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Abstract
The OdawRiver isformed fromseveral streamsinning fromtheAburi Mountainsin theEastern Regionf
Ghanaandendingupin theKorle Lagoonin Accra.Humanactivitieshavemodifiedthecourseof thischannel
resultingin changeén waterquality. This studywasthereforeconductedo investigateheextentof impacton
macro-faunaZzommunitiedy comparingheresultswith similar studiescarriedoutin previousyears.Faunal
abundancend the similarity of macro-faunaamongsamplingstationsfor eachseasorwere respectively
investigatedby one-wayanalysisof similarity (ANOSIM) and clusteranalysisall basedon Bray-Curtis
similarity indexof speciesabundancelhe OdawRiver wasfoundto behighly polluted,showinga pollution
gradienfrom upstreanto downstreamtheupstreanbeingtheleastpolluted.Shannon-Wenerdiversityindex
upstreanwas0.53—-2.00midstreanD.64-1.4landdownstreanhadtheleastrangingfrom 0—0.04.Sensitive
taxaof Dytiscidae HydropsychidaeandLibellulidaewerefoundonly upstreanfrom Obommirento Buade.
Themid portionof theOdawcatchmenareaveredominatedy OligochaetalNaedidae@ndLymnaeavhile the
lower portionwasdominatedy the ChironomidaeTherewasno seasonabariationin the physico-chemical
parameteranalysedxceptfor phosphatevhich showedsignificantlyhigherconcentrations thedry season
than inthe rainyseason. Thdistributionof invertebrateslid notalso showseasonal variatiom abundance
betweersamplingstationssuggestingioodadaptatiorof prevailingspeciego smallchangesn waterquality.
Midstream and lowestream portions ahe catchment areshowed increased polluti@mver the yearsshen
previousstudiesverecomparedT hisstudyshowshatprevailingmacro-faun@anbeusedo characterizsites
of differingwaterqualities.

Intr oduction Macroinvertebrate&eommunitiesrethe

Increasedhopulationgrowth putsintense
pressur@nwaterresourcesvhichtendto

impact negatively on the environment
(LickeandJohnson2009).Urbanization
hasbeenshownto alter the physicaland
chemical characteristicsof streamsand
cause significant degradation of

invertebrateassemblagefCarlsonet al.,

2013).

mostcommonlyusedgroupin biological
surveysand monitoring of water quality
(Hellawell,1978).Theirdirectlinkagesto
the energy pathways in aquatic
environmentshave madethem useful as
organic pollution indicators (Johnsonet
al., 1993). Some recent studies have
shown a gradael respmse of macre
invertelrates to a wide spedrum of
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chemical pollutants including heavy
metalgDeJongeet.al., 2008).

In Ghanatherehasbeensomeeffort to
document the ecology, composition,
spdial and tenporal distributon and
diversity of fish and macro benthic
invertebratecommunitiesof lakes,rivers,
andlagoons(Hynes,1975; Thorneet al.,
2000;Aggrey-Fynnet al, 2011; Armahet
al., 2012;KyerematerandGordon,2012;
Baa-Poktetal., 2013;Ahetoetal., 2014).
One suchriver systemthat hasreceived
someattentionis the OdawRiver system
whichflowsthroughthecapitalcity Accra,
from the Aburi highlands,in the Eastern
Regionof GhanaTheOdawRiveris used
mainly as a source of domestic water
supply upstream and midstream.
Extraction of water from the river for
commercial purposesuch asar washing
and cementblock manufacturingis also
not uncommon. Downstream in the
GreaterAccra Region,particularlyin the
Airport ResidentiaRrea,it isanimportant
sourceof waterandnutrientsfor vegetable
crop production. Previousinvestigations
on this channelfocused mainly on the
physico-chemicalcharacteristicsof the
river and particularly on the adjoining
lagoon, the Korle Lagoon (Biney and
Amuzu, 1995). Some bio-monitoring
surveyshavealsobeencarriedout on the
river. Thorneet.al. (2000)investigatedhe
macro-invertebrateommunitiesfound in
someportionsof theriver. Baa-Pokuetal.
(2013)alsofocusedntheimpactof urban
effluents on macro-invertebrate
communities in one of its polluted
tributaries, the Nima Creek. The study
seekdo evaluatepotentialchangesn the
ecology of macro-faunaparticularly the
benthic fauna ofite catchment are# the

OdawRiver overthe years,in relationto
itspresentse.

Materials and methods
Thestudyarea
The Odaw catchmentarearunsfrom the
Aburi Mountains(latitude5’52’N) down
to Accra (latitude 5° 32'N) where it
dischages into the Korle Lagoon. The
river is located within longitudes Q0'W
and 0°15’'W and consistsof six streams
namdy; Ntare, Obommirem, Dakobi,
Buade, Onyasiand Odawaswell astwo
other streamsrunning from EastLegon
andfrom behindShangri-lahotel(Fig. 1).
Thirteensamplingstationswere selected
alongthe catchmentareaandthesewere
categorized as upstream, midstream
downstream based on categorization
adoptedby previousstudiesin the Odaw
catchmentarea(Nana-Amankwalet al.,
1995:Thorneetal., 2000;Baa-Poketal.,
2013). Samples were colleded from
upstream:Obommirem(OB), Agyemadi
(AG), Ntare(NT), Dakobi1l(DK1), Buade
(BU), and Dakobi 2 (DK2), midstream:
Atomic (AT), Okponglo (OKP), Secaps
(SEC)anddownstreamAlliance Francais
(AF), Kawukudi (KKD), Achimota
(ACH), andKorle (KO).

The rivers and streams at these
locationswereall lessthan1.0 m deepin
bothdry andwet seasonsindhavevaried
banksrangingfrom a vegetativecoverof
shrubsand herbsto bare banks. From
Achimata to the Korle Lagoon, the
channelgonsisbf concretalrains.

Waterqualitysampling
Sampledor waterqualityanalysisvere
collectedin 1 litre polyethylenebottles.
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Sampleswere collected both in the dry
(Novemberto February)and the rainy
(Marchto August)seasonsinalyseswvere
carried out for the following physico-
chemical parameters:temperature,pH,
conductivity, turbidity, Biochemical
Oxygen Demand (BOD), dissolved
oxygen (DO), total suspended sdids
(TSS), nitrate (NO.), nitrite (NO,),
ammonia as nitrogen (NH,-N), and
phogphate (PO,). BOD, TSS, nitrate,
nitrite, ammonianitrogen and phosphate
concentrations were determined by
dilution, gravimetric hydrazinereduction,
directnesslerizatiomndstannoughloride
methods respectively as outlined in
Standard Methods (APHA, 1998). pH,
dissolved oxygen, turbidity and
conductivity were measureduisingWTW
340, WTW Oxi 330, Hach 2100p and
WTW LF 340 portable meters
respectively

Samplingoffishandmacio-invertebrates
Samplingfor fish wasdonein therainy
and dry seasonsising castnetsof 1.2m
radiusasoutlinedby Steinet al. (2014).
Samplingof macro-invertebrategsasdone
by mean®fahandnebf 500mmmeslsize
over a defined area.Four replicatesper
samplingstationwere usedand selection
of samplingstationswasbasedon easeof
access$otheshorelineandalsotakinginto
considerationpoint sourcesof pollution.
Whererocksexisted theywerewashedo
dislodge attached fauna, which were
transferred into containers. Animals
retained by net were also washedinto
containers.Sampleswere then preserved
with 4% formalin in the field. Samples
were further processedn the laboratory

andorganismddentified up to the family
level with the help of taxonomic keys
(Thorp and Covich, 2010; Umar et al.,
2013).

Statisticalanalysis

The Shannon-Wener diversity index
(H) (Eq.1), (Clarke &Warwick, 1994),
was used to compare the macro-
invertebratesof this study with thoseof
studiesconductedby other authorsover
the years, while the Simpson diversity
index (Ludwig and Reynolds,1988) was
usedto comparethe seasonatlifferences
in diversity of macro-invertebrates
samplediuringthisstudy

The ShannonWeiner diversity index
(H) isgivenby,

H' =Y. ,PnP (Eq.1)
whereP, is the proportionof individuals
belongingto the ith speciesandn is the
totalnumbelof species

The Simpsondiversity index (1 ) is given
by,

&=0n(n-1)/N(N-1) (Eq.2).
whereN =totalnumberof individualsand
n,=totalnumberof individualsin species.
Simpsons diversity index| takesvalues
from Oto 1 andisinverselyproportionako
the wealth of species(Hellawell, 1978).
Brower and Zar (1977) indicatedthat in
comparingtwo communitieswith very
smalldifferencesn | , thereciprocalof |
givesabettermeasuref diversity.

To evaluatethe influence of seasonal
variationson physico-chemicavariables,
a Welsh unequal variancest-Test was
conducted. The influence of seasonal
variation on speciesabundanceat the
various sampling stationswas assessed
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using the Analysis of Similarity Results and Discussion
(ANOSIM) test (Clarke, 1993) of the  Physico-ChemicaQuality of the Odaw
PRIMER software package(Clarke and ~ River

Warwick 1994). The spatialrelationships ~ Resultof physico-chemicassessmeof
betweensamplingstationswas shownby the Odaw River showedthat there was
Non-metric Multidimensional Scaling ~ Progressiveloading of pollutants from
(NMDS) carried out on a Bray-Curtis ~ Upstreamto downstream(Fig. 2). The
resemblancenatrix following an overall ~ concentratiorof DissolvedOxygen(DO)

4throottransformatiomf abundances. which is essentialo all forms of aquatic
y.
’/H__————\\
-
A el \\
# G
21 o
{urb/d/tE
p H Phosphate
%
// VTS
s
o AG 29 S / BOD
O Q= DK2
a N
. 5
\\\ Conductivity
‘\\,\,,mi KKD
\ AF AmmoniaN
\ ! /
e \ MCete // KO
0 /
BU y
\\ o
3 /
\ //
iy g
. aa | | | | |
I I | T | 1
4 -2 0 2 4 6
PC1

Fig. 2. Principal Component(PC) Analysis showing the spatial variation of various Physico-Chemical
Variables PClaccountdor 45.2%of thetotal variationwhile PC2accountsor 21.5%.AG: Agyemadi,
DK1: Dakobil, NT: Ntare,DK2: Dakobi2, AF: Alliance FrancaisKKD: Kawukudi, SEC:SecapsBU:
BuadeKO: Korle,AT: Atomic, OKP:Okponglo.
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life decreased from upstream to
downstreanfTablel, Fig.2).

Mean dissolvedoxygen concentration
values for upstream, midstream and
downstream ofthe OdawRiver were4.54
mg/l,2.30mg/land1.85mg/Irespectively
Similar studiescarriedoutby Baa-Pokuet
al. (2013), Thorne et al. (2000), Dartey
(1999), recorded higher corcertration
values of DO in the midstream and
downstreamportions of the River. This
showsthat the impact of organic matter
pollution in thesgoortions of theaiver has
increased ovetheperiod dueo incresed
anthropogeniactivities(Tablel). Indeed,
Baa-Pokietal. (2013)alsorecordedower
DO concentration& the middleto lower
portionsof the River comparedo Thorne
etal. (2000).Theresultsobtainedromthis
studyhasshowna clearpollution gradient
betweenthe upper middle and lower
portions of the Odaw (Table2).Previous
studiesconductedon the Odaw channel
also identified intensified anthropogenic
impactsas one movesfrom upstreamto
downstream(Thorne et al., 2000; Baa-
Poku et al., 2013). This is especially
reflectedin thevalues oftonductivityand
TSSasshownin Tablel.BOD, (amountof
oxygen required by microolganismsto
break down organic matter) increased
from upstreanto downstreamStudiesby
Thorneet al. (2000) and Baa-Pokuet al.
(2013), however recorded higher BOD
concentrationsn the middle portions of
the River as comparedto the lower
portions(Tablel).

Nutrients in the Odaw River did not
showanytemporakrends.Themiddleand
lower portions of the river (Secaps,
Atomic, Okpondo, Alliance Francas,
Kawukudi, Achimota, Korle) recorded

relatively higher concentrations of
ammoniaitrate, nitrite andconductivity
Urban agricultural farms have been
establishedlongbanksof theriver atthese
locations Surfacerun-off fromthesdarms
probably contributed to the elevated
concentrationsof ammonia, nitrate, and
nitrite recorded. Streams receiving
agricultural run-off have beenshownto
haveelevatedcconcentrationsf particulate
organic matternutrients suspended solid,
increasedatesof sedimentatiomndlower
abundanceof Ephemeropterallecoptera
and Trichoptera (Lenat, 1984). The
absenceof thesesensitivetaxa and the
elevatedconcentrationsf TSS,BOD and
turbidity in the middle andlower portions
of theOdawRivercorroborateéhefindings
of Lenat(1984).

Generally, the physico-chemical
conditionsof this studydid not showany
seasonaVariations,with the exceptionof
phosphate. Phosphate concentration
recordedn thedry seasor(2.37mg/l)was
significantly greaterthanthe rainy season
valueof 0.48mg/I(t=2.70,P=0.02).The
higher concentration of phosphate
recordedin the dry seasoncould be the
result of domesticeffluent dischage and
the absenceof dilution by rainwateras
occurgntherainyseason.

Fishandmacio-invertebrateeommunities
No fish speciesvererecordedn the study
area. Previous studies conductedin the
catchmentareadid not record any fish
specieseither (Nana-Amankwahet al.,
1995:Thorneetal., 2000;Baa-Pokietal.,
2013). Dissolved oxygen concentration
rangingfrom 0-4.6mg/lcanthreatenfish
survival (Table 1). Twenty-one (21)
families of macro-invertebrates were
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TABLE1

2 2 g identified amongthe samplestaken as
< 783 @ E © shown in Table 3. The distribution of
2| @ i B é Q<2 macro-faunashows that the river is

% S e reatlyimpacteduponasthediversity of
<] OCNS @Hd = invertebratesverelow evenin upstream
o = = rivers(Figs. an ). _
b 2022933983828 A comparisorof studiesconducten
2 | e NS CONCON® the Odaw channelfrom 2000 to 2015
§ g 9 & showe_cthatspeciesiiversitydeclinedin
@ g KENSBB8eYe & 9|/8 the midde and lower portions of the
g 184, ~N3dggmoe Ao e River (Table 2). At the upper portions,
E a7 £ there was relatively high speci
3 o & y high species
E 203 89 §  abundance, presence of pollution
o < | v! ) sensitive families like the iscidae,
o LJ,E":' b a tive families like the Dytiscid
?3 Zl JRg 8r3 § Hydropsychidaeand Libellulidae in the
5 dng I~k ~ o|Z  stream&ndrivers(i.e.from Obommirem
S noo N~ ©LWn - — | = . . .
7 FORNY govo S to Buade) indicating relatively better
3 g oo 2 coooo oo g ecological conditions. However in the
g 7 88 Saes ow |t Middleto thelower portions in Accra,
s [2°] ¢ 84497 € speciesabundancereduced along the
2 cooccocccooco |& watercourseMacro-faunan themidand
& SNOd=aIRAON | g :
2 o gr~FIgggacoges |2 lowerportionsof thecatchmenareavere
o = . o & typica]ly thosefoundin poIIutedvyaters
|, $88388SY 88 2 and included the Psychodidae,
= mEhEEYCe O ’g Syrphidae, Chironomidae, Oligochaeta
2 S 3 go & and Naedidae(Tables3 and 4). In the
< 8329 97 gr? & Okponglo-Korle channel, located
8 z é fﬁ b b N § midstream to downstream (Table 4),
3 3 § % & 3 e s g| & Chironomidaewas the most dominant
8 g, | yog ©-®oS o ol family. Chironomidshavehightolerance
5|8 @ F. for low oxygenconditionsin sediments
£ B 8ISRABRIS88 |2 offreshwateecosystemgTudoranceat
5 " €TRBIETCCC” S 5 1989) and have therefore been
3 ot agYTes I 9 g regardedas excellent bioindicators of
2 RIGI8RES NME -
£ SgNONYOSS oo é poorquality waters(Hooperetal. 2003).
“g o ™ & Chironomidsin the Odaw River were
8 ’g m  well representedtall thesamplingsites.
g o 235 o This observationwas also made by
g T St o o §~ Thorneetal. (2000),who foundthatthe
° e & S%E”%%%gg g #  Psychodidae and Syrphidae were
g 33 EZEEEEEZ|E restrictedto the lower portions of the
E I832 ,Eﬁ QQ29IT QoI river. This study however identified
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TABLE 2
Comparison of Shannon Diversity Index (H’)

Psychodidaén the middle portionsof the

river (Table3). Similar findingswerealso
made by Baa-Pokuet al. (2013). The

Psychodidae are characteristic of

anaerobic environments as seen in

environments with decaying organic

matter The changesin the number of

families and individuals along the

pollution gradient correspondedto the

broadercategorizationof the River into

upstream, midstream and downstream.
Macro-faunacompositionand abundance
in thisstudyshowedhattheOdawRiveris

impactedby human activities, generally
showingatrendof highdiversityupstream
comparedo diversitydownstreantFigs.3

and4).

—4—Dryseason
—8—Wet season

Sites Study Baa-Poku Thorne
etal. etal.
(2013) (2000)
Obommirem 1.587 1.739
Agyemadi 1.068
Ntare 1.774
Dakobil 1.997
Buade 1.24
Dakobi2 1.074
Atomic 0.534 1.554
Okponglo 1.099 1.646
Secaps 0.637 1.3
AllianceFrancais 1.41 1.2
Kawukudi 0.902 1.38 0.288
Achimota 0.037 1.049
Korle 0 0.698
59 (A) Upper catchment
IS
£
X 2
R
£
w 0 T T
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»

Buade Dakobi2 Atomic

sampling stations

Fig. 3. Macro-invertebrate diversity in the upper catchments of the Odaw basin
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Simpson's Diversity Index
(14)
[R5
1

——Dry season
—m—\Wet season

Okponglo Secaps

Alliance
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Fig. 4. Macro-invertebrate diversity in the lower catchment of the Odaw basin



E.D.O.AnsaR.L. Sakyi,etal.: Anassessmepf environmentatonditions 25

TABLE 3
Macro-invertebrate distribution in the rainy (R) and dry (D) seasons in the upper catchments of the O
basin

Stations* OB AG NT Dk1 BU DK2 AT
Seasons R D R D R D R DR D R D R D

Diptera
Chironomidae 8 2 2 1 1 2 9 16

Worms

Naedidae 2 3
Oligochaeta 1 8 2 6 2 2
Mollusca

Melanoides 104 12

N

Hemiptera
Veliidae 4 1 1 14 6
GerridaegH16 1 1 1 8 2 1

Odonata

Gomphidae 1 3 1 1
Libellullidae 4

Zygopterasp 2

Zygopterasp 1

Calopterygidae 4

Coleoptera

Dytiscidae 1 1
Hydrophilidae 1
Elmidae 1

Gyrinidae 4 5 4 18 5

Trichoptera

Hydropsychidae 1
Ecnomidae 2
Philopotamidae 1

Nematoda
Hydracarina 2 11
Hydracarina 1

*OB: ObomiremAG: AgyemadiNT: Ntare,DK1: Dakobil,BU: Buade DK2: Dakobi2,AT: Atomic
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Fig. 5. Two-dimensionahMDS plot of samplingstationswith superimpose@lustersbasedon Bray-Curtis
similaritiesafteraWisconsindoublestandardizatiomnd4th root- transformatiorof abundanceshowing
threedistinct areasof varying degreef pollution. AG: Agyemadi,DK1: Dakobi 1, NT: Ntare,DK2:
Dakobi 2, AF: Alliance FrancaisKKD: Kawukudi, SEC: SecapsBU: Buade,KO: Korle, AT: Atomic,

OKP:OkpongloOB: ObomiremACH: Achimota.

The Non-metric Multidimensional
Scaling (nMDS) plot reflected the
observedpollution gradient among the
sampling stations. Three main clusters
were identified at 40% similarity. These
three clusters coincided with the three
divisions of the water course;the upper
middle and lower portions. The station
groupsimilaritiesat40%coupledwith the
observedspatial variation indicate that a
few dominant macro-fauna species
paticulady, those that can withstand
varying environmental conditions
controlled the community structure.The
Korle, Seaps and Achimota cluste,
represerting the downsteam ard the
channelizedamplingstationsof theOdaw
River, were composedof an entirely

different community structure from the
mid and upper portions (Fig. 5). The
physico-chemicaparametersecordedat
Korle, Secaps and Achimota were
distinctively showing poor environmental
conditionsof for examplelow DO and
high BOD (Table 1) andthis is different
from the othertwo clustergFig. 5), hence
the speciesdiversity and abundanceat
thesethreesamplingstationswvereequally
differentfromeachother

In addition,thechannefrom Achimota
to Korle consistedof concrete drains.
These concrete drains may have
contributedto the distinct differencesin
species abundance at thegtes as stream
substrateconstitutesone of the major
environmentafactorsdefiningthemacro-
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fauna communities. The difference
betweemnmacro-fauna&communitiesof the
naura and the concrete chamdized
section of thévasin observed ithis study
is similar to those reported in other
literature (Horsak et al., 2009; Plidraité
and Kesminas,2010) where the faunal
assemblagesf the channelizeaite hada
lowerspeciesichnesandtotalabundance
of macroinvertebrates. Many
environmentafactorschangeseasonally
particularly thosevhich havebeen shown
to have a direct influence on macro-
invertebrate life cycles, population
dynamics,trophic interactions.etc., such
as, temperature, resource abundance,
photoperiodanddischage (Sweeneyand
Vannote, 1981),andthereis the potential
for the structure of macro-fauna
communitiego changewith them.In this
study thereweresomeseasonathange
macro-faunacompositionand abundance
within sampling stations. Some macro-
faunafamiliesshowedupin thedry season

but not inthe rainy seasoand vice versa.

For example, at Agyemadi (AG) and
Atomic (AT), Oligochaetesverepresenin
the dry seasorbut notin therainy season
while at Dakobi 1 (DK1) and Agyemadi
(AG), Gomphidaewere presentin the
rainy seasonbut not in the dry season.
However theseseasonavariationswere
not significant as one-wayANOSIM of
specieabundance bothseasongavean
R valueof -0.012atasignificancdevel of
p=0.534.

Conclusion
The Odaw River wasfound to be highly
polluted, showing a pollution gradient
from upstream to downstream, the

upstream being the least polluted.

Shannon-Wénerdiversityindexupstream
was 0.53-2.00,midstream0.64-1.41and

downstream hathe leastanging fromO-

0.04.Thepollution gradientwasreflected
in thenMDS plot wheresamplingstations
were grouped into three clusters that

coincidedwith the threedivisions of the

river as upstream, midstream and

downstreamSensitivetaxaof Dytiscidae,
Hydropsychidaeand Libellulidae were

foundonly upstreanfrom Obommirento

Buade. The mid portion of the Odaw
catchment area were dominated by

Oligochaeta, Naedidae and Lymnaea

while thelower portionwasdominatedoy

theChironomidae.

There was no seasonabariation in the

physico-chemical parameters amlysed

except for phosphate which showed

significantly higherconcentrationsn the

dry seasorthanin the rainy seasonThe

distribution of invertebrateglid not also
show seasonalvariation in abundance
between samping staions suggestng

good adaptationof prevailing speciesto

smallchangen waterquality. Midstream
and lower stream portions of the

catchment area showed increased

pollution over the years when previous
studieswerecompared. Thistudyshows
thatprevailingmacro-faun@anbeusedo

characterize sites of differing water

gualities.
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