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Abstract

This paper highlights the importance of using frame surveys, catch and effort data and data from the traditional fishery to monitor the Okavango delta fishery dynamics. Lack of this information has made management of the fishery difficult. The highest proportion of fishers in the delta use traditional fishing gear (baskets, hook and line etc), while a low proportion uses modern gear (gill nets). Therefore, the Okavango delta fishery is primarily artisanal with low production compared to other African systems such as Bangweulu Swamps. According to catch and effort (C/E) data, there is a spatial and temporal variation in catch per unit of effort (CPUE) in the Okavango delta fishery, which mirrors the hydrological cycle. Catch rates are higher in the terminal areas of the delta than the upper delta; moreover, catch rates are highest between July and September and lower between March and May.The different fishing gears used in the Okavango delta fishery are harvesting fish stocks across the different trophic levels in the system. Traditional fishing baskets and mosquito nets harvest a higher proportion of Cyprinids and smaller sized Characins, while fishing traps, traditional hook and line and gill nets harvest a higher proportion of Cichlids and other trophic groups such as Clariids, and Characins.  The different types of fishing gear in the Okavango delta fishery allow for a proportional exploitation of all the different trophic levels in the fish community. 

Introduction

Background

The Okavango wetland system (Figure 1) has, partly through fishing, supported the livelihoods of Ngamiland communities for many years (Randall, 1957; Kay, 1962; Tlou, 1972, 1985; Campbell, 1976).  In general the development of the Okavango fishery can be traced on a three-phased path.  Virgin stocks were first ‘discovered’, and then they were exploited without much emphasis on management. Currently however, there is a move towards a quantitative assessment of the fishery resource to ensure sustainable use. There was minimal fishing activity between the 18th century and the early 1960s, when the BaYei introduced new fishing methods into the fishery (Tlou, 1972, 1985). Hence, fishing was a subsistence activity except for tiger fish (Hydrocynus vittatus) sport fishing in the Panhandle (Potten, 1975). 

After independence, government was increasingly interested in developing the fisheries potential of the Delta (Norplan, 1985).  Government grants and a market for dried salted fish facilitated the 
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emergence of a commercial fishery in the Okavango in the 1980s.  This effectively augmented the hitherto subsistence fishery (Silitshena and McLeod, 1989; van Hoof et al., 1991, 1993). The dried salted fish market, and hence commercial production, collapsed at the end of the 1980s due to a collage of factors (Mmopelwa, 1990, 1991, 1992; van Hoof et al., 1993; Nengu, 1995). However, further government (financial) assistance resulted in the emergence of a fresh/frozen fish market which subsequently resuscitated commercial production (Mmopelwa 1995, 2001, 2002; Nengu, 1995; Mosepele, 2000, 2001, 2002). 

Various estimates have been made about the fishery’s potential yield (Maar, 1965; Welcomme, 1975, 1979; Fox, 1976; Bruton et al., 1984; Norplan, 1985; Norfico, 1986; Merron and Bruton, 1988; Scudder et al., 1993; Kolding, 1996) and annual yield (Gilmore, 1976; Norplan, 1985; Merron and Bruton, 1988; Mmopelwa, 2001; Scudder et al., 1993; Mosepele, 2001).  Most of the production figures have never been properly evaluated due to lack of knowledge about total effort in the fishery. Total effort estimates have varied considerably over the past few decades (Norplan, 1985; Norfico, 1986; Skjønsberg and Merafe, 1987; Silitsena and McLeod, 1989; Kolding, 1996; Mosepele, 2001a). 

Most of the fisheries research in the Okavango has focused on the biology (Merron et al., 1990; Merron, 1993; Holden and Bruton, 1994; Booth et al., 1995, 1996; Mosepele 2002), ecology (Merron and Bruton, 1988, 1995), taxonomy (Skelton et al., 1985) and stock assessment (Bills, 1996; Mosepele, 2000; Mosepele and Kolding, 2002) of the fishes of the Okavango Delta. However, a serious gap exists not only in knowledge of the fishery structure, but also in our knowledge of the impact of the artisanal and recreational fishery on the fish community of the delta. Therefore, this study aims to characterise the Okavango Delta fishery and to make a preliminary assessment of the impact of the artisanal and recreational fishery on the delta’s stocks. 

Objectives

1. To describe the structure of the fishery.

2. To determine species composition and diversity of the artisanal and recreational fishery. 

3. To assess the impact of the artisanal and recreational fishery on the delta’s fish stocks
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Figure. 1.  The Okavango Delta. The main fishing villages in the upper delta are shown. Shakawe and Xaoxwe are shown in the inset. The numbers indicate the major biomes of the delta. 3: Okavango riverine floodplain. 4: Permanent swamp. 5: Seasonal swamp. 6: Drainage rivers. 7: Lake Ngami.

Materials and Methods

Summary of Data Used in the Study


Data sources from several gear types were used in this study.  Table 1 shows the range of sources.
Table 1.  Data sources

	Data Source
	Period
	Gear
	Mesh (Hook) Size
	Gill net Settings
	Data Type

	Catch and Effort1
	1999-2000
	Gill Nets
	50 - 125
	54146
	Catch, effort

	Catch and Effort2
	1999-2000
	Gill Nets
	50 –125
	5191
	Length, weight

	*Creel Survey3
	1970 - 1998
	Hook and line
	N/a
	467
	Length, weight

	*Creel Surveys4
	2001 - 2002
	Hook and line
	1 – 10
	107
	Length

	*Creel Surveys4
	2001 - 2002
	Fishing baskets^
	N/a
	14
	Length

	*Creel Surveys4
	2001 - 2002
	Mosquito nets^
	N/a
	2
	Length

	*Creel Surveys4
	2001 - 2002
	Fish traps^
	N/a
	4
	Length

	Frame Survey5
	1997 - 1998
	none
	none
	none
	Interviews


1Data collected monthly by fisheries field staff from all known gill net fishermen.
2Data collected by fisheries research team from commercial fishermen

3Recreational fishery data obtained with thanks from Ben van der Waal.

4Data obtained from daily creel surveys conducted by fisheries Section field staff.

5Data collected through a series of interviews between 1997 and 1998.

*Creel Surveys as conducted in the Okavango delta are defined as a simple random sampling of fishermen to analyze their catches.

^These traditional fishing gear are fully described in Mosepele (2001). 

Data Bases and Software    

All fisheries data were stored in PASGEAR (Kolding, 2000). This is a customized data base package which facilitates the entering, storage and fast analysis of the often huge amounts of (experimental) fishery data, or catch and effort data (Kolding, 2000).  Microsoft Excel statistical package was used to store and analyze the frame survey data.

Analysis of the Frame Survey Data

Basic statistics relating to the structure of the fishery were extracted from the Microsoft Excel data spreadsheets, which included total number of gill nets in the fishery by mesh size, total number of fishers in the fishery by sex and tribe, the fishing behavior of the fishers, the total number of fishing craft in the fishery, and the total number of fishing gear in the fishery.   The following algorithms have been applied to the data.

Mean Standard Catch Per Unit of Effort (CPUE)

Mean standard catch per unit of effort in PASGEAR (Kolding, 2000) is calculated as:
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Where; y = effort defined as number of settings (nets; or in this case also baskets, hooks, or traps); n= number of samples (observations); wi= catch (in weight or numbers) in seti or samplei,; SU = standard relative effort unit (size) of a net panel; Ui = actual effort unit (size) of neti, ; ST = standard time unit of a setting; 
Ti = actual time unit of a setting. The standard deviation of the mean CPUE is calculated from, 
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Where, 
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 x is standardized catch, y is effort, n is sample size (=number of observations)

Catch Composition and Index of Relative Importance

Total catch composition in numbers and weight (kg) for each of the data sources (except frame survey data) and the frequency of occurrence in the fleet or mesh sizes was calculated. A measure of the relative abundance or commonness of each species (i) in the catch composition was calculated using an index of relative importance, IRI, (Kolding, 1989):
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Where % Wi and %Ni is percentage weight and number of each species of total catch; %Fi is percentage frequency of occurrence of each species in total number of settings; and S is total number of species

Shannon’s Diversity Index (H’) and relative evenness (J’)

These are defined in Kolding (2000) as:
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  Where 
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 is the relative abundance of individuals found in the i- th species.
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RESULTS

Frame Survey Data

Five different types of fishermen exist in the Okavango delta fishery (Table 1). The artisanal fishery (traditional hook and line, fishing baskets, fishing traps, and spear fishers) constitutes the highest proportion of fishers in the delta, while gill net fishers make a low proportion. Annual fishing frequency (or effort), for the major fishing types (basket, gill net, hook and line) is highest during the last four months of the year (Figure 1).  

Table 1. Categorization of fishers by fishing gear .  Since most fishers use more than one gear type, the percentages do not add up to 100.  Note: These data does not include recreational fishermen.

	Fisher type
	Total Number
	Percentage

	Gill Nets
	442
	13.6

	Traditional Hook and Line
	1490
	45.9

	Fishing Baskets
	1354
	41.8

	Fishing Traps
	199
	6.1

	Spear Fishing
	303
	9.4
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Figure 1.  Estimated fishing frequency (effort) by gill net, basket and hook and line fishers from a 1997 frame survey

Catch and effort data

Mean standard CPUE (kg/set) from the gill net fishery is seasonal and is lowest around May and highest between July and September (Figure 2). However, January 2000 had a higher mean standard CPUE (kg/set) than in 1999. IRI shows that bream species (tilapia) are the most important species in the gill net fishery (i.e. from the catches of both commercial and subsistence gill net fishermen combined) (Figure 4). Of these, O.andersoni is the most important species in the commercial gill net fishery (Figure 3).
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Figure 2. CPUE (kg/set) between 1999 and 2000 illustrating seasonality in catch rates for all species in the Okavango Delta gill net fishery
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Figure 3.  IRI as a measure of the most important species from the commercial gill net fishery
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Figure 4. IRI as a measure of the most import species from the Okavango Delta gill net fishery (i.e. subsistence and commercial combined). Species group 2 includes any member of the cichlidae family in the fishery (e.g. Oreochromis spp., Tilapia spp., Sargochromis spp., etc). Species group 4 includes all the other species caught in the fishery (e.g. Momyrids, Synodontis spp., etc)

Recreational Fishery

Mean standard CPUE (kg/set) in the recreational fishery is also seasonal, peaking between July and August (Figure 5). According to IRI, the tigerfish (Hydrocynus vittatus) is the most important species in the recreational fishery (Figure 6), followed by several cichlid species.
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Figure 5. Seasonality in catch rates between 1997 and 1998 from the Okavango Delta sport/ recreational fishery
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Figure 6. IRI as a measure of the most important species from the Okavango Delta recreational/ sport fishery (sport fishermen who are normally tourists). Species group 8 includes any member of the Cichlidae family that occurs in the Okavango Delta.  

The artisanal fishery

The three-spot bream (Oreochromis andersonni) is the most important (based on IRI) species in the artisanal fishery (Figure 7), and traditional hook and line fishery  (Figures 11 and 12).  Sharp tooth catfish (Clarias gariepinus) is the most important species in the trap fishery (Figure 15).  Banded tilapia (Tilapia sparmanni) is the most important species in the basket fishery (Figures 8, 9 and 10), while Johnstonni’s topminnow (Aplocheilichthys johnstoni) is the most important species in mosquito nets.
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Figure 7. IRI as a measure of the most important species from the Okavango Delta artisanal fishery. This includes all the traditional fishing gear combined (e.g. fishing baskets, hook and line, mosquito nets, etc.)

Traditional Basket Fishing
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Figure 8. IRI as a measure of the most important species from the Okavango Delta basket fishery.
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Figure 9. IRI as a measure of the most important species from the basket fishery by fishers 20 years and older
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 Figure 10.  IRI as a measure of the most important species from the basket fishery by fishers aged 19 years and younger

Traditional Hook and Line Fishing

[image: image21.png]< sPECIES = 24>

1 = Oreochronis andersonii
v % = Tilapia smarrmanii
5 2 1113013 Fenaalit
so 3 C Barbac hoachiy oo ocephalus
s $ CSaroothronis carjorias”
a0 § = Poarocunus ittatus
S = ati'brean

35 10 = Clarias sariepinus
s0 i3 C SEniTheintarnentue S
23 13 C STariac noamensis oL ieers
20 13 = SaPaochranis codringtonii
15
10
s
o “F
s
10
15
20
25
30
35
a0
a5

1 2 3 4 5 6 785.11.13......

58 a7 44 33 19 19 16888116 11688.86.— % F





Figure 11. IRI as a measure of the most important species from the Okavango delta traditional hook and line fishery for all the combined age groups in the fishery. 
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Figure 12. IRI as a measure of the most important species from traditional hook and line fishers aged 20 years and older.
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Figure 13. IRI as a measure of the most important species from traditional hook and line fishers aged 19 years and younger
Mosquito Nets 
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Figure 14. IRI as a measure of the most important species from mosquito nets

Traditional Fish Traps
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Figure 15. IRI as a measure of the most important species from traditional fish traps (i.e. fishing weirs)
Catch composition and catch rates from the different gears in the fishery.

The artisanal fishery catches the highest species diversity (H’ = 3.05), while the recreational fishery has the lowest (H’ = 1.10).   Among the artisanal gear, fishing baskets catch the highest species diversity while hook and line catch the lowest.  Assuming a standardized fishing time of 12 hours, recreational fishers are most efficient (overall mean CPUE = 21.60 kg/set), while basket fishers are least efficient (overall mean CPUE  = 0.007kg/set).  Moreover, the recreational fishery catches the largest sized fish (H.vittatus at mean weight of 0. 935kg), while the basket fishery catches the smallest fish (T.sparmanni at mean weight of 0.004kg). However, while weights were not estimated for mosquito net catches, they catch the smallest fish in the fishery (A. johnstoni is the most important species in this fishery as illustrated in Figure 14.)

Species diversity from recreational fishing is relatively low (H’ = 1.1), while the mean weight of the principal species, H. vittatus, is approximately 1 kg. Three of the cichlids species which are among the five most important recreational species are predators (e.g. S.robustus, S.angusticeps, etc.). Species diversity for traditional hook and line fishing is higher than recreational fishing (H’ = 1.85). Commercial gill net fishers who also use traditional hook and line catch large sized O.andersoni (mean weight = 0.822 kg), contrasting with mean of 0.229kg (O.andersoni) by younger hook and line fishermen (≤ 19 years old). Species diversity from older hook and line fishers is lower (H’ = 1.7), and lowest for commercial gill net fishermen who also use traditional hook and line (H’ = 0.79), than species diversity from catches of younger hook and line fishers (H’ =2.26), which suggests specialized fishing. Two Oreochromis spp and two Tilapia spp are among the five most important hook and line species, though a cyprinid, Barbus poechii, is the fifth most important species in catches of young hook and line fishermen.

Species diversity from basket fishing is highest (H’ = 2.62) at 46 species.  Smaller sized cichlids (e.g. Pseudocrenilabrus philander, Pharyngochromis acuticeps, etc.) are among the five most important species in the basket fishery.  However, while species diversity between older and younger basket fishers is almost the same (H’ = 2.18 vs. 2.16 respectively), species composition is slightly different. Older basket fishers catch more cyprinids (e.g. Barbus poechii, B. fasciolatus, etc) and a Schilbeidae (Schilbe intermedius) than younger fishers whose species catch composition is mostly dominated by smaller sized cichlids. Species diversity from mosquito nets is also relatively high (H’ = 2.26) where several cyprinids (e.g. A. johnstonni, B. afrovernayi etc), and a cithrane (Nannocharax macropterus) are among the five most important species.  Fishing traps also catch a relatively diverse group of species (H’ = 2.36), which is also much higher than (commercial) gill nets.

Table 3. Species diversity from the different fishing gear in the Okavango Delta fishery
	Fisher Type
	Shannon’s Index (H’)
	Evenness (J’)
	Species #

	Recreational
	1.10
	0.37
	19

	Baskets (All)
	2.62
	0.68
	46

	Baskets (≥ 20 years old)
	2.18
	0.63
	32

	Baskets (≤ 19 years old)
	2.16
	0.63
	31

	Hook & Line Fishers 
	2.31
	0.73
	24

	Hook & Line (commercial)*
	0.79
	0.44
	6

	Hook and Line (≥ 20 years)
	1.92
	0.75
	13

	Hook and Line (≤ 19 years old)
	2.26
	0.71
	24

	Mosquito Nets
	2.26
	0.73
	22

	Fish Traps
	2.36
	0.83
	17

	 Gill Nets (from c/e data)
	2.19
	0.64
	31

	Gill Nets (from research data)
	2.19
	0.64
	31

	Artisanal Fishery1
	3.05
	0.76
	56


*Commercial gill net fishermen who supplement their catches with traditional hook and line fishing.

                1 This refers only to basket, traditional hook and line, mosquito and trap fishers.
Table 4. Mean CPUE (kg/set) per fishing gear for the most important species and the overall mean standardized mean CPUE (kg/set). Time for all gears was standardized to 12 hours for comparison.

	Fishing Gear
	Most Important Species
	Mean CPUE (kg/set)
	SD
	Mean weight (g)
	Overall Mean CPUE (kg/set)
	SD

	Recreational Fishery
	H.vittatus
	13.000
	27.100
	935
	21.600
	32.300

	Hook & Line (all ages combined)
	O.andersonni
	2.080
	4.630
	252
	4.630
	8.300

	Hook & Line (≥ 20 years)
	O.andersonni
	4.040
	5.750
	279
	8.460
	12.060

	Hook & Line (commercial)*
	O.andersonni
	39.24
	28.02
	822
	48.71
	32.62

	Hook & Line (≤ 19 years old)
	O.andersonni
	1.370
	3.990
	229
	3.250
	6.030

	Basket (all ages combined)
	T.sparmanni
	0.090
	0.180
	4
	0.300
	0.460

	Baskets (≥ 20 years Old)
	T.sparmanni
	0.090
	0.130
	5
	0.260
	0.420

	Baskets (≤ 19 years old)
	T.sparmanni
	0.090
	0.210
	4
	0.310
	0.500

	Gill Nets (from c/e data)
	Bream/ tilapia
	2.020
	2.830
	440
	3.200
	4.040

	Mosquito nets
	A. johnstonni
	-
	-
	-
	-
	-

	Fishing Traps
	C.gariepinus
	10.100
	19.700
	1423
	16.600
	21.600

	Gill nets (from research data)
	O.andersonni
	0.580
	1.360
	483
	1.670
	3.190


* These data were collected from commercial gill net fishermen who engage in hook and line fishing to augment their gill net catches.

DISCUSSION

Fishery Structure and Effort Dynamics

The traditional focus of temperate fisheries management on monitoring catch and effort needs to be broadened in tropical artisanal fisheries to encompass the multi-species, multi-gear, and spatial-temporal interactions of these complex fisheries systems (Conquest et al., 1996; Welcomme, 1999). Therefore, frame surveys have been used to fill in this knowledge gap. Frame surveys provide information on the different fishing crafts used, different gears, seasonality and geographical distribution of fishing activities within a fishery (Zwieten et al., 1995, Ticheler and Chanda., 1993). Moreover, fishers posses a wealth of knowledge on any fishery under exploitation (Larkin, 1978; Crespi, 1998; Neis et al., 1999; Cerdeira et al., 2000), which makes them critical components of the fishery. The Okavango delta fishery is predominantly artisanal with gill net fishermen constituting a small proportion (Mosepele, 2002). Mosepele (2000, 2001, 2002a) has subsequently suggested that the fishery is a “social safety net” for local communities. Moreover, the preponderance of women and children in the fishery (Mosepele, 2001, 2002) suggest that it is a major source of cheap, yet high protein in the region (Merron and Bruton, 1988; Mosepele, 2002), because their catch is consumed at home (Mosepele, 2001).

Based on the frame survey data, fishing effort (for all gear types) is highest towards the end of the year, which affirms Welcomme (1985) and Hay et al. (2000) observations for floodplain fisheries. However, Mosepele (2000, 2001) observed that effort (in the gill net fishery) is highest during the early part of the year and decreases towards the end of the year, which contradicts observations from the frame survey.  This (lower fishing effort towards the end of the year) has been attributed to a coterie of factors (e.g. most fishers normally engage in farming towards the end of the year, thus reducing total effort in the fishery) (Skjønsberg and Merafe, 1987; Merron and Bruton, 1988; Mosepele, 2000, 2001). However, despite the low effort, there are higher catch rates towards the end of the year which have been attributed to a “concentration effect” due to lower flood levels, while a “dilution effect ” at high flood levels results in lower catch rates (Cerdeira et al., 2000; Mosepele, 2000, 2001). Catch rates in floodplain fisheries have temporal and spatial variations regulated by the hydrological cycle (Welcomme, 1985; Merron et al., 1988). While the recreational and gill net fishery exhibit these seasonal variations (throughout the year), the traditional artisanal fishery is seasonal by definition (i.e. most of the traditional gear can only be operated at low flood levels and not throughout the year) as discussed in Mosepele (2001).

Statistics of the total weight and value of the catch are fundamental to all studies of fisheries dynamics (Brander, 1975). However, reliable measures of fishing effort and catch are difficult to obtain in inland waters because of the high variability of their fisheries (Welcomme, 1976, 1985, 1999; Kolding, 1994). Notwithstanding, the quality of catch and effort statistics collection in the Okavango delta has increased steadily over time, with perceived increases in yield (Mosepele, 2000, 2001, 2002). Mosepele (2000) has pointed out however, that the quality of data collected from the entire gill net fishery (i.e. commercial and subsistence fishermen) might still be questionable due to discard of low valued species by commercial fishermen (e.g. catfish). Mosepele (2001) also highlighted that data from approximately 100 gill net fishermen (in the fishery) are unknown, which might result in under-reporting of total yield from the fishery. Therefore, more frame surveys and catch assessment surveys are needed to ascertain total yield from the fishery. Moreover, total effort from the recreational fishery is not known, and measures need to be taken to make estimates of yield from the recreational fishery.

Assuming a standardized time for all fishing gear (12 hours), the recreational fishery is most important in the delta due to the high catch rates in that fishery. In terms of catch rates, the trap fishery is also important, but is only active for few months of the year, and is operated by a small number of fishermen (Mosepele, 2001). Traditional hook and line fishing by commercial gill net fishing to augment their gill net catches, has the highest catch rates in the fishery, which also makes hook and line (traditional) gear important in the fishery. While a fairly good proportion (ca. 34%) of gill net fishers practice hook and line fishing (Mosepele, 2001), very few of them are efficient. Using a similar approach (comparing catch rates by fishing gear) in the Bangweulu fishery, Ticheler and Chanda (1992) identified gill nets as the most important fishing gear in the fishery. However, in terms of revenue generation and employment creation, commercial gill net fishing is the most important in the fishery (Mosepele, 2001, 2002). 

Daily catch rates, annual fishing activity and total effort have been used before to estimate total production/ yield from traditional artisanal fisheries (Crespi, 1998; Cerdeira and Ruffino, 2000; Mosepele, 2001). Table 5 (below) summarizes total yield estimates from this study compared with Mosepele (2001). Annual yield estimates from this study are lower than Mosepele (2001) primarily because Mosepele (2001) used higher CPUE estimates based on the Okavango River fishery (Hay et al., 2000). It is assumed that the annual yield estimates from this study are a better reflection of annual off-take by the Okavango delta artisanal fishery because the CPUE are based on observations from the fishery itself.  

Table 5. Estimated total annual yield (in tons) from the fishing basket and the traditional hook and line fisheries compared to Mosepele’s (2001) estimates. 

	Fishing Gear
	This study
	Mosepele (2001)

	Fishing baskets
	9
	93

	Traditional hook and line
	130
	178


Catch rates (g/day) for mosquito nets were not calculated in this study, but it is assumed that they are significantly low. Moreover, mosquito nets harvest smaller sized species with very low mean body weight. Similar fishing methods (though at higher catching efficiency for baskets and lower for hook and line) have been observed on the Namibian side of the Okavango (van der Waal, 1991; Hay et al., 2000). 

Larkin (1978) postulates that fishermen contribute to the properties of fisheries as systems. Some fishers are more effective than others, with experience playing an integral part in where and how fishing gear is handled, and an effort is made to be selective in what is caught. This is clearly evident from this study (table 4) where older (≥ 20 years) fishers (i.e. basket and hook and line), fish at a higher efficiency than younger fishers (≤ 19 years old). Moreover, traditional hook and line fishers (especially those involved in the commercial gill net fishery) appear to have perfected the art of targeting market sized O.andersonni (and other commercially prized cichlids), at very high efficiencies. Notwithstanding, Mosepele (2001, 2002) indicates that a coterie of factors (e.g. socio-economic) regulate the fishery structure and effort dynamics in the Okavango delta. Therefore, studies such as this need to be long term to monitor the dynamics of these fishery regulating factors, which shape the nature of the fishery. 

The impact of the artisanal and recreational fishery on the Delta’s fish stocks 

River/ floodplain fisheries use a wide variety of fishing gear adapted to the need to capture many different species and life stages of fish during differing seasons of the year (FAO, 1997). These multi-gear fisheries have been fine-tuned to maximize yield from multi-species fisheries without any danger of over-exploitation (Kolding et al., 2002a,b; Songore, 2002; Jul-Larsen et al., 2002).  In fact, Jul-Larsen et al. (2002) advocate a non-gear selective fishery where all the trophic levels (in a fish community structure) are harvested proportionally to their biomass. This is perhaps predicated on fisheries (e.g. Lake Kariba fishery on the Zambian side) where a multi-gear fishery has over time, resulted in reduced biomass but has nonetheless retained fish species diversity (Kolding et al., 2002b).  A similar observation was made for the Bangweulu fishery where a multi-species fishery has not resulted in any significant decrease in species diversity (Kolding et al., 1996; Kolding et al., 2002b). 

Several observations can be made on the impact of the multi-gear fishery on the fish community of the delta based on this study. The five different fishing types in the delta target different species at varying means sizes within the community structure. The commercial gill-net fishery is a targeted fishery (due to the mesh sizes as discussed in Mosepele, 2001) harvesting higher trophic level species (e.g. O.andersonni, T.rendalli etc and catfishes). The basket fishery targets the lower trophic level species (e.g. T. sparmanni, Barbus poechii etc) and juveniles of larger sized species (T. rendalli etc) just after spawning during the warm months. This observation is based on the premise that basket fishing is concentrated in shallow areas and littoral regions (van der Waal, 1991; Mosepele, 2001) and agrees with van der Waal (1991) that juveniles and sub-adults are harvested by fishing baskets (fish funnels). Moreover, basket fishing harvests the highest number of species among all fishing gear in the delta (H’ = 2.62). This agrees with van der Waal’s (1991) observations from the Okavango River in Namibia.  He concluded that fishing baskets’ catch composition represents the total species composition of a given area.

The recreational fishery targets top-level predators (e.g. H. vittatus) while the traditional hook and line fishery targets a mixture of high and lower level trophic level species, depending on the age and experience of the fisher. The more experienced (and older) hook and line fishers harvest higher trophic level species (O.andersonni), while the younger and less experienced hook and line fishers harvest sub-adults of the higher trophic level species. Moreover, the younger traditional hook and line fishers also exploit lower trophic level species (e.g. B. poechii).

While the artisanal fishery (e.g. basket, hook and line) constitutes the highest fishing effort (defined as total number of people) in the Okavango delta, the commercial gill net fishery generates the highest annual yield. Nonetheless, these different types of fishing behavior target different segments of the fish community structure, hence making them complementary.  Artisanal fishing gear (fishing baskets, mosquito nets etc) targets/ harvests r – selected species (smaller sized species with high P/B ratios) while the gill net fishery, traditional hook and line fishers (especially older fishers) and the recreational fishery targets k – selected species (bigger species with low P/B ratios). Cichlids, targeted principally by modern gear (i.e. gill nets) have been observed (by Merron, 1991) to change their life history strategies under different environments, which make them more resilient to fishing pressure.  Moreover, the smaller sized species targeted by the artisanal fishery have high P/B ratios which make them highly resilient to fishing pressure (Jul-Larsen et al., 2002).  In its totality then, the artisanal fishery targets species with life history strategies that allow for high fishing pressure.  It needs to be emphasized that compared to other African systems, the Okavango delta fishery is relatively underutilized (Mosepele 2000, 2001). Therefore, the relatively low fishing pressure (Mosepele, 2000; Mosepele and Kolding, 2002) in a non-selective multi-gear fishery is expected to have minimal impact on not only fish biomass, but also on fish biodiversity. 

 It can therefore be concluded that the various gear utilized in the Delta’s fishery allow for a proportional exploitation of all the different trophic levels in the fish community.  And as already discussed, this scenario is highly preferable over a species and size specific fishery that may cause untold damage to the fish community.  A short time series data was used in this study and it is highly recommended that a long time series monitoring is needed to study the long term effects of this multi-gear fishery on the overall reproductive viability of the fish community.
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