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ABSTRACT

This study was conducted in Domini and Amansuriobag in the Western Region of Ghana in January,
2011 with the aim of assessing their physico-chansind ecological health conditions using ecologica
indices e.g. richness and diversity of macroindedée fauna along environmental gradients. Lagoon
ecosystems have several physiographic attributéshmincrease their habitat heterogeneity for divers
fauna. The data is baseline for environmental nooitiy assessment since the Domini Lagoon lies at a
proposed site for the establishment of a petrolgas processing facility while the Amansuri Lagoon
serves as eco-tourism site. The physico-chemictmwere determined using a Water Quality Checker
Benthic sediment samples were collected with anaBkgnab, screened in the field and examined in the
laboratory. Dissolved oxygen was uniformly disttdmiin Domini (around 6.0 mg/l) than Amansuri 4.7-
6.5 mg/l; pH range at Amansuri was 5.5 — 6.0 whitemini was 7.4-7.7; turbidity range at Amansuri
15.1-20.0 ppm and Domini was 0 to 98.3 ppm. Insset®untered belonged to the orders Diptera and
Trichoptera while the worms present included Oliyaetes, leeches and Polychaetes, with hermit crab
and Penaeus shrimps being rare. Invertebrate rissaad diversity ranged from J'= 0.68-0.81 and H'=
0.74-1.45 respectively in Amansuri while that ofnthai were J'= 0.01-0.02 and H'= 0.01-0.03
respectively. The conclusion was that the freshwAmansuri Lagoon supports richer and diverse
macrobenthic fauna than the brackishwater Dominiga@n. Future reduction in invertebrate
composition, richness and diversity would implyhartge or deterioration in environmental conditiafs
the lagoon. Serious efforts should be made to sfgenvironmental improvement measures in and
around the Domini Lagoon in the light of the cur@cological and socio-economic issues around the
lagoon.

Keywords: Physico-chemical conditions; Macroinvertebratesastal lagoons; Species composition;
Density; Species diversity.
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INTRODUCTION

Coastal lagoons are transition zones serving asomee® between freshwater, marine and
terrestrial biotopes; consequently they exhibiatigely unique habitat and species diversity
[1][2]. Such transitional ecosystems representdsali study environment for evaluation of the
significance of various potential drivers of comntym@mnd guild structure at the local ecosystem
level [2]. Despite the high biological productivitgf lagoons, they are among the least
understood wetland ecosystems in the world [1].0omgecosystems have several physiographic
attributes which increase their habitat heteroggni provide refuge for diverse fauna [3].
Therefore, a study of the functional traits of engans involved in making up the biodiversity of
these ecosystems together with the abiotic enviemngives a better understanding of the
functional status and productivity of a lagoon aifid][5].

Benthic macroinvertebrates are very important camepts of aquatic biotic communities,
playing several ecological roles in wetland ecamysfunctions. They play significant roles in
the energy pathway and nutrient cycling [6][7] ahdy also constitute an important link in the
aquatic food chain as food resource for fishes atmr animals [8][9]. Most importantly,
macrozoobenthos have been extensively used foagbessment of the ecological integrity and
biomonitoring of aquatic habitats [10][11]. Thishecause they manifest a distinct response to
changes in the aquatic environment, thus servirg@sising indicators of hydrologic stress and
aquatic ecosystem health in general [12]. In aoidjtthe sedentary nature of macrozoobenthos,
together with their ubiquitous distribution andetif/cles of measurable duration allow for both
long-term and short-term analyses, and they arg &asdentify with already established
diversity and monitoring indices [13].

It has been pointed out that few studies in Ghamae lexamined the biotic functional status of
lagoons in the country from the perspective of mimsertebrates; most studies have focused on
the value of the lagoons for fish and birds [7].vlaw of the increasing rate of degradation of
lagoon habitats in the country through pollution @ther anthropogenic disturbances [14][15], it
is imperative to study their benthic macrofaunaadsdages together with the abiotic conditions
to broaden understanding of functional status dsasebiodiversity interactions with the abiotic
environments. Among others, this information woble useful in determining the ecological
health of the lagoons and also facilitate theimmaitoring. Baseline data would be pertinent in
the monitoring of such water bodies as the oil stdudevelops. Against this background, this
study aimed at investigating the benthic macrofatoramunities together with some prevailing
physico-chemical factors in the Domini and Aman&agoons in the Western Region of Ghana
to provide baseline information on the macrobentaesemblages in these lagoons relative to
their environmental conditions. Specifically, theudy looked at the variations in salinity,
conductivity, water temperature, dissolved oxygentent, pH and turbidity across the lagoons,
and benthic macroinvertebrates occurrence, comgositichness, diversity and density along
the environmental gradients.
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MATERIALS AND METHODS

Study area

This study was conducted in Domini and Amansuridags in the Western Region of Ghana in
January, 2011. The Amansuri and Domini Lagoonstéatat 5° 1' N, 2° 35' W and 5° 1' N, 2°
45' W respectively, are both found in the Jomorstiit (Figure 1)The Amansuri Lagoon has a
surface area of about 2.5 kmnd is open to the sea by a channel while theserérea of the
Domini Lagoon is less than 1.0 krand is open directly to the sea [16]. The Domiag&on
provides important fisheries livelihood for the Bene community and its environs and lies at a
proposed site for the establishment of a petrolgas processing facility, while the Amansuri
Lagoon is both a source of fisheries for over 56688rby inhabitants [16], and an important eco-
touristic and recreational site in Ghana on whieNzulezu stilt village is located.

Sampling of aquatic environmental parameters and b&thic macroinvertebrates

Three replicate samples of both physico-chemicztbfa and benthic sediments were collected
from each of three locations designated 1, 2 arfidbrd each of stations A, B and C in both

lagoons, where stations A, B and C were represeoyethe southern or mouth, middle and

northern portions of the lagoons (Figure 1).

The physico-chemical parameters sampled were salirdissolved oxygen (DO), pH,
conductivity, temperature and turbidity, which weneasured using a Water Quality Checker
(Model: Horiba Water quality checker U-10) and HA@ldter quality test kit (Model FF 2).

The benthic sediment samples were collected witklkanan grab (15 x 15 cm) and screened in
the field using a set of sieves of mesh sizes 4 .amm and 0.5 mm. The organisms retained in
the sieves were preserved in 10% formalin for tedagxamination in the laboratory. Prior to
sorting out the organisms, the samples were dyeld Bosin to enhance their visibility. The
organisms found were identified with the aid of maals [17][18][19][20]. Counts of the
different taxonomic groups in the samples were néw for further analysis. A given procedure
was followed in computing the mean densities (nuvmh® of the benthic organisms [21]. The
counts of individuals belonging to each taxon irsaanple were log- transformed and their
densities in each water body determined as nunfle@umts per square metre.

The benthic macroinvertebrate communities wereyaedl for species richness, diversity and
species composition. Species richness was detedragiag Margalef indexd, given as:

(s-1)
d=

In
sample (Krebs, 1999). Diversity of the communitvegs ascertained by the Shannon-Wiener
index H') given asH' = -X7_, P,(InP;) , wheres is the number of species in the community and
P is the proportion of individuals belonging to sigsa in the community [22]. The evenness or
equitability component of diversity was calculatedm Pielou’s index given a3’ = H/Hmax
where Hna= In s [23]. The degree of similarity between the comrtiasiin two lagoons was

wheresis number of species in the sample, &hid thenumber of individuals in the

2
determined as C, = ﬁ [22], where Gis Sorensen’s indey, is the number of species

common to both lagoons, aradand b are the number of species occurring in eitherhef t
lagoons.
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Figure 1: Map of Ghana showing the Amansuri and Dorimi Lagoons
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RESULTS

Environmental Conditions in the Amansuri and Domini Lagoons

Data for both physico-chemical factors and benthacroinvertebrates collected from the three
locations (1, 2 and 3) at a particular station wambined for analysis after it was ascertained
that there was no appreciable difference in bothrenmental and macrobenthos data from the
locations at a station. As presented in Table lnisavalues of the lagoons showed that the
Amansuri Lagoon is a freshwater Lagoon while themnidw Lagoon is brackish. Although the
lagoons had similar dissolved oxygen (DO) level¥) Wwas more uniformly distributed in
Domini (around 6.0 mg/l) than in Amansuri were llsveeemed to decline from the mouth
(station A, 6.5 mg/l) to the northern portions (sta C, 4.7 mg/l). Amansuri was slightly acidic
(5.5 — 6.0) while Domini was slightly alkaline (7=47.7). Unlike Amansuri where turbidity did
not vary much from station A to C (range of 15.20-0 ppm), the mouth of the Domini Lagoon
was highly transparent (station A) while the midddation was the most turbid (98.3 ppm).

Table 1: Means of hydrographic parameters recordedrom the different stations in the Amansuri and
Domini Lagoons in the Western Region of Ghana

Mean (+ Standard Error)

Parameter Amansuri Lagoon Stations Domini Lagoon Stations
A B C A B C

Salinity (%) 0.0 0.0 00  29.4(2.2) 28.0(3.5) 2@4l)
Conductivity (mS/cm) 0.0 0.0 0.0 46.5 (1.2) 4B} 42.4(5.1)
Temperature (°C) 31.1(1.9) 31.0(1.6) 23.2(1.08.540.1) 28.5(0.3) 29.3(0.1)
D O (mg/l) 6.5(0.1) 6.4(1.8) 47(0.3) 6.1(0.1)6.0 (0.2) 5.9(0.3)
pH 59(0.1) 6.0(14) 55(0.1) 7.4(02) 7.6J0.1 7.7(0.3)
Turbidity (ppm) 20.0(3.7) 17.9(25) 151(3.2) 00. 98.3(20.2) 14.7 (10.3)

Occurrence of benthic macroinvertebrates in the lagons

The occurrence of various groups of benthic magmitebrates in the Domini and Amansuri
Lagoons is presented in Table 2. The insects ememd belonged to the orders Diptera
(families Chironomidae - genefahironomusand Tanytarsus Ceratopogonidae and Culicidae -
genusCulex® and Trichoptera (family Philopotamidae - ge@smarra) while the annelids were
from the classes Oligochaeta, Hirudinea and PoBbtehdfamily Maldanidae). Crustaceans
(amphipod, hermit crab and a shrimp - PenaeidageatisPenaeuy were found only in the
Domini Lagoon. Of the four insect families, only i@momidae occurred in both lagoons while
the other three occurred only in the Amansuri Lago8imilarly, oligochaete worms were
present in both lagoons while the leech (Hirudineadl the polychaetes were found in only
Domini Lagoon.

Richness and diversity of benthic macroinvertebrate

Table 3 shows the estimations of richness and sityeof the macroinvertebrate communities at
the different stations in the lagoons as well &sdtwerall for the lagoons. Only one invertebrate
family occurred at the mouth of the Amansuri Lag@station A), hence diversity index was not
estimated for this station. Invertebrate richnassl diversity increased from the mouth of
Amansuri (station Ad= 0.58;H’= 0.74;J'= 0.68) to the northern portions (stationdz 1.60;
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H'= 1.45;J= 0.81) compared to Domini where richness and dityeegppeared to be slightly
higher at the middle portions (stationd= 0.42;H'= 0.03;J'= 0.02) than at the mouth (station
A: d= 0.29;H'= 0.01;J= 0.01) and northern portion (station €:0.14;H’= 0.01;J'= 0.01).
Overall, richness and diversity of macroinvertebsavere much higher in the Amansuri Lagoon
(d= 1.25; H’= 1.15) than in the Domini Lagoom<£ 0.74;H= 0.02). The distribution of the
individuals among the different families was alaoly even in the Amansuri Lagood’'$ 0.65)
but very poor in the Domini Lagood’€ 0.01). Moreover, the similarity value was very (%

= 0.31) indicating that the macrobenthos commusitiethe two water bodies were considerably
dissimilar (the index ranges from 0 = dissimiladte completely similar).

Table 2: Occurrence of benthic macroinvertebratesri the Amansuri and Domini Lagoons in the Western
Region of Ghana (+ indicates present)

Class Order/Family Genus Amansuri Domini
A B C A B C
OLIGOCHAETA + 4+ + + o+
POLYCHAETA Maldanidae +
HIRUDINEA +
UNIDENTIFIED WORM
Diptera/Culicidae Culex +
Diptera/Chironomidae Tanytarsus + o+
INSECTA Chironomus + + +
Diptera/Ceratopogonidae +
Trichoptera/Philopotamidae Chimarra
Amphipoda/Hautoridae +
CRUSTACEA Hermit Crab
Penaeidae Penaeus

Table 3: Richness and diversity indices for benthicnacrofauna communities in Amansuri and Domini
Lagoons in the Western Region of Ghana

Lagoon Station No. of Margalef’s Shannon-Wiener Pielou’s Sorensen’s
invertebrate Richness diversity (H") evennessJ) Similarity (Cy)
families (d)
= A 1 0.00 0.00 0.00
@ B 3 0.58 0.74 0.68
g C 6 1.6 1.45 0.81
< Overall 6 1.25 1.15 0.65 0.31
= A 3 0.29 0.01 0.01
= B 4 0.42 0.03 0.02
8 C 2 0.14 0.01 0.01
Overall 7 0.74 0.02 0.01

Composition of Benthic Macroinvertebrates

In the Amansuri Lagoon, only one specimen of Cloraid larva (Chironomidae) was found at
station A (Figure 2a). At station B, Chironomidvae constituted 74% with Oligochaeta and
Culicidae constituting 16% and 10%, respectivelie Thorthern section (station C) was also
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dominated by Chironomidae (41%) followed by Oligaeta (27%) and Ceratopogonidae (18
%), with each of Culicidae, Philopotamidae and amentified worm making up 4.5%. All the
stations in the Domini Lagoon (Figure 2b) were hygtominated by oligochaetes (> 99 %). The
remaining organisms which occurred at each statigaether constituted less than 1%.

100 ) 100 - :
Station A N Station A
80 Tl &) i
60 60
40 10
20+ 1% "
o : s
2 Station B 5 100 - _
2 804 e Station B
5 6. n=31 g 809
S 60
3 3
g 201 5;9
5 0 7 % g o]
= 100/ : 5 oLt + n
Station C E: 1664
80+ N ]
n=22 Station C
60 1 20 -
40 &0 -
ep. 0. 2
0 T '7|7j T I'7|7_/‘ T '77|7-I 20 4
) N N N & & +
@é@ . Q@{b ] Q,\e@ 'QN& Y)‘bé’\‘ {é& 0 : \ | ; : : }
@. @\ @ . @0 X é} -‘:b\ E.{? ﬂn;i‘\\ 3 \L{‘:' by n"b) cg;\
) ) ) ,{»{\/ @ ¥ -Q:} ) g & \\’5" %@ . e -Q'“
Q&’& \é}& 0@& Q‘_\_ &Q @Q § & \.:? Q.\\{\ 6\.\\\ ‘53 ,\@G&
& T FE 9 ¢ F& T F ¢
& Caé\ &0& & & 5 @I’.@
N\ -0 & o o
> Invertebrate group & R @b @_}x Q8
a Amansuri Lagoon Invertebrate group

b. Dommi Lagoon

Figure 2: Percentage composition of macrozoobenthgsoups at the different stations in the Amansuri ad
Domini Lagoons in the Western Region of Ghana (1* 2 individual; + indicates < 1 %)

Density of benthic macrofauna

The mean density of the various invertebrate gragmpled from the Amansuri and Domini
Lagoons are presented in Figure 3a and 3b respBctin Amansuri, Chironomid larvae were
far higher in density at the middle of the lago@ (ean = 266 individuals/f than at the
mouth (station A: 60 individuals/fnand northern portions (station C: 102 individimf3 of the
lagoon. Also, while the mean density of Culicidaeersed to decrease from station B (81
individuals/nf) to C (56 individuals/if), oligochaete density increased towards the northe
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portions of the lagoon (stations B and C = 70 an@ individuals/m respectively). Other

benthos which occurred at only station C were ©@a@jonidae with mean density of 89
individuals/nf, and Culicidae, Philopotamidae and an unidentifiezrm which had a mean
density of 56 individuals/feach.

The densities of oligochaetes were extremely higthe Domini Lagoon, varying from 13,290
individuals/nf (station A) to 17,489 individuals/(station B) while all the other organisms
(hermit crab,Penaeusshrimps, chironomid larvae, amphipods, leeches lgchaetes) were

relatively very low in densities (< 100 individuatg) at stations where they occurred.
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Figure 3: Mean density of macrozoobenthos groups aifferent stations in the Amansuri and Domini
Lagoons in the Western Region of Ghana
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DISCUSSION

The approximately 100 lagoons along the coastlin&lmana include brackish and freshwater
types [24]. Majority of the freshwater lagoons &and mainly in the Western Region, where
the underlying rocks have undergone profound lewrhiving rise to extremely ion-poor waters,
and the rainfall in excess of 2000 mm per annunayces conditions of high runoff and stream
flow [16]. Freshwater lagoons are reportedly usefulproviding water supply for domestic

purposes [25]. The Amansuri (salinity of 0 %o) iseanf these freshwater lagoons while Domini
Lagoon (26.6 - 29.4 %o) is brackish.

Salinity is the major factor determining the compos, diversity and abundance of
macrozoobenthic fauna in coastal lagoons in GhafjR€], with high macroinvertebrate
diversity and abundance occurring at low salinjteasd low diversity and abundance occurring
at high salinities. It is therefore possible thed tlifference in salinity levels of the two lagoasis
responsible for the difference in the structure amnposition of their macrozoobenthos
communities, with the community of Amansuri modiling insect larvae while that of Domini
largely worms (annelids) and marine crustaceansgs @kplains the very low similarity value
(Cs= 0.3) which indicates that the two communities aearly dissimilar. Pertinently, some of
the insects found in Amansuri, especially the Gtoraid larvae, are reportedly intolerant to
salinities beyond 6 %0 [27][28], hence the freshwak&ture of the lagoon is favourable for their
survival and development. With the exception ofimsyl and conductivity, the other
environmental parameters in the two lagoons wereergdly similar although slight variations
occurred among stations within a lagoon. The diggbloxygen (DO) levels in the Domini
Lagoon and greater parts of the Amansuri Lagoorewabove the 5 mg/l stated as the threshold
required to support aquatic life [29], except tloetihern portions (station C) of Amansuri which
had slightly lower levels (averagely 4.7 mg/l). A pange of 6.5 to 8.5 is generally suitable for
growth of aquatic organisms [30]. The pH of Domianged from 7.4 — 7.9, whereas that of
Amansuri (5.5 — 6.0) was lower implying that thgdan was slightly acidic thus could have
some negative implications on the diversity offaana. The acidity range for Amansuri was
expected because most of the earth's freshwateedasdrface are slightly acidic due to the
abundance and absorption of carbon dioxide [31].

Although the Domini Lagoon had a relatively higmmber of invertebrate families (7) than
Amansuri (6), its community was very poor in divgrgoverallH = 0.02) and individuals were
poorly distributed among the families (overdll = 0.01) with oligochaetes being highly
dominant in the entire lagoon (> 90% at all statjaat extremely high densities (13,290 - 17,489
individuals/nf). Two main reasons could account for this obs@matFirstly, the lagoon is
directly open to the sea [16]. These ‘open’ lagoorantain contact with the sea for greater
period of the year or permanently and thus expeéea high extent of tidal influence which
renders their environments highly unstable frontdtsubstrata to physico-chemical conditions
[24][32]. Benthic organisms that inhabit such hatsit therefore require some adaptive
mechanisms including burrowing, tolerance to vdeiaalinities and tolerance to low oxygen
tensions, and roundworms such as oligochaetes alydhaetes are reported to thrive in these
conditions [32]. Secondly, oligochaetes also ferbmanic material in water and are common
in environments where large amounts of organic natare present due to their ability to
survive the resultant low oxygen levels and otlegfucing conditions better than most other
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macrobenthos species [19]. Notably, the highesgjoohiaete density (17,489 individualé)m
occurred at station B where the water was mosidudveragely 98.3 ppm) suggesting organic
material as the source of turbidity in the watehjcln would strongly imply availability of food
for the oligochaetes. Against this backgroundsitonceivable that the oligochaetes are better
adapted to conditions in the Domini Lagoon than thieer organisms, and they are highly
supported by the environment together with the lallg organic food resources, given the
absence of competition. Most probably, this coxdl@n the poor diversity of benthic fauna in
the lagoon despite its favourable dissolved oxyged pH levels. However, the dominance of
certain species of oligochaetes in aquatic enviemtsihas been found to be an indication of
organic pollution [33]. Therefore, the high dominarof oligochaetes in the Domini Lagoon at
extremely high densities when compared to the Nlagioon in Ghana (< 10,000 individual$/m
at all stations) [7] could be a reflection of soleeel of organic pollution in the lagoon.

The Amansuri Lagoon which had relatively lower ogggand somehow acidic conditions below
suitable limits rather had a higher macrofauna rditye (overallH = 1.15) and a fairly even
distribution of individuals among the different faies (overallJ’= 0.65). Interestingly, richness
and diversity of macrozoobenthic fauna tended toelase towards the northern sections of the
lagoon (station C) where important environmentaédrinants such as DO was minimal and pH
more acidic. This suggests that the assemblagerdhiz macroinvertebrate fauna in the lagoon
might depend partly on some factors other thandlassessed in this study, one of which might
be the availability of food. Like oligochaetes, momid larvae have also been used as
indicators of organic pollution because they aterobundant in environments with low oxygen
where organic material as food resource is abun@if35]. Hence, the occurrence of higher
density of these larvae at the middle of the lagoampared to the other portions suggests that
organic matter input was more concentrated at tidellenportions of the lagoon.

CONCLUSION

In conclusion, the freshwater Amansuri Lagoon suigpa richer and more diverse macrobenthic
fauna than the brackishwater Domini Lagoon, witlero®0% of the benthos inhabiting the latter
being oligochaetes. The dominant benthos in theodiag (oligochaetes in Domini and
chironomid larvae in Amansuri) are both used asnbioators of organic pollution in aquatic
ecosystems. Hence, occurrence of these organismigler densities in the entire or certain
areas of the lagoons primarily suggests some lefasganic matter input in the lagoons which
could potentially be a source of pollution. Thiadst could therefore be a useful reference point
for biomonitoring of the ecological health of thelsgoons, especially using the zoobenthic
community structure, composition and populationsitees alongside with the physico-chemical
factors. A future decline in oligochaete compositior density in the Domini Lagoon, and
increase in benthos richness and diversity woulglynnmproved ecological conditions in the
lagoon’s environment favourable for a wider ran§erganisms. Similarly, a higher invertebrate
diversity across all portions of Amansuri would gegt prevalence of improved conditions
across the lagoon. On the other hand, future remtuat invertebrate composition, richness and
diversity would imply a change or deterioratioremvironmental characteristics of the lagoons.
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