
A Bio-Economic Assessment of the West Coast Deep-
Sea Hake Fishery with Referede to the Optimal
Utitlization and Management of the Resource.

Item Type Working Paper

Authors Hutton, T.; Sumaila, U.R.

Citation Draft paper for Environmental and Development. 2nd
International Conference 15th may 2000

Publisher CEEPA

Download date 19/05/2023 14:19:46

Link to Item http://hdl.handle.net/1834/873

http://hdl.handle.net/1834/873


A BIO-ECONOMIC ASSESSMENT OF THE WEST COAST DEEP-SEA HAKE

FISHERY WITH REFERENCE TO THE OPTIMAL UTILIZATION AND

MANAGEMENT OF THE RESOURCE

DRAFT PAPER FOR ENVIRONMENTAL AND DEVELOPMENT - 2ND

INTERNATIONAL CONFERENCE  - 15TH MAY 2000

T. Hutton* and U.R. Sumaila*‡

*Fisheries Centre, 2204 Main Mall, University of British Columbia, Vancouver, V6T 1Z4, Canada
‡Chr. Michelsen Institute, Fantoftvegen 38, N-5036 Fantoft, Bergen, Norway.

ABSTRACT

Cooperative versus non-cooperative management of the South African West Coast Hake stock
is explored using game theoretic modelling in conjunction with an age-structured biological
model of hake. We simulate the effects of alternative quota restrictions on two separate
fisheries that compete for the rights to fish this resource. The effects of increased competition
between the established demersal trawl fleet and the new longline sector are explored. The
results from the bio-economic analysis indicate that a higher rent can be obtained by
allocating a greater share of the TAC to longliners. However, policy implications of this result
have not been considered in terms of employment. The higher rent generated by longliners is
due to the high price they receive for their landings which is usually exported. The results of
our analysis provide an indication of why the current introduction of longlining may affect the
past government-industry cooperative arrangements. A difference of R368 million will accrue
to longliners over the next thirty years if they engage in non-cooperative strategies versus
cooperative strategies. The latter assumes that the trawl sector reduces effort under a
cooperative strategy. A cooperative strategy is still a viable option for the trawl sector,
because a difference of R605 million can be obtained over the same time period if they
engage in cooperative strategies assuming the benefits accrue to them in the long term. The
results also indicate that management policies which ignore economic realities will fail. In
addition, rent will be forgone unless the rules governing participation (i.e., rights) and the
allocation of benefits for shared stocks are well defined and constrained.
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INTRODUCTION

In South Africa the Cape Hake or Stockfish (a popular name for hake in South Africa) is an

important commercial demersal fish species. Its distribution extends along the entire western

seaboard of South Africa from Cape Point to north of the border where it is also fished in

Namibia. Hake are also found on the south-east coast on the Agulhas Bank. The Cape hake

fishery is of considerable social and economic value to South Africa.  Cape hakes form the

bulk (62% in 1991) of the catch of the South African demersal industry (Stuttaford 1993). In

1994, the harvest for the entire South African fishing industry had an estimated annual

wholesale value of nearly US$ 400 million, to which the demersal and midwater trawl

contribute about 50% (Stuttaford 1996). Annual hake catches by the South African fishing

fleet over the period 1982-1991 remained fairly constant, averaging 138 000 tons per year.

Reviews of the biology of this resource are provided by Botha (1980), Crawford et al. (1987),

Payne (1989) and Payne and Punt (1992).  Cape hakes consist of two morphologically similar

hake species, Merluccius capensis and M. paradoxus  (Van Eck 1969).  Since it is not easy to

distinguish visually between the two species only the total combined species catch is

recorded.  The distribution of each species is depth-dependent; M. paradoxus occurs in deep

water while M. capensis is a shallow water species (Botha 1973) (Figure 1).  The distribution

areas of the two species overlap in intermediate waters where small M. paradoxus occur

together with medium to large M. capensis individuals as the size of fish of each species tends

to increase with depth (Botha 1973). Consequently the adults of the two species do not mix

and the species maintain their integrity by spawning at different depths (Botha 1973).
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Figure 1. The distribution of Merluccius capensis (Shallow-water Cape Hake) and M. paradoxus
(Deep-water Cape Hake) off the coast of South Africa and Namibia. The ICSEAF divisions are also
shown.

Management of the fishery

Since the turn of the century Cape hakes have formed the basis of a substantial local trawl

fishery.  This fishery was initially based in Cape Town, but later (in the 1960s) became

established at Saldanha.  Only a thousand metric tons was caught in 1919, but catches steadily

increased to 30 000 metric tons before the Second World War (Figure 2).  Later catches of

Cape hakes in the southern Benguela increased from 50 000 tons in 1950 to about 160 000

tons in 1960 (Crawford et al. 1989)(Figure 2). After 1962, Cape hakes also became a sought-

after target for foreign trawlers from several countries. By 1973, some 14 different countries

achieved a catch of just under one million tons with more than 300 large vessels (Botha

1985).  The increasing fishing effort made a substantial impact on stock densities and catch

rates decreased by 47% between 1940 and 1966, and a further 50% between 1966 and 1975

(Jones and Van Eck 1967).
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Figure 2. The total catch from 1917 to 1997 in ICSEAF division 1.6 (see Figure 1, data from
Leslie 1998a).
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Figure 3. The hake CPUE (→-→) from 1955 to 1997 in ICSEAF division 1.6 (see Figure 1, data
from Leslie 1998a; after the CPUE was standardizied using a General Linear Model (GLM)
taking into account changes in power factors).

The original CPUE trend showed a 3% increase over the last few years and this was thought

to be due to the conservative policy of the F0.1 and F0.2 fishing strategies. After standardizing

the relationship with a General Linear Model (GLM) taking into account changes in power

factors, the revised CPUE over the last few years shows a change of 0% (Figure 3). Current

scientific TAC recommendations for the South African hake fishery are based on a dynamic



4

production model estimation procedure which utilizes catch, CPUE and survey biomass data

(Butterworth et. al 1992). Under a revised Operational Management Procedure (OMP) in

November 1998, a fishing mortality of F0.075 has been chosen as the harvest rate for the stock

for future harvest years.

The Long-line versus trawl debate

Successful trials on the capture of hake by longlines in 1983 led to a rush for concessions (42

in one year). The method resulted in high catch rates, was selective and could be employed on

a rough substrate (Stander 1995). Realizing the potential of this new fishery, the authorities in

May 1983 prohibited the capture of hake using the longline method (Stander 1995). During

1983 six experimental permits for longlining were issued (for 1500 t of hake) and despite the

high catch of kingklip and the warnings from the SFRI, the authorities issued a further six

permits to non-hake quota-holders in 1985. The longline operations were to target hake,

however Kingklip (the bycatch of the longline permits), were immediately targeted as the

species of preference as they were worth four times the value of hake. However, by March

1990 it was clear that the kingklip resource was severely overfished. In June 1990 the

Minister announced an end to all longlining.

In 1993 a co-operative Longline Experiment was set up. The longline experiment involved a

joint strategy between tuna and squid fishers (who were longlining), the established industry

and government in order to evaluate the bio-economic value of longlining (Anon. 1995,

Badenhorst 1995). The parties involved in the experiment were brought together in

workshops to evaluate alternative strategies for data collection (see Fowkes and Sowman

1994). It is often suggested that longlining is potentially detrimental to the established trawl-

based industry as they target larger fish and thus threaten the large fecund females, reducing

the spawning stock biomass (SSB) and thus threatening the long-term productivity of the

stock (Anon. 1992, 1993). On the other hand the longline sector question the biological

rationale for being precautionary with longlining even though kingklip were over-fished as the
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trawl fleet target immature fish (65% of the fish landed are less that 0.8kg). Preliminary

assessments on both coasts, the west coast and south coast (Geroment et al. 1995a and 1995b,

respectively) indicate that a higher yield-per-recruit can be obtained by using longlines. These

assessments were based on extensive research undertaken by Japp (1993, 1995a-e, 1996)

Aim of study

The aim of this study is firstly to undertake a bio-economic assessment of hake on the west

coast of South Africa and secondly to analyse potential outcomes under alternative

management arrangements. Numerous requests have been made for the redistribution of

quotas in South Africa in order to redress the imbalances of the past. The re-distribution of

quota to new-comers and previously disadvantaged South Africans is occurring with the

creation of new players, rather than via the elimination of existing quota holders. It is worth

noting that up until now a bio-economic assessment which considers both sectors has not

been undertaken for this fishery.  The research is important in that it will add a scientific

perspective to the ongoing debate over the restructuring of the industry. Although the hake

fishery has traditionally been a trawl-based fishery, the question that needs to be asked is

whether the longline fishery will have positive or negative effects on the traditional fishery

and more importantly whether the longline fishery will provide greater benefits to the country

in terms of an economic evaluation. The specific questions which are addressed are, what are

the short term economic losses to the trawl fleet of an increase in the longline fleet? What mix

of trawlers and longliners provides the greatest catch, and more importantly what mix

provides the greatest economic benefits?

The new Marine Living Resources Act (1998) in South Africa has sustainable fisheries

management as its first objective. The development costs of this policy still has to be assessed

along with both economic and social benefits. Policy reforms are also underway to re-

structure the industry and thus address the inequities of the past. The Act focuses on
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maximum utilization of marine resources for the benefit of all South Africans while also

increasing foreign earnings. The construction of natural resource accounts (NRA) would

represent a step towards being able to check whether actual resource utilization is sustainable

under the new policy initiatives. Our goal is to analyse current harvest levels and policy using

flow accounts of NRA. The natural capital of hake stocks have to be quantified in economic

terms and future options for long term investment in this capital have to be considered. The

concept of managing fish stocks in a similar way as managing human-made capital is well

established (see Munro 1992, Clark and Munro 1994). The alternative of negative investment

due to poor management would result in depleted stocks and degradation of marine

ecosystems.  The aim of this case study is to provide inputs for the construction of physical

and monetary accounts for the west coast deep-water hake fishery, thereby providing a model

for future fisheries assessments.

METHODS

BIOLOGICAL MODELS: AGE-STRUCTURED MODELS AND YIELD SIMULATION

An age-structured model is an assessment technique which can take account of the age-

structured nature of fish populations, but does not necessarily require estimates of the age-

composition of the catches (although the option to incorporate catch-at-age data exists)

(Hilborn 1990; Butterworth and Punt 1992; Punt 1993). The model can be formulated such

that it is able to predict changes in population size and yield under different patterns of

selectivity. This approach involves constructing a deterministic age-structured population

model which assumes that recruitment is deterministically related to spawner stock biomass

(SSB).  The general age-structured model can be written simply as:

Ny+1,a+1 = Ny,a e - ( Ma + Sa Fy )
(E.1)

where Ny,a is the number of fish of age a at the start of year y,

Ma is the rate of natural mortality on the fish of age class a,

Sa is the selectivity of the fishery on fish aged a years (0< Sa <1),

Fy  is the fishing mortality for fully vulnerable individuals in year y,  i.e. fish with 

Sa = 1 (the year effect for the fishing mortality).



7

To take age effects into account fishing mortality-at-age (Fy,a) is separated into an age-

component which is common to all years (age-specific selectivity - Sa) and a year-component

which is common to all ages within a particular year (year effect of fishing mortality - Fy).

This assumption is justifiable if the distribution of fish and fishing vessels does not vary

substantially from one year to the next.  Two scenarios in which the separability assumption

would not be justified, and which might be pertinent to any fishery (Punt 1991) .  The

separability assumption is based on the following relationship:

Fy,a  = Fy Sa (E.2)

where Fy,a is the instantaneous rate of fishing mortality on fish aged a

during year y,

The spawning stock biomass SBBy can be calculated as:

SSBy = ∑
=

Max

ma
Ny,a Wa (E.3)

where SSBy is the spawning biomass at the beginning of the year y,

Wa is the mass-at-age for a fish

m is the age at sexual maturity.

It is assumed further that there is a relationship between the spawning biomass SSBy in one

year, and the average recruitment in the following year (Beverton and Holt 1957):

Ny+1,1 = (αSSBy) / (SSBy+β ) (E.4)

where α, β are the stock-recruitment relationship parameters.

Equations (E.1) - (E.4) define the dynamics of both numbers-at-age and biomass-at-age. It is

possible to relate the model to observed data, however additional relationships need to be

defined.  It is assumed that the available indices of population abundance are proportional to

stock biomass (where the abundance index is either CPUE or survey biomass). For the age-

structured population model the equation for model-predicted catch (or sustainable yield if F

is held constant) is:

Cy = ∑
=

Max

a 1
Wa- Sa Fy  Ny,a (1- e - ( Ma + Sa Fy )

)/(Ma +Sa Fy) (E.5)
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Data Utilized

Annual recorded catch and CPUE data for the South African west coast hake stock are shown

in Figure 2 and Figure 3, respectively. The estimated total annual landed hake catch from the

west coast is available for the period 1917-1996 and landed catch by fishing method for 1983-

1996 (Leslie 1998). Cape hakes consist of two morphologically similar hake species,

Merluccius capensis and M. paradoxus (Van Eck 1969). Since it is not easy to distinguish

visually between the two species only the total combined species catch is recorded, thus the

model is not single-species. Although Cape hake in Division 1.6 have been fished since the

turn of the century, comprehensive CPUE are only available from 1955. The catch statistics

are usually reported in tonnes landed weight.

Estimation of parameters

a) Input parameters

(i) Selectivity-at-age

The selectivity function used in the "base case" model is a logistic curve which is assumed to

be time invariant.  Paucity of data on the selectivity of trawl gear changes over time preclude

estimation of the extra parameters that would be required to reflect changes over time.  The

model used is:

Sa = 1/(1+ e  ((-a - Ac)/δ)) (E.6)

where Sa is the selectivity of the trawl gear on fish of age a,
Ac is the age-at-50%-selectivity,
δ is a "steepness" parameter for the selectivity curve.

The values Ac = 2yr and δ = 0.5 yr-1 used for the model are based on an analysis by Punt

(1991).  However to investigate the effect of decreasing selectivity-at-age for older fish the

following selectivity function was used:

Sa = 1/(1+ e  ((-a - Ac)/δ)) for a<am

Sa =  e  (- ψ (a-am))  for a>or = am (E.7)
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where am is the age at which selectivity reaches its maximum value - after

this age selectivity-at-age decreases and,

ψ is the exponentially decreasing selectivity coefficient

at older ages.

The values for the parameters ψ and am  were chosen to be 0.1 and 5yr, respectively (Figure

4).
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Figure 4. Selectivity versus age relationship for the trawl gear showing the effect of
increasing ψ.

(ii) Mass-at-age

Growth parameters were obtained from Punt and Leslie (1991). The length-weight

relationship was obtained from Punt and Leslie (1991). The relationship between mass and

age is calculated from the following function:

Wa  =  A (Ly(1-e  - KP(a - TN))) b (E.8)

(i.e. a  Von Bertalanffy age-length relationship imbedded in a standard mass-length

relationship) where Wa is the mass-at-age for a fish aged exactly a-1,
Ly is the asymptotic length of fish in cm,
KP is the rate at which length approaches Ly (the growth rate 

parameter and,
TN is the age at zero growth

A = 0.0055
Ly = 230.3
b = 3.084
KP = 0.046



10

TN = -0.825

The values for the parameters related to growth and mass-at-length were selected on the basis

of the results of Punt and Leslie (1991).

(iii) Mortality-at-age

For most estimation procedures mortality is assumed to be constant, either M= 0.3 yr-1 or M=

0.5yr-1.  In order to be consistent with previous assessments of the resource (eg. Andrew

1986), a value of M= 0.3 yr-1 was chosen for the assessments.

b) Parameters estimated by the model

The parameters which are obtained by fitting the model to the available data are the

catchability coefficient (q), the relationship between the biomass and index of abundance

(CPUE) and the two stock-recruitment parameters α  and β.  The first step in the regression is

to obtain a set of initial age-class numbers, Ny,1.  This is done by setting the initial age-

distribution equal to that of the deterministic unexploited equilibrium level for the stock (i.e.

the age-structure corresponding to Fy = 0, for y<1917). The assumption that the hake stock

was at equilibrium at its carrying capacity at the start of 1917 would seem to be realistic,

because catches prior to 1917 were negligible.

The regression approach

Once the input parameters and the necessary starting conditions specified, an exploitable

biomass sequence can be calculated and compared to the observed index of exploitable

biomass (i.e. CPUE).  The simulated and observed indices of abundance (CPUE) are

incorporated into an objective function of the form:

SS = ∑
=

1990

1955y
 [ln (q BEy) - ln (Cy / Ey)]2 (E.9)

The use off logarithms in the objective function is based on the assumption that the dominant

noise in the model is in term Cy / Ey, i.e. the choice of the error in the model is "observational

error", and that this noise may arise from catchability fluctuations. The minimization
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procedure AMOEBA (Numerical Methods, Cambridge 1988) was used to find the parameter

values which would provide the best fit. In order to be consistent with previous applications

(Hilborn 1990; Butterworth and Punt 1992; Punt 1993) of this method the Beverton-Holt

form of the stock-recruitment relationship was used. In the model, q and the parameters of the

stock-recruitment relationship: α  and β,  (for the Beverton-Holt relatioship) were estimated

(Figure 5).
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Figure 5. The fit of the Beverton-Holt stock recruitment relationship to the observed data.

THE BIO-ECONOMIC MODEL: THE CALCULATION OF THE NPV

Those in decision-making positions often request that analysis are translated directly into

economic values. Estimates of yield are obtained from the biological model. Prices and costs

per unit weight of fish landed are applied to the estimates of yield in order to obtain economic

rent under alternative scenarios. The long term benefits (the predicted rent per year) under

alternative scenarios of resource exploitation can be calculated by computing the Net Present

Value (NPV) of the stream of benefits over time. This value depends on the discount rate (δ),

which captures both society’s time preference for consumption, and the opportunity cost of
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capital. Total discounted net present value (NPV, i.e., the long term benefits) can be

calculated for a set period of time (T, i.e., T=30 years in this model):

where:
δ = discount rate
t = time
P = landing price per ton for each sector
Yt = total yield (tons) landed at time t, under a scenario
C = cost per ton for gear for each sector

The discount rate used in this study is δ = 0.1 (10%) which is high on a global scale, however

it is satisfactory for this study because in South Africa the inflation rate on basic food items is

in the region of 10% and the prime interest rate on money borrowed is in the region of 20%,

providing an estimate of 10% as used in this study. This is in agrement with the 10% discount

rate used by the World Bank for developing country projects. The sensitivity of the results to

a range of discount rates (10, 15, and 20%) was investigated to determine the effect of

changes in δ on the results of the study.

Obtaining the cost data and particularly the short run versus long run marginal cost data can

be problematic. For example in South Africa, it is considered impossible to obtain cost

relationships considering the paucity of information from the demersal trawl sector, since the

various companies make every effort to remain competitive (Saville 1997). Doll (1988)

presents short run costs data as the fixed costs plus variable costs of vessels and states that

potentially, short run fleet cost data can be obtained from aggregating short run vessel cost

data. Doll (1988) also states that in fisheries models a special case exists as the long run fleet

cost data is also required. Sumaila (1995) presents a cost function for each vessel, which is

non-linear (it includes a term (b=0.01)), as this formulation of the cost function ensures strict

concavity of individual profit as a function of individual effort.

Much of the literature focussing on fisheries bio-economic models considers models of the

analytical form, which are then solved to determine the equilibrium solutions. Various

(E.10)∑
= 
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analytical results of dynamic bio-economic models have been presented in the literature (see

for instance, Clark 1990, Clark and Munro 1982, 1994, Munro 1981, 1992, 1998, Munro and

Scott 1985). These studies present the model as a dynamic maximisation of equation E.10

constrained by the biological model of the resource stock. The results of these studies confirm

what has become known as the ‘modified Golden Rule’ of resource conservation as it

provides a rule for determining the extent to which society should invest in a resource. The

optimal biomass lies between the biomass at bionomic equilibrium (no rent generated) and

the biomass at maximum economic rent. The path taken to the optimal solution is complex

(see Clark et al. 1979). The policy implications of the modified Golden Rule are such that it is

only rational for a participant in a fishery to invest in the future if the benefits of the

investment accrue to them. Since it is generally difficult to analytically solve age-structured

models, we resort to a simulation model in this paper1.

ECONOMIC DATA

 

 Within the hake fishery, the reliability of economic data has to be considered as the economic

data used was based on the Longline Experiment which began in 1993, when 3000t were

allocated to the longliners. Data were collected in 1995, 1996 and 1997 (three consecutive

years). The economic data from the experiment consisted of:

•  Sales price per kilogram hake caught;

•  Landing cost per kilogram hake caught;

•  Total cost per kilogram hake caught;

•  Net income before interest and tax per kilogram hake caught;

•  Return before interest & taxation on capital investment.

In this analysis a linear cost function (cost versus effort is linear) is used. The cost data for

each sector were obtained from Anon (1998); (average data for 1995-1997). The cost for

landing a kg. of hake by the longline fleet is R5.75 and the cost for landing a kg. of hake by

the trawl fleet is R5.00 at the current effort levels.

                                                
1 Saville (1997) considered the west and south coast hake fisheries, but could not include both the trawl and the
longline sectors as the form of his model was not age-structured.
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Figure 6. The relationship between unit cost and production (tonnes landed) for a fishing firm
harvesting hake with longliners.

The assumption that marginal cost is equal to the average cost for longlining is based on the

data presented in Figure 6. Figure 6 shows the short-run unit cost versus production for one of

the most cost effective fishing firms operating longline vessels. The slope of the unit cost

relationship is not statistically significant at the 95% confidence level, indicating that for our

purposes it can be assumed that marginal cost is equal to average cost. Therefore, price was

assumed to be constant, the data for prices for each sector were obtained from Anon (1998);

(average for 1996 and 1997). The average price paid for longline landings is R8.50 R/kg and

the price paid for trawl landings is R6.75 R/kg.

PREDICTING GAME THEORETIC OUTCOMES

Game theoretic modelling allows for the analysis of strategic interaction between agents

(Osborne and Ruberstein 1994). As more than one agent typically has property rights to

fisheries, game theoretic-modelling has been used to consider non-cooperative and co-

operative outcomes between agents within alternative fisheries management systems and

property rights regimes (Ostrom et al. 1997). A review of game-theoretic models of fishing

has been undertaken by Sumaila (1999) who notes that only a few attempts have been made to

develop empirical game theoretic model of fisheries.
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Using non-cooperative game theory

In many fisheries specific rules for allocation of the TAC do not exist for scarce resource, thus

fishing units compete for access. The outcome of this competition is often negative leading to

overfishing, overcapitalization and conflicts between interest groups. Non-cooperative game

theory (Nash 1951) allows us to consider the equilibrium outcomes of this competition. It

should be noted that cooperative strategies are used interchangeably with co-operative

management throughout this paper. This is realistic considering that co-operative

management is only possible if participants are willing to engage in binding agreements

implying they will behave in a cooperative fashion. Fishers will not enter agreements if the

benefits of non-cooperation they receive are much greater than benefits of cooperation.  The

aim is to isolate the negative effects of these non-cooperative strategies by comparing co-

operative and non-cooperative outcomes of our model.

Thus, in this project we assume binding agreements are not feasible, so participants end up

behaviouring non-cooperatively. This assumption appears quite reaslitic in South Africa

because various interests groups are in a real competitive situation for rights to the resource.

The aim is to isolate the negative effects of non-cooperation (e.g. biological), and evaluate

whether there are economic incentives for non-cooperation or not. The method we employ is

presented in Clark (1981, 1990), and for the sake of simplicity we compute open-loop

equilibrium solutions. Clark's (1981) terminology of ‘deplete = non-cooperative’ and ‘not-

deplete = co-operative’ is used in this paper.

Thus Figure 7 is adapted from Clark (1990, presented in OECD 1997). It is simplified from

Clark’s (1990) two strategies of “conserve” or “deplete”. Furthermore, based on Clark’s

analysis, the OECD (1997) presents two cases: (1) where the discount rate (δ) is large and

larger payoffs are obtained from depletion or not cooperating even if others do or (2) when

there is an incentive to cooperate and conserve (the discount rates are low and there are only a

few players). However, if the number of players (N) is large then each one receives a payoff

of H/δ*N. It then becomes highly likely that a ‘cheater’ will receive a much larger share of B,
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than if he/she cooperates. Thus there are huge incentives to cheat as the number of players

becomes large.

B/2
 B/2

B
 0

H/2δδδδ
 H/2δδδδ

0
B

Cooperative
          CONSERVE

Cooperative
CONSERVE

Non-Cooperative
DEPLETE

Non-Cooperative
          DEPLETE

H = sustainable exploitation rate, B = sustainable biomass and δδδδ =discount rate

Player 2

Player 1

Figure 7. The theoretical outcomes of a two player model as described by Clark (1990 and presented in OECD
1997). In each of the four scenarios above, the predicted benefits to Player 1 appear in the top right-hand corner
and the predicted benefits to Player 2 appear in the bottom left-hand corner.

Here, we define the non-cooperative and co-operative strategies of the longline and trawl

sectors as follows. We assume that under the current re-structuring, the non-cooperative

strategy by the trawl sector will be to maintain fishing effort at its current levels (F= 0.3 year-

1), and the cooperative strategy will be to reduce fishing effort (F = 0.25 year-1). In 1998 after

extensive negotiations, the trawl sector accepted a reduction in their quota of 8000 - 10000 t

(which equates approximately to the latter effort reductions, that is F is reduced by 0.05 year-

1).  For the Longline sector the non-cooperative strategy will be to increase F beyond their

current quota limits (for example, F= 0.1 year-1), whereas a cooperative strategy will be to

maintain their effort at the level required to meet their current quota (which equates

approximately to the longline sector effort being F = 0.05 year-1). Over the last five years

participants have made numerous requests for an increase in their share of the total TAC.
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RESULTS

  Biological model results

An age-structured production model (observed CPUE data were fitted) was constructed to

simulate changes in F for trawlers and longliners. The CPUE model versus observed CPUE is

shown in Figure 8.
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Figure 8. The fitted age-structured model predicted catch-per-unit effort (solid line) to the CPUE
data (!). The model is tuned to observed trawl catches (1917-1996) and observed longline
catches (1983-1990 and 1994-1996).

The estimates for MSY, BMSY and B(1996)/K and K (the pre-exploited biomass) are shown in

Table 1. In addition, the values of the estimated parameters α, β and q are also shown in

Table 1. The estimates for MSY are lower than those obtained by Punt (1993), however his

analysis was based on the CPUE trend before it was modified by the GLM.  The estimates of

the current status of the stock (i.e the current biomass as a proportion of the unexploited

biomass, B(1996)/K) indicate that the stock is fully exploited as this proportion is <20%.
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Table 1. Estimates for MSY, BMSY and B(1996)/K and K (the pre-exploited
biomass). The values of the estimated parameters α, β and q are also shown.
Biomass units are in ‘000 tonnes.

Parameter Estimate

MSY 111.49

BMSY 1095.61

B(1996)/K 0.1940

K 1517.73

α 1.48 x 109

β 6.26 x 1011

q 1.41 x 10-11

Bio-economic simulations of the West Coast Hake Stock

Figure 9 shows the total benefits under different configurations of trawl and longline effort

under equilibrium conditions. An increase in longline effort provides greater benefits, but

only under conditions where trawl effort has been reduced. The current allocation to

longliners is approximately 10% depending on the number of longline permits issued. This

would generate a NPV of approximately R2000 million over the next 30 years.  Strydom and

Nieuwoudt (in press) calculated that an annual rent of R279 million is generated by the South

African hake industry (at 1997 prices for quota that was leased). Thus R184 million would be

generated from the west coast (where two-thirds of the TAC is harvested). This computes to a

NPV of R1742 million, which is slightly less than the R2000 million estimated in this study.

However, Strydom and Nieuwoudt’s (in press) rent estimates are based on the price paid to

paper quota holders and their values may actually underestimate the potential rent.

Figure 10 indicate that maximum benefits can be obtained if approximately 50% of the quota

is allocated to longliners (this relationship is based on the assumption that marginal costs

increase with the fishing mortality). This is the result of the simulation model which

calculates the NPV after the fishery is transformed from its present situation to that indicated

in Figure 10, thus the total NPV differs from the total benefit values in Figure 9 which

represent an equilibrium condition. It is important to note that the total allowable quota differs
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according to different configurations of trawl and longline effort as the two sectors have

vastly different selectivity functions.
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Figure 9.  Relationships between trawl effort and longline effort in terms of total benefits.
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20

The greatest benefits to the trawl sector occurs if there is a reduction in fishing mortality

(from F=0.3 to F=0.25 year-1) under an assumed cooperative strategy, that is they reduce their

current quota by about 10000 t (Figure 11; based on the assumption that marginal costs

increase with the fishing mortality). The stock status remains unchanged (CPUE - 4.81 t/std

day compared to current estimate of 4.8 t/std day). A difference in profit of R605 million can

be obtained under cooperative strategies versus non-cooperative strategies. A cooperative

management strategy still remains the best strategy as far as the trawl sector is concerned.

The greatest benefits (a difference of R368 million over 30 years) accrues to the longliners if

they do not co-operate (a non-cooperative strategy) and double F, however these benefits are

only achieved if the trawl sector reduces effort (Figure 11).

DISCUSSION

Trawling versus longlining

Officially the Department (DEA&T) has attempted to contain the overall longline quota to a

small percentage of the overall TAC, the main reason being resource considerations

(sustainability) and inadequacy of information available. As the number of participants

increase the less the chance that the information being obtained from the fishery is reliable.

The fundamental question is what proportion of the overall hake deep-sea quota for area 1.6

(West Coast) should be allocated to be longliners? The government declared in 1998 that the

longline quota would be 4400 t. There were 800 applicants for longline permits in 1998 and

1200 in 1999. At the beginning of 1999, the deep-sea fleet were allowed to harvest only 40%

of their quotas, and a judicial review was underway in the High Court. Announcements in

March 1999 indicated the reduction of the trawl quota would be 20%, from 80000 t to 64000

t. It was not clear whether the 14000 t difference will be trawled or longlined. During May a

decision was made to allocate 10000 t from the trawl sector to the Minister which would be

given to previously disadvantaged, and small and medium sized enterprises, in most cases

longliners.



Trawl = R1333 million

Total = R2086 million
(CPUE = 3.13)

Longliners = R755 million

Trawl = R1258 million

Total = R2297 million
(CPUE = 2.56)

Longliners = R1059 million

Trawl = R1827 million

Total = R3129 million
(CPUE = 4.06)
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# - Greatest benefits to trawl sector if reduce F (from F=0.3 to F=0.25), reduce
quota by 10 000tons, stock status remains unchanged.

* Greatest benefits to longliners if “cheat” and double F - benefits only achieved if
trawl sector reduces effort, this scenario also provides the greatest benefits to society as
a whole however the CPUE which is a reflection of stock status shows a slight decline

Assumptions
Trawl sector non-cooperative strategy: F= 0.3
Trawl sector cooperative strategy: F = 0.25

Longline sector non-cooperative strategy: F= 0.1
Longline sector cooperative strategy: F = 0.05

Figure 11.  Benefits to the trawl sector and longline sector under non-cooperative and cooperative strategies for the
West Coast Deep-Sea Hake fishery. The CPUE (t/ std day) after a 30 period are also shown for each scenario in order to
indicate the status of the resource.
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It appears that the government is hesitant to make decisions that will affect each sector as they are

not fully aware of the economic effects under different configurations of trawl and longline effort.

The results of the Longline experiment were based on “what if”- scenarios, that is hypothetical

changeovers entirely to longlining assuming the changeover could be completed in 1 year (i.e.

trawling in 1996 to be followed by longlining in 1997), a very unlikely scenario (Anon. 1998).

During this period (only 1 year) trawling had profits of R752 million pa with employment figures of

7795 people whereas it was predicted that longlining would result in profits of R894 m pa and

employ 7150 people (Anon. 1998). These assessments only provide values for one year and are not

based on a dynamic analysis. In this paper, the long term benefits are evaluated with a dynamic bio-

economic model, which indicates that in the long term the greatest benefits can be obtained with a

50% proportion of the total allowable quota being allocated to longliners. This, however, depends

on the trawl sector reducing their effort under a cooperative strategy.

Non-cooperative versus cooperative management

Game theoretic modeling was used to evaluate outcomes of assumed non-cooperative versus

cooperative management. The results show that the greatest benefits to the trawl sector occur if

they reduce F under a cooperative strategy, that is reduce their current quota by 10000 t. A

difference of R605 million is obtained if the trawl sector follows a cooperative strategy in the

future (over the next 30 years) versus a non-cooperative strategy, and this result is not sensitive to

the discount rate, although the benefits decrease as the discount rate increases. However, a

cooperative management strategy still remains the best strategy for the trawl sector. The extensive

government-industry (the trawl sector) commitments to rebuilding has reversed the declining trends

in CPUE observed in the 1960’s and 1970’s and it is beneficial as far as the trawl sector are

concerned for them to engage in cooperative strategies.

The government is currently re-distributing quota to new entrants and previously disadvantaged

South Africans, resulting in competition between the established demersal trawl fleet and a new

longline sector for access rights. The greatest benefits (R368 million over 30 years) accrues to the
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longliners if they do not non-cooperate, and they double F, however these benefits are only

achieved if the trawl sector reduces effort (Figure 11). This benefit will be seen as the cost of

enforcement the government would have to spend if they wish to maintain longliners at their current

effort levels. It is worth noting that the results reported in this paper are preliminary, as some of the

economic relationships in the model can be improved. However, it would appear from the results of

the analysis that the current re-structuring and institutional changes are impacting on the extensive

interaction that existed in the past between the industry and the government. The challenge in the

future is for the government to engage in feasible management arrangements, which replicate the

successful agreements of the past with all the stakeholders; that is, both the established industry and

the new participants.
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