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PREFACE

This document is aimed at providing the status of the small pelagic fish resources in Ghana,
through consultation with the Scientific and Technical Working Group (STWG) of the
USAID/Sustainable Fisheries Management Project (SFMP). The information contained in
this document has been obtained from the Fisheries Scientific and Survey Division of the
Fisheries Commission of Ghana and other available information. The report and assessment
results were prepared by Najih Lazar, Senior Fisheries Advisor of SFMP and reviewed by an
independent scientific panel and members of the STWG.

During the first year of the project, a Scientific and Technical Working Group was formed to
prepare and deliberate on the status of the stock and provide management recommendations
to the Fisheries Commission. Members of the STWG were selected from academia,
government institutions and fishing industry representatives. Much effort was spent during
the first year to gather catch and effort data and other biological and environmental data.
However, although the information presented in this document is deemed the best available
scientific information, the accuracy of consistency of data quality remains problematic. This
is due to the lack of decentralized fisheries data collection system, adequate capcity and
working conditions in the field of operation (landings sites).

The question whether small pelagic stocks in the Gulf of Guinea belong to the same
population was not addressed in this document. A separate genetic study is ongoing to
determine the integrity and boundaries of these population and final results are not yet
available at the time of writing this report. It is assumed, for management purposes only, that
the small pelagic stocks landed in Ghana are originated from the waters of Ghana and form a
single stock.

The assessment establishes a biological and management indicators/reference points for the
purpose of monitoring the impact of fisheries management actions. They are based on the
concept of the Maximum Sustainable Yield (MSY), measured with two indicators; 1)
fishing/removal rate expressed in fishing mortality (F) which will achieve the MSY on a long
term, known as Fpsy and 2) the level of the living population at sea or biomass which will
assure a continuous production of the MSY on a long term, known as Bpsy.

Members of the Scientific and Technical Working Group:

Professor Kobina Yankson — University of Cape Coast (Chair).

Mrs Patricia Markwei — Private Citizen (Vice Chair).

Mr. Kofi Abogah — Director of Hen Mpoano.

Mr. Paul Bannerman — Deputy Director of Fisheries Scientific and Survey Division.
Professor John Blay — University of Cape Coast.

Mrs Wradi Bilisini.

Professor Patrick Ofori-Danson, University of Ghana.

Mr. Kojo Sortor, Inshore Fisherman (Elmina- Central Region).



1. OVERVIEW OF THE MARINE FISHERIES SECTOR IN GHANA

The marine fisheries sector in Ghana plays an important role in its contribution to the GDP,
employment, livelihood strategies, food security and poverty reduction. This sector is
composed of four main fishing subsectors: 1) Artisanal fisheries, 2) Inshore fisheries, 3)
Industrial Trawl fisheries and 4) Tuna or large pelagic fisheries. Within the continental shelf,
fishing is carried out by an important artisanal sub-sector operating from about 186 fishing
villages and 292 landing beaches along within 26 coastal metropolitan, municipal and district
assemblies in the four regions of Ghana (Figure. 1). The artisanal fisheries subsector is the
most important with respect to landed weight of fish, contributing about 67% of the total
annual landings of the marine fishery and employs about 107,518 fishermen and 4,241 fish
processors (Dovlo et al. 2016, Asare et al. 2015). The subsector is composed of multiplicity
and high numbers of gears operated from a variety of sizes of dug-out canoes, powered by
outboard motors with engines up to 40 hp. The artisanal and inshore fisheries operate largely
but not restricted to the Inshore Exclusion Zone (IEZ 12 miles/30 m depth). However
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Figure 1 Map of coastline of Ghana with coastal districts
(Source: Fisheries Commission, 2011)

The 2016 frame survey estimated 11,583 active fishing canoes in the artisanal fisheries in
Ghana. The artisanal fishery is open access with numbers fluctuating from 11,000 to 13,000
in the last 10 years due to migration and new entry, exit and regional migrations. However,
inshore fisheries operate under annual licensing requirements administered by the Fisheries
Commission (FC). The registered and licensed number is 113 in 2016, while the number of
the industrial trawlers reached 90 in 2016. The trawl fleet is largely operated by Chinese
under joint venture arrangements. The tuna fleet operating in Ghana is 24 industrial vessels.
They are licensed by the FC and managed by the International Commission for the
Conservation of Atlantic Tunas, ICCAT, and operate offshore by large foreign vessels (Table
1).



Table 1 Fleet exploiting marine resources in Ghana

Fleet Vessel type Target species Gear Number
Artisanal Canoe up to 20 m Small pelagic Purse seines 11,583
species Gillnets
Demersal species Hook and line
Some large pelagics
Inshore Small inboard boat Small pelagics Purse seine 113
(10-37 m) Demersal species Trawl
Industrial trawl Large steel vessel Demersal species Trawls 90

(Chinese made)

Tuna Large pelagics Purse seine 24
Pole and line

(Source: Fisheries Commission, 2016)

There is a gender division of labor in the organization of artisanal fishing in the country. Men
naturally undertake fish harvesting while women are key in the post harvest activities
including processing, storage and trade. While nearly 110,000 fishers are directly engaged in
marine fisheries, it is estimated countrywide that between 1.5 million and 2 million people in
households are also engaged in the indirect benefits of the artisanal marine subsector (Bank
of Ghana, 2008; Mensah et al., 2006).

Fishermen involved in the artisanal subsector are relatively older (+50 yrs) in rural fishing
communities and younger in metropolitan communities (20-30 yrs). The education level is
relatively low. About 50% of fishermen have no formal education. Those who attended
school have up to basic education level, that is, school up to junior high school level (Asare,
et al. 2015).

Fishermen migrate from communities to communities following migrating fish (small
pelagics and sharks). This migration take many forms, from short term movements over
modest distances within the country to long distances across borders to Benin, Togo, Cote
d’Ivoire, Liberia and as far north as Senegal. There is a seasonal pattern of fishermen’s
migration; often between July and December when small pelagics are migrating inshore and
eastward.

Ghana is a net importer of fish as its national landings declined over the past 10 years and
population growth increased. It is undoubtedly that this gap will continue to remain wide for
the coming years as fish stocks can no longer meet local market demands. Fishing sector
generates about $1.3 billion in total revenues in 2016, representing 1.03% of the national
GDP. This showed a declining trend from 2.7% in 2008 years as a result of increased
exploitation and sales from offshore oil fields and decline in total landings (Figure 2).
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2. SMALL PELAGIC FISH STOCKS

The waters of Ghana and its neighboring countries are rich in “small pelagics”: species like
sardinella, anchovies and mackerel that swim in large schools in the upper water layers. They
are called “small pelagics” to distinguish them from tuna, swordfish and other “large
pelagics”. The abundance of small pelagics in Ghana waters is related to the high plankton
production in this area, which in turn is caused by upwelling of nutrient-rich water.

The small pelagic fish stocks are composed of round sardinella (Sardinella aurita), flat
sardinella Sardinella maderensis, anchovies (Engraulis encrasicolus) and mackerel (Scomber
colias). The four species represent more than 80% of the total small pelagic fish stocks. They
have common biological and ecological traits and are processed and consumed dried or
smoked.

Round Sardinella (Sardinella aurita)

The Round sardinella Sardinella aurita (Valenciennes, 1847) belongs to the family clupeidae
and forms an important fishery in many parts of the world. It is a small pelagic species that
inhabits warm waters. They can be found in tropical and subtropical waters of the western
and eastern Atlantic Ocean, the Pacific Ocean and the Mediterranean Sea. Its eggs and larvae
can be fully represented in the plankton during the spawning periods.

The Round sardinella is a subtropical and thermophilic pelagic species distributed between
47°N - 40° S and 98° W - 43° E (Musta¢ and Sinov¢i¢, 2012). The greatest catches are made
in the western Atlantic Ocean off the Venezuelan and southern Brazilian coast with annual
production figures of 200,000 metric tonnes (Longhurst and Pauly, 1987; FAO , 1992) and
off West Africa in Senegal-Mauritania, Ivory Coast-Ghana and Congo-Angola waters where
annual catches are up to 650, 000 metric tonnes (Fréon, 1988; Marchal, 1991).

The spawning of S. aurita is synchronized with the occurrence of the major upwelling and
maximum production of plankton. The modal length size of the S. aurita in Cote d’lvoire was
between 15cm and 18 cm in the sixties and seventies. In the 1980s, this modal size increased
to 18 cm and 24 cm. In Ghana, a similar increase in length was observed between the early
1960s (14 cm -17 cm) and the 1980s (17cm - 21 cm). The length at first maturity of the S.
aurita in Cote d’lvoire seems to have increased from 15 cm in the 1960s and 1970s to 18 cm
—19 cm in the end of 1980s.

S. aurita spawns during the minor and major upwelling seasons. S. aurita carries out major
spawning during the major upwelling (July - September) and minor sporadic spawning during
the minor upwelling (Mensah and Koranteng, 1988). It is able to spawn in any favorable
condition and consequently there are two possible recruitments per year. The length at sexual
maturity is between 15-15 cm with a corresponding weight of 31 gr (Osei, 2015). A female of
S. aurita is able to hatch between 50,000 and 200,000 eggs per year (Conand, 1977). Few
numbers of females can thus give rise to a high population if the environment conditions are
good for the larvae produced. The environment is variable and can induce strong mortality as
well. Anang (1976) and Houghton and Mensah (1978) showed that the highest concentrations
of phytoplankton, zooplankton and S. aurita occur during the major upwelling (July-
September). S. aurita larvae and the general zooplankton feed on phytoplankton while the
juveniles and adult feed on zooplankton.

S. aurita migrates from offshore areas of Ghana in depths below the thermocline (50-90 m)
during the peak upwelling season (June — September). Large schools of fish aggregate to the
surface and occupy nearshore areas in the western region then move gradually throughout the
coastal zones of Ghana (Figure 3). By end of September and after spawning, S. aurita migrate



back to offshore areas and deeper waters in the form of less organized schools and rest in
these areas for few months before retunting to inshore areas as minor upwelling manifest
during December- February (Figure 3).

Figure 3 Representation of the migration route of Sardinella aurita in Ghana
Flat Sardinella (Sardinella maderensis)

The flat sardinella Sardinella maderensis (R.T. Lowe, 1838) occupies a more restricted area
than the round sardinella, as it is found in the eastern Atlantic, from Gibraltar to Angola. The
flat sardinella is tolerant of low salinities in estuaries, migrate in small schools and prefers
waters of 24° C, at surface or at bottom down to 50 m.

S. maderensis is a less migratory species than S. aurita. This species, therefore, is more likely
to constitute local populations that stay within the same area throughout the year. The
boundaries between these local populations, however, are not clear and the existing sampling
data are inadequate to differentiate between local populations. The migration occur during the
peak upwelling (June-August) and starts from the western region into the costal shores from
the Central region to the Volta. Two nurseries of S. maderensis were identified in Ghana
around Cape Three Points in the central region and around Keta laggon in the Volta (Figure
4).

The feeding diet of S. maderensis is similar to that of S. aurita, composed of copepods and
fish larvea (Medina-Gaertner, 1985). The length at fisrt maturity was determined at 15.5 cm
TL for both sexes with a corrsponding average weight of 30 gr. (Osei, 2015).



Figure 4 Distribution of Sardinella maderensis in April 2016 (R/V Dr. Fritdjof Nansen survey)

The maximum observed length was 27 cm for S. aurita and 28 cm for S. maderensi. Both
species grow at fairly fast rate and reach sexual maturity in 1.5 years of its life span. The
maximum age is about 6 years for S. aurita and 5 years for S. maderensis.

Table 2 Estimate of growth parameters of S. aurita and S. maderensis

S. aurita S. maderensis
Limax 27.9cm 28.2cm
L 28.70 cm 29.53 cm
K 0.51yrt 0.6 yr+
tmax 5.88 yr 5.0yr
to -1.97 yr -1.65yr

Source: Osei, 2015.
Anchovies (Engraulis encrasicolus)

Engraulis encrasicolus (Linnaeus, 1958) called European anchovie, is one of the second most
abundant smallpelagic species in Ghana. They contribute on average about 25% of the total
landings.



It is mainly a pelagic species forming large schools, but has been recorded down to 40 m
depth off West Africa and descending in winter to 100 to 150 m depth in the Mediterranean.
It is a euryhaline species, tolerating salinities of 5 to 41°/oo and in some areas entering
lagoons, estuaries or lakes, especially in the warmer months during the spawning season. E.
encrasicolus feeds on planktonic organisms, especially calanoid copepods, cirrepede and
mollusk larvae, and fish eggs and larvae.

The length at first maturity of these fish is around 5.7 cm FL (Koratang, 1986). Spawning
occurs over an extended period from April to November with peaks usually in June through
August. Eggs are ellipsoidal to oval, floating in the upper 50 m, hatching in 24 to 65 hours.

The distribution range is from Morocco to as far south as Angola and St. Helena. The
southern limit at the Angola/Namibia border is arbitrary since there is perhaps no
distributional break between these populations and those of the Southern African anchovy
(recognized as E. capensis). Attempts to split the European anchovy into races and even
subspecies have not been wholly successful.
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Figure 5 Distribution of anchovies Engraulis encrasicolus in April 2016 (R/V Dr. Fridjoft
Nansen survey)

Mackerel (scomber colias)

The species shares the same family with tunas and bonitos, namely, family Scombridae. It is
a cosmopolitan species inhabiting temperate and subtropical waters of the Atlantic, Indian
and Pacific Oceans and adjacent seas. In the Eastern Atlantic, it is distributed from the
Mediterranean and Black Seas, Madeira, the Canary Islands and from 10 ° to 16 °S in the
Gulf of Guinea. It is also found around the Cape of Good Hope.

A primarily coastal pelagic species, to a lesser extent epipelagie or mesopelagic over the
Continental slope, occurring from the surface to about 250 or 300 m depth. Seasonal
migrations increase southwards with summer temperatures and overwinter and spawning
during cold temperatures. It migrates in size-specific schools. It is common to notice
mackerel moves in multispecies in the Northeastern Pacific with Pacific bonito (Sarda


http://www.fao.org/fi/website/FIRetrieveAction.do?dom=species&fid=2919
http://www.fao.org/fi/website/FIRetrieveAction.do?dom=species&fid=3275

chiliensis ), jack mackerel (Trachurus symmetricus), and Pacific sardine (Sardinops sagax).
The maximum size observed is about 50 cm fork length while the common size present in
landings is around 30 cm.

Spawning between chub mackerel typically occurs at temperatures of 59 to 68°F. Spawning
occurs in several batches of about 250 to 300 eggs per 9 of fish with the total number of eggs
per female ranging from approximately 100 000 to 400 000. Although maturation of chub
mackerel has never been thoroughly documented, data shows that spawning can happen from
March through October, but spawning mostly happens from April through August.
Sometimes in females, ripe translucent eggs appear simultaneously with unripe ova in early
stages of development; this is also seen with the Atlantic mackerel as well.

Spawning most often occurs at water temperatures of 15° to 20°C, which results in different
spawning seasons by regions, for example: off Peru, from January through May and in
September; off northeastern Japan, from April to August with a peak in May, but initiating in
March further south; off California and Baja California, from March through October with
peaks between April and August.

R A
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Figure 6 Distribution of anchovies Engraulis encrasicolus in April 2016 (R/V Dr. Fridjoft
Nansen survey)


http://www.fao.org/fi/website/FIRetrieveAction.do?dom=species&fid=3275
http://www.fao.org/fi/website/FIRetrieveAction.do?dom=species&fid=2091

3. STOCK UNIT DEFINITION

Small pelagic species caught in southern CECAF region from Guinea to Angola are not
known to have distinct biological differentiation of more than one stock. However, for
management purposes and in the absence of information on stock identification, the
FAO/CECAF scientific Working Group considers the existence of four stocks of small
pelagics in the southern CECAF area. Northern zone (Guinea-Bissau, Guinea, Sierra Leone
and Liberia), Western zone (Cote d’lvoire, Togo, Ghana, Togo and Benin), Central zone
(Nigeria and Cameroon) and Southern zone (Gabon, the Democratic Republic of the Congo,
the Congo and Angola) areas (Figure 7). This is an assumption based on management needs
and in the absence of information to match the biological boundaries of these two species
with management strategies.

However, and from a stock assessment perspective, this is a fundamental problem in fisheries
management where numerous fisheries have failed to maintain sustainability principally due
to mis-specified stock structure. The SFMP is working together with research institutions
from West African countries to delineate the stock structure of S. aurita and S. maderensis.
For the purpose of this assessment, we assume that the stock of the southern western zone
(Céte d’lvoire, Togo, Ghana, Togo and Benin) can be characterized by an assessment of the
data from Ghana, which representmore than 80% of the total biomass (R/V Fridjoft Nansen
2007, 2016).
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Figure 7 Stock identification of small pelagics in the south CECAF area.

10



4. DATA SOURCES
Landings and effort

The artisanal purse seine and beach seines are the main fishing gear used in exploiting the
small pelagic resources. There are two types of artisanal purse seine gear, and the difference
is in the mesh size. The purse seine with a 25 mm mesh is locally called “watsa” while the
one with a10 mm mesh is called “poli”. The beach seine has a mesh size of 10 mm and is
operated from the beach, mainly along estuaries. The artisanal gear is operated from canoes
ranging between 10 to 20 meters. There are over 3000 artisanal purse seine canoes and 900
beach seine canoes operating along the entire coast.

The inshore fleets are locally built wooden vessels fitted with inboard engines of up to 400 hp
and have lengths ranging between 8 and 37 metres. These vessels are multipurpose and are
used for both purse seining and bottom trawling. They operate as purse seiners during the
upwelling periods and switch to bottom trawling for the rest of the year. They tend to fish in
the same coastal waters as the artisanal fleet during the upwelling seasons. There are about
230 inshore vessels operating from 7 landing centres.

Table 3 and Figure 8 show the landing and effort trends of small pelagic species in Ghana
from 1990 to 2014. Data was provided by the FC Fisheries Scientific and Survey Division.
Fishing effort is measured by the number of purse seine vessels active in the fishery.
However, the nominal effort used in the model assessment was not calibrated through time to
account for the changes in catchability as a result of increased net and boat sizes and
reduction in mesh sizes. The assumption of contstant catchability will be addressed in
subsequent analyses when the survey to build hirtorical perspectives of these changes
overtime.

Commercial landings of small pelagic species peaked in 1996 to 250,000 metric tons (Figure
8). Landings declined continuously to reach the lowest level in 2013 recorded during this
time series. Commercial landings averaged 135,000 metric tons annually during this period.
The total small pelagic species realized in 2014 represented 24% of the average landings
from 1980 to 2014, and only 12% of the maximum landings realized in 1996. The small
pelagic landings dominated the total marine production in Ghana for over 2.5 decades,
however, in recent years the contribution of small pelagic landings reached the lowest level in
the time series at about 20% of the total marine landings. Monthly landings of Sardinella
aurita also reflect a dramatic decline, with a consistent peak in August which corresponds to
the peak of the spawning season (Figure 9). This representation looks similar to deteriorating
health conditions of a dying patient, as fishermen and managers once said. As sardinella
began de decline in late 1990s, anchovies dominated the catch in the small pelagic species
since 2011 at an average of about 42% of the total catch.

Landings of mackerel have followed similarly the trends of sardinella. The highest catch was
realized in 1998 and 2000, then declined to low levels since 2002.
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Figure 8 Landings of small pelagic species in Ghana (1980-2014)

The rapid declining trends of small pelagic landings in Ghana, varying from about 250,000
mt in mid-1990s to 44,180 mt in 2014, do immediately suggest that there is a serious
overfishing situation in Ghana’s small pelagic fisheries. However the total (all species
combined) landings seem to be steady but this is masked by a rise in number of species
caught by exploring new grounds while the average size of decreases (fishing for juveniles.

The presence of smaller sizes in the catch is noticeable in almost every landings site due to
the use of smaller mesh sizes.
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Figure 9 Monthly landings of small pelagic species in Ghana (1980-2014)

A five year average landings of small pelagics during the period from 1980 to 2014 showed
similar downward trends with an average -40% decline since 2000. There was a slight
increase in mackerel landings in the last five years. On average of 79,349 recorded during the
period 2000-2005 for S. aurita and reached the lowest levels during the period of 2010-2014
at an average of 20,476 tonnes. Similar trends were realized for S. maderensis at 10,983
tonnes during the period 200-2005 to reach the lowest level during the period 2010-2014 at
an average of 3,248 tonnes. For anchovies, the five year average during the period 2000-2005
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reached average landings of 61,415 tonnes but also declined sharply to an average of 15,442
tonnes during the most recent period between 2010 and 2014.

The artisanal fishery in Ghana is free and open to all Ghanains. With the exception of a
voluntary canoe registration program managed by the FC, fishermen can build unrestricted
sizes of canoes and fishing gear, equipe it with necessary outboard engines and fish without
catch limits in any open waters of Ghana’s EEZ, with the exception of a 500 meter radius
around the oil rigs. This situation created a condition for rapid expansion of fishing effort
beyond sustainable levels. It also provided a competitive conditions to race for the few fish
left as the Catch-Per-Unit of Effort (CPUE) continued to decline and profitability shrunk
significantly. The number of purse seines opearetd to target small pelagic species also
increased by almost 3 fold since 1980 from 1,146 to 3,085 nets in 2014 (Figure 10). This
increase in numbers was also coupled with increase in net dimensions from 275 m to 800 m
in length and from 25 to 55 m in depth during this period (pers. Comm). The average zero
catch (vessel spending more than 20 hours searching for fish and returning with no catch)
increased in recent years. Fisheremen showed that about one quarter of the effort in Tema
returns to the harbor without catch daily since 2010 (personal communication).

Fishing Effort in number of canoes
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8,000
6,000
4,000
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1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

—+—Total canoes

Motorized canoes Purse Seines

Figure 10 Fishing effort represented in number of canoes and purse seine nets (1980-2014)
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5. SEASONAL LANDINGS OF SMALL PELAGICS

Landings of small pelagics follow a seasonal trend influenced by the two periods of
upwellings; a major upwelling between June and September and a minor upwelling in
December to February. The upwellling is influenced by the Guinea current (part of the Canary
Current), which flows from Guinea-Bissau in the north of the sub-region to Angola in the South.
Landing values during the major upwelling are always higher than those in the minor
upwelling (Figure 15). The CPUEs are equally important during major upwelling periods
(Figure 16). However the price-per-pan often reach its lowest value due to the lack of storage
and processing capacity. The peak of landing seems to be consistent during the period between
2000 and 2014. About 40% of total annual landings occur in only two month in the year (July
and August). It is worth nothing that thses extreme variations of CPUEs influenced by
environmental conditions present a challenge on the use of CPUE as a reliable index of
abundance.

Five-year average landings by month showing consistent bumper season
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Figure 15 Monthly landings of small pelagics in Ghana (five-year average 1980-2014)
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Figure 16 Monthly landings of small pelagics in Ghana (five-year average 1980-2014)
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6. ACOUSTIC SURVEYS

Independent measure of abundance of small pelagic resources is measured by specialized
research sureys conducted by the R/V Fridjoft Nansen. They are conducted using scientific
echo sounders (type SIMRAD ERG60) equipped with keel-mounted transducers. Acoustic data
are looged and processed using an echo-integrator which converts the sounder signals into
biomass. When signals suggest mixed species, a sample of fish using mid-water pelagic trawl
is taken to determine species composition. In addition, length frequencies are taken to
determine species-specific Isize composition. The total biomass in each area is obtained by
summing the biomass of each length group. The number and biomass per length group in
each concentration are then added up to obtain totals for each region forloowing a modeling
framework.

Table 3 Acoustic biomass estimates of main pelagic groups (tonnes) from surveys with R/V
“Dr. Fridtjof Nansen” off Céte d’lvoire, Ghana in 1981, 1989, 1999, 2000, 2002, 2004, 2005 and

2006
Survey Survey Cote d’Ivoire Ghana Total
Year period
1981 June 39,000 40,000 79,000
1989 12.10-20.10 | 6,000 41,000 47,000
1999 19.4-8.5 42,000 40,000 87,000
2000 29.8-15.9 111,000 56,500 175,700
2002 16.7-9.8 34,000 73,000 108,500
2004 16.5-9.6 68,000 68,000 157,800
2005 45-275 37,000 54,000 94,800
2006 19.5-5.6 62,000 57,000 121,000
2007 6.6-11.6 1,000 20,000 21,000
2016 01.04 - 20.04 Not covered | 25,000
Source: EAF-NANSEN Project
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Figure 17 Trends of acoustic surveyestimates of abundance by research surveys R/V Dr.
Fridtjof Nansen

7. STOCK ASSESSMENT MODEL

A surplus production model was fit to observed landings and effort data of small pelagics
(sardinella, anchovies and mackerel). The landings of the thre major small pelagic species
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represent a strong indicator for the status of all small pelagic species. The effort is
represented by the number of canoes without calibration and no auxiliary estimates of
abundance using acoustic surveys. The model is a mass balance approach in which stock
biomass each year is the biomass the year before plus new production minus the catch
removed. New production is the net difference between additions from growth and
recruitment and mortality losses. The stock growth is assumed to follow the familiar logistic
curve.

B
Bt+1 = Bt + T‘Bt (1 - ?t) - Ct+E

Where:
t = year
Bi+1 = population biomass of next year (t+1)
Bt = population biomass of this year (t)
r = intrinsic rate of increase in biomass
e = lognormal process error

The (r) parameter is a measure of population growth rate at very low abundance when density
dependent factors are inoperative. The term in parenthesis is the density dependent feedback
mechanism that reduces stock growth when abundance is high.

To connect the catch rates of biomass (B) via a catchability coefficient (propotion of the total
stock taken by one unit of effort) represented by (q). The relationship between the
catchability g and the CPUE is:

Where:
q = catchability coefficient
CPUE = Catch-Per-Unit of Effort
B = Biomass

The model is then fit iteratively by minimizing the sum of square residulals between observed
CPUE and predicted CPUE in the form of:

Z( CPUE — CPUE )?

Where CPUE, representing an Index of abundance (1), is the observed rate from which to
substract the predicted or expected CPUE from the model.

The management quantities for sustainable fisheries can be derived from the logistic model
parameters as follows:

MSY =

SEF

Fmsy =
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K
Bmsy = E

Maximum sustainable yield (MSY) is the maximum yield that a stock can deliver year after
year over the long term. It is a function of both carrying capacity and stock productivity. In
order to produce MSY, a stock needs to be at a biomass level equal to one-half carrying
capacity (Bmsy) and be subject to a fishery removal rate no greater than Fmsy. The latter is
equal to one-half the maximum rate of stock growth. A fishing mortality rate that approaches
the maximum rateof stock growth will lead to stock collapse (Fcoll).

8. RESULTS

The model performed well and provided a reasonable level of precision (CV=0.15).
Estimated biomass of total small pelagic species in Ghana declined sharply following the
trends of landings. Recent levels have reached the lowest level over the period between 1980
and 2014. Biomass in 2014 was estimated at 182,726 tonnes. This represents about 50% of
the biomass needed to maintain sustainable exploitation of the stock. The rebuilding target
Bmsy Was estimated at 310,476 tonnes. The terminal relative biomass (Bzo14), expressed in a
ratio of current biomass divided by Bmsy, was estimated at 0.52.

This observation is based on trends of CPUEs from 1980-2014 which, although not
calibrated, seems to corroborate the trend of independent measure of abundance by the
acoustic surveys. These data may be interpreted to show that Ghana’s fisheries are in worse
condition than suggested in previous reports, with a possibly much more serious threat to
food security than currently anticipated. This situation is supported by observed time at-sea
for small canoes, which increased from 1 day in early 2000 to 4-6 days in 2014 (pers.
Comm), coupled with declining average size in landings of several species followed by
shrinking mesh sizes of trawls and purse seines (prevailing mesh size in TEMA is less than 1
inch). In addition, recorded increased bycatch and incidental catch on marine mammals, is
widely seen in major fishing harbors.

Fishing mortality increased from F=0.6 in 1980 to F=1.4 in mid-1990s following the trends
of effort increase. As the biomass declined below By in 1997, so did fishing mortality due
to low availability of fish. This is always presented in small pelagic fisheries as the search
time for fish becomes high making the cost of fishing trips prohibitive. The standard fishing
guidelines are to fish small pelagics at low fishing mortality when abundance is high to
maintain abundance as long as possible while stopping fishing entirely when stocks reach a
collapsed state.
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Figure 18 Trends of biomass of small pelagic stocks in Ghana (1980 — 2014)
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Figure 19 Trends of fishing mortality for small pelagic stocks in Ghana (1980 — 2014)

The estimates of small pelagic stocks are extremely low despite declining fishing mortality.
The ecological resilience of the stock to rebound in the absence of continuous fishing
pressure remain unknown. However, changes in species composition and the dominance of
anchovies is instructive, as in other situations where the anchovy stock always expanded
when the clupeid stocks are very low. However the anchovy stocks typically do not reach the
same high volume as the clupeids.

Table 4 Model estimates of management reference points

Biological reference points

Bmsy 310,476 tonnes
Fmsy 0.40

Bao14 182,726 tonnes
F 2014 0.74
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The current fishing effort seems to be well beyond the level of sustainability for the small
pelagic stocks. In the absence of effort control measures, stocks will continue to decline with
diminishing economic returns leading to further deterioration of social conditions. The
Fisheries Commission began addressing this situation with the support of the World Bank by
registering small artisanal canoes. The semi-industrial and the industrial fishing vessels have
been subject to an annual registration and licensing requirements. Furthermore, it is expected
that the canoe registration will be followed by a program of licensing and ultimately an
implementation of effort control program in the artisanal fishery.

The small pelagic fish stocks in Ghana are considered severely overfished an overfishing
continues to occur. Fishing mortality has gradually increased in the past 25 years and remains
beyond the sustainable capacity level Fys,. The stock is at its lowest level of biomass in
almost 3 decades.

It is common for small pelagic species (forage species) to be more prone to rapid collapse
than are those for other types of marine fishes due in part to their rank in the food web and
their response to environmental conditions. These fish occupy a very special position in food
webs, ensuring energy transfer between species lower and higher levels, while forming
narrow range of species richness. The collapse of the pelagic stocks have a domino effect on
both higher and lower trophic species. This is referred to as the “wasp-waists” to characterize
the central role of the small pelagic species as they assure an important ecological balance of
lower and upper trophic levels (Lazar, 2012).
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