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DISTRIBUTION PATTERNS OF KEY FISH SPECIES OF THE SOUTHERN BENGUELA ECOSYSTEM: AN APPROACH COMBINING FISHERY-DEPENDENT AND FISHERY-INDEPENDENT DATA L. PECQUERIE*, L. DRAPEAU*, P. FRÉON*, J. C. COETZEE†, R. W. LESLIE† and M. H. GRIFFITHS‡ Within the context of an ecosystem approach for fisheries, there is a need for quantitative information on distributions of key marine species. This information is valuable input for modelling species interactions in the southern Benguela ecosystem. In the present study, a method is described for mapping the density distribution of 15 key species: anchovy Engraulis encrasicolus, sardine Sardinops sagax, round herring Etrumeus whiteheadi, chub mackerel Scomber japonicus, horse mackerel Trachurus trachurus capensis, lanternfish Lampanyctodes hectoris, lightfish Maurolicus muelleri, albacore Thunnus alalunga, bigeye tuna Thunnus obesus, yellowfin tuna Thunnus albacares, silver kob Argyrosomus inodorus, snoek Thyrsites atun, Cape hake Merluccius spp., kingklip Genypterus capensis and chokka squid Loligo vulgaris reynaudi. The purpose was to make use of all available sources of data to extend the spatial and temporal coverage of the southern Benguela. Six sources of data were combined on a 10´ × 10´ cell grid in a Geographical Information System: acoustic and demersal surveys conducted by Marine and Coastal Management (MCM), and pelagic, demersal (including midwater trawl), hake-directed and tuna-directed longline commercial landings data collected by MCM. Comparisons of distributions between two periods (1980s and 1990s) and between two semesters (April – September and October – March) were conducted, but biases as a result of major differences in sampling strategy prevented detailed analysis for certain species. Maps of density distributions are nevertheless presented here and the method to determine them is discussed. Key words: acoustic surveys, fisheries data, geographical distribution, GIS, trawl surveys



The Food and Agriculture Organization, in its Reykjavik Declaration on Responsible Fisheries in the Marine Ecosystem in 2001, emphasized the need for including ecosystem considerations in fisheries management (FAO 2003). Although the structure and functioning of the southern Benguela ecosystem are known in terms of trophic flows (Jarre-Teichmann et al. 1998, Shannon et al. 2003), there is a need for accurate and quantitative information on the geographical distribution of marine species to improve the modelling of the ecosystem and therefore its understanding. The Benguela Current off the south-western coast of Africa (15–37°S) is one of the world’s four major eastern-boundary current systems, along with the Humboldt Current off Peru and Chile (4–40°S), the Californian Current off the west coast of the USA (28 – 42°N) and the Canary Current off North-West Africa (12–25°N). In all these systems, large populations of pelagic and demersal fish are supported by strong coastal upwelling and intense plankton production (Carr 2002). However, in contrast to the other upwelling ecosystems, the southern part of the Benguela is influenced by the warm water of the Agulhas Current, which flows and meanders along the



Agulhas Bank, invades part of the Bank and is partly retroflected along the west coast of South Africa through mesoscale processes (Harris et al. 1978, Lutjeharms 1981, Penven et al. 2001). For the purposes of the present study, the southern Benguela is assumed to extend seawards to the 2 000 m isobath (except for the high seas fisheries on tuna species), from 29°S (in the vicinity of the Orange River mouth) southwards along the west coast of South Africa and eastwards to 28°E (East London), covering an area of 360 000 km2. It therefore incorporates the south and west coasts of South Africa and the Agulhas Bank (Shannon et al. 2003). The important offshore fish resources of the southern Benguela spawn over various parts of the Agulhas Bank, and depend to a greater or lesser extent on the equatorward jet current between Cape Point and Cape Columbine to transport the early stages to the West Coast, where most recruitment takes place (Hutchings et al. 2002). Most pelagic recruits return to the Agulhas Bank in the poleward counter-current close to the coast. Species that become more demersal with age, such as Cape hake Merluccius spp. and horse mackerel Trachurus trachurus capensis tend to move into deeper



* Institut de Recherche pour le Développement, France, and Marine & Coastal Management, Department of Environmental Affairs and Tourism, Private Bag X2, Rogge Bay 8012, South Africa. E-mail: [email protected] † Marine & Coastal Management ‡ Formerly Marine & Coastal Management; now Ministry of Fisheries, P.O. Box 1020, Wellington, New Zealand Manuscript received September 2003; accepted March 2004
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Ecosystem Approaches to Fisheries in the Southern Benguela 2004 African Journal of Marine Science 26 water as they move south, resulting in complex move- key species of intermediate trophic level were selected, ments between the West and the South coasts (Barange small pelagic fish and tunas being located at the lowest et al. 1998). and highest extremes of the range respectively. The The living marine resources of the southern Benguela species were: sardine, anchovy, round herring, chub form the basis of a fishing industry that supports al- mackerel, horse mackerel, lanternfish Lampanyctodes most 30 000 people in South Africa, mostly residing in hectoris, lightfish Maurolicus muelleri, silver kob, the Western Cape. Some 90 hake trawlers and 97 purse- snoek, albacore, bigeye tuna, yellowfin tuna, shallowseiners currently account for >90% of the total com- water Cape hake Merluccius capensis and deepmercial landed catch (Anon. 2001). Some 2 000 small water Cape hake Merluccius paradoxus (combined), inshore linefish vessels were licensed in the South kingklip and chokka squid Loligo vulgaris reynaudi. African fleet in 2000. In addition, 18–70 Japanese and 19–26 Chinese-Taipei (Taiwanese) tuna longline vessels operated within the South African EEZ between MATERIAL AND METHODS 1996 and 2001. Small-scale fisheries include shoreline fishing, beach-seining, free-diving and shore-harvesting of shellfish, among others. Two main sources of data were used to map the disPurse-seine catches of anchovy Engraulis encrasi- tributions: (i) scientific surveys and (ii) commercial colus and sardine Sardinops sagax constitute the bulk fisheries landings. The maps were compared with 10 of the catches of the pelagic fishery. They are the distribution maps derived by Shin et al. (2004) accordmost important species in terms of mass, and round ing to a literature survey. Because the spatial extent herring Etrumeus whiteheadi, juvenile horse mackerel used in the latter study was smaller than that used and chub mackerel Scomber japonicus are valuable here, data outside their grid were not used for this bycatch species of the purse-seine fishery (Anon. comparison. 2001). The major target species caught by the demersal trawl fishery are Cape hake and Agulhas sole Austroglossus pectoralis. Horse mackerel, kingklip Genyp- Survey data terus capensis, snoek Thyrsites atun and monkfish Lophius vomerinus are commercially important by- Pelagic biomass surveys conducted by MCM are uncatch species of the hake-directed fishery (Anon. dertaken hydroacoustically and are designed to esti2001). Although horse mackerel are caught as by- mate annual spawner biomass and recruitment strength catch in both the pelagic purse-seine and demersal of the three small pelagic species (anchovy, sardine trawl fisheries, the majority of the landed catch is taken and round herring). The methods are detailed in by a small midwater trawl fleet operating on the Hampton (1987, 1992), Armstrong et al. (1987) and South Coast. Barange et al. (1999). Acoustic recruitment surveys The handline fishery of the southern Benguela ex- were initiated in May 1983 to assess the biomass and ploits a large number of species, including inshore reef- distribution of the recruiting anchovy and sardine, associated fish such as silver kob Argyrosomus in- and are conducted within 50 nautical miles of the coast odorus on the South Coast, and migratory shoaling between the Orange River mouth (28°35´S) and Cape species such as snoek, by far the most important Infanta (21°E). Acoustic spawner biomass surveys, species caught commercially on the West Coast by this which estimate the size of the adult stock, have also fishery. Offshore, large pelagic species, mostly yel- been conducted annually since 1983. These surveys lowfin tuna Thunnus albacares, but also bigeye tuna cover the entire continental shelf between Hondeklip Thunnus obesus and albacore Thunnus alalunga, are Bay (30°30´S) and Port Alfred (27°S; Barange et al. caught by pole and line vessels, as well as by Asian 1999). Data collected between 1983 and 1987 were high-sea longliners (until 2002) and an experimental not used in this study because they were not available South African longline fishery (Marine and Coastal in a suitable computerized format. Since 1988, some Management [MCM], unpublished data). 17 recruit surveys have been undertaken, mainly in May, Data collected by MCM on these different fish- and 17 spawner biomass surveys, mainly in November eries, as well as data from their pelagic and demersal (Fig. 1a, Appendix 1). The surveys are conducted by research surveys, were used to map the distribution day and night and consist of a series of stratified semirange of different species of the southern Benguela, random transects perpendicular to the coast. Oceanousing a specifically designed Geographical Information graphic and plankton data are collected at stations posiSystem (GIS). These maps are useful for management tioned at 10 mile intervals along each transect. The purposes and could be used as inputs for trophody- density of each species of pelagic fish is estimated for namic models, such as the individual-based model each 10-mile segment and assigned to the midpoint of OSMOSE (Shin 2000, Shin and Cury 2001). In all, 15 the segment (Jolly and Hampton 1990).
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Fig. 1: Sample distribution of MCM databases for (a) acoustic surveys from 1988 to 2001, (b) demersal surveys from 1985 to 2002, (c) pelagic fishery from 1987 to 2001, (d) demersal fishery from 1985 to 2001 (note that the raw information is obtained on 20´ × 20´ grid cells), (e) hake-directed longline fishery from 1994 to 2001 and (f) tuna longline fisheries (foreign and South African) from 1996 to 2001
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Ecosystem Approaches to Fisheries in the Southern Benguela 2004 African Journal of Marine Science 26 Demersal biomass surveys are based on the swept trawls. For this study, trawls completed in the same area method using a bottom trawl net with a codend of grid block were summed to give an estimate of the 35-mm mesh in the case of those conducted by the landed catch for each 20´ × 20´ cell. The two species South African research vessel F.R.S. Africana, and of hake are not separated at sea and are recorded as with a codend of 8-mm mesh on for the Norwegian re- one species. There are seven species pre-printed on search vessel F.R.S. Dr Fridtjof Nansen. The surveys the trawl logsheets: Cape hake, sole, horse mackerel, are designed to provide annual indices of biomass for kingklip, monkfish, snoek and chokka squid, and data the resources exploited by the South African hake- on those species only were used in the current study. directed trawl fishery (Payne et al. 1985). The method The trawl sector targets three species, Cape hake, is fully described by Badenhorst and Smale (1991). horse mackerel and Agulhas sole. Catches are declared The surveys are subdivided into two areas: from the at a drag level according to the target species, and disNamibian border to Cape Agulhas (West Coast) and tribution information per grid cell can be deduced acfrom Cape Agulhas to Port Alfred (South Coast, Fig. cordingly. For all other species, landed catches are 2b). Where possible, effective trawl duration is 30 min- apportioned among trawls in the ratio of the hake utes, although the nature of the seabed sometimes re- catch. It was not possible to declare any other target quired trawls to be curtailed. Trawls shorter than 15 species, and hake was taken as the default. Discarded minutes are discarded and all others are standardized fish are generally not recorded. to 30 minutes. Since 1985, 45 surveys have been conThree different longline fisheries operated off South ducted by MCM, with an average of 93 trawls per sur- Africa during the study period (Fig. 1e, f, Appendices vey (Fig. 1b, Appendices 2 and 3). Between 1985 and 6, 7 and 8). Two experimental longline fisheries, hake1990, 6 winter and 6 summer cruises were undertaken directed and tuna-directed, were introduced off South on the West Coast and 3 autumn and 3 spring cruises Africa in 1994 and 1998 respectively. The 80 or so on the South Coast. In 1991, winter surveys were foreign tuna-longliners operating in the South African stopped on the West Coast but since then 10 summer EEZ between 1996 and 2002 were required to procruises were undertaken, whereas 10 autumn and 7 vide catch and effort data to MCM on a monthly spring cruises were conducted on the South Coast. basis. Longliners, both foreign and South African, report their catch and effort on a per-line-set-per-day basis, indicating the position at the start of the line Commercial data deployment. In the case of the hake-directed fishery, no distinction is made between the two species. Data from the pelagic fishery consisted of total catch per set (or haul) of the purse-seiner, located on a 10´ × 10´ cell grid from 1987 to 2001 (Fig. 1c, Appendix 4). Construction of single-species distribution maps Two sources of data were used to allocate the catches to given cells on the grid: (i) logbooks, in which esti- Because the different sources of data were of heteromates of each species and per set are recorded by the geneous origin and therefore covered different areas skipper, and (ii) the total landings per species and per (Fig. 2), all data were combined to determine the best trip for each boat as reported by fisheries inspectors possible estimates of the distribution of each species operating at landing sites. When catches of one trip using the widest sampled area of the southern were taken in different cells, the skipper’s estimates Benguela. This task is complicated, if the requirement by cell are corrected by the estimated ratio of the is more than just presence/absence mapping, which landed catch taken in each cell, and the catch compo- would inevitably overestimate the significant/core dissition by cell is either estimated from single set trip(s) tribution of the species. A four-step process was develby other boat(s), or more often considered the same in oped which permitted mapping of the distributions of each cell visited by the boat (most of the time these the 15 key species within the sampled area: (i) data cells are adjacent). validation, (ii) choice of spatial and temporal resolution, The data provided by the inshore and offshore hake- (iii) computation of an index of relative abundance for a directed trawl fisheries covered the period 1985–2001 given spatial and temporal resolution and (iv) inter(Fig. 1d, Appendix 5). Data provided by foreign vessels calibration and combination of the datasets. The GIS fishing in South African waters are also recorded in software Arcview 3.2a was used to build these maps. the demersal commercial database and represent 3% of the trawls. Catch and effort (trawl duration) are reDATA VALIDATION ported for 20´ × 20´ cells on a trawl-by-trawl basis, using the start position of the trawl (Punt and Japp The GIS helped to identify some errors where the1994). Skippers’ estimates of catch per species per catch position was incorrectly recorded or captured, trawl, recorded in the demersal logbook, are used to e.g. when the given location was inland or outside the apportion the total landed catch among individual area covered by fishing vessels and surveys. Obvious
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Fig. 2: Example of combination between different sources of data for mapping the distribution of fish species and the spatial extension of combined sampling efforts (offshore limit given by the dotted line) of (a) distribution of sardine from (i) acoustic surveys, (ii) demersal surveys, (iii) pelagic commercial fisheries and (b) distribution of snoek from (iv) demersal surveys and (v) demersal commercial fisheries



typing errors were corrected by tracking daily boat activity. When this was not possible, records were rejected. In addition, some source-specific data constraints/filters were applied.



• Every density estimate of the acoustic surveys of pelagic fish was considered. From the demersal surveys database, only trawls made south of the Orange River, with durations greater than 15 minutes, were
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Table I: Summary of the different databases used to map the species distribution Database



Time-series



Type and number of temporal units



Acoustic surveys Demersal surveys Pelagic commercial Demersal commercial Foreign tuna longline South African tuna longline Hake longline Literature survey



1988 – 2001 1985 – 2002 1987 – 2001 1985 – 2001 1996 – 2001 1998 – 2001 1994 – 2001 –



•



Total number of samples used



Unit of abundance



Spatial resolution



34 cruises 45 cruises 15 years 17 years 06 years



010 732 intervals 003 920 trawls 102 974 sets 905 371 trawls 017 569 sets



g m–2 kg 30 min –1 kg set–1 kg hour–1 kg 1 000 hooks–1



Latitude– longitude 5´ × 5´ cell 10´ × 10´ cell 20´ × 20´ cell Latitude– longitude



04 years 08 years –



002 318 sets 011 404 sets –



kg 1 000 hooks–1 kg 1 000 hooks–1 Presence/absence



Latitude– longitude Latitude– longitude 18´ × 15´ cell



considered. This threshold was applied to ensure that the gear was fully open and operational long enough to provide a representative sample. As a result of the exclusion of trawls north of the Orange River and trawls of short duration (15 trawls were selected and cells were not considered where the average depth of the trawls was greater than the mean depth of the cells estimated from ETOPO 2 (http://www.ngdc.noaa.gov/



Table II: Summary of the databases used for each species. Mean density and cpue are computed as the average of the mean cpue per grid cell, including zero values and considering the whole fished area, regardless of the distribution of the species



Group Small pelagic fish



Species



Anchovy Sardine Round herring Chub mackerel Horse mackerel Mesopelagic fish Lanternfish Lightfish Large pelagic Albacore fish Bigeye tuna Yellowfin tuna Silver kob Snoek Demersal fish Cape hake Kingklip Cephalopod Chokka squid
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mgg/fliers/01mgg04.html) plus 1 000 m. As a result, 82% of the demersal commercial database was used. In terms of longline commercial information for hake, data were selected in which the number of hooks was equal to the number of baskets multiplied by the number of hooks per basket +15%, in order to eliminate misreported or wrongly captured effort data. A catch per unit of effort (cpue) for hake and kingklip was calculated as kg 1 000 hooks –1. Data with a cpue >15 000 kg 1 000 hooks –1 for hake and >1 000 kg 1 000 hooks –1 for kingklip were discarded. These arbitrary thresholds were chosen according to the maximum weight of hake and the fact that the kingklip cpue is lower than that of hake. Two types of location are provided in the hake longline data, the latitude and longitude at the start of the line, and the code of the cell of the demersal trawl commercial grid. Data were eliminated when these two locations did not match. Data that had obviously incorrect latitude and longitude from the tuna longline commercial database were also discarded. Tables I and II summarize the information provided by each database and the sources of data that were used for each species.



played on a 10´ × 10´ cell grid to allow for comparisons between the different sources of data. For each cell, the mean of the data located in it was aggregated for acoustic and demersal surveys. In order to obtain disaggregated 10´ × 10´ cells that were compatible with the other databases, each 20´ × 20´ grid-cell of the demersal commercial data grid was artificially split into four. INDICES OF RELATIVE ABUNDANCE The following method was applied for every database and every species: for each cell, an index Ij, which was considered to be an index of relative abundance for a given cell j, was calculated for the temporal resolution chosen. Each data component was weighted by the average value of each temporal unit (e.g. one experimental survey or one semester of commercial data) in order to give each temporal unit the same weight: ⎛ xij. ⎞



p



Ij =



∑⎜ x ⎟ ⎝ ⎠



i =1 p



SPATIAL AND TEMPORAL RESOLUTION For all databases, data were combined by month and by cell. The data could be conveniently divided into two semesters: April–September (Semester 1) and October–March (Semester 2) for almost all the databases, except for the demersal survey data. From 1991, demersal surveys only covered the West Coast during Semester 1, so species distribution of the two semesters for each data source were therefore compared individually. Two periods of study were chosen: pre-1989 (included) as Period 1 and post-1989 as Period 2. In order to overcome the bias related to changes in the sampling area over time, only the common sampled area (intersection) was used when comparing the two periods or semesters. The temporal resolution was selected in order to provide satisfactory spatial coverage of the southern Benguela. Lower resolutions (quarterly and monthly) were envisaged, but they generated bias because the areas sampled were too small. The specific semesters were chosen to limit the effect of migration of juvenile pelagic fish in the southern Benguela, mostly during September and October (Crawford 1981a, b, c, Hampton 1987, Armstrong et al. 1991, Barange et al. 1999). The two periods were selected to correspond to those proposed by Shannon et al. (2003): the 1980s, characterized by a very high abundance of anchovy, and the 1990s, a period of increasing abundance of sardine. As shown in Table I, the spatial units of the different data are not consistent. Therefore, all data were dis-
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where xijk is the kth cpue of year i and cell j, and nij is the number of observations for year i in cell j. To prevent overestimating the spatial distribution of each species because of out-of-range or unusual catches, the observations were ranked by Ij, and records corresponding to 5% of the biomass in very low abundance areas were discarded. The different distributions obtained by different datasets for every species and temporal resolution were then displayed on the map. INTERCALIBRATION AND COMBINATION OF THE DATASETS Intercalibration of the different datasets was performed to obtain a general pattern of the spatial density of the different species. A reference source by species was initially chosen. Intersections between the refer-
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Ecosystem Approaches to Fisheries in the Southern Benguela 2004 African Journal of Marine Science 26 ence dataset and all non-reference datasets were used culated by summing the area of the cells where the to calibrate the indices of abundance of each species species was present (junction). Because the relationship (Fig. 2). Among the common cells, those in which between latitude and distance is constant (1´ latitude = sampling effort was greater than the sampling median 1 nautical mile = 1.852 km), whereas that of longitude of each data source were selected (e.g. 10 intervals varies with the cosine of latitude (Raisz 1948) – 1´ for acoustic surveys and 35 sets for pelagic commercial longitude = 1´ latitude × cos(latitude) – the latitude of data). A proportional coefficient F between these rela- the centroid of a 10´ × 10´ cell was used to calculate tive abundance indices was computed using a regres- its area A in km2: sive approach: A = 18.52 × (18.52 × cos latitude) . (3) Iref (2) F= Inon − ref RESULTS – – where Iref and Inon–ref are the means of abundance indices of the reference source and the non-reference The results of this study show that each source of information provides relevant, but incomplete, inforsource respectively. Data of the non-reference sources were scaled by F. mation on the distribution of a species. It is therefore Data by species were weighted to keep their sum equal necessary to combine different sources of data to obtain to 0.95 (taking into account that 95% of the total bio- a realistic distributional range for each species (Fig. 3). mass by species was represented). The distributions of the biomass of each species, combining all data sources, were then mapped. The calibration factors used Comparison between Periods 1 and 2 by species and data source are listed in Appendix 9. The number number of of grid grid cells of cells sampled pelagic sampled by by pelagic andand de-demIn order to reflect the medium level of precision The ersal commercial fisheries within the intersection sampled commercial fisheries within the intersection provided by the method described here, quartiles of the mersal area remained constant constant over the over two the periods, but those sampled area remained two perirelative abundance of each species on the distribution sampled by acoustic and demersal surveys increased subbut those sampled acoustic andTable demersal sur- was maps were displayed, after several trials. Initially, a ods, stantially (72 and 33%by respectively, III). This increased substantially (72increase and 33% table was derived of frequency distribution of the cumu- veys not because of any appreciable in respectivesampling intenIII). because of any lated relative abundance sorted in decreasing order. ly, sity Table per year, but This rather was to thenot fewer years and therefore increase in sampling intensity perofyear, Four classes were then constructed: (i) high densities appreciable surveys in Period 1; owing to the randomness the samrather to themore fewer years and surveyscells in on (0–25%), (ii) medium densities (25–50%), (iii) low but pling scheme, surveys meantherefore more sampled 1; Therefore, owing to the randomness of thethesampling densities (50 – 75%) and (iv) very low densities Period the grid. variations between two periods more surveys cautiously. mean more sampled cells on (75–95%), given that 95% of the biomass was repre- scheme, have to be interpreted the Therefore, variations two Datagrid. analysis on small pelagicbetween species the such asperianchovy, sented. have tosardine be interpreted cautiously. anchovy, and round herring suggest a subtantial The total area of distribution per species was cal- ods Data analysis on small pelagic species such as anTable III: Variation between Period 1 (1985 –1989) and Period 2 (1990 – 2002) of the surface (in %) of the sampling effort and the distribution ranges (limited to the common sampled area of the two periods) by database for 12 species from the southern Benguela Group
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Fig. 3: Distribution maps of (a) sardine, (b) anchovy, (c) round herring, (d) lanternfish (presence/absence only), (e) lightfish (presence/absence only), (f) horse mackerel, (g) chub mackerel, (h) chokka squid, (i) kingklip, (j) hake, (k) silver kob, (l) snoek, (m) albacore, (n) bigeye tuna, (o) yellowfin tuna after combination of all data sources and represented by class (high densities (0–25% of the total biomass), medium densities (25–50%), low densities (50–75%) and very low densities (75–95%), given that 95% of the biomass has been represented. The sampled areas are also shown
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The number of grid cells sampled by the pelagic and demersal fisheries (within the intersection sampled area) and, to a lesser extent, by the hake longline fishery are comparable between the two semesters. In contrast, from Semester 1 to Semester 2 the number of grid cells sampled by the tuna longline commercial data is halved, and that of the acoustic surveys increased by 74%. This is mainly because of the difference in areas covered by the May recruitment survey (coastal only) and the more extensive November spawner biomass survey. It was therefore difficult to quantify the real differences between the two semesters for those two databases. Both acoustic survey and pelagic commercial data show a consistent decrease within their common sampled areas between Semesters 1 and 2 for anchovy and sardine (Table IV). Tuna longline and demersal commercial data also show a substantial decrease of tuna and snoek distribution ranges respectively between the two semesters. For horse mackerel, the pelagic fishery data indicate a substantial decrease in distributional range between the two semesters. This decrease, however, is not confirmed by the demersal fishery data, which suggest a small increase. Both acoustic survey and pelagic commercial data show a consistent broadening of round herring distribution within their common sampled areas between the semesters. Pelagic and demersal commercial data indicate a substantial increase in the distributional range of lanternfish and chokka squid respectively. The pelagic commercial data show a large increase in chub mackerel distributional range (Table IV).
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increase in distribution ranges between Periods 1 and 2 for acoustic and demersal surveys (Table III), a result confirmed by the pelagic commercial data for sardine and round herring, but not for anchovy. Horse mackerel distribution appears to have increased by about 35% between the two periods. Demersal survey and commercial data suggest that there was only a small decrease in snoek and chokka squid distribution and a small increase in hake distribution between the two periods. There is a large increase in area of distribution between the two periods for kingklip, but it is only indicated by the demersal survey database (Table III).
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Comparison with maps derived from a literature survey Fig. 3: (continued)



Comparison between maps drawn from the literature and indicating presence/absence of a species (Shin et
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Fig. 4: Distribution of horse mackerel from (a) literature survey (Shin et al. 2004) and (b) after combination of all data sources



al. 2004) and those drawn from other databases allow validation of the current method. This comparison (Table V) shows that there is a good match between these two types of maps, especially regarding small pelagic and demersal species. However, the distribution maps resulting from a combination of different databases show a generally broader distribution of the species than those derived from the literature survey (Fig. 4). The only exceptions are for the two mesopelagic species, for which there is no satisfactory database covering their distribution.



DISCUSSION Heterogeneity and effectiveness of data sources Research surveys provide accurate data to estimate the spatial and density distributions of most abundant commercial species, notably because their spatial coverage is relatively good and the data are calibrated to reflect actual biomass. In contrast, the spatial coverage of commercial landings data is patchy and being



Table IV: Variation between Semester 1 (April–September) and Semester 2 (October–March) of the surface (in %) of the sampling effort and the distribution ranges (limited to the common sampled area of the two semesters) by database for 14 species from the southern Benguela Group
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Table V: Comparison between maps obtained from a literature survey (Shin et al. 2004) and from the combination of surveys and commercial data (MCM databases). Data outside the literature survey grid were not consider here



Species



Literature survey/ combined data (%)



Anchovy



083



Sardine Round herring Chub mackerel



112 099 134



Horse mackerel Lanternfish Lightfish Snoek Cape hake Kingklip



061 387 474 064 073 077



Comments Good matching. Combined data show a more inshore distribution on the West Coast, a more offshore distribution over the Agulhas Bank and a farther east distribution on the South Coast Good matching. Combined data show a gap over the central part of the Agulhas Bank Very good matching Combined data show a more offshore patchy distribution and a larger but still patchy distribution all along the South Coast Combined data indicate a more extended distribution over the Agulhas Bank Very few survey or commercial data Very few survey or commercial data Combined data indicate a more extended distribution northwards and over the Agulhas Bank Good matching. Combined data indicate a more extended distribution northwards and eastwards Good global matching despite local discrepancies, combined data indicate a more extended distribution over the shelf edge



uncalibrated, do not reflect true biomass. The principal limitation for the use of survey data is the limited number of surveys carried out per year. Also, in terms of the South African acoustic surveys, upgrading of the Simrad EK400 echo-sounder system, which was used to estimate acoustic back-scattering strength up to 1997, to the EK500 echo-sounder, had consequences for the measurement of pelagic fish density. An intercalibration study showed that, owing to receiver saturation in the EK400 system, the density of most pelagic schools would have been underestimated prior to 1997 (Barange et al. 1999). This saturation effect was much larger for sardine schools than for those of anchovy and round herring. Nonetheless, the method used in the present study should not be too sensitive to those changes because the same weighting was given to every survey. Commercial data provide large quantities of daily data over the entire year. The presence of uncalibrated data was the main problem encountered in this study. Filtration of the commercial data resulted in substantial elimination of data and there was difficulty in selecting objective thresholds for effort, maximum weight and maximum cpue. Furthermore, data from the midwater trawl fishery are recorded in the same database as the bottom trawl fishery, because a trawler can easily switch between the two types of gear, and the same vessels (and companies) are involved in both fisheries. Therefore, no distinction was made between these two gear types in the analysis. Spatial coverage of the commercial pelagic fishery was also problematic, because vessels fish on aggregations closest to their home ports to save fuel and to lower costs. The major commercial species (in terms of mass) is anchovy, so purse-seiners may have to travel farther to catch that species if they are not available close to port. Quotas for sardine were limited



during most of the study period, so the absence of catches from an area cannot be interpreted as indicative of an absence of sardine. A vessel may simply have steamed past the sardine if it had no sardine quota. Therefore, commercial catches and effort reflect neither the full geographical range of the species nor the areas of highest abundance. The demersal fishery, however, operates all along the South African coast, although effort is obviously concentrated where demersal species are most abundant and trawling grounds are more clement. The distribution of anchovy, sardine and round herring were mapped by combining three sources of data; densities (acoustic surveys), mean cpue (demersal surveys) and mean catches per set (commercial data). Demersal survey data were useful for sardine and round herring (mean cpue was relatively high at 62 and 72 kg h–1 respectively; Table II, Appendix 3), because this might provide information on the distribution of large fish located close to the seabed. Nonetheless, some of these pelagic species were possibly caught while the trawl was being retrieved and when the net meshes collapsed on the surface. Furthermore, extrusion through the meshes when the nets are distended and before they are masked by bigger catches of larger fish may well have resulted in an undersample of pelagic species in the demersal survey data. Horse mackerel is a target species of both demersal and pelagic fisheries. For this species, it was therefore useful to employ demersal commercial and survey data that had relatively similar mean cpue (Table II, Appendices 3 and 5) and pelagic commercial data that provided inshore information to obtain the widest sampled area. The maps are likely to underestimate the distributions of chub mackerel and round herring, which are known to range offshore beyond the area sampled by the pelagic fishery and scientific surveys.
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Ecosystem Approaches to Fisheries in the Southern Benguela 2004 African Journal of Marine Science 26 two datasets were combined to provide average cpue values of 175, 100 and 80 kg 1 000 hooks–1 for yellow(a) fin tuna, bigeye tuna and albacore respectively. Demersal commercial and survey data were useful in mapping the distribution of snoek, because their mean cpues were similar. Despite snoek being an important species in the handline fishery (Griffiths 2002), data for that fishery were not available, nor were they for the chokka squid and jig fisheries. Such data would be expected to improve the accuracy of the distribution maps for snoek and chokka squid, but for inshore only. According to Griffiths (1996, 1997, 2000a), there are three stocks of silver kob along the South Coast. The demersal survey data facilitated representation of the distribution of two of them (Fig. 3k), the third one being located in an untrawlable zone in False Bay. (b) Demersal survey and commercial data yielded similar mean cpues for hake (795 and 600 kg h–1 respectively) and for kingklip (22 and 18 kg h–1; Appendices 3 and 5). Longline catch rates of kingklip were low (19 kg 1 000 hooks–1 vs 350 kg 1 000–1 hooks for hake; Appendix 6). Longline fisheries data are very useful, because they are not influenced by rough seabed, as is the case for trawl fishing, and they map the distributions of larger hake. In conclusion, none of the available data sources covered the whole distribution of any species, so it was necessary to combine data sources. Nevertheless, given the variability in accuracy and precision of the different data series and in some cases their limited 0.2 0.4 0.6 0.8 coverage in space and time, there is still some uncerRELATIVE BIOMASS tainty associated with the distribution ranges determined.



Fig. 5: Area of distribution as a function of the relative biomass of (a) sardine and (b) hake, derived from MCM acoustic surveys and the demersal commercial database



It appears that neither the demersal surveys nor the pelagic fishery provide representative geographical distributions for mesopelagic lanternfish and lightfish, because these small species escape through the codend used during demersal surveys and are not targeted by the pelagic fishery. Indeed, their mean cpue on demersal surveys was 
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