@

Academic
Journals Inc.

Journal of
Fisheries and

Agqguatic Science

ISSN 1816-4927

www.academicjournals.com




Journal of Fisheries and Aquatic Science 6 (2): 130-140, 2011
ISBN 1816-4927 { DOI: 10.2923/fas.2011.130.140
© 2011 Academic Journals Inc.

Effects of Environmental Factors on Phytoplankton Abundance and
Diversity in Kaftar Lake

'S. Nowrouzi and *H. Valavi

'Department of the Envircnment, Shiraz, Fars, Postal Code 71346-53185, Iran
*Department of Marine Biclogy, Faculty of Marine Science, Khorramshahr University of Marine Science
and Technology, P.O. Box 669, Khorramshahr, Khuzestan, Iran

Corresponding Author: S. Nowrouzi, Department of the Environment, Shiraz, Fars, Postal Code 71546-53185, Tran

ABSTRACT

This study was carried out between February and November 2007 in order to determine the
present situation of phytoplankton and envirenmental factors in Lake Kaftar. Sampling was
conducted seasonally in 5 different stations. Three phytoplankton and three water samples
{for physicochemical analyses) were taken in each station. Phytoplankton samples were taken using
30 um mesh plankton net and, after fixing in 4% formaldehyde, identified and counted using Nicon
K200 microscope with Normarski interference optics. Water temperature, pH, dissolved oxygen,
nitrate, phosphate, EC, hardness and salinity were measured by using thermometer,
electrometrically performance, Winkler's method, ultraviolet spectrophotometric sereeming method,
vanadomolybdephosphoric acid colorimetric method, conductivity meter and titration methods,
respectively. Highest densities of phytoplankton were recorded in Autumn and highest rates of
Shannon (H” = 2.392) and Simpson (4 = 0.27) indices were seen in Spring in station 5 and 4,
respectively. Totally, 18 genera belong to 10 different families and 5 classes of phytoplankton were
identified in this study. Highest density of phytoplankton belongs to Chlorophyceae (38.46%),
Cyanophyceae (23.08%), Zygnemophyceae (15.38%), Bacillariophyeeae (15.38%) and
Fragilariophyceae (7.69%), respectively. According to the results of this study, the most important.
environmental factors affecting diversity and density of phytoplankton in Kaftar Lake were
nutrient (especially nitrate) and water temperature. Although, usually Spring phytoplankton bloom
is higher than the Autumn bloom, in Kaftar Lake highest densities of phytoplankton were recorded
in Autumn.
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INTRODUCTION

Several studies have discussed the effects of environmental factors on phytoplankton dynamics
{(Boney, 1989; De Huszar and Caraco, 1998; Kagalou ef «al., 1999; Hassan et al., 2004,
Susanne ef al., 2005).

The influence of various factors on the seasonal appearance of phytoplankton differs
significantly, with physical factors (such as temperature and light intensity) being the most
important and chemical (DO, pH, salinity, total hardness, EC and nutrient level) being of lesser
importance (Reynolds, 1984). Moreover, because our knowledge 1s limited, the behavior of algal
population can sometimes be unpredictable (Mur, 1997; Pongswat ef al., 2000).
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Millie et al. (2009) characterize phytoplankton composition/abundance and the environmental
conditions influencing communities during late-Summer, a pericd when bloom proliferation
typically 1s greatest throughout the basin-western Lake Erie.

Increasing of freshwater biodiversity due to the increase in nutrient concentration had been
discussed in different studies (Leibold, 1999; Dodson ef al., 2000; Dudgeon et al., 2006). This fact
was already pointed out in studies conducted in Iranian inland waters (Shadkam, 2005;
Farahani et al., 2006); however, long-term studies on biodiversity changes due to eutrophication
are still unavailable for these waters.

Furthermore, clearly study of shallow lakes concerning the behavior of abiotic and biotic factors
is of particular importance, this kind of knowledge may be a useful arrangement and restoration
tool. As Salm et al. (2009) believe, understanding phytoplankton community structure provides
insight into the overall ecology of lakes and will assist in the future conservation and management
of these valuable and climatically-sensitive systems.

According to Adirendack Ecologists (2010) abundance and species composition of algae can have
significant implications with regard to both the water clarity and quality of any given body of
water. The other hand, Lathrop et al. (1998) argued the public’s perception of water quality in
lakes 1s often associated with the frequency of algal blooms and prediction of these extreme events
is inherently probabilistic,

Sinee, data on the phytoplankton and the physicochemical features of Kaftar Lake are lacking
completely. This study was carried out in order to determine some physical-chemical features of
water as well as the phytoplankton distribution and diversity of in this Lake.

Seasonal fluctuations in density and composition of five classes of phytoplankton
{Chlorophyceae, Cyanophyceae, Bacillariophyceae, Zygnemophyeeae and Fragilariophyceae)
identified in the Kaftar Lake in relation to the environmental factors are described in the present.
study.

MATERIALS AND METHODS

Study area: Lake Kaftar is a shallow water (maximum depth 5 m)}, high elevated (2320 m above
M.S.L) lake located between 30°30" and 31°36°N and 52°417and 52°51°E in south Iran (Fig. 1).
The catchment area of the lake 1s up to 5000 ha. It receives substantial inputs of underground
water, while there is one naturally cccurring surface outflow, Raana River. The lake is an
important ecosystem in the region supporting local agriculture, tourism and fisheries. During the
past thirty years, the ecosystem of Kaftar sustained many activities such as irrigation, sediment
deposits and input of agricultural and domestic sewages causing serious problems in its trophic
state.

Methods: Sampling was carried out seasonally, in five stations (Fig. 1). In each station three water
samples were taken for physicochemical analysis and three samples were taken for phytoplankton
studies. Water temperature and pH were measured by using a mercury-filled Celsius thermometer
and electrometrically performance (by means of glass electrodes), respectively. Dissolved oxvgen
was measured using Winkler’s method, Ultraviolet Spectrophotometric Screening method was used
for determine nitrate and Vanadomolybdophosphoric Acid Colorimetric method for measurement
of phosphate. KC was measured using conductivity meter Horiba model BF-14 (calibrated by KCI
solutions), hardness using EDTA titration method and salinity using Knudsen's titration method
{(Moopam, 1989; APHA, WEF and AWWA, 1992). Phytoplankton samples were fixed in 4%
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Fig. 1: Study site Kaftar Lake and sampling stations (2007)

formaldehyde immediately after collection and identified and counted using Nicon E200 microscope
with Normarski interference optics (Farahani et al., 2006).

Margalef species richness index (R1), Shannon diversity index (H") and Simpson index (&) were
used to describe temporal changes in diversity and dominance in this investigation.

One way Analysis of Variance (ANOVA) was used to determine the significant difference in
phytoplankton abundance, diversity indices and environmental factors, between different stations
and seasons.

RESULTS

Environmental parameters: Results of physicochemical parameters recorded in different stations
and seasons (Table 1) show that water temperature varied from 5.5°C in station 1 in Autumn to
25.0°C in station 4 in Summer. Dissolved oxygen was between 0.32 mg L in station 5 in Spring
and 5.40 mg L' in station 5 in Autumn. Lowest pH (7.47) was recorded in station 5 in Spring,
whereas, the highest was 9.48 in station 4 in Summer. Lowest (5.6 pg L™ and highest
(32.93 ug L") nitrate concentrations were found in station 1 in Winter and station 1 in Autumn,
respectively. Lowest (0.1 ug L™ and highest (0.5 ug L™ phosphate concentrations were recorded
in all of stations except station 4 (0.13 pg L™!) in Winter and in station 2 in Autumn, respectively.

! ! in station 2 in

EC varied from 500 pmhous em™
Spring, also lowest salinity (0.13 ppt) was recorded in station 4 in Winter and highest salinity
{0.83 ppt) was recorded in station 2 in Spring.

One Way Analysis Of Variance (ANOVA) shows no significant difference between stations,

except for nitrate in station 4 {(entrance of Raana river to the lake) which 1s significantly different

, 1n station 4 in Winter to 1200 pmhous em™

from the other stations. Furthermore, significant differences were seen between water temperature,
D.O and pH in warm season {Spring/Summer) and cold season (Autumn/Winter), furthermore, EC
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Tahble 1: Value of physicochemical factors recorded in Kaftar Lake (2007)

Parameters
Temp. DO Salinity EC Nitrate Phosphate Hardness
Season Station [§(®)] pH (mgL™) (ppt) {umhous cm™) (mgL™ (mgL™M (mg Lt CaCO0y)
Winter 1 7.0 7.713 295 0.40 538.0 10.73 010 199.2
2 7.5 7.870 2.04 0.40 545.0 6.87 010 192.7
3 7.0 8043 2.01 0.37 515.3 6.20 010 179.7
4 7.5 8306 268 0.33 500.0 5.60 013 166.3
5 8.0 7.790 141 0.36 542.0 6.20 010 182.2
Spring 1 21.0 7.830 080 0.50 1075.0 20.13 2.80 257.9
2 21.0 7.600 048 0.83 1200.0 22.00 0.93 240.9
3 20.0 8.040 0.48 0.40 515.3 8.93 0.33 187.5
4 23.0 8.300 0.78 0.13 500.0 11.86 0.43 117.2
5 23.0 7470 032 0.40 535.3 17.40 010 195.3
Summer 1 22.0 8.660 0.85 0.33 654.0 12.73 017 241.3
2 23.0 8.750 0.63 0.33 659.2 13.26 013 237.3
3 22.0 8520 061 0.34 6569.3 11.06 011 246.6
4 25.0 9.460 0.60 0.26 524.9 12.06 011 186.6
5 24.0 8.480 064 0.31 6556.9 11.86 0.62 248.0
Autumn 1 5.5 9.160 1.50 0.40 789.5 32.93 0.35 260.0
2 6.0 9.130 2.03 0.40 801.3 32.66 0.50 266.6
3 8.0 9.100 218 0.39 775.8 27.60 0.33 254.6
4 8.0 8.900 1.28 0.44 876.5 22.53 019 288.0
5 8.5 9.030 5.40 0.40 790.7 29.26 0.29 261.3

Tahle 2: Identified phitoplankton groups in Kaftar Lake (2007)
Classification of phytoplankton

Phylum/division Class Family Genus/species
Chlorophyta Chlorophycease Ankistrodesmaceae Ankistrodesmus
Hydrodictyacea Pediastrum sp.
Scendesmaceae Scendesmus acuius
Scendesmus obliquits

Scendesmus acuminatus
Scendesmus quadricauda
Scendesmus ecornis

Coelastrum sp.

Chlorococcaceae Tetraedron sp.
Heterokontophsta
(Chrysophyta) Bacillariophyceae Diatoms Navicula sp.
Diatoms
(Tabellariaceae) Tabellaria sp.
Fragilariophyceae Diatoms Synedra sp.
Streptophata (Charophata) Zyenemaphyceae Desmidiaceae Cosmarium sp.
Stuarastrum longispinum
Stuarastrum cingulum
Cyanophycota (Cyanobacteria) Cyanophyceae Nostocaceae Aphanizomenon sp.
Anabena sp.
Chroococcaceae Gloeocapsa sp.

in Winter and nitrate in Autumn are significantly different from other seasons. Differences in
phosphate concentration among the stations were not statistically significant.
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Phytoplankton composition and abundance: A total of 18 phytoplankton genera were
identified in the study area. These genera belonged to 4 divisions, which include 9 genera of
Chlorophyceae, 3 genera of Cyanophyeceae, 2 genera of Bacillariophyceae, 3 genera of
Zyegnemophyceae and 1 genera of Fragilariophyceae (Table 2).

Chlorophyeceae was dominant in terms of the number of genera and abundance in Spring,
Summer and Autumn (mean contribution = 38.46%). Cyanophyceae was the second dominant,
class (mean contribution = 23.08%), fallowed by Bacillariophyceae, Zygnemophyeeae and
Fragilariophyceae, respectively (Fig. 2).

Highest abundance of Chlorophyceae (5466 individual/liter) was recorded in Autumn, while
their lowest abundance (400 individual LY was recorded in Winter (Table 3).

Ankistrodesmus, Navicula, Synedra and Cosmarium were the most dominant genera in all
stations at all seasons and the lowest recorded phytoplankton abundance belonged to

Bacillariophyceae (Table 3).

Fragilariophyceae ~

Bacillariophyceae
7.69 el

15.38

Zygnemophyceae
15.38

Cyanophyceae Chlorophyceae
23.08 38.46

Fig. 2: Mean contribution of phytoplankton groups in Lake Kaftar in 2007

Table 3: Abundance of observed phytoplankton groups in Kaftar Lake (2007)
Dominant algae family (individual L)

Season Station Bacillariophyceae Chlorophyceae Cyanophyceae Fragilariophyceae Zygnemophyceae
Winter 1 96 96 128 128 112
2 32 80 192 64 32
3 144 176 240 224 192
4 16 0 64 48 48
5 64 48 48 64 80
Spring 1 106 1489 211 346 269
2 29 750 126 19 183
3 67 365 84 231 174
4 o] 58 10 o] 58
5 29 261 84 115 173
Summer 1 46 610 168 152 228
2 31 3562 243 228 91
3 46 640 138 213 183
4 0 214 92 91 107
5 61 427 152 152 152
Autumn 1 96 845 150 271 436
2 95 1492 0 61 912
3 68 1768 109 503 762
4 96 204 54 48 95
5 150 1157 41 449 556
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Fig. 3: Abundance of total phytoplankton in Lake Kaftar (2007)

Tahble 4: Value of phiytoplankton diversity indices in Kaftar Lake (2007)

Indices
Season Station Shannon H' Simpson A Margalef R,
Winter 1 1.96 0.15 1.11
2 1.74 0.21 1.00
3 1.97 0.15 1.02
4 1.67 0.20 0.97
5 1.79 0.18 1.05
Spring 1 1.99 0.19 1.93
2 2.05 0.18 1.85
3 2.20 0.14 1.76
4 1.53 0.27 1.03
5 2.39 0.11 2.00
Summer 1 2.35 0.11 1.83
2 215 0.14 1.46
3 2.23 0.13 1.69
4 1.90 0.17 1.12
5 222 0.12 1.46
Autumn 1 218 0.15 1.67
2 211 0.16 1.93
3 2.05 0.18 1.61
4 211 0.15 1.15
5 213 0.14 1.60

Highest abundance of phytoplankton was recorded in stations 2, 2, 4 and 5 in Autumn and in
station 1 in Spring (Fig. 3).

One way Analysis of Variance (ANOVA) shows no significant difference (p<0.01) in
phytoplankton abundance, bhetween stations, but Phytoplankton abundance in Autumn was
significantly different from other seasons.

Indices: Simpson's index (with maximum in Spring) was increased by increasing dominance of
Chlorophyceae (Table 4), lowest value of Simpson's index was found in station 5 in Spring (0.107)
and its highest value was in station 4 in the same season (0.270). Highest species richness in the
lake was seen in stations 5 and 1 1n Spring (2 and 1.93, respectively) while its lowest value was
seen in station 4 in Winter (0.97).
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DISCUSSION AND CONCLUSION

Freshwater ecosystems have been experiencing declines in biodiversity far greater than
terrestrial ecosystems. If trends in human demands for water remain unaltered, species losses will
surely continue at current rates. Furthermore, conservation and management of fresh water
ecosystems 1s critical to the interests of the entire mankind, as long as biodiversity constitutes a
valuable natural resource in economical, cultural, aesthetic, scientific and educational terms
{Dudgeon et al., 2006).

Since the seasonal variations of phytoplankton are related to a variety of environmental factors
in aquatic environments (Washington, 1984; Boney, 1989; Wu and Chou, 1999) the approach
adopted in the present investigation, namely to relate temporal changes in diversity to temporal
changes in environmental conditions, resulted in the development of a better understanding of the
nature of interactions between the phytoplankton community and its environment in the Kaftar
Lake.

In natural water pH value ranges from between 4 to 9. Swamp waters have lower and inland
water passing through limestone deposits have higher pH values (Waterwatch Australia Steering
Committee, 2002). In fresh water lakes pH range is from 6 to 9 and most of them are bicarbonate-
type lakes (Wetzel, 1983). However, Kaftar Lake with 7.47 to 9.46 pH value can be categorized as
a bicarbonate-type lake. Furthermore, physicochemical characteristics of the Kaftar Lake
{Table 1) show that according to the standards for drinking water (WHO, 1993) and irrigating
water (FAQ, 1994) it is unsuitable for drinking, but it is suitable for irrigation.

The effects of water temperature on phytoplankton have been examined in many freshwater
ecosystems and it was found that water temperature strongly regulates the seasonal variation
of phytoplankton (Richardson et al., 2000; Izaguirre ei al., 2001; Susanne ef al., 2005
Farahani et ¢l., 2006) also light conditions could control phytoplankton growth (Golterman, 1975;
Wetzel, 1983). According to Kagalou et al. (2001) chlorophytes increase under high temperatures,
also Richardson et al. (2000) showed that temperature is a major driving force for the seasonal
succession of species in Lake Baikal. Water temperature in Lake Kaftar affects abundance and
diversity of phytoplankton, since it was found that density and diversity of Chlorophyceae were
increased by the increase in water temperature in Spring and Summer and sharply failed in
Winter, while density of Zygnemophyceae, Fragilariophyceae and Bacillariophyceae were increased
by decreasing of water temperature in Winter (Fig. 4). On the other hand, despite declining water
temperature in Autumn, high diversity of Chlorephyceae was occurred because of increasing water
nutrient (Fig. B). Kagalou ef al (1999) reported that the annual cycle of diatoms has been
characterized by quite stable trends with two major peaks: one in early Spring and the second in
Autumn. Hassan ef al. (2004) concluded that the maximum density of phytoplankton was occurred
during late Spring and after decreasing gradually in Summer season, there was a further increase
during Autumn season. In this investigation, a peak of phytoplankton abundance even more than
Spring peak (dominated by Chiorophyceae-frequency 52.48%) was recorded in Kaftar Lake and due
to a sharp increase in discharge of rich nutrient (especially nitrate) agricultural sewages (Fig. 6),
despite declining water temperature in Autumn (Fig. 7).

According to Khuantrairong and Traichaiyaporn (2008) Low nutrient concentration in Dol Tao
Lake in Winter causes Chlorophyta decline and their replacement by Cyvanophytes which were
dominated in Winter. In the present study, beside considerable decrease in nutrient, abundance
of Cyanophyceae in Winter (672 indv. L™') was much more than Autumn (354 indv. L"), Also
highest density of Cyanophytes, were recorded in Summer when water temperature was above
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(2007)
1200+ r3s
—¥— Bacillariophycaae
/ == Zygnemophyceae
1000 / P30 | Fragilariophyceae
— Cyanophyceae
/ — — Chlorophyceae
/ 25 Temperature
. 8004 / R
= / o
3 / T
£ 600 / £
g AT / 2
ES / ~ ’ -5 £
= 7 ~/ ’ Z
4001
F10
200 s

Winter Spring " Summer = Autumn

Fig. 5. Nitrate concentration and abundance of identified phytoplankten groups in Lake Kaftar
(2007)

23°C) and these results agree with Khuantrairong and Traichaiyaporn (2008) and other studies
such as Hassan et al. (2004) and Salm et al. (2009).

Finally, it is concluded that, increase of water temperature and nutrient in Spring are both
essential factors, which cause inereasing of phytoplankton abundance and diversity. In Summer,
despite increasing water temperature, nutrient consumption by phytoplankton and alse grazing
by zooplankton causes decrease in phytoplankton abundance and diversity; On the other hand,
considerable increasing of nutrient in Autumn (plankton decomposition in late Summer and
entrance of sewages) despite decreasing water temperature causes a sharp increase in
phytoplankton abundance and diversity. Following this stage, phytoplankton diversity and density
were decreased pursuant to nutrient reduction and low temperature in Winter.
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