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Executive Summary 

A technical group meeting on the bioeconomic modelling of the Kapenta fisheries in Lake 

Kariba took place in Siavonga, Zambia, from the 14 – 18 October 2013. This Working 

Group was set up under the framework of the implementation of recommendations from 

the joint consultative biannual technical meetings between Zambia and Zimbabwe and 

those of the Technical Committee set up under the Memorandum of Cooperation 

between the two countries for the management of the Lake Kariba fisheries. 

The meeting was organized in two phases. The first phase was a three-day technical 

meeting aimed at: (i) introducing the concepts of bioeconomic modelling, (ii) presenting 

and validating the bioeconomic model, the data used (notably those of the 2013 

Economic Survey), its assumptions, and (iii) developing different management scenarios 

to produce recommendations for the management of the fishery. The second phase was 

a two-day workshop bringing together decision-makers in which: (i) the results of the 

modelling and management recommendations were presented, discussed and validated 

and (ii) a roadmap was established to implement priority recommendations. 

About 40 participants from various public institutions (Fisheries Management, Natural 

Resources and the Environment), economic and financial departments, local and regional 

institutions, research centres, the Kapenta fishing industry in Zambia, Zimbabwe and 

Mozambique and civil society, took part in the Working Group. 

The results of the 2013 Economic Survey and the bioeconomic model of the Kapenta 

fishery show that the situation of the fishery has greatly deteriorated both biologically 

(overfishing) and economically (lower resource rent of the fishery and increasingly 

difficult for large fishing companies nowadays whose results no longer guarantee their 

sustainability). The situation is therefore now critical. 

The main causes are an excessive development of fishing capacity, the number of fishing 

pontoons increased from 645 in 2006 to over 1,000 in 2013 (the exact number is not 

known, but the 2011 Frame Survey recorded 960 fishing units) and the ensuing dramatic 

increase in fishing effort. Other aggravating factors are the development of illegal, 

unreported and unregulated fishing, including more unauthorized fishing vessels and the 

illegal trade of Kapenta at night on the lake.  

Different management scenarios for various time frames were developed using the 

bioeconomic model and were then discussed. These scenarios included a situation where 

no decision would be taken (status quo) and various other options where decisions would 

be taken on: (i) the allocation of fishing effort according to the Memorandum of 

Cooperation binding the two countries and (ii) the reduction of the illegal trade of 

Kapenta on the lake at night. This report presents the results of each of these 

simulations for both the macro level of the fisheries and the micro level of the fishing 

enterprises (fishing pontoons). 
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The technical meeting and that of the decision-makers were also opportunities to benefit 

from experiences and lessons learned in the management of the Kapenta fishery in 

Mozambique (Cahora Bassa). 

A summary of this experience and the lessons learnt are reflected in this report. 

During the technical meeting of the Working Group, representatives from the industry 

and administration produced recommendations based on proposals previously made by 

the Technical Committee. These recommendations were presented and discussed at the 

meeting of decision-makers. A management decision was made to reduce fishing effort 

by gradually decreasing the number of fishing pontoons to 500 by 2023. In accordance 

with the Memorandum of Cooperation between the two countries, the number of licences 

issued will be legally capped at 275 in Zimbabwe and 225 in Zambia. To achieve this 

objective, the number of fishing units should be immediately frozen. The Working Group 

recommended that the adjustment of fishing capacity be undertaken gradually over 10 

years as follows: 

♥ 13 fishing rigs per year in Zimbabwe with an interim target of 340 rigs in 2018; 

♥ 50 fishing rigs per year in Zambia, with an interim target of 469 in 2018. 

A detailed roadmap to achieve this objective with the necessary actions to be taken 

immediately and by the end of 2013, together with the relevant responsibilities, was 

developed and validated. 
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Résumé exécutif 

Du 14 au 18 octobre 2013, s’est tenu à Siavonga, en Zambie, un Groupe de travail sur la 

modélisation bioéconomique de la pêcherie de Kapenta sur le Lac Kariba. Ce Groupe de 

travail s’inscrivait dans le cadre de la mise en œuvre des recommandations des réunions 

techniques consultatives conjointes biannuelles entre la Zambie et la Zimbabwe et celle 

du Comité technique mis en place dans le cadre du Protocole de coopération entre les 

deux pays pour l’aménagement des pêcheries du Lac Kariba.  

Le Groupe de travail s’est déroulé en deux temps. Une première phase de trois jours au 

cours d’une réunion technique visant à : (i) introduire les concepts de modélisation 

bioéconomique, (ii) présenter et valider le modèle bioéconomique développé, les 

données utilisées (notamment celles de enquête économique de 2013), ses hypothèses, 

et (iii) élaborer différents scénarios de gestion en vue de produire des recommandations 

pour la gestion de la pêcherie. Une deuxième phase de deux jours d’un atelier réunissant 

les décideurs au cours duquel : (i) les résultats de la modélisation et les 

recommandations de gestion ont été présentés, discutés et validés et (ii) une feuille de 

route a été établie pour mettre en œuvre les recommandations retenues. 

Une quarantaine de participants issus des institutions publiques de gestion des pêches, 

des ressources naturelles et de l’environnement, des Départements économiques et 

financiers, des institutions régionales et locales, des centres de recherche,  de l’industrie 

de la pêche de Kapenta en Zambie, au Zimbabwe et au Mozambique et de la société 

civile ont participé à ce Groupe de travail.   

Les résultats de l’enquête économique réalisée en 2013 et du modèle bio économique 

développé sur la pêcherie de Kapenta montrent que la situation de la pêcherie s’est 

fortement dégradée à la fois sur le plan biologique (surexploitation de la ressource), 

mais aussi économique (dissipation de la rente halieutique de la pêcherie et difficultés de 

plus en plus grandes des entreprises de pêches dont les résultats aujourd’hui ne 

garantissent plus leur durabilité à termes). La situation est de ce fait devenue critique.  

Le développement excessif des capacités de pêche qui sont passés de 645 pontons de 

pêche en 2006 à plus de 1000 pontons en 2013 (leur nombre n’est pas exactement 

connu, mais l’enquête cadre de 2011 faisait état de 960 unités de pêche), et, 

consécutivement, la très forte augmentation de l’effort de pêche qui s’en est suivi, sont 

les causes principales du problème. Le développement de la pêche illégale, non régulée 

et non réglementée, notamment l’accroissement des navires non autorisés à pêcher et le 

commerce illégal de Kapenta la nuit sur le Lac sont d’autres facteurs aggravants.  

Différents scénarii de gestion à différents horizons de temps ont été développés à l’aide 

du modèle bioéconomique et ont été ensuite discutés. Ces scénarii inclus une situation 

où aucune décision ne serait prise (statu quo) et diverses autres options ou des 

décisions seraient prises sur : (i) l’allocation de l’effort de pêche conformément au 

protocole de coopération qui lie les deux pays et (ii) sur la réduction du commerce illégal 

de Kapenta sur le Lac la nuit. 
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Le rapport donne les résultats pour chacune de ces simulations aux échelles macro de la 

pêcherie et aux échelles micro des entreprises de pêches (ponton de pêche). 

La réunion technique et celle des décideurs ont été également l’occasion de bénéficier de 

l’expérience et des leçons apprises dans la gestion de la pêcherie de Kapenta au 

Mozambique (Cahora Bassa). Un résumé de cette expérience et de ses enseignements 

est repris dans le présent rapport. 

L’industrie et l’administration durant la réunion technique du Groupe de travail ont 

produit des recommandations, sur la base des propositions faites antérieurement par le 

Comité technique.  Ces recommandations ont été présentées et discutées lors de la 

réunion des décideurs. Il a été retenu comme décision de gestion de réduire 

progressivement l’effort de pêche jusqu’à 500 pontons de pêche à l’horizon 2023. 

Conformément au Protocole de coopération entre les deux Pays, le nombre de licences 

sera légalement plafonné à 275 au Zimbabwe et à 225 en Zambie. Pour atteindre cet 

objectif, le nombre d'unités de pêche devrait être immédiatement gelé. Le groupe de 

travail recommande que l'ajustement de la capacité de pêche se fasse progressivement 

sur 10 ans comme suit: 

♥ 13 plates-formes de pêche par an au Zimbabwe avec un objectif intermédiaire de 

340 plates-formes de la pêche en 2018 

♥ 50 plates-formes de pêche par an en Zambie, avec un objectif intermédiaire de 

469 en 2018 

Une feuille de route détaillée pour atteindre cet objectif avec les actions à entreprendre 

immédiatement et dès la fin 2013, ainsi que les responsabilités ont été développée et 

validée.   
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1. Background 

Kapenta was introduced into Lake Kariba from Lake Tanganyika in 1967 and now 

contributes to the economy and livelihoods of fishing communities on the shores of 

Kariba and fish traders in most urban and rural parts of Zambia and Zimbabwe. This 

pelagic fishery is shared between Zambia and Zimbabwe: the Kapenta stock is known to 

move across the lake and is not limited by distance or depth.   

The FAO Sub-Regional Office for Southern Africa in Harare supports regular biennial 

technical consultations of the two riparian partners, Zambia and Zimbabwe, to discuss 

the management and development of fisheries on Lake Kariba in the context of the 

fishery management protocol signed between the two countries. At the Fourth Technical 

Consultation held in 2010, the riparian partners presented information on the status and 

management of their Kapenta fisheries. In Zimbabwe, an analysis of data from 1974-

2009 showed that the total catch rose from 488 MT in 1974 to 21,000 MT in 1990 and 

dropped down to around 9,000 MT in 2009. The catch per unit of effort (CPUE) dropped 

from an average of 0.9 MT in the 1970’s to 0.09 MT per unit per night in 2011. Similarly 

on the Zambian side, the CPUE dropped much to the same extent, fluctuating over the 

previous 5 years in response to fluctuations in effort and an increasing demand for new 

entrants into the fishery.   

The Consultation’s findings highlighted that the stock is resilient and that catch rates 

recover rapidly when fishing effort is decreased. As such, the fishery on both sides of the 

lake was driven predominantly by economics rather than constraints of biological 

depletion of the stock. The Consultation discussed issues such as profitability, 

enforcement and the minimum number of rigs required for an operator to be viable. It 

was noted that in situations where the catch rates are low, it would be more difficult for 

new entrants to operate viably and this favoured existing operators with larger numbers 

of rigs. The Technical Consultation agreed that there was need for a bioeconomic study 

of the Kapenta fishery on Lake Kariba, which would provide updated information for a 

better management of the fishery. Amongst other things, this bioeconomic study was to 

look at the optimum number of rigs for profitability and the maximum number of rigs 

that should be licensed in Zambia and Zimbabwe. 

 

2. Objectives of the meeting 

The objective of the Technical Working Group Meeting was to develop a bioeconomic 

model for the Kapenta Fishery in order to: 

♥ Examine various distinct management scenarios with regard to fishing effort 

allocation; 

♥ Advise on the optimum number of rigs that should be licensed in Zambia and 

Zimbabwe. 
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In addition to the above-mentioned specific objectives, the Technical Working Group also 

aimed to strengthen governance and cooperation between the two riparian countries by 

advising decision-makers on concrete ways forward to improve the management of the 

Kapenta fisheries on Lake Kariba. 

Expected outputs of the meeting included: 

♥ A bioeconomic model of the Kapenta fishery (developed and validated) to guide 

decision making in terms of fishery management; 

♥ Different scenarios regarding fishing effort allocation (developed and analysed); 

♥ Concrete advice for decision-makers (formulated and explained); 

♥ Commitments to strengthen fishery management processes between stakeholders 

(agreed); 

♥ Capacities on bioeconomic modelling strengthened, including abilities to use and 

develop the model for Lake Kariba fishery management processes; 

♥ Bioeconomic study and workshop reports (edited and distributed). 

 

3. Organization of the Working Group 

To meet these objectives and achieve the expected results, the meeting was organized 

in two phases: 

♥ First phase: A three-day technical working group to validate the bioeconomic 

model and develop various scenarios.  

During this phase, experts from the administration and science departments of the 

two riparian countries, as well as industry representatives from Lake Kariba and 

the Cahora Basin, were introduced to the principles of bioeconomic modelling: 

expectations, contributions and limits for fisheries management. The results of a 

2003 Economic Survey, conducted in the two countries, were presented and 

discussed.  

The bioeconomic model that was developed was presented and the technical 

working group discussed its assumptions. The group developed and discussed the 

scenarios that had been selected during the 5th Technical Consultation Meeting, as 

well as other scenarios identified during the Working Group. The technical meeting 

made recommendations the attention of the decision makers-meeting. 

♥ Second phase: A two-day decision-makers meeting to decide on the way forward 

and develop an action plan, 

An introduction to bio-economic modelling as a tool for fisheries management was 

done during this second phase of the Working Group. The bioeconomic model and 

the situation in 2015 were presented and discussed as well as the 

recommendations made by the industry and the administration. 
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Based on these recommendations, the actions to be taken following the FAO Bio 

economic working group, and responsibilities were identified.  

The agenda of the meeting as well as the list of participants are provided in Annex A and 

B.  

This report provides a summary of the presentations and discussions that took place 

during two phases of the working group, avoiding any repetitions that inevitably took 

place. 

 

4. Introduction to bioeconomic modelling 

An introductory presentation stressed that any modelling exercise is a simplified 

representation of reality. Thus, all models are based on assumptions; they request data 

as inputs to produce results as outputs. As a consequence, the quality of the model will 

strongly depend not only on the quality of the model used, but also on the quality of 

data available. This is known in computer science terminology as the ‘GIGO concept’, or 

the garbage in – garbage out paradigm. A good model with ‘garbage’ data or good data 

with a ‘garbage’ model will always produce bad results. 

Based on these considerations, the presentation highlighted the importance for the 

bioeconomic modelling exercise of the Kapenta fishery, that the Working Group: 

♥ Discusses and validates any data to be used in the selected model;  

♥ Ensures that the modelling is done in concordance with the assumptions that 

underlie the model that will be used. 

The participation of the industry in this Working Group was therefore very important for 

the validation of assumptions, data and results on the economic performance of the 

fishery. It was underlined that such participation represents an important value added 

compared to previous bioeconomic modelling exercises that were held in 1992 (IFIP 

Fishery Project) and 1997 (SADC Fishery Project) where participants from the industry 

were not directly involved. 

The presentation also highlighted that the model will probably confirm what is generally 

already known and as such the bioeconomic model will not be a ‘magic tool’ that 

uncovers and solves problems. It has to be considered more as a process rather than a 

turnkey product (e.g. a software). As a consequence, the bioeconomic model that will be 

developed should rather be considered as a scalable tool that could be improved with 

greater knowledge of the Kapenta fishery (improved biological, technical and economic 

information). 

Thus, this bioeconomic analysis should be considered more of a pedagogic tool that 

helps stakeholders better understand what is at stake in the Kapenta fishery and 

highlights management issues. 



 Report of the Technical Group Meeting on Bioeconomic Modelling of the Kapenta Fisheries in Lake Kariba 14 

 

However, the model will help to develop scenario planning for fishing effort allocation 

and its implication on the performance of the fishery in order to support the decision-

making process. 

The presentation went on to describe a bioeconomic modelling for fisheries. A 

bioeconomic model for fisheries intends to establish a functional relationship between 

specific characteristics of the natural resource and the economic activities of man to 

make optimum use of such resources (according to different management objectives). 

The biological part of the model mainly seeks to establish the production function of the 

fishery based on the intensity of fishing effort. 

This is done with the support of population dynamics modelling that concern the 

growth/production function. In general, these models require some knowledge of the 

biological parameters of the harvested fishing resource (growth, structure of catches in 

length, weight, etc.), size of the stock and some statistical time series such as: catches, 

fishing effort, catches per unit of effort (CPUE). There are two major considerations that 

need to be taken into account to choose the appropriate population dynamics model: the 

characteristics of the fishery and the data available. However, in many cases the choice 

of model is constrained by data availability. 

When a fishing effort is applied to a fish stock, production increases in line with the level 

of fishing effort, to eventually reach a maximum level of weight of catches. Each given 

level of fishing effort (applied over many years), corresponds to a mean annual weight of 

catches at equilibrium. The level of fishing effort to attain maximum production 

(Maximum Sustainable Yield, MSY), is known as the effort at MSY (F MSY) (see Figure 

1). 

Figure 1: Relationship between fishery production and fishing effort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An important consideration to take into account for fishery management is that the 

productivity, and hence production, of a fish stock is limited. The application of higher 

levels of fishing effort, beyond the level of F MSY, will result in less catch. 
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The economic aspects of bioeconomic modelling concern a lot of questions, amongst 

them: (i) the demand for fisheries products, (ii) harvesting costs; (iii) exchange rates; 

(iv) investments, (v) factors that explain the spatial and temporal distribution of fishing 

effort. 

Demand and costs are fundamental elements, and the bioeconomic modelling of the 

Kapenta fishery therefore focused on them. Demand is important to determine the price, 

a key parameter for the model and costs are the other elements that enable the 

economic results associated with different harvesting levels to be determined. 

Demand can be modelled in many different ways, however the most fundamental 

questions are: (i) Does the quantity of fish landed (and sold) influence (negatively) the 

selling price? (ii) Does the size of the species influence its selling price? (e.g. need to 

take into account the commercial categories of products) (iii) Do seasons influence the 

price? (If yes, a change in the structure of landings/sales can positively affect the 

turnover).  

Little detailed information is available on demand in the Kapenta fishery. It is recognized 

that production is seasonal (with two main catch peaks) and that this influences the 

sales price. It is also known that prices do not vary according to the size of the products. 

These aspects concerning demand should be explored in more detail when the 

bioeconomic modelling of this fishery is developed further. For the current bioeconomic 

modelling, an average weighted price across Zambian and Zimbabwean prices is 

considered. However the model allows for more specific analysis, taking into account a 

wide range of prices (from the lowest to the highest) to gage the impact on the 

performance of the Kapenta fishery. 

If it is assumed that the price of fish remains constant for all levels of catch and fishing 

effort, then, the fishing effort that maximises the quantity of catches - MSY – also 

maximises the total revenue (turnover of the fishery) (see Figure 2). 

 

Figure 2: Relationship between the fishery’s total revenue and fishing effort 
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Another important input to consider for bioeconomic analysis is fishing cost. It is 

normally assumed that it is linearly dependent on the level of fishing effort, with 

increased efforts associated with increased costs. Fishing costs include both fixed and 

variable costs. One important component of the total cost is what economists call 

‘normal profit’. This is the amount of profit that fishing companies should generate in 

order to be sustainable. Estimates of normal profit take into account the remuneration of 

capital at its opportunity cost. In other words, it is the profitability of capital that a 

fishing company expects when investing in a fishery (see Figure 3). When fishing effort 

is high, costs may equal or exceed total revenue. 

Figure 3: Relationship between fishery costs and fishing effort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Combining the production function with functions of revenue and cost gives the 

bioeconomic model as shown in Figure 4 below. The difference between total revenue 

and total fishery costs defines the resource rent. This resource rent can be defined as 

the economic value of fish resources resulting from their natural scarcity relative to the 

human inputs (capital and labour) used to harvest them. This represents the potential 

wealth that fish resources can generate if they are rationally harvested.  

However, terminology for economic rent commonly used in literature does not always 

have the same meaning. Confusion, resulting from the misuse of the terms ‘rent’ or 

‘profit’ can be avoided by using the term ‘surplus of producers’. In bioeconomic models, 

it effectively refers to a surplus (extra profit in addition to the normal profit) because the 

cost function in the model represents the total costs, including the opportunity costs of 

labour and capital.  

The relationship between fishing effort and resource rent is associated with a maximum 

level, known as the maximum economic yield (MEY). The level of fishing effort required 

to attain MEY is indicated by F MEY. The latter will always be less than the effort at MSY. 
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If a fishery operates within an open access regime, the fishery rent creates strong 

incentives for new entrants in the fishery to ‘catch’ this surplus profit; consequently the 

fishing effort increases to a level where the total revenue is equivalent to the total cost. 

At this point (F1 in Figure 3), the resource rent will be fully dissipated. This does not 

mean that fishing companies will not make a profit; they will only make the normal 

profit. In most situations of free and open access, the level of fishing effort will go far 

beyond the level of F1, and as a consequence, the resource rent will become negative 

and fishing companies will not even earn a normal profit to ensure the sustainability of 

their economic activity. 

Figure 4: Relationship between resource rent and fishing effort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to the various reference points for fishing effort (F MEY, FMSY, F1), different 

management objectives for a fishery can be put forward: 

♥ In terms of the Maximum Economic Yield, fishery managers seek to maximize 

wealth creation with an economic growth objective (F MEY < F MSY); if F > F MEY, 

there are overcapacities in the fishery; this corresponds to a situation of economic 

overfishing (an excess of fishing capacities to rationally harvest the resource in an 

economic manner); 

♥ Basing their objective on the Maximum Sustainable Yield, fishery managers seek to 

maximize the production of the fish stock with a food security objective. If F > F 

MSY, the fishery is in a situation of biological overexploitation. Productivity of the 

resource is affected and production is less than it could be with less fishing effort; 
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♥ In an open access regime the resource rent is dissipated. Production < Production 

MSY. This corresponds to an objective where fishery managers seek, for example, 

to maximize on-board employment in the fishery. This is the current situation in 

most cases worldwide where fishery management systems are not strong enough 

to properly regulate access to natural resources. 

Whilst the schematic depictions of equilibrium situations (Figures 1, 2, 3 and 4) are 

highly useful, it is important to be aware that elements such as resource productivity, 

fish prices, and fishing costs will change in real time. This will also change the magnitude 

of management targets (MSY, MEY, etc.).  

The Working Group noted that the dynamics of a fishery cannot be explained solely 

through biological and economical perspectives; social aspects are also very important. 

Thus sociologists are important stakeholders to involve. Given the uncertain situations 

that often dominate fisheries management, a precautionary approach was discussed: the 

principle being, to act conservatively in uncertain situations.  

It was highlighted that the bioeconomic model would help to better understand the 

current situation of the Kapenta fishery. However, important discussions during the 

Working Group would define the fishery’s potential objective and be used to put forward 

necessary actions to be taken to fill any gaps in the current situation. With regard to 

discussions on the potential management objectives of the Kapenta fishery, several 

participants mentioned that the Kapenta resource should preferably be harvested either 

at MEY or at MSY levels where the fishery had been previously managed. 

 

5. Biological modelling of the Kapenta fishery 

5.1 Biological models, available data for the Kapenta fishery 
and model choice 

The presentation highlighted the main tools available to biologists to conduct 

assessments on fisheries resources and to produce diagnostics on their status: (i) 

Biological studies to characterize the species and populations (reproduction, growth, 

trophic relations, environmental factors that influence resource productivity); (ii) Direct 

assessments (oceanographic campaign at sea, biomass survey, estimates of indexes of 

abundance, etc.), (iii) Indirect assessments with models of population dynamics using 

time series of fishing activities (catches, effort, CPUE).  

With regard to the indirect assessments, there are two main types of models: surplus 

production models and analytical/structural models. The surplus production model 

assumes that there is a symmetrical production function (a relationship between stock 

size and production), and that production depends on the unexploited population size (or 

carrying capacity) K, and the intrinsic growth rate “r”. The analytical model is more 

complex in that it considers the different mechanisms and exchanges affecting the stock: 

recruitment, growth, natural mortality, fishing mortality, etc. This type of model requires 

more knowledge and data on the stock. 
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Available updated information on the Kapenta resource and its harvest suggested that 

only a surplus production model was possible. The principle behind surplus production 

models is that they consider that the dynamics of the stock is mainly driven by fishing 

mortality (fishing affects biomass in proportion to effort expended). When fishing is in 

progress, the cumulative effects of recruitment and natural mortality are negligible. The 

main assumptions of this type of model include the following: 

♥ Unity and isolation of the stock, which implies that immigration and emigration do 

not affect biomass; 

♥ The stock can be described by its biomass; 

♥ An increase in biomass depends only on the current level of biomass (Bt); 

♥ There is a maximum biomass that the system can support (K = carrying capacity); 

♥ The relative growth rate of the biomass is maximum when Bt is close to zero, and 

this rate is zero when Bt approaches K; 

♥ The stock produces its maximum surplus production at an intermediate level of 

biomass between zero and K. 

The variation of biomass can be shown by the following equation: 

By+1= By + g(By)- Cy 

where  

By = Population biomass in year y 

g(By) = Production function of biomass in year y 

Cy = Total catch in year y 

The corresponding differential equation is: 

dBt/dt = g(Bt) - q*ft*Bt 

dYt/dt = q*ft*Bt (instant catches) 

 U = q * B (CPUE) 

where 

q = coefficient of catchability  

ft = fishing effort in year t  

F = fishing mortality = q* ft 

At equilibrium, the variation is zero, thus g(Bt) - qftBt = 0; in other words, fishing must 

take exactly what the stock is able to produce. For further detailed information on the 

mathematical formulation of the surplus production model, please refer to the Report on 

the Bioeconomic Modelling of Kapenta Fisheries on Lake Kariba by Kinadjian Lionel, 

Mwula Charles, Nyikahadzoi Kefasi & Songore Newman, 2014. 
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Several types of surplus production models can be used (Schaeffer, Fox, Pella and 

Tomlinson), depending on the growth function of the stock G(t) to be considered. To 

develop the bioeconomic model of the Kapenta fishery, the Fox surplus production model 

was chosen. The main reasons for this choice include the following: 

♥ The Schaeffer model assumes that catches are zero beyond a certain level of 

fishing effort. In the case of the Kapenta fishery, this assumption does not seem to 

be very realistic, in particular due to the strong resilience of the Kapenta resource; 

♥ The Fox model uses time series of catches and effort; with this model it could be 

possible to simulate the impact of illegal trading (taking into account non-recorded 

catches from illegal trading and with the same level of fishing effort); 

♥ Variants of the Fox model have also been developed (Freon, 1991) to test the 

effects of the environment. This dimension seems particularly interesting for the 

Kapenta fishery where stock productivity seems to be affected by climatic factors 

(rainfall, temperature, etc.); 

♥ The model is a good fit for the data available. 

The data necessary for a surplus production model is restricted to: (i) Total annual 

catches of the stock, and (ii) Index of abundance of the harvested species in weight 

(CPUE of the most representative fleet or the index of abundance obtained from 

experimental fishing) or fishing effort. 

The Working Group discussed the quality of data available, model choice and 

assumptions of the biological model to be used. Time series on catches, effort and 

abundance (CPUE) from the Department of Fisheries (DoF) in Zambia and from Lake 

Kariba Fisheries Research Institute (LKFRI) in Zimbabwe were analysed and put in 

coherence with other time series from several other sources of information (Technical 

Consultative Meeting, scientific and working group reports, project reports, etc.). Based 

on the consistency of the statistical information analysed, two time series were selected 

to run the model (see Annex D): 

♥ Data provided by LKFRI and DoF national consultants from an economic survey; 

♥ Data used by Itai Hilary Tendaupenyu, Hee-Dong Pyo, Chang-ik Zhang to assess 

Kapenta Stocks in Lake Kariba; results presented at the 5th Technical Consultation 

Meeting in 2012.  

The latter time series was finally chosen because the evolution of effort and CPUE were 

consistent with the assumptions of the surplus production models: the decrease of 

fishing effort that appeared in the early 2000 was followed by an increase of CPUE and 

production. Indeed, this seems to confirm that the dynamic of the stock is influenced by 

the level of fishing effort.  

The Working Group discussed the issue of quality of information recorded and 

transmitted by the industry on captures and effort. 
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The issue was raised that not all fishing companies register and transmit their monthly 

records of catches and effort, as required by the fishing licence regulations. In 

Zimbabwe, initially the rate of recorded and transmitted statements by the industry to 

the LKFRI was very high, at around 95 percent. However, since 2007, the rate has gone 

down and is now around 80 percent. In Zambia reporting compliance was estimated to 

be around 60 percent in 2011. With regard to the accuracy of the data, the Working 

Group noted that 90 percent of the data submitted by the industry is correct. At the 

same time it was pointed out that there is also a large number of rigs operating illegally 

on the lake (without a licence) and thus, probably an important underestimate of catch 

and effort levels. Estimates of illegal, unreported and unregulated (IUU) fishing 

(unlicensed boats), were made in Zambia by the industry, giving figures of between 20 

and 30 percent illegal rigs. In Zimbabwe it was reported that, so far, only two illegal rigs 

had been caught during patrol operations on the Zimbabwean side of the Lake. The need 

to conduct a rig survey was raised. 

When running a surplus model of production it is advisable to use the longest time series 

available for catches, CPUE and/or fishing effort. Thus, the period 1974 to 2011 was 

used. To be consistent with the hypothesis of the surplus production model, the 

assumption was made that at the beginning of the Kapenta fishery in 1974 the biomass 

of Kapenta had already reached carrying capacity level K. This assumption seems to be 

consistent with information available concerning the rapid expansion and broad 

colonization of the Lake Kariba by Kapenta that took place after it was introduced in the 

late 60's. 

In the statistical time series chosen by the Working Group, it appeared that the level of 

CPUE in Zambia in 2007 seemed abnormally high. Moreover, this data did not appear to 

be consistent with trends observed before and after 2007 in both Zambia and Zimbabwe. 

The Group therefore chose to adjust the value of the 2007 CPUE in Zambia to be more in 

line with the value of the mobile average of the CPUE in Zambia in 2006 and 2008 (see 

Report on the Bioeconomic Modelling of Kapenta Fisheries on Lake Kariba by Kinadjian 

Lionel, Mwula Charles, Nyikahadzoi Kefasi & Songore Newman, 2014.).  

Finally, to take into account differences of efficiency between the Zambian and 

Zimbabwean fleets that occurred particularly at the beginning of the fishery in Zambia, 

the fishing effort was standardised and the time series of fishing effort in Zambia was 

adjusted accordingly.  

The time series chosen for the bioeconomic modelling exercise is given in Annex D. 

The Group also discussed the issue of illegal Kapenta trading that occurs at night on the 

lake and tried to assess the magnitude of this phenomenon. It was thought that illegal 

trading of Kapenta on the lake had always existed. This illegal trading was already 

reported in the early 90's in an economic assessment undertaken in 1992 on the 

Kapenta fishery (Andrew Palfreman and Jarle Lovland, 1992). Participants from 

Mozambique also stated that this phenomenon was a major problem in the Cahora Bassa 

Kapenta Fishery. 
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The Group agreed that illegally traded catches on the lake at night could be as high as 

33 percent of the total catches declared by the industry. 

 

5.2 Results of the biological model 

The results of previous biological assessments done on the Kapenta resource were 

presented. These had been carried out within the framework of a SADC Fishery Project in 

the 90’s over the course of two scientific Working Groups held in 1992 and 1996. During 

these Working Groups, surplus production models were tested, however, the time series 

of data were not long enough (not enough data beyond F MSY available); and thus the 

results indicated that the yields were expected to increase with increased fishing effort. 

It was also mentioned at this time that recruitment overfishing was very unlikely. During 

the Working Group of 1996, a Thompson and Bell prediction model was used. The results 

of this model showed that the fishing effort in 1994 (107,000 nights fished) was still 

below the maximum of the yield curve, which was estimated at around 30,000 MT. 

More recent Kapenta stock assessments have been done using the surplus production 

models types Schaeffer and Fox (Mudenda H. G., 2010) and the maximum entropy 

model (Itai Hilary Tendaupenyu and al., 2009). The status of the Kapenta stock, based 

on the results of these works, is summarized in Table 1 below: 

Table 1. Summary of recent Kapenta stock assessments  

Author  Year  Model  Estimated 

MSY (MT) 

Estimated F 

MSY (nights 

fished) 

F cur Excess of 

fishing 

effort (%) 

Itai Hilary 

Tendaupenyu 

et al.  

2009 

 

Maximum 

entropy 

model 

25,372 109 731 150,332 27 

Mudenda H. G 2010 

 

Schaefer 23,525 108,109 160,491 32 

Mudenda H. G 2010 Fox 24,271 141,243 160,491 12 

 

The Maximum Sustainable Yield (MSY) in the Kapenta fishery ranges between 23,500 

and 25,400 MT per year. These figures are consistent with the previous assessments 

undertaken in 1992 and 1996 on the status of the stock using a yield per recruit model 

(Thompson and Bell Model).   

The effort corresponding to the MSY should be around 110,000 nights fished per year. 

The current level of fishing effort (170,000 nights fished in 2011) is much higher than 

that required to achieve MSY levels. The current yield of production only represents 83 

percent of the MSY (losses of catches). In 2010, the excess of fishing effort relative to 

the effort needed to achieve the MSY ranged between 12 percent and 27percent. This 

confirms an overall diagnosis of overexploitation of the Kapenta fishery (F Cur > F MSY). 
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The outputs of the biological part of the model are illustrated in Figures 5 and 6 below. 

Figure 5: Relationship between catch per unit of effort observed, catch per unit 

of effort calculated by the model and fishing effort 

 

 

The Fox model, developed on an Excel sheet, aims, with the help of a solver function, to 

minimize the gap between catch per unit effort observed and those calculated by the 

model. 

Figure 6: Relationship between yield and fishing effort 

 

 

 

 

 

 

 

 

 

 

 

 

 

For each level of fishing effort (the harvesting rate is calculated in number of nights 

fished), the biological model calculates the corresponding level of sustainable yield (Ye). 

The fishing effort is expressed by a multiplier of effort (X-axis). 
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The above figures show the two situations, the first uses catch and fishing effort data 

provided by fishing enterprises; the second uses adjusted catches (x 1.35) of the time 

series and the same level of fishing effort to take into account the illegal trade of 

Kapenta at night (estimated losses of an average of 35 percent of the production per rig, 

per night). 

The diagnosis of the status of the Kapenta stock is summarized in Table 2 below. 

Table 2. Diagnosis of the status of the Kapenta stock in Lake Kariba in 2011. 

Model and  

Data 

Estimated 

MSY (MT) 

Estimated f 

MSY (nights 

fished) 

F cur Excess of 

fishing 

effort (%) 

Cur Y/MSY 

Fox (time series 

N°2) 22,585 118,270 196,450 40 0,809 

Fox (time series 

N°2 + 

corrected for 

illegal trading) 

30,490 116,538 196,450 40 0,809 

 

Assuming that the illegal trading of Kapenta that takes place on the lake at night 

accounts for approximately 35 percent of rig catches, the status of the fishery is as 

follows: 

♥ The MSY for the Kapenta fishery is around 30,000 MT. It should be underlined that 

this value should be considered an average estimate. It is based on the assumption 

made concerning the level of illegal Kapenta trading. It can be assumed that the 

MSY probably ranges between 25,000 and 30,000 MT. These figures are consistent 

with the previous assessments (1992, 1996, 2009, and 2010). 

♥ The effort corresponding to the MSY is around 116,000 nights fished per year. This 

value of fishing effort corresponds to approximately 430 rigs; 

♥ The current yield of production represents 81 percent of the MSY (loss of potential 

catches); 

♥ The current level of fishing effort (196 500 night fished in 2011) is much higher 

than that required to achieve the MSY (F Cur > F MSY); 

♥ The excess of fishing effort relative to the effort required to achieve the MSY is 

approximately 40 percent. This confirms that the Kapenta resource is being over 

exploited. 

The Working Group also discussed environmental issues, in particular the impact of 

environmental factors on resource productivity. It was pointed out that some work had 

already been done on this during the 1996 SADC Fishery Project Working Group. Various 

scientific references also exist on the impact of environmental factors on the productivity 

of Kapenta in Lake Kariba (Ndebele-Murisa, et Al. 2011). 
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Various historical statistical data from the Zambezi River Authority and the Zimbabwean 

Department of Meteorological Services were analysed to assess the level of correlation 

between environmental factors and the CPUE and catches of Kapenta (see Report on the 

Bioeconomic Modelling of Kapenta Fisheries on Lake Kariba by Kinadjian Lionel, Mwula 

Charles, Nyikahadzoi Kefasi & Songore Newman, 2014.). The lake’s hydrology (water 

level), rainfall, as well as maximum temperature (Ndebele-Murisa et Al. 2011), seem to 

have the most influence on Kapenta catches. 

It was pointed out that the equilibrium curves obtained (and the respective values of 

MSY or F MSY) must therefore be interpreted as average values corresponding to 

average environmental conditions. Inter-annual environmental variability, may lead to a 

natural variability of biomass and catches around the equilibrium curves. 

Variants of the Fox model have been developed (Freon, 1991) to test the effects of the 

environment. A more detailed statistical analysis, based on an updated statistical series 

of environmental parameters monitored by the Zambezi River Authority and the 

Zimbabwean Department of Meteorological Services would probably allow the 

development of this type of model in the future by identifying an environmental index 

and its relationship with Kapenta production. Such a model would enable outputs to be 

defined on several production curves that take into account environmental factors (e.g. 

good, average or bad years). This could be done in the same manner as the estimation 

of yield curves taking into account the illegal trade of Kapenta at night. 

Environmental factors are mostly exogenous factors on which it is difficult to intervene, 

however, they do increase risk. It is therefore important that fishery management 

systems do not put the industry in situations of high risk (e.g. overfishing) that could 

worsen when faced with unfavourable climate conditions. 

 

6. Results of the economic survey 

Most of the previous work carried out on the Kapenta fishery has concluded that this 

fishery is mainly driven by economic considerations, in particular the profitability of 

fishing vessels. However, despite the importance of the economic dimension of the 

management of this fishery, very few economic data are collected on a regular basis. 

Partial data on costs and prices are available in some technical reports, but these data 

are not recent or updated. Little economic data is routinely collected on ex-vessel prices 

and very little regular monitoring is being done on production costs and the profitability 

of fishing units. 

In order to develop a bioeconomic model of the Kapenta fishery, it was necessary to 

conduct an economic survey in both countries with the support of the IOC-SmartFish 

Project through its FAO component on management. 
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A questionnaire was designed for this purpose (see Report on the Bioeconomic Modelling 

of Kapenta Fisheries on Lake Kariba SF/FAO/2014/22) and two national consultants were 

hired to undertake this economic survey: Mr Kefasi Nyikahadzoi, Senior Lecturer, 

(Economist) Centre for Applied Social Sciences, University of Zimbabwe and Mr Charles 

Mwula, Principal Planner, (Economist) Ministry of Agriculture & Livestock, in Zambia. Mr 

Newman Songore, an FAO Fishery Officer, also participated in this economic survey with 

Mr Nyikahadzoi in Zimbabwe. 

 

6.1 Economic aspects of the Kapenta fishery  

The Working Group was given general information about fleet structure and the 

harvesting operations that are useful to consider as part of a bioeconomic modelling 

exercise. This information was mainly collected during the 2011 Frame Survey that was 

carried out in both countries and during the economic survey that was done in the first 

quarter of 2013. These two activities were supported by the FAO. 

Even though differences exist in harvesting operations (number of employees, 

mechanization, use of fish finders, etc.), the Frame Survey revealed that the Kapenta 

fleet on the lake is largely homogeneous. It mainly consists of rigs with more or less the 

same characteristics in both countries: 97 percent pontoon type rigs and 3 percent 

mono-hull rigs. 

The evolution of the CPUE of the two fleets shows that the performances of the rigs tend 

to be similar in both countries (see Figure 7). This was not the case at the beginning of 

the fishery where the CPUE in Zimbabwe was almost four times higher than that of 

Zambia. 

Figure 7: Evolution of the CPUE in the Kapenta fishery in Zambia and Zimbabwe  

 
 
 

 
 
 
 
 
 
 

 
 
 
 

 
 

 
 
 
 
Zimbabwe (Lake Kariba Fisheries Research Institute), Zambia (Department of Fisheries).  
In 2007, the CPUE in the statistical time series in Zambia recorded was higher (0,302). This was 
not consistent and the Working Group decided to adjust this value with the mobile average (0,165) 

See section 5.1 Biological models, available data for the Kapenta fishery and model choice 
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Based on these observations, it was found that fishing effort in the Kapenta fishery is 

relatively standardized, compared to other fisheries where it is possible to have a huge 

difference between the different harvesting systems targeting the same fish resource 

(e.g. small canoes versus industrial trawlers). 

A total of 912 rigs were recorded to be operating on the lake (281 in Zimbabwe and 631 

in Zambia) during the 2011 Frame Survey. The division of these fishing capacities per 

fishing area (Basin in Zimbabwe and Stratum in Zambia) is also known. In Zimbabwe, 

most of the fleet can be found in Basin 1 (37 percent) and in Zambia, Stratum 2 is the 

most popular area (55 percent). This geographical division of fishing capacities enables 

an average weighted cost to be calculated for the whole lake using the costs estimates 

per fishing area carried out during the Economic Survey. 

The trajectory of the Kapenta fishery is characterized by a strong increase in fishing 

capacities over the last 10 years (see Figure 8). The fishing effort, measured in terms of 

nights fished, has regularly increased since harvesting started in Zimbabwe in the mid 

70's. Fishing effort stabilized in the early 90's (at around 130,000 nights fished per 

year). There were even two periods where fishing effort decreased, in 1998 and then in 

2003 until 2007. Since then, however, fishing effort has dramatically increased every 

year. 

Figure 8: Evolution of fishing capacities and fishing effort in the Kapenta 

fishery, Zambia and Zimbabwe  

 

 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 

Zimbabwe (Lake Kariba Fisheries Research Institute), Zambia (Department of Fisheries). 
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The average investment costs and depreciation were estimated during the 2013 

economic survey. The table 3 below summarizes the amounts estimated of the 

equipment needed to operate a full equipped rig in Zambia or in Zimbabwe. 

Table 3. Estimated investment costs in the Kapenta Fishery 

Investment Costs (US $) 

Country Hull + 

Engine 

Hull + Engine 

+ Generator 

Hull + Engine + 

Generator + Gear 

Hull + Engine + 

Generator + Gear 

+ Drying racks 

Zimbabwe 13,492 14,647 16,289 18,556 

Zambia 12,611 14,291 14,970 15,513 

Economic Survey, 2013 

 

It appears that the cost of building a rig is higher in Zimbabwe than in Zambia. 

Moreover, there are two different investment strategies: 

♥ Some operators prefer a more costly investment (hull and engine between US 

$20,000 and US $25 000), depreciation 10 years; 

♥ Others prefer to minimize their investment (between US $10,000 and US $15,000 

for a hull with engine) with a shorter depreciation period of 5 years. 

These two strategies are almost similar in terms of depreciation costs (US $2,000 to US 

$3,000 per rig, per year). 

With regard to the revenues of the Kapenta fishery, it was noted that the fishery is 

mono-specific (one single-target species). The results of the Economic Survey confirm 

that levels of bycatch are very low. Whatever bycatch there is, is kept by the crew, and 

is not sold (see Figures 9 and 10). Thus, the value of the production of the fishery is 

mainly the value of Kapenta sales. 

Figure 9: and Figure 10: Estimate and use of bycatches in the Kapenta fishery  

 

 

Economic survey, 2013 
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The nature of operating costs and their structure were estimated in previous economic 

assessments of the Kapenta fishery (Horemans, B. and Hoekstra, 1992 and Andrew 

Palfreman and Jarle Lovland, 1992). The details of estimates that were done during the 

2013 Economic Survey is given in sections 6.2 and 6.3 below, and can also be found in 

the Report on the Bioeconomic Modelling of Kapenta Fisheries on Lake Kariba by 

Kinadjian Lionel, Mwula Charles, Nyikahadzoi Kefasi & Songore Newman, 2014. Of the 

various cost items identified in a standard operating account of one rig, three were 

difficult to assess during the last Economic Survey: taxes (import, property, etc.), 

financial interests and management costs.  

From the results of the last Economic Survey, it appears that the cost structure has 

changed significantly since the economic assessment of the Kapenta fishery conducted in 

the early 90’s. In the 90’s, fixed costs represented approximately 52 percent of the total 

costs. Today, these costs only account for 25 percent in Zimbabwe and 18 percent in 

Zambia. In the 90’s, fuel represented 10 percent of a rig’s total cost and wages 

represented 19 percent. In 2013, fuel costs represent 38 percent of total costs in Zambia 

and 40 percent in Zimbabwe; wages account for 25 percent of total costs in both 

Zimbabwe and Zambia. 

 

6.2 Results of the economic survey in Zambia 

The Working Group participants were presented with the background, purpose and 

objectives of the Economic Survey. They were informed that this bioeconomic analysis 

was a recommendation of the Fourth Technical Consultation for the development and 

management of the fisheries of Lake Kariba, aimed at estimating the levels of fishing 

effort that would yield optimum economic rent to the Kapenta fishery.  

The materials and methods used to conduct the survey were presented in detail and 

included the sampling plan, the field mission to interview the fishing companies with the 

support of the producer organisations, and the use of preformatted Excel spread sheets 

for data entry and analysis. A total of 22 companies, representing around 20 percent of 

the Zambian fishing companies, were interviewed. This survey also involved 128 of the 

631 rigs recorded in Zambia during the 2011 Frame Survey (20 percent).  

The evolution of the average CPUE for all strata in Zambia shows a downward trend in 

tandem with the average CPUE of the national statistics (see Figure 11). The biggest 

drop is in Stratum III where the CPUE is also higher than in the other strata. 



 Report of the Technical Group Meeting on Bioeconomic Modelling of the Kapenta Fisheries in Lake Kariba 30 

 

Figure 11: Evolution of CPUE in Zambia in the different strata 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With regard to the evolution of the pricing of Kapenta in Zambia, there was a sharp 

increase in the average price of dried Kapenta for all strata from ZMK 20,000 in 2009 to 

ZMK 38,000 in 2011 (+90 percent). The average price of Kapenta per kg is more or less 

homogenous in Stratum I, IV and III but slightly lower in Stratum II. 

 

Figure 12: Evolution of prices of dried Kapenta per stratum in Zimbabwe  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The participants were then presented with detailed results of the assessment of the 

different variables and fixed costs for the different strata. The Report on the Bioeconomic 

Modelling of Kapenta Fisheries on Lake Kariba (Kinadjian Lionel, Mwula Charles, 

Nyikahadzoi Kefasi & Songore Newman, 2014) provides a more detailed analysis for 

each cost item (variable and fixed), as well as a comparative study between the two 

countries.  

 

Table 4 below summarizes the evolution of the different types of average costs in the 

different strata in Zambia in ZMK and US$.  
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Table 4. Costs per night fished per stratum in Zambia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable costs in Stratum I appear to be slightly lower than those of the other strata. The 

same is true for fixed costs in Stratum III (about two times lower than those of the other 

strata). However, on the whole, the costs are relatively homogeneous across the 

different strata. The cost of one night fishing in Zambia ranges between US $98 and US 

$119, giving an average of US $109 per night fished. 

Variable costs represent the majority of the total operating costs of the rigs (an average 

81 percent). Of the variable costs, two items account for more than 63 percent of the 

total costs: fuel/lubricants and wages. 

The fixed costs are very low for all strata. Of the fixed costs, depreciation accounts for 

more than 87 percent. Licence fees and management costs are marginal, only 

representing 1.4 percent and 1 percent respectively of the total costs. The majority of 

survey respondents (82 percent) stated that they paid licence fees once before the start 

of the fishing season. 

Concerning the source of capital used for investment in the fishery, survey respondents 

in Zambia indicated that their own funds were the major source of capital for investment 

(91 percent). This is consistent with the fact that financial interests are almost zero in 

the operating accounts of the rigs. 
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Figure 13 below gives a representation of the costs according to the size of the fishing 

company (number of rigs owned).  

Figure 13: Average cost per night fished/rig in Zambia according to the size of 

the fishing enterprise  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Zambia, the average cost per night fished per rig does not seem to depend on how 

many rigs a company owns: the average cost is more or less the same for all operators. 

The main constraints encountered during the survey were time constraints and poor 

record keeping on the part of the fishing companies. Most respondents could not give 

accurate data on production costs and sales of Kapenta. Due to this poor record keeping, 

it was also difficult to collect data on catches and fish trade from other independent 

sources (e.g. Councils). 

The main gap concerned estimates of investment costs. Some Kapenta operators could 

not recall the investment costs of their business: as a result, investment costs are not 

accurate. 

It was recommended that data on production costs and prices be collected on a regular 

basis. For this to happen, there is a need to strengthen partnerships between the 

industry and the Department of Fisheries. 

 

6.3 Results of the economic survey in Zimbabwe 

The Working Group participants were given the overall context of the economic survey 

that took place in Zimbabwe. The shared nature of the Kapenta fishery was raised along 

with the need for management to conduct regular economic and social assessments of 

the fishery given the constant evolution of social and economic environments in both 

countries.  
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The materials and methods used for the survey were presented and discussed. Initially, 

the plan was to use random data collection techniques/methods; however previous 

experiences showed that this does not always work out as intended. Thus, a self-

administered survey tool was used.  

The sampling plan initially targeted 25 percent of the population. However, some of the 

big companies were reluctant to participate in the survey and others were inaccessible 

by road. A couple of well known companies had also closed down. Due to these 

constraints, only 20 percent of the population was sampled, and only a few big 

companies were interviewed (companies with more than 10 rigs). 

All the data captured was put into the same preformatted Excel spread sheet for 

analysis. The participants were given a detailed description of the statistics generated by 

the Excel spread sheet for each CPUE and the different cost items (variable and fixed). 

The Report on the Bioeconomic Modelling of Kapenta Fisheries on Lake Kariba (Kinadjian 

Lionel, Mwula Charles, Nyikahadzoi Kefasi & Songore Newman, 2014) provides a more 

detailed analysis of this economic information, as well as a comparative study between 

the two countries. 

All the fishing companies that took part in the Economic Survey reported a downward 

trend in CPUE between 2009 and 2011. The biggest drop in CPUE is in Basin 4. These 

trends, recorded in the different basins at the company level, are consistent with the 

trends observed in the national statistics (see Figure 14). 

Figure 14: Evolution of CPUE in Zimbabwe in the different basins 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The price of Kapenta goes up between 2009 and 2011. Basin 3 recorded the highest 

prices for fish, however fish prices started to go down in Basin 3 in 2010. Basin 1 has the 

lowest price of Kapenta per kg (see Figure 15). The average price of Kapenta ranges 

between US $4 per kg in Basin 1 to US $6 per kg in basin 3. Basin 1 has the lowest 

average price of Kapenta per kg. 
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Figure 15: Evolution of current prices of dried Kapenta per basin in Zimbabwe  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 below summarizes the evolution of the different type of average costs across the 

different basins in Zimbabwe in US$. 

Table 5. Costs per night fished per basin in Zimbabwe  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fuel & lubricants and wages represent the largest share of operating costs for fishing 

enterprises in all Basins (an average of 66 percent of the cost of one night fished). These 

two cost items are relatively homogeneous across all basins, even if the cost of fuel is 

higher in Basins 3 and 5 and the cost of labour is higher in Basin 1. 

Depreciation and management costs represent the largest share of fixed costs. Whilst 

depreciation costs are homogeneous for all basins (an average of US $12 per night 

fished); management costs vary greatly from one basin to another, ranging from  

between US $10 and US $29 per rig per night fished.  

Estimates of taxes and financial interest costs were zero. Concerning financial interests, 

it should be noted that most of the companies interviewed (56 percent) used their own 

capital for start up. Only 17 percent of the companies borrowed money from the bank 

and most these companies have since paid back their loans. 
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Licence fees represent approximately 5 percent of the costs of one night fished. Sixty-

three percent of the operators pay their licence fees on a quarterly basis, the remaining 

37 percent pay before the start of the fishing season. 

The variability of costs due to economies of scale was presented to the Working Group 

and is summarized in Figure 16 below. 

Figure 16: Average cost per night fished/rig in Zimbabwe according to the size 

of the fishing enterprise  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of the variability of costs according to the size of the enterprise showed that 

there is very little difference in cost based on the number of rigs owned (on average 

costs are the same for companies with 2, 3, 4 or 7 rigs). The situation of companies with 

11 rigs does not appear to be normal. As previously mentioned, only large company was 

interviewed and, therefore the results might be not representative. Figure 16 also shows 

that the fixed costs represent a small proportion of the total costs and variable 

(operating) costs represent a huge proportion of the total costs. 

The Working Group received feedback from the industry concerning the trajectory of the 

Kapenta fishery. According to the industry, key events that have affected the Kapenta 

fishery in the recent past include:  

♥ Trans-boundary poaching; 

♥ The introduction and subsequent colonization of cray fish; 

♥ Pilferage of Kapenta by crew; 

♥ An increase in the number of companies using spare rigs to fish;  

♥ Climate change: cold seasons are longer than before;  

♥ Poor enforcement of management regulations. 
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The main constraints encountered and gaps that were identified during the Economic 

Survey include: 

♥ The fact that many companies do not keep records of their transactions and 

financial statements; 

♥ Most of the figures used are based on informed estimates; 

♥ Companies’ ownership structures change rapidly thus getting cost estimates and 

catch and effort statistics from one company over a specific period of time very 

difficult. 

The need to factor in transport and marketing costs in the future was also identified, as 

these are also very important elements that will help with the development of the 

fishery. 

As a conclusion and a way forward, the importance of giving feedback on the process 

and outcome of the bioeconomic workshop to the Kapenta operators through their 

associations was highlighted. This will help build trust between the operators and 

researchers. In turn, such trust will help ensure that operators continue to provide 

reliable biological and economic data necessary for monitoring the biological, economic 

and bioeconomic performance of the fishery. 

 

6.4 Economic modelling of the Kapenta fishery 

6.4.1 Prices and demand 

The economic analysis of prices and demand was relatively modest due to limited 

economic data on prices and demand. In fact, as there is no regular collection of 

statistics on ex-vessel prices it was not possible to draw up a time series. Therefore the 

information used for the modelling was essentially based on the results of the Economic 

Survey, 2013 (see Table 6) that provide estimates of annual prices for the main landing 

sites (Basin/Stratum). 

It is known that the fishery is seasonal with two major production peaks and that the 

quantity of landed catches has an effect on both price and demand. However, prices 

usually remain relatively constant for long periods of time (no daily variation). The size 

of Kapenta does not affect the price. The industry indicated that Kapenta bought illegally 

on the lake at night is usually sold at a lower price: this affects pricing on the market 

and its organization. Finally, the evolution of prices is also influenced by inflation. 
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Table 6. Estimates of ex-vessel prices of Kapenta, Zambia and Zimbabwe 

Zambia 2009 2010 2011 

Price ZMK/kg (Dry) 21,669.61 26,941.65 34,172.33 
Price US$/kg (Dry) 4.29 5.62 7.03 

Price US$/KG (Wet) 1.07 1.40 1.76 

Quantity (kg) 9,216 7,821 8,965 

 

Zimbabwe 2009 2010 2011 

Price US$/kg (Dry) 4.4350 4.7650 4.9131 

Price US$/kg (Wet) 1.48 1.59 1.64 

Quantity (kg) 9,728 9,547 9,305 

 

 2009 2010 2011 

Weighted average price 

(Wet) 
1.28 1.51 1.70 

Weighted average price 

(Dry) 
3.84 4.52 5.09 

Kefasi Nyikahadzoi, Newman Songore and Charles Mwula, Economic Survey 2013 

 

Known prices correspond to dried Kapenta, which is usually sold by the harvesters in 20 

kg bags. To estimate the ex-vessel prices of fresh fish, a ratio of 3 is usually used in 

Zimbabwe; this ratio is 4 in Zambia (as Kapenta is not salted in Zambia). Thus ex-vessel 

prices were obtained by dividing the price of dried Kapenta by 3 in Zimbabwe and by 4 in 

Zambia. 

In the absence of a specific time series for ex-vessel prices and detailed knowledge 

concerning the main factors determining demand (price of products, price of product 

substitutes, consumer income and purchasing power, seasons, marketing, etc.), it was 

not possible to develop a detailed model of demand in the bioeconomic model. More in-

depth investigations and research on the Kapenta value chain are necessary to better 

understand the determining factors of the market. 

However, a sensitivity analysis can be done with the model by taking into account 

different types of input prices: minimum price, maximum price, average price, current 

price, or projected price based on recent pricing trends. This enables the impact of price 

variations on the economic performance of the fishery and fishing enterprises to be 

explored. The weighted average price of fresh Kapenta was used as the price input for 

the model: 

 
Catches ZIMB year(n) X average Prices ZIMB year(n) + Catches ZAMB year(n) X average Prices ZAMB year (n) 

Catches ZIMB year(n) + Catches ZAMB year(n) 
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6.4.2 Costs 

The nature and structure of production and investment costs in the Kapenta fishery are 

given in several documents: Economic Assessment of the Kapenta Fishery (Horemans, B. 

and Hoekstra, 1992 and Andrew Palfreman and Jarle Lovland, 1992) and in bioeconomic 

modelling works (1992, 1997, 2003). The 2013 Economic Survey aimed to estimate 

each of these costs, namely: 

Variable costs: 

♥ Fuel & lubrication;  

♥ Repairs & maintenance; 

♥ Supplies; 

♥ Wages; 

♥ Taxes (import, property). 

Fixed costs: 

♥ Depreciation;  

♥ Interest; 

♥ Insurance; 

♥ Licence fees; 

♥ Administration salaries, administration supplies, (management costs). 

Investment costs: 

♥ Boat/rig including hull, engine (drive unit), generator for lighting, fishing gear (dip 

nets); 

♥ Drying racks. 

Fishing effort is expressed in terms of the number of nights fished. Thus, the economic 

entry of the model is the cost per unit of effort (night fished). This cost was estimated in 

the Economic Survey. The year of reference was 2011. 

The average estimated number of nights fished per rig per month was 22 in Zambia and 

24 in Zimbabwe. This result was the same for all fishing areas in both countries.  

Tables 7 and 8 provide an overview of estimated costs for a night fished, as well as 

estimates of the daily operating account of a rig in Zambia and Zimbabwe in US $. 
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Table 7. Daily operating account for rigs in Zimbabwe (US$), 2011 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the results of the Economic Survey, 2013 

Value added as a percentage of sales was an estimated average of 43 percent for the 

Zimbabwean fishery. This percentage seems abnormally low, especially in Basin 4 (26 

percent). Previous economic assessments of the Kapenta fishery (Horemans, B. and 

Hoekstra, 1992) estimated the value added in Zimbabwean Kapenta fishery at an 

average of 55.7 percent. 

Table 8. Daily operating account for rigs in Zambia (US$), 2011 
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The calculation of value added as a percentage of sales gave an average of 66 percent in 

2011 in Zambia. This value is consistent with previous economic assessments of the 

fishery (Horemans, B. and Hoekstra, 1992). 

The most striking facts concerning the operating accounts of the two countries are: 

♥ The level of sales per rig, per night fished is much higher in Zambia than 

Zimbabwe. This is essentially due to the price, which was an average of 43 percent 

higher in Zambia than Zimbabwe in 2011; 

♥ The level of production of dried fish (and CPUE) per night fished is almost the same 

in both countries, thus the technical efficiency of the two fleets appears to be 

similar. This was not the case at the beginning of the fishery in the late 80’s, early 

90’s. This result at the micro level of the fishing enterprises interviewed is also 

confirmed at the macro level of the fishery (analysis of the CPUE trend); 

♥ In both countries, fuel and wages represent a large proportion of the total costs 

(more than 60 percent); 

♥ The total cost per unit of effort seems to be higher in Zimbabwe than Zambia by an 

average of 23 percent (US $142 per night fished in Zimbabwe versus US $109 in 

Zambia). Consequently, the economic performance of the Zimbabwean fleet is 

lower than that of Zambia. In 2011, Zimbabwean the majority of fishing 

enterprises made losses (except those in Basin 4). 

In order to take into account the differences of CPUE between the two fleets, an average 

weighted cost was calculated based on the following formula: 

∑ (Number Rigs Basin i X CPUE Basin i) + ∑ (Number Rig Stratum i X CPUE Stratum i) 

Number Rigs Zimbabwe + Number of Rigs Zambia 

 

Number of rigs = Frame Survey, 2011  
CPUE = Economic Survey, 2013 

This formula gives an average weighted cost of US $122.24 per night fished per rig. 

In order to assess the total costs per rig, an estimate of the ‘normal profit’ was made. 

Indeed, for a company to survive it is essential that it makes a return on its capital. 

From an economic point of view, normal profit is considered a cost, alongside employee 

salaries that must be paid by the company. Estimates of normal profit were based on 

answers collected during a field mission in November 2012, the 2013 Economic Survey, 

(Question: Expected rate of profitability of the invested capital in percent?) and the 

formula below: 

Profitability of capital invested =      Normal Profit (Net profit) 

          Amount of investment 

The estimates of profitability of capital invested (opportunity cost of capital) were 31 

percent in Zimbabwe and 44 percent in Zambia. 
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Capital investments (fully equipped rig and drying racks) were estimated at US $18,556 

in Zimbabwe and US $15,515 in Zambia. 

Thus, the annual normal profit was an estimated:  

♥ US $5,752 in Zimbabwe (approx. US $20 per night fished) 

♥ US $6,826 in Zambia (approx. US $26 per night fished) 

A weighted normal profit was calculated, based on the repartition of the rigs between the 

two riparian countries (Frame Survey, 2011), giving an estimated US $24 per night 

fished. 

Therefore the average total cost taken as an input for the economic model is: US 

$142,27 per night fished per rig (US $122,24 + US $24). 

The bioeconomic model allows the rent of the Kapenta fishery to be calculated for 

different levels of fishing effort. This resource rent is defined as a surplus value, i.e. the 

difference between the price at which a resource can be sold (total revenue of the 

fishery) and its respective extraction or production costs, including normal profit. 

Reasons to collect resource rent include ensuring a return to the owner of a resource, 

avoiding inefficient allocation, and achieving ethical objectives (e.g. covering the 

management costs of the fishery). In the Kapenta fishery part of the resource rent is 

extracted by the Zimbabwean and Zambian Governments by means of licence fees. The 

annual licence fees differ for the two riparian countries: US $1,500 per licence/boat in 

Zimbabwe and approx. US $400 licence/boat in Zambia. 

 

7. Situation in 2013 and hypothetical scenarios  

The bioeconomic model that was developed, enables results for different management 

targets (MEY, MSY, other scenarios, etc.) to be obtained both at the macro level of the 

fishery, and at the micro level of the fishing companies (rigs). 

As outputs, the model enables different levels of fishing effort to be calculated together 

with a set of indicators for the Kapenta fishery: 

♥ At the macro level of the fishery: Production (Ye); Total revenue (sales of Kapenta 

or turnover); Total cost; Value added in the costs; Rent (super profit of the 

producers); Total value added (value added in costs and rent); Number of rigs; 

Volume of employment (crew and processors); 

♥ At micro level of the fishing business (rig): Production/rig/year; CPUE/night fished; 

Turnover/rig/year; Value added/rig/year; Rent per night fished/rig. 
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Several situations were simulated and discussed by the Working Group with support of 

the bioeconomic model including:  

♥ The situation in 2013; 

♥ Projected situation in 2015, based on a status quo of the management situation 

(fishing effort continues to grow at the same rate as the past 10 years); 

♥ The freezing of fishing licences (limited number of vessels) and prevention of the 

illegal trading of Kapenta on the lake at night; 

♥ The application of the protocol with a fishing effort ratio at the current Zambian 

fishing effort level; 

♥ The application of the protocol with a fishing effort ratio at current Zimbabwean 

fishing effort; 

♥ Back to a situation of 500 rigs and stopping the prevention of the illegal trading of 

Kapenta on the lake at night by 2023. 

 

7.1 Situation in 2013 

The situation of the Kapenta fishery at both the fishery level and the rig level are 

summarized in Table 9 below. 

Table 9. Situation at fishery and rig levels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The fishing effort for the situation in 2013, F Cur = 275,000 nights fished (the equivalent 

of 1,016 rigs), is beyond the fishing effort needed to harvest the Kapenta resource at the 

Maximum Sustainable Yield (MSY), which is F MSY = 119,000 nights fished (the 

equivalent of 437 rigs). This confirms that the Kapenta fishery is being overexploited. 

The excess of fishing effort relative to the fishing effort at MSY is approximately 100 

percent.  
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The sustainable production of the fishery is currently less (13,757 MT) than what it could 

be (22,500 MT) with less fishing effort. This negatively affects the role that the Kapenta 

fishery could play in terms of food security in the two countries. 

With regard to wealth creation, the fishery is currently generating value added in terms 

of costs of about US $20 million per year, but the rent of the fishery is negative (US $12 

million per year). Thus, the total value added (value added in terms of cost + rent) is 

only US $8 million per year. In comparison, at the level of maximum of sustainable 

production, the potential wealth creation of the Kapenta fishery is approx. US $37.7 

million per year (US $29 million rent + US $8.7 million value added in terms of costs), 

as shown in Figure 17 below.  

It is important not to lose sight of the potential rent that this fishery is likely to generate 

through an economically rational exploitation, that is also biologically sustainable 

(sustainable adjustment of fishing capacity - number of rigs - related to the availability 

of the Kapenta resource). The sustainable realisation of this rent and a fair redistribution 

between all economic actors (contractors, employees, States, Districts, etc.) could 

contribute considerably to the economic development of both countries. 

Figure 17: Bioeconomic model of the Kapenta fishery (situation in 2013) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The situation, in terms of employment, is also far from optimal. The bioeconomic model 

(Figure 17) indicates that the number of employees in the fishery (crew and processing 

workers on land) is at its maximum, which is slightly beyond the MSY, and corresponds 

to a fishing effort of 136,200 nights fished (the equivalent of 503 rigs). If fishing effort is 

increased to 334,000 nights fished; then the total value added of the fishery becomes 

negative. 
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In such a situation, it is not possible to pay the salaries of both the crew and processors. 

The situation in 2013 shows a loss of 3,690 employees (crew and processors) compared 

with the situation at MSY. This loss only concerns the processors. The creation of 1,995 

on-board employees between the situation at MSY and the situation of 2013, should 

however be put in parallel with the loss of US $41 million in terms of rent (i.e. this 

represents a cost of US $20,500 per employment opportunity that has been created on 

the rigs). If this annual rent loss had been correctly invested in the economy, it could 

have generated 20,800 jobs with the same average salary as crewmembers: 

approximately US $164/month/crew. 

At the rig level, the results of the bioeconomic model show that in 2013 the industry was 

not in a position to generate a normal profit and that fishing companies were 

experiencing net losses. Clearly, this situation is not sustainable in the long term. Such 

as situation puts the industry in a very vulnerable position regarding uncontrollable 

exogenous factors that could cause an increase in costs (such as increased fuel prices) 

or cause a decrease in productivity (climatic factors such as rainfall or rising 

temperatures). 

The Working Group discussed and validated these quantitative results. Stakeholders also 

provided some qualitative information confirming the overall economic situation of the 

fishery and fishing companies, such as: 

♥ Company bankruptcy, mostly in Zimbabwe; 

♥ Increased leasing of rigs; 

♥ Boat owners increasingly going out to sea to control illegal sales; 

♥ Recent increase in equipment theft from the rigs; 

♥ Waste of capital and investment (building of rigs) that could be used in other areas 

of the economy (dead or unproductive capital); 

♥ Poor maintenance of assets and difficulties to repair rigs when damaged (with 

security implications); 

♥ Saving costs to limit profit losses (including employment); 

♥ Late or non-payment of licences; 

♥ Discrepancies between licences issued and licences used because of economic 

conditions; 

♥ Low remuneration of labour; 

♥ Food security already affected: the price of Kapenta is already higher than the 

price of chicken but consumers with a low purchasing power still buy Kapenta as 

they can purchase and conserve small quantities (50 gr packets); 

♥ Increased diversification to remain in the industry and use of other activities’ 

profits to cover losses in the Kapenta fishery. 
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7.2 Scenarios 

7.2.1 Status quo (timeline 2015) 

In this scenario, no management decisions would be taken. The status quo for the 

situation in 2013 would remain i.e. fishing effort would increase following the same 

trends of the last four years and the illegal trade of Kapenta on the lake at night would 

remain the same (35 percent of a rig’s catch). 

Table 10. Scenario 1, Fishery level in 2015 

 

 

 

 

 

 

 

 

 

Figure 18: Scenario 1, Bioeconomic model 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11. Scenario 1, Rig level in 2015 
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According to the assumptions made, this scenario is not realistic. The status quo would 

lead to a situation where the total value added would become negative and it would not 

be possible to pay crews; fishing companies would not achieve a normal profit. The latter 

would suffer losses for every night fished. Such a situation is not sustainable. It would 

seem obvious that the Kapenta fishery would not reach this kind of situation as social 

repercussions (strikes, conflicts of use) would occur before. 

In such a scenario, in order to reach a state of equilibrium where the resource rent 

would be zero (Sales of Kapenta = Total Costs) and where companies would make at 

least the normal profit, the price of fresh Kapenta should reach a value of US $4.85/kg 

(approximately US $17/kg for dried fish), all other things being equal. 

 

7.2.2 Licences capped and illegal trading eliminated (time line 2015) 

The assumptions of this scenario are: 

♥ Licences are capped: A hold is put on fishing capacity (number of rigs) by freezing 

licence allocation at the 2013 level; 

♥ Illegal trading is eliminated: Use an input of time series of catches in the model x 

1.35 to take into account the estimated coefficient of 35 percent illegal trading at 

night on the lake and the same level of fishing effort; 

♥ Prices in 2015: Price projection based on the trend over the last 5 years: increasing 

at a slower rate; 

♥ Costs in 2015: Use a constant total cost (optimistic assumption); 

♥ IUU fishing does not increase. 

 

Table 12. Scenario 2, Fishery level in 2015 

 

 

 

 

 

 

 

 

 

In such a scenario the Kapenta fishery is at equilibrium when the resource rent is largely 

dissipated and when fishing enterprises are just making a normal profit. The wealth 

generated by the fishery is mainly value added in the cost = US $20.68 million. 

Compared with the situation at MSY, there is a loss of US$ 37.65 million per year for the 

economy of both countries due to overcapitalization and overfishing. Overfishing also has 

an impact on production with a loss of 11,900 MT per year compared to production at 

MSY. 
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Figure 19: Scenario 2, Bioeconomic model 2015 

 

 
 

Table 13. Scenario 2, Rig level in 2015 

 

 

 

 

 

 

 

 

 

The Working Group also raised the fact that in this scenario the industry would be in a 

precarious situation, highly dependent on external factors that could affect its 

profitability in the long term (e.g. evolution of prices and costs, impacts of climate 

change on the productivity of the Kapenta resource, etc.). 

Furthermore, the Group underlined the fact that the assumptions made for this scenario 

are highly optimistic, particularly the assumption that illegal trade at night is eliminated. 

Discussions amongst participants, and experience from the Cahora Basin Kapenta 

Fishery, emphasised that illegal trading is a very difficult problem to stop although 

appropriate mitigation measures can still be taken.   

The Group recognized that this scenario should not be target management objective. 
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7.2.3 Application of the protocol with a fishing effort ratio in line with current 

Zambian fishing effort (time line 2015); 

The assumptions of this scenario are: 

♥ Increased fishing capacity through an increased number of rigs in Zimbabwe 

according to the protocol: 719 licensed rigs in Zambia and 878 in Zimbabwe; 

♥ Capacity exists to eliminate 100 percent of illegal trading: use an input of time 

series of catches in the model x 1.35 to take into account the estimated coefficient 

of 35 percent illegal trading at night on the lake and the same level of fishing 

effort; 

♥ Prices in 2015: Price projection based on the trend over the last 5 years: increasing 

at a slower rate; 

♥ Costs in 2015: Use a constant total cost (optimistic assumption); 

♥ IUU fishing does not increase. 

Table 14. Scenario 3, Fishery level in 2015 

 

 

 

 

 

 

Figure 20: Scenario 3, Bioeconomic model 2015 
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Table 15. Scenario 3, Rig level in 2015 

 

 

 

 

 

 

 

 

 

The results of Scenario 3 are similar to those of the status quo scenario. An increase in 

the number of rigs up to 1,597, all things being equal, is not realistic. The total value 

added would be strongly negative as would be fishing company profits. The economic 

and social situation of the fishery in such a scenario would not be sustainable. 

 

7.2.4 Application of the protocol with a fishing effort ratio in line with current 

Zimbabwean fishing effort (time line 2015); 

The assumptions of this scenario are: 

♥ Decreased fishing capacity through a decrease in the number of Zambian rigs 

according to the protocol: 327 licensed rigs in Zambia and 400 in Zimbabwe; 

♥ Capacity exists to eliminate 100 percent of illegal trading: use an input of time 

series of catches in the model x 1.35 to take into account the estimated 

coefficient of 35 percent illegal trading at night on the lake and the same level of 

fishing effort; 

♥ Prices in 2015: Price projection based on the trend over the last 5 years: 

increasing at a slower rate; 

♥ Costs in 2015: Use a constant total cost (optimistic assumption); 

♥ IUU fishing does not increase. 

 

Table 16. Scenario 4, Fishery level in 2015 
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Figure 21: Scenario 4, Bioeconomic model 2015 

 

 
 

Table 17. Scenario 4, Rig level in 2015 

 

 

 

 

 

 

 

 

 

 

In Scenario 4, the rigs would number 727, which is approximately the same as the 

situation in 2011. Given the assumptions made on price and cost projections in 2015, 

the fishery would be able to generate an average annual rent of US $28.3 million. 

However, production losses would be approximately 4,500 MT per year due to 

overfishing. 

 

7.2.5 500 rigs and the illegal trading of Kapenta on the lake at night 

eliminated (time line 2023) 

The assumptions of this scenario are: 

♥ Illegal trading is eliminated: Use an input of time series of catches in the model x 

1.35 to take into account the estimated coefficient of 35 percent illegal trading at 

night on the lake and the same level of fishing effort; 

♥ Prices in 2015: Price projection based on the trend over the last 5 years: increasing 

at a slower rate; 

♥ Costs in 2015: Use a constant total cost (optimistic assumption); 
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♥ IUU fishing does not increase. 

♥ Reduction of fishing capacities: Return the overall fishing effort on the lake to 500 

rigs (approximately the MSY situation in 2008). Decrease fishing capacities through 

a decrease in the number of rigs in Zambia and Zimbabwe according to the 

protocol: 275 licensed rigs in Zimbabwe and 225 in Zambia. 

 

Table 18. Scenario 5, Fishery level in 2015 

 

 

 

 

 

 

 

 

 

Figure 22: Scenario 5, Bioeconomic model 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 19. Scenario 5, Rig level in 2015 

 

 

 

 

 

 

 

This scenario, recommended by participants at the technical meeting, corresponds to a 

situation close to MSY with a fishing effort allocation of 500 rigs. 
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Scenario 5 seeks to optimize production (an average of 30,000 MT per year), total 

employment in the fishery (around 11,800) as well as rent generated (an average of US 

$46 million per year). In such a situation, the fishing industry would be able to face 

various risks associated with price and cost variability and the natural variability of 

productivity of Kapenta, linked to environmental factors in particular. 

To implement this scenario, the management challenges to be addressed would be first, 

to reduce the fishing capacity and then, maintain them at the level of 500 rigs. A key 

issue would also be mitigation of the illegal trading at night on the lake.  

This scenario will require existing management systems (licence-based system) to be 

strengthened to develop win-win partnerships amongst the various stakeholders in the 

fishery. Lessons learnt from the experiences of Cahora Bassa Kapenta Fishery provide 

interesting guidance.  

Another key issue would be the equitable sharing of sustainable benefits from the 

Kapenta fishery, in particular those associated with the resource rent. 

 

7.3 Cahora Bassa experience   

The Cahora Bassa Dam was formed through the impoundment of the Zambezi River at 

the Cahora Bassa rapids, some 260 km downstream of the Kariba Dam. The Kapenta 

resource, which was introduced in the Lake Kariba in the late 60’s, has colonized the 

dam and a semi-industrial fishery similar to that of Lake Kariba is well established, and 

exploits the stocks of Limnothrissa miodon, locally known as Kapenta or Matemba. 

Research indicates that the Cahora Bassa fishery is much more productive than that of 

Lake Kariba. This is due to the sediment loads brought from the Luangwa River into 

Cahora Bassa Dam. The maximum sustainable yield of the fishery has been estimated at 

between 18,000 and 22,000 MT, however production has significantly fluctuated 

between 8,000 and 19,000 MT these last ten years due to adverse environmental 

conditions. This has also had an effect on the incidence of CPUE, which varies from 0,250 

to 0,375 MT per night fished. The optimum number of rigs to harvest the dam’s potential 

has been estimated at 180. Seasonal hydro acoustic surveys have been conducted since 

2014 to assess the Kapenta stock. Stock assessment models (yield per recruit models) 

are used to understand and monitor the dynamics of the stock. 

The Kapenta fishery is regulated through the Ministerial Act 106/2003. The management 

system is based on a licensing system. The total number of licences is fixed, by law, at 

250, which corresponds to 250 rigs (1 licence per rig). Currently, only 248 rigs operate 

on the lake. The number of licences (rigs) per company is limited to five. No 

additional/spare rigs are allowed. If a rig stops being used to fish for any reason for 

more than 15 days, it must be reported to the Fishery Department. A rig that stops 

fishing for more 6 months may lose its licence. Licences are renewed on a yearly basis. 

Licence fees are about US $800, and companies also have to pay an additional US $200 

in fees per rig per year to the Maritime Department. 
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Three Departments are involved in the licensing process: the Fishery Department, the 

Maritime Department, and the Health Department. Anyone who wants a licence must 

first apply to the Fishery Department for approval. If a licence is approved, then the 

applicant can start building a boat/rig.  

Once a rig is built, the Maritime Department will carry out an inspection to check the 

standard. If everything is fine, the Department will address a letter to the Fishery 

Department to confirm this. The Fishery Department will also conduct some checks with 

regard to fishing equipment and gears (mesh size of nets, etc.). If all conditions are met, 

a licence will be issued. 

The Health Department undertakes inspections twice a year (in January and October). 

These inspections concern the rigs, warehouses, and the health status of workers and 

their equipment (uniforms). If a company does not pass a health inspection, its licence 

will be suspended and the company has two weeks to fulfil its obligations. 

Fishing companies are required to submit their catch records per rig every 10 days. This 

can be done by email, sms or on paper, addressed to the Fishery Department. All 

records must indicate the rig and corresponding catches. The Department accepts a two-

day delay for record submissions, after this deadline, the company will receive a 

warning. The fine for not submitting catch records on time is US $1,000 per boat. If 

records are not submitted after a third warning, the Fishery Department will remove the 

licence. 

The main technical regulations of the Cahora Bassa Kapenta Fishery were inspired from 

the Lake Kariba management system of its Kapenta fishery. The rigs are not allowed to 

fish in shallow waters (less than 25 meters) or less than 500 meters from the shores. 

There is also a four-day fishing closure that corresponds with the lunar calendar (during 

the full moon period). Non-compliance with regulations is punishable by very high fines 

(e.g. US $2,000 if a rig operates less than 500 meters from the shore). 

As on Lake Kariba, one of the biggest problems of the fishery on Lake Cahora Bassa is 

canoes operating at night buying illegal Kapenta (thefts). The Fishery Department 

received a new boat from Japan to increase patrols on the lake to fight against illegal 

trading and IUU fishing. The army and the police are also involved in surveillance 

activities. Companies are not allowed carry out their own patrols. When illegally traded 

Kapenta is found the fish are given to the local population. It has been indicated that the 

theft of Kapenta can reach up to 40 percent of the volume of legal production. A lot of 

attention is given to this problem because it also affects prices (dry illegal Kapenta is 

sold at US $3 kg whilst the legal price is US $5 kg). To try and control this illegal trading, 

canoes are not allowed to be in the water from 6 pm to 6 am; this regulation was also 

put in place to avoid accidents with hippos and crocodiles on the lake at night. 

A traceability system has also been put in place. This system is mainly based on a letter 

delivered by the Kapenta Producers Organization to certify the origin of the products and 

their legality. 



 Report of the Technical Group Meeting on Bioeconomic Modelling of the Kapenta Fisheries in Lake Kariba 54 

 

At the same time, this procedure strengthens the role of the Kapenta Producers 

Organisation, as they are the only organisation able to issue this certificate/letter for 

each transaction. Certificates cost US $50 for non-members of the Kapenta Producers 

Organisation, and are free for members. The organisation’s annual membership fee is US 

$200; thus almost all companies (90 percent) are members. When checkpoint controls 

are carried out by the Health Department or the police, all non-certified Kapenta is 

confiscated, as well as any other cargo.  

With regard to market channels, it has been mentioned that fishing companies do not 

export, but a lot of customers from various backgrounds are buying Kapenta from 

Cahora Bassa (Zambians, Zimbabweans, Congolese, Malawians, etc.). Market pricing is 

free and there is currently no agreement amongst producers to standardise pricing, thus 

prices fluctuate a lot in accordance with supply and demand. 

Through the Producers Organisation, fishing companies are also involved in various 

programmes or projects to support lake communities including food, health and 

educational programmes. 

 

8. Recommendations of the Bioeconomic Working Group 

8.1 Recommendations from the industry 

Recommendations and statements from the industry are listed below as they were given 

during the meeting: 

♥ Associations are an important tool for the management of fishery resources: 

o The Fishery Department should facilitate and encourage the establishment of a 

single association that handles all fishery related issues; 

o No new licences should be issued in either country. The Fishery Department 

should send a list of registered operators to the for each zone or stratum in each 

country to the association; 

o The association could act as the eyes of the industry and report on any new rigs 

being built and non-compliance of regulation to the authorities; 

♥ If a licence is withdrawn for non-compliance of regulations, it should not be re-

issued; 

♥ All unlicensed vessels should be withdrawn/impounded; 

♥ All small non-Kapenta related vessels (dinghies, plank boats, etc.) should not be 

allowed in the Lake between 6pm and 6am as a way to reduce illegal Kapenta 

deals in compliance with the Inland Water Act; 

♥ All reports on non-compliance of regulations to be acted upon by relevant 

authorities and feed-back given to Associations as soon as possible; 



Objective Endorsed recommendations of the Bioeconomic Modelling Working Group 55 

 

♥ If fish is imported it must have proper documentation, and should also involve the 

association (endorsements, receipts, etc.); 

♥ All rig makers should be registered; 

♥ All Kapenta fishers should be affiliated with to local Kapenta associations; 

♥ Illegal fishers should be fined; 

♥ Associations should also receive monthly reports on Kapenta catches; 

♥ Local fisheries offices should be allowed to issue new licences. 

 

8.2 Recommendations from the administration and research 
bodies 

The recommendations and statements from the Administration and Research Working 

Group are listed below as they were given during the meeting: 

Recommendation A 

♥ There is need to find out the biomass of the Kapenta resource:  

o There is need to conduct a hydro-acoustic survey on the lake. Part of the work of 

training officers from Zambia and Zimbabwe on the use of hydro-acoustics as a 

sampling tool in fisheries has already been done with the help of FAO, 

SMARTFISH and IIP (Fisheries Research Institute in Mozambique);  

o The IIP has pledged to help with equipment to undertake a hydro-acoustic 

survey. 

Recommendation B 

♥ Given the lack of information on Kapenta fishing effort, a rig survey followed by a 

bioeconomic modelling exercise are required:  

o A proposal was made for a rig survey whose objective would be to take stock of 

all rigs on the lake; information collected would then be used to remove any 

illegal rigs. The Technical Committee agreed to meet again to come up with 

other modalities before sourcing support from cooperating partners such as FAO 

and IOC-SmartFish. The issue of licensed operators using spare rigs should also 

be stopped. 

Recommendation C 

♥ Revoking and non-renewal of licences for non-compliance of fisheries regulations: 

o The house was informed that on the Zimbabwean side of the lake, violations of 

fisheries regulation attract a US $2,200 fine and three violations of the same 

crew lead to the cancellation of the fishing licence; 

o A recommendation was put forward to retain part of the licence fees for 

operational purposes on the Zambian side of the lake. 
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Recommendation D 

♥ Sensitization of Kapenta operators on the importance of submitting accurate data 

and random checks should be carried out: 

o It is important to give Kapenta operators feedback in a simple and clear manner 

that is easily understood. 

Recommendation E 

♥ No new licences should be issued on either side (Zambia and Zimbabwe): 

o It was noted that it would be necessary to publicize this decision. 

Recommendation F 

♥ The Management Committee needs to write to the Vessels-Maritime Department 

(Zambia) & Lake Navigation and Control (Zimbabwe) to stop the licensing of any 

new fishing rigs: 

o In order to achieve this, the relevant ministries in both countries need to be 

consulted and the fate of all decommissioned fishing rigs needs to be 

established.  

Recommendation G 

♥ The replacement of old rigs with new ones should be monitored and the DOF and 

the ZPWMA should be made aware of the fate of the old rigs: 

o Decommissioning of old rigs whilst a new rig is commissioned. The old rig is to 

be permanently removed from operations.   

Recommendation I 

♥ Both Zambia and Zimbabwe are to make an effort to quantify the amount of 

Kapenta lost through pilferage: 

o There is need to do more to quantify losses of Kapenta through pilferage. 

Recommendation J 

♥ Zambia to reduce fishing effort: 

o It was noted that since Zambia had licensed a lot of Kapenta fishing licences 

fishing effort has increased: to reverse this situation it was recommended that 

the number of rigs per licence or the number of licenses per company be 

reduced. 
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9. Recommendations of the Bioeconomic Technical 

Working Group endorsed at the decision-makers 

meeting 

9.1 Recommendations endorsed 

The Technical Working Group submitted the following recommendations that were 

discussed and approved at the decision-makers meeting.  

The technical working group recommended the following long-term objective for the 

Kapenta fishery: 

Objective: Return to a level of sustainable production for food security that also secures 

the performance of the industry (MSY of 30,000 MT, maximum sustainable yield level). 

This objective corresponds approximately to the status of the fishery 5 years ago (2008). 

This objective corresponds to a level of fishing effort equivalent of 500 rigs. 

This objective is to be achieved in a maximum of ten years (2023). 

In accordance with the protocol, the number of licences will be legally capped at: 

(Sharing according to water surface area) 

♥ 55 percent or 275 rigs in Zimbabwe; 

♥ 45 percent or 225 rigs in Zambia. 

The Working Group recommends that the number of fishing units be frozen immediately. 

The Working Group recommends that fishing capacity is gradually decreased over 10 

years as following: 

♥ 13 rigs per year in Zimbabwe with an intermediate objective of 340 rigs in the 

fishery in 2018; 

♥ 50 rigs per year in Zambia, with an intermediate objective of 469 in 2018. 

These objectives should allow the fisheries to evolve from a global situation of negative 

fishing rent (US $-12 million) to a situation of positive rent (US $46.30 million), as 

shown in Table 20 below. At the rig level, the average net profit per rig per night fished 

should rise from US $-19 to US $359 as shown in Table 21.  

Table 20. Economic results at objective 2023, fishery level  
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Table 21. Economic results at objective 2023, rig level 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

9.2 Decision-makers’ discussions on the analysis of the situation 
in 2013 and recommendations  

Consensus on a common objective and related reference points did not come about 

without animated debates on various points.  

The exact number of rigs operating in the fishery in Zambia was discussed. This was 

raised due to a discrepancy in numbers between the Fishery Department and the 

number of rigs allowed by the Zambian Marine Authority. The need to strengthen 

cooperation between the Fishery Department and the Zambian Marine Authority to 

better harmonize administrative procedures to build and register new boats was 

underlined. It was recommended that immediate action should be taken to address this 

issue to stop any new entrants in the fishery. 

The reduction of fishing capacities and fishing effort over 10 years, as recommended by 

the participants at the technical meeting, was agreed by the industry. However, the 

industry in Zambia (Sinazongwe area) was in favour of a shorter period, or a higher 

number of vessels to be reduced per year (more than 50). It was suggested that illegal 

boats be removed immediately. According to the industry representative from the 

Sinazongwe area, the number of illegal boats (not registered) ranges between 200 and 

300 vessels, which represent 20 to 30 percent of the existing fishing capacities in the 

Kapenta fishery in Zambia. 

The way to implement this reduction of fishing capacities was also discussed at length 

with specific questions related to how it would affect individual operators. In particular, 

the issue of financial compensation, linked to the reduction of the number of vessels 

currently operating legally in the fishery, was raised. However, the meeting decided to 

discuss these questions further at a later stage of the decision-making process. 

With regard to the licensing system, the need to assess its operation, in particular, the 

existing procedures to identify the gap and the need to improve it were underlined as a 

priority. The representative of the IOC-SmartFish Progamme, Ms Bodiguel, mentioned 

that Zambia requested support from the Programme in this field and that an expert in 

licensing system was to come soon in Zambia under the MCS component of the project. 
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Having only one association representing the Kapenta industry was positively discussed. 

The experience of Mozambique, where there is only one Kapenta Producers Organization, 

has shown that appropriate incentives can achieve goals and strengthen win-win 

partnerships between the public and private sectors concerning, for example, law 

enforcement (in particular to curb illegal trading and pilferage). Furthermore, it was 

suggested that licence allocation be linked with membership to a sole Kapenta 

association in Zambia as it was mentioned that this kind of regulation already exists in 

Zimbabwe. 

During the workshop, the issue of regulation enforcement was also raised. It was noted 

that for the most part, adapted legal frameworks already exist, however the major issue 

was the lack of enforcement and various causes were identified (institutional). It was 

indicated that in Zambia there is a need to separate extension services undertaken by 

decentralized services from enforcement functions to strengthen the position and 

efficiency of MCS officers. 

 

9.3 Conclusions and commitments for a short-term 
implementation plan  

Participants of the decision-makers meeting agreed upon the following actions and 

related responsibilities. It is thought that this implementation table will facilitate 

monitoring of the plan during the Sixth Technical Consultation Meeting on the 

Development and Management of the Fisheries of Lake Kariba, to be held in 2014. 

Table 22. Actions to be taken following the Bioeconomic Technical Working 

Group Meeting 

Imm: Immediate action, to be taken next week 

2013: Action to be taken before the end of 2013 

 

Recommendation Action Responsibility 

Formation of one strong 

umbrella Kapenta 

Association in each 

country 

Meeting of all associations on both sides of 

the lake with invitations made by ZPWMA 

and DoF Zambia to be raised at annual 

meeting in November 2013. (Imm) 

A licence holder must be a member of a 

professional association. 

Zambia to propose inserting in regulations. 

(2013) 

Zimbabwe to insert in licence 

conditions.(2013) 

Proposal for issue of import/export 

certificates to be discussed by associations. 

(Imm) 

KAMIDA to meet and consider 

amalgamation with KFA. (Imm) 

 

ZPWMA 

DoF Zambia 

 

 

 

DoF 

 

ZPWMA 

 

Siavonga KFA; 

Chipepo KFA 

 

KAMIDA / KFA 
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No issuing of new 

Kapenta fishing licences 

 

Immediately inform the Heads of ZPWMA. 

(Imm) 

Letter to the Licensing Committee through 

the Permanent Secretary of the DoF. (Imm) 

Zambia Maritime Authority Representative 

to report the outcome of the meeting with 

the Heads of the ZPWMA. (Imm) 

Any new requests to construct Kapenta 

fishing boats refused. (Imm) 

Letter from the DoF to the Zambia Maritime 

Authority to request to stop any approval to 

construct new Kapenta boats. (Imm) 

Council not to issue business permits to fish 

Kapenta unless there is a letter from the 

DoF. (Imm) 

Issue of business permits to be put on the 

agenda of the IFMA meeting which will also 

include the Maritime Authority. (2013) 

The DoF and ZPWMA to meet with the 

Maritime Authority and the Lake Navigation 

and Control on stopping rig construction. 

(Imm) 

 

LKFRI 

 

DoF Zambia 

 

ZMA Rep 

 

ZMA 

 

DoF 

 

 

Siavonga DC 

 

 

DoF  

 

DoF 

ZPWMA 

Provision of a list of legal 

licences (rigs) to each 

fishery association, and 

the use of this list by the 

associations 

LKFRI to provide list to Zimbabwe 

Associations. (Imm) 

DoF to provide list to Zambia Associations. 

(Imm) 

List of licences to be available on DOF and 

ZPWMA websites. (2013) 

 

LKFRI 

DoF 

 

DoF / ZPWMA 

Associations to report 

non-compliance and 

illegal rigs 

Meeting of all associations to recommend 

members to report non-compliance to DoF 

and LKFRI. (Imm)  

 

Kapenta 

Associations 

Licences to be revoked 

for non-compliance with 

fisheries regulations 

ZPWMA to continue to enforce the 

conditions of the licensing regulations. 

(2013) 

DoF proposal to have enforcement section 

is still up for consideration – follow up. 

(2013) 

Issue to be taken up by the DoF for 

emphasis at the IFMA. (2013) 

 

ZPWMA 

 

DoF 

 

 

DoF 

 

Licences withdrawn for 

non-compliance not to be 

reissued 

 DoF 

 

ZPWMA 
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Management Committee 

Meeting 

 

Report of the meeting to be brought to 

Heads of ZPWMA for the meeting of 31 

March 2014. (2013) 

DoF and Maritime Authority, ZPWMA and 

Lake Navigation and Control to inspect 

Kapenta rigs. (2013) 

 

LKFRI 

 

 

DoF / ZMA / 

ZPWMA / LNC 

Management Committee 

to write to the Surveyor 

of Vessels and Lake 

Navigation & Control to 

stop the clearance of new 

fishing rigs 

For Management Committee action. Management 

Committee 

All unlicensed vessels to 

be withdrawn/impounded 

immediately 

Unlicensed vessels will be withdrawn after 

ZNPWA, Lake Navigation & Control, DoF 

and Maritime Authority survey. 

Authorities to undertake survey before end 

2013. (2013) 

Technical Committee Meeting will review 

results of the inspection, including the 

number of unlicensed vessels withdrawn, 

January 2014, and included findings in their 

report. 

DoF 

ZMA 

 

ZPWMA / LNC 

 

DoF 

ZPWMA 

No vessels under 7m and 

without navigation lights 

between 6pm and 6am 

Lake Navigation & Control to continue 

enforcing regulations as usual. No vessels 

less than 7m and without navigation lights. 

(Imm) 

Heads of the Maritime Authority to be 

informed of the need to enforce regulations 

on vessels and navigation lights on the 

lake. (Imm) 

Request Councils to pass a by-law on 

vessels without navigation lights at night. 

(2013) 

Issue to be brought to the IFMA by the 

DoF. (2013) 

Kapenta operators/associations to 

contribute to enforcement activities. 

Need to resource the authorities. 

LNC 

 

 

 

ZMA 

 

 

Councils 

 

 

DoF 

Proper documentation on 

the import/export of 

Kapenta to involve 

associations 

Existing system in Zambia and Zimbabwe 

to continue. 

IFMA to resolve Siavonga situation. (2013) 

DoF / ZPWMA 

 

DoF 

Non-compliance with 

regulations to be 

reported to associations 

Technical Committee to keep non-

compliance issue as a standing agenda; 

results of enforcement activities to be 

 

DoF / ZPWMA 
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circulated to associations. 

Associations to assist DoF 

and ZPWMA with law 

enforcement 

Kapenta associations in Zimbabwe assist 

through donation of fuel and use of boats. 

(2013)  

ZPWMA and DoF to keep track of such 

assistance. (2013) 

Zambia to explore the possibility of using 

private security companies. (2013) 

Issue to be included in IFMA meeting 

agenda. (2013) 

Associations 

 

 

DoF / ZPWMA 

 

 

DoF 

Number of rigs per 

operator licence to be 

limited 

FAO to examine the possibility of including 

the licensing of the Kapenta fishery as part 

of the terms of reference of a consultant. 

(2013) 

FAO 

Replacement of old rigs 

to be monitored and the 

DoF and ZPWMA should 

be informed of the fate of 

the old rigs  

In the event of the replacement of old rigs, 

the DoF, ZPWMA, Maritime Authority and 

Lake Navigation & Control to oversee 

decommissioning of the vessel. (2013) 

DoF / ZMA /  

ZPWMA / LNC 

A rig survey to be 

undertaken 

Exercise to be conducted jointly between 

the two countries. (2013) 

Working Group comprising three individuals 

from both Zambia and Zimbabwe to draw 

up the logistical aspects of the survey 

defining the exact objectives of the exercise 

before presenting funding request. (2013) 

DoF / ZPWMA 

A bioeconomic survey 

and Working Group to be 

undertaken 

Exercise already undertaken. Summary of 

proceedings to be circulated by 25-10-

2013. Report to be circulated by 18-11-

2013. 

 

Sensitization of Kapenta 

operators on catch 

returns and random 

checks 

Zimbabwe to continue sensitization and 

further simplify information for easier 

understanding by the operators. (2013) 

IFMA meeting to be used as a forum to 

disseminate information. Random checks to 

be carried out. (2013) 

DoF / ZPWMA 

Reduction of the number 

of rigs by each country in 

2014 according to the 

agreed number 

Zambia to conduct meeting back-to-back 

with the IFMA meeting.  

Zimbabwe to conduct meetings with 

Kapenta operators back-to-back with the 

feedback meetings of the bioeconomic 

survey.  

DoF / ZPWMA 

Hydro acoustic survey to 

be conducted 

Training exercise has been conducted.  

Mozambique to provide equipment for 

survey and assist with technical expertise. 

 

IIP, Songo 
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Operational arrangements underway. 

(2013) 

FAO to support logistical aspects of the 

exercise. (2013) 

Partners will contribute vessels and fuel. 

(2013)  

Feedback from Mozambique on timeframe 

by 01-11-2013. (2013) 

 

 

FAO 

 

DoF / ZPWMA 

 

IIP, Songo 

Monitoring and reporting 

of actions to each other 

by both partners 

Technical Committee Meeting to be held in 

January 2014 

DoF / ZPWMA 

 

List of Councils along Lake Kariba 

Zambia 

Siavonga District Council 

Gwembe District Council 

Sinazongwe District Council 

Zimbabwe 

Kariba Town Council 

Nyaminyami Rural District Council 

Binga Rural District Council 

 

Only Siavonga District Council and Kariba Town Council were represented at the 

meeting. 
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Charles Mvula National Consultant 
Ministry of Agriculture and 
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Lusaka 

Tel. +260 250532 
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Ministry of Agriculture and 
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Annex B. Meeting agenda 

 

Monday 14 October 2013 

8:00 Registration of participants  

8:30 Opening ceremony  

9:00 Presentation of the SmartFish programme Clotilde Bodiguel 

9:30 Bioeconomic modelling of Kapenta fishery: Scope and 

objective of workshop 

Lionel Kinadjian 

10:00 Coffee Break  

10:30 Brief introduction to bioeconomic modelling: Expectations, 

contributions and limits of bioeconomic modelling for 

fisheries management 

Lionel Kinadjian 

11:00 Discussion session  

11:30 Biological models, data available in the Kapenta fishery 

and choice of a model 

Lionel Kinadjian 

12:00 Discussion session  

12:30 Introduction: Economic aspects of the Kapenta fishery Lionel Kinadjian 

13:00 Lunch  

14:00 Results of the Economic Survey (Zambia) Kefasi Nyikahadzoi 

15:30 Discussions on the Economic Survey and its results  

15:30 Coffee Break  

16:00 Results of the Economic Survey (Zimbabwe) Charles Mvula 

16:30 Discussions on the Economic Survey and its results  

Tuesday 15 October 2013 

8:30 Biological modelling of the Kapenta fishery and results  

9:00 Discussion session  

10:00 Coffee Break  

10:30 Economic modelling of the Kapenta fishery and results Lionel Kinadjian 

11:00 Discussion session  

13:00 Lunch  

14:00 Modelling of management scenarios and results Lionel Kinadjian 

15:30 Discussion session  

15:30 Coffee Break  

16:00 Group discussions (2 groups): Industry and Administration 

concerning the way forward and recommendations to 

support implementation 
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Wednesday 16 October 2013 

8:30 Restitution from the industry group Nesbert Mapfumo 

8:50 Discussion session  

9:20 Restitution   

9:50 Discussion session  

10:30 Coffee Break  

10:30 Modelling of management scenarios and results Lionel Kinadjian 

11:00 Discussions  

13:00 Lunch  

14:00 Modelling of management scenarios and results (continued) Lionel Kinadjian 

15:30 Discussions  

15:30 Coffee Break  

16:00 Modelling of management scenarios and results (continued) Lionel Kinadjian 

16:30 Discussions  

Thursday 17 October 2013 

8:30 Recap. of the previous day  Aubrey Harris 

9:15 Opening ceremony  

10:30 Coffee Break  

10:30 Introduction to bioeconomic modelling as a tool for fisheries 

management 

Lionel Kinadjian 

11:00 Discussions  

11:30 Presentation of the bioeconomic model and the current 

situation 2015 

Lionel Kinadjian 

13:00 Lunch  

14:00 Restitution of the recommendations of the industry and 

administration working groups 

 

15:30 Discussions  

15:30 Coffee Break  

16:00 Presentation of the recommendation of the working group Itai Hilary 

Tendaupenyu 

16:30 Discussions  

 

Thursday 18 October 2013 (Decision-maker’s meeting) 

8:30 Registration  

9:15 Opening ceremony  

10:30 Coffee Break  

10:30 Introduction to bioeconomic modelling as a tool for fisheries 

management 

Lionel Kinadjian 

11:00 Discussion session  

11:30 Presentation of the bioeconomic model and the current 

situation 2015 

Lionel Kinadjian 
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13:00 Lunch  

14:00 Restitution of the recommendations of the industry and 

administration working groups 

 

15:30 Discussion session  

15:30 Coffee Break  

16:00 Presentation of recommendations of the Technical Working 

Group 

Itai Hilary 

Tendaupenyu 

16:30 Discussion session  
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Annex C. Speech 

Speech At The Official Opening Of The Bioeconomic Study Working Group And 

Management Meeting Of The Kapenta Fishery Of The Lake Kariba – 17th October 

2013 By The Councillor Of The District Council Of Siovaonga 

His Royal Highness,  

The FAO Representative for the Southern Africa Region, 

All the Directors present, 

The FAO Country Representative – Zambia, 

The Representative from the Worldfish Centre, 

The SmartFish Representative, 

District Council Secretaries / Town Clerks (Zambia and Zimbabwe), 

Representatives from the riparian Maritime Departments, 

Representatives from the Ministry of Finance (Zambia, Zimbabwe), 

Project and National Consultants, 

Fisheries Technical Experts, 

Kapenta Fisher Representatives (Zimbabwe, Zambia), 

Ladies and Gentlemen,  

Let me first and foremost welcome you to this important meeting, especially His Royal 

Highness and our counterparts from Zimbabwe to Zambia, and Siavonga District in 

particular. 

Indeed, it is my honour and privilege to be given an opportunity to say a few remarks at 

this very important workshop. 

Ladies and gentlemen, 

My government is much aware of the fact that the biggest problem with wild fisheries in 

Zambia has been the lack of policies and this a ‘tragedy of the commons’, of overfishing, 

using wrong methods for fishing, fishing in shallow waters or breeding areas, all giving 

rise to the rapid depletion of fish populations and fish species to levels that cannot be 

recovered. 

In order to redress this situation, the President, His Excellency Mr Michael Chilufya Sata, 

directed the streamlining of the Fisheries Department for it to be able to protect and 

increase fish stocks and fish species in our rivers and lakes by: 

♥ Enforcing the SADC protocol on fisheries in collaboration with other member 

states; and 

♥ Promoting commercial and small-holder aquaculture (fish farming). 
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The need or necessity for this workshop cannot be over-emphasised. As both riparian 

countries are aware, over time, the status of our Lake Kariba Kapenta Fishery, in terms 

of profitability, has become a matter of concern. 

Ladies and Gentlemen, I would be failing in my duty if I did not thankfully acknowledge 

the Food and Agriculture Organization (FAO) for their relentless efforts to support the 

cause of our fishery. 

For instance, the FAO made possible the implementation of a joint Frame Survey for the 

fishery, which was undertaken by Zambia and Zimbabwe in 2011. The results of this 

survey highlighted the need to undertake a bioeconomic analysis. 

The information that the two riparian countries have, in terms of the number of rigs as a 

measure of fishing effort, shows that this number has risen to levels that make the 

fishing Kapenta as a business no longer profitable at this time, especially on the Zambian 

side of the lake. More than 1,000 fishing rigs have been recorded on both sides of the 

lake, of which over 600 are on the Zambian side. 

Ladies and Gentlemen, whilst the total harvest or production trends show marginal 

increases, the ever rising effort in the Kapenta fishery has led to a significant decrease in 

catches per unit of effort. In other words, the players in this industry are now spending 

more for very little profit; and, in some cases risk only breaking-even or not. 

The Kapenta industry has developed over time, and one of these developments, 

particularly around the early 2000s, was the participation of local communities in this 

industry. 

Ladies and Gentlemen, it is however unfortunate that this development, which 

essentially added to the increase in total production due to increased fishing effort, has 

contributed to some extent, to diminishing profits and a number of unlicensed fishers, 

especially on the Zambian side. 

This state of affairs has the potential to distort statistics, and consequently makes the 

development and management of the fishery quite challenging. 

The substantial inclusiveness of a wide variety of stakeholders over time has been a 

gratifying attribute in the development of the industry. Stakeholders include, amongst 

others, Royal Highnesses as local traditional leaders, district councils as local 

government authorities, the Kapenta fishers associations, as well as the artisanal fishers 

themselves. 

Ladies and Gentlemen, given the diminishing profits in the industry, I wish to encourage 

all stakeholders in the Kapenta fishing industry to embrace the virtue of adding to their 

business in terms of post-harvest standards and alternative investments in other fishery 

and community-related ventures. This effort will help expand the industry, develop the 

area and enable our Kapenta to compete favourably locally, regionally and 

internationally, at the same time making more profit. 
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Ladies and Gentlemen, I am reliably informed that this workshop, has amongst other 

things, studied the bioeconomic modelling of Kapenta with a view to finding out the 

optimum number of rigs for profitability and the maximum number of rigs that should be 

licensed in Zambia and Zimbabwe. 

To this end, Ladies and Gentlemen, allow to me to urge you to take advantage of the 

objective of this workshop, and use the outcome for the industry’s optimised 

profitability. 

Ladies and Gentlemen, I am informed that the Fourth and Fifth Technical Consultations 

on the Development and Management of the Fisheries of Lake Kariba, the riparian 

partners of Zambia and Zimbabwe, agreed to undertake a second bioeconomic study of 

the Kapenta fishery following that which was done 16 years ago, to provide updated 

information for the better management of the fishery. 

Your technical team has done this and with the inclusion of additional stakeholders, this 

meeting needs to achieve workable steps towards the expansion of the Kapenta industry 

and development of Lake Kariba’s communities. 

At this juncture, allow me to thank you all once again and officially open the workshop. I 

wish you successful deliberations. 

God bless you 
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Annex D. Time series of data used to run the Fox surplus production model  

Time series N°1:  Data provided by the LKFRI and the DoF during the Economic Survey, 2013 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coeff. IUU = 35%

Years ZWCatch (tonnes) ZWEffort (nights fished) ZWCPUE (T/night fished) ZACatch (tonnes) ZAEffort (nights fished) ZACPUE(T/night fished) LKCatch (tonnes) LK Effort (nights fished) LK CPUE (T/night fished)

Cpue 

ZIM/Cpue 

ZAM

ZAM Effort 

Corrected

LK Effort 

Corrected

 Total Catches 

revised 

1974 487 615 0,792 487                                      615                                         0,792                                          #DIV/0! 615,00          657                      

1975 654 1294 0,505 654                                      1 294                                     0,505                                          #DIV/0! 1 294,00       883                      

1976 1050 1833 0,573 1 050                                  1 833                                     0,573                                          #DIV/0! 1 833,00       1 418                   

1977 1171 3111 0,376 1 171                                  3 111                                     0,376                                          #DIV/0! 3 111,00       1 581                   

1978 2772 5903 0,470 2 772                                  5 903                                     0,470                                          #DIV/0! 5 903,00       3 742                   

1979 4874 12847 0,379 4 874                                  12 847                                   0,379                                          #DIV/0! 12 847,00     6 580                   

1980 8395 33516 0,250 8 395                                  33 516                                   0,250                                          #DIV/0! 33 516,00     11 333                

1981 12006 40935 0,293 12 006                                40 935                                   0,293                                          #DIV/0! 40 935,00     16 208                

1982 8450 37776 0,224 4 136                      18 874                         0,219                        12 586                                56 650                                   0,222                                          1,02 18490 56 266,12     16 991                

1983 8548 38865 0,220 4 965                      16 670                         0,298                        13 513                                55 535                                   0,243                                          0,74 22574 61 439,25     18 243                

1984 10394 41234 0,252 5 959                      27 832                         0,214                        16 353                                69 066                                   0,237                                          1,18 23640 64 873,93     22 077                

1985 14586 41403 0,352 7 422                      30 304                         0,245                        22 008                                71 707                                   0,307                                          1,44 21068 62 470,67     29 711                

1986 15747 45790 0,344 8 226                      32 163                         0,256                        23 973                                77 953                                   0,308                                          1,34 23920 69 710,02     32 364                

1987 15823 52414 0,302 5 858                      31 755                         0,184                        21 681                                84 169                                   0,258                                          1,64 19405 71 818,74     29 269                

1988 18366 53403 0,344 6 319                      33 218                         0,190                        24 685                                86 621                                   0,285                                          1,81 18374 71 776,82     33 325                

1989 20112 54919 0,366 7 753                      34 897                         0,222                        27 865                                89 816                                   0,310                                          1,65 21171 76 089,79     37 618                

1990 21758 59193 0,368 6 948                      37 413                         0,186                        28 706                                96 606                                   0,297                                          1,98 18902 78 095,15     38 753                

1991 19306 62208 0,310 7 284                      39 284                         0,185                        26 590                                101 492                                 0,262                                          1,67 23471 85 678,58     35 897                

1992 18931 71066 0,266 7 672                      45 004                         0,170                        26 603                                116 070                                 0,229                                          1,56 28800 99 866,29     35 914                

1993 19957 68155 0,293 8 526                      46 416                         0,184                        28 483                                114 571                                 0,249                                          1,59 29117 97 272,08     38 452                

1994 19232 71249 0,270 7 178                      36 402                         0,197                        26 410                                107 651                                 0,245                                          1,37 26592 97 841,41     35 654                

1995 15280 75443 0,203 6 736                      44 797                         0,150                        22 016                                120 240                                 0,183                                          1,35 33258 108 701,12  29 722                

1996 15423 73524 0,210 5 728                      36 033                         0,159                        21 151                                109 557                                 0,193                                          1,32 27306 100 830,33  28 554                

1997 17034 75633 0,225 5 927                      37 170                         0,159                        22 961                                112 803                                 0,204                                          1,41 26317 101 949,59  30 997                

1998 15288 74770 0,204 7 960                      43 965                         0,181                        23 248                                118 735                                 0,196                                          1,13 38930 113 700,48  31 385                

1999 11208 64091 0,175 6 766                      46 492                         0,146                        17 974                                110 583                                 0,163                                          1,20 38690 102 781,20  24 265                

2000 10500 65625 0,160 8 579                      45 801                         0,187                        19 079                                111 426                                 0,171                                          0,85 53621 119 245,63  25 757                

2001 9500 59375 0,160 5 645                      30 701                         0,184                        15 145                                90 076                                   0,168                                          0,87 35281 94 656,01     20 446                

2002 7150 55000 0,130 4 290                      31 098                         0,138                        11 440                                86 098                                   0,133                                          0,94 32997 87 997,19     15 444                

2003 7500 68182 0,110 4 937                      34 248                         0,144                        12 437                                102 430                                 0,121                                          0,76 44880 113 062,02  16 790                

2004 8735 72792 0,120 5 913                      32 812                         0,180                        14 648                                105 604                                 0,139                                          0,67 49274 122 065,57  19 775                

2005 10158 78138 0,130                      6 251   46 304                         0,135                        16 409                                124 442                                 0,132                                          0,96 48084 126 222,33  22 152                

2006 12503 78144 0,160                      7 659   45 053                         0,170                        20 162                                123 197                                 0,164                                          0,94 47869 126 012,75  27 219                

2007 10940 78144 0,140                      9 476   57 430                         0,165                        20 416                                135 574                                 0,151                                          0,85 67686 145 829,71  27 562                

2008 12157 81048 0,150                      7 860   49 125                         0,160                        20 017                                130 173                                 0,154                                          0,94 52400 133 448,00  27 023                

2009 9728 87384 0,111                      9 216   55 855                         0,165                        18 944                                143 239                                 0,132                                          0,67 82785 170 169,06  25 574                

2010 9547 97418 0,098                      7 821   63 073                         0,124                        17 368                                160 491                                 0,108                                          0,79 79806 177 223,82  23 447                

2011 9305 100053 0,093                      8 965   70 039                         0,128                        18 270                                170 092                                 0,107                                          0,73 96397 196 450,11  24 665                

Standardization of fishing effort

Auteur:

Original 

data 

before 

correction 

0,302
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Time series N°2: Data used by Itai Hilary Tendaupenyu, Hee-Dong Pyo & Chang-ik Zhang: A Comprehensive Analysis of Maximum 

Entropy and Analytical Models for Assessing Kapenta Stocks in Lake Kariba, presented at the 5th Technical Consultation Meeting  

 

 

 

 

 

Coeff. IUU = 35%

Years ZWCatch (tonnes) ZWEffort (nights fished)ZWCPUE (T/night fished)ZACatch (tonnes) ZAEffort (nights fished) ZACPUE(T/night fsihed) LKCatch (tonnes) LK Effort (nights fished) LK CPUE (T/night fished) Increase Effort

Cpue ZIM/Cpue 

ZAM

ZAM 

Effort 

Corrected

 LK Effort 

Corrected 

 Total 

Catches 

revised 

1974 487 615 0,792  487 615 0,792 #DIV/0! 615,00            657              

1975 654 1294 0,505  654 1294 0,505 110% #DIV/0! 1 294,00         883              

1976 1050 1833 0,573  1050 1833 0,573 42% #DIV/0! 1 833,00         1 418           

1977 1171 3111 0,376  1171 3111 0,376 70% #DIV/0! 3 111,00         1 581           

1978 2772 5903 0,470  2772 5903 0,470 90% #DIV/0! 5 903,00         3 742           

1979 4874 12847 0,379  4874 12847 0,379 118% #DIV/0! 12 847,00       6 580           

1980 8395 33516 0,250  8395 33516 0,250 161% #DIV/0! 33 516,00       11 333        

1981 12006 40935 0,293  12006 40935 0,293 22% #DIV/0! 40 935,00       16 208        

1982 8450 37776 0,224 2601 11686 0,223 11051 49462 0,223 21% 1,01                 11628 49 403,86       14 919        

1983 8548 38865 0,220 6227 22083 0,282 14775 60948 0,242 23% 0,78                 28312 67 177,16       19 946        

1984 10394 41234 0,252 7702 35236 0,219 18096 76470 0,237 25% 1,15                 30555 71 788,58       24 430        

1985 14586 41403 0,352 9360 37378 0,250 23946 78781 0,304 3% 1,41                 26569 67 971,77       32 327        

1986 15747 45790 0,344 10449 40520 0,258 26196 86310 0,304 10% 1,33                 30384 76 174,18       35 365        

1987 15823 52414 0,302 8994 43933 0,205 24817 96347 0,258 12% 1,47                 29793 82 206,80       33 503        

1988 18366 53403 0,344 8907 42296 0,211 27273 95699 0,285 -1% 1,63                 25899 79 301,97       36 819        

1989 20112 54919 0,366 10409 43440 0,240 30521 98359 0,310 3% 1,53                 28423 83 342,42       41 203        

1990 21758 59193 0,368 9185 44938 0,204 30943 104131 0,297 6% 1,80                 24988 84 180,94       41 773        

1991 19306 62208 0,310 9258 46819 0,198 28564 109027 0,262 5% 1,57                 29831 92 039,23       38 561        

1992 18931 71066 0,266 8658 49259 0,176 27589 120325 0,229 10% 1,52                 32502 103 567,69     37 245        

1993 19957 68155 0,293 9722 51231 0,190 29679 119386 0,249 -1% 1,54                 33202 101 356,53     40 067        

1994 19232 71249 0,270 8910 43462 0,205 28142 114711 0,245 -4% 1,32                 33009 104 257,97     37 992        

1995 15280 75443 0,203 8674 55381 0,157 23954 130824 0,183 14% 1,29                 42827 118 269,74     32 338        

1996 15423 73524 0,210 7593 45693 0,166 23016 119217 0,193 -9% 1,26                 36197 109 721,09     31 072        

1997 17034 75633 0,225 7813 46436 0,168 24847 122069 0,204 2% 1,34                 34691 110 323,66     33 543        

1998 15288 74770 0,204 9822 53475 0,184 25110 128245 0,196 5% 1,11                 48037 122 807,08     33 899        

1999 11208 64091 0,175 8955 59960 0,149 20163 124051 0,163 -3% 1,17                 51208 115 298,61     27 220        

2000 10500 65625 0,160 8863 55394 0,160 19363 121019 0,160 -2% 1,00                 55394 121 018,75     26 140        

2001 9500 59375 0,160 8500 53125 0,160 18000 112500 0,160 -7% 1,00                 53125 112 500,00     24 300        

2002 7150 55000 0,130 8000 61538 0,130 15150 116538 0,130 4% 1,00                 61538 116 538,46     20 453        

2003 7500 68182 0,110 7481 68009 0,110 14981 136191 0,110 17% 1,00                 68009 136 191,27     20 224        

2004 8735 72792 0,120 6574 54784 0,120 15309 127576 0,120 -6% 1,00                 54784 127 575,58     20 667        

2005 10158 78138 0,130 6251 46256 0,135 16409 124394 0,132 -2% 0,96                 48084 126 222,33     22 152        

2006 12503 78144 0,160 7659 44926 0,170 20162 123070 0,164 -1% 0,94                 47869 126 012,75     27 219        

2007 10940 78144 0,140 9476 31421 0,165 20416 109565 0,186 -11% 0,85                 37037 115 181,32     27 562        

2008 12157 81048 0,150 7860 49258 0,160 20017 130306 0,154 19% 0,94                 52400 133 448,00     27 023        

2009 9728 87384 0,111 9993 62948 0,159 19721 150332 0,131 15% 0,70                 89765 177 148,66     26 623        

2010 9547 97418 0,098 7821 63073 0,124 17368 160491 0,108 7% 0,79                 79806 177 223,82     23 447        

2011 9305 100053 0,093 8965 70039 0,128 18270 170092 0,107 6% 0,73                 96397 196 450,11     24 665        

Standardization of Effort

Auteur:

Original 

data 

before 

correction 

= 0,302
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Annex E. Photos 

Photo 1. Participants at the Technical Working Group Meeting  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 2. Presentation by Lionel Kinadjian during the meeting 
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Photo 3. Field visit on a rig 

 



IOC-SmartFish is a regional fisheries project managed by the Indian 
Ocean Commission, funded by the European Union and 
co-implemented by the Food and Agriculture Organization of the 
United Nations. SmartFish, which operates in 20 countries 
throughout the East and Southern Africa - Indian Ocean region, 
focuses on fisheries governance, management, monitoring, control 
and surveillance, trade, and food security.

Kapenta was introduced into Lake Kariba in 1967 and now 
contributes to the economy and livelihoods of fishing communities 
on the shores of Kariba and fish traders throughout Zambia and 
Zimbabwe. However, recent survey results show that the situation 
of the Kapenta fishery has greatly deteriorated both biologically and 
economically due to an excessive increase in fishing capacity and 
effort, illegal, unreported and unregulated fishing and illegal trading 
of Kapenta on the lake at night.

A Technical Working Group Meeting on the Bioeconomic Modelling of 
the Kapenta Fisheries in Lake Kariba took place in Siavonga, Zambia, 
from the 14 – 18 October 2013 to examine various management 
scenarios, advise on the optimum number of rigs that should be 
licensed in Zambia and Zimbabwe and present recommendations to 
improve the overall management of the Kapenta fisheries. 

This report provides an overview of the presentations and 
discussions that took place during the various phases of the 
Working Group and the recommendations that were put forward to 
the relevant decision-makers for approval.  
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