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ABSTRACT

This study identified the phytoplankton assemblafgihe increasingly in-stream sand-mined Imo RiveEtche,
southeastern Nigeria, as bioindicators of water lgya Plankton samples were collected once monfbly24
months (March 2007-February 2009) with net of 55 paesh size that was hauled horizontally along tkerr
course for 5 minutes at 7 sampling locations. Sasiplvere later transferred to plastic containers and
fixed/preserved in a 4 % formalin solution. In thboratory, a wide-mouthed pipette was used todvitv 1ml of
the plankton subsample and to place it on a Sedgde+after-counting chamber for direct microscogyservation.
Standard keys were used for species identificatibhe ANOVA, means plots, hierarchical cluster gsial (HCA),
and the Margalef's species diversity index wereduseanalyze data. Phytoplankton comprised 43 gered a
mean density of 1859 cells/ml. The dominant phgtdqibn was the Bacillariophyceae (53.25%), followedrder

by Cyanophyceae (21.25%), Chlorophyceae (10.33%)ryS0phyceae (4.84%), Pyrrophyceae (4.57%),
Xanthophyceae (3.39%) and Euglenophyceae (2.42%heidt abundance was recorded in the reference kagnp
location 1 (527 cells/ml; 28.23%) and least abunciim location 6 (139 cells/ml; 7.45%). There wamgicant
spatial heterogeneity in the plankton taxaffaF criqz.ea] at P<0.05, and the diatoms and blue-green algagev
most responsible for the observed inequality. THay§bphyceans, Euglenophyceans, Cyanophyceans and
Chlorophyceans formed the first and richest phyogton cluster. Comparatively low phytoplankton ticio
diversity in the study could mostly be attributedstaind-mining-induced perturbations in water colymihich
exerted selective effects on the biological assagebl

Keywords:. Imo River, Etche, Phytoplankton, Biotic index, Sanithing, Spatial variations.

INTRODUCTION

There is a range of physical, chemical and biolsigdtomponents that affect water quality; some ofctvicould
provide a general indication of water pollution ighothers enable the direct tracking of polluti@urses. These
indicators include not only its physicochemical retderistics, but also aquatic organisms and biooted
techniques.

Sequel to this, many groups of organisms have beed as indicators of water quality and environidettianges
in freshwater bodies, including algae, macrophypestozoa, fish, and other animals [1, 2]. Plankiwhich are all
those mixed group of tiny, living plants and anisnahat float, drift freely or feebly swim in wateolumn
independent of the shore and bottom [3] and ocdbhpybase level of food chains (autotrophs) thatl lep to

1852
Scholars Research Library



Dike Henry Ogbuagu et al Annals of Biological Research, 2012, 3 (4):1852-1862

commercially important fisheries have severally hesed as bioindicators of water quality [4]. Aduigally,

plankton communities play a major role in the bmgeemical cycles of many important elements suchhas
carbon cycle, nitrification, denitrification, reng@ralization and methanogenesis. These cycles @iyt such
processes as primary production and recycling. Kibanare ideal for theoretical and experimental ysaton

ecology due to their small sizes, short generdtiae and a relatively homogenous habits.

The Imo River is the most extensive of three rivef€€tche Local Government Area (LGA) in the Nideelta
region of Nigeria. The river serves for fisheriemmestic uses, as well as artisanal sand miningudth a
preliminary study on plankton checklist of the riwve the neighbouring Oyigbo LGA was conducted tapHey et
al. [5], none exist in the middle course of the rivertihe Etche LGA. As an attempt to close this ghjs study
undertakes gradiential identification of phytoplatk assemblages, as fundamental indicators of @mwiental
perturbations.

MATERIALSAND METHODS

2.1. Study Area

Etche is a subsistent agrarian ethnic group in Riate and is located within the eastern flanthefNiger Delta
of Nigeria, between longitude 06° 05' and 07° 131 latitude 05° 08' and 04° 45' N (Fig. 1). Thmate is typical
of the tropical rainforest zone and rainfall isvee¢n 160-236¢cm; with about 300 rain days espeaiiing March-
November, per year. Temperature ranges betweem@48& °C, and the predominant wind direction isthinly

winds, although there is a significant influencenfrthe Southerly winds. High humidities of up ta®@s usually
recorded during the wet season, while values asa®w0% could be recorded at the peak of the digose[6].
However, some inhabitants also engage in pettyngagalm wine tapping, fishing, hunting and sanding. In the
neighborhoods of majority of the sampling locati@me ongoing oil exploitation activities by the $hetroleum
Development Company of Nigeria (SPDC), whose a@tiwidates back to 1958 when crude oil was fistaiered
in the area.

ETCHE LOCAL GOVT AREA
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Fig. 1. Location map of Etche LGA showing the sampling locations on Imo River

2.2. Sampling Design and L ocations

Sampling for plankton were done once monthly fom@@nths (March 2007-February 2009) at 7 samplicgtions
within 08:00-18:00 hours on sampling days. Sandimgiractivities by local operators as well as otheman
activities such as washing of cloths and bathingewangoing at all the sampling locations (SLs) (o sand
mining only commenced during the second year irLBISL 1 was situated upstream at Akwa communitg. & 3,
and 4 were situated about 1 km apart at Odogwa aorityn with SL 2 situated about 2 km from SL 1. $,s6,
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and 7 were also situated about 1 km apart at Umuelmmmunity; with SL 5 situated about 3 km from 8L
Odogwa and Umuebulu communities house oil and agzibtfes belonging to the SPDC.

2.3. Sample Collection

Plankton net of 55m mesh size was hauled horizontally along the roeense for 5 minutes at each SL according
to the methods of Grant [7] and Anene [8]. The Itesi concentrated plankton samples were latersteared to
plastic containers, fixed and preserved in a 4 ff&bin solution according to Boney [9] and AnengifBthe field.

2.4. Laboratory Analysis

In the laboratory, with the use of a wide-mouthgekfie, 1ml of the plankton subsample was withdrdmem the
field samples that had been homogenized by invgttie containers few times, and placed on a Sedgjerafter-
counting chamber and observed by direct microscpys provided by Whitford and Schumacher [10], dieem
and Needham [11], Cole [12], Maosen [13], Jeje Bachando [14, 15], Egborge [16], and APHA [17] wessd
for species identifications. Counts were made iiplitates and their averages taken and expresseelsém| of
water.

2.5. Statistical Analyses

The MS Excel 2007 and SPSS Version 17.0 softwackgupges were used in the analyses of data. Detetiotinaf
spatial variance equality (homogeneity) in meanshefplankton taxa was made with the single faatwalysis of
variance (ANOVA). Further plots of group means waade with means plots. The hierarchical clustetyaisa
(HCA) was used to explore and reveal natural gmogsi(or clusters) within the plankton assemblapes would
otherwise not be apparent. Species diversity weerméned with the Margalef's index (1) [18].

RESULTS

3.1. Spatial Composition and Abundance

A total of 1859 cells/ml of phytoplankton, compnigiof 7 taxa were counted during the study perida centric
and pennate diatoms (Bacillariophyceae) identifiethprised a total of 990 cells/ml from 16 generakimg up the
largest percentage of 53.25% of the phytoplankfiime most abundant genera encountered incMdbsira,
Asterionella, Cyclotella, Navicula, Nitzsch&énd Diatomaspecies (Appendix A). Euglenophyceae was the least
abundant class of the phytoplankton encounterec®5/ml; 2.42%), with onlyfrachelomonas lacustris, Phacus
spp and Euglena variabilisidentified. Other taxa identified included the blgreen algae (Cyanophyceae)
comprising 2 forms- colonial and filamentous foramal made up of 11 genera and totaling 395 cell&ZthP5%),
the green algae (Chlorophyceae) comprising 10.3B¢eototal phytoplankton abundance and totaled d&&/ml
from 7 genera, the Chrysophyceae made up of 3 geaed comprised a total of 90 cells/ml (4.84%), the
dinoflagellates (pyrrophyceae) which accountedddptal of 85 cells/ml (4.57%), and the Xanthoplagevhich
accounted for 3.39% (63 cells/ml) of total phytapeon abundance.

The highest phytoplankton abundance was record&d ifh (527cells/ml) while SL 6 recorded the ledsiradance
of 139 cells/ml during the study period. These aoted for 28.23% and 7.45%, respectively of theltot
phytoplankton species identified. However, the timres ranked in the following order of abundanceISLSL 2>
SL 7> SL 3> SL 5> SL 4> SL 6.

Twenty nine species of the bacillariophyceans vemm@ountered during this study and SL 6 had the¢ Easmdance
of 15 cells/ml. The order of spatial abundancehefdiatoms is SL 1>SL 2>SL 7>SL 3>SL 5>SL 4>SL ®(R).
The highest abundance of the cyanophyceans (142noBlwas recorded in SL 1 while the least aburéaf?0
cells/ml) was recorded in SL 4 (Figure 2). The orafespatial abundance of the green algae (Chlorogde) is SL
1> SL 7> SL 2> SL 5> SL 4> SL 3> SL 6 (Fig. 2). $lalso yielded the highest abundance of the Chiygman
species (26 cells/ml) while SL 6 yielded the leststindance of 2 cells/ml. The order of abundanckdgtions of
the Chrysophyceans is SL 1> SL 7> SL 2&5> SL 3>4SLSL 6 (Figure 3). The spatial order of abundaofcihe
euglenophycean plankter is SL 7> SL 3> SL 1&2> SL. 9 4> SL 5, with SL 1 showing the highest species
abundance of 20 cells/ml, while the least abundave recorded in SL 4 (5 cells/ml) (Fig. 3). SLetarded the
highest abundance of 21 cells/ml for the Xanthophys, while SL 4 recorded the least abundance cafll8/ml
during the sampling period (Fig. 4).
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Fig. 2. Spatial variation in bacillariophycean, cyanophycean
and chlor ophycean densities of Imo River in Etche LGA
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Fig. 3. Spatial variation in chrysophycean and
euglenophycean densities of Imo River in Etche LGA
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Fig. 4. Spatial variation in pyrrophycean and xanthophycean
densitiesof Imo River in Etche LGA

SL7

The test of homogeneity in mean variance of thetqgisinkton taxa revealed significant spatinequality
[F20.947Feritz.04] at P<0.05 Further po-hoc means plots that utilized SL 2 as predictoiabde revealed that tf

diatoms (154) and blugreen algae (96) were most responsible for therebdeinequality across the locatic
(Figs. 5-10).
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Fig. 5. Meansplot of phytoplankton abundance between SL 2 and SL 1in Imo River in ELGA
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Fig. 6. Means plot of phytoplankton abundance between SL 2 and SL 3in Imo River in ELGA

3.2. Biotic Diversity Index

Phytoplankton group diversity recorded Margalefigldx (I) range of 0.000-8.514; with SL 1 exhibitingerall
highest phytoplankton mean diversity of 4.272 10P.121.00%), while SL 6 exhibited least mean diipersf 1.808

+ 1.900 (9.00%) over the study period (Fig. 11)wewer, SLs 2, 3, 4, 5, and 7 recorded | values.423 2.836,
2.511, 2.487, and 3.398 respectively.

3.3. Hierarchical Cluster Analysis(HCA)

The HCA using the complete linkage classificatienaaled coefficient column showing 3 major clustasurring
between stages 18 and 19, 20 and 21, and 22 anth23endrogram (Fig. 12) confirms the three méuisters,
with Chrysophyceae, Euglenophyceae, Cyanophyceat @hnlorophyceae belonging to the first cluster,
Pyrrophyceae and Xanthophyceae belonging to thense@and Bacillariophyceae belonging to the thinaster.
This indicates a richer species abundance andsitiyén the first cluster and single diversity hetthird cluster.
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Fig. 7. Means plot of phytoplankton abundance between SL 2 and SL 4in Imo River in ELGA
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Fig. 8. Meansplot of phytoplankton abundance between SL 2 and SL 5in Imo River in ELGA
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Fig. 9. Meansplot of phytoplankton abundance between SL 2 and SL 6 in Imo River in ELGA
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Fig. 10. Means plot of phytoplankton abundance between SL 2 and SL 7in Imo River in ELGA
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Fig. 11. Mean spatial diversity of phytoplankton of Imo River in
EtcheLGA
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Fig. 12. Dendrogram showing hierar chical clustering of phytoplankton of Imo River in Etche LGA
DISCUSSION

4.1. Distribution of Plankton taxa

Two broad groups of phytoplanki- the stable and oscillating genera were obsematis stud. According to
Kilham and Hecky [19]the stable genera could be regardec-selected, because they were made up of indivic
able to exploit various micreatbitats offered
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SL 1, the upstream control location that recordeel highest species abundance also experiencechilesan
activities (sand mining commenced here only ingbeond year of study) than the rest of the locatidue to its
location in the more pristine, rural community- Akwrlhe other locations were situated in urban andesse more
anthropogenic activities were ongoing. This lesman interference may have encouraged stabilitygrodth of
more plankton species in SL 1.

4.2. Biotic Diversity

Generally, biotic diversity was low, especially wheompared with the works of Zabbey et al. [5] lo@ $egment of
the same river in Oyigbo LGA and Ogamba et al. [ROElechi Creek Complex, all in the Niger DeltaMifyeria.

Whereas Zabbey et al. [5] recorded a mean phytkfganMargalef's diversity of up to 5.395, the cuntrestudy

recorded a mean Margalef's value of 2.963 onlyruthe study period. This paucity could again lebatted to

perturbations in water quality, especially from damining activities, which exerted selective eféeon biological

assemblages [21, 22]. Zabbey et al. [5] have alsatified sand mining as being responsible for jgankton

abundance and diversity in the Imo River, even amuno [23] had also identified sand mining as éxgrt

deleterious effects on plankton community compositelsewhere in the Niger Delta area. The dominadnce

diversity by the diatoms in this study conformsstveral other works by hydrobiologists such as loes [24],
Holden and Green [25], Egborge [26], Adebisi [AP]S [28], Chindah and Pudo [29], Erondu and Chirn@&h and
Oduwole [31].

4.3. Hierarchical Cluster Analysis

The HCA as an exploratory tool designed to revedliral groupings within a data set that would oflige not be
apparent revealed clusters that did not dependuomerical nor commonly assumed criteria. Belgranalef32]
stated that although non-linear density-dependaasebeen widely emphasized in population dynanticdiess, the
existence of non-linear exogenous forces have lemsnexplored. They proposed that the formulatiopopulation
dynamics models should include both non-linear gedous and exogenous responses for a better wentdirgy of
the effects of natural systems. The clustering dirySophyceae, Euglenophyceae, Cyanophyceae
Chlorophyceae together, and Bacillariophyceae séglgrmust have utilized these exogenous critettierothan
numerical abundances. This reveals that thereateatl relationships existing between the planktaugs, which
otherwise were not exposed by numerical abundamdeli@ersity alone.

CONCLUSION

Phytoplankton species identified were spatially dw@ted by the bacillariophyceans (diatoms), witle fleast
gualitative groups encountered as pyrrophyceans aadthophyceans, and the least quantitative
euglenophyceans. Sampling location 1 recorded idfieebt phytoplankton abundance due to its relatipeistine
disposition, while location 6 recorded the leasftpplankton abundance due to more anthropogenivitaes there.
Plankton abundance and diversity compared lowly\wsiime other lotic water bodies in the Niger Daltaa of
Nigeria.
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Appendix A. List of phytoplankton divisions and speciesidentified in Imo River in Etche L GA (March 2007-Febr uary 2009)

Bacillariophyceae
Asterionella formos#iassal

Achnanthes gracillinaler.
Bacillaria paradoxaGmel.
Cyclotella kutzingian&@ hwaites
C. meneghinian&atz.

C. operculata (A.g.)

Cymbella afinis Ktz.

Diatoma elongatunigadh.

D. spp.

Fragilaria capucinaDesm.
Gomphonema parvulufiKitz.)
Gyrosigma attenuaturfKatz.)
Melosira spp

M. variansC.A. Ag.

M. pusilla

Navicula cuspidate

N. dicephala(Ehr.)

N. gracilisEhr.

Nitzschia rictaHantsch.

N. filiformis (W. Smith)

N. closteriumW. Smith

N. gracilisHantsch

Pinularia viridis (Nitzsch)

P. divergenKutz.

P. appendiculatLlev.
Stauroneis ancepder.
Synedra ulngNitzch) Her.
Tabellaria binalis(Her.)

T. fenestrat&Katz.
Cyanophyceae

Anabaena spiroidekleb
Aphanizomenon floaguae (L.) Ralfs.
Dactylococcopsis acicularisemm.
Gloeocapsa spp
Gomphosphaeria lacustriShod.
Lyngbya limneticdemm.
Microcystis aeruginoséKiitz.)
Oscillatoria tenuis Ag.
Phormidium spp

P. mucicolaHub-Pestalozzi et Naum
Raphidiopsis curvaté&ritsch et Rich.
Rivularia planctonelleElenk.
Chlor ophyceae

Closterium gracileBréh

C. parvulum Nag

C. kuetzingiiBréb.

Cosmarium spp

C. circulare Reinsch.
Chlamydomonas spp
Microsterias thomasianarch.
Spirogyra spp

Ulothrix spp

Volvox globator(L.) Her
Chrysophyceae

Dinobryon divergengmh.
Mallomonas caudat€onrad
Rhizosolenia eriensid.L. Smith
Euglenophyceae

Euglena gracilis Klebs.
Phacus spp

Trachelomonas lacustrBrez.
Pyrrophyceae (Dinoflagellata)
Cryptomonas eroskhr
Gymnodinium aeruginosuBtein.
Xanthophyceae

Tribonema vulgare Pasch.

T. utriculosum({Heering)
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