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ABSTRACT

The species diversity, richness and compositiofisbf communities as well as some physico-
chemical conditions were analyzed in order to dithlbaseline data inventory in three wetland
systems in Ghana. Water quality checker was usetktsure five physico-chemical parameters
while a pole-seine net was used for fish samplRegsults showed that dissolved oxygen content
of Essei lagoon was critically low (averagely 0.9/h) while temperature was significantly
higher in Butuah lagoon, with the Whin estuary nimng moderately good conditions.
Twenty-six (26) species of shell- and finfishesormgihg to 18 families from freshwater,
brackishwater and marine sources were encounteredd water bodies. Whin had the most rich
and diverse fish community (d= 3.21, H'= 1.62) |daled by Butuah (d= 1.54, H’ = 1.56), with
Essei recording the least (d= 0.99, H’ =1.02). Timederately good environmental conditions,
together with the higher richness and diversityigt biota in the Whin estuary generally reflect
a highly productive system that merits managemkarining and possible conservation status.
The lower richness and the correspondingly loweaediity of fish community in the Essei and
Butuah Lagoons with most of the fish being juvenigguire serious and realistic management
interventions to be enforced.

Key words: Fish biodiversity conservatiomoastal wetlands; ecological indices; environmental
conditions; wetland management.

INTRODUCTION

Wetland ecosystems are the most productive ecosgstéd the world [1]. The pivotal role
played by wetland ecosystems in providing many goaad services in support of the human
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economy and societal well-being throughout the @onlave been underscored [2]. The
Convention on Wetlands defines wetlands as areamao§h, fen, peatland or water, whether
natural or artificial, permanent or temporary, witbater that is static or flowing, fresh, brackish
or salt, including areas of marine water the degttwhich at low tide does not exceed six
metres. It could also be extended to incorporgtarian and coastal zones adjacent to the
wetlands, and islands or bodies of marine watepelethan six metres at low tide lying within
the wetlands [3].

In Ghana, wetland ecosystems constitute about 1i0#teocountry’s total land surface area [4]
with lagoons and estuaries classified as beingctlumtry’s most valuable wetlands since they
are closely tied to salt marshes, mangroves swangdidal flats which constitute significant
features of Ghana’s coastline providing criticabitets for many fish and wildlife species that
support the country’s economy [5]. For instance, shpport provided by lagoons and estuaries
in terms of eco-tourism, storage of runoff, defidation and detoxification of polluted water,
prevention of shoreline erosion, as well as praxgdmportant breeding and feeding grounds for
commercially important fish species, reptiles, bjrdnd their use as areas of recreation have
been well documented in literature [6][7].

Despite these benefits, wetlands in the countryeperted to have come under severe threat and
are being degraded at an alarming rate withindgbedecades [8][9]. For instance, the increasing
misuse of lagoons and estuaries by man throughspidad exploitation of juvenile fish stocks
and pollution poses a grave danger to the biodiyeend communities of these habitats.
Fisheries resources from these ecosystems aresiviegnexploited for sustenance [10]. Also,
the use of explosive devices and nets of small ,m&&s have been observed to deplete juvenile
fish stocks [11]. Poor sanitation around the wetlaneas has also been widely acclaimed as a
contributory factor to its fisheries decline [9]oW, with global climate change, it is also feared
that sea level rise may further exacerbate theraptigenic impacts on these wetlands [12]. The
situation is worrying because estuaries and lagbane been classified as the most biologically
productive ecosystems in the country [13]. Unfostiety, information on the biodiversity of
wetland systems in the country is insufficientgky constraining any possible management
interventions [14]. In view of the on-going changes environmental conditions, and the
continued utilization of wetland resources in tioairtry, periodic monitoring of biodiversity of
these ecosystems needs to be vigorously purswessess their status [10].

This study presents the status of species diversifyness, composition and size distribution of
fish biota in three coastal wetland systems nartitedyman-made open Essei lagoon, the closed
Butuah lagoon and the Whin river estuary in the Mf@s Region of Ghana including an
assessment of aspects of their environmental sekttips. These data are crucially relevant to
inform policy-makers, resource users, managersoéimer stakeholders on the ecological status
of the resources that could be used to strengtiemanagement of coastal wetlands for food
security and biodiversity conservation in the coyunt
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MATERIALS AND METHODS

2.1  Study area

The study was carried out in July 2010 within tlek@&di-Takoradi Metropolis of the Western
Region of Ghana (Long.°#42 W and P 48 W; and Lat. 4 52 N and 4 56 N). The three
wetlands are shown in Fig. 1. Essei lagoon is an*made open” lagoon that maintains a
permanent contact with the sea as a result of huntarvention while the Butuah lagoon is a
“classical closed” lagoon which gets cut off frohetsea by a sand bar for greater part of the
year, but open for a short period during the raegson [15]. The Whin estuary by virtues of its
funnel shape allows for a large seawater-freshwaterchange.
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Fig. 1. Map showing the Whin, Butuah and Essei wetlands ithe Western Region of Ghana

2.2 Measurement and analysis of physico-chemicaldrs

Water quality was assessed relative to predetednat@ndards for critical concentrations for

certain environmental factors and pollutants. Tleameters measured were: Temperature,
Salinity, Dissolved Oxygen, pH and Turbidity, ame$e were recorded using the Water quality
checker (Model: Horiba U-10Y.hree replicates were recorded from seven diffenegris of each

of the water bodies by immersing the probe into waer and recording the readings as we
switched the mode from one parameter to anotheg. érfivironmental data were analysed for
their means, after which the F-test (Analysis Ofi&face) was used to determine the statistical
significance of the differences in the physico-cleiparameters among the water bodies [16].
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Where significant differences were observed, Dutschlultiple Range Test was further used for
pair-wise comparisons to determine which water ésdiffer in environmental conditions [16].

2.3 Fish sampling and data analysis

A pole-seine net of 7 m long and 1.5 m deep witatshed mesh size of 5 mm was used for the
fish sampling. The fishes were preserved in 10%né&bin and sent to the laboratory for further
examination. The fish were sorted and identifiedhigir various families and species using fish
identification manuals [17][18][19][20][21]. The t&d length (TL) of fish specimens was
measured to the nearest 0.1cm.

Fish samples were analysed for species compositadmess and diversity. Species richness was

—1
determined using Margalef index)(given as (]b N)
n

, Wheres is number of species in the

sample, andN is thenumber of individuals in the sample [22]. Diversitfiythe communities was
ascertained by the Shannon-Wiener indeX @iven as M= -};_, P;(InP;), wheres is the

number of species in the community dhds the proportion of individuals belonging to sigse
in the community [22]. The evenness or equitabtitynponent of diversity was calculated from
Pielou’s index given a3’ = H/Hnax Wwhere Haa= Ins[23]. The degree of similarity between the

communities in the different water bodies was deieed as €= % [22], where Cis

Sorensen’s indey,is the number of species common to a given paivaiér bodies, and andb
are the number of species occurring in either efgir. The size range of the fish from each of
the wetlands was also analysed.

RESULTS

3.1 Environmental conditions

Table 1 shows the means of the aquatic environthpatameters for the three water bodies, as
well as the statistical significance of their difaces at the 5% level. Butuah had extremely
higher temperature, averaging 3Z9(F,1= 64.10; P < 0.05), and a significantly higher
turbidity around 180 ppmF; 1= 4.85, P < 0.05). Of the three wetlands, Esgmda recorded
the least average dissolved oxygen concentration rf@/I) and was the significantly lower
(F218= 13.36; P < 0.05) among the three. Whin was thstmiialine with the highest salinity of

3.7 %o.
Table 1: Means of physico-chemical parameters of éhthree water bodies shown (each value is a mean2if
measurements; same alphabets represent homogenousans)

Parameter EsseiMean & Séﬁtn::r:d Error) Whin F-value | P s
pH 7.7(x0.02) 7.6(x0.05)8 8.1(x0.04)b 33.20 S
Temperature®C) 22.8(x0.3)d 329(x0.8bh] 224(x0.2)a 64.10 S
Salinity (%o) 1.9 (x0.3)a 1.9 (x0.2)a 3.7 (x0.1)b 16.45 S
Turbidity (ppm) 57.8(x4.7)a 180.1 (+33.5)b 4n31.5)a| 4.85 S
Dissolved Oxygen (mg/L) 0.7 (x0.1)a 3.7(x1.3)b .1@0.1)b 13.36 S

‘S’ denotes significant
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3.2 The Fish Communities

3.2.1 Occurrence and Size range of fish species

A total of 26 species of shellfishes and finfisHesm 18 families comprising freshwater,
brackishwater and marine fishes were collected ftbm three water bodies. The 8 species
recorded from Essei comprised 5 finfishes and ® sggecies. The fish community in Butuah
was made up of 14 species, of which 10 were fieBshnd 4 were crabs. From the Whin
Estuary, 20 species were collected with 16 beinfisfies; most of which were marine species,
and the remaining 4 being crabs. The lagoon til&seotherodon melanotherpmudskipper
Periophthalmus barbarusickle fin mulletLiza falcipinnis swimcrabCallinectes amnicoland
land crabGoniopsis cruentatavere present in all the three wetlands. The atbecies occurred
in one or two of the water bodies.

The size range of the finfishes, together with rti@ibitat of origin (freshwater, brackishwater
and marine) is presented in Table 2. SpecimenBeotdmmon species suchlaga falcipinnis
ranged from 2.9 cm - 5.0 cm TL in Essei, 5.6 cn@41cm TL in Butuah and 9.0 cm — 27.0 cm
in Whin estuaryS. melanothrerospecimens measured 4.0 —=7.1 cm, 1.4 — 10.5 cr8.8mcin —
15.5 cm TL in Essei, Butuah and Whin respectiv@lge second dominant species in Whin,
Lutjanus goreensibad a total length range of 8.9 — 12.3 cm.

3.2.2 Richness, diversity and similarity of fish commiesit

Table 3 shows that Whin estuary had the most nmchdiverse fish communityd(= 3.21,H’
1.62), followed by Butuahd(= 1.54,H = 1.56), with Essei having the least<£ 0.99,H’
1.02). Distribution of the individuals among therivas species was more even in Butudih«

0.68) than Essei and Whid’' (= 0.57 each). The fish communities of Essei antu&h lagoons
were highly similar (¢ = 0.64), but these communities were not much aintib the Whin
community (G = 0.36 and 0.53 with the Essei and Butuah lagoessectively).
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Table 2: Occurrence and size range of finfish spees in the three water bodies in the Sekondi-Takoradvietropolis

Essei Butuah Whin
Family Species No Min. Max. No Min. Max. No Min. Max.
) TL(cm) TL(cm) ) TL(cm) TL(cm) ) TL(cm) TL(cm)
Liza dumerilii*** - - - 12 5.0 10.4 14 7.2 16.9
Liza falcipinis*** 78 2.9 5.0 20 5.6 10.1 16 9 27
Mugilidae Mugil bananensis*** - - - 17 4.3 12.1 12 7.5 14.3
Mugil cephalus*** - - - - - - 3 6.9 14.2
Mugil curema*** - - - 21 5.2 11.4 10 9.3 15.1
Clupeidae Odaxothrissa mento* 2 - 5.6 168 11 27.1 - - -
Sardinella maderensis*** - - - - - - 17 4.3 7.3
Cichlidae Oreochromis niloticus* - - - 12 5.4 18.5 - - -
Sarotherodon melanotheron** 12 4.0 7.1 56 1.4 10.5 53 8 15.5
Gobiidae Bathygobius soporator*** - - - - - - 1 10.9 -
Periopthalmus barbarous** 53 4.6 5.1 - - - 11 6.2 16.3
Serranidae Serranus accraensis*** 2 3.6 7.0 - - - - - -
Acanthuridae | Acanthurus monroviae*** - - - - - - 1 - 7.3
Labridae Thalassoma pavo**** - - - - - - 1 - 16.4
Bothidae Scyacium micrurum*** - - - - - - 1 - 7.1
Haemulidae | Plectorhynhus mediterraneus*** - - - - - - 5 4.1 4.2
Lutjanidae Lutjanus goreensis*** - - - - - - 26 8.9 12.3
Eleotridae Eleotris senegalensis* - - - - - - 5 9.3 10.6
Gerreidae Eucinostomus melanopterus*** - - - - - - 12 8.2 11.1
. Clarias gariepinus* - - - - - - - - -
Clariidae Heterobranchus longifilis* - - - 6 - 8.3 - - -

*

Freshwater species that occasionally ettierckishwater

**  Truly estuarine/lagoon that spend their ieatlives in estuary/ lagoon.
***  Marine species that use estuaries and lagoprisarily as nursing and spawning grounds, spegdidult life at sea and returning occasionally ilgaries
and lagoons.
**6k Qccasional visitors occurring irregularly (mmamental)
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Table 3: Richness, diversity, evenness and simildyiindices for the fish communities

Water body Margalef’s Sha_nnoq — Wiener Pielou’s Sorensen’s similarity (Q)
Richness (d) diversity (H’) evennessJ') Essei Butuah
Essei 0.99 1.02 0.57
Butuah 1.54 1.56 0.68 0.64
Whin 3.21 1.62 0.57 0.36 0.53

3.2.3 Composition of fish communities

The two main fish species which dominated the Efshi community werePeriophthalmus
barbarus(51.3 %) and.iza falcipinnis(34.3%) whileOdaxothrissa mentdominated the Butuah
community (49.1 %), followed b$arotherodon melanothergii6.3 %) (Figure 2). The Whin
community was dominated b§. melanotherorf26.5 %)and the snappdtutjanus goreensis
(Lutjanidae) (13 %). Compositions of the remainspgcies varied between 0.5 % and 8.5 % in
the communities in which they occurred.

DISCUSSION
70 -
65 - [ Whin
60 - Butuah

B Essel

Species

Figure 2: Percentage composition of fish species the Essei, Butuah and Whin brackishwater systems
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This section analyses the diversity of fish spearethe three water bodies in relation to the
physico-chemical conditions of the water bodiess Itiscussed within the context that a high
level of biodiversity is desirable and providesigadions of relative good health status of the
ecosystem. Therefore, maintaining biodiversity éggssary in order to assure the survival and
productivity of ecosystems and assure livelihoala avhole.

4.1 Fish diversity, richness and composition of thevetlands

Fish is the most important biota of brackish wageosystems contributing as an essential and
beneficial food item [24]. Therefore, a study otalan fish biota gives indication of state of
ecosystem health.

4.1.1 The Whin estuary

The Whin estuary indicated a high diversity of fammunity with most of the fish biota being
dominated by marine species. These includa falcipinnis, Liza dumerilii, Mugil bananensis,
Mugil cephalus, Mugil curema, Sardinella maderemsitong others (Table 2J.is probable that
most of these fish species primarily use the egtaarnursing or spawning grounds and spend
their adult life at sea and occasionally returntogthe estuary in their adult liférhis is in
agreement with other authors who earlier confirrtieed marine species suchlaga falcipinnis
Mugil cephalusandLutjanus goreensibve and reproduce from nearly freshwater to hgpkne
conditions [25][26]. The observed high diversityfish species may also be attributable to the
fairly good environmental conditions of the estnarenvironment favourable for fish survival
and growth.

The physico-chemical parameters recorded in theapstin terms of mean temperature,
turbidity, dissolved oxygen and salinity were omlmAlso, the significantly alkaline pH
averaging 8.K, 5= 33.2, P < 0.05) suggest that the water body hasasonably good buffer
capacity implying optimally good pH levels adequéde supporting a range of aquatic life.
Hydrogen ion concentration (pH) range of 6.5 toi8.§enerally suitable. Acidity is detrimental
to aquatic macroinvertebrates and fish [27]. Theesfthe pH values measured implies that the
estuary provides very good conditions for fishergsvelopment. Truly estuarine species
identified includePeriophthalmus barbarus, Sarotherodon melanothenodUca tangeri.Only

one freshwater specidsleotris senegalensiwas found in the estuary. The estuary was also
found to be a suitable habitat for some ornamdigialspecies nameljhalassoma pavo.

Despite the high diversity of fish species encotgttethe size ranges of the most common
marine fishes such akiza falcipinnis, Liza dumerilii, Mugil curenfMugilidae), Lutjanus
goreensis(Lutjanidae)Sardinella maderensi€Clupeidae) were generally smaller than reported
normal maturity sizes [17][20]. The observationjwfenile fishes suggests that the estuary is
utilized by juvenile marine fish species as nursang feeding grounds as also observed in
estuaries in South Africa [6].

In view of the commercial importance of majority tfe fish species and the active fishing
activities ongoing in the estuary, it would be ressgy to enforce fisheries management
regulations, especially with respect to fishingrgegulation to avert the exploitation of juvenile

fishes in the estuary. The recognition of a higity and diverse fish biota in the Whin estuary
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reflects a high productive system that merits manamnt planning and possible conservation
status.

4.1.2 The Butuah lagoon

The Butuah lagoon is a “Classical closed” lagoaat tets cut off from the sea by sand bar for
greater part of the year, but open for a shortogeduring the rainy season [15]. Despite the
physical feature, it is worthy to note that thedayg is mainly dominated by fisheries of marine
origin (Table 4). These fish species have probadapted to live under brackish water
conditions during the closed periods. These inclugg dumerilii, Liza falcipinnis, Mugil
bananensis, Mugil curemand Callinectes amnicolaFreshwater species found in the lagoon
may be regarded as invasive species or were alifiéntroduced into the water body. These
include Oreochromis niloticus, Odaxothrissa mento, Clar@gariepinus and Heterobranchus
longifilis. Extremely very few lagoon species were encountamathely Periophthalmus
barbarusandSarotherodon melanotheron.

The fish community encountered in the lagoon waslenap of 14 species, of which 10 were
finfishes and 4 crabs could be described as gdnédoal in diversity. In comparison with Whin
as a brackishwater system, the species diversityspacies richness in Butuah was estimated to
be lower ¢ = 1.54,H = 1.56). Low fish diversity is confirmed to be aogl indicator of a
possibly stressed ecosystem and the higher thelifignsity the more stable the fish community
[32]. The lower fish diversity may be attributalitethe significantly high water temperatures of
the lagoon system (mean = 3Z9 F,5~ 64.10; P < 0.05) which could be described as
considerably high for aquatic life. The possiblepants of high average temperature of the
lagoon should be of great concern because aquatjanisms are dependent on certain
temperature ranges for optimal growth and healédmgderature affects many other parameters in
the water, including the amount of dissolved oxygenilable, the types of plants and animals
present, and the susceptibility of organisms tagi#ges, pollution and disease.

While further research could provide in-depth arrsw@ossible reasons could be related to
minimal shade due to widespread destruction of mwhésl including associated mangrove and
other riparian vegetation around the lagoon. Hlg® possible that hot water discharges into the
water from near urban industrial enterprises orpgymattributable to chemical processes or
groundwater inflows. In addition high turbidity iicdted record high values that may have
impacted negatively on the productivity of the systin general. This observation may also be
linked to intense human activities around the lagsoch as agricultural releases from adjacent
farms and organic effluent discharges from homeksoAfurther investigations into the
occurrence of freshwater species discussed in ¢toistext as potentially invasive e.g.
Oreochromis niloticusn the Butuah lagoon needs to be vigorously putsue

4.1.3 The Essei lagoon

The Essei lagoon is a man-made open lagoon [28][b5{erms of fish species composition,
richness and diversity, data from the Essei laggemerally recorded very low values. In total, 7
species of fish were encountered belonging to 7iliieen Essei recorded the least indices in
terms of fish species diversity and richneds=(0.99,H’ = 1.02). This observation could be
attributed to several reasons. First, intenseaadisfishing activities in these lagoons cannot be
ruled out as a major impact on the lagoon fisheegh impacts have been reported elsewhere
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notably in South Africa [29] and the Gulf of Thaith[30]. Water quality in the lagoon was also
rated to be very poor. For example, the oxygen eotnation amounting to 5 mg/l is ideal for

fish survival and growth [31][27]. Oxygen conterdgcorded in the Essei lagoon could be
described to be at critically very low levels widn average of 0.7 mg/L which was the
significantly lowest among the water bodi€s {&= 13.36; P < 0.05). This may be regarded as
near deoxygenation and may have also accounteth&wery low fisheries content of the

lagoon.

In addition, the sizes of fish recorded in the Etsgoon were much smaller than those recorded
in the Butuah and Whin estuary. Hence the Esseiolagnay be acting as a nursery ground for
juvenile marine fish species such hia falcipinnis and Serranus accraensig¢Table 4).
However, Sarotherodon melanotheroand Serranus accraensitad relatively larger sizes,
possibly demonstrating their capability to adapstressful conditions, growing at the expense of
other species. Similar finding has been reportadtiie Ebrie lagoon in West Africa [25].
Therefore, the generally lower size ranges of sinfish species encountered in the Essei and
Butuah lagoon is worrying. The presenceLdfa falcipinnisand Serranus accraensignown to

be largely marine specigsay indicate they are opportunistic species. NsHwater species
were encountered in the lagoon probably becautieeofery low dissolved oxygen content.

We conclude that the Whin estuary reflects a higithductive system that merits management
planning and possible conservation status relatw#ata on richness and diversity of fish biota
as well as the environmental conditions. The lovignness and low diversity of fish species,

primarily occurring as juveniles in the Essei andtu&h lagoons require very serious and
realistic management interventions to be enforced.
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