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ABSTRACT

The authors investigated the dynamicsin spatial yields of primary produc-
tion in the middle course of the Imo River in Etche, South-eastern Nigeria.
At seven sampling locations along the course of the river, in situ measure-
mentsfor water temperature, pH, turbidity, and dissolved oxygen (DO) were
made with HORIBA U-10 Water Quality Checker. Water sampleswere col-
lected in 500 ml sterile containersfor further laboratory analysisusing stan-
dard methods. The light and dark bottle technique was employed in the
measurement of primary production. Correlation coefficient (r) wasused to
establish rel ationshi ps between physicochemical variablesand primary pro-
duction while the One-Way ANOVA was used to determine variance equal -
ity of meansin spatial yields. Meanswere further separated for theidentifi-
cation of variant productivity variables using the means plot. Wide varia-
tionswere observed in turbidity (11.0-279.0, mean=96.7 + 9.3 NTU), DO
(4.50-8.81, mean =6.96+ 0.14 mg/1), and sulphate (0.90-8.10, mean=4.35+
0.25 mg/l) acrossthe sampling locations. Gross and net primary production
(GPP & NPP) aswell ascommunity respiration (CR) ranged from 0.01-1.12
(0.09+0.02),0.01-0.10 (0.04 £ 0.003), and 0.002-0.05 (0.02 + 0.002) gCm*d™,
respectively. Sampling location 1 showed the highest GPP, NPP, and CR of
0.09, 0.06, and 0.03 gCm2d%, respectively whilelocation 7 showed the least
GPP of 0.06 gCm2d%, and | ocations 2-7 showed theleast CR of 0.02 gCm%d'?
each. At P<0.01, GPP correlated negatively with turbidity (r=-0.322) and
sulphate (r=-0.297), NPP correlated positively with pH (r=0.404) and nega-
tively with DO (r=-0.567), turbidity (r=-0.592), nitrate (r=-0.435), phosphate
(r=-0.365), and sulphate (r=-0.594) and CR correlated positively with pH
(r=0.363) and negatively with DO (r=-0.510), turbidity (r=-0.547), nitrate (r=-
0.405), phosphate (r=-0.304), and sul phate (r=-0.551). Variancesin means of
primary production variables showed inequality at P<0.05 at sampling loca-
tions 1 and 4. The observed oligotrophic production of the river was most
probably due to low water nutrient levels, high turbidity and high relative
humidity prevalent in the area. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

All lifeformsdepend on primary production, abio-
chemica synthes sof organic compounds(reduced car-
bohydrate such as glucose and other sugars) by au-
totrophs, which formthebase of thetrophicchain. These
autotrophs, which aremainly agaein aguatic ecosys-
tems, captureenergy intheform of e ectromagnetic ra-
diation from the sun and synthesize complex organic
moleculesfrom smpleinorganic compounds such as
carbon (1V) oxide and water, and convert them to
chemica forms. Theproduct of primary production may
then be used to synthesisfurther more complex mol-
eculessuch asprotein, complex carbohydrates, lipids,
and nucleic acids, or berespired to release energy for
work. These organic moleculesand their potential en-
ergy aremoved up thefood chain through trophicrela
tionships, thus, energizing theentirebiosphere.

Primary production proceedsthrough the process
of photosynthesis, with chemosynthesisbeingmuchless
important!®, A very tiny fraction of primary production
isdriven by organismsutilizing thechemica energy of
inorganic molecules. Inaguatic ecosystems, themagjor
limiting factorsto primary production arelight (solar
energy) and nutrients“® though temperature and sea-
sond variationsinlightintendty asoexert influenceson
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thedistribution of phytoplankton (algae)®.

Thereexist paucity of primary production studies
and their documentationsin Nigerianriverssuch asthe
Imo River; amgor aguatic ecosystemintheNiger Delta
area, even astheriver servesboth domestic and food
uses. Itisinthisregard that theauthorsinvestigated the
gpatid variability in primary production of themiddle
courseof thelmo River. We set out with thefollowing
objectives.

Determination of some physicochemica character-
istics (temperature, pH, dissolved oxygen, turbidity and
nutrients) of theriver.

Measurement of spatial variabilityinitsgrossand
net primary production (GPP and NPP) aswell ascom-
munity respiration (CR).

Determination of spatia relationshipsbetween pri-
mary production and the physicochemical characteris-
tics.

MATERIALAND METHODS

Sudy area

The study was conducted on the middl e course of
thelmo River between longitude 06° 05'and 07°14'E
and latitude 05° 08' and 04°45'N (Figure 1). Theriver
isanintegral part of thelowland drainage basin of the
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Figurel: Map of Etcheshowingthesamplinglocations
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TABLE 1: Physicochemical char acteristicsof Imo River

Parameter Minimum Maximum Mean SE
Water temperature (°C) 24.00 28.10 26.89 0.12
pH 6.00 6.70 6.40 0.02
DO (mg/l) 450 8.81 6.96 0.14
Turbidity (NTU) 11.0 2790 9.7 93
NO5 (mg/l) 0.10 1.35 054 0.04
PO,Z (mg/l) 0.07 0.23 0.13 0.01
S0,% (mg/l) 0.90 8.10 435 0.25
GPP (gCm%d?Y) 0.01 112 0.09 0.02
NPP (gCm2d™) 0.01 0.10 0.04 0.003
CR (gCm2d™) 0.002 0.05 0.02 0.002

DO = dissolved oxygen, NO, = nitrate, PO,* = phosphate, SO,*
=sulphate, GPP = grossprimary production, NPP = net primary
production, CR = community respiration

Niger Deltaregion, wherewet season generally lasts
for about 300 days per year between March and No-
vember.

Atmospheric temperature rangesfrom between 24
and 38°C and humidity could reach as high as 90%,
usualy during thewet season. Themgjor activity of in-
habitants of theareaisfarming, though somealso en-
gagein petty trading, palmwinetapping, fishing, hunt-
ing and sand dredging.

Samplinglocations

Seven sampling locationswere established aong
thecourseof theriver in EtcheLocd GovernmentArea,
RiversSate. Location 1 wassStuated upstream at Akwa,
locations 2, 3, and 4 weresituated about 1 kmapartin
Odogwa, with location 2 situated about 2km from 1.
Location5, 6, and 7 were al so Situated about 1km gpart
in Umuebulu, withlocation 5 situated about 3km from
4. Odogwaand Umuebulu communitieshouseoil and
gasfacilitiesbel onging to the Shell Petroleum Deve op-
ment Company of Nigeria(SPDC).

Field measurements

The HORIBA U-10 Water Quality Checker was
used to measure water temperature, pH, turbidity, and
dissolved oxygen (DO) in situ. Water samples for
|aboratory anaysiswere collected in 500ml sterile con-
tainersand taken to thelaboratory iniced-cooler.

Laboratory analysis

Nitrate was determined by the cadmium reduction
method, sul phate by the barium chloride (turbidometric)
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Figure?2: Spatial variation in mean primary production of
ImoRiver

method, and phosphate by ascorbic acid method®.
Primary production measurements

Threeidenticd transparent 1-litrebottleswerefilled
withtheriver water and soppered whiletill submerged.
Thefirst bottlewasanayzed immediately and used to
determinetheinitiad O, concentration, whiletheother
two bottleswere suspended in the pel agia water zones
wherethewater had been taken, withtheaid of arope;
one covered with black polythene(dark bottle) and the
other not covered (ietransparent; light bottle). Thesetup
wasdlowed to stand for 4 hoursin sunny afternoons®.
Immediately after theincubation period, thebottleswere
brought out and the O, concentrationsin them mea-
suredwithHORIBA U-10Water Quality Checker. This
experimentation wasdonein replicates and the aver-
agerecorded.

As photosynthesiswould not havetaken placein
the dark bottle, it provided a measure of respiration
whilethelight bottlethat permitted both photosynthesis
and respiration provided ameasure of net photosyn-
thess.

Calculation

GPP (mgO,|d*) =NPP (mgO,*d?) + CR (mgO,|*d*)
where GPPisgross primary production (photosynthe-
sis), NPPisnet primary production (photosynthess),
and CR, community respirationl?,

Relevant productivity estimates so obtained were
converted to gCmr2d* according toAPHAP! asadopted
by Ikenweiwe and Otubusin®.

Satistical analysis

Theinteraction of thephysicochemicd varigbleswith
primary production was established with the Pearson
Product Moment Correlation (r), whilethe One-Way
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Figure3a: M ean separation of primary production variables
acrossthesampling locations

TABLE 2: Correations(r) between thephysicochemical char-
acterigicsand primary production of Imo River

Parameter Wtemp pH DO Turb NO; POZ SO/
GPP  -0.114 0170 0206 0.322** 0141 0.204 0.297**
NPP  -0.007 0.404** 0.567** 0.592** 0.435** 0.365** 0.594**

CR -0.106 0.363** 0.510** 0.547** 0.405** 0.304** 0.551**
**gignificant at P<0.01, Wtemp = water temperature, Turb =
turbidity, GPP = gross primary production, NPP = net primary
production, CR = community respiration

Analysisof Variance(ANOVA) wasused to determine
equdity of meansin spatid yid dsin productivity. Means
werefurther separated for theidentification of variant
productivity variable(s).

RESULTS

Turbidity (96.7+9.3 NTU), DO (6.96 + 0.14 mg/
), nitrate (0.54+0.04 mg/1), and sulphate (4.35+0.25
mg/l) al showed comparatively widevariationsacross
thesampling locations(TABLE 1). However, pH, tem-
perature, and phosphate did not vary widdly. GPPand
NPP ranged between 0.01and 1.12 (0.09+0.02) and
0.01 and 0.10 (0.04 + 0.003) gCm2d* respectively.
CR ranged between 0.002-0.05 (0.023+0.002) gCm-
2dt,

Samplinglocation 1 showed the highest GPP, NPP
and CR values of 0.09, 0.06, and 0.03 gCm=d"* re-
spectively, while site 7 showed the least GPP (0.06)
gCm2d™. However, locations 2-7 showed theleast CR
valuesof 0.02gCmd*(Figure2).

At P<0.01, GPP correlated negatively with turbid-
ity (r=-0.322) and sulphate (r=-0.297) while NPP cor-

The middle course of Imo River in Etche, Nigeria

ESAIJ, 5(5) October 2010

A6 .DI? Rl
GPP

Figure3b: Mean separation of primary production variables
acrossthesampling locations

TABLE 3: Equality of meansin primary production of Imo
River usngtheOne-Way ANOVA

F-values o
Parameter — Significance (P<0.05)
Calculated Critical
GPP 315.12 3.90 Significant
NPP 324.82 3.90 Significant
CR 328.27 3.90 Significant

GPP =grossprimary production, NPP = net primary production,
CR = community respiration

related positively with pH (r=0.404) and negetively with
DO (r=-0.567), turbidity (-0.592), nitrate (r=-0.435),
phosphate (r=-0.365) and sul phate (r=-0.594) (TABLE
2). CR correlated positively with pH (r=0.363) and
negatively with DO (r=-0.510), turbidity (-0.547), ni-
trate (r=-0.405), phosphate (r=-0.304), and sul phate
(r=-0.551) (P<0.01).

Themeansof dl the primary production variables
acrossthespatia gradient showed significant inequali-
tiesat P<0.05 (TABLE 3). Between GPP and NPP,
theinequality wasaccounted for at sampling locations
4and 1, whilebetween GPPand CR, it wasaccounted
for at samplinglocation 1 (Figure3a& b).

DISCUSSION

The GPP of thisstudy islow when compared with
theworks of Samaan!™ in Nasser Lake, Mbagwu and
Adeniji®inMariut Lakeand Ikenweweand Otubusin®
in Oyan Lake, South-Western Nigeria. However, itwas
higher than mean values recorded by Adenijit™ in
Bakolori Lake, Sokoto State and by Adeniji®? inAsa
Lakeinllorin. Thislow productivity could beattributed
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to several possiblereasonssuch aslow nutrient levels
(especidly nitrate and phosphate), photoperiodicity (es-
pecidly congderingthehighrelative humidity prevaent
inthearea), and high turbidity, which exertsinfluences
on photosynthesisof theautotrophs. Thesignificant in-
fluences of pH and DO on productivity variables con-
firmther vita rolesin ecosystems processes.

Samplinglocations 1, with thehighest primary pro-
duction dso had theleast turbidity and highest sulphate
and DO concentrations. Thishighest productivity was
respons blefor the observed spatia inequdity inmeans
of theproduction variables.
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