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ABSTRACT

The impact of removal of riparian vegetations onmary productivity of the Otamiri River in the Fede
University of Technology, Owerri, Nigeria was intigated in early 2013. Two sampling locations (O DL 2)
sited at vegetated segments and 3 others (OL 34@hd OL 5) sited about 50m apart within a de-vatget
segment of the river were studied. The light andk deottle technique was used for the estimatiorprafary
productivity and in situ measurements made with HFNNA HI 9828 pH/ORP/EC/DO meter for pH, water
temperature, electrical conductivity, total dissdvsolids (TDS) and salinity. Other parameters wegtermined
using standard methods. The descriptive statissoggle factor ANOVA, means plots, student’s t-tBsarson
correlation (r) and linear regression were usedatalyse data. Maximum gross (2.82mg@t) and net primary
productivity (2.52mgCtd?) (GPP & NPP) as well community respiration (CR)3@ngCL'd™) were all recorded
in the non-de-vegetated OL 2 while highest tempeeat(28.34 + 0.269C) were recorded in the de-vegetated
segments of the river. There was marked heterogeireiyields of productivity across the samplingdtions
[Fa7.637Ferita20), and GPP contributed the difference most at P£0.0emperature, with insignificant spatial
correlationship (Sig, r=0.953) however differed rkadly between the vegetated and de-vegetated dosa(Sig.
t=0.023) at P<0.05. Temperature also exerted végpificant limiting influence on GPP (r=-0.961) andPP (r=-
0.971) at P<0.01, even as the linear regression ehoglvealed that a unit increase in temperaturemegof the de-
vegetated segment of the river would result in al#&@i899 times decrease of yields in GPP. Resuldenpin the
importance of riparian covers in watershed managemoé a tropical river system.
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INTRODUCTION

Though water is vital to the existence of all ligiorganisms, this indispensable resource is ingrglgsbeing
threatened as human populations grow and the desraridfrastructure and landscape increase. Acogrth the
UNEP GEMS [1], water abstraction for domestic wgjcultural production, mining, industrial prodiaet, power
generation, and forestry practices can lead taideddion in its quality and quantity that impadcitb the availability
of safe water for human consumption and the ageatisystem.

The direct and indirect impacts of man on the estasys [2] and the aquatic component to be partiadald be
diverse. For example, in early 2013, the works dement of the Federal University of Technology, @nve
(FUTO), Nigeria embarked on the removal of the nigra vegetations of the segment of the Otamiri R{@emajor
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river system in Owerri metropolis that courses tigto the university campus for “aesthetic” intefithis exercise
exposed the segment of the river to direct soladiations and so became an issue of concern tsecaation
biologists and ecologists in some departments @firiktitution. This concern gleans from the faettttirect solar
irradiations could impact the temperature regim¢hefriver and so, alter not only the basic physical chemical
processes necessary for the survival of aquati@ j®) 4] but also several other physicochemictiltaites of the
river [5].

For example, other than nutrients [6], solar iratidn and temperature variations are major limitfagtors to
primary productivity by phytoplankton [7]. Sequel this, the current study assessed the primaryystodgty and
other related quality parameters of the de-vegeétaterridor of the river as to estimate the impa€ttiee
anthropogenic activity on the autotrophic biotapassible for primary production in the aquatic gsdsm. In
doing this, a longitudinal spatial association aagh was utilized to infer scientific conclusions.

MATERIALS AND METHODS

Study Area

The Federal University of Technology, Owerri (FUTI3)sited in Owerri, a metropolitan city locatediveeen
latitudes 05 29' 06s and longitude 0D2' 06s (Figure 1) in the southeastern part oeNégy The area experiences
mean daily minimum temperature range of 1924nd maximum range of 28-35 average relative humidity of
up to 80%, and a longer wet season which lasts fipmil-November [8]. The vegetation, though domathty
semi-deciduous forest has been altered by

MAP SHOWING SOME HYDROLOGIC TOWNS IN IMO STATE NIGERIA

avens SOURCE FEDERAL SURVEY MAPS OWERRI w |

Figure 1. Hydrological map of Owerri showing FUTO,the study location

agriculture and other anthropogenic activities y@th dominant top-soil of moderate humus compoaiti

The Otamiri River, a major river in Owerri whichrges for domestic, fisheries and artisanal sandngicourses
through the university campus, onto the suburbsthed to the neighbouring Rivers State where st fionfluences
with the Oge-ochie, and then Imo Rivers before gmgtinto the Atlantic Ocean.
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Sampling locations

Two sampling locations designated as OL 1 and Qlege sited within the vegetated segments of ther rBdm
before and 50m after the de-vegetated section asttie8s, designated as OL 3, OL 4, and OL 5 estadsdi about
50m apart within the de-vegetated section of therrin the FUTO.

In situ Measurements

pH, temperature, electrical conductivity, totalsditved solids (TDS), and salinity of surface watere determined
electrometrically in situwith the HANNA HI 9828 pH/ORP/EC/DO meter. The atlpdysicochemical parameters
were measured using standard methods of APHA, [10].

The Light and Dark Bottle technique [11] for thdimsition of primary productivity was applied. Thrikentical
transparent 1-litre bottles; 1 covered with blackyfhene (Dark bottle) and the other not (Lighttltwere filled
with the river water and stoppered while still ssged. The dissolved oxygen (B@ontent of the first light bottle
was determined immediately with the HANNA HI 9828/@RP/EC/DO meter, while the other two bottles were
suspended in the pelagial zone where the watebbéad taken with the aid of an inextensible ropeafwyut 4 hours

in a sunny afternoon [12]. The two bottles were besr harvested immediately after the incubatiomopeand their
dissolved Q contents (D & DOp) determined. The experimental setup was donepiiceges.

Primary productivity was calculated in mg of @oduced per litre of water per day accordingheformula:

GPP (MgO,L*d %) = NPP (mgGL*d™%) + CR (mMgO,Ld™) ..o i

Where GPP = gross primary productivity,
NPP = net primary productivity, and
CR = community respiration.

The productivity results were however convertethir carbon equivalents by multiplying the @lues by 0.375
[13].

Statistical analysis

The test of homogeneity in mean primary produdtiviariables across the sampling locations was oceduwith

the single factor ANOVA and post-hoc structure ajup means detected with means plots at P<0.05PEheson
correlation (r) was used to establish possibletimiahips between productivity and physicochemigaliables,
while linear regression was used to further exptbeeassociation between productivity and wateptnature. The
student’s t-test of significance was used to esthhinarked variations in levels of the parametersvben the
vegetated and de-vegetated locations.

RESULTS AND DISCUSSION

Spatial variations in productivity and physicochemcal variables

GPP, NPP and CR varied from 0.43-2.82 (1.608 +5),4838-2.52 (1.386 + 0.447) and 0.05-0.30 (0.222046)
mgCLd™ respectively. Minimum GPP, NPP and CR were albréed in OL 5 (a de-vegetated sampling location,
while their maximums were all recorded in OL 2 (anfde-vegetated location) (Figure 2). However, wate
temperature, total suspended solids (TSS), tushitiO;, PQ? and S@ ions concentrations varied from 27.50-
28.80 (28.34 £ 0.269)C, 1.05-2.75 (1.980 + 0.347) mg/L, 1.95-4.10 (3.%20.444) NTU, 0.57-3.50 (1.943 =
0.570) mg/L, 0.18-1.55 (0.866 = 0.280) mg/L and036248 (4.785 + 0.625) mg/L respectively. Correspingly
higher temperatures were recorded in the de-vegbtsampling locations where the least productivigre also
recorded, even though higher levels of the othmititig factors of primary productivity- turbidityna TSS [4, 7]
were recorded in the non-de-vegetated OL 2.

There was significant heterogeneity .77 Feria106] IN productivity yields across the sampling looat at
P<0.05, and post-hoc structure of group means kedd¢hat GPP (2.70) contributed the difference tnmosll the
locations (Figures 3-6).

The levels of the nutrients (NQPQ? & SO,%), with significant spatial correlationships (Sig0.000 each) did not

differ significantly (Sig. t=0.149, 0.249 & 0.058) P<0.05. Conversely, water temperature whichrfzasignificant
spatial correlation (Sig. r=0.953) differed marketletween the vegetated and de-vegetated segmetiits dver
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(Sig. t=0.023) at the 95% confidence linThese thus indicatinat temperature was the major influencing faatc
this study.The removal of riparian covers obviously exposee segment of e river to direct irradiation ar
consequent temperature elevations.
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Figure 2. Spatial variations in gross and net primary
productivity, community respiration and temperature of the vegetated
and devegetated segments of the Otamiri River in FUTO
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Figure 3. Means plot in primary productivity between vegetated(OL 1) and devegetated locatior(OL 2)
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Figure 4. Means plot in primary productivity between vegetated (OL 1) and de-vegetated location (OL 3)
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Figure 5. Means plot in primary productivity between vegetated (OL 1) and de-vegetated location (OL 4)
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Figure 6. Means plot in primary productivity between vegetated (OL 1) and de-vegetated location (OL 5)

Relationship between primary productivity and physcochemical variables

The Pearson correlation (r) revealed that tempezatgerted very significant limiting influences @GP (r=-0.961)
and NPP (r=-0.971) (P<0.01), even as TSSyN@d SQG ions also exerted significantly direct influencesthe
productivity variables (Table 1). The UNEP GEMS [dthtes that temperature affects the speed of claémi
reactions, the rate of photosynthesis by algaeagpatic plants, the rate of metabolism in organjsaeswvell as the
interactions of pollutants, parasites and othehgggns with aquatic residents. It also influendes golubility of
dissolved oxygen and other materials (e.g,)d@quired for photosynthesis (primary productionyvater column.
This thus implies that higher temperature reginresvater column (such as the one created by the valnaf
riparian vegetations and subsequent exposure fafcguwaters to direct solar radiation and heahiis $tudy) could
reduce the availability of the all important dissad CQ necessary for primary production.

The direct enhancing influences of the nutrientpdmary productivity have been noted by Ogbuagal.[4] in
Imo River in Etche, Nigeria and Simmoeasal. [6] in an acid mine drainage treatment pond inWimited States.
Since their levels did not differ significantly neten the vegetation cover areas of this study, ¢eatpre therefore
remains the sole impact factor on primary produigtiv

Table 1. Correlation (r) matrix between primary productivity and physicochemical
variables of Otamiri River impacted by removal of riparian vegetations in FUTO

Parameters Temperature TSS Turbidity N@ PO SO pH Conductivity

GPP -0.961**  0.932* 0.846 0.893* 0.870 0.976** 0.423  0.339
NPP -0.971*  0.926* .839 0.891* 0.867 0.973** 0.450 0.378
CR -0.693 0.818 .7%6 0.747 0.741 0.824 0.085 -0.098

**=gignificant at P<0.01, TSS=total suspended ssliGGPP=gross primary productivity,
NPP=net primary productivity, CR=community respicat

The linear regression scatterplot of GPP by temperashows that the variability of GPP decreaset iicreasing
temperature (Figure 7). The regression (4.344)rasidlual sums of squares (0.357) which are unegdilates that
more than % of the variation in GPP could be exgdiby the model. The significant value of the &tistics
(0.009) also indicates that the variation explaibgdhe model is not due to chance at P<0.05. @lgelmultiple
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correlation coefficient (R=0.961) indicates a sgaalationship, even as the coefficient of detemtion (R=0.924)
confirms that more than half the variation in GBRxplained by the model.
The model further shows that:

The expected yield in GPP =-1.730 X temperature 30.629 .............c.coevviveeennnn. ii

This indicates that a unit increase in temperatamation would result in about 48.899 decrease&RP of the
segment of the aquatic ecosystem.

3.00
o
o
2.00
o
o
O]
[e]
1.00- ®
R? Linear = 0.924,

.00 T T T T T T
27.50 27.75 28.00 28.25 28.50 28.75

Temperature

Figure 7. Linear regression scatterplot of GPP byemperature
CONCLUSION

Yields in primary productivity were higher in thegnent of the river with vegetation covers. Prowitgt was
greatly limited by temperature imbalance createdh@yremoval of the riparian vegetations of then®taRiver,
even as other limiting factors such as turbiditg anspended solids were higher in the de-vegethtedvegetated
segments of the river. The role of nutrients intbgetated and de-vegetated segments of the ppeaaed similar,
thus, implicating temperature regime as the sofeithfactor on primary productivity in this study.
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