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SUMMARY

The dynamics of demersal fish species assemblages and stocks on the continental
shelf of Ghana, West Africa were investigated using data from trawl surveys
conducted between1963 and 1990, and in relation to marine environmental and near-

shore forcing factors.

Time series analysis was used to examine the dynamics of the marine environment.
Classification and ordination methods were used to identify fish assemblages and to
identify factors that determine assemblage formation and dynamics. The response of
the identified assemblages to changes in the Ghanaian shelf ecosystem were assessed.

Between 1964 and 1992, three distinct environmental time blocks (ETBs) in the
continental shelf ecosystem off Ghana were recognised. In the first ETB (1.e. before
1972) sea surface and bottom temperatures were relatively high and salinity was low.
The second ETB (1972 - 1982) was characterised by low temperatures, high but
stable salinity, reduced rainfall and freshwater input into the sea. In the third ETB
(1982 - 1992), the system bore a resemblance to the first block with rising

temperatures and decreasing salinity.

Six fish species assemblages were identified, namely the supra-thermocline sciaenid
and lutjanid assemblages, two sparid assemblages (shallow and deep elements), the
deep shelf assemblage and the upper slope assemblage. During ETB1 and ETB3, the
assemblages were easier to identify using ordination techniques, than during ETB2.
Species diversity also decreased during ETB2 especially in waters between 10 and 50
m deep. This behaviour of the assemblages is attributed to the increase in abundance
of Balistes capriscus, a species that dominated the ecosystem for nearly 20 years

from about 1971, and the observed environmental changes.

The estimated density of demersal fish was hlgher in the upwelling season than in the
thermocline season and decreased from 50 kg ha™ m 1963-64 to 32.4 kg ha™ in 1990.
The density reached its lowest value of 22.5 kg ha™! in the period between 1973 and

1971.

The potential yield of the total demersal biomass (excluding triggerfish) is estimated
to be 36,000 - 55,000 mt per annum. With landed catches exceeding 60,000 mt in

some years, it is apparent that the resource is over-exploited. A number of policy
options are discussed and recommendations for the management of the fishery are

made.

XX1V



ABBREVIATIONS

AESC (Hydro) Architectural & Engineering Services Company (Hydrology

Division)
AFR Assemblage Frame of Reference
BFR Bathymetric Frame of Reference
CPUE Catch per unit effort
DCA Detrended Correspondence Analysis
ETB Environmental Time Block
FA Factor Analysis
FAO Food & Agriculture Organization of the United Nations
FAQ Fleet Allocated Quota
FMDA Fisheries Management and Development Act
FRU Fishery Research Unit
FRUB Fishery Research & Utilization Branch
GRT Gross Registered Tonnage
GTS Guinean Trawling Survey
LLME Large Marine Ecosystem
MFRD Marine Fisheries Research Diviston
MSD Meteorological Services Department
MSY Maximum Sustainable Yield
mt metric ton (1.e. tonne)

ORSTOM  Institute Frangais de Recherche Scientifique pour le Développement

en Coopération

PCA Principal Component Analysis

PNDCL Provisional National Defence Council Law

TAC Total Allowable Catch

UNCED United Nations Conference on Environment and Development

UNCLOS United Nations Convention on the Law of the Sea
VRA Volta River Authority

XXV



CHAPTER ONE: _;

GENERAL INTRODUCTION

We now come to the difficult and so far very obscure question,

“What causes the irregularities in the .... fisheries... which have been observed from time
immemorial?”

..ses This phenomena, like everything else in nature, must have its natural causes, which can be found
oo OBy .... from scientific point of view.

Georg Ossian Sars 1874



1.1 BACKGROUND

The principal objectives of this research are to examine spatial and temporal

changes in the demersal fish stocks of Ghana, and to assess the impacts of the
western Gulf of Guinea upwelling and other forms of environmental and near-shore

forcing, and anthropogenic factors on the dynamics of the demersal fishery resources.

Many years ago, it was widely believed that the resources of the sea were
infinite and that fishing could go on indefinitely. This notion is still present in some
fishing communities, and in Ghana, this is reflected in the old adage of fisherfolks
“sea never dry”; which literally means that there will always be fish in the sea. When
a fishing season is bad, i.e. when catches are poor because the fish are not available,

this is immediately attributed to the anger of the gods who are then quickly appeased

with all forms of sacrifices.

In the same vein, ancient peoples saw the sea as being so large that they could
not perceive that their activities could impinge upon it. With time, and sometimes
after dramatic events and bitter experiences, we have come to realise that these
notions about the sea are far from right. In Ghana, the near-collapse of the Sardinella

aurita fishery after unusually high catch in 1972, and the recent apparent
disappearance of the triggerfish (Balistes capriscus, Balistidae) from Ghanaian
waters are examples of the inaccuracy in the “sea never dry” mentality. Elsewhere,
the literature is full of records of boom and bust of fishery resources, the classical

examples being the Peruvian anchoveta and the Californian sardine.

Human population growth throughout the world has resulted in mounting
pressure on most natural resources and higher levels of industrial and domestic
wastes finding their way into the sea. These have generally had an adverse effect on
the resources of the sea. In addition, natural fluctuations in climate and other
environmental factors can also induce changes in the state of natural resources. In
renewable resources, this can potentially lead to rapid increases or decreases of stock

abundance and/or shifts in resource distribution. Thus in nature, many populations

are amenable to change with time and fisheries resources are no exception to this



general rule. It has been shown from patterns of deposition of fish scales in samples
of ocean sediment, that a number of fish populations experienced periods of boom

and bust even before the exploitation of these resources began (Soutar and Isaacs

1969; Devries and Pearcy 1982; Shackleton 1986).

Situated in the western Gulf of Guinea, which encompasses the area between
Cote d’'Ivoire and the Republic of Benin in West Africa (Figure 2.1), Ghana is
endowed with rich fishery resources. However, over time, these resources also
became part of the general trend of increasing exploitation and subsequent decline of
fisheries resources around the globe. As the Ghanaian human population increased,
there was a concomitant but natural increase in the demand for fish and fish products.

The number of fishers also increased and fishing pressure was increased to satisfy the

higher demand for fish. The consequences of these increases soon emerged, with

average benefit to the fishers either stagnating or declining with time. Catches

became erratic and landed sizes of prime fishes decreased (Mensah and Koranteng

1988).

However, it also became clear that fish, like all renewable natural resources,
can be exploited sustainably if the resources are managed properly. Globally, it also
soon became evident that natural processes in the sea are affected by the environment

and that the sustainability of the fish communities also depends on the quality of the
environment. To understand the fisheries, it is essential to understand the marine
environment and the effect on fishery resources. The Fishery Research Unit (FRU) at
Tema was established to conduct marine environmental and fisheries studies that
would help the Government of Ghana in its desire to modernize the fishing industry
and manage the fish resources. Between 1975 and 1995, FRU was known as the

Research and Utilization Branch of the Fisheries Department (FRUB) but is now

renamed the Marine Fisheries Research Division (MFRD) of the Fisheries

Department.

This research was conducted within the auspices of MFRD, using data from
their fishery survey cruises. The findings would be valuable contribution towards the

work of the Division, especially as regards management of the demersal fishery.



1.2 MARINE ENVIRONMENTAL VARIABILITY AND FISHERY RESOURCES

Various parts of the world experience regular annual and seasonal climatic
changes (like summer and winter) and occasional climatic anomalies like droughts or
unusually cold winters. Similar changes occur in the aquatic environment which
may, or may not, be as a result of climatic changes. Examples of such climatic
changes are the seasonal coastal upwelling in the Gulf of Guinea (FRU 1970;
FRU/ORSTOM 1976; Philander 1979; Verstracte 1992) and El Niiio/Southern

Oscillation (ENSO) events in the eastern equatorial Pacific which occur with

unpredictable periodicity (Cane 1983; Bakun 1996).

Walker (1987) has drawn some relationships between variability of sea
surface temperature in the Benguela upwelling ecosystem (Southeast Atlantic) and
atmospheric forcing. Similar observations have been made by Binet (1982) for the
area off Ghana-Cdte d’Ivoire and Arfi (1987) for the upwelling area off northwest
Africa. Writing on the instability of ocean populations, Longhurst et al. (1972)
concluded among other things that “the ocean is a restless and changing environment

and that its changes may either be sudden and dramatic, or covert and sustained for

very long periods”.

Regarding marine living resources, all types of changes are important as the

resources respond diversely to different effects on different time scales. A change in

a pelagic ecosystem could suddenly lead to stock collapses (e.g. El Nifio and
Peruvian anchoveta), whereas changes in demersal fisheries, can occur over a

relatively longer period of time. In the same way, stock recoveries can occur over

various time scales (Cury 1995).

Mann (1993) gives an excellent review of the relationships between physical
oceanography, food chains and fish stocks. Examples of fluctuations in yield as a
result of changes in climate abound in the literature. Several case studies are given in

Cury and Roy (1991) and Laevastu (1993). Many of these relationships have long
been recognised by marine scientists, However, the search for appropriate

relationships that will ultimately facilitate the forecasting of fisheries yield has been



the subject of research in many fisheries institutes around the world. In the West
African regton some of the recent studies on relationships between environmental
parameters and fish resources are by Ofori-Adu and Koranteng (1993) off Ghana,

Caveriviére (1982) off Cote d’Ivoire, Coutin (1989) and Showers (1995) off Sierra
Leone and Mennes (1984) off Morocco.

Globally, various studies have established some clear relationships between
marine environmental changes, effects of near-shore forcing factors and the biology,
distribution and abundance of demersal fish species. Some parameters shown to

affect demersal fishery resources are: ocean currents (Rose and Leggett 1988),
freshwater input into the ocean (Sutcliffe 1973; Sutcliffe and Muir 1977; Day et al.
1985: Drinkwater 1987: Binet and Marchal 1993; Halim et al. 1995) and local
meteorological conditions like wind stress (Yanez-Arancibia et al. 1985; Rose and
Leggett 1988). The importance of abiotic factors such as temperature (Mahon 1985;
Bianchi 1991, 1992a; Perry & Smith 1994); oxygen (Mas-Riera et al. 1990;
Overholtz & Tyler 1985; Kramer 1987); salinity (Overholtz & Tyler 1985; Yanez-
Arancibia et al. 1985; Perry & Smith 1994) and nutrients (Yanez-Arancibia et al.
1985) have also been clearly demonstrated in the literature. In addition, the
distribution of demersal fishery resources has also been linked with physical

parameters like depth of the water (Williams 1968; Scott 1982; Koranteng 1984;
Mahon, et al. 1984: Mahon 1985; Overholtz and Tyler 1985; Yanez-Arancibia et al.

1985: McManus 1986; Bianchi 1991, 1992a) and the type of sediment on the seabed
(Longhurst 1969; Mahon et al. 1984; Mahon 1985; Yanez-Arancibia et al. 1985).

Given the increased knowledge of the linkages between resources and marine

environmental parameters, it is essential to assess the effect of the observed

environmental changes (especially in upwelling conditions) on the demersal fish

resources of Ghana, hence this study.



1.3 A BRIEFINTRODUCTION TO THE STUDY AREA

1.3.1 Morphology of Ghana’s coastal zone

Ghana shares boundaries with the Republics of Togo on the east, Cote
d’Ivoire on the west and Burkina Faso on the north. On the south is the Gulf of
Guinea (Figure 2.1). The coastline of Ghana, measuring about 536 km long,

stretches from longitude 3° 06" W to 1° 10” E and lies between latitudes 4° 30" and 6°

6" N (Figure 2.5.1).

Along the coast are long stretches of sandy beaches interspersed with rocky
shores, estuaries and lagoons. Two large capes (Cape Three Points on the west and
Cape St. Paul on the east) are important landmarks along the Ghanaian coastline.
Most of the coconut trees that fringed the coastline and served as wind breakers, have
been killed by the Cape St. Paul wilt disease in the last two decades, leaving long
stretches of the shoreline rather bare. This situation has contributed to the problem of
coastal erosion which is characteristic of this part of the African coast. Coastal

erosion affects the fishing industry through the destruction fish landing sites. There is

a sustained Government effort to protect the shoreline by constructing various sea

defence structures.

There are 92 lagoons situated along the coast of Ghana (FOE 1994). Some of
the lagoons are closed to the sea most part of the year whilst others are open to the
sea all the time and are associated with rivers that flow all year round. These are
classified as “closed” and “open” lagoons respectively (Boughey 1957). The lagoons

and wetlands associated with them, serve as nursery grounds for many marine fish

and crustacean species (Pauly 1976; Koranteng 199)5).

Ghana has jurisdiction over 200 nautical miles (322 km) of exclusive
economic zone (EEZ) having ratified the UNCLOS III convention on June 7, 1983 as
the 3rd African country and the 6th State in the world to do so. The continental shelf

of Ghana varies in width between about 13 km off Cape St. Paul and 80 km off
Takoradi (Williams 1968; Koranteng 1980). The shelf narrows towards Togo and



also Cote d’'Ivoire and usually drops sharply just after the 75 m depth contour,

especially on the eastern and central parts (Koranteng 1984). The area of the

continental shelf of Ghana (to the 200 m depth contour) is 23,700 km* (Koranteng
1984)

The ocean floor on the shelf has distinct areas of mud, hard rocks and mixed
deposits (Figure 4.4). Generally, the area beyond 75 m deep is not safe for trawling,
except towards the western side (Rijavec 1980; Koranteng 1984) where vessels can
trawl in waters even deeper than 100 m (personal observation). According to
Longhurst and Pauly (1987), the whole of the western coast of Africa from
Mauritania to Cape of Good Hope, 1s dominated by terrigenous deposists except a

small region off Ghana and Céte d’Ivoire. Citing other works, Longhurst and Pauly

(1987) state further that along the coast of the Gulf of Guinea, linear fossil Holocene

coral banks occur at the break of the slope around 150-180 m deep.

1.3.2 Climatic conditions in Ghana

Ghana lies in the tropical equatorial belt and experiences high temperatures of

between 25 and 35 °C with minimum variation throughout the year and for this
reason, the difference in climatic conditions is due mainly to the amount and
distribution of rainfall (Biney 1990). In southern Ghana, incorporating the coastal
zone, there are two distinct wet seasons in the year - a major one in May - June and a
minor one in August - September (Mensah 1991). Annual rainfall averages between
82 mm in the southeast and 215 mm in the southwest (Biney 1990; Mensah 1991).
During the rainy seasons, the quantity of freshwater reaching the sea through rivers,

increases considerably. According to Binet and Marchal (1993), the salinity of the

usually warm tropical surface waters in the Gulf of Guinea, is lowered by river input

during the rainy season.

The dominant wind in Ghana is the south-westerly monsoon. This is a

relatively weak wind reaching a maximum speed of only 5 m s during boreal

summer (Roy 199)5).



1.3.3 Near-shore drainage pattern in Ghana

Several rivers, most of them taking source from within the country, enter the
sea along the coast of Ghana either through coastal lagoons or extensive estuaries.
The Volta River which originates from Burkina Faso and spans the entire length of
Ghana on the eastern side, is the longest and most important river in the country. At
Akosombo, 100 km from the mouth of the river 1s situated the giant Akosombo dam

which was closed in 1964 for the generation of hydroclectricity. A second

hydroelectric dam is situated 20 km downstream at Akuse and was completed in

1981.

Other important rivers are Tano, Ankobra, Pra and Densu (Figure 1.1). Tano

enters the sea through the extensive Tando/Ehy lagoon system which separates

Ghana and Céte d'Ivoire at the coastal belt.
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Figure 1.1: Map of Ghana showing drainage pattern. Centres from which
river discharge data were used in this thesis are marked withe=



1.4 THE FISHING INDUSTRY IN GHANA

1.4.1 The fisheries sector

Fishing is an old way of life in Ghana, especially among coastal communities.
Ghana is a leading fishing nation in Africa and Ghanaian fishers may be seen in
several fishing communities in countries bordering the eastern Atlantic. In Ghana,

there are important fisheries in some rivers, in the Volta lake (once thought to be the
largest man-made lake in the world), in coastal lagoons as well as in the sea. The
marine fishing industry provides over 87 percent of all fish produced in Ghana and
constitutes one of the most important sectors of the nation’'s economy. In 1995, the

336,000 mt of fish landed by Ghanaian fishing crafts was valued at nearly 445
thousand million Ghanaian cedis (or about 250 million U.S. dollars) (MFRD

unpublished data).

1.4.2 Fishing fleets

The marine fishing industry in Ghana, well described in various reports (e.g.

FRU 1973; Bernacsek 1986; Mensah and Koranteng 1988), has three sectors, namely

small-scale (or artisanal), semi-industrial (or inshore), and industrial. The number of

canoes and motor fishing vessels in each of the fleets and for the period 1980 - 1992,

are summarised in Table 1.1.

1.4.2.1 The small-scale (or artisanal) sector

In the artisanal sector, the dugout canoe is the fishing craft and various fishing
gears are employed. The number of canoes operating actively in Ghanaian marine
waters in the last two decades has been estimated at various times as between 6,000
and 8,000 units (Koranteng 1996); 8,641 were counted in the last census in 1995
(Quaatey et al. 1997). About a half of these are propelled by outboard engines. The
canoes measure 3 - 18 m long and 0.5 - 1.8 m wide (Doyi 1984). The fishing gears
used in this sector include gilling and entangling nets (set and drifting), seine nets

and handlines. The canoes operate out of 264 sites in 192 fishing villages



(Koranteng et al. 1993; Quaatey et al. 1997) and produces between 65 and 80 % of

the total catch of marine fish in Ghana (chapter 7).

The sector, employing between 90 and 109 thousand fishers (Koranteng and

Nmashie 1987; Koranteng et al. 1993; Quaatey et al. 1997), is by far the most
important in Ghana. The sector is quite old and its nature has changed with time.

The most significant changes are: (i) introduction of outboard motors, (11)

introduction of the purse seine net, and (ii1) change from use of natural to synthetic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>