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Abstract


The specific objective of this project (LMR/CF/03/07), as originally conceived, is to determine the optimal harvesting ratio between trawled and longlined hake in the Benguela Large Marine Ecosystem (BCLME) in order to extract maximum socio-economic value from these resources, and at the same time ensure long-term sustainability of hake stocks in the BCLME.

After thorough discussion of the above objective at the first stakeholders’ workshop in Cape Town (Appendix 1), it was agreed that the objective be modified to: “explore the bio-socio-economics of hake trawl and longline fisheries in Namibia and South Africa with the goal of assisting the resource managers in their attempts to achieve the best long-term ecological, economic and social outcomes”.

This modified objective led us to focus our attention on developing simple models, namely, the bioeconomicl and the socioeconomic impact assessment models that can be used by fisheries managers in Namibia and South Africa to explore the ecological, economic and social consequences of different management policies. As the models are developed using Excel as a platform, it can be easily modified to examine the consequences (ecological, economic and social) of implementing different harvesting strategies and management policies for other marine species in the BCLME.
While improvements can be made to the models, particularly with better data, we believe our project has achieved its goal of providing a modelling framework that facilitates rapid explorations of the ecological, economic and social consequences of different policy and management decisions. The BCLME Programme can now help fisheries managers in South Africa and Namibia to add these models to their toolkits and use them to enhance their work, and ensure the sustainable management of BCLME hake for the benefit of both current and future generations of the stakeholders of the region.
1. Introduction

1.1 Project objectives

The specific objective of project LMR/CF/03/07, as originally conceived, was to determine the optimal harvesting ratio between trawled and longlined hake in order to extract maximum socio-economic value from these resources, and at the same time ensure long-term sustainability of hake stocks in the BCLME.

After thorough discussion of the above objective at the first stakeholders’ workshop in Cape Town (see Appendix 1), it was agreed that the objective be modified to: 
To explore the bio-socio-economics of hake trawl and longline fisheries in Namibia and South Africa with the goal of assisting the resource managers in their attempts to achieve the best long-term ecological, economic and social outcomes.
Questions to be explored to meet the revised project objective include: what are the (i) current and (ii) potential contributions (in terms of income, added value, export earnings, employment, etc) of hake to the national and regional economies of the two countries, and (iii) what proportion of the above contributions come from trawl and longline hake fisheries, respectively? To answer the above questions, we gather or develop:
· ecological, social and economic data, both on the harvesting and processing sectors
· biological population dynamics models; 

· bioeconomic modelling and analysis; 

· socioeconomic impact assessment modelling and analysis; 

1.2 Approach 

Three steps have been taken to help us meet the objective of the project.

· Draw up a historic account of economic and social aspects of the hake trawl and longline fisheries;

· Analyze economic and social aspects of the hake trawl and longline fisheries using biological outputs from current models;

· Develop analytical and computational bioeconomic models to study the hake fisheries.
1.3 Context 

There are two main species of hake in the Benguela current marine ecosystem, namely, Cape hake (Merluccius capensis) and the deep water hake (Merluccius paradoxus), and it is generally difficult to differentiate between them (Pitcher and Alheit, 1995). Hakes are currently mainly caught in bottom trawls, although important longline fisheries also exist in both countries and there is a developing small-scale handline fishery off South Africa. Off Angola there is a relatively small bottom trawl fishery for Benguela hake Merluccius polli and Merluccius capensis (in the extreme south). 
The Cape hakes (Merluccius capensis and M.paradoxus) are major commercial fish species that straddle the geopolitical boundaries of mainly Namibia and South Africa, and to a lesser extent Angola (Sumaila et al., 2003).  The two hake species are harvested together through the use of bottom trawlers, and to a lesser degree longliners (Van der Westhuizen, 2001, Sumaila et al., 2004), although M.capensis is more common inshore. The two species are hard to distinguish and are rarely segregated in catch data. A number of features of the two vessel groups have strong implications for the study: (i) longliners tend to catch large adult female hake as opposed to trawlers, which take predominantly medium- to small- sizes; (ii) longliners are able to fish in untrawlable areas; (iii) longliners are labour-intensive at sea, generally obtain higher prices for their product, have no value-added and are subject to high price variability, while the trawl industry is generally more labour-intensive on land and the converse to longliners for price level, price variability, and value-added; and (iv) the trawl fleet in Namibia and that in South Africa are not of the same type. There are wetfish and freezer trawlers in Namibia (Sumaila, 2000; Boyer and Hampton, 2001), and inshore and deepsea trawlers in South Africa. These features have been taken into account in the exploration of sustainable harvesting of hake stocks in the BCLME.
It is worth stating a number of studies have been carried out earlier to inform the debate

on the hake trawl and longline question since the early 1990s. Our study drew from these studies, examples of which are Armstrong and Japp (1992), Butterworth et al. (1992) and Hamukuaya (1992).

1.4 Goal of project team

To undertake research that would provide appropriate databases, analytical tools and models suitable for meeting the goals set by the terms of reference (ToR) of BCLME Project LMR/CF/03/07 as modified by our Cape Town workshop (see Appendix 1).
1.5 Methodology

The method consists of (i) data and database work, (ii) biological/stock assessment modelling, (iii) social analysis and socioeconomic modelling, and (iv) bioeconomic modelling. All of these are tied together in general interdisciplinary frameworks that bring together ecological, economic and social perspectives, data and modelling techniques to address the objectives of the project. 
1.6 Overview of report structure
After an introduction, which lays out the objectives and approaches of the project, there are ten other sections whose content follows: 

In Section 2, we present background information about the hake fisheries of the Benguela ecosystem;

In Section 3, we review the biological models currently used to manage hake fisheries in Namibia and South Africa and our synthesis of all the available models into a modelling framework for our project (Appendices 2 and 3);

In Section 4, we provide answers to some key bioeconomic modelling questions raised at our Cape Town workshop. Technical details are given in Appendix 4;

To provide a framework for our modelling, Section 5 describes the socioeconomic issues that apply to the hake fisheries of Namibia and South Africa.
Our bioeconomic modelling is presented in Section 6. The models estimate the total allowable catch (TAC) that will maximize economic benefits from the hake fisheries without eroding the biological base of the resource: current versions for South Africa and Namibia are presented in Appendices 5 and 6. The model is implemented in EXCEL to make it more accessible to fisheries managers and other stakeholders in the BCLME region;

Section 7 presents a simple but useful socio-economic impact assessment model (SEIAM) for fisheries managers that allow quick explorations of the economic and distributional implications of quota allocation decisions. The basic input of the model is a TAC, which could be the output of the Operational Management Procedure (OMP) or a bioeconomic model, such as the one developed by this project, or a politically-determined quota. Similar to the bioeconomic model, SEIAM uses EXCEL as its platform. The current version of the frameworks for South Africa and Namibia are given in Appendices 8 and 9;

In Section 8 we present the data needed to run the models developed by this project. Data used in model explorations are presented in Appendices 5 and 6 in the case of the bioeconomic models, and Appendices 8 and 9 in the case of SEIAM;

Section 9 explores potential model results based on the data available to us; 

Section 10 provides a description of the major project activities undertaken; 
Finally, we make recommendations on further work that may benefit from this analysis, and which could help to improve it in Section 11.

2. The hake fisheries of the Benguela

2.1 South Africa
South Africa’s living marine resources of the Benguela Current ecosystem form the basis of a fishing industry which supports some 26 000 people (mostly in the Western Cape), and supplies food for the whole Southern African sub-region. In 1997, the South African fishing industry caught a total of 445 000 tonnes of fish, shellfish and seaweed nationwide, of which more than 90% was taken from the Benguela. The wholesale value of the total processed output in this year was estimated at R 1 953 million
, with an export value of R 873 million. Fishing is particularly important in the social economy of the Western Cape, where some entire coastal communities depend directly or indirectly on fishing for their livelihood. However, the fishing industry yields less than 1% of South Africa’s GDP.

Economically, the trawl fishery is the most important sector of the South African fishing industry. Catches of Cape hakes, which amounted to 147 000 tonnes in 1997, usually contribute about 70% of the trawl catch and about 80% of its value. In 1997, the landed value of processed products from a total demersal trawl catch of 200 000 tonnes was R 428 million. The value of hake exports in 1997 exceeded R 300 million; about a third of the total revenue from all South African fish and shellfish exports.

Hake fisheries are one of the most important fisheries in South Africa, constituting about 50% of fish consumed in South Africa. There are four main sectors for hake fisheries; i.e., deep-sea trawl (concentrated on the Western Cape, out of Cape Town and Saldanha Bay; cannot operate within 110 m depth of inshore), inshore trawl (Mossel Bay and Port Elizabeth), and more recently, hake longline (along the coast, and mainly Cape Town), and hake handline (Mossel Bay and Plettenberg Bay). The largest contribution to the total landings is from trawl fishing sector (about 50% of national wealth, with annual sale of R1.5 billion, earning about R0.7 billions in foreign exchange) (Sauer et al. 2003). Undoubtedly, social transformations resulting from hake fisheries are prominent on account of their high social and economic contributions.

The hake fishery has been managed using an Operational Management Plan (OMP) since 1990, but was revised in 1998 due to lower catch-per-unit-effort than had been estimated. Annual hake assessments follow the guidelines of the OMP and are normally completed by November each year. Recommendations for TAC in the following year are made to the Minister by the Fisheries Advisory Committee. Data for the assessment are based on the mortality estimates (commercial catches) of the previous year.  Data used also include independent biomass estimates from annual trawl surveys and CPUE estimates from the fisheries for the two Cape hake species on each coast (West and South).

Allocation of the TAC is proportional to the previous year’s allotment (it is scaled up or down depending on the TAC).  Allocation between sectors is also fixed and prorated each year. A total of 10% is allocated to “Line” catches – that is longline and handline hake.  Presently the TAC approximates 160 000 t of which about 3 500 t is allocated to handline and 10 000 t to longline. In the trawl sector, about 10 000 t is allocated to Inshore Trawl leaving about 136 000 t for deepsea trawl. A further 500 t is allocated as incidental catch in the mid-water trawl (horse mackerel) fishery.

The current TAC allocation of about 160 000 t goes mainly to deep-sea trawlers (84%, 56 rights holders), followed by inshore trawlers (6%, with 13 rights holders), longline (7%, with 141 right holders) and handline (3%, with more than 69 permit holders). Another 1,000 t is allocated to Mozambique based on a bilateral agreement (DEAT, 2004). 
The following sections provide a brief summary of the trawl (deep sea and inshore), longline and handline hake fisheries based on the Economic Sectoral Study (ESS) report.

2.1.1 Deep sea and inshore trawl fisheries

The deep-sea trawlers include ice vessels, freezers and modern factory freezers, ranging between 40-50 m in length. There is a high level of vertical integration with many companies operating in fishing, processing and marketing activities. Fisheries were open access until 1977, when the exclusive economic zone (EEZ) was declared to exclude foreign vessels, and 1979, when total allowable catches were introduced. Another major change in the fisheries took place in 1992, when a quota allocation system, TAC, was used. Most of the TAC had previously been held by three of the largest companies but the number of participants rose from 21 in 1992 to 61 in 2000 (Table 1). Currently about 33% of the deep-sea trawl fleet is owned by historically disadvantaged individuals (PDI: DEAT, 2004). By 2000, 28% of the total quota had been allocated to new entrants (55 in the actual trawl fishery, 195 long-lining and 300 hand-lining), while the established companies still controlled 72%. This percentage decreases to 54 % if the transformation component (shareholding schemes, joint ventures, change in management, new ownership, etc.) of the established companies is taken into consideration (Isaacs, 2003). 
Table 1: The allocation of hake quotas 1992-2000 (tonnes) 

	 
	1992
	%
	1994
	%
	1998
	%
	1999
	%
	2000
	%

	Established industry 
	130,053
	100
	130,263
	97
	123,333
	82
	110,920
	78
	110,200
	72

	New entrants (trawl, longline & handline)
	0
	0
	4,161
	3
	27,667
	18
	32,179
	22
	43,800
	28

	Total TAC
	130,053
	100
	134,424
	100
	151,000
	100
	143,100
	100
	154,000
	100


Source: Fishing Industry Handbooks (1992-2000).

For many participants, as well as within Marine and Coastal Management (MCM), transformation centered on numbers, i.e., the percentage of TAC to be allocated to the previously disadvantaged. The use of percentages was an important political tool for MCM to indicate how much was being allocated to PDIs and fishing community groups (Isaacs, 2003). 

In the 2002 medium term allocations for hake inshore and offshore trawl, no new entrants were allocated fishing rights. The argument for this was that it is a capital intensive and oversubscribed industry and transformation in this sector was mainly achieved through race and gender transfer of ownership. Thus, in the deep sea trawl sector 74% of the quotas allocated went to companies in which PDIs held a majority, 53% of the rights holders were majority PDI - managed and 25% of the TAC was in the hands of majority PDI-owned companies (Table 2). 

Table 2: Fishing Rights allocations for the seasons 2001/2002 to 2004/2005 in the different sectors. Adapted from Isaacs (2003).

	Hake Fishery Sector
	Amount allocated
	As a percentage

	Deep-sea trawling
	Established operators
	136,205
	98

	
	New entrants
	-
	-

	
	TAC (tonnes)
	138,495
	100

	Longline
	Established operators
	3,700
	34

	
	New entrants
	4,875
	45

	
	TAC (tonnes)
	10,840
	100

	Inshore
	Established operators
	9,665
	95

	
	New entrants
	-
	-

	
	TAC (tonnes)
	10,165
	100

	Line
	Established operators
	785
	90

	
	New entrants
	-
	-

	
	TAC (tonnes)
	872
	100


In the hake inshore/ sole fishery sector, 13 right holders were successful. 50% of the rights holders were majority PDI-owned, 42% of the rights holders were majority PDI-managed, 46% of the sole TAC and 37% of the inshore hake was in the hands of majority PDI-owned companies.  In the hake longline fishery, 141 rights were allocated to promote Small, Micro and Medium-sized Enterprises. The allocation of hake longline indicates that 89% of rights holders are majority PDI-owned, 70% of the rights holders were PDI-managed and 90% of the total allowable catch was in the hands of majority PDI-owned companies (DEAT, 2002). In the hake handline, 69 permits were allocated in August 2003 in an attempt to regulate the numbers of boats targeting this species. 

The deep-sea trawling sector accounts for about 43% of the total employment in hake fisheries, resulting in a rate of 14.6 people employed per tonne of fish landed. Further, about 97% of employment is permanent and non-seasonal, suggesting the stability in income for a large number of people. Finally, about 92% of those employed are PDI and 41% are female. Overall, the sector contributes highly to social and human development, with fringe benefit annual budget of R35 million, highly skilled labor force, R7.5 million per annum for training and development, and R2.7 million per annum to support community projects.

About 84% of trawl hake catch is landed as fresh fish and in frozen H&G blocks, the other 16% is landed as skinned and frozen fillets. Due to the high global competition in marketing of high quality and brand name hake products, the deep-sea trawl hake fishery is well organized in local and international marketing and with good distribution networks. About 60% of landings are destined for local markets, while the rest is exported to markets in Europe, US and Australia. 

While there has been an increasing number of new entries in deep-sea trawler since 1992, the number of inshore participants has declined. There are currently about 29 inshore trawlers, with 2.1 t of average catch per day (comparing to 13.3 from deep-sea trawler). With only 6% of the TAC, 34 % of the fleet is owned by PDI. The distribution of number of PDI and female employment in inshore sector is similar to deep-sea.

There are two main trawl fishing associations in South Africa. South African
Deep Sea Trawling Industry Association has membership of about 92% of all registered demersal trawling fleet, while 100% of inshore quota holders and 6% of South Africa’s registered demersal trawling fleet belong to South East Coast Inshore Fishing Association. This association plays an important role in managing the fishery, and has recently expressed concerns regarding compliance of the emerging and unregulated hake handline fishery.
2.1.2 Longline and handline hake fisheries

Longline and handline hake fisheries are emerging sectors that have gained importance in the fisheries, particularly with their provision of high quality fish. The longline fishery can operate both offshore (greater than 110 m depth) and inshore. The industry started in 1982, with experimental permits issued in 1983 for kingclip (Genypterus capensis) and in 1994-1997 directly for hake. The commercial scale longline sector started in 1998, with the allocation of individual rights. In 2000, 4 750 t was allocated to hake longline fishery (33.8 t to new entrants), and is currently apportioned 10 500 t (about 6%) of the global hake TAC. The hake longline quota is specifically directed at previously disadvantaged communities and forms part of the redistribution and transformation strategy of the South African Government. The 2000 hake longline and 1999 hake allocations were delayed due to legal battles because only 43 of 894 applications were successful (Isaacs, 2003).

Inshore longliners are allowed to use 4 000 hooks per day, less than 15 m in vessel size. Most companies now have rights to operate offshore, between 1-7 months, and with 3-day average trip duration, to supply a prime quality market. The fishery relies heavily on seasonal exports to Europe, particularly Spain, and is vulnerable to the fluctuation of prices and demand. Longlines are labor intensive, but have little contribution to land-based value-added production. Most hake is exported gutted, on ice, and kingclip is an important bycatch. Unlike the waged trawl sector, employment is temporary, and payment to crew and skippers are proportional to catches. The longline rights holders are represented by the Association of Small Scale Hake Industries, however it is not representative of all longline right holders. 
A hake handline (rod and reel) fishery was developed in the late 1980s as an activity for fishers targeting squids and linefish, to keep the vessels and the crew active for most of the year. The industry is worth R50 million, it is labour intensive and yields high-quality hake.
 Operators use petrol-operated ski-boats and launch and land their boats daily. Fishing can be done with relatively small boats, in water up to 100 m depth. This industry creates work for 1 500 fishermen from previously disadvantaged communities with a guaranteed 15 sea days per month (Isaacs, 2003).  Handline fishery development now employs about 2,400 people, mainly for shore-based activities. The quota is about 5 500 t (about 3-4% of total hake TAC) and landing is now about 4 500 t with an estimated unreported amount exceeding 500 t. Handlines catch fish smaller than those caught by trawl, but fetch higher prices because of the quality (i.e., ‘white hake’ from inshore, as opposed to ‘black hake’ from offshore). The handline industry is dominated by small to medium-sized enterprises that export fresh hake to the Spanish and Portuguese markets. Export prices range from R20-R40 per kg (Isaacs, 2003).
2.2 Namibia

The fisheries sector is the third-largest of the Namibian economy, behind agriculture and mining, generating up to 10% of the country’s GDP in recent years. In 2003, the country’s 335 industrial fishing vessels, of which 80% were Namibian flagged, landed over 600 000 tonnes of fish (Iyambo, 2004). Landed value of N$ 1 558 million was realised in 1998 from the country’s fisheries. Exports were valued at N$ 2 147 million in that year, making the sector the second-largest export earner behind mining. The fishing sector is the second-fastest growing industry in the Namibian economy (behind tourism) with the value of production and exports now being six times greater than at Independence.

The fisheries sector is extremely important in the social economy of Namibia, particularly in Walvis Bay, which is the major fishing port and where most of the processing plants are situated. Local employment in the sector grew rapidly after Independence, with an estimated 6 000 jobs created between 1991 and 1994. The number of people directly employed in the fisheries sector in 1996 was about 15 000, of which some 7 500 were fishermen. Of these, 43% were foreigners, mainly in the horse mackerel and tuna fisheries, a proportion that has decreased from around 66% in 1993. The demersal fishery is the most valuable fishery in Namibia, with hake the dominant commercial species. Almost the entire demersal catch is exported.

The Ministry of Fisheries and Marine Resources (MFMR) manages Namibia’s fisheries through the use of fishing rights. The Marine Resources Act 2000 states “No person shall … harvest any marine resource for commercial purposes, except under a right…” The main purpose for issuing fishing rights is to limit entry to the fisheries sector in order to protect the fisheries resources and maintain sustainable operations. Total allowable catch (TAC) is set for hake annually on the basis of the best scientific evidence available of the size and structure of stocks as determined by the fisheries scientists employed by the Ministry. The purpose of the TACs is to ensure sustainable fishing operations; that the level of fishing effort does not undermine the status of each stock. Once a TAC has been set for a fishing season, it is distributed among hake right holders in the form of quotas. The main purpose of the quota allocation is to promote economic efficiency – to give companies sufficient knowledge about expected catch levels for the year for proper planning of their fishing activities. 

Thirty eight hake harvesting rights existed as at December 2002. Of these, 4, 10, 5 and 19 were respectively four, seven, ten and fifteen year rights (MFMR, 2002). A total number of 114 demersal trawlers and 10 longliners operated in Namibian waters during 2002. The hake TAC for 2002 was set at 195 000 tonnes out of which 154 588 tonnes were harvested. Although not disaggregated by fisheries in MFMR (2002), the landed value (valued at ex-vessel prices) of Namibia’s marine catch amounted to roughly N$ 2.5 billion in 2002. During the same year the export value was N$ 3.31 billion. The fisheries sector contribution to Namibia’s GDP remains significant at roughly N$ 2 billion in current dollars, representing about 6.6% compared to 7.1% of GDP recorded in the previous year.

In addition to formal fees and levies, the marine fisheries rights holders have also contributed in excess of N$ 33 million since 1990-2002 to numerous social development schemes in the country, including the construction of schools, clinics and other much-needed civic facilities. Of the total socio-economic contribution, the demersal sub-sector, of which hake is the most important, contributed about N$ 16 million. 

The year 2002 was considered not an easy year for the hake sector (MFMR, 2003). A stable biomass was reported during the swept-area trawl survey conducted during 2002, although the commercial CPUE was on average lower compared to the previous four years. High abundance of juvenile hake was observed in demersal catches and an agreement was reached between the Ministry and the hake sector for the implementation of selectivity devices or “sorting grids“, to commence early in 2003. These were intended to allow juvenile hake to escape from the trawl nets and thus reduce this unwanted bycatch of small fish. All hake fishing vessels were required to be fitted with selectivity devices by 31 December 2003. If the proportion of juvenile hake (i.e. hake less than 36 cm) in a single trawl haul exceeds 5% by weight, the offending vessel is required to leave the fishing area.

3. Biological and stock assessment models

An extensive review of the assessment and current management procedures for the Southern African hake stocks can be found in Rademeyer (2003) and Butterworth and Rademeyer (2004a). Future recommendations for the management of South African stocks are presented in Butterworth and Rademeyer (2004d). Butterworth and Rademeyer (2004a) present a review of assessment of stocks both in South African and Namibia, in both cases providing a summary of the catch histories, the basis for the Operational Management Procedures (OMPs), their objectives, and the characteristics of the operating models. A recent account of the choices for the OMP selection is provided, along with some of the current difficulties, in particular, for the South African West Coast OMP, poor fits to the GLM-standardized CPUE data for 1999-2002 (the last few years). A comparison can be made with the assessment of hake in Namibia where the current status of the stock is less certain because of conflicting trends in abundance indices (Rademeyer and Butterworth, 2004a). 

Butterworth and Rademeyer (2004a) provide a detailed review of the problems in the assessment of hake in South Africa, those being errors in ageing, high natural mortality estimates, low recruitment variability estimates, and changes in gear used for surveys. Rademeyer and Butterworth (2004a) also provide a review of the problems with the assessment of hake in Namibia, and these include errors in ageing and high recruitment variability. 

The model developed for implementation as the biological component of our bioeconomic model is an age-structured surplus production model (ASSPM), similar to the models used for the assessment of Southern African Hake stocks. There are strong arguments for our adoption of the ASPM assessment methodology, in that it currently underpins management advice, it is a tried and tested approach which has undergone extensive peer-review, and it is a method familiar to stakeholders.

During the stakeholder workshop in Cape Town in May 2004 (Appendix 1), it was agreed that for the bioeconomic work, only a South Coast model should be developed for South Africa. Thus for the South African case study, the approach documented in Rademeyer and Butterworth (2004b) is used. 
In the remainder of this section, the biological models to be used to explore the bio-socio-economics of different harvesting strategies for the South Coast hake fishery (the “South African case study”) are presented along with our Namibian case study. 

3.1 South Coast hake fisheries (South Africa)

Currently, the south coast model is based on four fleets (offshore, inshore, longline and handline) and two surveys (spring and autumn), with two commercial CPUE series from the offshore fleet (historic and GLM-standardised), two survey CPUE series (one from each survey, with associated standard error estimates), and proportion-at-age data from the inshore fleet, the long/handline fleet and the autumn survey. Fleet-based catch information is available. For the South African case study (south coast; M. capensis), the total annual catches for longliners/handlines have been separated (Figure 1). 
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Figure 1: The estimated total annual catches by fleet for the South African south coast M. capensis for the period 1960 to 2004. Catches are in thousand tonnes. 
Our South coast model, based on the specifications given by Rademeyer (2003), has been developed using AD Model Builder, taking into account additional or further refined data (Appendix 2 provides a generic description of the model, and Appendix 3 the parameters specific to South Coast hake). The model has been developed in a generic manner to make any extensions relatively straight-forward.

Our ASPM model has produced very similar results to those published by Rademeyer (2003): Figures 2-4 illustrate the model fits and normalised residual plots. There are acknowledged minor flaws in the Rademeyer version, which need to be rectified in future. These relate to erroneous data (Table A2.3), and a theoretical anomaly in the way one of the likelihood function components has been constructed (
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 was used as the multiplier instead of p in Appendix 2, equations A1.21, A1.26 and A1.27).

The biological data

For the South African case study, the annual catch (for inshore, offshore, longline/handline combined sectors) is shown in Appendix 3 (Table A2.2) along with catch-per-unit of effort (historic time series for the offshore sector and a more recent GLM-standardised CPUE series: Table A2.3). Survey abundance data are also available for two time series (Spring and Autumn, Table A2.3). Catch-at-age data are also available for the inshore and longline sectors (Table A2.4) as well as from the Autumn survey (Table A2.4). Biological parameter estimates are collated for maturity-at-age and the growth parameters (Appendix 3; Rademeyer, 2003). 

Figure 2: Model fits to CPUE data together with plots of the normalised residuals (
[image: image3.wmf])
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 given in equations A1.23 and A1.25). For the bottom panel, the open and solid diamonds refer to Spring and Autumn surveys, respectively, and data points are adjusted by the relevant constant of proportionality to enable both surveys to be plotted on the same plot (in contrast, model estimates are adjusted to be compared to data in the top two panels). Obs = ‘dots’; mod = ‘line’; vertical axes on left hand side of figure are CPUEs; those on the right hand side are normalized residuals.
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Figure 3: Stock recruit plot and estimated stock-recruit curve (left), together with normalised recruitment residuals (LR,nres(y) given in equation A1.29). 
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Figure 4: Fits to survey proportions-at-age data, shown for each age as averages for the years for which data are available, together with normalised residuals (
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 given in equation A1.27), with the area of bubbles proportional to the corresponding normalised residual, and with negative residuals shown as white bubbles. Age 7 is a plus-group.
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3.2 Namibia

For the Namibian case study, previous operating models (OMs) have been based on assuming a single fleet fishery with all catches coming from the offshore hake fleet. The annual total catch data that has been collected from secondary sources has been assumed to be only from the offshore fleet (Rademeyer and Butterworth 2004). CPUE data are available from the commercial sector (both the historic and the GLM-standardised) up to 2002. Survey abundance data are also available for four time series (Spanish summer, Spanish winter, Nansen summer and Nansen winter). Catch-at-age data are also available for the commercial sector up to 2000, as well as from the Namibian summer and winter surveys. Biological parameter estimates are available for maturity-at-age and the growth parameters (Rademeyer 2004). Longline total catches have been collated from secondary sources for 1998-2002. In addition, in order to estimate the parameters for the selectivity function, catch-at-age for longliners is required, but the data does not appear to be available. 

The biological model of the Namibia stock considers both hake species, and will include longliners if data can be obtained from the responsible Ministry. The model is similar to that presented by Rademeyer and Butterworth (2004); however it incorporates the longline sector as a separate fleet. Rademeyer and Butterworth (2004) aggregated the species and did not explicitly consider the longline trawl fleet.

4. Key bioeconomic modelling issues

Modern fisheries economics views fishery resources as “natural” capital assets, in that the resources are capable of yielding a stream of benefits, both market and non-market, to society through time. The economic objective of resource management is seen as that of managing these “natural” capital assets in such a manner that the benefits, which these assets are capable of yielding to society, are maximized through time.

The appropriate models, which economists are required to bring to bear when analysing the economics of fisheries management, of necessity fuse economics and biology. It is for this reason that the models are referred to as bioeconomic models.

Following their presentation at the Cape Town workshop, in May 2004, the bioeconomic modelers on the team were asked to address three specific questions. The questions were:

1. What is the nature of the tradeoff between TAC and CPUE?

2. What is the appropriate harvesting strategy for a resource population that has previously been overexploited?

3. What impact does the nature of the fisheries management regime have upon the problem of excess capacity?

Detailed answers to these three questions are provided in Appendix 4: here we offer brief summaries of the answers. 

4.1 What is the nature of the tradeoff between TAC and CPUE?

The tradeoff relates to the basic economics of the fishery and its essence is as follows.  The larger the TAC, other things being equal, the larger will be the fleet’s gross revenues from harvesting.  The larger the CPUE, the lower will be the fleet’s unit harvesting costs, other things being equal.  Suppose, for the sake of argument, that the resource has been stabilized at the maximum sustainable yield (MSY) level.  If the resource is then built up in biomass beyond the MSY level, and the CPUE rises as a consequence, there will be a clear tradeoff between sustainable TAC and CPUE.  It will make economic sense to build the resource above the MSY level if the decline in sustainable gross revenues is more than offset by the harvest cost reductions. 
In the appendix, it is pointed out that the percentage of the harvest accounted for by large, as opposed to small, fish may be greater; the larger is at high abundance of the resource population. If larger fish have greater per unit weight value, perhaps because the costs of processing such fish is lower on a per kilo basis than for small fish, then this will produce a possible tradeoff with respect to the TAC, akin to CPUE.

In addition, it is also pointed out in Appendix 4 that, in the economic management of fisheries, we must consider an additional important tradeoff, namely, that between current and future harvests of the resource.
4.2  What is the appropriate harvesting strategy for a population that has previously been overexploited?

If the fishery resource, the ‘natural’ capital asset, has been excessively depleted in the past, then a programme of positive investment in the resource is called for. Obviously, for positive resource investment (rebuilding of abundance) to occur, the rate of harvest must fall below the natural growth rate of the resource. The question then becomes how rapid the rate of investment in the resource should be. Clearly, the most rapid rate of investment can be achieved by declaring an outright harvest moratorium, i.e., by setting the harvest rate equal to zero. Positive harvest rates (given that they are below the natural growth rate of the resource) imply more gradual rates of resource investment. Appendix 3 discusses cases in which the most rapid rate of resource investment is optimal, and cases in which a more gradual rate of investment is called for. The maximum rate of resource investment is decidedly non-optimal, for example, if it is difficult and costly to shift vessels and fishermen out of the relevant fishery. 

4.3  What impact does the nature of the fisheries management regime have upon the problem of excess capacity?

Capture fisheries have, historically, been characterized as being “open access” (equivalent to poorly managed common property) fisheries. It has long been recognized that, in these circumstances, through competition, fishermen will be confronted by a perverse incentive system, in which they will have no incentive to invest in, i.e., conserve, the fishery resources. Problems of resource overexploitation and excess fleet capacity inevitably arise.

The FAO has stated that there are two broad fisheries management approaches to dealing with the “common pool” problem, which the FAO refers to as Incentive Blocking and Incentive Adjusting approaches. The first approach involves attempting to block the fishermen from responding to the perverse incentives. An example would be TACs, combined with programmes of limited entry. The second approach involves attempting to adjust the incentives facing fishermen, so that these incentives are more closely aligned with the best interests of society. Examples of the second approach would be ITQs, and community-based fisheries management schemes.

It is argued in Appendix 4 that problems of excess fleet capacity have proven to be chronic and intractable under Incentive Blocking approaches to management. It is further argued that Incentive Adjusting approaches to management, if not fully eliminating these problems, can be expected to mitigate them substantially.

5. Socio-economic considerations
Social and economic considerations are major concerns in fisheries management in general, particularly when faced with challenges such as social justice, livelihood, and food security (Chuenpagdee et al, 2005). In South Africa and Namibia, these concerns are heightened because of the transformation processes that these societies have undergone since the two countries attained independence in the early 1990s. Understanding the socio-economic characteristics of fisheries stakeholders can contribute greatly to facilitating these processes.

5.1 South Africa

South African fisheries are managed with an objective of utilizing marine living resources to achieve economic growth, human resource development, capacity building within fisheries and aquaculture branches, employment creation, and a sound ecological balance consistent with the development objectives of the national government (MLRA, 1998).

Based on the Marine Living Resources Act 18 of 1998, the State is required to ‘restructure the fishing industry to address historical imbalances and to achieve equity within all branches of the fishing industry.’ This has resulted in a restructuring process that involves redistribution of fishing quotas from the majority of white-owned large companies to small companies owned by previously disadvantaged individual (PDI) as new entrants into the fishery. According to an Economic and Sectoral Study (ESS) of the South African fishing industry (Sauer et al., 2003), the end results were far from satisfactory.

A crucial problem in the whole allocation process was the lack of standard economic data with which to assess what was called a “viable structure”. MCM decided to undertake an Economic Sectoral Study (ESS) to provide economic baseline data
. With its overall aim being to provide information to improve rights allocation process in South African fisheries, baseline economic and socio-economic data was collected, using industry survey, and census data of 1996. The ESS survey included demographic information, such as gender, race, full-time/part-time, education, and income data on crew (officers, fishing crew, non-fishing crew, and shore-based crew, e.g., off-loaders, maintenance), as well as information related to ownership of vessels (e.g., individual, trust, company) and access rights. Data on shore-based activities, such as packing, processing, and marketing, included company name, capacity, number and demographic of people they employ (e.g., race, gender, full-time and part-time employment) were gathered. Information on distribution of products was also recorded. The comprehensive report included an analysis of employment, skill and income, socio-economic contributions of fisheries to coastal towns, and representative cost data including income statements or cash flow.

The three broad goals that govern the implementation of the 1998 South African Marine Living Resources Act (MLRA) include sustainability, equity, and stability. A multi-disciplinary approach bringing natural science, socio-politics and economics together is therefore necessary not only to help in the sensible reallocation of fishing rights but also in improving the management approach. This multi-disciplinary approach represents a shift from the scientific precautionary management approach practiced in the pre-democracy period in South Africa (see Payne and Cochrane, 1994).
With the implementation of MLRA in 1998, an enabling environment was created for all previously disadvantaged individuals to participate. But this was challenged by existing rights holders
. With the 1999/2000 quota application process, available quota allocations completely exceeded the administrative capacity to cope effectively with the vast number of applications (approximately 11 000; Isaacs and Hersoug, 2000; Isaacs, 2003). In addition, the implications of these allocations were not much different to the previous year, reinforcing the fact that the new fisheries policy had not yet produced any major reallocation to new entrants. All these factors resulted in chaos, bad publicity, instability, and litigation, motivating MCM to develop a new allocation and management system. They also realised that their “one size fits all” allocation rationale was not favouring the poor fishers in the fishing communities. The implementing agency (MCM) evaluated the process and decided to separate commercial activity from subsistence activity, in order to help reduce the number of applicants targeting the commercial sector and address coastal poverty (Isaacs, 2003). 

Complementing the ESS study was the initiation of the Rule Books and its intention was to place the transformation process in the hands of the current stakeholders. In addition, it aimed to prevent further litigations from the established industry and to make the transformation process more transparent and participatory. On the other hand, it can be seen as a learning process, where administrators, politicians and industry representatives had made some very expensive mistakes that were now corrected by way of improved processes. According to Isaacs (2003), ESS and the formulation of the Rule Books were unsuccessful in effectively capturing the views, perceptions, and problems facing the new entrants and the fishing communities. 

By August 2000, a draft document was released that introduced a new allocation strategy. This meant that the 1999/2000 allocations were rolled over to 2000/2001 to give the department more time to develop a new system. Before they could implement this, the MLRA needed an amendment, thus creating the necessary time needed to restructure the allocation process (Isaacs, 2003).
During this period, many of the new entrants knew that they had to invest in the industry. There was a craze to form joint ventures in the respective coastal fishing communities, meaning that many of these arrangements were rushed and not clearly understood by the new entrants. Many purchased old boats, often at exorbitant prices, to qualify for medium-term rights allocation. The calls for a watchdog unit were finally heard, but in the form of a Verification Unit that was mainly concerned with the technical verification of application forms and business plans. This was not quite what had been requested, namely a unit checking that the leaders of companies operated in a transparent and fair manner towards their formal owners – the fishers they had signed up on their application documents (Isaacs, 2003). Nevertheless, those who lost out of the formal commercial allocation process had another opportunity to enter the fishing industry through the creation of a subsistence fishing category.
5.2 Namibia

After Namibia gained independence in 1990, the country faced the difficult task of correcting years of unjust resource allocation and policies from the Apartheid past. Incentive-based systems were adopted, where just reallocations are brought about through economic motivation, applying what has come to be known simply as the Namibianisation policy (Armstrong et al., 2004). This policy gives the stakeholders in the fishery economic incentives to encourage them to increase Namibian participation in fisheries in the form of both of ownership and of employment, with particular regard to previously disadvantaged groups of the population. The incentive is through tax reduction connected to the quota price the firms have to pay for fishing quota rights, given the level of Namibian employment, ownership and other societal issues applied by the quota holder. The guiding principles underlying Namibianisation were outlined in the 1992 Sea Fisheries Act, such that rights to fish on specific species were allocated in accordance to whether:

· the applicant is a Namibian citizen;

· the applicant company’s beneficial control is vested in Namibian citizens;

· the applicant has the ability to exercise the right of exploitation in a satisfactory manner;

· the applicant must have beneficial ownership of any vessel to be used.

Furthermore, the following special criteria advanced the possibility of rights allocations to an applicant:

· the advancement of previously disadvantaged persons socially, economically or educationally;

· contribution to regional development in Namibia;

· cooperation with other countries (especially within Southern African Development Community - SADC);

· the conservation of marine resources;

· the successful performance of the applicant under exploratory right;

· contribution of marine resources to food security;

· any other matter that may be prescribed.

There are no economic criteria for allocation, and no transferability of rights. Leasing is, however, possible for short periods such that if the rights are not utilised by the original rights holder in the period they are allocated, then any new application by the holder will not be successful (Les Clark, Fisheries Management Advisor, Forum Fisheries Agency, Solomon Islands, Former advisor to the Namibian Minister of Fisheries and Marine Resources, pers. comm.). The rights were originally allocated for 4, 7 or 10 year periods depending on a number of conditions listed below. In 2000, these periods were increased to 7, 10, 15 or 20 years, motivated by a desire to make conditions more investor friendly and to bring about more stability to the sector. 

Seven-year exploitation rights are granted to: (i) applicants with less than 50% Namibian ownership of vessels or onshore processing plants in the fishery where rights are granted; and (ii) applicants with less than 51% Namibian ownership in ventures without significant onshore investments in the fishery where rights are granted.

Ten-year exploitation rights are granted to: (i) applicants with at least 50% Namibian ownership of vessels or onshore processing plants in the fishery where rights are granted; and (ii) applicants with less than 51% Namibian ownership in onshore investments in the fishery where rights are granted.

Fifteen-year exploitation rights are granted to: (i) ventures at least 90% beneficially Namibian owned with significant investments in vessels or onshore processing plants (50% ownership in facilities in the fishery where rights are granted, is seen to be significant); (ii) Namibian rights holders with smaller shares in larger ventures; (iii) majority foreign-owned ventures with the capacity to make a major contribution to economic and overall development in Namibia (e.g. onshore employment of 500 Namibians is seen as a major contribution); and (iv) smaller joint or wholly foreign-owned ventures, which can make innovative contributions to the development of the fishing industry in Namibia, such as developing new products or export markets, and where a long-term right is necessary to secure the investment involved.

Twenty-year exploitation rights are granted for ventures that fulfil the requirements for fifteen-year rights, and employ at least 5,000 permanent employees in onshore processing facilities. The original terms for 4, 7 and 10 years are equivalent to the existing 7, 10 and 15 year terms. Shorter-term fishing rights could originally also be granted, e.g., in the early stage of a new fishery. Shorter-term fisheries rights could be upgraded to a longer-term right when the operations fulfilled the necessary requirements. If a rights owner who is given a four-year right fails to increase Namibian ownership or otherwise invest to satisfy the 7-year requirement by the end of the third year, a new application would not be favourably considered. 

Hake fees demanded from vessels with access rights in year 2000 were (i) N$880 per tonne paid by foreign freezer vessels; (ii) N$680 per tonne paid by Namibia-based freezer vessels (N$200 rebate); (iii) N$480 per tonne demanded from fully Namibian-owned freezer vessel (further N$200 rebate); and (iv) a further rebate of N$200 is given if the catch is processed on shore.

If allocated quota is not caught, the rights holder must pay N$800 per tonne for the uncaught part of the quota regardless of fee rebates, unless more than 20% of TAC is left uncaught, when fees are waived (Scheepers, 1998). Failure of a rights holder to harvest his or her full quota allocation in a given allocation period is an invitation to a quota cut in the future.

In order that the benefits from Namibia’s fisheries directly impact the previously disadvantaged groups of the population, the Ministry of Fisheries and Marine Resources (MFMR) has enacted a so-called empowerment policy (Erastus, 2002), where it has attempted to allocate fish quota to new Namibian applicants. In 1994-1995 the MFMR allocated 25% of the TAC to newcomers, which otherwise would have been allocated to existing companies. The new entrants are a varied group of business people, fishers and people in prominent positions. In fact, it has been observed that some of the newcomer firms have subsequently leased their quotas to more established firms. In the absence of many financing options, this may have been done to build up capital for investment in their own harvesting potential (Erastus, 2002), but this essentially means that some attributes of individual transferable quota systems may have unintentionally crept into the system (Manning, 2000).
6. The bioeconomic model

We bring together the key modelling issues raised in earlier sections of this report into a bioeconomic model. The model is made up of an economic superstructure built on a biological substructure. As would be expected, the usefulness of the bioeconomic model depends not only on the economic component but also, even more importantly, it depends on a solid biological substructure. 

The bioeconomic model is of the harvest sector. The output from this model is fed into the socio-economic impact assessment models (SEIAM) described below to help us carry out (i) post-harvest and (ii) social analysis of different TACs that emerge from the bioeconomic analysis.

The biological component of the model is based on the model presented in Section 3 and Appendix 2. The biological component of the model acts as a constraint on the economic component, which is presented next.
6.1 The economic superstructure

The economic component of the model is based on the following: 

Let the single period profit, 
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(1)
where va is the age (a)-dependent price, na,t is the age- and period-dependent stock size in number of fish; C(ep,t) is the cost of fishing; ep,t is the fishing effort employed (number of boats); wa is the mean weight of fish of age a; and qp,a is the age and player dependent catchability coefficient, that is, the share of age group a hake being caught by one unit of fishing effort. 
The long term discounted present value of profit, M, for each fleet group or player p is expressed as
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In the equation above, 
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is the discount factor. The variable n (nt) is the post-catch stock matrix (vector) in number of fish; T is the terminal year, and rp denotes the interest rate of player p.

The model is implemented under what is termed ‘Single simulation’ and ‘Multiple simulations’. Under the former, a single set of decision variables are set, namely, fishing multiplier or mortality (FM) and the proportion of the total catch that is allocated to trawlers (PT). FM defines fishing mortality as a linear proportion to the existing biomass size. Both FM and PT have values that range between 0 and 1. Given these, the model computes the total discounted profit, the catch, standing biomass, etc.
Under ‘Multiple simulation’, on the other hand, a range of FM and PT are entered, and the model determines the optimal set of FM and PT, and then it maximizes the sum of the discounted economic rent.
6.2 Implementing the model in a spreadsheet
The model has been programmed in a Microsoft Excel Spreadsheet with VBA. Without any additional software, users with MS Excel are able to access the model and run simulations. This enables us to meet one of our main objectives, namely, to develop a modelling framework that is easily accessible to as many stakeholders as possible.
The model is organized into four spreadsheets: (i) the ‘Main’, the ‘Fixed_Parameters’, the ‘SingleSim_Figures’ and the ‘MultiSim_Result’ spreadsheets. Inputs for decision variables and simulation settings are entered in the Main spreadsheet. In addition, summary results from the simulations are presented in this spreadsheet. Model parameters and constants (both biological and economic) are entered in the Fixed_Parameters spreadsheet. The SingleSim_Figures and MultiSim_Result display the results from the single and multiple simulations, respectively.

6.2.1 Simulations

As mentioned earlier, the model provides possibilities for two types of simulations to be carried out, 1) Single simulation and 2) Multiple simulations.

The Single simulation uses a given set of FM and PT to run the model and determine the discounted economic rent, the standing biomass, the SSB, catch levels, etc, that will emerge given this set of decision variables.
To run the Single simulation, an additional (to the decision variables) set of input data needs to be entered in the Main spreadsheet, namely, simulation setting’s data, including (i) the time horizon of the analysis (simulation years - maximum 100 years), (ii) the discount rate for calculations of net present value of economic rent, and (iii) the minimum biomass relative to the initial biomass size which is applied for calculations of the risk of violating the minimum stipulated biomass. Minimum biomass relative to the initial biomass size is expressed as a proportion of the initial biomass size. 

The total catch, total economic benefit, the risk of low biomass and the ratio of spawning stock biomass (SSB) in the initial and last simulation year are presented in the Single simulation spreadsheet. The risk of low biomass is an expression of the proportion of years that the standing biomass stays below the minimum biomass over the simulation years. Also reported in the Main spreadsheet are the time series of biomass, SSB, total catch, total economic benefit, catches and the economic benefits to each sector. The time series of the standing biomass, SSB, catch and economic benefits are also presented in the form of graphs in the ‘SingleSim_Figures’ spreadsheet.

After all input data have been entered, the user simply clicks the button: ‘Single Simulation’ to get the model to run.

The Multiple simulations examine a range of sets of FM and PT values instead of a single set. The model searches the optimum set of FM and PT with the ranges set and determines the single set of FM and PT that maximizes the discounted economic benefit and at the same time satisfies given management objectives and constraints. After the optimum set is found, the single simulation is run with the optimal set of FM and PT to produce the optimal outcomes in ecological and economic terms.

To run the Multiple simulation, two sets of additional input data are required. First, the range of FM and PT need to be set and entered under ‘Multiple_Simulation_Inputs’ in the Main spreadsheet - the upper and lower limits of FM and PT are entered. The model divides the range of FM and PT by ten, and then it prepares 100 combinations (sets) of FM and PT calculations. Secondly, the acceptable risk (%) is entered under Simulation_Settings. 
The Multiple simulation outputs the total catch, total discounted economic benefit, the risk of low biomass and the ratio of spawning stock biomass (SSB) in the initial and last year in the spreadsheet under the MultiSim_Result spreadsheet. For the total catch and total discounted economic benefit, note that blue numbers show the feasible set of FM and PT and gray numbers show non-feasible set of FM and PT.
The model searches the set of FM and PT that maximizes the total economic benefit within the feasible sets, and then runs the Single Simulation with the optimum set of FM and PT.  

After all inputs have been set, the user simply clicks the button and then the model calculates the results.
A Screen shot of bioeconomic model is given in Appendix 11.

7. The socio-economic impact assessment model

In multi-sectoral and multiple jurisdiction fisheries such as the hake trawl and longline fisheries in Namibia and South Africa, there are various social and economic issues that are of great concern, and which add to the difficulties in achieving sustainable management of the fisheries. Of particular interest is an issue related to allocation of resources to the different stakeholder groups, such as in TAC allocation. From the social and economic perspectives, this translates to, among other things, distribution of incomes to different economic sectors, including boat owners, crew members, processing plant owners and their employees, as well as to different social demographic based on gender, race and residency groups. In the case of Namibia and South Africa where current social reform is pertinent and efforts have been made to ensure appropriate transformation through creation of jobs and income for previously disadvantaged individuals (see for example, Armstrong et al., 2004), careful social and economic considerations are required in the allocation process. A socio-economic impact assessment model (SEIAM) is presented here as a framework that can assist resource managers in their exploration about this allocation. SEIAM aims explicitly at examining income distribution to various stakeholder groups as a result of a TAC allocation.
It is acknowledged that equitable and fair resource allocation and thus income distribution is only one of the many social considerations concerning the hake trawl and longline fisheries. Yet, it is a good starting point as it links closely to the quality of life of stakeholders and their ability to contribute to resource management and stewardship. Other concerns, such as preferences of people for their chosen life style, importance of fisheries for food and employment, and contribution of fisheries income for improved infrastructure, education and health care (Isaacs et al. 2002), also need to be explored at a later stage. For that, other methods, including stakeholder analysis, preference surveys, mapping of local knowledge, focused-group interviews, surveys of fishing household, workshops and participatory research methods, can be employed to investigate how to include these social issues (see Chuenpagdee et al. 2004).

The approach employed in this study involves an assessment of income distribution to different economic and social sectors based on specific TAC allocations. As in other modelling exercises, a model is initially developed to demonstrate its uses and applicability. Testing and verification of the models are required with actual data inputs, as later described.

7.1 Key components

A simple spreadsheet model is developed that tracks the flow and distribution of the global TAC and revenues in the harvest and post-harvest sectors (Appendix 7). The main model consists of the following key elements.
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7.1.1 Distribution of global TAC and landing proportions

The model first describes the TAC allocation of hake fisheries in Namibia and South Africa, based on the current management plan. For example, in South Africa, trawl fisheries get about 90% of the TAC, while the rest is divided between longline and handline. Within the trawl fishing sector, landings comprise of catches from deep sea trawlers and inshore trawlers. The description of these fisheries and their operation, as well as the landing proportions, are required to allow further examination in the other parts of the model.
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7.1.2 Marketing channels of hake fisheries products

The next part of the model describes the marketing channels for hake landings, mainly from harvesters to processing and distribution of products. For example, fresh hake caught at sea by deep sea trawlers are mostly processed on board, and may be directly sent for export or for domestic consumption, while fresh hake from inshore trawlers are brought back to shore either for direct sale as fresh fish to local and nearby markets or for processing on land before exporting or distribution in the domestic market. Description of the market structure and the proportion of products at each level are required.

7.1.3 Social demographic of people directly involved in hake fisheries

In this model, people directly involved in the hake fisheries include right/boat owners, fishing crew members, processing plant owners, and processing plant workers. For simplification, people in other fisheries-related business, such as those selling fuel, fishing gears, fish distributors and consumers, are not included in the current model. Three categories are used to describe the social demographics of these people are race (white/PDI for South Africa or new entrants/existing for Namibia), gender (male/female) and residency (resident/non-resident for South Africa or Namibian/foreigner for Namibia). Similar to the above, the proportions of people in these different categories are needed for the assessment. 

7.2 Model structure, data requirements and assessment

The model is structured to link the three main components above and to assess income distribution, i.e., total revenue, return to capital, payment to related-businesses and payment to labor. In general, the calculation for harvest sector is differentiated for each fishery (inshore/wet trawler, deep sea/freezer trawler, longline and handline), and the distribution of incomes from this sector is categorized by race, gender and residency. In the case of post-harvest sector, different prices and quantity of products are used for each fishery to calculate total revenue and return to capital, but not for payment to related business and to labor. Further, distribution of incomes by demographic characteristic is based on the total amount, not by fishery as in the case of harvest sector. 

7.2.1 Total revenue

The first part of the model indicates ‘total revenue’ to right/boat owners for harvest and processing plant owners for post-harvest sectors according to distribution of landings from each fishery. For the harvest sector, data required to calculate total revenue are quantities and different prices per tonnes (e.g., ex-vessel price for hake from deep sea trawler and from inshore fisheries). Similarly, for post-harvest sector, prices and quantities (based on proportions in 7.1.2) for export and domestic hake products from each fishery are required. Total revenues are then calculated by multiplying price with proportions of landings (identified in 7.1.1). Using information from 7.1.3, these revenues are divided according to race, gender and residency diversification.

7.2.2 Payment to related businesses

The next part of the model is related to costs related to hake harvest and processing. The model focuses on two types of costs most relevant to social concerns related to the hake fisheries. The first are the costs that right/boat owners and processing plant owners pay to other business in order to perform their operations. These costs include: (i) fixed costs, such as boats and gears for harvest sector and plant and machinery for post-harvest sector; (ii) variable costs, such as fuel, ice, maintenance for harvest sector and packing materials, raw materials (i.e., fish), and repairs for post-harvest. These total costs are considered ‘payment to related businesses’ by right/boat owners and processing plant owners. For harvest sector, these payments are divided to different demographic groups based on the proportion of their involvement (section 7.1.3), by type of fisheries. Since unit cost for harvest sector is per vessel, the estimate number of ‘active’ vessel for each fleet is required. These estimates are obtained by dividing TAC allocation for a particular fleet by reported average annual catch per vessel. The demographic split for the post-harvest sector is based, however, on the total post-harvest production from all fisheries and for all types of products.

7.2.3 Payment to labor

The second part of the costs is ‘payment to labor’, i.e. fishing crew members and processing plant workers, categorized by demographic information. Annual salary is used as a basis for this calculation for year-round, full-time workers, and adjusted to the same annual basis for part-time and seasonal workers as appropriated.

7.2.4 Gross return to capital

Once payment to related businesses and payment to labor are calculated, subtracting them from total revenue would then result in ‘gross return to capital’, i.e., revenue attained by right/boat owners and processing plant owners before paying taxes to government. Since the calculations in these subsections are categorized by race, gender and residency group of those involved, this information indicates the distribution of income that can then be incorporated in the decision making process about quota allocation. 

The detailed model equations are given in Appendix 7. 
7.3 Strengths and weaknesses

The model is developed to provide an overall assessment of the socio-economic impacts of decisions such as TAC allocation, while considering constraints in data availability. In other words, the model is applicable for data-poor situations, but the assessment can be improved when more data is available. The structure is simple and can be easily used as a tool to explore other management regimes and the consequent socio-economic impacts. For example, when applying different TAC allocation to the fisheries, the model will automatically calculate the new distribution of income according to race, gender and residency group for harvest and post-harvest sectors and in all fisheries (see examples in Appendix 7). Finally, these social impacts can be expressed as into different compositions of race, gender and residency groups.

Due to the simplified structure of the model, some information that is difficult to obtain are excluded from the current model. For example, further analysis can be made to examine the distribution of income to people in other related businesses, provided that data is available. Socio-economic impacts can then be better assessed, for example, to include contributions from other non-fisheries related employment opportunities. Moreover, the current model is based on payment to boat owners (not rights owners). The relationship between rights owners and boat owners needs to be established in order to assess income distribution based on right owners. The same applies for companies that own both fishing fleets and processing plants.

As mentioned above, income is only one dimension for social considerations. SEIAM can be used complementarily with other information about stakeholders, such as traditional ties to resources and fishing activities and preferred lifestyle, to improve our understanding of the socio-economic impact of management decisions. Further information is required for an exploration of the consequences of the changes in the social demographic resulting from different TAC allocations, for example to answer questions about increased return to capital for PDI people.

SEIAM is a static model. This is means the dynamic nature of fisheries is not capture. However, inputting total catches determined using the bioeconomic model, which is dynamic, a snap-shot exploration of fisheries policy can be carried out, and can thus provide informative inputs into decision-making 
A screen shot of socio-economic impact assessment model is given in Appendix 12.

8. Data and database

At the outset, we sought to identify existing biological, social and economic data and determine their availability. Overall, we were pleased to find that biological data for both South Africa and Namibia are largely available from published sources and from research groups currently working on stock assessment and population dynamics. For social and economic data, the ESS was a useful source for South African data. Other sources included published government documents, such as the Fishing Industry Handbooks. Yet, information is scarce and is not systematically collected, except for work by a research group at Rhodes University, South Africa, which focuses on socio-economic data and database development. It was thus considered advantageous to concentrate our effort in obtaining social and economic data pertaining to SEIAM and the bioeconomic model developed by this project. The following is the description of data required and acquired for these modelling exercises, as well as other data that it may become useful to acquire in the future (Appendices 8 and 9). Note that these data are specific to fleet and/or type of fisheries and all data are either per tonne, per annum and/or per capita.

8.1 Fisheries and biological data

The basic input data to SEIAM is the global TAC which can be derived from the OMP models of Butterworth and associates or from our bioeconomic model. Landing data from each fleet/fisheries, and catches by sector with species breakdown are needed. Other information such as catchability coefficients, age of species, and selectivity of gear are also required. Other optional information about the fisheries, such as bycatch, can inform the model.

8.2 Social data

The focus of the SEIAM is the distribution of the total revenue from hake into return to capital (boat owners/right holders and processing plant owners), and income to labor (fishing crew members and plant workers) based on race, gender and residency; and payment to related-businesses. Thus, information about the total number of people involved in the harvest and post-harvest sectors, as well as the proportion in each social demographic is critical. For crew members and processing plant workers, information about the nature of their employment, e.g., full-time, part-time, seasonal, is also noted.

8.3 Economic data

Different types of prices for the harvest sector (i.e. ex-vessel prices) and for post-harvest sector, such as various prices for different products (fresh and processed) and for domestic and export markets. Total costs related to harvesting and post-harvest activities are needed, including data on annual payment to crew members and plant workers.

8.4 Other information

Although not currently incorporated in our models, other social information is useful for the interpretation of results and in the discussion about policy implications. This includes social-cultural information such as community structure, migration pattern, historical dependence, and management structure and the governance system. Further, descriptions about stakeholder interaction, for example gear conflicts, market competition at local, national and international levels, reliance of fishers and household members on fisheries and food security, alternative sources of income and employment, and other information about communities are useful.

9. Model explorations
We used the best data available to us to run base case scenarios for both the bioeconomic and SEIAM models, using different ranges of fishing mortality and proportion of total catch allocated to the trawler group. We then demonstrated how the models could be applied to explore the effects of changes in key parameters of the model. These explorations are necessary because the data at our disposal is not the most current and up-to-date.

9.1 Exploring the bioeconomic model

The data used to run the base case scenarios are given in Appendix 5 and 6.

9.1.1 Namibian model explorations

We first analyzed the current allocation proportion of 90% of the TAC to the trawl and 10% to the line sector. We started the analysis by setting the proportion to trawlers at 90%, and determining the fishing mortality that gave an average annual catch that is close to recently declared TACs for Namibian hake. We found out that a fishing mortality of 0.125 resulted in an average annual catch of about 173 000 t. This catch level compares with recently declared TACs of between 165-195 000 t. In terms of the biological outcome, the ratio of  spawning biomass at the end of the 100 year time horizon of the analysis was 23% higher than at the beginning of the analysis (SSBlast/SSB0=1.23). The average annual discounted economic rent obtained was N$ 5.5 million. 

Using the above as a basis, we explored the effect of different assumptions on the management decision variables, ranging from no restriction on fishing mortality (FM) and the proportion of the total catch allocated to the trawlers (PT), to more restrictive constraints using our analysis of the current allocation of the total catch to the two sectors as a basis. The results from these explorations are presented in Table 3.

Table 3: Optimization results from the bioeconomic model of the Namibian hake fishery for a range of decision variables: Fishing mortality (FM) and the proportion of catch allocated to trawlers (PT). SSBlast, and SSB0 denote the spawning biomass at the end and the beginning of the analysis, respectively. Natural mortality rate of 0.66 is applied as it gives the most reasonable numbers empirically. Current allocation is 90% to trawlers and 10% to the line fleet.

	 
	Current allocation
	 Range of 

FM and PT
	 
	 
	 
	 

	 
	FM=0.125
	0 <=FM<=0.2
	0 <=FM<=0.3
	0 <=FM<=0.125
	0 <=FM<=0.125
	0 <=FM<=1

	 
	PT=0.9
	0.2 <=PT<=0.8
	0.2 <=PT<=0.8
	0.2 <=PT<=1
	0.2 <=PT<=0.6
	0 <=PT<=1

	FM
	0.125
	0.2
	0.3
	0.125
	0.125
	1

	PT
	0.9
	0.26
	0.26
	0.28
	0.24
	0.1

	Annual average catch ('000 t)
	173
	193
	258
	134
	131
	421

	SSBlast/SSB0
	1.23
	1.24
	1.15
	1.31
	1.32
	0.90

	Annual average NPV (N$ million)
	5.5
	187
	246
	124
	132
	551


A few observations out of the many that can be made from Table 3 are listed below. These observations should be taken with caution because the data used for the current analysis are not quite up to date. Having said that, the results listed are likely to be valid, the lack of up to date data not withstanding:

· The current allocation of 90% of the TAC to the trawler fleet results in a marginal economic gain of about N$ 5.5 million per annum. Free optimization leads to a very high fishing mortality bringing in a lot of discounted dollars while leaving the stock worse off at the end of the simulation than at the beginning;
· The free optimization run allocates only 10% of the TAC to the trawler fleet, which is far less than the current allocation of 90% of the TAC. As stated earlier, these results should be taken cautiously because of the uncertainty in the quality of data. We will check how robust this result is when we undertake further explorations later in this section;

· In general, the numbers reported in Table 3 support the conclusion that the current allocation of 90% of the TAC to the trawler group is costly, and that an increase in the TAC allocation to the line fleet will enhance the total economic gains from the hake fisheries. 
Next, we investigate the effects of changes on natural mortality, variable cost of trawling relative to that of lining, and the relative price of trawler to lining catch. We use these to demonstrate the kind of results that can be obtained from our model. Also, we use this analysis to explore the robustness of the results presented above.

We explore natural mortality because the current value of about 0.66 used in hake stock assessment models is controversial. In fact, from our explorations, we see that while a natural mortality of 0.66 seem to produce reasonable results in the case of Namibia, the rate had to be reduced to around 0.35 to produce reasonable results in the case of South Africa.

Relative prices and costs of fishing are important candidates for this kind of explorations since these are the channels through which the two sectors can improve their comparative advantage through the market.

The results from the explorations are given in Table 4 below.

Table 4: Explorations using the Namibian hake fishery bioeconomic model. For Tables 4b-c natural mortality rate of 0.66 is applied as it gives the most reasonable numbers empirically.

	Natural mortality
	Average Annual 

Total Catch (‘000 t.)
	Average Annual 

NPV (N$ million)
	SSBLast/SSB0

	0.20
	6,245
	768
	38

	0.30
	2,707
	282
	17

	0.40
	1,247
	107
	8

	0.50
	589
	40
	3.9

	0.60
	277
	13
	1.9

	0.66
	173
	5.5
	1.23

	0.70
	124
	2.2
	0.89


Table 4a: Effect of changes in natural mortality of Namibian hake. Fishing 

mortality (FM=0.125) and the current proportion to trawlers (PT=0.9).

	Variable cost of trawling relative to variable cost of lining
	Catch Proportion

 to Trawlers
	Average Annual 

Total Catch (‘000 t.)
	Average Annual 

NPV (N$ million)
	SSBLast/SSB0

	0.25 
	1.00 
	258 
	315 
	1.10 

	0.30 
	1.00 
	258 
	293 
	1.10 

	0.35 
	0.10 
	178
	272
	1.27 

	0.40 
	0.10
	178
	269 
	1.27 

	1.00 
	0.10
	178
	239 
	1.27 


Table 4b: Effect of changes in variable cost of trawling relative to variable cost of
lining for Namibian hake. FM is restricted to between 0 and 0.2. FM equals 0.2 was
chosen by the simulation in all cases. PT can take any value from 0 and 1.

	Price of trawler relative price of line catch
	Catch Proportion

 to Trawlers
	Average Annual 

Total Catch (‘000 t.)
	Average Annual 

NPV (N$ million)
	SSBLast/SSB0

	0.25 
	0.10 
	178 
	202 
	1.27 

	0.50 
	0.10 
	178 
	214 
	1.27 

	1.00 
	0.10 
	178
	272
	1.27 

	1.70 
	1.0
	258
	287 
	1.10 

	1.75 
	1.0
	258
	309 
	1.10 


Table 4c: Effect of changes in price for trawling catch relative to price for lining catch. 
FM is restricted to between 0 and 0.2. FM equals 0.2 was chosen by the simulation 
in all cases. PT can take any value from 0 and 1.

Again, we make a few observations from the results presented above, which should be interpreted carefully because of data limitation:

· Given the profile of catches for Namibian hake in the last few days, we can tell from Table 4a that natural mortality of less than 0.5 is not reasonable for Namibian hake. This is because the average annual catches being predicted are simply not realistic;

· Natural morality of 0.66 produces a realistic annual average catch of 173 000 tonnes. Incidentally this is the rate commonly used in stock assessment models for hake; 
· From Table 4b, we deduce that the optimal allocation to the trawlers switches from 10 to 100% if the trawler group is able to reduce its cost of fishing relative to those of the line group by 70% of current levels. In other words, everything being equal, the cost data used in the base case analysis have to be wrong by this margin for the results derived to be nullified. In the case of relative prices, Table 4c shows that for this switch to occur, the trawler group will have to enjoy a relative price advantage of up to 70%.

9.1.2 South African model explorations

As in the case of Namibia, we first carried out an analysis of the current allocation proportion of 90% of the TAC to the trawl and 10% to the line sector. We started the analysis by setting the proportion to trawlers at 90%, and determining the fishing mortality that gave an average annual catch that is close to recently declared TACs for South Africa hake. We found out that a fishing mortality of 0.4 resulted in an average annual catch of about 135 000 t. This catch level compares with recently declared TACs of between 120-150 000 t. In terms of the biological outcome, the ratio of  spawning biomass at the end of the 100 year time horizon of the analysis was over 350% higher than at the beginning of the analysis (SSBlast/SSB0=4.51). The average annual discounted economic rent obtained was R 18.9 million. The differences between the numbers for Namibia and South Africa may have stemmed from the different natural rate, 0.35 and 0.66, applied in the South African and Namibian models, respectively. Further studies on the natural mortality rate for Benguela hake are needed.

Results from the analysis of the effects of changes in natural mortality, variable cost of trawling relative to that of lining, and the relative price of trawler to lining catch using the South African model are given in the tables below.

Table 5: Optimization results from the bioeconomic model of the South African hake fishery for a range of decision variables: Fishing mortality (FM) and the proportion of catch allocated to trawlers (PT). SSBlast and SSB0 denote the spawning biomass at the end and the beginning of the analysis, respectively. Natural mortality rate of 0.35 is applied as it gives the most reasonable numbers empirically. Current allocation is 90% to trawlers and the rest to the line fleet.

	 
	Current allocation
	 Range of 

FM and PT
	 
	 
	 
	 

	 
	FM=0.4
	0 <=FM<=0.3
	0 <=FM<=0.5
	0 <=FM<=0.4
	0 <=FM<=0.4
	0 <=FM<=1

	 
	PT=0.9
	0.2 <=PT<=0.8
	0.2 <=PT<=0.8
	0.2 <=PT<=1
	0.2 <=PT<=0.6
	0 <=PT<=1

	FM
	0.4
	0.3
	0.5
	0.4
	0.4
	1

	PT
	0.9
	0.26
	0.26
	0.28
	0.24
	0.1

	Annual average catch ('000 t)
	135
	116
	139
	130
	130
	158

	SSBlast/SSB0
	4.51
	8.35
	6.49
	7.21
	7.42
	5.28

	Annual average NPV (R million)
	18
	94
	117
	105
	113
	190


The following observations can be made from Table 5:

· The current allocation of 90% of the TAC to the trawler fleet and using a fishing mortality of 0.4 results in an economic gain of R 18.4 Million. On the other hand, free optimization leads to a very high fishing mortality bringing in much higher discounted dollars, and leaving the stock at a relatively lower level than the current allocation scenario;
· Free optimization run allocates only 10% of the TAC to the trawler fleet. We will check how robust this result is when we undertake further explorations later in this section;
· The numbers above make the case that the current allocation of 90% of the TAC to the trawler group is costly, and that any increase of the TAC allocation to the line fleet will enhance the total economic gains from the hake fisheries. We will explore the robustness of this result later in this section.

The results obtained from an investigation of the effects of changes in natural mortality, variable cost of trawling relative to that of lining, and the relative price of trawler to lining catch are presented in Table 6 below.

Table 6: Explorations using the South African hake fishery bioeconomic model. For Tables 6b-c natural mortality rate of 0.35 is applied as it gives the most reasonable numbers empirically.

	Natural mortality
	Average Annual 

Total Catch (‘000 t.)
	Average Annual 

NPV (R million)
	SSBLast/SSB0

	0.20
	323
	112
	10.6

	0.30
	179
	40
	6.0

	0.35
	135
	18
	4.5

	0.40
	103
	3
	3.4

	0.50
	60
	-18
	2.0


Table 6a: Effect of changes in natural mortality of South African hake. Fishing 

mortality (FM=0.4) and the current proportion to trawlers (PT=0.9).

	Variable cost of trawling relative to variable cost of lining
	Catch Proportion

 to Trawlers
	Average Annual 

Total Catch (‘000 t.)
	Average Annual 

NPV (R million)
	SSBLast/SSB0

	0.05 
	1.00 
	139 
	219 
	3.22 

	0.10 
	0.90 
	139
	209 
	7.48 

	0.20 
	0.10 
	139
	197
	7.48

	0.30 
	0.10
	139
	193 
	7.48

	1.00 
	0.10
	154
	195 
	7.48


Table 6b: Effect of changes in variable cost of trawling relative to variable cost for 
lining for South African hake. FM is restricted to between 0 and 0.5. FM equals 0.5 
was chosen by the simulation in all cases. PT can take any value from 0 and 1.

	Price of trawler catch relative to price of line catch
	Catch Proportion

 to Trawlers
	Average Annual 

Total Catch (‘000 t.)
	Average Annual 

NPV (N$ million)
	SSBLast/SSB0

	1.00 
	0.10 
	139 
	164 
	7.48 

	1.60 
	0.10 
	139 
	196 
	7.48 

	1.70 
	0.60 
	139
	207
	4.74 

	1.80 
	1.00
	139
	233 
	3.22 

	1.90 
	1.00
	139
	261 
	3.22 


Table 6c: Effect of changes in price for trawling relative to price for lining for 
South African hake. FM is restricted to between 0 and 0.5. FM equals 0.5 was 

chosen by the simulation in all cases. PT can take any value from 0 and 1.
The following observations can be made from Tables 6b-c:

· Given the profile of catches for South African hake in the last few days, we can tell from Table 6a that natural mortality of between 0.3 to 0.4 produce reasonable results for South African hake;

· From Table 6b, we can see that the optimal allocation to the trawlers switches from 10 to the current allocation of 90% if the trawler group is able to reduce its cost of fishing relative to those of the line group by 90% of current levels. In other words, everything being equal, the cost data used in the base case scenario have to be wrong by this margin for the results derived to be nullified. 
· Table 6c shows that for the optimal proportion to change from 10 to 60%, the trawler group will have to enjoy a relative price advantage of up to 70%.

9.2 Exploring the Socio-economic impact assessment model

The current SEAIM model for South Africa, given the best available data, includes TAC allocation of about 90/10 for trawl and line fisheries. Between trawl fisheries, the allocation for inshore and deep-sea is about 7/93, and that between line fisheries is 63/37 for longline and handline, respectively. The average annual catch per vessel for each fleet used in the model suggests, however, very low catch for inshore trawls (about 392 t/year, representing about 19% of the current catch), and quite low for the other vessel groups too. This is an indication of too high fishing capacity currently in the fisheries. The resulting return to capital for harvesting sector of inshore trawl fisheries is therefore negative. A similar situation is found for longline fisheries where return to capital is the lowest of the four fisheries.

To illustrate the use of SEIAM, two types of scenarios have been developed. The first involves changes in fishing capacity (which could be a result of changes in technology or other measures), such that the average annual catches for inshore trawl and longline are increased. As seen in Table 7, inshore trawl fisheries will start making a profit when each vessel can catch about 600 t/year, or double the current level. For longlines, the fishing capacity needs to be increased by four-fold to about 200 t/year in order to obtain a positive return to capital.

Table 7: Changes in average annual catch per vessel for South African hake inshore trawl fisheries and longline fisheries. 
a) Inshore trawl

	Average catch (t)
	Return to capital

(R)

	400
	-17,031,839

	450
	-10,162,412

	500
	-4,666,871

	550
	-170,519

	600
	3,576,441

	650
	6,746,946

	700
	9,464,521

	750
	11,819,753

	800
	13,880,581

	850
	15,698,958

	900
	17,315,294

	950
	18,761,489

	1,000
	20,063,065


b) Longline
	Average catch (t)
	Return to capital

(R)

	60
	-649,480,550

	100
	-273,095,137

	140
	-111,787,103

	180
	-22,171,529

	200
	9,193,922

	220
	34,856,564

	240
	56,242,099

	260
	74,337,552


The second set of scenarios explores changes in TAC allocation. In Table 8, TAC allocations are altered for trawl and line fisheries. When TAC is equally divided between these two sectors, returns to capital for deep-sea trawl and longline fisheries are comparable. Given the fixed allocation between inshore and deep-sea trawl at 10/90, inshore fisheries are disadvantaged with this policy. Handline fisheries, on the other hand, continue to enjoy high profit throughout the different policy regimes.

Table 8: Effects of changes in TAC allocation for trawl and line fisheries on return to capital for South Africa hake fisheries. Notes: we used average annual catch of 600 tonnes for inshore trawl, 200 for longline and kept the TAC allocation proportion constant for inshore and deep-sea at 10/90. 
	TAC allocation
	Return to capital (R '000s)

	Trawl
	Line
	Inshore
	Deep-sea
	Longline
	Handline

	90
	10
	3,576
	74,978
	9,194
	129,093

	80
	20
	3,179
	66,647
	18,388
	258,187

	70
	30
	2,782
	58,317
	27,582
	387,280

	60
	40
	2,384
	49,986
	36,776
	516,374

	50
	50
	1,987
	41,655
	45,970
	645,467

	40
	60
	1,590
	33,324
	55,164
	774,561

	30
	70
	1,192
	24,993
	64,357
	903,654

	20
	80
	795
	16,662
	73,551
	1,032,748

	10
	90
	397
	8,331
	82,745
	1,161,841


The final scenario examines the relationship between inshore and deep-sea fisheries. As shown in Table 9, the higher the TAC allocation to inshore trawl fisheries, the greater their return to capital. Return to capital for both fisheries are fairly equitable at TAC allocation of 60/40 for inshore and deep-sea.

Table 9: Effects of changes in TAC allocations for South African inshore and deep-sea trawl fisheries Notes: Use average annual catch of 600 for inshore trawl, 200 for longline and keep TAC allocation constant for trawl and line at 90/10.
	TAC allocation
	Return to capital (R '000s)

	Inshore
	Deep-sea
	Inshore
	Deep-Sea

	10
	90
	5,109
	72,560

	20
	80
	10,218
	64,497

	30
	70
	15,328
	56,435

	40
	60
	20,437
	48,373

	50
	50
	25,546
	40,311

	60
	40
	30,655
	32,249

	70
	30
	35,764
	24,187

	80
	20
	40,874
	16,124

	90
	10
	45,983
	8,062


Similar explorations can be made to explore the benefits to different stakeholder groups. For example, fisheries policies (in this case, TAC allocation) can be altered to increase return to capital in certain fisheries such that the distribution of income to new entrants into the fisheries (as shown in Table 10 for Namibia). The current model is based on a default setting of an equal ratio of ownership between existing boat owners and new entrants, which thus generates equal distribution of return to capital. Varying this ratio to match the actual current situation will result naturally in different levels of income to these two stakeholder groups. Other policies that encourage participation of new entrants in direct fisheries or in harvesting sector will certainly result in different income distribution, given the fixed TAC. Finally, SEAIM can be used to explore government policies such that subsidies to the fisheries such that costs of fishing would be decreased, resulting thus in an increase in return to capital.

Table 10: Distribution of return to capital owned by new entrants and 

existing boat owners based on different ratio of ownership for 
Namibian hake fisheries.

	Ratio
	Return to capital (N$)

	New entrants
	Existing
	New entrants
	Existing

	10
	90
	8,893
	80,034

	20
	80
	17,785
	71,141

	30
	70
	26,678
	62,249

	40
	60
	35,571
	53,356

	50
	50
	44,463
	44,463

	60
	40
	53,356
	35,571

	70
	30
	62,249
	26,678

	80
	20
	71,141
	17,785

	90
	10
	80,034
	8,893


10. Project activities: workshops and training

In addition to modelling, analysis and database, project activities included two stakeholder workshops and a training course.
The first stakeholder took workshop place in Cape Town in May, 2004. The workshop report is given in Appendix 1. This workshop was very useful as it provided our project team the opportunity to modify the project objective to better meet the needs of the stakeholders.
We present the second stakeholders workshop and training course report in Appendix 10. The workshop and training course took place in Windhoek, Namibia, from September 19 to 23, 2005. The second workshop was used to present the products from the project to stakeholders to get their feedback before we finalize the project. We found the comments and suggestion provided at the workshop to be extremely useful.

The goal of the training course was to conduct training on bio-economic-social assessment and modelling of the hake fisheries of the Benguela for the benefit of managers, fishing industry, NGOs and students of fisheries resident in the Benguela region. The course content included (i) theoretical frameworks, (ii) illustrations and case studies, (iii) practical applications and (iv) policy implications.

11. Future work and recommendations

Several valuable feedbacks on the current models and ideas on future work were discussed by all the participants at the second stakeholder workshop. Overwhelmingly, the participants acknowledged the importance of the models developed in this project and its usefulness in enhancing the understanding about the impacts of fisheries policies on biological, economic and social aspects of the hake fisheries. The use of simple spreadsheets to implement our models was also noted as one of the key useful features of the models. The following summarizes key recommendations for future work based largely on inputs from participants at the Namibia workshop.

11.1 Further development of the models

The current models are largely simplified to enable effective uses particularly in exploring various policy options. There are great potentials to improve and update the models. For instance, the models can be extended to cover the entire BCLME in order to analyze transboundary issues and to include other species in Namibia and South Africa. An overall extension of the model northwards to Angola to cover their fisheries resources was also highlighted. 

As indicated earlier, by linking our two models can be made stronger, particularly if SEIAM can be made dynamic. Both models can be effectively used complementarily, as well as with other existing management tools, to assess the effects of alternative management strategies in terms of achieving desired objectives. The models can be modified to explore benefits of creating marine reserves as insurance policies against unexpected adverse events or assessing risks resulting in inaccuracies or delays in stock assessment. Finally, the integrating nature of the models makes it useful for implementing the widely encouraged ecosystem-based management regime.
11.2 Follow-up activities

Several short term and long-term activities are worth considering as follow-up activities. For example, it was recommended that a plan of action should be developed between the BCLME programme working with the MCM, the MFMR and our project to help ensure that the models are added to the toolkit of fisheries mangers. To this end, a training program for managers and decision-makers in the use of models developed by this project is needed. This point was particularly emphasized by all participants as an effective means to encourage an integration of biological, social and economic considerations in fisheries management. A special request was made by Angolan participants to conduct similar training courses to the one held in Windhoek, noting the need for capacity building and training of fisheries managers. Further, the models can also be included in the university curriculum as part of the fisheries programs.

Data and its availability were noted as some of the key challenges in hake fisheries management. One of the recommendations was for the governments to establish collaboration with the industries and various stakeholder groups to encourage data and information sharing. Such collaboration should also be expanded throughout the Benguela region in order to achieve resource sustainability goal.

The current biological is single species. In future work, this should be upgraded to an ecosystem-wide model to make the work more relevant to ecosystem-based management policies.

Finally, incorporating the models in policy formulation and decision-making process may require some government intervention. For example, some legislative measures may be needed in order to improve compliance in data submission and to implement the models in analyzing the ecological, social and economic consequences of different management scenarios of BCLME hake fisheries. Clearly, support from the governments on the use of the models will help generate funding required for training of personnel and for further development of the models.

In conclusion, we believe our project has achieved its goal of providing modelling frameworks for rapid explorations of the ecological, economic and social consequences of different policy and management decisions. The challenge now is for the BCLME Programme to help fisheries managers in South Africa and Namibia to add these techniques to their toolkits and use them to enhance their work. This will insure a sustainable management for BCLME hake against unexpected changes and overfishing for the benefit of both current and future generations of the residents of the region.

Literature Cited

ANDREW, P.A. 1986 - Dynamic catch-effort models for the southern African hake populations. Benguela Ecology Programme Report No. 10, 248pp.
ARMSTRONG, M.A. and D.W. JAPP 1992 - Longlining versus otter trawling in the South 
African hake fishery. Unpublished Report, Sea Fisheries Research Institute, South Africa WG/01/92/D:H:3 11 pp (mimeo).
ARMSTRONG, C. W., SUMAILA, U. R., ERASTUS, A. and MSISKA, O. 2004 - An 

assessment of the benefits and costs of the “Namibianisation” of fisheries in 
Namibia. In: Ed. U.R.Sumaila, S.I. Steinshamn, M. Skog and D. Boyer (eds.) 
Ecological, economic and social aspect of Namibian fisheries. Eburon, 
Netherlands.
BOYER, D.C. and I. HAMPTON 2001 - An overview of the living marine resources of 

Namibia. S. Afr. J. mar. Sci. 23: 5-35.
BUTTERWORTH D., PUNT A., and R. THOMPSON 1992 - The relative biological merits of trawl and longline fisheries for hake.  Unpublished Report, Sea Fisheries Research Institute, South Africa WG/01/92/D:H:1 12 pp (mimeo).

BUTTERWORTH, D.S. and R.A. RADEMEYER 2004a - Sustainable management


initiatives for the southern African hake fisheries over recent years.  BEN/JAN04/HB/1b.


BUTTERWORTH, D.S. and R.A. RADMEYER 2004b - Species disaggregated


assessments of the South African hake resource. BEN/JAN04/SAH/3a.

BUTTERWORTH, D.S. and R.A. RADMEYER 2004c - Simultaneous assessment of the 
M.  capensis and M. paradoxus resources, for the south and west coasts 
combined. BEN/JAN04/SAH/3b.
BUTTERWORTH, D.S. and R.A. RADMEYER 2004d - Current South African hake 
management recommendations. BEN/JAN04/SAH/6a.

BUTTERWORTH, D.S. and R.A. RADMEYER 2004f. Revised assessments of MP and 
MC for the South and West Coasts Combined. BEN/DEC04/H/SA/3b. 

CHUENPAGDEE, R., Degnbol, P., Bavinck, M., Jentoft, S., Johnson, D., Pullin, R., and Williams, S. 2005. Challenges and Concerns in Fisheries and Aquaculture, Chapter 2. In: Kooiman et al. (eds.) Fish for Life: Interactive Governance for Fisheries. University of Amsterdam Press, The Netherlands, p. 25-37.
CHUENPAGDEE, R., Fraga, J. and J.I. Euan  2004 - Progressing toward co-
  
 
  management through participatory research. Society and Natural Resources 
   
  17:147-161.

DAVIES, S.L., NEWMAN, G.G. and A.I.L. PAYNE 1980 - Assessment and


simulation of hake stocks in Division 1.6. Colln scient. Pap. Int. Comm


SE. Atl. Fish. 7: 151-158.
DEAT (DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM) 2002 - Where 
have all the fish Gone? Measuring Transformation in the South African Fishing 
Industry. October 2002. Cape Town: DEAT Chief Directorate: Marine and 
Coastal Management.

DEAT (DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM) 2004. 
Transformation and the South African Fishing Industry. January 2004. Cape 
Town: DEAT Chief Directorate: Marine and Coastal Management.
Erastus, A.N. 2002 – The development of the Namibianisation policy in the hake 
subsector. 1994-1999, NEPRU Working Paper, No. 82 Windhoek, Namibia 
HAMUKUAYA H. 1992 - Analysis of biological data of Cape hake Merluccius capensis and M. paradoxus caught in Division 1.5 on board longlining vessel Capensis during the period March 1st - March 10th 1992. Unpublished Report, Department of Fisheries, Namibia. 22 pp (mimeo).

ISAACS, M. and HERSOUNG, B., 2000 - Need, Greed and Politics – Redistribution of 
Fishing Rights within South Africa’s New Fisheries Policy.  Paper presented at 
“Contested Resources: Challenges to governance in Southern Africa”, a 
symposium at School of Government, Programme for Land and Agrarian Studies 
(PLAAS), 18-20 October, 2000. UWC, Cape Town. Also in Hersoug (2002) ed. 
Fishing in the Sea of Sharks. Reconstruction and Development in the South 
African Fishing Industry. Eburon. Delft. Netherlands.
ISAACS, M., 2003 - Understanding the social processes and politics of implementing a 
new fisheries policy, the Marine Living Resource Act 18 of 1998, in South Africa. 
PhD thesis submitted to University of Western Cape, November 2003. 
ISAACS, M and HERSOUNG, B. 2002 - According to need, greed or politics: 
Redistribution of fishing rights within South Africa’s new fisheries policy, in 
Fishing in a sea of sharks: Reconstruction and development in the South African 
fishing industry, B. Hersoug (Ed.). Delft, Netherlands: Eburon.
IYAMBO, A. 2004 - Forward to Namibia’s Fisheries: Ecological, economic and social aspect of Namibian fisheries. Ed. U.R.Sumaila, S.I. Steinshamn, M. Skog and D. Boyer (eds.). Eburon, 
Netherlands.
MANNING, P. 2000 – Review of the distributive aspects of Namibia’s fisheries policy.   
NEPUR Research Report No.21.
MLRA (MARINE LIVING RESOURCES ACT). 1998 - 18, 395: 747. Republic of South 
Africa.
MFMR (MINISTRY OF FISHERIES AND MARINE RESOURCES). 2002.- Annual Report 
2001. Ministry of Fisheries and Marine Resources, Republic of Namibia, 
Windhoek, Namibia. 
MFMR (MINISTRY OF FISHERIES AND MARINE RESOURCES). 2003.- Annual Report 
2002. Ministry of Fisheries and Marine Resources, Republic of Namibia, 
Windhoek, Namibia. 
MUNRO, G. R. 1979 -  The Optimal management of transboundary renewable 
resources’. Canadian Journal of Economics. 12:8. 1979, 355-376 
NASH, J. H. 1953 - Two-person cooperative games. Econometrica. 21: 1953,128-140
NEWMAN, G.G., CRAWFORD , R.J.M. and O.M. CENTURIER-HARRIS 1976 - Stock


assessment of the hake (Merluccius capensis and Merluccis paradoxus) on


the Cape of Good Hope fishing grounds (ICSEAF Division 1.60). Colln


scient. Pap. Int. Comm SE. Atl. Fish. 3: 141-150.

PAYNE, A. and I. L. COCHRANE. 1994 - Managing Fisheries in South Africa, Country 
with a Changing Society and a Well-Developed Science Base.” Sea Fisheries 
Research Institute, Cape Town, South Africa. Paper presented at the 82nd 
Statutory Meeting of the International Council for the Exploration of the Seas, 22-
30 September in St John’s, Newfoundland, Canada.
PITCHER T.J and J. ALHEIT 1995 - What makes a hake? A review of the critical biological features that sustain global hake fisheries. In: Alheit J. and T.J. Pitcher (eds.) Hake: biology, fisheries, and markets. Chapman & Hall, London, p 1–13.

PUNT, A.E., 1988 - Model selection for the dynamics of South African hake resources. 
M.Sc. Thesis. University of Cape town, South Africa. Rep. Benguela Ecol. 
Progm. S.Afr. 15: 395 pp. 

PUNT, A.E. and D.S. BUTTERWORTH, 1991- On an approach for comparing the 
implications of alternative fish stock assessment, with application to the stock of 
cape hake Merluccius spp. off northern Namibia. South African Journal of Marine 
Science, 10:219-240.
RADEMEYER, R.A. 2003 - Assessment of and management procedures for the hake 
stocks off southern Africa. Submitted MSc Thesis. University of Cape town, 
South Africa.
RADMEYER, R.A. and D.S. BUTTERWORTH 2004 - Routine updated assessment for 
the Namibian hake resource. BEN/JAN04/NH/3a.
Scheepers, E. 1998 – Quota fees. Namibia Brief, No.20, The Namibia Foudation, 
Windhoek.
SUMAILA, U.R. 1997 - Strategic dynamic interaction: The case of Barents Sea 
fisheries. Marine Resource Economics, 12:77-94.

SUMAILA, U.R. 2000 - Fish as vehicle for economic development in Namibia. Forum for 
Development Studies, 2: 295-315. 
SUMAILA, U.R., NINNES, C. and B. OELOFSEN, 2003 - Management of shared stocks 
in the Benguela marine ecosystem. FAO Fisheries Report No. 695 Suppl., Rome, 
143-158.

SUMAILA, U.R., BOYER, D., SKOG, M. and S. I. STEINSHAMM (Editors) 2004 - 
Namibia’s fisheries: Ecological, Economic and Social Aspects. Eburon, 
Netherlands, 363 pp.
VAN DER WESTHUIZEN, A. 2001 - A decade of exploitation and management of the 
Namibian hake stocks. South African Journal of Marine Science, 23: 307-315. 

Glossary

Discounting = a way of aggregating a series of future net benefits into an estimate of present value. To discount one needs a discount rate.

Economic rent from a fishery = the abnormal profit from fishing, that is the surplus from total revenue after all cost are deducted.
Ex-vessel price = price of fish at landing.
Marketing channel = flow of fish and fishery products from harvesters to consumers through various sale, processing and distributing mechanisms.
Maximum sustainable yield = the largest long-term average catch or yield that can be taken from a stock or stock complex under prevailing ecological and environmental conditions.

Namibianisation policy = a policy to increase Namibian participation in fisheries as owners and employees through economic incentives.

Payment to business = total costs (fixed and variable; excluding labour costs) expended in an operation.
Payment to labour = salaries, wages and compensation paid to crew members or plant workers by boat owners or plant owners.

Present value = the value today of an asset or liability (benefit or cost) that is received or due more that one year into the future.

Social demographic = characteristics that describe and identify stakeholders, such as age, gender, occupation, education, income, etc.
Socio-economic impact assessment model = assessment of impacts on social and economic characteristics of stakeholders as a result of certain policy and management decisions.

Social reform = a kind of social movement that aims to make a change in certain aspects of the society rather than fundamental changes.

Stakeholders = Individuals, groups or organisations that are affected by and/or have an interest in a particular issue.
Total revenue = total earnings from an operation (either fishing or processing) calculated based on quantity produced and prices.
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Figure 6: Allocation of trawl TAC in the post-harvest sector (South Africa Example)
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Figure 5: Allocation of the global TAC in the harvest sector SEIAM model
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� The South African Rand (R) and the Namibian dollar (N$) are equivalent. R6.42 exchanged for USD1 on December 17, 2005.


� According to Manny de Sousa in an interview in Mossel Bay on 12 May 2000.


� The baseline economic data encompasses defining commercially viable quota, gender and race complement of the established industry, number of boat owners, fishers, workers, and incomes etc. 


� Langklip: See Produkte v Minister of Environmental Affairs and Tourism case.


� See Theme Section in Marine Ecology Progress Series, 300: 241-296, 2005.
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