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Evolution of Fishing Capacities (FC) and Fishing Effort (EF) in 
Kapenta Fishery (Zambia and Zimbabwe)

FC = Number of Rigs, FE: Number of Night Fished

A threAtened strAtegic fishery
The introduction of Kapenta (Limnothrissa miodon, Picture 1) in Lake 
Kariba in the late 1960s led to the development of a pelagic fishery shared 
between Zambia and Zimbabwe, which plays an important role in terms 
of food security, economic and social development for both countries. 
Because of its mode of preservation (dried / salted) and marketing (from 
small sachets of 50 grams), the Kapenta is indeed a source of animal 
protein widely consumed by rural populations who often have low levels 
of incomes and hence low levels of purchasing power.

This resource is targeted in the two countries by a very homogeneous 
fleet comprised 97% of rigs (Frame Survey in Zambia and Zimbabwe, 
2011). These rigs operate at night using a light source to attract 
Kapenta and a large circular dip net to capture them (picture 2). Four 

to five net hauling operations are achieved on average per night. The 
difference in technical efficiency of the fleets in both countries was 
significant in the early mid 1980s up to mid 1990s (four times higher 
in Zimbabwe comparatively to Zambia). This technical efficiency was 
homogenized over time. Today, the level of catches per night and per 
rig is essentially the same for the Zambian and Zimbabwean fleets 
(DoF, and LKFRI time series of catches and efforts up to 2011, frame 
and economic survey, 2013). The production consists essentially of 
Kapenta. The few bycatches, Tigerfish and Bream, are usually kept 
by the crew, but not sold. Therefore, the incomes from the fishery are 
mainly the sales of Kapenta. An illegal trade of Kapenta is practiced on 
the Lake at night from rigs to small speed boats which come to buy 
fish from the crew. This illegal trade was already widespread in the 
early 1990s and had been underlined in an economic assessment of 
the fishery conducted in 1992 (Andrew Palfreman and Jarle Lovland, 
1992). Although the volume of these transactions of fish is not known 
in detail, stakeholders believe that the Kapenta sold by the crews 
of rigs to the canoes that operate illegally1 on the lake at night, 
would average 35% of the total catch of rigs (Sources bio economic 
modelling GT 2013.). This volume could reach up to 50% (Andrew 

Palfreman and Jarle Lovland 1992).This illegal trade considerably 
affects the economic performance of the rigs fishing companies. 

The management of the fishery is based on a licensing system. The 
Licences/Permits are allocated by region (Basin / stratum) and a fee is 
paid annually by rig (USD 1,500 and USD 412, respectively in Zimbabwe 
and Zambia). A licence or a Permit allows for the registering of rigs (four 
maximum in Zambia). Measures to regulate the practice of fishing go 
with the license / permit. Major regulations include: prohibition of fishing 
in shallow areas near and close to the banks, regulatory minimum 
mesh sizes, fishing ban during periods of full moon (about 7 days per 
month).  Collection of statistics on the Kapenta fishery is implemented 
with the collaboration of the Kapenta operators. In fact, license holders 
are required to submit a monthly catch return, which includes nightly 
catches (effort) of both Kapenta and tiger fish (by catch’s).

Since 2006, the Kapenta fishery has experienced a dramatic increase 
in the number of rigs allowed on the Lake (300%) mainly on the 
Zambian side, and therefore a very large increase in fishing effort 
(nights fished). The last frame survey made in 2011 also reported 
that a large number of vessels are not registered and operate illegally 
without a license (Illegal Unreported and Unregulated Fishing - IUU). 
The levels of catches per unit of effort (CPUE) have also known a 
steady decline with increasing fishing effort. The CPUE are now on 
average at 30kg/night fished; during the 1980’s and 1990’s they were 
on average of 250kg/night. The overall production is also in steady 
decline since the early 1990s. However, it is noted (red arrow on the 
graphics) that the reduction of the effort that happened from 2002 to 
2005 was in turn followed by an increase in CPUE and catch over the 
same period. These trends are illustrated in the graphs below. • 
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 1. There are regulations on both sides of the Lake that prohibits the movement of small vessels outboard from 6 pm and 6 am;  modalities and definitions differs between Zimbabwe and Zambia.
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Bioeconomic modelling of the Kapenta Fishery 
on Lake Kariba

- Freezing of fishing licenses (number of vessels) and stopping 
of illegal trading of Kapenta at night on the Lake;

- Back to a situation of 500 rigs and stopping illegal trading of 
Kapenta at night on the Lake with a timeline of 2023.

CURRENT SITUATION (2013)

The results of the current situation both at the fishery level and 
at the rig level are summarized in the tables and graphics below.

The fishing effort at the current situation F cur = 275 000 night 
fished (equivalent to 1016 rigs) is beyond the fishing effort needed 
to harvest the Kapenta resource at the Maximum Sustainable Yield 
(MSY) Fmsy = 119 000 nights fished (equivalent to 437 rigs). This 
confirms an overexploitation situation of the Kapenta fishery. The 
excess of fishing effort relative to the fishing effort at MSY is about 
100 %. The sustainable production of the fishery is currently less 
(13 757 tonnes) of that it could be (22 500 tonnes) with less fishing 
effort. This negatively affects the role that the Kapenta fishery can 
play in food security in the two countries. 

In regards to wealth creation, the fishery is currently generating 
a value added in costs estimated at about USD 20 million US per 
year, but the rent of the fishery is negative (USD - 12 million per 
year).  Thus, the total Value added (value added in the costs + rent) 
is only USD 8 million per year. In comparison, at the maximum of 
sustainable production level, the potential of wealth creation of the 
Kapenta fishery is at about USD 37,7 million  per year (USD 29 
million of rent USD 8,7 millions of value added in the costs (Figure 
4)). 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) to the availability 
of the Kapenta resource).The sustainable realisation of this rent 
and the fair redistribution between all of the economic actors 
(contractors, employees, States, Districts ) can highly contribute 
to the economic development of both countries. 

Finally, the situation of employment is currently also far from 
being optimum. The bioeconomic model (Figure 4) indicates that 
the maximum number of employees in the fishery (crew and land 
workers in processing activities) is at a maximum level which is 

slightly beyond the MSY, and corresponding to a fishing effort of 
136 200 night fished (equivalent to 503 rigs). If fishing effort is 
increasing up to 334 000 nights fished; then the total value added of 
the fishery becomes negative (Figure 4). In such situations, it won’t 
be possible to remunerate the salaries both for the on board and 
land workers (Figure 4). At the current situation, there is a loss of 
3690 employees (crew   processor on land) comparing the situation 
at MSY. This loss concerns entirely land workers. The creation of 
1 995 on board employees between the situation at MSY and the 
current situation, should however be put in parallel with the loss of 
USD 41 million of rent (i.e. this represents a cost of USD 20 500 per 
employment opportunity that has been created on the rigs). This 
annual rent loss, if this had been correctly invested in the economy, 
could have generated 20 800 jobs at the same average level of 
salary of in board employees: around USD 164/month/crew.

At the rig level, the results of the bioeconomic model shows that 
currently the industry is not in a position to generate a normal 
profit and that the fishing companies are experiencing net losses. 
This situation is of course not sustainable for the long term. This 
situation puts the industry in a very vulnerable position regarding 
uncontrollable exogenous factors that can cause an increase in 
costs (such as increased fuel prices) or can cause a decrease of 
productivity (such as environmental factors related to climate – 
rainfall and rising temperatures).

The Working Group discussed and validated these quantitative 
results. The stakeholders added some qualitative information 
confirming the overall economic situation of the fishery and fishing 
companies:

- Bankruptcy of companies, mostly in Zimbabwe; 
- Increasing leasing of rigs;
- Boat owners increasingly going at sea to control illegal sells;
- Recent increase of stealing equipment in the rigs;
- Waste of capital and investment (building of rigs) that can be 

used elsewhere in the economy (dead or unproductive capital);
- Poor maintenance of capital and difficulties to repair the rigs 

when damaged (with security implications);
- Saving on cost to limit loss in profit (including employment);
- Late or non-payment of licences;
- Discrepancy between licences issued and licences used because 

of economic conditions;
- Low remuneration of labour;

Joint mAnAgement of the KApentA fishery
A Protocol on economic and technical co-operation between the 
Government of the Republic of Zimbabwe and the Government 
of the Republic of Zambia concerning management and the 
development of fisheries on Lake Kariba and trans-boundary 
waters of the Zambezi River was signed in November 1999. In this 
framework a Technical Committee has been established in terms of 
Article 2 of the Protocol with the aim: (i) to manage, conserve and 
regulate of the exploitation of the fisheries resources (ii) control 
the introduction of exotic species, (iii) undertake research and 
exchange of biological data and statistical information, (iv) monitor 
the aquatic environment and support the technical co-operation on 
fisheries matters in general. The technical Committee is mandated 
to make decisions on the control of fishing effort. Within Lake 
Kariba, fishing effort entitlement is shared by the Contracting 
parties in proportion to the surface area of the lake within the 
waters of each Contracting parties (i.e. 55 % for Zimbabwe and 
45 % for Zambia).

Considering the current situation of the Kapenta fishery, the 
technical consultations between the two riparian countries agreed 
that there was a need for a bio-economic study of the Kapenta 
fishery on Lake Kariba, which would provide better updated 
information for better management of the fishery. Among other 
things the study should look at the optimum number of rigs for 
profitability and provide advice on the optimum number of rigs that 
should be licensed in Zambia and Zimbabwe.

Bioeconomic modelling of the KApentA 
fishery
To meet this demand, a bioeconomic model was developed. The 
biologic part consists of a model of population dynamics (surplus 
production model of Fox type, 1980), which is powered by the 
existing data on catches and fishing effort available at the Lake 
Kariba Fisheries Research Institute (LKFRI ) and at the Zambian 
Department of Fisheries (DoF). The Working Group on Bioeconomic 
modelling has noted that the returns on recorded information from 
the fishing companies on their catches and fishing effort are about 
80% in Zimbabwe and only 45% in Zambia. Moreover, the reported 
catches do not include volumes that are sold illegally at night on the 
Lake (estimated by the Group at 35% of the production of the rigs, 
Figure 3). The series of fishing effort data was standardized to take 
into account the disparity in technical efficiency that might have 

existed in the past between the two different fleets. Outputs of the 
model are the different production levels of Kapenta corresponding 
to different levels of fishing effort (night fished) (Figure 3). The 
production corresponding to the Maximum Sustainable Yield (MSY) 
is achieved for a fishing effort level (Fmsy) of 119 000 nights fished. 
At this level of fishing effort (Fmsy), the maximum of sustainable 
production is estimated at about 22 600 tons.

The economic part of the model was developed based on an 
economic survey conducted jointly in both countries during the first 
half of 2013 (K. & C. Nyikahadzoi Mvula, Economic survey, 2013). 
This survey targeted a representative sample of fishing companies 
(different sizes) in the various fishing areas (basins/stratums) of 
the two countries. The survey results were used to estimate the 
selling price of Kapenta and its trends in both countries as well 
as the cost of fishing effort (night fished per rig) in the different 
basins /stratums and according to the sizes of companies fishing 
(1 to 19 rigs). The information on activity levels of rigs and jobs at 
sea and ashore for processing Kapenta were also collected for the 
development of the bioeconomic model of the fishery (Table 1).

(*)  Data provided at the 5th technical consultation meeting, Siavonga Sept.  2012
(**)  K.  Nyikahadzoi & C. Mvula,  Economic survey, 2013
(***)  Bioeconomic Working Group, Siavonga, October 2013

Economic modelling considered a standardized rig operating in the 
fishery with a crew of three and a half people, working an average 
of 23 nights per month, and having a total activity cost per night 
fished at about USD 146 (prices are average annual weighted price). 
In 2013 the estimated price is about USD 2 per kg (fresh fish). 
Modelling works were carried out considering the number of jobs on 
board at night, as well as the number of jobs in processing activities 
during the day. The number of fishermen on the rig’s, are therefore 
proportional to the number of rigs, while the number of jobs ashore 
for processing are proportional to the landings (Table 1).

As Outputs, the model allows to have, for different levels of fishing 
effort, a set of indicators for the Kapenta fishery as a whole: 
Production, Turnover (Sales of Kapenta), total cost, value added 
in the costs, rent (super profit of the producers), total value added 
(value added in the costs and the rent), number of Rigs, volume 
of employment (crew and processors). It also allows, for the same 
levels of fishing effort, to have micro-economic indicators at the 
scale of the fishing business (rig): Production / rig / year; cpue / 
night fished; Turnover / rig / year; value added / rig / year; rent 
per night fished /rig.

Several situations were simulated and discussed by the Working 
Group with support of the bioeconomic model. These include:

- the current Situation in 2013;
- projected situation in 2015, with a status quo on the 

management situation (fishing effort continues to grow at the 
same rate than during the past 10 years);

PRODUCTIONS AND EMPLOYMENTS IN THE KAPENTA FISHERY

Situation at the maximum level of employment (crew + processor =  9 171) :  136 191 night fished (503 Rigs)

Number 
of rigs 

(*)

Average 
number of 

night fished 
per rig per 
month (**)

Number of 
employment 

/rig         
(**)

Number of 
employment 
processing   

(***) 

ZIMBABWE 379 24 2 1 person per 300 
Kg wet fish

ZAMBIA 719 22 4 1 person per 320 
Kg wet fish
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Situation at the maximum
Sustainable Yield (MSY)

119 270 night fished (437 Rigs)

Current Situation in 2013
275 030 night fished 

(1016 registered Rigs) - 
IUU fishing not taken into account

BIO-ECONOMICAL MODEL : KAPENTA FISHERY

Total cost

Value added in cost

Sales of Kapenta
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CURRENT SITUATION: RIG LEVEL

Catch/
rig/year 

(kg)

CPUE (kg/
night) 

Sales/rig/
year (US$)

Value added/
rig/year 
(US$0

Estimaed 
normal profit 

/rig/night 
(US$)

Rent/
rig/night 

(US$)

Net 
profit/

loss/rig/
night 
(US$)

Max. 
Sustai-
nable 
Yield

51,681 191 106,093 53,046 24 241 265

Curent 
situation 
(2013)

13,528 50 27,771 13,886 24 -43 -19

CURRENT SITUATION: FISHERY LEVEL

Annual 
produc-

tion 
(tonnes)

Sales                  
(US$ 

Millions)

Rent                     
(US$ 

Millions)

Total 
value 
added 
(US$ 

Millions)

Number
 of rigs

Number of 
employees

Crew Proce-
ssors Total

Max. 
Sustai-
nable Yield

22,584 46,360,577 29,060,954 37,710,765 437 1,506 7,528 9,034

Curent 
situation 
(2013)

13,747 28,260,622 -12,008,754 8,105,934 1,016 3,501 4,582 8,083
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- Food security already impacted (price of Kapenta is already 
higher than the price of chicken but consumers with low 
purchasing power are still buying Kapenta because they can 
purchase and conserve small quantities of Kapenta (50 grams 
packaging);

- Increased diversification in order to remain in the industry and 
use of other activities benefits to cover the loss in Kapenta 
fishery.

OTHER SCENARIOS

Status quo (time line 2015)

No management decisions taken. Status quo on current situation 
remains; i.e. increase of fishing effort following the same trends 
than the last 4 years; Kapenta illegal trade on the Lake at night 
remains the same (35% of rigs catch’s)

License capped and illegal trading eliminated (time line 
2015)

The assumptions of this scenario are: 

- License capped: freezing fishing capacity (number of rigs) 
through freezing license allocation at the level of 2013; 

- Illegal trading eliminated: time series of Catches used as 
input of the model X 1,35 to take into account the estimated 
coefficient of 35 % of illegal trading  at night on the lake – same 
level of fishing effort;

- Prices in 2015 : Price projection following the last 5 years 
trends : increasing at a slower pace

- Cost in 2015 : Constant total cost (optimistic assumption)
- IUU fishing does not increase

These two scenarios give very negative results, hence another scenario 
which examines a reduction of fishing effort has been developed: 

500 rigs and Kapenta illegal trading at night on the lake 
eliminated (time line 2023)

The assumptions of this scenario are: 

- Illegal trading eliminated: time series of catches used as 
input of the model X 1,35 to take into account the estimated 
coefficient of 35 % of illegal trading at night on the lake – same 
level of fishing effort;

- Prices in 2015: Price projection following the last 5 years 
trends : increasing at a slower pace

- Cost in 2015: Constant total cost (optimistic assumption)
- IUU fishing does not increase
- Reduction of fishing capacities: Returning the overall fishing 

effort on the Lake to 500 rigs (approximately MSY situation in 
2008) : Decrease of fishing capacities through the decrease 
of number of rigs of Zambia and Zimbabwe according to the 
protocol: 275 licensed rigs in Zimbabwe and 225 in Zambia

The results of the simulations at the fishery level as well as the rigs 
level are presented in the following tables:

The matrix below summarizes the impact of each scenario in 
regards to various objectives: food security, economic growth, 
employment and risk management (sustainability). A scenario 
simulating the reduction of fishing effort at the highest level of 
economic production has been added for comparison.

The only scenarios having a positive impact on food security, 
economic growth, employment and disaster management 
(variation of environmental conditions, prices, etc.) are the 
ones that imply a global reduction of fishing effort. This can 
be explained by the fishery situation which is highly over-
exploited today.

CURRENT SITUATION: FISHERY LEVEL

Scenario

Annual 
produc-

tion 
(tonnes)

Sales                  
(US$ 

Millions)

Rent                     
(US$ 

Millions)

Total value 
added 
(US$ 

Millions)

Number
 of      
rigs

Number of employees

Crew Proce-
ssors Total

Status quo 
2015 10,085 22,173,586 -26,676,370 -2,551,391 1,234 4,252 3,362 7,614

Fishing 
licenses 
capped 
& illegal 
trading 

eliminated 
2015

18,559 40,802,802 573,426 20,688,114 1,016 3,501 6,184 9,685

Reduction 
of fishing 
capacities 
(500 rigs 
~ MSY) 
& illegal  
trading 

eliminated 
2023

30,120 66,221,782 46,300,730 56,261,256 500 1,723 10,040 11,763

CURRENT SITUATION: RIG LEVEL

Scenario

Catch/
rig/  
year 
(kg)

CPUE (kg/
night) 

Sales/rig/
year (US$)

Value added/
rig/year 
(US$0

Estimaed 
normal profit 

/rig/night 
(US$)

Rent/
rig/night 

(US$)

Net 
profit/

loss/rig/
night 
(US$)

Status quo 
2015 8,173 30 17,970 8,985 24 -78 -54

Fishing 
licenses 
capped 
& illegal 
trading 

eliminated 
2015

18,263 68 40,153 20,077 24 2 26

Reduction 
of fishing 
capacities 
(500 rigs 
~ MSY) 
& illegal  
trading 

eliminated 
2023

60,240 223 132,444 66,222 24 335 359

Situation Food Security
(level of 

sustainable 
production)

Economic 
Growth

(level of wealth 
creation)

Employment
(number and level of 
remuneration - on 

board crew + processor)

Risk Management
(external factors: prices, 
costs, environmental that 

can affect the sustainability)Scenarios

Status quo

Fishing unit capped + 
illegal trading eliminated 
2015

Decrease of fishing 
capacities (500 Rigs -MSY) 
+ illegal trading eliminated

Maximum Economic Yield 
(293 Rigs) + illegal trading 
eliminated

GOOD MEDIUM BAD


