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Abstract
The introduction of a non‐native fish species into an aquatic ecosystem presents
significant ecological risks if the species is able to successfully integrate into the
ecosystem. Lake Bosomtwe in Ghana is an impact crater lake which contains an
endemic and a near-endemic cichlid species. Following the establishment of an
intensive Nile tilapia (Oreochromis niloticus) cage aquaculture facility on the Lake
in 2012 and it closure in 2015, there have been several unconfirmed reports of the
capture of O. niloticus from Lake Bosomtwe by local fishermen. On 6th February
2020, the first documented observations of O. niloticus in the natural environment
of Lake Bosomtwe were made using seine net catches. Nine more seining activities
were carried out between 6th February and 17th April, 2020, and the presence of the
O. niloticus was confirmed during all sampling events. Oreochromis niloticus
constituted between 2 and 10% of the captured cichlid species composition. The
introduction of the species warrants larger-scale comprehensive studies on the possible
detrimental interactions with native species, and on changes to ecosystem function.
Key words: alien species, biodiversity, biosecurity, cichlids, introduced species

Introduction
Introduced species have been defined by Shafland and Lewis (1984) as “any
species intentionally or accidentally transported and released by humans
into an environment where it was previously absent”. This definition
broadly covers species which are transported to locations outside their
geographic range, as well as transfer or translocation of species within their
geographic ranges to systems where they hitherto were absent. Introduced
species are considered invasive when their introduction or spread threatens
existing local biodiversity (Canonico et al. 2005). The management of
invasive species remains one of the greatest ecological challenges globally,
due to their perceived idiosyncratic nature and their persistent ecological
and economic damage (Simberloff 2013). Introduction of invasive species
has been extensively reported to be the second-leading cause of species
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endangerment and extinction in freshwater systems (Harrison and Stiassny
1999; Sala et al. 2000) with only habitat destruction ranking higher
(Canonico et al. 2005).
Fish may be introduced to natural aquatic ecosystems where they are not
native by several activities, including aquaculture. Aquaculture is a leading
cause of non-native fish introductions globally, and accidental escapes
from culture environments into the wild often create irreversible and
unpredictable ecological impacts (Naylor et al. 2001; Zhan et al. 2017). In
general, introduction of an aquaculture species into a country or area for
production purposes does not necessarily imply its introduction into
natural waters, particularly if production is in closed systems with high
biosecurity measures such as recirculation systems. However, the
establishment of such rigorous containment systems can be costly and
difficult to implement (Ricciardi and Rasmussen 1998; Ham and Pearsons
2001), particularly in developing economies, where aquaculture is frequently
performed in “open” systems. In aquaculture, the Nile tilapia Oreochromis
niloticus (Linnaeus, 1758) is the third most widely cultured fish species due
to its tolerance of a wide range of environmental conditions. The global
production of the species has increased exponentially over the years from
1.3 million tonnes in 2003 to about 4.5 million tonnes in 2018 (FAO 2020).
Freshwater finfish, such as tilapia, are often grown in floating cages in open
water bodies throughout the tropics and subtropics. Escapes from
containment facilities into open waters are virtually inevitable under such
production systems (McCrary et al. 2001).
In 2012, a private investor illegally set up 40 fish cages, each measuring
64-m3, and stocked with O. niloticus on Lake Bosomtwe. This was done
without prior approval or an operating permit from the Water Resources
Commission and the Environmental Protection Agency of Ghana. This
development raised concerns about the potential threat to aquatic life in
the lake. Following the closure of the aquaculture farm and removal of all
cages in 2015, there have been unconfirmed reports of the non-native
O. niloticus among native species captured from Lake Bosomtwe by local
fishermen who use traditionally-regulated trap fishing and cast nets. This
study aims to report the first documented observation of O. niloticus from
Lake Bosomtwe and provide initial estimates of its relative density.

Materials and methods
Study location
Lake Bosomtwe (Latitude 6.504; Longitude −1.4145) is a crater lake situated
in the Ashanti Region of Ghana, West Africa, and is one of few meteoritic
lakes in the world. The southernmost section overlaps the northern section
of the Bosomtwe Range Forest Reserve, which contains a mosaic of forest,
wetland and mountain habitats. The Lake Bosomtwe basin has a radial
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drainage pattern, with 37 inflowing streams and no outflow (Whyte 1975).
Five of the inflowing streams are permanent (Whyte 1975). The widest
section of the lake has a diameter of 8 km and a maximum depth of 78 m
(Turner et al. 1996). It represents the only significant natural lake in Ghana
and the West African sub-region (Scholz et al. 2007). The lake serves as an
important geological site and is one of the youngest (1.07 Ma) and bestpreserved complex meteorite impact craters currently on earth (Grieve
2005; Boamah and Koeberl 2007). In 2016, UNESCO conferred a biosphere
reserve status on the Lake.
According to Whyte (1975), Lake Bosomtwe and its inflowing streams
have historical records of 11 species of fish, of which five are cichlids;
namely Tilapia busumana (Günther, 1903), Coptodon discolor (Günther,
1903), Sarotherodon galilaeus (Linnaeus, 1758), Hemichromis fasciatus
Peters, 1857 and Chromidotilapia guntheri (Sauvage, 1882). A sixth cichlid,
Hemichromis frempongi (Loiselle, 1979) is endemic to the lake (Loiselle
1979; Daget and Teugels 1991; Lamboj 2004), and Tilapia busumana and
C. discolor are near-endemic (Daget and Teugels 1991; Lamboj 2004;
Teugels and Thys van den Audenaerde 2003). S. galilaeus and C. güntheri
are mouthbrooders, whilst C. discolor, T. busumana, H. fasciatus, and
H. frempongi are substrate brooders. Despite the presence of two mouth
brooding planktonic feeders in the lake, the need to spawn on a firm
substrate, together with the surface-feeding habit of the juvenile cichlids,
makes none of the fish completely independent of the shallow area (Whyte
1975). Although non-cichlids are present in the Lake Bosomtwe basin,
these tend to be restricted to the riverine sections, and cichlids dominate
the fish fauna of the lacustrine environment. For reasons not clearly
documented, all non-cichlid fish species from five fish families previously
reported from the lake (including Cyprinidae, Clariidae, Mastacembelidae
and Amphiliidae) are consistently absent from recent fish catch data from
the lake (Mensah et al. 2019).

Fish sampling
On 6th February, 2020, a 100 m seine net with a depth of 6 m and 5-mm
mesh was used to sample fish from the lake. The length of the seine and the
mesh size was chosen to enable estimates of species abundance and size
distributions to be made from catches. Seining involved encirclements
where the seine net was laid using a boat and all retained fish hauled to
shore with the help of the local fishermen. Nine more seining activities
were carried out between 6th February and 17th April, 2020 (Table 1). Each
sampling activity consisted of one seine haul. The meristic and
morphometric characteristics of captured O. niloticus were taken and
compared with information on FishBase (Froese and Pauly 2019) for
confirmation.
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Table 1. Abundance and length-weight data of the different cichlid species captured from Lake Bosomtwe (6th February to 17th April).

6th Feb
27th Feb
2nd Mar
6th Mar
7th Mar
8th Mar
10th Mar
15th Apr
16th Apr
17th Apr
Total
Weight (g)
SL (cm)
TL (cm)

Oreochromis
niloticus
5
8
15
4
4
24
15
3
15
7
100
278.33 ± 141.94
18.82 ± 5012
22.76 ± 5.88

Coptodon
discolor
78
15
70
19
42
98
45
28
43
20
458
27.25 ± 11.47
8.52 ± 1.37
11.04 ± 1.72

Tilapia
busumana
15
7
89
8
19
149
25
17
27
27
383
15.18 ± 4.13
7.17 ± 0.77
9.05 ± 0.93

Hemichromis
fasciatus
47
32
46
13
13
67
45
15
6
50
334
21.90 ± 4.97
9.00 ± 0.68
10.98 ± 0.82

Sarotherodon
galilaeus
81
20
38
26
44
74
43
72
48
48
494
16.66 ± 5.77
7.21 ± 0.82
9.26 ± 1.01

Chromidotilapia
guntheri
1
0
0
0
0
0
0
0
0
0
1
–
–
-–

SL: Standard length; TL: Total length.
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Figure 1. Catch composition of cichlid species captured from Lake Bosomtwe during sampling
from February to April, 2020.

Results
A total of 1770 individual fish were sampled over the 10 sampling
activities, of which 100 were identified as O. niloticus. With the exception
of the first sampling that recorded six cichlid species, including an
individual of the rare C. güntheri, all samples consistently yielded five
cichlid species including S. galilaeus, C. discolor, H. fasciatus, T. busumana,
H. frimpongi and O. niloticus. In terms of relative abundance, the O. niloticus
constituted between 2 and 10% of the captured cichlid species composition
(Figure 1). The adults of native cichlid species are generally smaller in size
compared to the O. niloticus (Figure 2). The abundance, lengths and weights
of all the fish captured in the 10 hauls are shown in Table 1.

Discussion
The common name “tilapia” non-monophyletic refers to a group of tropical
freshwater fishes in the family Cichlidae, most notably, but not exclusively,
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Figure 2. Size comparison of the alien and native cichlid species of Lake Bosomtwe captured
in the first sampling. From top to bottom: Oreochromis niloticus, Chromidotilapia güntheri,
Sarotherodon galileaus, Tilapia busumana, Coptodon discolor, Hemichromis fasciatus.

Oreochromis, Tilapia, and Sarotherodon spp., that are indigenous to Africa
and the southwestern Middle East (Canonico et al. 2005). Tilapiine species
are tolerant to sub-optimal water quality, which allows them to survive for
extended periods of time under conditions that would be detrimental to
other species. Certain tilapia species, such as O. niloticus, are well-suited to
aquaculture production because of their potential for fast-growth and
tolerance of a wide range of environmental fluctuations. Oreochromis
niloticus, in particular, can acclimate readily to changes in salinity levels,
can survive chronic hypoxic conditions, can feed at different trophic levels,
and tolerate high stocking densities (McKaye et al. 1995; Coward and Little
2001). The wide environmental tolerances and trophic adaptability of this
species coupled with its high reproductive rate, however, predispose it for
successful establishment as an invasive species in natural waters into which
they escape (Trewavas 1983; Costa-Pierce 2003).
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Mouth-brooders like O. niloticus do not have strict spawning habitat
requirements or environmental conditions for reproduction and can
occupy a variety of habitats within an ecosystem (McKaye et al. 1995).
Another peculiar trait is their ability to colonize new environments by
carrying fertilized eggs in their mouths and moving to new sites. The
introductions of O. niloticus into Lakes Victoria and Kyoga in East Africa
are linked to the decline of two native tilapiine species, the Oreochromis
esculentus and O. variabilis (Twongo 1995). In the case of the Lake Victoria,
the introduced O. niloticus may have outcompeted and genetically
subsumed two native cichlids (Twongo 1995; Goudswaard et al. 2002).
In Lake Bosomtwe, a major concern is that the indigenous cichlid
species of the lake, particularly the mouth brooders, have low fecundity
rates and are already particularly vulnerable to increased fishing pressure
by native fishermen from the communities around the Lake. The high
growth and fecundity rates of O. niloticus may negatively impact native
species abundance through competition for food and space, and result in
significant alteration of community structure and ecosystem processes.
The small size of Lake Bosomtwe (8 km wide) may heighten its vulnerability
to the species invasion and predispose the native species to population
declines. The establishment of O. niloticus in Lake Bosomtwe adds to a
worrying trend of increasing number of alien fish species or strains in the
natural waters of Ghana, largely as a result of accidental introductions via
aquaculture. There have been reports of illegally-introduced GIFT
(Genetically Improved Farmed Tilapia) strains of O. niloticus escaping
from cage farms and interbreeding with native populations within the
lower parts of the Volta River basin in Ghana (Anane-Taabeah et al. 2019).
Poor biosecurity measures coupled with poorly defined national
conservation goals accounts for the expansion of alien species’ range which
could pose a significant threat to the diversity of ichthyofauna in Ghana.

Conclusions
It is clear from the historical records dating back from the earliest sampling
in 1902 that O. niloticus has never been sampled from Lake Bosomtwe or
the surrounding streams which drain into it. It is thus almost certain that
this is the case of a relatively recent introduction of the species, and a likely
consequence of the establishment of the cage aquaculture farm.
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