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Abstract
Many African cultures have indigenous practices that regulate the exploitation of natural resources. One 
such practice in Ghana is the close and open seasons for the utilisation of water bodies and the fisheries 
resources they provide. Compliance with the close seasons, however, has declined over the years, and 
this has the potential to affect fish stocks. We evaluated the impact of indigenous systems that seek to 
regulate natural resources exploitation on the fisheries of a small coastal lagoon, Sakumo, in Ghana. 
We measured fishing intensity, catch per unit effort, length-weight relationship and condition factor (K) 
of fish species harvested in both the open and close seasons. The predominant fish species recorded 
in fishermen’s catches were tilapia, Oreochromis niloticus and Sarotherodon melanotheron, which 
accounted for 47.62% and 35.60% by weight respectively of fish samples collected. Fishing activities 
occurred throughout the period of study irrespective of the season. The indigenous regulatory systems 
were neither respected, nor enforced by the traditional authorities, hence the lagoon fisheries continue 
to be overexploited. In the long run, this could lead to the collapse of the lagoon fisheries, with serious 
adverse impact on the livelihoods of the coastal communities who depend on this resource.

Introduction

Natural resources provide fundamental 
support both in terms of provisioning and 
public-good services. Despite their many 
benefits, natural resources are being lost 
through overexploitation (Subramanian, 2018; 
Lampert, 2019; Wackernagel et al., 2021). 
For example, wetlands are being degraded 
globally and wetland biodiversity is being 
exploited at fast rates, with many negative 
implications (Gardner et al., 2015; Okonkwo 
et al., 2015; IPBES, 2018; WWF, 2018). When 
these resources are lost, significant economic 
and ecosystem benefits are also lost; therefore, 
there is an ongoing extensive international 
effort, including treaties and agreements, 
to prevent further losses. Before formal 
interventions were instituted, many African 
communities used indigenous knowledge 
and practices in the form of local rules and 
regulations to protect and manage natural 
resources (Abayie-Boaten, 1998; Ntiamoa-
Baidu, 2000; Paula, 2004; Diawuo and Issifu, 
2015). Indigenous knowledge varies from one 

community to the other for different natural 
resources within a particular country (Uphoff, 
1992; Ntiamoa-Baidu, 2000).
In Ghana, there is a wide range of indigenous 
knowledge and practices based on cultural and 
traditional knowledge systems that regulate 
the use of natural resources. These have been 
classified into two categories: practices that 
regulate the use of a particular natural resource 
(e.g., close seasons for hunting or harvesting) 
and those that protect a particular animal/plant/
habitat/ecosystem (e.g., sacred rivers/sacred 
groves/tabooed species/totems) (Ntiamoa-
Baidu, 1991a; Abayie-Boaten, 1998; Ntiamoa-
Baidu, 2000). These indigenous rules and 
regulations are instituted by traditional 
authorities and are often enshrined in cultural 
or religious beliefs, while being enforced by 
prohibitions or sanctions (Ntiamoa-Baidu, 
1991a; Attuquayefio and Gyampoh, 2010).
Lagoons associated with coastal wetlands are 
good examples of natural resources protected 
by traditional indigenous beliefs in Ghana. 
Many lagoons and other water bodies are often 
regarded as deities and given the necessary 
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respect and protection (Ntiamoa-Baidu, 
1991a; Abayie-Boaten, 1998; Ntiamoa-Baidu, 
2000; Sarfo-Mensah & Oduro, 2007). Along 
the Ghanaian coast, there are five designated 
Wetlands of International Importance (Ramsar 
Sites). Each of these Ramsar sites has associated 
local traditions and regulations regarding use 
of the water bodies and exploitation of the 
natural resources they provide. One of such 
regulations, is the “taboo days” where no 
fishing is allowed in the lagoons on specific 
days of the week for a specified time period 
in a day or the whole day (Ntiamoa-Baidu, 
1991a). The non-fishing days vary for each 
lagoon; for example, fishing in Muni lagoon 
is prohibited on Wednesdays (Koranteng et 
al., 2000) while fishing in the Sakumo lagoon 
is prohibited on Fridays up to 12:00 noon 
(Ntiamoa-Baidu, 1991a).
Lagoon fishing in Ghana is artisanal (Entsua-
Mensah, 1998), but it constitutes an important 
dietary and livelihood source for some coastal 
communities. Lagoon fisheries play a crucial 
role in the economy of these communities 
during the off-season for marine fisheries 
(Ntiamoa-Baidu, 1991a; 2000; Dankwa et al., 
2004). Koranteng (1995) estimated annual 
catches for three coastal lagoons in Ghana, 
namely; Muni, Sakumo and Densu-Delta as 
75, 114 and 2,701 tonnes respectively. Dankwa 
et al. (2004) estimated a daily income earned 
by fishers operating in the Keta and Songor 
lagoons to be USD 8.7 based on a landing 
price of USD 0.4 per kg for tilapia. The 
coastal wetland sites also serve  as nesting, 
feeding and roosting sites for both resident 
and migratory bird species (Ntiamoa-Baidu, 
1991b; 1998; Attuquayefio and Gyampoh, 
2010; Gbogbo and Attuquayefio, 2010). They 
also provide spawning and nursery grounds 
for several commercially important marine 
fish species, including Mugil spp. Caranx spp 
and Ethmalosa fimbriata ( Koranteng et al., 
2000; Asmah et al., 2008; Gbogbo et al., 2008; 
Kumi et al., 2015).
In spite of the various indigenous practices 
and  regulations aimed at regulating the use 
of these coastal wetland resources, wetland 
ecosystems continue to face threats from 
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anthropogenic activities such as excessive 
fishing, pollution, soil degradation and land 
conversion (Anku, 2006; WWF, 2018). 
This has engendered discussions regarding 
the effectiveness and sustainability of the 
traditional regulations governing the use of 
lagoons. In this study, we assess the status of 
fisheries in the close and open seasons of the 
Sakumo lagoon. We also discuss changes in 
the lagoon fisheries productivity, drawing on 
comparisons at three different time periods 
over the past four decades.

Materials and Methods

Description of Study Area
The Sakumo Ramsar Site is located within 
the Tema Metropolitan Area in the Greater 
Accra region of Ghana and lies between the 
cities of Tema and Accra. It covers an area 
of 13.4-km2 ( Ntiamoa-Baidu and Gordon, 
1991; Gbogbo et al., 2008) and has a lagoon 
catchment area of about 1-3.5-km2 in the dry 
season (Ntiamoa-Baidu, 1991a). Four habitat 
types exist within the Ramsar site: freshwater 
marsh, coastal savannah grassland, lagoon 
and surrounding floodplains (Asmah et al., 
2008). The lagoon is regarded as a transition 
between a close and open lagoon because of 
the two parallel pipes (70-m long and 1.4-
m wide) that were laid in the late 1990s to 
connect it permanently to the sea (Asmah et 
al., 2008; Ofori-Danson and Kumi, 2009). 
The lagoon has two main feeder streams: 
Mamahuma-Onukpawahe (situated west) and 
Dzorwulu-Gbagbla-Ankonu (situated north) 
(Nartey et al., 2012). These streams have 
been dammed to provide water for crop and 
livestock farming, and hence there is very 
little flow of freshwater to the lagoon during 
the dry season (Amatekpor, 1998; Asmah et 
al., 2008), making the lagoon hypersaline. 
The northern section of the Ramsar Site is 
used for the cultivation of vegetables, rice and 
cassava, mainly along the banks of the stream, 
and farmers use the freshwater to irrigate their 
crops (Gbogbo & Otoo, 2015; Nonterah et al., 
2015). The site is also used for cattle grazing 



(Gbogbo & Otoo, 2015).
Traditionally, the lagoon is regarded as the 
dwelling place for the Sakumo goddess and 
is protected by the people of Tema-Newtown. 
The traditional stewards of this lagoon 
instituted a close season (from October/
November to March/Early April) for fishing 
and Fridays (daybreak to noon) as non-fishing 
days (Ntiamoa-Baidu, 1991a; Gbogbo et al., 
2008) to regulate the exploitation of resources 
in the lagoon. An indigenous priest, who is the 
custodian of the lagoon, performs traditional 
rites associated with the lagoon and is 
responsible for the enforcement of regulations 
governing use of the lagoon (Dankwa & 
Entsua-Mensah, 1996). Other prohibitions 
include the use of dragnets with mesh size 
below 2.5-cm and the use of canoes on the 
lagoon (Ntiamoa-Baidu, 1991a; Entsua-
Mensah et al 2000). The black heron Egretta 
ardesiaca is considered as a sacred bird of the 
Sakumo lagoon and therefore killing of this 
species is prohibited (Ntiamoa-Baidu, 1991a).

Observation of fishing activities
Fishing activities were observed and 
documented monthly for 8 months (five 
months in the open season and three months 
in the close fishing season) between 2014 and 
2015. Two observers were stationed at different 
parts of the lagoon, covering its southern and 
northern sectors, to assess fishing effort. The 
activities recorded included:

a. Total number of people fishing in the 
    lagoon, 
b. Type of fishing gear used,
c. Total number of people on the wetland  
    during period of observation,
d. Time spent fishing by fishermen selected 
    for observation.

Total catches of fishermen who were willing 
to participate in the study were weighed 
using a Kelsun top pan scale (Ningbo Kelsun 
Int’l Trade Co., Ltd, China). Fish samples 
were purchased from these fishermen using 
their measuring containers. The fishermen 
also provided information on their ages, the 

communities they were coming from and total 
time spent fishing. The fish samples purchased 
were transported on ice to the laboratory for 
identification and measurement.

Processing of fish samples
Fishes were sorted by species; total length 
(TL) was measured to the nearest 0.01-cm 
using a measuring board and mass to the 
nearest 0.1-g with a Pioneer™ electronic 
balance (Ohaus Corporation, USA), and the 
sexes were determined after dissection.

Data Analysis
The R statistical software (R Core Team, 
2017) and Microsoft Excel version 16 were 
used in analysing the data and plotting graphs. 
The relationship between length and weight 
was determined with the log transformation of 
the equation:

  W = aLb      (King, 2013), 

where w is the weight (g), L is the total length 
(cm), a is the exponent describing the rate of 
change of weight with length (the intercept 
of the regression line on the Y axis) and b is 
the slope of the regression line (also referred 
to as the allometric coefficient). ANOVA was 
used to evaluate the statistical significance 
of regression model at P<0.05 (Gökçe, et 
al., 2010). The student t-test was used to 
test whether the value of b was statistically 
significantly different from 3 (prediction 
assigned for isometric growth). Where b 
was found to be statistically different from 3 
(P<0.05), an allometric growth was assigned 
and where b was not statistically different 
from 3 (P>0.05), an isometric growth was 
assigned. The condition factor of the fish was 
also determined with the equation: 

  K = 100 w/Lb      (Froese, 2006), 

where; K=Condition factor value, W = Weight 
of the fish in grams, L = the total length of the 
fish in centimetres and b = the value obtained 
from the length-weight equation formula.
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Results

Wetland usage
Fishing was carried out in the lagoon every day 
throughout the year including the prohibited 
days (Fridays) and the close season. The 
commonest fishing net used was the cast net, 
though some fishermen used dragnets during 
the close season. 
A total of 62 wetland users were recorded at 
the site during the period of study; 58 men 
who were fishing and 4 women who waited 
around to buy the landed fish. Of these, 26 
(42.62%) men fished in the close season and 
35 (57.38%) in the open season (Table 1). All 
4 women recorded were seen during the open 
season and none were encountered in the close 
season. Fishermen came from surrounding 
communities (Nungua, Sakumono and Teshie) 
and were mainly engaged in full time fishing 
while a few were part-time fishers. They fished 
in groups of 3 to 4 for 2-7 h. The oldest fisher 
recorded during the period of observation was 
50 years.
Weight of landed fish were obtained from only 
operators using cast nets because drag net 
operators refused permission to weigh their 
total catches/landed catches. Fish samples 
were however bought from both cast net and 
drag net operators.
The total catch from 41 cast net operators who 
allowed us to weigh their catches during the 
days of observation in the close season was 86 
kg and 143.9 kg in the open season. The mean 
times spent fishing in the close season (0.8 h) 
and open season (0.9 h) were similar with a 
catch per unit effort (CPUE) of 2.82 kg/man-h and 
5.39 kg/man-h for the open and close seasons 
respectively (Table 1).
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The average weight for a container of fish in 
the close season was 5.3-kg and was sold at an 
average price of GH¢20.251. Thus, in the close 
season, 1-kg of fish was sold for GH¢3.82. 
Similarly, the average weight of a container 
of fish in the open season was 4.1-kg at an 
average price of GH¢15 (i.e. 1-kg of fish was 
sold for GH¢3.66). The daily earning of cast 
net operators who landed about 2-5 containers 
while fishing in the mornings of the open 
season was estimated at GH¢30 – 75.

Fishery composition, abundance and size
The samples purchased during the study 
period were 1,105 individual fishes 
comprising 802 (72.60%) obtained during 
the open season and 303 (27.40%) in the 
close season. Five fish species were recorded 
Sarotherodon melanotheron (Cichlidae), 
Oreochromis niloticus (Cichlidae), 
Heterobranchus bidorsalis (Clariidae), 
Alestes baremoze (Alestidae) and Mugil 
cephalus (Mugilidae) (Table 2). O. niloticus 
accounted for 47.62% by weight while S. 
melanotheron constituted 35.60%. However, 
in terms of abundance, S. melanotheron was 
the dominant species constituting 56.06% 
while O. niloticus constituted 41.86%. The 
other species H. bidorsalis, A. baremoze 
and M. cephalus constituted 16.19%, 0.37% 
and 0.23% by weight and 1.27%, 0.45% and 
0.36% by numbers respectively. Since the two 
tilapia species were the most abundant, the 
subsequent analysis are based on these two.

Size distribution of tilapia species
Table 2 provides the mean length and weight 
of the fishes measured. The total length of 
individual tilapia fishes ranged from 2.63 to 

TABLE 1
Observations of fishing activities on the Sakumo Lagoon

  1USD 1 was equivalent to GH¢3.2 at time of data collection

Observations Open Season Close Season
Total number of fishermen observed on the lagoon 35 27
Total no. of fishermen whose total fish catches were weighed 27 14
Mean fishing time (h) (range) 0.9 (0.7 – 4.3) 0.8 (0.5 – 3.3)
CPUE (kg/man-h) 2.82 5.39
(Based only on cast-net fishing; some fishermen in the close fishing season used dragnets which is illegal and 
refused permission to weigh their total catches/landed catches or collect data on their activities)



12.86-cm for S. melanotheron and 2.97 to 
17.41-cm for O. niloticus. The modal class 
of O. niloticus was 5 to 6-cm and that of S. 
melanotheron was 5 to 7-cm (Fig. 1).
Table 3 shows the number of males and 
females for each of the tilapia species. It 
should be noted that not all individuals of both 
species in our sample could be sexed. For 
both species, significantly more females than 
males were recorded in the samples (Table 3); 
S. melanotheron (78.2% females; χ = 174.55, 
df = 1, p < 0.0001) and O. niloticus (77.0% 
females; χ = 111.88, df = 1, p < 0.0001).

Seasonality in morphometrics of tilapia caught
The mean length recorded for Sarotheron 
melanotheron in the close and open seasons 
was 7.05-cm and 6.83-cm respectively, 
while the mean weight was 7.62-g and 7.11-
g respectively. These seasonal differences, 
however, were not significant (Length: t=-1.22, 
p=0.22, df=172.97; Weight: t=-0.77, p=0.44, 
df=154.92). On the other hand, O. niloticus 
was significantly longer in the close season 
(8.47-cm) compared to the open season (7.97-
cm) (t=-2.30, p=0.02, df= 366.16), while the 
mean weight (close = 14.87-g, open season = 
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TABLE 2
Species composition and morphometric characteristics of fish samples 

from the Sakumo lagoon (SD = standard deviation)

Species Number in sample 
(n) % Count Mean length (cm) 

± SD 
Mean weight (cm) 

± SD 
Sarotherodon melanotheron 620 56.06% 6.87 ± 1.86 7.20 ± 6.15
Oreochromis niloticus 462 41.86% 8.01 ± 2.90 12.92 ± 15.25
Heterobranchus. bidorsalis 14 1.27% 20.52 ± 12.75 144.93 ± 257.49
Alestes baremoze 5 0.45% 11.71 ± 3.52 9.20 ± 4.15
Mugil cephalus 4 0.36% 10.58 ± 0.43 9.75 ± 2.06
Total 1105 100%

Fig. 1 Overall length-frequency distribution of S. melanotherodon (left) and O. niloticus (right) 
from the Sakumo lagoon

TABLE 3
Number of male and female tilapia species

Species
Sex

Male Female Not sexed Total
Sarotherodon melanotheron 119 428 73 620
Oreochromis niloticus 88 295 79 462
Total 207 723 152 1082
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12.74-g) showed no significant difference (t=-
1.95, p=0.05, df= 352.63) (Figs. 2a and 2b).
In terms of seasonal variations in sizes of 
the different sexes, S. melanotheron females 
were longer (t = 3.61, df = 212, p = 0.0004) 
and heavier (t = 3.87, df = 246, p = 0.0001) 
than the males. Both males and females of S. 
melanotheron were significantly longer 
(t = 5.18, df = 5.20, p = 0.003) and heavier 
(t = 3.73, df = 4.42, p = 0.02) in the close 
season than in the open season (Table 4). 
O. niloticus females were significantly longer 
than males (t = 2.12, df = 119, p = 0.04), but 
there was no significant difference between 

weight of males and females. Both male and 
female O. niloticus recorded were significantly 
longer and heavier in the close season than the 
open season.

Length-Weight relationships for the two tilapia 
species
The length and weight relationships of the 
two tilapia species are presented in Figs. 3A, 
3B, 3C, and 3D. The allometric coefficient 
recorded for S. melanotheron was 2.77 in the 
open season and 3.08 in the close season; that 
of O. niloticus was 3.21 in the open season 
and 3.15 in the close season.

Fig. 2a Comparison of mean length of tilapia species in the open and close fishing season 
in the Sakumo lagoon

Fig. 2b Comparison of mean weight of tilapia species in the open and close fishing season 
in the Sakumo lagoon
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TABLE 4
Morphometric characteristics of male and female tilapia sexing in the different seasons in the Sakumo lagoon

Season                      Length ± SD/ cm
S. melanotheron O. niloticus
Male Female t-value Male Female t-value

Overall 6.54 ± 1.65 7.18 ± 1.89 t=3.61, df=212, 
p=0.0004 7.85 ± 3.64 8.74 ± 2.79 t=2.12, df=119, 

p=0.04

Open fishing 6.48 ± 1.65 7.07 ± 1.87 t=3.24, df=212, 
p=0.001 7.21 ± 3.37 8.23 ± 2.69 t=2.21, df=92, 

p=0.03

Close fishing 8.11 ± 0.55 7.91 ± 1.86 t=5.18, df=5.20, 
p=0.003 9.55 ± 3.86 7.91 ± 1.86 t=2.62, df=37, 

p=0.01

                     Weight ± SD/ g

Overall 6.02 ± 4.95 8.17 ± 6.58 t=3.87, df=246, 
p=0.0001 13.53 ± 19.90 15.63 ± 15.06 t=0.92, df=118, 

p=0.36

Open fishing 5.89 ± 4.97 7.79 ± 6.31 t=3.36, df=237, 
p=0.001 10.21 ± 16.57 13.60 ± 14.12 t=1.46, df=96, 

p=0.15

Close fishing 10.00 ± 
2.00

10.89 ± 
7.79

t=3.73, df=4.43, 
p=0.0001 22.38 ± 25.17 19.26 ± 16.06 t=2.20, df=31, 

p=0.04

Fig. 3 Length-Weight relationships of Oreochromis niloticus (A, B) and Sarotherodon melanotheron (C, D) in 
open and close seasons



Condition factor of the two tilapia species
Overall, the condition factor (K) for S. 
melanotheron was 2.33 in the open season 
and 2.18 in the close season, while that of O. 
niloticus was 2.52 in the open season and 2.48 
in the close season.

Discussion

Despite the institution of a non-fishing period 
from daybreak to noon on Fridays and a close 
season for fishing (October - March), fishing 
was undertaken every day in the lagoon. 
The low fishing intensity in the close season 
was an indication that some fishermen still 
respected and complied with the close season 
regulations. 
Five species were recorded in this study while 
a previous study by Koranteng et al. (1998) 
at the same lagoon reported 13 species of fin 
fishes. The findings from this study suggests 
a decline over the years in the numbers of 
species present in the lagoon, possibly due to 
the changing water conditions and seawater 
inflow. The species that were common to both 
studies were S. melanotheron, O. niloticus, 
and M. cephalus. Some species that were 
reported to occur in the lagoon in the past, such 
as Tilapia zilli and Hemichromis bimaculatus 
(Koranteng et al., 1998) were not recorded 
in the current study, while others such as H. 
bidorsalis and A. baremoze are reported for 
the first time to occur in the lagoon.
S. melanotheron accounted for 99.9% by 
weight of fishermen’s catches while O. 
niloticus constituted 1.3% in the Sakumo 
lagoon in the study by Koranteng et al. (1998). 
Contrary to their findings, this study recorded 
47.6% composition by weight for O. niloticus 
and 35.8% composition for S. melanotheron, 
though there were more individuals of S. 
melanotheron than O. niloticus, an indication 
that the lagoon ecosystem was becoming 
more favourable to O. niloticus. According to 
the Food and Agriculture Organization of the 
United Nations (FAO) fact sheets, O. niloticus 
species are relatively resistant to poor water 
quality and disease (FAO, 2009). A study 

conducted from 1997 to 2001 reported that 
the rate of increase in pollution in the Sakumo 
lagoon may change the structure and function 
of fish communities with time (Asmah et al., 
2008). In another study the Sakumo lagoon 
was found to be polluted with trace metals 
(Tay et al., 2010). Findings from the studies 
above suggest that the water conditions in 
the lagoon had deteriorated and had possibly 
become more favourable to O. niloticus.
In the current study, the mean catch per unit 
effort for the cast net operators in the close 
season (5.39 kg/man-h) far exceeded that of 
the open season (2.82 kg/man-h), suggesting 
that though the fishermen spent relatively the 
same amount of time fishing in both the open 
and close seasons, catches in the close season 
were high. The findings correspond with an 
earlier study that estimated tilapia catch rate in 
the same lagoon for cast net operators at 2.90 
kg/man-h (Ntiamoa-Baidu, 1991). Koranteng 
et al. (1998) also estimated catch rates of 
0.88 kg/man-h for cast net operators and 
1.34 kg/man-h for drag net operators. Total 
landed catches of drag net operators were not 
recorded in this study because they refused 
permission to allow their landed catches to 
be weighed, perhaps because they were using 
prohibited nets in the lagoon. However, it 
was possible to purchase samples from them 
for the measurements. Dragnets catch more 
fish in a short time compared to cast nets and 
these nets were common in the close season 
where fishermen will come in groups, operate 
quickly and leave.
This study and that of Koranteng et al. (1998) 
recorded a maximum body length of 12-cm 
for S. melanotheron; however, an earlier study 
by Pauly in 1971 (Pauly,1976), reported a 
maximum body length of 19-cm for tilapia 
species in the Sakumo lagoon; a decrease of 
7-cm. Similarly, the modal class (7.0-7.9-cm) 
of S. melanotheron reported in the Ntiamoa-
Baidu, (1991) study had decreased to 5.0-6.0-
cm in the current study.
Though O. niloticus was significantly longer 
in the close season than in the open season, 
this species showed isometric growth in both 
seasons. For S. melanotheron, differences in 
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length and weight were not significant, but 
the species showed allometric growth in the 
open season and isometric growth in the close 
season. The condition factor for both species 
during the close and open seasons showed that 
the lagoon ecosystem remains favourable for 
their growth.
Fishers in the close season used the season as 
an advantage to increase prices of fish than 
what they would normally charge in the open 
season. Women who were observed at the 
shore of the lagoon degut and de-scale the fish 
at the shore or took it home for processing. 
Fried S. melanotheron, often eaten with a corn 
meal “Komi”, is a delicacy among residents of 
surrounding communities.

Conclusion

Surrounding communities still depend on 
the Sakumo lagoon for their livelihoods. S. 
melanotheron which was the mainstay of the 
lagoon fisheries was gradually becoming less 
abundant while O. niloticus was becoming 
abundant. However, the condition factor for 
both species showed that they were in good 
physiological well-being in both seasons. In 
comparison to studies conducted four decades 
ago, it can be inferred that the maximum length 
of tilapia species has decreased by a factor of 
29%. The close season, an indigenous natural 
resource regulatory system of fishing was not 
strictly adhered to during the period of this 
study. Though an effective means to control 
fisheries exploitation in the past, its impact on 
indigenous natural resource in recent years has 
diminished due to disregard for this regulation. 
This study recommends the enforcement of 
non-fishing days and close season to ease 
fishing pressure. The regulation regarding the 
use of prohibited nets should also be enforced 
and finally, the gradual extensive growth of 
weeds in the lagoon which is reducing the size 
of open lagoon should be controlled.

Acknowledgment

The authors are grateful for the financial 
support from the Centre for African Wetlands 

(now Centre for Biodiversity Conservation 
Research). The cooperation of fishers of the 
Sakumo lagoon is well appreciated.

References

Abayie-Boaten, B. (1998). Traditional 
conservation practices: Ghana’s example. 
Institute of African Studies Research Review, 
14(1), 42–51.

Amatekpor, J. K. (1998). Hydrology of the 
Ramsar Areas. In Development Options 
for Coastal Wetland. GERMP Draft Final 
Report, Vol. 2, EPA/NRI, Accra/London.

Anku, S. (2006). Managing wetlands in Ghana. 
In African Regional Workshop. Nairobi: 
Cities, Ecosystems and Biodiversity.

Asmah, R., Dankwa, H., Biney, C. A., and 
Amankwah, C. C. (2008). Trends analysis 
relating to pollution in Sakumo Lagoon, 
Ghana. African Journal of Aquatic Science, 
33(1) 87-93 https://doi.org / 10.2989 /A JAS. 
2007. 33.1.11.395

Attuquayefio, D. K., and Gyampoh, S. (2010). 
The Boabeng-Fiema Monkey Sanctuary, 
Ghana: A case for blending traditional and 
introduced wildlife conservation systems. 
West African Journal of Applied Ecology, 
17(1), 1-9

Dankwa, R. H., & Entsua-Mensah, M. 
(1996). Fishes and fisheries of lagoons and 
estuaries in Ghana. In The Joint 15th WASA 
and 19th GSA Biennial Conference, Cape 
Coast (Ghana) (pp. 18–22), GSA

Dankwa, H. R., Shenker, J. M., Lin, J., 
Ofori-Danson, P. K., and Ntiamoa-Baidu, 
Y. (2004). Fisheries of two tropical lagoons in 
Ghana, West Africa. Fisheries Management 
and Ecology, 11(6), 379-386 https://doi.
org/10.1111/j.1365-2400.2004.00406.x

Diawuo, F., and Issifu, A. K. (2015). 
Exploring the African Traditional Belief 
Systems in Natural Resource Conservation 
and Management in Ghana. The Journal of 
Pan African Studies, 8(9), 115-131

Entsua-Mensah, M. (1998). Comparative 
studies of the dynamics and management 
of fish populations in an open and closed 
lagoon in Ghana. [Doctoral Thesis, 
University of Ghana].University of Ghana 

Sawyerr L.M. et al:   Indigenous regulatory systems on fisheries in Ghana                               21



Research Repository
Entsua-Mensah, M., Ofori-Danson, P. and 

Koranteng, K. A. (2000). Management 
issues for the sustainable use of lagoon 
fish resources. In E. Abban, C. M. Cosal, 
T. Falk, and R. Pullin (Eds.), Biodiversity 
and sustainable use of fish in the coastal 
zone, ICLARM Conference Proceedings fact 
sheets. CD-ROM (Multilingual)

FAO. (2009). Oreochromis niloticus. In V. 
Crespi and M. New (Eds.), Cultured aquatic 
species.

Froese, R. (2006). Cube law, condition factor 
and weight-length relationships: History, 
meta-analysis and recommendations. 
Journal of Applied Ichthyology, 22(4), 
241-253 https://doi.org/10.1111/j.1439-
0426.2006.00805.x

Gardner, R. C., Barchiesi, S., Beltrame, C., 
Finlayson, C. M., Galewski, T., Harrison, 
I., Paganini, M., Perennou, C., Pritchard, 
D., Rosenqvist, A. and Walpole, M. (2015). 
State of the World’s Wetlands and Their 
Services to People: A Compilation of Recent 
Analyses. SSRN Electronic Journal. https://
doi.org/10.2139/ssrn.2589447

Gbogbo, F., and Attuquayefio, D. K. (2010). 
Issues arising from changes in waterbird 
population estimates in coastal Ghana. Bird 
Populations, 10, 79–87.

Gbogbo, F., Oduro, W., and Oppong, S. K. 
(2008). Nature and pattern of lagoon fisheries 
resource utilisation and their implications 
for waterbird management in coastal 
Ghana. African Journal of Aquatic Science, 
33(3), 211-222 https://doi.org/10.2989/
AJAS.2008.33.3.3.615

Gbogbo, Francis, and Otoo, S. D. (2015). 
The concentrations of five heavy metals in 
components of an economically important 
urban coastal wetland in Ghana: public 
health and phytoremediation implications. 
Environmental Monitoring and Assessment, 
187(10) https://doi.org/10.1007/s10661-
015-4880-0

Gökçe, G., Çekiç, M., and Filiz, H. (2010). 
Yumurtalık (İskenderun Körfezi, Türkiye) 
açıklarındaki balıkların boy-aǧırlık ilişkileri. 
Turkish Journal of Zoology, 34(1), 101–104. 

https://doi.org/10.3906/zoo-0905-33
IPBES. (2018). Summary for policymakers 

of the regional assessment report on 
biodiversity and ecosystem services for 
Africa of the Intergovernmental Science-
Policy Platform on Biodiversity and 
Ecosystem Services.  Archer, E.; Dziba, L.E.; 
Mulongoy, K.J.; Maoela, M.A.; Walters, M.; 
Biggs, R.; Cormier-Salem, M-C.; DeClerck, 
F.; Diaw, M.C.; Dunham, A.E.; Failler, 
P.; Gordon, C.; Harhash, K.A.; Kasisi, R.; 
Kizito, F.; Nyingi, W.D.; Oguge, N.; Osman-
Elasha, B.; Stringer, L.C.; Tito de Morais, L.; 
Assogbadjo, A.; Egoh, B.N.; Halmy, M.W.; 
Heubach, K.; Mensah, A.; Pereira, L.; Sitas, 
N. (eds.) Bonn (Germany): IPBES secretariat 
49 p. ISBN: 9783947851003. https://www.
ipbes.net/system/tdf/spm_africa_2018_
digital.pdf?file=1&type=node&id=28397

King, M. (2013). Fisheries biology, 
assessment and management: Second 
Edition. John Wiley and Sons. https://doi.
org/10.1002/9781118688038

Koranteng, K. A., Ofori-Danson, P. K., and 
Entsua-Mensah, M. (1998). Comparative 
study of the fish and fisheries of three coastal 
lagoons in West Africa. International 
Journal of Ecology and Environmental 
Sciences, 24, 371–382.

Koranteng, K. A., Ofori-Danson, P. 
K., and Entsua-Mensah, M. (2000). 
Fish and fisheries of the Muni lagoon 
in Ghana, West Africa. Biodiversity and 
Conservation, , 9(4), 487-499. https://doi.
org/10.1023/A:1008903813222

Kumi, J., Kumi, M., and Apraku, A. (2015). 
Threats to the Conservation of Wetlands 
in Ghana: The Case of Songor Ramsar 
Site. Journal of Scientific Research and 
Reports, 6(1), 13-25 https://doi.org/10.9734/
jsrr/2015/13906

Lampert, A. (2019). Over-exploitation of 
natural resources is followed by inevitable 
declines in economic growth and discount 
rate. Nature Communications, 10(1), 10(1), 
1-10 https://doi.org/10.1038/s41467-019-
09246-2

Nartey, V. K., Edor, K. A., Doamekpor, L. 
K., and Bobobee, L. H. (2012). Nutrient 

22                       West African Journal of Applied Ecology, vol. 30(2), 2022



load of the sakumo lagoon at the sakumo 
ramsar site in Tema, Ghana. West African 
Journal of Applied Ecology, 19(1), 93-105

Nonterah, C., Xu, Y., Osae, S., Akiti, T. T., 
and Dampare, S. B. (2015). A review of 
the ecohydrology of the Sakumo wetland 
in Ghana. Environmental Monitoring and 
Assessment, 187(11), 1-14 https://doi.
org/10.1007/s10661-015-4872-0

Ntiamoa-Baidu, Y. (1991a). Conservation 
of coastal lagoons in Ghana: the traditional 
approach. Landscape and Urban Planning, 
1, 1–11. https://doi.org/10.1016/0169-
2046(91)90089-5

Ntiamoa-Baidu, Y. (1991b). Seasonal changes 
in the importance of coastal wetlands 
in Ghana for wading birds. Biological 
Conservation, 57(2), 139-158 https://doi.
org/10.1016/0006-3207(91)90135-V

Ntiamoa-Baidu, Y. (2000). Indigenous versus 
Introduced Biodiversity Conservation 
Strategies: the Case of Protected Area 
Systems in Ghana. In L. J. T. Vedder and 
L. Naughton-Treves (Eds.), African Rain 
Forest Ecology and Conservation (pp. 
385–394). New Haven & London: Yale 
University Press.

Ntiamoa-Baidu, Y., and Gordon, C. (1991). 
Coastal Wetlands Management Plans: 
Ghana. Report prepared for the World Bank 
and The Environmental Protection Council, 
Ghana, 131 pp.

Ofori-Danson, P., and Kumi, G. (2009). 
Food and feeding habit of Sarotherodon 
melanotheron, Rüppell, 1852 (Pisces: 
Cichlidae) in Sakumo Lagoon, Ghana, 
West African Journal of Applied Ecology, 
10(1), 9-18 https://doi.org/10.4314/wajae.
v10i1.45692

Okonkwo, C. N. P., Kumar, L., and Taylor, S. 
(2015). The Niger Delta wetland ecosystem: 
What threatens it and why should we protect 
it? African Journal of Environmental Science 
and Technology, 9(5), 451-463 https://doi.
org/10.5897/ajest2014.1841

Paula, D. (2004). Indigenous knowledge 
systems in sub-Saharan Africa: an over view. 
In Indigenous knowledge, local pathway 
to global development, the World Bank, 
African Region (pp. 36–38).

Pauly, D. (1976). The biology, fishery 
and potential for aquaculture of Tilapia 
melanotheron in a small West African 
lagoon. Aquaculture, 7, 33–49.

Sarfo-Mensah, P., and Oduro, W. (2007). 
Traditional Natural Resource Management 
Practices and Biodiversity Conservation in 
Ghana: A Review of Local Concepts and 
Issues on Change and Sustainability, FEEM 
Working Paper no. 90.2007. https://doi. 
org/10.2139/ssrn.1017238

Subramanian, K. R. (2018). The Crisis 
of Consumption of Natural Resources. 
International Journal of Recent Innovations 
in Academic Research, 2(4), 8–19. 
Retrieved from https://www.researchgate.
ne t /p rof i l e /Kalpa thy-Subramanian /
publication/327384344_The_Crisis_of_
Consumption_of_Natural_Resources/
l i n k s / 5 b 8 b 3 3 d e 2 9 9 b f 1 d 5 a 7 3 7 f 3 f 7 /
The-Crisis-of-Consumption-of-Natural-
Resources.pdf

Tay, C. K., Asmah, R., and Biney, C. A. 
(2010). Trace metal levels in water and 
sediment from the Sakumo II and Muni 
lagoons, Ghana. West African Journal of 
Applied Ecology. https://doi.org/10.4314/
wajae.v16i1.55870

Uphoff, N. (1992). Local Institutions and 
Participation for Sustainable Development. 
Gatekeeper Series No. 31.

Wackernagel, M., Hanscom, L., Jayasinghe, 
P., Lin, D., Murthy, A., Neill, E., and 
Raven, P. (2021). The importance of 
resource security for poverty eradication. 
Nature Sustainability, 4(8), 731–738. https://
doi.org/10.1038/s41893-021-00708-4

WWF. (2018). Living Planet Report. In M. 
Grooten and R. E. A. Almond (Eds.), Aiming 
Higher. Gland, Switzerland.

Sawyerr L.M. et al:   Indigenous regulatory systems on fisheries in Ghana                               23


