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ABSTRACT

An assessment has been made on phytoplankton density and diversity and also physicochemical parameters of
the three forested ephemeral streams situated on the Lakhimpur district of Assam. A total of 17 phytoplankton
species belonging to three groups, Chlorophyceae, cyanophyceae and bacillariophyceae has been recorded
from the three streams with monthly fluctuation in the percentage composition of (57-61%:, chlorophyceae),
(15-17%, cyanophyceae), (24-26%, bacillariophyceae). Monsoon showed comparatively more numbers of
phytoplankton than post monsoon. The value of different diversity indices clearly indicated that the three studied
streams were moderately polluted. Correlation analysis was also performed among physicochemical

parameters and phytoplankton density.
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I. INTRODUCTION

Phytoplanktons are the primary producers of any aquatic ecosystem. Phytoplankton could be used as the
indicator of physicochemical status of any water body [1]. Besides serving as a primary producer, the free-living
phytoplankton serves as feed and caters for the energy needs of planktonivorous organisms and is the key factor
capable of determining the fishery potential of the region [2]. Phytoplanktons are recognized worldwide as
bioindicator organisms in the aquatic environment [3]. The most revealing components of the bioindicator-
based methods used to identify the ecological state of surface waters are the species richness of algae and their
diversity, abundance, and biomass [4,5]. The main objective of the present study was" to assess the health status
of the three forested ephemeral streams through phytoplankton density, diversity indices along with analysis of

physicochemical parameters.
I1. MATERIALS AND METHODS
2.1 STUDY AREA

The three different ephemeral streams viz. Baghjan, Singijan and Ghagorjan originate from the foothills of

Arunachal Pradesh and located about 20-25 kilometres away from North Lakhimpur of Assam traversed through
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Dulung reserve forest in the Assam Arunachal border region. Baghjan lies within 27 °26/522"N and
94°12'599"E, while Singijan is located within 27°26'701"N and 94°12'869"E and Ghagorjan lies between
27°26/608"N and 94°12/691"E. Since the streams are ephemeral, so they completely dependent on monsoon rain.
Monsoon starts from June and from the end part of November the streams starts dry up. Therefore the analysis
of physicochemical parameters and biological assemblages were done only for two seasons viz. monsoon and
postmonsoon.

2.2 STUDY PERIOD

All the selected parameters were studied for consecutive three years (June 2011-May 2014) on monthly (June,

July, August, September, October and November) basis.
2.3 PHYTOPLANKTON

Collection of phytoplankton and qualitative study of species conducted in accordance with the standard
methods of [6,7,8]. For quantitative study of plankton species Sedgewick-Rafter counting chamber was used.

Population densities were calculated in units per litre (UI™).
2.4 PLANKTONIC QUANTIFICATION
Plankton abundance and density was calculated in counts/ml of the original sample using the equation: [9, 10]
D =[T(1000)xVc] / (ANxVs)
Where, D= Density of plankton (ind/ml)

T= Total number of plankters counted

A= Area of grid in mm?

N= Number of grids employed

1000= Area of counting chamber (mm?)

V¢ and Vs= Volumes of concentrate and sample respectively
2.5 Biological Indices

Four diversity indices, Shannon diversity index [11] Simpson diversity index [12] Margalef diversity index [13]
and Mclntosh diversity index [14] and two evenness indices Pielou evenness index [15] and Mclintosh evenness

index[14] were used in this study.
2.6 Measurement of Water Quality (Physical and Chemical Variables)

The location of the three study sites were measured by GPS (GarminGPSMAP76), water temperature was
measured by using a Mercury thermometer graduated up to 110°C, pH was measured by portable pH meter
(Cyber scan pH 300 series), conductivity was measured by Digital conductivity meter (CD600, Milwaukee),
current velocity was measured by Digital flow meter (Swoffer 3000 Flow Meter, GeoScientific Ltd.). Dissolved

486 | Page




International Journal of Advanced Technology in Engineering and Science <@
' =
7 PR T l Anril 2 .
Vol. No.5, Issue No. 04, April 2017 fjates
www.ijates.com ISSN 2348 - 7550
Oxygen was measured by following the Winkler’s modified method [16], free carbondioxide, total acidity, total

alkalinity and chloride were measured titrimetrically following the method of [17] and [16].

I1l. RESULT

A total of 17 phytoplankton species have been recorded of which Chlorophyceae include 9 species, Chlorella
sp., Oedogonium sp., Ulothrix sp., Volvox sp., Zygnema sp., Spirogyra sp., Chlamydomonus sp., Hydrodictyon
sp., Chara sp.; Cyanophyceae include 4 species Anabaena sp., Nostoc sp., Oscillatoria sp., Spirulina sp.;

Bacillariophyceae include 4 species, Diatoma sp., Fragilaria sp., Navicula sp., Amphora sp.

Table 1: Percent composition of phytoplankton in three ephemeral streams

Streams
Group Baghjan Singijan Ghagorjan
Chlorophyceae 61 57 58
Cyanophyceae 15 17 17
Bacillariophyceae 24 26 25

Percent composition of different groups of phytoplankton is given in Table 1. In Baghjan,
Chlorophyceae was recorded to be the dominant group constituting about 61% of total phytoplankton which is
followed by Bacillariophyceae (24%) and Cyanophyceae (17%). In Singijan, Chlorophyceae was recorded to be
the dominant group constituting about 57% of total phytoplankton which is followed by Bacillariophyceae
(26%) and Cyanophyceae (17%). In Ghagorjan, Chlorophyceae was recorded to be the dominant group
constituting about 58% of total phytoplankton which is followed by Bacillariophyceae (25%) and Cyanophyceae
(17%).

3.1 Phytoplankton Density

The monthly mean variations of phytoplankton density (no./l) are given in Table2

Table 2: Monthly mean variation of phytoplankton density (no./l)

Months

Fa | Streams | Jun Jul Aug Sep Oct Nov

m

Chl | Baghjan | 18.37 +3.74 | 23.74+3.16 | 26.34+3.21 | 19.67+2.54 | 18.81+254 | 15.56+ 1.60

Singijan | 21.69+2.29 | 22.51+1.25 | 2549+1.68 | 25.67£3.32 | 17.01+1.29 | 15.21+1.36

Ghagorja | 15.59+3.68 | 20.05£3.05 | 24.27+2.91 | 21.62+2.77 | 15.68+1.67 | 15.01+2.81

n

Cya | Baghjan | 5.68+1.01 8.85 +1.65 9.80+2.11 11.61+2.45 | 9.45+1.12 8.50+ 0.62

Singijan | 5.61+ 1.25 7.13+1.81 8.31+ 1.05 9.14+ 1.51 8.15+ 1.61 5.61+ 1.50

Ghagorja | 6.28+ 2.29 6.35+ 1.95 6.78+ 3.09 5.61+ 2.37 4.28+1.60 5.66+ 3.12
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n

Bac | Baghjan | 6.01+1.68 6.72£1.12 11.25+1.92 | 5.77£0.89 5.13+0.69 6.02+ 1.30
Singijan | 2.85+ 1.29 3.71£1.45 3.21+0.98 5.25+1.51 5.83+£2.07 5.19+ 1.69
Ghagorja | 7.15+ 2.85 6.19+ 2.68 6.35+ 3.33 4.01+0.89 3.14+ 1.05 2.01£0.91
n

Tot | Baghjan | 33.74£6.56 | 31.71+5.07 | 43.36+4.79 | 37.66+6.91 | 28.03+5.61 | 23.39+4.76
Singijan | 29.72+2.91 | 28.44+3.41 | 35.66x2.07 | 37.69+3.46 | 28.02+298 | 25.11+3.62
Ghagorja | 28.55+6.91 | 25.67+5.97 | 32.59+4.87 | 36.49+7.36 | 19.37+3.75 | 21.37£5.49
n

Key: Fam=Family, Chl=Chlorophyceae, Cya=Cyanophyceae, Bac=Bacillariophyceae, Tot=Total

Highest density of chlorophyceae was recorded in August (26.34+3.21 no./l) at Baghjan and lowest in November
at Ghagorjan (15.01+2.81 no./l). Highest density of cyanophyceae was recorded at Baghjan in September
(11.61+2.45 no./l) and lowest in October at Ghagorjan (4.28+1.60 no./l). Highest density of bacillariophyceae
was recorded in August at Baghjan (11.25+1.92 no./l) and lowest in November at Ghagorjan (2.01+0.91 no./I).
Total density of phytoplankton was recorded highest at Baghjan in August (43.36+4.79 no./l) and lowest at

Ghagorjan in October (19.37£3.75 no./l).

3.2 Phytoplankton Diversity and Evenness Indices

Table 3: Monthly mean variation of phytoplankton diversity and evenness indices

Indices Streams Months
Jun Jul Aug Sep Oct Nov
H Baghjan 2.15 2.24 2.41 2.21 2.26 2.10
Singijan 211 2.27 240 2.23 2.28 2.12
Ghagorjan 2.17 2.21 244 2.26 2.25 2.14
J Baghjan 0.93 0.94 0.97 0.96 0.98 0.95
Singijan 0.96 0.91 0.97 0.93 0.96 0.97
Ghagorjan | 0.92 0.97 0.94 0.96 0.97 0.94
1-D Baghjan 0.90 0.90 0.88 0.91 0.92 0.86
Singijan 0.89 0.94 0.90 0.89 0.87 0.93
Ghagorjan 0.92 0.91 0.88 0.92 0.89 0.93
Ma Baghjan 2.60 2.71 2.80 2.60 2.55 2.59
Singijan 2.62 2.69 2.78 2.63 2.51 2.58
Ghagorjan 2.61 2.70 2.83 2.58 2.53 2.55
Mc Baghjan 0.78 0.77 0.80 0.80 0.81 0.81
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Singijan 0.77 0.78 0.82 0.78 0.76 0.82
Ghagorjan | 0.80 0.77 0.88 0.81 0.80 0.86
McE Baghjan 0.93 0.92 0.96 0.96 0.98 0.95
Singijan 0.91 0.94 0.97 0.97 0.99 0.96
Ghagorjan | 0.95 0.92 0.98 0.94 0.96 0.93

Key: H = Shannon diversity index, J= Pielou evenness index, D= Simpson’s diversity index, Ma=Margalef

diversity  index, Mc= Mclntosh diversity index, McE= Mclntosh evenness index

Shannon-diversity index (H) was recorded highest in August at Ghagorjan (2.44) and lowest at Baghjan in
November (2.1). Pielou evenness index (J) was recorded highest in October at Baghjan (0.98) and lowest in July
at Singijan (0.91). Simpson’s index of diversity (1-D) was recorded highest in July at Singijan (0.94) and lowest
in November at Baghjan (0.86). Margalef diversity index (Ma) was recorded highest in August at Ghagorjan
(2.83) and lowest in October at Singijan (2.51). MclIntosh diversity index (Mc) was recorded highest in August
at Ghagorjan (0.88) and lowest in October at Singijan (0.76). McIntosh evenness index (McE) was recorded

highest in October at Singijan (0.99) and lowest in June at Singijan (0.91).

Table 4: Monthly variation of physicochemical parameters of the three streams

Parameter Streams months
Jun Jul Aug Sep Oct Nov
Temp(°C) | Baghjan 26.79:0.21 | 26.37+0.20 | 25.72+0.55 | 25.88+0.38 | 25.63£0.52
26.08£0.08
singijan | 24912013 | 55 89,032 | 26.0140.24 | 25.26+0.16 | 24.72+0.33 | 25.43+0.11
Ghagorjan | 22622012 | 55 46,0 96 | 25.31+0.21 | 25.04+0.53 | 25.08+0.33 | 25.13+0.22
pH Baghjan 5.88+0.03 | 580+0.10 |5.71#0.01 | 6.22+0.04 | 6.3620.10 | 6.46+0.02

Singijan 6.0120.06 | 59140.16 |5.77+0.04 |6.02£0.04 |6.14#0.12 | 6.13%0.04

Ghagorjan | °46%0.05 | 5571005 | 5514004 |6.07+0.03 | 6.07£0.07 | 6.11+0.03

Current Baghjan | 0-39%0.02 | 0544+0.07 | 0.630.02 | 0.3740.02 | 0.48+0.08 | 0.57+0.05

Velocity(M/s | singijan | 0.63t0.08 | 0824007 | 084:0.11 |0.580.01 | 0592002 | 0312015

ec)

Ghagorjan | 0-4620.03 | 0554002 | 0.56£0.05 | 0.46+0.03 | 0.4820.04 | 0.44+0.03

Conductivit | Baghjan 618.19+1.0 | 618.19+1.3 | 620.68+2.6 | 593.21+4.7 | 597.06+4.3 | 586.99+2.5
y(uS/cm) 4 3 3 2 9 5

Singijan 584.51+6.0 | 577.92+7.2 | 588.86+1.7 | 568.72+1.7 | 574.69+7.1 | 576.81%19.
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6 2 3 7 3 77
Ghagorjan | 579.66+2.2 | 580.91+1.7 | 570.463.5 | 559.03+1.1 | 565.12+2.4 | 569.72+4.1
1 7 6 4 8 1
D.O.(mg/l) | Baghjan 3.0720.16 | 3014026 | 3.16£0.31 |5.28+0.24 | 4.83+0.53 | 4.36+0.09
Singijan 4.1820.12 | 3794014 | 4.0120.11 |4.7120.18 | 453205 | 4.61%0.16
Ghagorjan | 3-34%0.28 | 3861038 | 4.16+0.22 |3.36+0.24 | 4.6120.22 | 3.54+0.26
Baghjan | 1304001 | 16 150061 | 18.70+1.11 | 13.14+052 | 13.94+0.67 | 14.51+0.39
FCO..(mg/l) | Singijan | ~S08*114 | 18 66+0.49 | 17.44+1.06 | 13.66+0.34 | 14.34+1.28 | 17.26+1.31
Ghagorjan | 2123080 | 19.5010.70 | 10714122 | 18.61+0.56 | 18.62+0.59 | 20.72+0.74
Total Baghjan | 19944059 | 50 96+0.79 | 19.32+0.18 | 18.21+0.31 | 19.43+1.49 | 20.09+1.13
Acidity(mg/ Singijan 19.3120.76 | 19 g3+1 43 | 21.16+0.88 | 15.81+0.31 | 17.12+1.17 | 18.5540.31
’ Ghagorjan | 28:52%1.11 | 23.84£2.86 | 55 534086 | 20.21+1.64 | 21.11+1.73 | 20.86+1.43
Total Baghjan | 21162088 | 67174107 | 68.5742.31 | 73-29£096 | 77.3143.99 | 82.78+3.01
Alkalinity( Singijan 15.8140.31 | 54.52+2.06 | 55.97+1.08 | 68.67£1.11 | 71 8749 05 | 71.42+1 15
moh Ghagorjan | 1712117 | 60.0743.01 | 61.64+1.37 | 72-46+1.61 | 73.89+1.41 | 70.64137
Chloride(mg | Baghjan | 18552031 | 19.44£0.77 | 10.52+0.61 | 23.41+0.33 | 22.56+1.19 | 21.62:0.69
m Singijan | 21264037 | 20.67%0.72 | 19 67,1 15 | 20.93+3.12 | 22.78+1.01 | 21.48+0.78
Ghagorjan | 15.8420.65 | 15.77+0.39 | 14.15+0.64 | 20.15+0.64 | 19.10+0.52 | 19.97+0.36
Stream Baghjan 0.38£0.05 | 0.37£0.04 | 0.39+0.03 | 0.29+0.01 | 0.29+0.01 | 0.26£0.01
depth(m) | gingijan | 0.4140.01 | 0.45:0.05 | 0.40£0.06 | 0.36£0.04 | 0.37+0.01 | 0.28+0.05
Ghagorjan | 0.35:0.02 | 0.35:0.07 | 0.36+0.01 | 0.34+0.01 | 0.33+0.01 | 0.32+0.02
Stream Baghjan | 10.54:041 | 981+1.16 | 816+0.77 | 7.3120.32 | 7.55:0.41 |7.86+0.36
width(m) Singijan 5234011 | 5.46+025 |577+0.26 | 418019 | 414012 | 50,.0 40
Ghagorjan | 3.510.16 | 4.04£0.22 | 3.8020.14 |2.2620.08 |2.4620.15 |2.21%0.11

IV. DISCUSSION

Phytoplankton density was found positively correlated with current velocity (p<0.05). The increased density of
phytoplankton during monsoon may be attributed to impacts of nutrients through surface run off at high
precipitation rate, maximum sunlight and high temperature. Phytoplankton population largely dependent on
nutrient availability, light penetration and mixing with in the water column however nutrient availability is

frequently referred as key factor regulating phytoplankton biomass and species composition [18]. Since the
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studied three streams are ephemeral, hence precipitation plays a crucial role in renewing of water and bringing
nutrients to these water bodies. Temperature also provides an important role in phytoplankton density and
abundance. A positive correlation was observed between phytoplankton density and water temperature (p<0.01).
Phytoplankton density showed positive correlations with FCO, (p<0.05), total acidity (p>0.05), conductivity
(p<0.05), stream depth (p>0.05), stream width (p>0.05). Again negative correlations was recorded with DO
(p<0.05), total alkalinity (p>0.05), chloride (p>0.05) and pH (p<0.05).

Chlorophyceae was recorded to be the dominant group both qualitatively and quantitatively in all the three
ephemeral streams followed by bacillariophyceae and cyanophyceae. It was found to be most abundant during
both the season and comparatively more in monsoon than postmonsoon which may be due to nutrient
enrichment. Bacillariophyceae has been reported to dominate water with low nutrient levels while cyanophyceae
identifed with water of high organic nutrient level but chlorophyceae was identified with water of moderate
nutrient [19]. Water with high relative abundance of chlorophyceae has been identified as being productive [20].
Cyanophyceae was recorded to be the least abundant in all the three streams among the three phytoplankton

groups. High abundance of cyanophyceae normally signifies polluted water as observed by [21].

Species diversity is a measure of the diversity within an ecological community that incorporates both species
richness and the evenness of species abundances. In the present study, Shannon diversity index ranges 2.1-2.44.
This reveals that the three ephemeral streams are moderately polluted [22], the value of Simpson’s index ranges
0.86-0.94, which indicates nearly satisfactory diversity status [23]. The value of Margalef index ranges 2.51-
2.83 and clearly indicate moderate to clean condition of the studied streams [24]. The value of Mcintosh
diversity index ranges 0.76-0.88, which fairly indicates that the individuals under phytoplankton community are
not homogeneously distributed [14].

In the present study, the value of Pielou’s evenness index ranges from 0.91-0.98 indicates that the individuals
were evenly distributed [15]. MclIntosh evenness index ranges 0.91-0.99 which reveals that the individuals were
equally distributed [25].

V. CONCLUSION

Chlorophyceae was recorded to be the most abundant group in all the three studied streams during both
monsoon and post monsoon indicating a productive aquatic habitat. Since the three streams are ephemeral hence
precipitation plays a very important role in maintain the life period and food chain between the entire
ecosystems starting from the phytoplankton. The value of density and diversity indices of phytoplankton clearly
revealed less stable and moderately polluted condition of the studied three streams which may be due to

different anthropogenic activities.

REFERENCES

[1] S. Mittal and R.M.S. Sengar, Studies on the distribution of algal flora in polluted regions of Karwan River
at Agra (India). Current trends in Limnology, 1991, 1,221-230.

[2] T. Thangaradjou, G. Vijayabaskara Sethubathi, S. Raja, D. Poornima, R. Shanthi, T. Balasubramanian, K. N.
Babu and A. K. Shukla , Influence of environmental variables on phytoplankton floristic pattern along the
shallow coasts of southwest Bay of Bengal, Algal Research, 2012 , 1(2),143-154.

491 | Page




International Journal of Advanced Technology in Engineering and Science <@
Vol. No.5, Issue No. 04, April 2017 ijates

www.ijates.com ISSN 2348 - 7550

[3] A.F.Yakubu, F.D.Sikoki, J.F.N. Abowei and S.A. Hart, A comparative study of phytoplankton
communities of some rivers, creeks and burrow pits in the Niger Delta Area, Journal of Applied Sciences
and Environmental Management,2000, 4 (2), 41-46.

[4] S.S. Barinova, L.A. Medvedeva and O.V. Anisimova, Diversity of algal indicators in environmental
assessment. Pilies Studio, Tel Aviv, 2006, 498p.

[5] S. Barinova, Algal diversity dynamics, ecological assessment, and monitoring in the  river ecosystems of

the eastern Mediterranean. Nova Science Publishers, New York, 2011, 363p.

[6] J.B. Lackey, The manipulation and counting of river plankton and changes in some organisms due to
formalin preservation. Public Health Reports, 1938, 53, 2080-2093.

[7] J.G. Needham and P.R. Needham, A guide to study of freshwater biology,5th edition, Holden day Inc., San
Francisco, California, USA, 1966, 180p.

[8] W.T. Edmondson, Freshwater Biology. 2nd Edition, International books and periodicals supply service, New
Delhi, 1992, 1248p.

[9] C.E. Boyd, Water quality in warm water fish ponds. Auburn. University Press. Alabama, U.S.A., 1981, 59-
71.

[10] APHA, Standard methods for the examination of water and wastewater, 20th edition. American Public
Health Association, 1998, Washington DC.

[11] C.E. Shannon and W. Weaver, The Mathematical Theory of Communication, University of Illinois Press.
Urbana. Illinois, 1948, 117p.

[12] E.H. Simpson, Measurement of diversity Nature, 1949,163, 685-692.

[13] R. Margalef, Information theory in ecology, General Systems, 1958, 3: 36-71.

[14] R.P. Mclintosh, An index of diversity and the relation of certain concepts to diversity, Ecology, 1967, 48:
392-404.

[15] E.C. Pielou, The measurement of diversity in different type of biological collections, Journal of Theoretical
Biology,1966, 13,131-144.

[16] R.K. Trivedy and P.K. Goel, Chemical and biological methods for water pollution studies. Environmental
Publications, Karad, Indial1986, 248p.

[17] APHA, Standard methods for the examination of water and wastewater, 19th edition. American Public
Health Association, 1995, Washington, DC.

[18] D.L. Roelke, P.M. Eldridge and L.A. Cifuentes, A model of phytoplankton competition for limiting and
nonlimiting nutrients: implications for development of estuarine and nearshore management schemes,
Estuaries, 1999, 22 (1), 92-104.

[19] C.N. Osuiji, J. Alfred-Ockya and A.C. Chindah, Dominance shift of phytoplankton in relation to different
organic fertilizer treatments in Clarias gariepinus culture. Fishery association of Nigeria, 2003, 62-66.

[20] G. Barnabe, Aquaculture biology and ecology of cultured species. Edis Harwood, New York, 1994, 107-
322.

492 |Page




International Journal of Advanced Technology in Engineering and Science <@
' =
Vol. No.5, Issue No. 04, April 2017 ijates

www.ijates.com ISSN 2348 - 7550

[21] B.O. Oben, Limnological assessment of the impact of agricultural and domestic effluents on three man-
made lakes in Ibadan Nigeria PhD thesis,University of Ibadan (Ibadan, 2000, 113 —217)

[22] J.L. Wilhm and T.C. Dorris, Biological parameters for water quality criteria, BioScience, 1968, 18 (6), 477-
481.

[23] A.E. Magurran , Meausuring Biological Diversity. Blackwell publishing company, 2004 ,256p.

[24] D.R. Lenat, L.A.Smock and D.L. Penrose, Use of benthic macroinvertebrates as indicators of environmental
quality. In: Douglass, L. W. (Ed.). Biological monitoring for environmental effects, Lexington books,
Toronto, 1980, 97-114.

[24] C. Heip and P. Engels, Comparing species diversity and evenness indices, Journal of the Marine Biological
Association of the United Kingdom, 1974, 54, 559-563.

493 |Page




