets. The nets observed in 1999 around the Pans had the following dimensions: length 10 to 40m, depth 1,5 to 3m, stretched mesh size: 20 to 30mm. Reported costs were one cow up to $800-00 (mean=$450-00).

Fishing equipment owned by fishers around Omadhiya Pans, 1999

Figure  13 summarises fishing equipment owned by the prominent fishers in the region north of the Pans. Single hooks, followed by traditional push baskets (oshongo) are most frequently used. Commercial gear such as long lines, gill nets and seine nets were owned by 14 of the 39 respondents.
[image: image35.wmf]0

10

20

30

40

commerciali

sation

no control

lack of 

conservatio

n

awareness

system

dries up

anyway

unemploym

ent-survival

reason

number

oshanas

pans


Figure 
 13
Composition of fishing gear owned by fishers around Omadhiya Pans, 1999.

The two surveys conducted in the Oshana System, in 1989 and 1999 (Figure 14), indicate a different pattern in ownership of fishing gear from the area directly north of the Pans:  although fish hooks and push baskets are the most commonly used fishing gear possessed by both groups, the fishers around the Pans have more seine and especially gill nets – indicating a vested interest in commercial fishing in the Pans. 
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Figure 14 
Fishing gear owned by households in the Oshana System in 1989 and 1999.

· Assistance with fishing 

10 respondents (12 indicated ownership of nets), needed assistance to pull nets and indicated teams of  4 to 22 persons, with a mean of 12,6. They were mostly paid in natura. - fish. Transport to the Pans was predominantly by means of walking. Only 2 out of 25 respondents indicated a car and light delivery truck (bakkie). Donkeycarts were mentioned by 9. Only 2 out of 10 indicated that they paid for transport to the Pans - paying in cash or fish. 
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Figure  15   Seasonality of fishing by locals on the Pans

The information by local fishers (Figure 15) indicates no distinct fishing season. This implies that no regulation of fishing with a supposed closed season, as used to be the custom in oshanas, is applied by the local fishermen themselves - the Pans are free-for-all. The high frequency of fishing in February and  March may reflect the high fishing intensity with long-lines and traps in the inflowing oshana by local people observed in April 1999.

Fishing activities recorded in 1999

Previous reports indicate that good catches have been made from the Omadhiya Pans  (Van der Waal 1991) or that a strong fish population in the Pans was able to support a large breeding colony of pelicans in northern Etosha (Berry et al 1973). After a number of weak flood years however, the 1999 season was generally regarded as a small efundja year with little fish in the oshanas, and, consequently also in the Pans.  This fact is reflected in the results of the surveys set out in Table 8. Complete monitoring of the fishing activities along the more than 200 km shoreline of the Pans proved to be impossible and time consuming as result of the very diffuse type of fishery on the Pans. An added complication was that the junior researchers responsible for data collection in the May to October surveys, ran into serious conflict with the fishers when asking permission to inspect catches – a problem that was earlier overcome by more senior persons such as Prof. van der Waal and Mr Kuushomwa. As a result, they were not allowed to collect any direct data on the fish caught. 

The observed fishing activities are summarised in Table 8.

Table 8
Fishing activities observed at the Omadhiya Pans during visits in 1999

	Date
	Pan
	Fishing gear
	Number
	Fish species caught

	08 Apr 99
	Umpundja River
	Long lines
	4
	C. gariepinus

	
	
	Fence /trap
	2
	C. gariepinus

	
	
	Fence/net trap
	1
	C. gariepinus

	
	Onesimus Dam
	Fence/net trap
	16
	C. gariepinus  (>200)

	
	
	Gill net, 62 mm mesh
	2
	C. gariepinus

	
	Omanetha/ Hinakulu Canal
	Fence with traps in 2 directions
	2
	C. gariepinus

B. paludinosus

	09 Apr 99
	Oshituntu
	Long lines
	3
	C. gariepinus

C. ngamensis

	11 Apr 99
	Onamagwena
	Long lines
	3
	C. gariepinus (8 today)

	
	Uulidi
	Fence with trap
	2
	C. gariepinus

	11 May 99
	Onamavo
	Gill net
	2
	Not in use

	
	
	Push baskets
	13
	C. gariepinus

	
	Korolo
	Trap
	1
	Not in use

	
	Omanetha
	Fence with traps
	2
	Not used

	15 June 99
	Korolo
	Trap
	1
	Not in use

	
	Omanetha
	Fence with trap
	2
	Not used

	
	
	Long line
	2
	C. gariepinus

	11 July 99
	Oshituntu
	Long lines
	7
	C. gariepinus 

(total hooks=392)

	
	Onamagwena
	Long lines
	?
	C. gariepinus

	14 Oct 99
	Omanetha
	Seine nets
	12
	

	
	
	Push baskets
	>50
	

	
	Hinakulu
	Seine net
	1
	C. gariepinus

O. andersonii

	
	
	Push baskets
	11
	C. gariepinus


Fish prices and marketing 

The price for fresh water fish varies from N$3-33 to N$11-82 per kg, the price affected more by fish species than size of the fish ( Table 9). 

Catfish is by far the preferred fish and dried catfish from Caprivi is sold at a calculated price of more than N$10-00 live weight, similar to the fresh fish price. The price of catfish from Omadhiya Pans in 1991 was  already N$6-00 per kg. The imported frozen horse mackerel fetches much lower prises however as set out in Table 10. 

Table 9
Fish price of fresh water fish in April 1999 at the Oshakati market

	Fish species
	Origin
	Average weight
	Price per kg

	Alestes lateralis -  robber
	Olushandja Dam
	9 g whole fresh weight
	N$ 4-62

	Serranochromis spp, Tilapia - small tilapia
	Olushandja Dam
	4 g whole fresh weight
	N$ 3-33

	Oreochromis - small tilapia
	Olushandja Dam
	25 g whole fresh weight
	N$6-00

	Oreochromis andersonii - large tilapia
	Olushandja Dam
	142g whole fresh weight
	N$ 8-43

	Clarias gariepinus - sharptooth catfish
	Onamavo, Uupeke Pan
	66,1g whole fresh fish
	N$10-40

	Clarias gariepinus - sharptooth catfish
	Eastern Caprivi, Namibia
	20g, gutted and dried
	N$ 50-00

	Clarias gariepinus - sharptooth catfish
	Onamavo,
	76,9g alive on market
	N$ 11-82


Table 10 
Change in fish price of imported horse mackerel at Oshakati market

	Fish species and year
	Place of origin
	Weight and processing
	Price per kg

	Horse mackerel, 1993
	Walvis Bay, Namibia
	Frozen , whole, 15 kg packs
	N$2-00

	Horse mackerel 1993
	Walvis Bay, Namibia
	half = 200g, fried in oil
	N$2-50

	Horse mackerel 1994
	Walvis Bay, Namibia
	half = 200g, fried in oil 
	N$3-00

	Horse mackerel  2000
	Walvis Bay, Namibia
	Frozen, whole
	N$4-50


During the 1980’s, marine fish became available at some wholesalers. This enterprise developed in a large scale importation from Walvis Bay.  By 1993 a monthly turnover of more than 100 000kg frozen horse mackerel was distributed by at least four wholesalers and sold at markets and at shops in the Oshana System (Ngulu, personal communication). There seems to be a steady increase in the price of horse mackerel and with the small floods experienced over the last few years, a further expansion in horse mackerel market is to be expected. With the relative low price and readily availability of this fish, incentives for the development of local aquaculture is hampered.

Fishing success and income from fishing 

Respondents were reluctant but of those that responded, the mean of 10 was about 2 buckets (30 kg) per day. Most of the catch was used for home consumption, although 9 out of 21 sold some fish as well. This points at a rather low importance of commercial fishing of the Pans by local fishers. Only some respondents were prepared to indicate the kind of income realised from fishing - $70 –

250-00 per day, minus transport costs to the market $30-00. The reported prices for the two catfish species at the Pans was N$ 3-00 to N$ 15-00 with a mean of N$7-80 and N$8-00 respectively.

Preferences of fishers and consumers  for fish species

The preference by the fishers of the Pans is summarised in Figure 16. Both catfish species are by far the most preferred  fish species caught in the Pans. 

The blunt tooth catfish (Clarias ngamensis) seems to be preferred above  C. gariepinus and far above other species in terms of fishing, eating and as a commodity. 
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Figure  16
Preference for fish species indicated by fishers in 1999

In the Oshana System, catfish are also the most esteemed species. Figure 17 demonstrates a shift in favour of horse mackerel from 1989 to 1999
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Figure 17 
Preference for fish species as food in the Oshana System in 1989 and 1999.

Perceptions on environmental change at the Omadhiya Pans

The fishers living around the Pans were almost unanimous about a serious deterioration in  fishing at the Pans. The reasons offered by respondents  included:

Commercialisation of the fishery, lack of control over fishing ( no respect for laws, incompetent headmen, democracy), pressure on resources ( high population density, unemployment), poor rainfall ( low floods), modern fishing gear, early deterioration of water quality, overgrazing.  More than 75% of the fishers questioned, agreed that this leads to overharvesting - in the oshanas and in the Pans.

When asked what causes overharvesting of fish in the Oshana System the reasons given included: commercialisation and lack of conservation awareness and absence of control were mentioned as main reasons. In the Pans, commercialisation and unemployment/survival scored highest ( Figure 18).
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Figure 18
Reasons proposed for overharvesting in the Oshana System and the Pans, 1999

The majority of respondents argued that there are many more people fishing these days  compared with 10 years ago. However, 9 out of 39 key informants did not agree. Outsiders catch most fish in the pans, originating from all four regions as shown in Figure 19. This seems to make the local fishers uneasy.
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Figure 19
 Origins of fishers at the Pans

Control of fishing activities

· Perceptions on existing regulations

Almost all fishermen agreed that there are existing regulations controlling fishing activities
Regulations include:
1. Fishing with nets and push baskets in the Pans is not allowed until the water is unfit for consumption

2. Water quality should not be spoilt by fishing activities

3. Single hooks ands traps (non-water polluting methods) are allowed anytime.

4. The use of large seine nets and push baskets is determined by the king or headman and usually takes place when the water of an oshana or pans is low and certain to dry up and become salty and muddy.

35 out of 39 agreed that these control measures are not respected these days. A lot of “illegal” fishing is undertaken these days, both by local residents and outsiders.

· Control measures proposed by fishers near the Pans

Fishing control activities in the Oshana System and in the Pans  identified by fishers near the Pans are summarised in Table 10.

Table 10
Proposed control measures to control the fisheries in the Oshana System  and Pans, 1999

	Control measure
	Oshana System
	Omadhiya Pans

	Restrict fishing season
	26
	37

	Restrict mesh size
	2
	3

	 Control number of nets
	0
	1

	Control number of fishers
	0
	0

	No restrictions
	1
	0

	No response
	11
	3


The majority of fishers feel that fishing should be open to everyone but only in a short fishing season, when the oshanas or Pans are low and water quality deteriorates. If this proposal is applied,  the reported conflicts with cattle owners would be something of the past.

Conflicts amongst users of the Pans

· Perceived conflicts

The perceived conflicts of local fishers are listed in Table 11.
Table 11
Conflicts listed by fishers in the Pans area, 1999

	Conflicts perceived by local fishers
	Number of respondents

	Fishers do not respect cattle owners or headmen
	20

	Lack of co-operation between cattle owners and fishers
	9

	Fishermen are not concerned about water status
	7

	Cattle owners blame fishers for spoiling water with nets
	7

	People fish at night
	3

	Cattle theft / use of firearms by fishers
	2


These issues were listed by fishers and local community leaders, mostly fishers themselves. Given this responses reveal a high level of  honesty because most conflicts are caused by the fishers themselves.
· Suggested solutions for perceived conflicts

Table 12 lists the solutions offered by senior persons in the area north of the Pans to control fishery activities on the Pans, expressed in order of frequency. The proposals include both a traditional approach, working through enforcement of traditional fishing laws as well as a modern approach where the community is involved. The suggestions appear all very realistic.

Table 12
Proposed solutions to perceived conflicts listed by fishers in the Pans area, 1999

	Proposed action 
	Number

	Revive old laws - allow fishing only when water is not fit for consumption
	13

	Develop  a modern fishing policy and control
	11

	Initiate a strong committee to assist police and headman
	5

	Appoint community guards to patrol pans
	5

	Mobilise community and awareness campaign on natural resources
	3

	Apply law enforcement
	3

	Regional committee to control all natural resources
	3

	Illegal fishers must be controlled by government
	2

	Restrict fishing season
	2

	Control access to Pans/ guard/ no camping
	3

	Allow only hooks as fishing gear
	1

	Introduce fishing permits
	1

	Community project to undertake fishing in the Pans
	1


Suggestions by fishers on improving fishing in the pans.

When the fishers and community leaders were asked about suggestions on how to improve the fishing of the pans, many suggestions were made that are listed in order of frequency in Table 13.

Table 13 
Suggestions by fishers on how to improve fishing in the Omadhiya Pans

	Suggestion
	Number recorded

	Develop and apply fishing  regulations

· prohibit nets, allow only single hooks

· introduce a  fishing season when everybody may come to fish

· allow only push baskets, 

· clear policy and fishing regulations

· allow traps

· place sharp objects in pan bottom to discourage fishing with nets
	20

9

5

2

2

1

1

	Joint efforts to improve management 

· by community and Authorities, 

· establish community guards
	16

9

7

	Build projects that will bring more water or deepen pans to hold water longer

· extend canal from Uvhudiya to Engombe and Oponono

· construct dams to harvest rainwater between Omanetha and Hinakulu and at Onesimus Dam

· excavate Onambeke and Ekuma

· excavate Engombe and Uupeke
	12

2

5

2

3

	Better policing and punishment

· stricter punishment on illegal fishing

· police station and patrols at Pans

· introduce fishing permits
	11

2

8

1

	Review use of natural resources

· review the natural resources acts

· water is not to be used on a democratic basis

· awareness campaign on natural resource use
	3

1

1

1

	Improve management of the Pan area

· establish formal crossing points across the channels connecting pans

· fence off the Pans
	2

1

1

	No suggestions
	1


The proposals by the fishers clearly illustrate their understanding of the system – some control and rational fishing management is required. There is also a willingness to allow outsiders to take part in the fishing. One of the causes for the perceived deterioration is however the “commercial” fishing that is being conducted mainly by persons from outside the Pan area. The perception that the Pans have physically deteriorated and silted up is reflected by 12 suggestions around water supply and deepening of the Pans.

All fishers responded positively when asked if they are in favour of control of access to the Pans. 

They ranked the different bodies of authority that are best suited to impose fishing regulations as set out in Table 14. The local authorities are considered most suitable to apply regulations. 

Table 14 
Proposed institutions that can best apply fishing regulations at the Pans

	Institution/persons to apply regulations
	Number in support

	Regional councillors
	23

	Traditional authority
	18

	Central government
	13

	Headmen/kings
	7

	Ministry of Fishery and Tourism
	3

	Integrated committee of all stakeholders
	3

	Community guards
	1


Salinity of pan soils and dispute on water use

Investigations on the pan soils were conducted during dry (November) and wet (April) conditions. The dry pans are characterised by a black surface layer rich in organic humates, possibly partly derived from cattle dung deposited during the intensive grazing season in winter. Below this black layer, a firm dense white layer was found, followed by salty, clayey sediments. On the edge of  dry pans salty crusts were identified, the product of intense concentration during the final evaporation stages of the water.  A separate study by Mr K S Roberts and Dr N V Clarke of Water Affairs  in April 1999 confirmed that there was an exponential increase in salinity with depth and also a gradient in salinity of pan water from north (Uulili, Uupeke, Korolo) to south (Omanetha, Onamagwena), and east with the highest values at Hinakulu-yomadhiya. The turbidity values in higher conductivity pans was a little lower than that in the more vegetated but shallower northern pans. Soil core samples collected in the Pans when full showed a steady exponential increase in salinity. The top layer of the bottom sediment did not have a conductivity substantially higher than the water column directly above it. Only after 20cm depth did the salinity increase substantially to possibly affect the water if mixed with it. Trampling experiments in situ did not demonstrate any increase in conductivity or turbidity. 

It was however noted during other visits to the Oshana System that part of the fine silt does eventually settle out of the water column.  An indication of this is demonstrated in Figure 5 where an increase in sediment thickness was recorded in pans from April to October. Disturbance of this fine mud will possibly render already salty water totally undrinkable for cattle. It is also possible that disturbance of the fine sediment layers in the top of the pan substrate may break the seal of the pan bottom and so enhance leakage to groundwater levels (Ellery, 2000).

The presented data indicate that the statement by cattle owners that disturbance of the water by fishers leads to salinity and turbidity increase, is unfounded. An increase in turbidity through pulling large nets may however take place.

7 INLAND FISHERY POLICY

The White Paper on inland fisheries (Ministry of Fisheries and Marine Resources 1995) gives valuable directives for a relevant and acceptable modern fisheries act, presently in preparation. It protects subsistence household fisheries in communal areas in favour of commercial activities. One other aspect is that decision making and application of management is brought to the local level. In fact the White Paper itself is a product of intensive discussions with rural community leaders in the rural areas of Namibia, including the 4O’s region.

Some of the principles that apply directly at the Omadhiya Complex include:

· Exploitation of fish resources will be managed to ensure long-term food security for local populations in favour of all forms of commercialisation.

· Patterns of exploitation will be regulated to protect fish communities that need protection.

· Preference is given to passive, non-destructive fishing gear [especially seine nets].

· Where river systems or fisheries are shared with neighbouring countries, mechanisms will be set up to ensure uniform management.

· No introduction of alien or translocation of invasive species will be allowed.

· Any activities that may impact on wetlands and fisheries [such as overgrazing and water abstraction] must be scrutinised through impact assessments.

Specific management regimes have been proposed in the White Paper for the Oshana System in Namibia that differ from those applicable in other regions:

· During the flood (efundja) no gear preventing the natural migration of fish will be allowed. This would forbid the use of all type of gill nets, seine nets, fences with traps or funnels  made of small mesh netting placed across oshanas or channels.

Fishing gear that do not obstruct the passage of migrating fish in any way, are however permissible. This would include hook and line or longlines (omulavalava) and thrust baskets (oshongo), 

Other general regulations that seem to be applicable in the 4O’s region include the prohibition of dragnets [=seine nets] and the use of any modern net [gill net] within 100 m of any culvert or bridge.

· As soon as floods have subsided, only fishing with hook and line is allowed without restriction or regulation.

· When the water level in oshanas or pans draws down and desiccation is imminent, total collection of the fish population is allowed, including the use of seine net, dependent on the control of local authorities.

All these fishing activities are subject to regulations set by the Minister of Fisheries and Marine Resources or his delegate on advice of the local and traditional authorities. Provision will be made for placing relevant notices in regards of the type of gear allowed and season for fishing at the water bodies and at the local governor’s office.

This implies that fishing with any other means than hook and line in oshanas and the Pans, can only be allowed following regulations on season and type of gear as determined by the local authority (in consultation with the Department). These principles for regulations appear quite applicable to the Omadhiya Complex, but considerable effort into explanation and scientific basis of these principles will be needed to make the local communities fully aware of all the implications. One other  important aspect that the local community around the Pans has to decide on, is the degree with which fishers from outside or commercial fishers will be allowed to fish in the Pans. The proposed liaison and extension officers as well as fishery control (law enforcement) officers will have an important task in this regard. 
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 PROPOSALS ON THE DEVELOPMENT OF A FISHERY IN THE 

OMADHIYA WETLAND COMPLEX
1
Emphasis on subsistence fishing by the local population

It is clear from investigations and discussions with local fishers that the Omadhiya Pans do not offer permanent habitat for fish life or for a stable commercial fishery. As result of the unpredictability of rainfall and efundja floods, years with plenty of fish resources and years of drought and famine are to be expected.  An intensive fishery or aquaculture enterprise can thus not be recommended for this area. In years of plenty, the rich fish communities can be harvested in a controlled way, allowing local fishers to benefit from the resource and giving visitors from other areas the option to take part in fishery activities where acceptable.  The proposed Fishery Act makes provision for this approach. In years of scarcity, the resources should be reserved for subsistence only.

2
Expected fish harvest of the Omadhiya Wetland complex

As a result of the unpredictability of the fishery, no prescriptions can be supplied on what fish harvest should be allowed from the Pans. The annual harvest can be as large as 1000 tons  (estimated to have been removed by pelicans in 1971, Berry et al 1973),  only a few fishermen catch a few 100 kg of fish as occurred in 1999 or there may be only a little rain water and no fish at all (1992).  A harvest of 1000 tons (135kg per ha) in good flood years is not unrealistic if a surface area of more than 7 000ha is assumed for the Pans added to a concentration effect of fish migrating from the oshanas to the Pans . A normal harvest in the region of 100 tons for the Omadhiya Pans is expected. 

3
Proposed regulations for managing fishing in the Pans

Control of fishing activities, managed by a local management authority, is needed to regulate fishing at the Pans and offer a fair share of the production to the local communities. The proposed Fishery Act makes provision for this approach. It is proposed that a Omadhiya Management Authority is formed representing local authorities, local councils and chiefs, fishers, cattle owners, scientists and managers of the Department of Fisheries and Marine Resources and also conservationists and tour operators and developers. The composition of such an Authority has to be negotiated with the traditional authorities.

Proposed regulations

· As soon as water from efundja floods has entered the Pans, subsistence fishing using only hook and line and traps without fences, may be allowed for local inhabitants.

· Harvesting of the fish in the pans can be allowed when flood waters cease flowing into the Pans. By then they should have grown to a reasonable size: barbs 5 cm and catfish 20 cm total length.. If this is not the case, the Omadhiya Management Authority in consultation with the local community and fishery scientists, have to take a decision on when fish is to be allowed. Long lines and traditional traps should be allowed. The local authority should help to decide on access to the Pans.

If fishing is delayed till the end of the winter when the surface area of the water bodies has shrunk and conditions for the fish are not optimal, considerable natural mortality and intensive predation by the predatory Clarias have already taken place. The eventual harvest from the pans will be considerably less than optimal if fishing is only allowed at the end of the cycle.  Continual fishing for home consumption using methods that do not disturb the sediments, should be allowed – single hooks, long lines, traps and short fences.

· No waterway or channel should be fenced off with fences and traps, gill nets or any other apparatus, which prevents free movement of fish. 

· Harvesting methods that are selective towards target species and do not cause water deterioration should be promoted or developed. The following methods should be tried out experimentally when fish are again harvested from the pans: omulavalava (long lines), gill nets and omudiva (fish fyke with fence). These methods should be effective for catfish species, also regarded as the most important and most liked fish species.

· Large seine nets may only be allowed to be used in the pans when the local community (including cattle owners) agrees to this and drying up of the pans is inevitable. The Omadhiya Management Authority in consultation with the Department of Fisheries and Marine Resources takes the decision on when and who is allowed to fish. A fee may be charged for large-scale commercial operations, based on the amount of fish removed.

4
Proposals to ensure a regular harvest

It must be accepted that years of lower than normal rain and absence of efundja will occur in about a third of the time but in an unpredictable way.  The effects of years of low rainfall and efundja can however be lessened by certain preventive activities that include the following:

· Declaration of certain key water bodies as refugia for fish during the dry season. This means that no fishing of any kind is allowed in such waters in order to conserve the fish for spawning the next season. Such water bodies can include man-made deep dams [“gatdamme”] and should be characterised by their ability to keep water over at least one dry season.   Suitable deep dams are found just north of the Pans at eg Stefaans Dam and further up the oshanas.

· Demarcation of certain areas where no fishing with nets and traps is allowed. The inlets of the Uulidi, Uupeke and Onamavo Pans as well as other pans could be considered. The observed heavy exploitation in these pans must have had a negative effect on recruitment in the Pans in 1999. Deeper oshanas should also be considered as breeding areas.

· The possibility of restocking oshanas and Pans on an annual basis, may be the most effective way of ensuring an annual harvest. The Rural Development Centre (RDC) has been promoting this concept. By breeding the most common fish species in the oshanas (barbs, catfish and tilapia) in small hatcheries (with the help of the Fisheries Department and the Fishery Section of RDC), local communities can ensure the presence of fish in all oshanas and water bodies every year substantial rain has fallen and so become independent of large floods and efundja. This restocking is also applicable to the Pans, if it is conducted as soon as they fill with rainwater. 

5
International protection of efundja in the Cuvelai Catchment

No development of the fishery at the Pans is possible without also considering fishing and general management in the Oshana System in both Angola and in Namibia. In fact, the management of rivers and oshanas, construction of dams and level of protection of natural resources and fish stocks and in particular in Southern Angola may largely affect the quality and quantity of flood water and fish coming through as efundja. The Cuvelai with associated Oshana System should be seen as one unit requiring common management across the border. For the long-term protection and development of this valuable aquatic resource, a joint Catchment Authority is required between the two countries to co-ordinate all management and planning, as suggested in the White Paper (MFMR 1995).

6
National and International protection of the oshana landscape

Serious deterioration and sedimentation of the Pans seems to have already occurred, impacting directly on the water holding capacity of the Pans as well as the amount of fish life found there. Environmental deterioration as evidenced in overgrazing, deforestation, ploughing in oshanas, development of a maze of unofficial sand roads, constriction of waterways caused by roads, bridges and the Ruacana-Ombalantu Canal, all contribute. The condition of the Oshana System in southern Angola is not known, but that area also carries a large population. National and international protection of the Oshana System is required to prevent this system to deteriorate further.

9
PROPOSALS FOR FURTHER INVESTIGATIONS AND ACTIVITIES

· Investigation into the hydrology of the Oshana System and water supply to the Pans.  Not enough is known of the system to interpret the present data and evaluate any changes taking place. 

The Omadhiya Pan Complex should be surveyed so that its hydrology can be understood and physiographical changes over time (caused by wind erosion, sedimentation and tectonic movements) can be recorded. Permanent monitoring sites where water level, flow and water quality is regularly monitored should be developed at the main inflow oshanas to the Complex (eg. at Uupeke, top of Uulili and Onamagwena, bottom pans (Oponono, Omanetha) and exit pans (Oshituntu, Ekuma). The operation of the Oshana System should be studied in conjunction over time so that a holistic model of the hydrology of the whole system is developed. International co-operation is required, as the flow of the Cuvelai and its main tributaries has to be monitored,

· Study of the ecology of the fish life in the Cuvelai system, including the portion of the system in Angola. Little is known about the biology of the fish species, nor of the migration patterns. Attention to fish reproduction and migration is especially important to understand the processes and improve management of the aquatic system to increase fish production. 

· The Oshana System shows serious signs of erosion of the higher lying areas into the oshana beds and  accompanying siltation in the pan region as exemplified by the thick layer of mud observed in Uupeke Pan and statements made about deeper channels and pans that now appear to have been filled up.  This aspect needs further investigation and studies on experimental reclamation and rehabilitation. Part of the Oshana System has to be set aside for conservation and study purposes (as at Ogongo).

· Preliminary investigations in the soils of the Pans demonstrated specialised conditions that affect water quality. These are not well understood and need further study.

· In spite of the harsh nature of the region and little success in the past, catfish culture could be developed in certain areas where enough reliable water and infrastructure is available. Sites along Olushandja Dam and the Ruacana-Ogongo canal are promising. The fish hatchery at RDC could be upgraded and privatised to provide fish seed and services.

· Very little information was collected on the actual fishery on the Pans. An investigation of the fishery at the Pans and in the Oshana System should be conducted as well as the marketing of fish at markets. Once an Omadhiya Management Authority is in place, this can be achieved; in the mean time, the Fishery and Marine Resources Department should undertake regular surveys.

· Investigation of the fish trade in the region.
10
 CONCLUSIONS 

During a year of a small flood, that just filled all pans, not one of the pans had a maximum depth of more than 160 cm, with most having between 70 to 140 cm in April 1999. With an evaporation rate of 2500cm and expected annual rainfall of 400 cm, the observed shallowness implies desiccation of most pans before the next rainy season and flood.  This observation was supported by local fishers.

The pans show considerably higher conductivity and salinity than the oshanas. There is also an exponential increase in conductivity towards the end of the dry season (October) when high values are reached. This is a natural process, thought to be partly the result of evaporation and resulting concentration and additionally the result of migration and solution of soluble salts from the deeper saline bottom sediments of the pans.

There is a black clay layer on the much more saline subsoil of the pans. Disturbance of upper sediment layers by fishers, the bottom ropes of long seine nets and drinking cattle, may increase salinity and especially turbidity and thus shorten the period of potability.

Since 1971, ten fish species have been collected from the Pans, but only four or five species are collected regularly - only the most hardy fish species of the oshanas. In 1999 the most common fish species was B. paludinosus, represented by very small individuals, themselves most probably bred in the oshanas in February. The same situation was recorded for B. poechii. The commercially most valuable fish, the sharptooth catfish (C. gariepinus) was  represented in the pans by immature fish only,  that must have migrated as young fish in the upper, more permanent channels of the Cuvelai River in Southern Angola.

No quantitative data are available but fish populations in the pans were rather small in April, reflected by the low level of fishing activities observed. There were considerable differences between the fish populations of the oshanas and pans.

The following differences were noted:

· Many more B. paludinosus and fewer C. gariepinus in the pans. 

· Only three fish species present in the pans and eight species collected in oshanas.

· Only immature B. paludinosus and B. poechii were collected in the pans. Adults and specifically fecund and ripe females and males of B. paludinosus were collected in the oshanas. This indicates that this fish [and also B. poechii] breeds successfully in the oshanas. 
The fish community of the pans is completely dependent on the fish populations allowed to pass and to develop in the oshanas. In fact, the barbs found in the pans in April, originated in the oshanas. This means that if these fish are not allowed to breed in oshanas, no fish will enter the pans. This has implication for catfish as well as the barbs form an important food source of the catfish.

The barbs in the Pans showed positive growth during the winter and early spring months. Catfish populations in the Pans did not grow during 1999.

There is a lively demand for freshwater fish. Realistic prices are obtained at the markets, making the transport of dried catfish from Caprivi a feasible enterprise. There has been a considerable penetration of the fish market by imported low-grade horse mackerel from the Namibian coast. The local population however still prefers freshwater fish, where catfish (Clarias) is preferred far above other fish, including tilapia (Oreochromis).
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APPENDIX 2

INVESTIGATION INTO THE SALINITY OF PAN SOILS

Concern over the perceived deterioration in water quality of pans has been expressed by many local persons. In order to address the dispute between cattle owners and fishermen during low water (Nemarundwe & Kean 1998), soil profiles were dug in November 1998  in the dry bottoms of two representative pans. The top black layer of the pans was abruptly followed at 20 cm depth by a whitish dense layer.  A sticky grey clay was present from 30 to 80 cm depth. The prominent black colour of the upper layer is caused by humates of calcium, followed by a calcrete-rich impervious layer and saline clays below that.

This aspect was further investigated in April when the conductivity of  soil samples at different depths at the pan edge were determined.  Profiles were dug at the edge of Onamagwena and Oshituntu Pans to a depth of 90 cm and samples collected of each discernible horizon.  100 g of the soil was weighed out and mixed with 400 ml tap water (conductivity 178 mS/m). Readings were taken after five min of shaking or when readings stabilised. 

Table 1
Characteristics of soil samples from the edge of two Omadhiya Pans

	PAN 


	SAMPLE DEPTH
	CONDUCTIVITY, mS/m
	SOIL TYPE

	Onamagwena
1 m from water 
	1 cm
	9540
	white/grey, loose sand

	11 April 1999
	10 cm
	443
	dark clay, slippery

	
	20 cm
	2950
	

	
	40 cm
	5100
	grey sandy loam

	
	85 cm
	5990
	grey sticky loam

	pan water
	
	1017
	

	

	Oshituntu
1 m from water
	1 cm
	18870
	salty grey crust

	11 April 1999
	10 cm
	550
	tough slippery black clay

	
	20 cm
	2750
	loamy sand

	
	40 cm
	3360
	grey clay/sand

	
	80 cm
	4550
	grey sticky sandy clay

	pan water
	
	2430
	


[image: image42.wmf]0

2

4

6

8

10

12

14

16

18

Jun-98

Jul-98

Aug-

98

Sep-

98

Oct-98

Nov-

98

Month

number 

Uupeke

Korolo

Oshekediya

Uulidi

Onamagwena

Oshituntu

Omanetha

Hinakulu

The tendencies of conductivity change with depth are illustrated in Figure 1

Figure 1
Conductivity values of soil samples at different depths at Onamagwena and Oshituntu Pan.

At both sites, the bank of the pan was very flat and could have been inundated earlier in the season. Samples were collected within one m from the water edge. At Oshituntu the soil was covered by a salty crust. The top layer at both pans had a very high value, followed by a black clayey layer with unexpected low conductivity, possibly reflecting the adsorption potential of the clay and possibly not the genuine low salinity of this layer. However, the soil below this black horizon  exhibited progressive increase in conductivity in both pans. The constant lower values of subsoil samples for Oshituntu Pan ( where higher water conductivities have been measured) is not expected.  The very high surface  values may be due to evaporation combined with upward migration of salts during drying out of the surface.

A further survey on water turbidity and salinities of pan soils was carried out in April 1999 by Mr K S Roberts and Dr N V Clarke. They made collections at 17 sites and determined that there was a gradient in salinity from north (Uulili, Uupeke, Korolo) to south (Omanetha, Onamagwena, and east with the highest values at Hinakulo-yomadhiya. The turbidity values in higher conductivity pans was a little lower than that in the more vegetated but shallower northern pans. Soil core samples collected under the Pans when full showed a steady exponential increase in salinity. Only after 20cm depth did the salinity increase substantially to possibly affect the water if mixed with it. Trampling experiments in situ did not demonstrate any increase in conductivity or turbidity. 

It was however noted during other visits to the Oshana System that the fine silt does eventually settle out of the water column.  An indication of this is demonstrated in Figure 5 of the report where an increase in sediment thickness was recorded in pans from April to October. Disturbance of this fine mud will possibly render already salty water totally undrinkable for cattle. 

The presented data indicate that the statement by cattle owners that disturbance of the water by fishers leads to salinity and turbidity increase, is unfounded. An increase in turbidity through pulling large nets and trampling by cattle drinking water, may however take place.

APPENDIX 3

PHYSICAL CONDITIONS OF OSHANAS AND PANS IN 1999

Description of conditions at the Pans in November 1998, April, May, June, July and October 1999

In November 1998 all Pans except Oponono and Hinakulu-yomadhiya were visited and found to be dry. Only Uupeke had a little water and thick layer (people fishing sank to hip depth into it) of black mud. In April 1999, the same Pans were all filled by floodwater, with water levels receding after having reached a maximum in early March. No water left the system via the Ekuma, as evidenced by the absence of fish in the most easterly Okahiya Pan (which was filled with rainwater). 

The past rainy season seemed to be normal in the early summer, with better than normal rains in the catchment to the north in February. Floodwater started to move southwards through the main oshanas near Oshakati and Ongediva in the end of February. This flood lasted for about 20 days. The flood reached the Pans from the north-west and filled all Pans with the exception of Oponono Pan. Waters reached the easterly Oshituntu Pan but did not enter the smaller Pans such as Okahiya or the Ekuma River. It is clear from discussions with knowledgeable local persons and observations of zonation and distribution of vegetation on the banks of Pans that the February 1999 flood filled the Pans to about 3/4 of normal full level. The normal high water mark in some Pans as Korolo, Uulili. Omanetha, Oshituntu and the eastern steep side of Onamagwena was characterised by tussocks of the rhizomes (dry period) or plants of Cyperus articulatus. Large areas around Uulidi, Oshituntu and Onamagwena were barren, even in April in the rainy season and were not colonised by plants. These areas are subject to wind erosion as exemplified by the very uneven sand-blown surface. They appear to be covered by water during high floods.

In May a second smaller flood entered the northern portion of the oshana region near Oshigambo but did not move much further southwards. The water levels in the Pans all dropped steadily after May but the drastic effect of evaporation became very clear after July and the following Pans all dried up before a further visit was brought in October: Korolo, Onamagwena, Uulili and Oshituntu. 

Table 1
Physical conditions of oshanas and Omadhiya Pans, April - October 1999

	DATE
	LOCALITY
	MAX DEPTH, cm
	CONDUC

TIVITY

(S/cm
	pH
	SECCHI DISK

(turbidity) 
	TEMPERA

TURE  oC

	10 April 1999
	Endola oshana

(N of Oshakati)
	120
	143
	7,1
	-
	32,2 surface

23,3 bottom

	11 April 1999
	Oshakati oshana
	130
	152
	7,0
	21mm
	20,5 (morning)

	08 April 1999
	Uupeke Pan 
	160
	1497
	7,2
	-
	23,7

	11 April 1999
	top of Uulili Pan
	50
	835
	-
	-
	-

	08 April  1999
	Korolo Pan
	110
	-
	6,8
	5mm
	25,6

	11 April 1999
	Onamagwena Pan
	100
	1017
	7,4
	25 mm
	32,7 surface

25,2 bottom

	11 April 1999
	canal between  Uulili & Omanetha 
	120
	963
	-
	-
	-

	09 April 1999
	Omanetha Pan
	140
	1583
	7,2
	-
	25,2

	11 April 1999
	canal between

Onamagwena

& Oshituntu
	120
	2180
	7,1
	30 mm
	27,7 surface

25,0 bottom

	09 April 1999
	Oshituntu Pan
	125
	2450
	7,4
	20 mm
	29,1 surface

24,7 bottom

	09 April 1999
	Okahiya Pan

(rain-fed)
	60
	3350
	7,8
	22 mm
	25,2

	09 April 1999
	well south of Oshituntu Pan
	-
	875
	-
	-
	-

	12 May 1999
	Uupeke Pan
	130
	1800
	-
	20 mm
	-

	
	Korolo Pan
	100
	2000
	-
	15mm
	-

	
	Omanetha Pan
	100
	2400
	-
	20mm
	-

	
	Oshituntu Pan
	100
	2800
	-
	50mm
	-

	15 June 1999
	Umpundja
	90
	3100
	8,7
	30mm
	21,5

	
	Uupeke Pan
	110
	2100
	6,1
	30mm
	17,2

	
	Omanetha Pan
	100
	2800
	6,9
	20mm
	22,3

	
	Oshituntu Pan
	95
	3600
	6,2
	30mm
	17,2

	11 July 1999
	Uupeke Pan
	110
	2600
	3,1
	
	20,7

	
	Korolo Pan
	75
	4700
	5,1
	30mm
	23,5

	
	Omanetha Pan
	100
	3300
	8,1
	40mm
	20,9

	
	Oshituntu Pan
	85
	3300
	4,4
	60mm
	18,0

	14 Oct  1999
	Omanetha Pan
	10
	18180
	-
	-
	-

	
	Oshituntu Pan
	50
	12230
	-
	-
	-


There was little difference in pH values in April - from 6,8 to 7,8 but in June and July values ranging from 3,1 to 8,1 were recorded. These values are suspect and do not fit in the general pattern observed previously (6,6-8,8). 

APPENDIX 4
SURVEY OF PERCEPTIONS OF FISHERS NEAR THE OMADHIYA PANS

This survey was undertaken by Mr Kuushomba to obtain local information on the functioning of the Pans themselves, on changes that have been observed by local fishermen and fishing activities. Open-ended questions were asked from 39 fishers and a summary of some aspects not covered in the main report is presented.
· Knowledge of Pans 
The average period the questioned fishers knew the Omadhiya Pans was 41 years. 
The names of Pans that are fished regularly that were mentioned by more than 9 persons include: 
Oshekediya, Uupeke, Oponono, Korolo, Omanetha, Hinakulu, Oshituntu, Engombe, Omulunga, Ontako and Onambeke. These Pans then reflect the most important Pans in terms of fishing. Pans with a score of lower than 8 include Onamagwena, Etaka, Otamanzi, Oneeke, Oniizimba, Olukalulu, Iambo Yamuloka, Oshihoho, Nengale, Epidi, Oniwe, Kuma, Okadhiya, Iitota, Uuvudiya, Oshigona. Some of these cannot be identified on maps and are not considered main pans or may reflect local synonyms. 

· Permanency of Pans

The fishers indicated how they rank the different Pans in terms of the permanency of the Pans. 

Uupeke, Omanetha and Oponono had the highest score as permanent but were regarded by most to regularly dry out every 2/3 years, However, the main pans of the Pan Complex: Uulidi, Korolo, Oshekediya, Onamagwena, Omanetha and  Oshituntu were considered as annual pans by most fishers. The frequency of estimated months in which pans had dried up in 1998, is presented in  Figure  1.  Although there was a wide difference of opinion about certain pans ( eg Hinakulu) ,  a clear trend is shown for most pans. This confirms that Uupeke is the most permanent, with Hinakulu and Oshituntu kept water longest.

Similarly, the following Pans are considered to always have fish: Uupeke, Oshekediya, Omulunga, Otamazi, Uulidi, Korolo, Omanetha, Hinakulu, Oshituntu, Engombe, and Oponono. 
Fishing starts at earliest in May but can start as late as October in Hinakulu. Fishing in particular Pans stops in August to December.
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Figure 
1
Months in which the major Pans dry up according to fishers

The knowledge of fishers on the origin of the fish was tested. Figure 2 summarises the replies offered. It is amazing that 13 of the 39 respondents regard the Kunene River as the source of fish in the Pans - a myth held for a long time even by geographers. The importance of dams in oshanas in Southern Angola requires attention.
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Figure 2
Perceptions of fishers on origin of fish in Omadhiya Pans

APPENDIX 5

PRESENCE OF FISH SPECIES DURING SURVEYS OF 1999

	DATE
	PAN
	MAX DEPTH
	VEGETATION / ENVIRONMENT
	FISH COLLECTED

	08 /04/99
	Omanavo

 oshana
	70
	sedges, grass, Ipomoeia natans, little open water
	C. gariepinus

C. ngamensis

	
	Uupeke
	160
	sedges on bank at water level
	C. gariepinus

B. paludinosus

	
	Oshekediya
	70
	mostly overgrown with grass
	B. paludinosus

	
	Korolo
	110
	some sedges on edges, grass in water
	C. gariepinus

B. paludinosus

	
	canal between

Korolo & Omanetha
	full,

120
	sedges on steep banks, grass in some parts
	not sampled,

traps catch

catfish

	
	Omanetha
	nearly full, 140
	open water, some sedges on edge and grass in water
	C. gariepinus

B. paludinosus

	09 April 1999
	Okahiya
	60
	grass on edge of water
	Branchiopods,

no fish present

	
	Oshituntu
	not full, 125
	some sedges on banks
	C. gariepinus

B. paludinosus

B. poechii

	
	Onamagwena
	70
	full of grasses
	C. gariepinus

C. ngamensis 

B. paludinosus

	
	canal between

Onamagwena

& Oshituntu
	100
	grass in water
	C. gariepinus

B. paludinosus

	
	canal between

Uulidi & Omanetha
	120
	partly overgrown with grass
	not sampled

	
	canal at top of 

Uulidi
	50
	narrow canal from grass plain

partly overgrown
	B. paludinosus

	11 May 1999
	Onamavo
	level lower than in April


	small pools left
	C.  gariepinus

C. ngamensis

B. paludinosus

	12 May 1999
	Uupeke
	130 cm
	sedges at previous water level were completely destroyed
	C.  gariepinus

B. paludinosus

O. machadoi


	
	Korolo
	100 cm
	trampling of sedges by cattle
	C.  gariepinus

B. paludinosus

O. andersonii

	
	Omanetha
	100
	water shifted 6 m from April level
	gariepinus

C. ngamensis

B. paludinosus

	
	Oshituntu
	100
	
	C.  gariepinus

B. paludinosus

	15 June 1999
	Onamavo
	dry
	
	

	
	Uupeke
	110
	level 1m from May mark
	C.  gariepinus

B. paludinosus

O. andersonii

	
	Korolo
	90
	
	C.  gariepinus

B. paludinosus

	
	Omanetha
	100
	
	C.  gariepinus

C. ngamensis

B. paludinosus

	
	Oshituntu
	95
	
	C.  gariepinus

B. paludinosus

B. poechii

T. rendalli

	11 July 1999
	Uupeke
	110
	water level 3m from April mark
	C.  gariepinus

B. paludinosus

O. andersonii

	
	Korolo
	75
	water level 13 m from April mark
	C.  gariepinus

B. paludinosus

	
	Omanetha
	100
	water level 40m from April mark
	C.  gariepinus

B. paludinosus

	
	Oshituntu
	85
	water level 7 m from row of sedges = April water level
	C.  gariepinus

C. ngamensis

B. paludinosus

	14 October 1999
	Uupeke
	
	
	C.  gariepinus

B. paludinosus

O. andersonii

	
	Korolo
	dry
	
	

	
	Omanetha
	60 cm
	not possible to find April water level mark
	C.  gariepinus

O. andersonii

	
	Oshituntu
	nearly dry
	small mud pool with fish and flamingos
	C. gariepinus?

	
	Hinakulu
	low  level
	salty water, dead fish floating
	C. gariepinus
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		C. gariepinus		C. gariepinus

		C. ngamensis		C. ngamensis
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		date		Nov-98		Apr-99		May-99		Jun-99		Jul-99		Oct-99		total

		Omanavo		dry		C. gariepinus		C.  gariepinusC. ngamensisB. paludinosus		Dry		dry		dry

		Uupeke		C. gariepinus,C. ngamensis		C. gariepinus B. paludinosus		C. gariepinusB. paludinosusO. machadoi		C. gariepinusB. paludinosus		C. gariepinusB. paludinosusO. andersonii		C. gariepinusB. paludinosusO. andersonii

		Korolo		dry		C. gariepinus B. paludinosus		C. gariepinusB.  paludinosusO. andersonii		C. gariepinusB. paludinosusO. andersonii		C. gariepinus B. paludinosus		dry

		Onamagwena		dry		C. gariepinus B. paludinosus		not sampled		not sampled		not sampled		dry

		Omanetha		dry		C. gariepinus B. paludinosus		C. gariepinusC. ngamensis		C. gariepinusB. paludinosusO. andersonii		C. gariepinus B. paludinosus		C. gariepinusO. andersonii

		Oshituntu		dry		C. gariepinus B. paludinosusB. poechii		C. gariepinusB. paludinosus		C. gariepinus B. paludinosusB. poechii		C. gariepinus C. ngamensisB. paludinosus
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depth

		Depth of pans

		date		Uupeke		Korolo		Omanetha		Oshituntu

		Nov-98		10		0		0		0

		Apr-99		160		110		140		125

		May-99		130		100		100		100

		Jun-99		110		90		100		95

		Jul-99		110		75		100		85

		Oct-99		50		0		10		25

								conduct

		date		Uupeke		Korolo		Omanetha		Oshituntu

		Apr-99		1497				1583		2450

		May-99		1800		2280		2400		2800

		Jun-99		2100		3100		2800		3600

		Jul-99		2600		4700		3300		4000

		Oct-99		12230				18180

		date		Uupeke		Korolo		Omanetha		Oshituntu

		Apr-99		160		110		140		125

		May-99		130		100		100		100

		Jun-99		110		90		100		95

		Jul-99		110		75		100		85

		Oct-99		50		0		10		25
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OSHANASPANS

		length distribution ,Owambo April 1999

		B. paludinosus

				LOCALITY

		LENGTH		OSHANAS		PANS

		1		7		18

		2		81		100

		3		46		82

		4		8		46

		5		9		9

		6		20		9

		7		26		4

		8		52		3

		9		11

		10

		total		260		271

		B. poechii

		LENGTH		OSHANAS		PANS

		2

		3				2

		4				1

		5				1

		6

		7

		8		2

		9		2

		10		3

		11		2

		12

		13

		14		1

		15

		total		10		4

		C. gariepinus

		LENGTH		OSHANAS				PANS

		8						1		8

		9								0

		10		1		10				0

		11		5		55		2		22

		12		57		684		1		12

		13		64		832		12		156

		14		50		700		23		322

		15		36		540		43		645

		16		38		608		41		656

		17		22		374		38		646

		18		17		306		39		702

		19		7		133		22		418

		20		7		140		16		320

		21		3		63		7		147

		22		3		66		7		154

		23		1		23		10		230

		24		2		48		6		144

		25		3		75		7		175

		26		2		52		3		78

		27		1		27		2		54

		28		1		28				0

		29		3		87				0

		30				0				0

		31				0				0

		32		2		64				0

		33				0				0

		34		2		68				0

		35				0				0

		36				0				0

		37				0				0

		38		1		38				0

		39		1		39				0

		40				0				0

		total		329		5060		280		4889

		av length		15.4				17.5

		O. andersonii

		LENGTH		OSHANAS

		6

		7		1

		8

		9		3

		10		1

		11		1

		12		1

		13		3

		14		6

		15		4

		16		2

		17

		total		22
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		POPULATIONS OF PANS

		C gariepinus

		LENGTH		OMANAVO		OMANAVO		UUPEKE		UUPEKE		KOROLO		KOROLO		OSHITUNTU		OSHITUNTU

		7

		8										1		10

		9

		10

		11										1		10		1		14

		12												0		1		14

		13		9		4		1		8		1		10		1		14

		14		23		9				0				0				0

		15		39		16		2		15		1		10		1		14

		16		40		16				0		1		10				0

		17		36		15				0				0		1		14

		18		37		15		2		15				0				0

		19		20		8				0		1		10		1		14

		20		13		5		1		8		2		20				0

		21		5		2		2		15				0				0

		22		5		2		1		8				0		1		14

		23		9		4				0		1		10				0

		24		4		2		2		15				0				0

		25		2		1				0		1		10				0

		26		1		0		1		8				0				0

		27		2		1		1		8				90				0

		28				100				100								0

		29																0

		30		245				13				10				7		100

		31

		32

		33

		34

		LENGTH		OMANAVO		UUPEKE		KOROLO		OSHITUNTU

		7

		8						10

		9

		10

		11						10		14

		12						0		14

		13		4		8		10		14

		14		9		0		0		0

		15		16		15		10		14

		16		16		0		10		0

		17		15		0		0		14

		18		15		15		0		0

		19		8		0		10		14

		20		5		8		20		0

		21		2		15		0		0

		22		2		8		0		14

		23		4		0		10		0

		24		2		15		0		0

		25		1		0		10		0

		26		0		8		0		0

		27		1		8				0

		28								0

		29								0

		30
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CGAR 1984

		BARBS IN PANS

		LENGTH		KOROLO		KOROLO		OHANGWENA		OHANGWENA		OMANETHA		OMANETHA		OSHITUNTU		OSHITUNTU

		1		18		27

		2		27		40		24		49		1		5		48		36

		3		3		4		13		27		11		50		55		41

		4		6		9		7		14		10		45		23		17

		5		1		1		3		6						5		4

		6		7		10		1		2						1		1

		7		3		4				0						1		1

		8		2		3		1		2

		9

		total		67		100		49		100		22		100		133		100

		LENGTH		KOROLO		OHANGWENA		OMANETHA		OSHITUNTU

		1		26.8656716418

		2		40.2985074627		48.9795918367		4.5454545455		36.0902255639

		3		4.4776119403		26.5306122449		50		41.3533834586

		4		8.9552238806		14.2857142857		45.4545454545		17.2932330827

		5		1.4925373134		6.1224489796				3.7593984962

		6		10.447761194		2.0408163265				0.7518796992

		7		4.4776119403		0				0.7518796992

		8		2.9850746269		2.0408163265

		9

																		B. paludinosus
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		numbers caught by seine nets

		SPECIES				OSHANAS				PANS

		B. paludinosus				159		31		271		89

		B. poechii				3		1		4		1

		C. gariepinus				329		64		29		10

		C. ngamensis				4		1		1		0

		S. intermedius				5		1		0		0

		O. andersonii				7		1		0		0

		O. macrochir				10		2		0		0

		O. machadoi				1		0		0		0

						518		100		305		100

		FISH SPECIES		OSHANAS		PANS

		B. paludinosus		31		89

		B. poechii		1		1

		C. gariepinus		64		10

		C. ngamensis		1		0

		S. intermedius		1		0

		O. andersonii		1		0

		O. macrochir		2		0

		O. machadoi		0		0
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		fish  species		Clarias gariepinus

		total length, cm		Oshituntu 1984		Pans 1984

		10

		11				1		11

		12				2		24

		13				1		13

		14				9		126

		15				10		150

		16				17		272

		17				8		136

		18				6		108

		19				5		95

		20		2		6		120

		21		2		5		105

		22		2		4		88

		23				2		46

		24				1		24

		25						0

		26				1		26

		27						0

		28		1				0

		29						0

		30						0

		31						0

		32		1				0

		total number				78		1344

						mean length		17.2307692308
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		Fish species		Uupeke/Korolo		Onamagwena		Omanetha		Oshituntu		Total

		B. paludinosus		67		49		22		133		271

		B. poechii		0		0		0		4		4

		C. gariepinus		22		2		2		5		31

		total		89		51		24		142		306

		Fish species		Uupeke/Korolo		Onamagwena		Omanetha		Oshituntu		Mean

		B. paludinosus		75		96		92		94		89

		B. poechii		0		0		0		3		1

		C. gariepinus		25		4		8		4		10								Oshituntu		133		94				184.1307189542

																						4		3				4

		Fish species		Uupeke/Korolo						Onamagwena						Omanetha				Total		5		4				5

		B. paludinosus		67		75				49		96				22		92				142		100				142

		B. poechii		0		0				0		0				0		0

		C. gariepinus		22		25				2		4				2		8

		total		89		100				51		100				24		100
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		FREQUENCY OF THE OCCURRENCE OF SPECIES IN PANS

		C. gariepinus		12

		B. paludinosus		10

		C. ngamensis		6

		B. poechii		4

		S. machadoi		3

		O. andersonii		2

		S. intermedius		1
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