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Abstract

This report contains a literature review, field survey and statistical analysis of the effect of market liberalization on the Lake Victoria Fishery. It discusses the effects of market liberalization on the fishery, and attempts to establish the relationship between annual exploitable stocks of the Nile Perch and Tilapia, and the fishing effort and fish price changes over the last twenty six years.

The report uses an Action Impact Matrix (AIM) approach to isolate the key market liberalization parameters of relevance to the observed stock changes in the Lake Victoria Fishery. The significant parameters include export market prices, fishing effort, average cost of that effort and lagged annual fish catches.

The study involved collection of pre- and post-liberalization data on the above parameters for regression with exploitable stocks of both Nile Perch and Tilapia. Regression results indicated statistically significant relationships between exploitable stocks and the various market liberalization parameters. Regression details, however, demonstrated slight differences in the responsiveness of the two exploitable stocks in the regression functions. The differences were explained by the higher resilience of the Tilapia fishery, which has been less exploited in the last six years.

Inspite of clear differences in stock trends, regression results showed a sharp decline in the exploitable stocks of both Nile Perch and Tilapia as effort allocation and export market prices increased. This result was corroborated by peak declines in the raw data recorded for 1989 and 1990 when effort intensification and export market prices started to increase.

The fall in yearly exploitable stocks indicated the gradual degradation of the fishery. This situation resulted partly from the open access conditions over the fishery, the associated policy and market failures and the resultant effort intensification as fishermen sought to benefit from higher market prices.

Whereas the competitive market effect of liberalization should have facilitated the efficient allocation of resources, the study argues that the negative trends in fish stocks were the inevitable result of lack of monitoring data, the breakdown in government regulatory services and the remaining distortionary forces in the fisheries sector.

The study assessed the economic and environmental implications of market liberalization and surveyed the sustainable use concerns in the lake fishery. Though multiple factor modeling restricted the predictive performance of the regression models used in the study, overwhelming evidence suggested that market liberalization policies initiated resource use patterns of long term negative implications for the Lake Victoria fishery.

The models suggested that property rights allocation and resource use regulation could improve resource utilization. Rent minimization through taxation was proposed as another solution. Supervision, monitoring and regulation of fishing effort and behavior were, however, found essential to the future management and sustainable utilization of the Lake Victoria fishery.






Chapter One

Introduction

1.1
Conceptual framework

This report discusses the impact of expanding fish and fish product markets on the Lake Victoria fishery. It examines market growth and increased market access for Uganda’s fish and fish products, and attempts to relate the two to the implementation of market liberalization policies in the local input and global export markets.

Market liberalization policies in Uganda, like in other developing countries, were prescribed by the World Bank (WB), the International Monetary Fund (IMF), the African Development Bank (ADB) and the Paris Club of donors. The policies support economic frameworks aimed at revamping the economies of developing countries through more market oriented and industry based economic prescriptions (Fisher and Thomas, 1990; IDRC, 1986). 

Depending on local resources, different countries have implemented market liberalization and other structural adjustment policies to varying degrees. In all cases, developing countries have undergone a number of re-orientations to operationalize the prescribed frameworks. These range from civil service reforms, divestiture of public enterprises, retrenchments to market liberalization. Market liberalization entailed three economic measures; price, foreign exchange and trade liberalization.

Price liberalization involved the removal of price controls that previously kept prices below competitive market clearing levels (Bojo, 1991; Ddumba-Ssentamu, 1996). Foreign exchange liberalization brought foreign currency to its market value, which thus removed price distortions leading to significant increases in investment profitability. Together with trade liberalization, the above effects have opened the Ugandan economy to foreign competition and technology inflow (Bojo, 1996; Convery, 1995; Munasinghe, 1993; Munasinghe and Cruz, 1995).

The main impact of market liberalization, however, has been increase in export prices for most primary products. Increases in primary export prices usually lead to increased exploitation of natural resources (Reed, 1992; Repetto, 1988). Lake Victoria, like other fisheries in Uganda, is a source of a number of primary exports including fish meat, fish maws, fish skins and other products. The lake therefore presents important experiences with market liberalization which are elaborated on below.

Post- like pre-liberalization fish exports, above local market consumption, support a harvest rate which is a function of the level of effort and the size of the stock of fish._ In a liberalized competitive market, the decision to engage a level of fishing effort (E) depends on whether that level of effort maximizes the present value of the harvest less the total cost of harvesting (Conrad, 1993; Neher, 1990; Pearce and Turner, 1990; Pearse, 1991)._ Market liberalization in the early 1990s satisfied this important feasibility constraint. Further fishing effort was thus engaged, with the likely result of overfishing.

In the face of over-fishing, theory on investment in renewable resource exploitation advises that the effort (E) should be reduced to allow fish stocks to regenerate naturally. Effort could also be completely withdrawn to allow fish stocks to appreciate in value through price increases, if they attract positive internal economic rates of return._ 

In the case of open access resources like Lake Victoria, however, the total appreciation in resource value should exceed or be equal to the individual resource user’s discount rate (S) to permit rational reduction in effort (E) (Neher, 1990; Pearce and Turner, 1990; Varian, 1993).

The appreciation of the value of open access natural resources never equates to or exceeds individual discount rates, as fishermen fear that what they save, someone else may harvest (Pearse, 1991). In fact, fishermen prefer to increase their own effort as the only way to maximize individual profits and exceed individual discount rates (Pearse, 1991).

Market liberalization, fish price appreciation coupled with open access conditions in the Lake Victoria fishery could then easily result in resource over exploitation. This possibly was verified by peak declines in exploitable stocks in the early 1990s following market liberalization driven increases in prices and significant rises in effort deployment. s in exploitable stocks in the early 1990s following market liberalization-driven increases in prices and significant rises in effort deployment.

This research report examines the changes in exploitable fish stocks as one of the effects of market liberalization on the Lake Victoria fishery and suggests a model to monitor the interaction between economic reality and the fishery’s regenerative potential.

1.2
Development of the Lake Victoria fishery

To contextualize the impact of market liberalization on the Lake Victoria fishery, this study investigated important temporal changes in the exploitation methods and patterns in the fishery.

Lake Victoria is reported to have supported a thriving mixed subsistence and commercial fishery from as early as the first part of the nineteenth century. Local people used simple gear like spears, basket traps and papyrus seines to fish inshore fish stocks mainly for subsistence but also for limited trade. Their major pre-occupation then was management planning because, at the time, the stocks were predominantly virgin and plentiful (Twongo et al, 1991).

The introduction of the much more efficient flax gill-nets in 1905, followed by their widespread use by 1916, however, soon led to increased fishing pressure. Localized over-fishing had set in by the early 1920s (Twongo et al, 1991; Ogutu-Ohwayo, 1996).

Fishery exploitation in Lake Victoria continued to expand and intensify after the imposition of the minimum mesh size limit at 127 mm in 1933. Attempts were made to start mechanized fishing enterprises after the Second World War. These attempts were however futile, leaving all fishing activity in the hands of subsistence and artisanal operators. At this time, however, the fishery started to slowly transform into a commercial fishery.

The commercialization of the fishery, the introduction of the more efficient synthetic gill-nets in 1952, and the availability of outboard engines shortly afterwards intensified fish capture. They also extended fishing grounds further offshore, and facilitated faster transport of the catch to markets.

With motorization, fishing became a very attractive enterprise. By the mid 1950s fishing in the Tilapia fishery had intensified so much that catches per net started dropping. The temptation to use gill-nets of lower mesh sizes in order to catch smaller tilapias then became irresistible. Such gear also harvested other members of the multi-species fishery (Twongo et al, 1991).

Uganda repealed the minimum mesh size in 1956. Earlier on, government had also resolved to introduce non-endemic fish species into the lake. These included four tilapine species and the Nile Perch. The introduction of the four tilapine species (Oreochromis niloticus, O. leucostictus, Tilapia zillii and T. melanopluera) into Lake Victoria started in 1953 while the Nile Perch was formally introduced into the lake in 1959 (Reynolds and Greboval, 1988).

Introduction of alien species is believed to have initiated a dynamic state of flux in Lake Victoria. Profound changes in the structure and functioning of its ecosystem have since been reported. The prolonged state of flux, however, may also be due to serious reduction in the diversity of fish population numbers initiated by over-fishing. It is also blamed on environmental changes in the watershed of the lake (Ssali et al, 1991).

The state of flux has also been attributed to fishing shocks following the commercialization of the fishery. For a long time, Lake Victoria featured small-scale activities of mainly local operators, processors and traders. Following the introduction of the new synthetic gill-nets in 1952, this suddenly changed. There was rapid commercialization of effort by small canoe fishing units, followed by big trawlers. Most of this effort concentrated on the native tilapia Oreochromis esculenta and, from the late 1950s, on the introduced Oreochromis niloticus. The rapid commercialization of harvests in itself could have disrupted the population dynamics of the entire lake system.

Stock assessment reports, even then, comment on localities in which serious to critical over-exploitation of the resource was occurring (Ogutu-Ohwayo, 1996; Twongo et al, 1991).

1.3
The fish processing industry in Uganda.

Industrial type fish processing in Uganda started in 1973 when Frozen Foods Ltd was established. The factory was located in the Kampala industrial area and mainly depended on Tilapia obtained from the nearby landing sites on Lake Victoria. It produced frozen fillets for the local supermarket and hotel trade and, to a limited extent, for the export market in Nairobi. Other early processing facilities included Afro-fish and FishCo companies. The two also engaged in frozen Tilapia fillet trade but at a much smaller scale (Ssali et al, 1991).

Large-scale export, oriented fish processing started in Uganda in 1959. This was, however disrupted in 1972, following Amin’s expulsion of Indians and the declaration of the economic war. Organized processing and large-scale fish exports however resumed in 1991 and have been increasing since then. By 1995, there were twelve processing and exporting firms in the Lake Victoria area alone. 

Fourteen new companies were licensed in 1995. If all pending applications are accepted in 1997, the total fish processing capacity in Uganda will top 24 processing plants with a total raw materials requirement of about 73,000 tones per annum (UFD, 1996).

Due to location and transportation difficulties, all the raw tonnage is expected to come from Lake Victoria. It also has to comprise of Nile Perch and Tilapia because of consumer preference for the two species in the European Union, Israel, North America and the South East Asian markets.

Despite the ecological problems, the commercialization of the Lake Victoria fishery has had a good impact on Uganda’s foreign earnings. In 1993, fish exports totaled over 6.138 thousand metric tones worth US$ 10 million, while in 1994 the volume of exports increased to 6.65 thousand metric tones worth US$ 15 million. The dark side of increased revenue earnings, however, was over-exploitation of available stocks. There are indications that this is a real danger as the following data clearly illustrates (Ssali et al, 1991).

Table 1.1: Annual catches and fish export values from Lake Victoria 

(Thousand metric tones and million US $ respectively)

Year
Number of firms
Nile Perch
Tilapia
Export Value

1989
0
101.3
20.2
7.6

1990
1
91.3
25
8.3

1991
1
74.3
27.4
8.1

1992
4
62.3
24.6
9.6

1993
8
63.2
23.9
10.1

1994
12
68.4
21.2
15.2

1995
14
65.8
24.7
16.5

1996
19
61.1
23.9
17.2

The decline in commercial catch against an increase in industrial processing capacity increasingly implied less fish supply to non-industrial processing outlets. This in effect meant a growing raw materials supply deficit for the processing industry and a dangerous shortfall in the supply of table fish for the local market. Both results imply a costly loss of valuable sources of subsistence protein (Ogutu-Ohwayo, 1996).

The decline in total commercial catch was in spite of an overall rise in the commercial canoes fleet on the lake from 2,700 in the early seventies to over 9,500 in 1995. By computation, the catch per unit of effort declined from 84.93 kg/canoe/day in 1988 to only 28.80 kg/canoe/day in 1995, demonstrating a clear strain on the fishery.

1.4
Development of the export market

Uganda’s fish export destinations vary depending on the method of fish processing. Fish processing methods include smoking, sun-drying, salting and frying. Hot smoked fish is now mainly destined to distant markets, while fillets of mainly Nile Perch and Tilapia go to the European export market and the local premium super markets (NEMA, 1996).

Over a long time, the Lake Victoria fishery has represented the whole range of processing methods. Fish filleting was temporarily disrupted in the 1970s. This left hot smoking and salt drying as the main fish processing methods. After the resumption in the early 90s, however, filleting has rapidly grown to account for 90% of all fish processing activities in Uganda. Smoked and salted fish exports have also recently grown particularly to neighboring countries in the PTA region._

All in all, fish exports and products have been increasing steadily since 1991. This, as already pointed out, is because price increases on the international market, the general drive toward healthier lifestyles and the value for money of fish as an alternative to red meat encouraged the trend._

This trend continued to grow in the 1995/96 exports period following short term elasticities in the beef market due to fears of the mad-cow disease in Europe (UEPB, 1996)._ By 1996 over 20 firms, with at least four of them certified as satisfying the minimum phytosanitary product standards of the European Union supported the export sector.

Due to a growing global demand for fish products, more than 50% of the export firms have now extended supply to the Middle East, the Far East, Asia and Australia, in addition to their traditional markets in Europe.





Chapter Two

Literature Review

2.1
The effect of market liberalization on the use of natural resources
Market liberalization entails the minimization of government intervention and active participation in markets through the elimination of subsidies and tariffs and divestiture of state corporations. Market liberalization helps economies to respond effectively to market forces. It in effect enables economies to set production, consumption and prices at levels that reflect resource scarcity.

In theory, market forces will efficiently allocate resources if the resources are discrete and alienated as private property. Open access to resources abstracts this allocative effect of market forces. This is because under open access conditions, there is a failure to relay signals of resource scarcity to participants in the market (Convery, 1995; Bojo, 1996; Ddumba-Ssentamu, 1996). In economic terms, the above effect is termed market failure and will normally be the inevitable outcome of inappropriate property rights and the failures of policies (Hartwick and Olewiler, Mckean and Ostrom, 1995; 1986; Pearse, 1991)._

The Lake Victoria fishery is an open access resource and therefore suffers the above market failure. The market does not reflect growing resource scarcity and the true external environmental effects of individual economic activity in the fishery. This insensitivity allows resource exploitation beyond optimal levels resulting in resource degradation.

Fisheries resource degradation could be the result of a host of changes other than market liberalization. This study however chose to investigate the relationship between the level of market liberalization and the exploitation regimes in the Ugandan sector of Lake Victoria as a starting point.

The study utilized an AIM methodology to investigate individual parameters of market liberalization, and in an integrated manner closely related fisheries sector development decisions with priority economic, environmental and social objectives in Uganda (Munasinghe and Cruz, 1995).

2.2
The Action Impact Matrix approach

The AIM approach attempts to explicitly identify the key linkages in a social, economic and environmental policy framework. The approach focuses on valuation and other methods of analyzing the most important policy impacts and, finally, suggests action priorities (Munasinghe and Cruz, 1995).

Like the Pressure-State Response framework developed for resource accounting, the AIM approach demands the availability of time series data to enable the isolation and eventual quantification of minor and major driving forces and responses in given ecologic-economic sub-systems.

Market liberalization policies are one of a set of  Structural Adjustment Packages aimed at effecting policy and institutional changes necessary to modify the structure of developing economies. Structural adjustment packages aim to help developing economies towards higher growth rates and viable balance of payments (World Bank, 1992).

The main objectives of market liberalization and the other structural adjustment measures are to stabilize the macro-economic environment, promote growth, alleviate poverty and increase the openness of the economy. Market liberalization also improves efficiency in resource allocation, supports private sector development and enhances capacity for economic policy analysis (Bojo, 1996).

Market liberalization measures, however, are only one set of the policy changes that drive economies towards better performance. It is thus the sum total of these changes, and impacts of market liberalization policies, that have a direct action-impact relationship with natural resource utilization (Bojo, 1996). To identify the specific policy-impact linkages, therefore, the AIM methodology help identify relevant data on impacts and policy changes.

To make mathematical sense, linear responses to driving forces need to be isolated and intensively investigated. Market liberalization has a number of linear, positive and measurable economic effects. However, many important effects of market liberalization, like income distribution shifts, are non-linear or are difficult to measure.

Market liberalization also has a number of second level effects. Reed (1992) claims that market liberalization used up rather than protected the environment. It also grossly failed to achieve sustainable development. Lang and Hines (1993) point out that the gearing of entire economies to increased raw materials extraction for large liberalized markets has environmental effects at the point of extraction or production. These effects are even larger in developing countries which have little capacity to regulate their environments (Batabyal, 1994; Steininger, 1994).

Economic theory predicts that liberalized and expanded markets for primary products and tradable inputs have upward and downward price effects respectively (Convery, 1995). Sutton and Webb (1988) discuss the effects of the two price shifts on natural resources and conclude that, particularly for developing countries, market liberalization could lead to natural resource over-exploitation and eventual degradation if not carefully implemented.

Most of the above effects are the result of lack of perfectly competitive markets that fully and correctly reflect the sum total of all the costs and benefits of economic activities. They are resource allocation outcomes that are not Pareto-efficient._ They are failures by liberalization policies to address the concerns of the market.

As illustrated above policy failures are in-extricably linked to market failures._ Market liberalization may have a positive influence if market and policy failures are corrected, and a negative one if such failures are made worse (Bojo, 1996). Policy and market failures are attributed to the presence of market distorting influences like poorly defined property rights, government intervention and subsidies (Bojo, 1996; Ddumba-Ssentamu, 1996).

Removing some distortions through liberalization in the remaining presence of others will not necessarily move the economy towards a higher welfare level._ Market liberalization in the presence of poorly defined property rights over the Lake Victoria fishery may, therefore, produce a quick boom to the detriment of sustainable utilization of the resource. Many of the above-mentioned effects of market liberalization are second level, indirect and difficult to quantify. The AIM approach helped to identify the important linkages and ramifications for the economic analysis of the effect of market liberalization on the use of natural resources in the Lake Victoria fishery.

2.3
Economic model for the Lake Victoria fishery

The Lake Victoria fishery consists of different activities and characteristics associated with fishing. It also consists of different types of fish, fishing vessels and fishing gear. Characteristically, the fishery is a multiple species fishery, with the fishing gear able to switch easily from one type to another.

For a simple analysis of the Lake Victoria fishery, this study considered it to be a two species fishery harvested by a homogenous effort._ The study also ignored the age distribution of the fish. This was because there was no statistical evidence that it played any important role in the relationship investigated in this study though it is known to affect the optimal economic harvest of fisheries (Braat and Lierop, 1987; Kula, 1992)._

Naturally, fish reproduce, grow and die. Fisheries are, therefore, renewable resources. There may be a limit to the number of fish that can be supported by the fishery at any point in time. However, harvesting fish from the fishery, does not mean that the total stock of fish at the next instant will necessarily be smaller (Hartwick and Olewiler, 1986).

Despite the above dynamic characteristics, renewable, fishery resources can be fully exhausted. If too many fish are harvested and their ability to reproduce reduced, the stock of fish may sooner or later be exhausted. The following dynamic model examines the above concepts in relation to Lake Victoria.

The dynamic theory of the fishery was first investigated by Schaefer (1957) and developed by Copes (1972), Clark and Munro (1975), Clark (1976) and Clark et al (1979). Schaefer (1957) argued that the rate of growth of a fishery (dQ/dt) depends on the size of the stock of fish (Q) and is overtime sensitive to environmental limitations that define the fishery’s carrying capacity (k). This argument can be graphically presented as the Schaefer curve (see Schaefer, 1957).

Mathematically, the Schaefer Curve is presented as;

dQ/dt = rQ (1-Q/K).................................................................................................2.1

where r is the intrinsic rate of growth of the stock and k is the carrying capacity which, in the absence of fishing activity, is the highest natural equilibrium stock level.

Fishing activity modifies the growth function as follows;

dQ/dt = rQ(1-Q/K) - h(t).......................................................................................2.2

where h(t) is the harvest function.

The equation implies that the change in the stock of fish over a short time will be given by the difference between the biological growth function and the level of fishing activity.

The harvest function h(t) is determined by the size of the stock which is closely related to the history of the fishery, and the level of fishing activity. Fishing activity is an investment-related parameter. If h(t) is examined as a production function with two inputs, stock (Q) and effort (E),

h(t) = h(Q, E)_....................................................................................................2.3

h(t) = x Q.E.........................................................................................................2.4

where x is an efficiency parameter which is constant.

Ordinarily, labor and capital are retained or attracted where they are rewarded highest in the economy. This rent aspect depends on the characteristics of the cost and revenue functions in the various sectors of the economy.

In the fisheries sector, total cost depends on the level of fishing effort and the cost per unit of that effort (PE).

TC = _EMBED Equation.3___H.PE........................................................................................................2.5

The total revenue, on the other hand, depends on the level of harvest and the market price of fish (PF).

TR = _EMBED Equation.3___H.PF..........................................................................................................2.6

The resource rent, which determines release or retention of labour and capital in the Lake Victoria fishery, is expressed by the simple model;

TR - TC = _EMBED Equation.3___H.PF - _EMBED Equation.3___E.PE.....................................................................................2.7

Abstracting the biological characteristics of the fishery, the rate of growth of the fishing effort, therefore, increases with a decrease in the cost of fishing and an increase in the market price of fish.

Market liberalization has the effect of increasing the price of fish and decreasing that of labor and capital inputs, with the overall impact of higher resource rent. Higher resource rent retains and, in effect, attracts more labor and capital. Market liberalization thus attracted effort into the Lake Victoria fishery, explaining the observed 250% growth in the variable between 1991 and 1995 (Fisheries Department, 1995).

2.4.
The open access problem

Like most other renewable resources, most fisheries are open access resources. They are exploited by many individuals, most of them with little concern for the negative effects. Individual fishermen, like sole owners, however, are interested in fishing for maximum profit. In private fisheries, profit maximization could simply follow if stocks are left to increase to sizes that fetch good prices and to quantities that reduce the cost of fishing. In open access fisheries, this rational position never influences the decisions of others to restrain effort. Each fisherman is aware that what he leaves, others take away. Rather than reduce effort, each fisherman increases his effort as the only way to undercut others.

Like in sole proprietorships, a profit will be made as long as the sale price of fish exceeds the average cost of catching the fish. Fishermen will also continue to invest in fishing as long as price covers average cost. In addition to maintaining existing effort, continued existence of economic rent in the fishery, will attract further investment into the industry, raising the level of activity.

Market liberalization affects resource rent and, therefore, the expansion of fishing activity in a number of ways. Increased fish prices due to higher demand from a wider market increases resource rent, while decrease in input prices due to a larger supply market, reinforces the above effect. Market liberalization under open access conditions therefore, presents a problem of resource over-exploitation and probable resource degradation.

The theory of renewable resource exploitation postulates that additional effort should decrease fish stocks and increase the cost and required effort per unit of harvest. Every effort, therefore, should impose an external cost on every other effort._ At such a point, economic rent diminishes and fishermen operate at a loss. Economic logic would suggest that some fishermen would relocate elsewhere in the economic universe where higher rewards are available until fishing effort attracts total revenue equal to total cost (Hartwick and Olewiler, 1986; Pearce and Turner, 1990). The relocation of effort does not happen in reality for a number of reasons.

Under open access fishing regimes, each firm receives the average product of the industry’s total effort. A fisherman does not capture the marginal product of his effort; rather, he harvests the industry’s average product, which lies above the marginal product of effort (Hartwick and Olewiler, 1986).

By harvesting the average rather than marginal product, each firm treats the stock (x) and therefore the effect on stock of new effort as exogenous when actually the action of each fisherman leads to a lower equilibrium stock and slightly higher harvest costs for every other fisherman._

There is a decrease in the harvest per unit of effort due to the entry of an additional unit of effort and this affects all fishermen in the fishery. However, the effect per fisherman however, is relatively small and fishermen ignore it.

Each fisherman perceives the marginal product of his effort to equal the average product before that increment in effort was added. Fishermen wish to increase their harvest. They therefore deploy more effort or intensify the use of existing capital and effort. This tendency overtakes the natural stock replacement mechanisms and makes resource depletion more likely, demonstrating a typical market failure in the allocation of open access resources.






Chapter Three

Methodology

3.1
Data collection methods

The Action Impact Matrix approach identified a number of parameters relevant to the relationship between market liberalization and exploitation of the Lake Victoria fishery. They included annual exploitable stocks of fish, export and local market prices, fishing effort, cost of effort, temporal impact of liberalization measures, and lake ecology.

Time series data was, therefore, collected on some of the above parameters to model the relationship. Most data was obtained from secondary sources including Fisheries Department records, and administrative records at selected landing sites on Lake Victoria. The data was verified with a simple questionnaire administered to at least fifty local fishermen. 

Data on local and export market prices, export revenue and volume was obtained from fish processing firms and the Uganda Export Promotion Board.

3.2
The theoretical model

To analyze the relationship between annual exploitable stocks of fish (YT), export market prices (PM), the level of effort (EL), the cost of effort (CE), the lagged fish catch (YL) and the catch per unit of effort (CPUE), the regression function below was computed:

YT = _EMBED Equation.3___ + _EMBED Equation.3___1PM + _EMBED Equation.3___2EL + _EMBED Equation.3___3CE + _EMBED Equation.3___4YL + _EMBED Equation.3___.................................................3.1

YT is the exploitable stock for year (t), and was a function of (PM, EL, PE, YL, CE) denoted in short as YT = f(PM, EL, CE, YL)......................................................................3.2

_EMBED Equation.3___ was the function’s regression constant or intercept term and indicated the value of YT when PM, EL, CE and YL equaled zero. _EMBED Equation.3___1, _EMBED Equation.3___2, _EMBED Equation.3___3, and _EMBED Equation.3___4 were regression slopes or coefficients and indicated the amount by which YT changed for each unit change in the respective independent variables. YL was the fish catch for the previous year while _EMBED Equation.3___ represented the stochastic error term.

The stochastic error term _EMBED Equation.3___ was added to the model to explain all the variation in YT that could not be explained by the independent variables. For a good linear fit, the regression error term _EMBED Equation.3___ is independent and N (0, _EMBED Equation.3___2)._ The independence and normal distribution of the error term is a useful test of the appropriacy of the regression function for any given set of data. The test involves the plotting of the error term generated error residuals (e) against the fitted Y values. Error residual plots are randomly distributed along the zero line for an appropriate linear regression function but indicate a distribution pattern if the regression function is inappropriate.

A plot of the error residuals also tests the constancy of the error variance. When error residuals are plotted against their time order, an indication of whether error terms are correlated is obtained. Error correlation or serial correlation contradicts one of the main assumptions of linear regression modeling._

The model in this research was lagged to explain long term responses. It adopted the conditional assumption that price changes have long-term influence on the level of fishing effort and therefore, on the exploitable stock. That is, exploitable stock has lagged response to the level of effort and the price changes examined in the study.

To facilitate computation, the model abstracted the physical effects of lake limnology and the intrinsic rate of growth of the stock. The latter, however, was partially accounted for by the lagged yearly exploitable stock (YL) variable in the model. Other effects not directly regressed were explained by the error term _EMBED Equation.3___, making the model stochastic.

3.3
The regression model parameters and their interpretation

The regression examined the relationship between exploitable stock, the level of effort, the fish export price and the cost of fishing for the Lake Victoria fishery. In the relationship, the coefficients _EMBED Equation.3___1, _EMBED Equation.3___2, _EMBED Equation.3___3 and _EMBED Equation.3___4 indicated both the magnitude and direction of change of the dependent variable (YT)._

The size of exploitable stock per year changed by _EMBED Equation.3___1, _EMBED Equation.3___2, _EMBED Equation.3___3, or _EMBED Equation.3___4 units when the level of fishing effort, the fish export price, the cost per unit of effort, or the lagged fish catch, changed by one unit respectively. The coefficients _EMBED Equation.3___1, _EMBED Equation.3___2, _EMBED Equation.3___3, and _EMBED Equation.3___4 were negative if (YT), the exploitable stock per year, decreased with increases in the level of fishing effort, the fish export price, the cost of effort or the lagged fish catch. They were positive if the level of exploitable stock per year increased with increases in the four parameters respectively.

While the model embedded a number of important interactions, the coefficients on export prices for both Nile Perch and Tilapia indicated theoretical declines in fish catches as export prices grew. This supported the conceptual argument that while market liberalization may improve markets and prices, with the effect of further entry of effort into the lake fishery, open access conditions curtail the power of the market to regulate the size of the fishing fleet. This results in many boats fishing declining stocks and gradually to stock depletion.

Increased prices, higher harvest effort but declining overall annual catches demonstrate the potential danger of resource degradation. The failure of the market to correct this trend calls for greater government regulation. Government efforts to restrain public sector spending aimed, inter-alia, to meet the requirements of structural adjustment programs have, however, reduced the intervention capacity of the government. This effect of SAPs, together with market liberalization, worked towards the degradation of the lake._

The desire to retain the simplicity of the model demanded that some weak explanatory variables should be left out. They included the competitive allocation of effort between Nile Perch and Tilapia, and the year effects, partly attributed to socio-political effects. In its simple form, however, the model sufficed to illustrate the variation of yearly exploitable catch with identified effects of market liberalization. The model did not predict the likely variations outside those demonstrated by the empirical data. A schematic flow diagram of the interactions model in Appendix III illustrates the salient linkages between fish exploitation and liberalized fish markets.

Chapter Four

Empirical Data, Results and Discussion

4.1
Evolution of catches in the Lake Victoria fishery

This study analyzed data on exploitable fish stocks, level and cost of fishing effort, real fish export market prices, and the level of catch per unit of effort for the Ugandan sector of Lake Victoria. The study examined data sets for a period of twenty five consecutive years beginning with 1971. Indicative exploitable stock data for Nile Perch and Tilapia was regressed against yearly mean levels and costs of fishing effort, mean fish export market prices and annual average catch per unit of fishing effort. Data regression was performed using SPSS PC+ software and showed strong statistical correlations.

Mean yearly outputs for the two species examined in the study demonstrated large changes in their contribution to the total catch. This in part was due to changes in the biodiversity of the lake, but could also have been due to variable and competing allocations of fishing effort._

Changes in the species composition of the catch, the total catch, or the effort allocated to catch a given quantity of fish, reflect on the amount of fish available and the intensity with which existing stocks are exploited. The changes are also good indicators of the recent history of stock exploitation. These basic characteristics of fisheries guided the interpretation of the results of this study.

The study examined lagged responses of fish stock to exploitation pressure. This, as is normally the case, was found to be statistically significant. Individual fish size distribution was not examined in the statistical model which aggregated them into an annual catch statistic. Preliminary statistical analysis initially indicated high catch rates particularly for Nile Perch._ High catches of Nile Perch were also confirmed by further analysis. The high catch rates of the species have been explained by the fact that the first quartile segment of the study data had the species in an explosive phase of growth at the commencement of its successful invasion of a hospitable ecosystem (Dunn and Sentongo, 1992).

Earlier studies on the species predicted that catches of Nile Perch and the other co-existing and competing species would oscillate until the species mix stabilized for a given set of environmental conditions. This study found the above prediction unverifiable because recent unprecedented increases in the level of harvest effort for Nile Perch and Tilapia disrupted the recruitment capacities of both species.

Total catches of both species were low with Tilapia declining to a temporarily stable catch of about 24,000 metric tones per year up to 1995, while Nile Perch showed a sharp decline of over 11% between 1991 and 1995 (Fisheries Department, 1995)._

The decline in Nile Perch catches has critical implications for the established fish processing sector. The sector depends on it as the preferred export commodity, following increased consumer demand for white meat due to health reasons. Uganda’s fish products are also obtained from unpolluted fresh water sources. This has raised international consumer demand and the average market prices per kilogram of Nile Perch from US $3.00 in 1991 to over US $7.50 in 1996. Local market prices also responded to demand push, and increased from US $0.25 to US $1.55 equivalent over the same period (Globe-fish, 1996; ITC, 1996; UEPB, 1996).

The gradual appreciation of prices has been associated with the intensification of fishing effort, including changes in the techniques and specifications of the gear used by the artisanal fishery._

Whereas the intensification of effort was in response to changes in fish populations and rapid demand growth, limited control of the transition resulted in the introduction of destructive fishing methods and conflicts of interest among gear operators. Destructive fishing methods like poison fishing have been reported while conflict between gill-netters and trawlers is only beginning to subside._

4.2
Biological dynamics of the Lake Victoria fishery

Nile Perch and several Tilapiine species were introduced into Lake Victoria during the late 1950s and early 1960s to improve the fishery of mainly native species. Fish catches lake wide increased fivefold from about 100,000 to over 500,000 metric tones following the introduction of new species particularly the Nile Perch.

The establishment of introduced species, however, was accompanied by rapid declines or total disappearance of some of the more than 300 species of haplochromines. While this may have been due to predation by the Nile Perch, competition for limited resources could have contributed significantly to some extinctions. Fish extinctions changed the fishery from a multi-species fishery to a three species one comprising Nile Perch (Lates niloticus), Tilapia (Oreochromis niloticus) and Rastrineobola argentea (Mukene)._

The fishing effort deployed in Lake Victoria has also registered tremendous growth climbing from 3,200 fishing canoes in 1972 to 8,000 fishing canoes in 1990. This followed growth in demand for fish products. Over deployment of effort, however, exerted stressful pressure on the fishery. Consequently, total fish yield started to decline in 1989 after an all time peak of 132,400 tones. The decline in total yield in spite of increased effort deployment suggested that the biological maximum sustainable yield of the lake had been exceeded. In spite of all this, effort continues to enter the fishery. There is therefore an urgent need to control entry and operation of fishing effort in the Lake Victoria fishery.

Other factors are also known to impact on the fishery. A number of ecosystem studies show that Lake Victoria has eutrophied. Nutrient levels have changed, and algal biomass increased five fold. Algae and zooplankton composition have also changed and much of the deep water of the lake is devoid of oxygen.

The water weed (Erchihonia crassipes) has also colonized a considerable part of the lake, particularly the shoreline breeding areas. The weed considerably interferes with fishing activity. It therefore affects both fish recruitment and fish harvest. The effect of the water hyacinth could not be directly measured for inclusion in the model. A year dummy variable was therefore used to explain the effect of the weed on exploitable stocks. This variable proved insignificant, and was finally eliminated from the model.

In the aggregate, there is no doubt that the various changes described above increase the environmental resistance to fish recruitment, increase fish mortality and in effect lower the lake’s carrying capacity. The critical fish biomass for sustained fishing activity, however, is high and therefore likely to be exceeded by even current fishing levels. Further entry of effort, therefore, will deplete the fisheries resources of Lake Victoria. The theoretical and empirical results below present the effects of increased effort and rent for the two main fish species of Lake Victoria.

4.3
Effort and rent dynamics in the fishery

The two main species discussed in this study are Nile Perch (Lates niloticus) and Nile Tilapia (Oreochromis niloticus). Both species were introduced into Lake Victoria in the late 1950s and early 1960s. They have, however, had different establishment histories. They are also exploited by different fishing efforts and have different market outlets.

The population dynamics of the two species demonstrate a predator-prey relationship, with Tilapia stocks decreasing with the establishment of the Nile Perch. Exploitable stock data also indicated competing allocation of effort between the two fisheries. Heavy harvesting of both species, however, seems to limit the influence of the predator-prey relationship on the fishery while new effort inflow nullified the effect on either stocks of competing allocation and reallocation of effort.

4.3.1
The effects of increased rent and effort allocation on the Tilapia fishery

The Tilapia fishery is exploited for both local and export markets. Unit prices in both markets have increased significantly over the period of the time series data used in this study. Relatively, unit prices grew much faster in the export market than in the local market.

Overall price improvements attracted effort to the lake fishery. More effort targeted Nile Perch due to new found markets and consumer preference for it as a white meat. This generated more rent and therefore further attracted effort to the fishery.

Effort relocation should have relieved pressure on the Tilapia resource. This never happened, partly because the resource was already depleted and also because the total effort scenario increased significantly. The effort that shifted from the Tilapiine fishery to the Nile Perch fishery was, in effect, replaced with new effort.

The resultant exploitation pressure on both fisheries has had a number of impacts. The effects on the exploitable stock of Tilapia are illustrated by the estimated regression function below;

YT = -4664.3 + 1.6EL + 0.5YL - 0.09PM - 0.01CE...........................................4.1.

where 

YT =
Yearly exploitable stocks of Tilapia



EL =
Level of effort



YL =
Lagged yearly exploitable stocks of Tilapia



PM =
Export market prices



CE =
Average cost of fishing per kilogram.

The regression function portends, in theoretical terms, that no fish was caught at some point in time. This is indicated by the negative sign intercept (-4664.3). The function also illustrates that the annual exploitable stock increased by 1.6 units for every unit increase in allocated effort  (_EMBED Equation.3___-value of 1.6). Exploitable stock increased by 0.5 units for every unit increase in lagged exploitable stocks (_EMBED Equation.3___-value of 0.5).

Higher effort allocation implied greater spatial and temporal effort coverage of the fishery which enabled a larger overall harvest. Whereas overall harvests should, in the long run, fall with increased effort, the regression results in this study did not predict a decline in exploitable stock at current levels of effort allocation. The regression results, however, correctly demonstrated that the larger the lagged exploitable stock, the smaller the yearly exploitable stocks. This is because fish need fish to multiply and, below a dynamic population threshold, fish recruitment slows down and depletion could occur (_EMBED Equation.3___-value of 0.5).

Increased real export market prices were associated with a decline in the yearly exploitable Tilapia stocks (_EMBED Equation.3___-value of -0.09)._ This regression result confirmed evidence in the raw data where increases in export market prices corresponded with significant declines in exploitable stocks._

As anticipated, good prices and improved access to the export markets, due to market liberalization, encouraged investment in the fishing and fish export industries. Effort allocation to the sector, however, exceeded sustainable yield levels, which initiated a fall in exploitable stocks. Increased export market prices permitted increased investment in time and spatial coverage of the effort to capture the large but gradually declining profits._

Fish processing and exporting firms increased, in response to the above supply and demand pushes. They also, in turn, created demand. This further encouraged effort allocation into the fisheries. Supply and demand pushes and the open access nature of the fishery also encouraged malpractices. A number of processing plants operated at more than the permitted capacity, while many fishermen used destructive gear. The malpractices continued unchecked because regulatory authorities, mainly dependent on government budget allocations, were unable to enforce compliance due to government austerity measures and cuts in their operational budgets. The continued absence of regulation and open access exploitation of the Lake Victoria fishery thus resulted in the near depletion of the resource demonstrated in Appendices I and IV._

4.3.2
The effects of increased rent and effort allocation on the Nile Perch fishery

Unlike the Tilapia fishery, the Nile Perch fishery is newly established. Exploitable Nile Perch stocks grew from only three metric tones of fish biomass in 1965 to an all time high of 1,086 metric tones in 1980, and rose steadily to a maximum yield of 101, 257 metric tones in 1989.

Nile Perch was introduced into Lake Victoria in 1958. The population dynamics of the species thereafter can therefore be explained by purely biological reasons. The Nile Perch population simply increased with little environmental resistance in the very favorable ecosystem. At the time also little, if any, effort targeted this fishery.

Significant effort allocation to the fishery started in 1983 with the creation of demand for the fish in the Kenyan processing and exporting sector. This coincided with the onset of the first phase of the structural adjustment program in Uganda. The changes in exploitable stock at the time, however, cannot be wholly explained by structural adjustment programs since fishing effort remained artisanal. The level of effort was also sustainable at about 3,000 fishing boats. Thereafter the fishing fleet started to grow rapidly in response to increased demand for fish in the export market. The establishment of fish processing plants in Uganda starting with UFEL and Gomba fishing companies in Jinja in the late 1980s signified the growing demand for the product in the export market.

Though effort data is not desegregated to show effort allocation and growth for different fisheries, most growth between 1989 and 1995 was in the Nile Perch fishery. Higher rates of growth of the effort in this fishery were sustained by growing consumer demand for white Nile Perch meat, particularly in the European Union. This stimulated export growth to over 50,000 metric tones per year, which above local consumption was in excess of sustainable yields of the lake fishery._

The effects of rent and effort allocation on the exploitable Nile Perch stocks are illustrated by the estimated regression function below;

YT = -47,337.41 + 12.76EL - 1.62YL - 0.11PM + 0.08CE.......................................4.2.

where
YT = Yearly exploitable stocks of Nile Perch


EL = Level of effort


EL = Lagged yearly exploitable stocks of Nile Perch


PM = Export market prices


CE = Average cost of fishing per kilogram.

On comparison, the regression function for the Nile Perch fishery demonstrated greater responsiveness of exploitable stocks to rent and effort changes than did the exploitable stocks for the Tilapia fishery. In the former, the responses were also dominantly negative, demonstrated by the negative _EMBED Equation.3___-values of -1.62 for lagged yearly exploitable stocks and 

· 0.11 for export market prices._

The greater responsiveness of the Nile Perch fishery to changes in the rent and effort scenarios was probably due to the comparatively larger allocation of effort to the fishery following rapid growth of the demand for Nile Perch in the export market. The progressive relocation of harvest effort may have eroded the biological resilience of the fishery, making it very sensitive to effort changes. In bio-economic terms, this is indicative of an excess of harvest threshold levels, which underlines the danger of resource depletion (Conrad, 1989; Hartwick and Olewiler, 1990).

Theoretically, the regression function indicated that no fish was caught at some time in the life of the fishery (intercept value of -47,337.41). Exploitable stocks responded positively to effort deployment, with marginal harvest level of 12.76 units for every additional unit of effort. While this may be due to the juvenile state of the fishery over the larger part of the time series data used in this study, it demonstrated possible deployment of sophisticated, or more likely, destructive fishing gear. Sophisticated or destructive gear permits profitable exploitation of fisheries even when, in bio-economic terms, biomass levels, theoretically no longer sustain resource rent._

Resource rent may, however, be sustained if resource prices increase rapidly. Export market prices for Nile Perch increased by over 250 per cent between 1990 and 1996, signifying considerably large resource rents from the fishery. This attracted further allocation of effort into the fishery probably beyond threshold levels._ While the relocation of effort from the Tilapia to the Nile Perch fishery visibly relieved the former, both fisheries face the danger of over-exploitation and possible depletion. The strict regulation of effort levels, permitted processing capacity monitoring and control of the type and intensity of fishing activity need to be addressed urgently if Lake Victoria is to remain productive in the medium to long-term.





Chapter Five

Conclusion and Recommendations

5.1
Conclusion

This study focused on the relationship between exploitable Nile Perch and Tilapia stocks and the effort and export market prices for fish products from the Lake Victoria fishery. The study reviewed the relationship in view of the likely effects of market liberalization measures. It focused on testing whether market liberalization and the resultant increases in the demand and prices of fish affect the biological productivity of Lake Victoria.

The study used linear regression techniques to analyze a five parameter relationship with the aim of finding empirical evidence for economic and biological effects of market liberalization on the Lake Victoria fishery. The parameters used included yearly exploitable stocks of either fish species, the level of deployed fishing effort, the lagged yearly exploitable stocks, export market prices and the average cost of fishing.

Significant evidence confirmed that a strong relationship exists between market liberalization and the level, nature and pattern of effort deployment in the lake fishery. It was found that effort deployment responded to product demand growth and the associated rent and translated into increased exploitation of the fishery.

The effects of increased exploitation of the Lake Victoria fishery feature prominently in the discussion. Serious concern over its effects on the regenerative capacity of the resource is raised, in view of the fact that fish recruitment collapses below some population threshold level. Fears are that this level may have been exceeded. This is possible particularly due to the serious lack of monitoring data, regulatory capacity, and extensive market and policy failures.

This study established that exploitable stocks of both fish species, declined as the effort, product prices and lagged fishing volumes increased over the years. The bio-economic inter-relationship between the above parameters changed to become a consequence of stressful resource exploitation. Though profit maximizing objectives suggested to individual fishermen to increase their effort levels and fishing intensity to capture the growing prices, the biological capacity of the fishery to sustain the level of fishing effort proved long undermined. This result clearly linked the degradation of the lake fishery to some of the direct results of market liberalization.

It should, however, be noted that the two regression functions developed by the study represent long-run fishing trends over a whole range of effort and price levels. The regression results, therefore, embed exploitable stock responses to discrete effort levels. They also embed the response of effort to both discrete price and socio-political conditions over the period of the study, and behavior of other fisheries in the region.

Nevertheless, empirical evidence suggests that the exploitable stocks of both Nile Perch and Tilapia are responsive to exploitation history. Increased effort pressure, sustained by high export market prices will, therefore, destroy the Lake Victoria fishery. 

5.2 Recommendations

The Lake Victoria fishery is an open access resource. Its conservative use, therefore, will only be achieved if the resource is allocated into defined but transferable shares, among a limited number of citizens.

This rather extreme market approach can be toned down by using the familiar transferable quota and licensing approach that has been applied to other fisheries with good results. This introduction of property rights, the setting up of rules within which they will be exercised, and the encouraging of their holders to undertake resource management and enhancement responsibilities, will relieve exploitation pressure on the lake fishery.

The above measures will limit and discipline the fishing effort in the lake, and facilitate monitoring of both the economic and biological performance of the fishery.

Demand side management should also be expedited. This will require careful assessment of the existing stock and its ability to sustain industrial processing and export of fish. Further licensing of fish processing plants should be based on such stock assessment.

Full pricing of open access resources encourages a conservative use of the resources. Full resource pricing can be achieved through taxation of the rent accruing from the resources. Taxation reduces the net resource rent and could initiate the relocation of effort to other productive sectors.

Finally, supervision, monitoring and regulation of fishing effort and behavior needs to be improved. The fisheries research and monitoring sector in the country must be strengthened to expedite proper implementation of its mandate. The long-term effect of the above measures will be the optimum use of the Lake Victoria fishery that will continue to generate broad economic benefits.
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Appendix I

Time series data on exploitable stocks of fish and other related parameters

YearTotal Exploit Stock TilapiaNile Perch Catch/EffortLevel of EffortExport PricesCost of Effort       (tones)  (tones)     (tones)(kg/boatday)     (boats)(US$/kg)(US$/boatday)1971381001419072838.632694 0.35       7.71972339001008084034.252707 0.45        7.6197332500749097532.632721 0.45         7.81974245006465108624.662736 0.65         8.3197516900700025016.982750 0.85         8.1197611100185054010.962750 1.65         9.8197715700311046016.442617 1.15        10.819781420031146014.522659 2.25        13.5197912000165019012.052702 3.1521.1619801000023021299.862746 3.1921.85198117000617078516.722791 1.959.06198213000460194712.622840 1.5510.631983170003821398016.162900 0.92          7.919844480022792392741.642943 1.15           8.319854560012683738641.642990 1.137.8619865650057504100050.963035 1.159.2519878000057947661763.113478 1.258.861988107100115709203184.933470 1.448.4419891324002021810125746.585497 1.558.031990119900250169133140.82800028.441991124700274427432941.38825638.381992129700246476232540.188844  3.5           7.91993134900239376323539.828282  4.5           8.21994103000212006843728.959746  3.58.451995103000247606575028.839800  5.510.391996101000207506525026.819850  7.510.25

Appendix II

Fish Processing Plant Quotas 1995

Name of firmFish of quotas

(Tones/Day)Accumulated

total (Tones)Greenfields20020UFEL/NAFCO15035Gomba Fishing Industries20055FEM05060Victoria Fresh Food Industries20030Fish Masters20100Ngege Ltd23123Kampala Ice Plant02125Hwang Sung Ltd05130Uganda Fish Packers Ltd14144Four Square10154Marine Agro. & Export Ltd10164Uganda Marine Products05169Clovergem Fish Ltd10179Byansi Fishing Co. Ltd05134Sudfish05187Nile Fish Exporters Ltd05194

Appendix III

Schematic flow diagram showing the bio-economic interfaces affected by market liberalization
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Appendix IV

Total, Nile Perch and Tilapia catches 1971-1996

__

__

_

_ H = Q(E, X) with H = Harvest rate, E = Level of effort and X = Size of the stock of fish.

_ _EMBED Equation.3___

_ Have price trends with a positive discount rate.

_ Non-factory processed products include smoked, sun-dried or salted fish.

_ The growth of exports is demonstrated by an increase from two processing and exporting firms to twelve between 1990 and 1995 and of export value from US$6.86 million in 1991/92 to US$ 15.03 million in 1994/95.

_ The UK recorded a 10% increase in fresh fish and a 25% increase in frozen fish consumption in 1996. Italy followed on closely.

_ In the nomenclature of resource accounting, this is termed policy failure and is closely associated with market failure.

_ Pareto efficiency refers to a market situation whereby no one, in ideal terms, achieves an increase in welfare without diminishing someone else’s, a situation that should automatically obtain in a market economy under the strict conditions that (i) markets are universal in space and time, (ii) all consumers and producers behave competitively, and (iii) an equilibrium exists.

_ Policy failures are actions or the failure to act on the part of policy makers, with the outcome that market failures persist, or get worse.

_ This is termed ‘the theory of the second best’ and is dealt with in a number of economics texts including Varian P. Hal, 1993.

_ The species are Lates niloticus and Oreochromis spp while effort here refers to vessels, labour, skills and fishing gear.

_ A number of parameters proved redundant in the model either because they were insignificant or because they were highly correlated with more significant parameters in the model. Age distribution, predator-prey relationships, political instability and the water hyacinth were some such parameters. These are accounted for by the years effect dummy.

_ Effort for purposes of this study is restricted to labor and fishing capital.

_ This is termed the ‘Stock Effect’.

_ The mathematical explanation to this is that for a given level of technology, the cost of catching fish increases the fewer they become.

_ This notation means that the regression errors are independent and normally distributed with a mean of zero and variance _EMBED Equation.3___2.

_ Usually the distribution pattern generated for inappropriate regression functions indicates a non-linear relationship of a shape similar to the residual plot’s distribution pattern. For details check Neter J., Wasserman W., and G. A. Whitmore (1993).

_ YT is exploitable stock per year.

_ Funding to the Fisheries Department has been cut, reducing the effectiveness of the department despite the need to closely monitor fishing activity. The department is charged to ensure the use of recommended net mesh sizes and that fish processing firms do not exceed permitted processing capacities.

_ Biodiversity changes here refer to the establishment of the Nile Perch after its introduction into the fishery in 1958. This introduction had a number of effects on the species in the fishery (Ssali et al, 1991).

_ Evaluated against allocated effort as catch per unit of effort (CPUE).

_ Actual catch figures fell from 74,329 metric tones in 1991 to 65,750 metric tones in 1995.

_ The artisanal fishery is the sector responsible for the major part of the total catch.

_ The New Vision of 5th December, 1996 reported the culprit poisonous substance to be an agro-chemical called endosulphur.

_ In 1994 Nile Perch contributed 66.6% of the commercial catch, followed by Tilapia 20.6% and Rastrineobola argentea (Mukene), 12%.

_ A unit increase in the export market price of tilapia fillet resulted in a 0.09 units decline in yearly exploitable stocks of the fish.

_ Significant declines in exploitable stocks occurred between 1991-1995 when price increases attracted large amounts of effort into the fishery.

_ The profit margin is likely to increase further due to short run elasticities in the beef and fish products market in the European Union following the ‘mad cow’ scare. In the UK for example, reports of 10% and 15% increases in the consumption of fresh and frozen fish have been reported respectively. Italian consumers are following suit.

_ The result for cost of production (CE), _EMBED Equation.3___-value of -0.01 is explained by the same reasons as export market prices (PM).

_ Over nineteen fish processors and exporters are now registered by the Uganda Investment Authority. Thirteen are already commissioned and at least six were certified to export to the European Union before their certificates were withdrawn in February, 1997 due to phytosanitary problems.

_ Compare with _EMBED Equation.3___-values +0.5 and -0.09 for lagged yearly exploitable stocks and export market prices respectively.

_ Sophisticated gear has been deployed by the Sino-Chinese Fishing Company in the form of deep sea trawlers while undersize nets, explosives and poison fishing have been reported in the fishery (NEMA Field Report, 1996). The poison used was reported to be endosulfur, an agro-chemical (The New Vision, 5 February 1997.

_ Export market price increases coincided with suspension of customs tariffs by the EEC and devaluation of the Uganda shilling. The two together increased resource rent and encouraged export growth.
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