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Abstract
Phytoplankton assemblages and species succession along Lake Burullus (Southern Mediterranean) is
expressed as carbon biomass (mg cm-3) using a standard spreadsheet based on the species cell volume
cell-1 carbon relationship. High Chl a levels were measured (maximum 85-126 mg m-3) reflecting a dense
phytoplankton population (up to 8.3 x 103 cell ml-1 and 5.5 x 103 mg cm-3) throughout the lake body with
maximum concentrations at the western sector of the lake (S1). A diverse phytoplankton community was
determined. Cell count data revealed the dominance of a mixed phytoplankton taxa, however biomass
data indicates over-dominance of Bacillariophyceae (up to 98%). Good correlation (r=0.73, p<0.05)
was found between Chl a and carbon biomass with various cell carbon/Chl a ratio according to
variations in community structure. Bacillariophyceae were the most dominant, particularly at the middle
(S2) and the western parts (S1) during periods of high nutrient (silicate) and good weather conditions
(during spring/summer months). Chlorophyceae were abundant with Scenedesmus sp. mostly dominant,
particularly at P-rich sites. Dinoflagellates peaked only during calm and high light summer months (May
– July) being at a maximum level at S1. Euglenophyceae were less contributed to total phytoplankton
abundance and peaked only; as a transition stage; at S1 during Jannuary and March (winter months).
Cyanophyceae were numerous along with maximum peak at S2 affected by the southern drains.
Excessive nutrient enrichment into the lake alters the existent structure of phytoplankton community. The
water quality index indicated a poor water quality status of the lake.This may led to increase the
possibility of toxic algal blooms to invade the lake ecosystem and, in turn, affect the lake fish yield.
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Introduction
The Mediterranean basin has variable ecological and
biological lake systems which is function of the local environment.
Shallow coastal waters (such as lakes, lagoons bays, and estuaries,)
are very diverse and highly dynamic systems that led to continuous
and rapid changes. The later potentially affect phytoplankton
distribution and bloom development (Cebrian and Valiela, 1999;
Nedwell et al., 2002; Iriarte and Purdie, 2004). The more

investigations conducted on such diverse systems, the more the
information will be available for better understanding (Ali, 2009).
Therefore, quantifying the community composition and biomass of
phytoplankton population in relation to the surrounding conditions is
essential to understand the structure and dynamics of their ecosystem.
Most of the coastal deltaic lakes in Egypt, are suffering from
human-induced pressure and interferences that led to several
environmental problems along the delta region, for example land
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reclamation, irrational fish farming, agricultural, industrial and
domestic wastewater discharge and consequently water pollution.
Lake Burullus is one of the inland lakes located at the
southern coast of the Mediterranean Sea between the two branches
of the River Nile (Damietta and Rosetta). Lake Burullus is
economically an important fishery in Egypt producing ~50% of the
national fish production. The lake is also considered as a valuable
wetland and a resting area for various migrating birds. Although it is
the least polluted of the northern delta lakes, increasing quantities of
agricultural drainage-water carrying heavy fertilizer (El-Shinnawy,
2003), oxidized organic matter and pesticide loads (Zaki and Tadros,
2009) contribute significantly to the eutrophication status and water
quality of the lake during the last two decades (Ahmed et al., 2001).
This is a consequent result of expanding population, improved
living standards of the population, doubling the use of fertilizers,
and industrial production (El-Shinnawy, 2004). Lake Burullus is
currently exposed to extensive human use (~185 thousand people)
where people discharge their domestic waste water directly into the
lake. It is surrounded by a complex drainage system with about 9
main drains through which the lake receives most of the drainage
water of the Nile delta region. Such alterations greatly impact the
lake biodiversity, dominance and species succession as well as
blooms occurrence. Monitoring the seasonal variations of
phytoplankton biomass and species composition in relation to
variations of the surrounding water quality attributes is important for

better understanding of Lake Burullus.
In this regard, studying phytoplankton in any of the inland
lakes within the Mediterranean basin as a particular system is not
only of local or national concern, but it is relevant and could be
applicable in a broader dimension in other similar water
environments. This research provides quantitative and qualitative
estimates of phytoplankton community structure along Lake Burullus
and the seasonal variations in their species succession in response
to some eutrophication-related attributes. This would be, in turn,
functioned as a further biological indicator for the lake water quality.
Although, phytoplankton in Lake Burullus was investigated
during the last two decades (El-Sherif, 1993; Radwan, 2000,
2002; Okbah and Hussein, 2006), most of these studies used
phytoplankton enumeration (cell number) to express species
community structure ignoring the impact of variations in cell carbon/
cell volume ratio among species/groups. This research focused
on cell volume/cell carbon content and hence highlighted the
significance of species biomass particularly during peak time. This
is an attempt for the first time to use carbon biomass (mg cm-3) to
express the distribution and species succession in the Egyptian
inland waters. This study can provide a realistic and betterdescriptive picture of the phytoplankton community structure and
the biodiversity level in response to the eutrophication status of
the lake. This research also highlights the effect of drainage quality

Fig.1: Map of the study area showing the position of the sampling sites (S1-S4). D= drains: D1= Brimpal Canal, D2= Burullus West Drain, D3= Burullus Drain,
D5= El-Gharbia Drain, D6= Nasir or Tira Drain, D7= Drain No.7, D8= Drain No.8, D9= Drain No. 9, D11= Drain No. 11.
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Fig. 2: (a) Plot summarizing percent contribution to total phytoplankton carbon biomass (mg cm-3) and (b) total phytoplankton cell count (cells ml-1) of
Bacillariophyceae (diatoms), Chlorophyceae (green algae), Cyanophyceae (blue greens), Euglenophyceae (flagellates) and Dinophyceae (dinoflagellates).

Materials and Methods

between 31º 10” and 31º 35” N). The lake serves as reservoirs for
drainage waters from agricultural areas (through several drains)
and fresh water from Brimpal irrigation canal (in the western part of
the lake). This drainage water enriches the lake with massive
concentrations of nutrients, such as phosphate, nitrate and silicate
(El-Shinnawy, 2004).

Study area: Lake Burullus is a shallow brackish water lake located
in the northern coast of Egypt (between 30º 30” and 31º 10” E and

Samples collection and analyses: Four permanent sampling
sites (S1, S2, S3 and S4) were chosen to cover most of the lake

on phytoplankton existence and dominance. The water quality
index (WQI) was used to describe the lake status. The results out
of this research will lead to better understanding of the lake
ecosystem and hence would help in restoring the lake.
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Table- 1: Variations in total chlorophyll a (T Chl a as mg m-3), total cell number (cell ml-1) and total phytoplankton carbon (mg cm-3) as recorded along Lake
Burullus at the different sampling sites (S1 - S4) from January to November, 2006.
2006

S1

Total Chl a
S2 S3
S4

S1

January
March
May
July
September
November

44
37
42
102
53
47

85
120
103
118
70
56

2040.4
1530.1
930.0
1206.9
1056.5
838.6

27
33
30
72
26
16

39
48
33
28
22
18

Total carbon
S2
S3
1400.7
2401.6
4498.5
5478.4
1173.9
712.7

area and to represent the different environments existing along the
lake (Fig. 1). Surface water was collected bi-monthly (January,
March, May, July, September and November) during year 2006
using a 2 l plastic Ruttiner sampler dipping by hand. Chlorophyll a
(Chl a) was extracted in 90% acetone, and its concentrations were
determined spectrophoto metrically according to the methods
described by Parsons et al. (1984). Phytoplankton samples were
fixed with Lugol’s solution enumerated and counted using the inverted
microscope method according to the sedimentation technique
(Ütermohl, 1958). Identification of the main phytoplanktonic groups
was made with reference of Dodge (1982) and Tomas (1997).
For carbon biomass estimation, cell volume was measured
individually for counted cells (measurements of 10-20 cells of the
same species were undertaken) and converting these to carbon
using the cell volume/carbon relationship given by Eppley et al.
(1970). Cell measurements were converted to volume using a
standard spreadsheet algorithm provided by Derek Harbour based
on the algorithms given in Kovala and Larrance (1966) and in
Menden-Deuer and Lessard (2000).
Water pH was measured by a pocket pH meter (a digital
pH meter), while salinity was measured by Bechman salinometer.
Water temperature was measured by an ordinary thermometer.
Measurements of water transparency were carried out by a white
secchi depth of a 25 cm diameter. Dissolved oxygen was estimated
according to the Winkler method (Strickland and Parson, 1965).
Total suspended matter (TSM) was determined in a 100 ml water
sample, filtered through GF/C filter paper and values of TSM were
then calculated by calculating the difference between the dry weight
of the filter paper before and after filtration process.
Nutrients (nitrate, phosphate, silicate) were analysed using
a Burkard Scientific SFA-2 Auto-analyser, as described by Hydes
(1984). Nitrate was reduced to nitrite using a reduction column of
copper coated cadmium wire (Nydal, 1976). Phosphate and silicate
were detected as their respective molybdate complexes as
described by Parsons et al. (1984).
The water quality index (WQI) is a mathematical instrument used to
transform some quantities of water characterization data into a single
number, which represents the water quality level (Sanchez et al.,
2007). For this analysis, index scores were determined for nine
Journal of Environmental Biology September 2012

1045.5
2046.8
844.4
797.8
355.0
194.0

S4

S1

T cell number
S2
S3

S4

694.2
330.6
294.4
185.8
74.0
82.6

3350.2
5145.6
5350.8
4326.2
5489.1
5994.2

2628.8
5067.7
8296.5
7164.7
4033.4
5042.6

3976.2
1361.1
1317.2
799.6
541.5
552.9

3617.6
4342.9
2875.0
3106.0
3893.0
1820.5

constituents monitored bimonthly: (temperature, pH, dissolved
oxygen, nitrates, turbidity, total phosphates, total suspended solids,
biochemical oxygen demand and fecal coliforms). The data of
biochemical oxygen demand and fecal coliforms were provided by
the laboratory of the Water Research Centre (WRC) and the
Drainage Research Laboratory (DRL).
A series of Geographical Information System maps was
produced using the ArcGIS 9.2 package showing the seasonal
distribution the total phytoplankton biomass along the lake. Each
season was represented by the data of a representative month
(Winter = January, Spring = May, Summer = July and Autumn =
September). To produce these GIS maps, the lake boundary was
initially digitized as polygon feature class and the locations of the
sampling sites were entered as point feature using their X and Y
coordinates (i.e. latitude and longitude). The parameter value was
then attached to the point feature as database attributes for each
site. The spatial distribution of the mapped parameter was then
interpolated using the built-in IDW statistical simulation model (the
Inverse Distance Weighted method). The IDW mechanism is
basically based on averaging the parameter values at each location
and the neighbourhood considering the geographical distance
between the stations (ESRI, 2007).
Statistical analysis: Minitab statistical package (2003) was used
to compute pearson’s correlation at a confidence limit 95% for the
study period to quantize the phytoplankton standing crop; their
dominant groups and carbon biomass with the most correlative
environmental parameters.
Results and Discussion
Chlorophyll a biomass: Relatively high Chl a levels (13–126
mg m-3) were measured along the lake with highest concentrations
at the western (Site 2) and south western parts (Site 1) during
spring/summer. Maximum Chl a values were recorded mainly at
Site 2 with highest peak (126 mg wm-3) during March followed by
two other smaller peaks during May (103 mg m-3) and July (118 mg
m-3). A late summer peak with about 102 mg m-3 was recorded
during July at Site 1. Relatively lower Chl a concentrations were
measured at the middle (Site 3) and eastern part (Site 4) of the lake
with a range of 16 - 72 and 18 - 48 mg m-3, respectively (Table 1).

Variations in phytoplankton carbon biomass
Phytoplankton dynamics: Total cell count vs. total cell
carbon biomass: Microscopic examination revealed a total of 156
phytoplankton taxa out of which 64 Bacillariophyceae, 52
Chlorophyceae, 24 Cyanophyceae, 12 Euglenophyceae and 4
Dinophyceae were identified. Bi-monthly changes in total
phytoplankton cell number (cells ml-1) and carbon biomass (mg cm-3)
over the sampling period are presented in Table 1 and Fig. 2,
respectively. Data showed that total phytoplankton cell count varied
from 3350 - 5494, 2629 - 8297, 1820 - 3893 and 542 - 3976 cell ml1
at S1, S2, S3 and S4, respectively (Table 1). Total phytoplankton
carbon biomass, however, ranged between >840 - 2040, 710 5480, 195 - 2050 and 75 - >700 mg cm-3 at S1, S2, S3 and S4,
respectively.
As shown in Table 1, the highest phytoplankton cell counts
were recorded at the southern-western part of the lake (S1 and
S2). Maximum cell count of about 8300 and 7170 cell ml-1 was
recorded at S2 in May and July. Relatively lower cell counts
were determined at S1 while the highest values (5489 – 5494 cell
ml-1) were recorded in September and November, respectively.
The pattern of total phytoplankton cell number distribution along
the lake was not typically mirrored by their total carbon biomass at
most (Table 1). Although, some similarities in phytoplankton pattern
were, however, recognised for both cell number and cell carbon,
biomass data sometimes showed different pattern among either
the sites or/and the dates. For example, the highest carbon
biomass was recorded at S1 early during January (2040 mg cm3
) contrasting the cell enumeration data which was at its lowest
level (3350 cell ml-1) on that date compared to other dates.
Total phytoplankton biomass showed that diatoms were
dominating almost all community during the sampling period (up to
98% of total biomass in July at S2) (Fig. 2a). Highest diatoms
(Bacillariophyceae) peaks were recorded at S2 particularly during
May and July contributing with 87% and 98%, respectively to the
total phytoplankton cell carbon (biomass). Chlorophyceae (0.0 33%), Cyanophyceae (1- 44%) and Dinophyceae (0.0 – 5%)
existed with relatively lower contribution to total phytoplankton
biomass (Fig. 2a).
Enumeration data (Fig. 2b), however, revealed the
dominance of a mixed phytoplankton taxa with diatoms
(Bacillariophyceae) being the most dominant during winter (January
and March). This winter diatom blooms (in January-march) were
followed by smaller peaks during the period from May to July, which
were mainly dominated by Chlorophyceae, representing the
transition stages in the species succession (Fig. 2b) over the sampling
period. Cyanophyyceae were, however, the dominant species
during the period from July till November. Dinophyceae were
recorded to contribute less to the total phytoplankton cell number but
seemed to peak during summer months with a maximum contribution
of about 8.3 % (March) and 7.9% (July) of the total carbon biomass.
The percent contribution of Dinophyceae to phytoplankton total cell
number was very low as (with a range of 0.18 - 1.2%) compared
to their carbon contribution (Fig. 2 a, b).
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Phytoplankton C/Chl a ratio: Figure 3 A shows the variations
in phytoplankton biomass (determined from cell counts as cell ml1
) in relation to total Chl a (as mg m-3) with r = 0.59. A good
correlation (r = 0.73) was also determined between measured
Chl a and calculated carbon biomass with varied C/Chl a ratios.
C/Chl a ratio ranged between 7 and 62 from January-November,
2006 (Fig. 3B) according to species composition of the
phytoplankton community exist. At the time diatoms dominated the
phytoplankton community, C/Chl a ratio varied from 38 to 62 with
maximum ratio recorded at the peak growth of Stephanodiscus
sp. Moreover, high C/Chl a ratios were also found when the
population contained few species of relatively small cells but very
rich in carbon such as dinoflagellates species (e.g. Scrippsiella
sp) or/and Euglena. However, modest ratios (22 – 28) were
recorded when diatoms with large cells and high carbon and Chl
a content were dominant (e.g. Stephanodiscus, Melosira and
Cyclotella). Relatively low values of C/Chl a ratio (6 – 17) were
recorded when numerous small cells which highly contributed to
total Chl a were abundant (e.g. small greens such as
Scenedesmus and small diatoms such as Nitzschia).
The small- sized flagellates (Euglenophyceae) existed with
a relative high numbers (up to 1233 cellsml-1) particularly at Site 4.
Euglena sp. was the most abundant flagellates throughout the
sampling period. Although their little contribution to the total
phytoplankton count (0.0 – 135 cell ml-1) during most of the sampling
period; Dinoflagellates (represented by 4 specie) significantly
contributed to the total phytoplankton biomass being maximum during
March (22%) and May (8%) at Site 1, and during July (11%) at
Site 4.
Community structure and species successions: The
pattern of phytoplankton classes’ biomass was is shown in Fig.
4 and expressed as mg cm-3 of each class at the sampling sites
during 2006. Data showed that phytoplankton species succession
widely varied along the lagoon with diatoms (Bacillariophyeae)
mostly abundant community (up to 98% of the total biomass)
particularly, during January and March. The phytoplankton
community was then changed to be dominated by blue-green
algae (Cyanophyceae) and dinoflagellates. Flagellates
(Euglenophyceae) and/or green algae (Chlorophyceae) were,
however, occurred as a transition stage. The biomass data
indicates over-dominance of diatoms. A mixed diatom community
(Bacillariophyceae) was recorded with genus Stephanodiscus
being the most abundant. The peak growth of Stephanodiscus
sp. was coincident with the main spring/summer phytoplankton
bloom in May and July. A strong positive correlation was
recorded between total phytoplankton biomass and the carbon
biomass of the diatom Stephanodiscus sp. particularly at the
eastern (Site 4) and middle (Site 2 and Site 3) regions of the
lake (r = 0.987 and 0.998).
Microscopic analysis of phytoplankton samples revealed
other diatom species; for example, Nitzscia sp., Melosira sp, Navicula
Journal of Environmental Biology September 2012
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Month

(B)(A)

Month

Fig. 3: (a) Relationship of total phytoplankton cell number (cell ml-1) versus
total Chl a (mg m-3) as measured along Lake Burullus in 2006 and (b)
Relationship of total phytoplankton carbon biomass (mg cm-3) versus total
Chl a (mg m-3) as measured along Lake Burullus in 2006 showing the
various C/Chl a ratios.

Month

sp., and Cyclotella sp; that became numerically dominant only for
short periods during the sampling survey. Among these diatom
species, Chl a in the Eastern part (Site 4) was positively correlated
only with the biomass of Melosira (r = 0.95, P=0.05) due to its cell
size and chlorophyll content. Although Chlorophyceae (green algae)
was less contributing to the total phytoplankton biomass (annual
average 10 %), they were numerically an abundant component of
the phytoplankton community along the lake and were contributed
with up to 52% of the total phytoplankton cell number. Scenedesmus
sp. was the most abundant chlorophyceans along the lake during
the sampling year contributed up to 78% of their total cell
enumeration. This finding was mirrored by the Pearson correlations
giving a strongly significant relationship (p < 0.05) between
Chlorophycean biomass and the biomass of the Scenedesmus sp.
at all sites (with r = 0.959, 0.985 and 0.996 in the eastern, middle
and western parts of the lake, respectively).

Month

Cyanophyceae (blue green algae) were numerically high
in late summer and autumn months (i.e. July till November)
particularly at Site 1 and 2. Regarding carbon biomass,
Cyanophyceae contributed less to total phytoplankton carbon
measured (average 11%) particularly at site 1, 2 and 3 (Fig. 4) as
Journal of Environmental Biology September 2012

Month

Fig. 4: Variation of phytoplankton community structure showing the different
pattern of each phytoplankton class (expressed as species carbon biomass mg
cm-3) as recorded at sampling sites (S1 to S4) from January to November, 2006

Variations in phytoplankton carbon biomass
(A)

(B)

(C)

Fig. 5: The relationship of total carbon biomass of (A) Bacillariophyceae, (b)
Chlorophyceae and (C) Cyanophyceae versus N/P molar ratio during the
study period (January-November, 2006) along Lake Burullus.
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the phytoplankton community recorded at this time of the year wes
generally low (Fig. 2). Although, Cyannophyceae (mainly
Merismopedia sp.) contributed high to the total carbon biomass at
Site 4 (51% in September and 70% in November), a strong negative
relationship was recorded between Chl a and the biomass of blue
green algae (-0.996).
Phytoplankton variations vs. Water quality attributes :
Variations in transparency, total suspended matters (TSM) and
salinity are presented in Table 2. Data showed that maximum
phytoplankton biomass was determined at the western and southern
part of the lake (S1 and S2) where nutrient concentrations were at
maximum (Table 2). Nutrient concentrations were, however,
decreased during phytoplankton peak time. Maximum phytoplankton
carbon peaks were particularly recorded at site 2 during May (~
4500 mg cm-3) and July (~ 5480 mg cm-3) that led to decreased
nutrients levels. Diatoms were mostly abundant at all sites particularly
during spring/summer months (May – July) after the pronounced
increase in silicate (during January – March). On species level, the
peak growth of the diatom Stephanodiscus sp. was coincident with
the main spring/summer phytoplankton bloom in May and July (Fig.
2) when high levels of silicate were measured. This diatom peak
followed by a noticeable decline in silicate concentration, which
gradually increased to a maximum level during September/
November when diatoms were less abundant. At this time, maximum
cell enumeration of Cyanophyceae, which do not need silicate for
their growth, was recorded. Data showed that minimum
concentrations of nutrient were generally measured along the lake
at this time of the year (Table 2). Microscopic analysis of
phytoplankton indicated that Scenedesmus sp. was the most
dominant green alga (up to 3100 cell ml-1) along the lake during the
whole sampling period and was contributing high to the total green

Fig. 6: GIS maps showing variations in phytoplankton total carbon biomass along Lake Burullus during January (winter), May (spring), July (summer) and
September (autumn) in 2006.
Journal of Environmental Biology September 2012

952

E.M. Ali. and H.M. Khairy

Table- 2: Variations in nutrients (NO3, PO4 and SiO3), transparency, total suspended matters (TSM) and salinity as recorded at the four sampling sites (S1 S4) along Lake Burullus from January to November, 2006.
2006
January

10.0 43.0 8.0

27.0 6.0 9.0 2.0

6.0

31

73

41

70

0.35

0.25 0.33 0.30

61

58

39

83

March

10.0 31.0 6.0

11.0 6.0 11.0 2.0

2.0

21

68

25

52

0.29

0.20 0.24 0.25

32

71

63

120 2.3 3.5 3.5 18.7

May

8.0 26.0 10.0 9.0 3.0 8.0 2.0

3.0

16

61

45

63

0.30

0.22 0.17 0.25

30

66

94

176 2.5 3.0 3.2 14.0

July

7.0 33.0 10.0 6.0 1.0 14.0 1.4

1.5

S4

SiO4 (µM)
S1 S2 S3 S4

Transparency (m)
S1
S2 S3 S4

TSM (mg l-1) Salinity (‰)
S1 S2 S3 S4 S1 S2 S3 S4

NO3 (µM)
PO4 (µM)
S1 S2 S3 S4 S1 S2 S3

3.0 3.4 3.5 5.5

54

38

70

76

0.27

0.17 0.15 0.20

151 110 123 183 1.8 3.0 3.0 12.0

September 6.0 21.0 6.0

5.0 1.2 3.7 1.3

1.0

74

106 82

98

0.50

0.20 0.25 0.30

27

56

88

100 0.63 2.5 2.5 7.0

November 3.0 13.0 7.0

5.0 0.66 2.5 1.44 1.0

47

87

83

0.53

0.22 0.35 0.37

21

69

43

67

59

algae (51 -88%). Highest populations of this species were mostly
recorded after phosphorous peaks.
As shown in Table 2, water transparency showed relatively
little variations (~0.2m > 0.6m) along space and time being at
higher levels at S1 compared to other sampling sites, particularly
during autumn months (September – November). Lake water was
less transparent (maximum > 0.4) at the western part (S 3 and 4)
where it is closed to the sea-lake connection. These sites were
characterized by high levels of salinity and TSM (Table 2) resulting
from the re-suspension and wind effects.
Community structure in relation to NO3/PO4 ratio: Data (Fig. 5)
showed the population dynamics and the species community structure
in relation to the molar ratio of NO3/PO4. It is anticipated that species
identified from both the Bacillariophyceae and Cyanophyceae in
Lake Burullus seemed to grow better at a low N/P ratio compared to
those species of Chlorophyceae (Fig. 5).
GIS mapping of phytoplankton seasonal distribution: Fig. 6
shows a series of GIS maps representing phytoplankton distribution
(as total carbon biomass) during January, May, July and September
as represetitive months for winter, spring, summer and autumn,
respectively. These maps showed that phytoplankton total biomass
was maximum during spring and summer; periods of good and
calm weather conditions, however, lowest biomass estimate was
recorded during winter period. The produced GIS maps showed
that higher phytoplankton populations were recorded at the middle
and western parts, and significantly declined towards the eastern
part of the lake.
Lake Burullus is experiencing an increased density of
phytoplankton population being dense and more diversified during
the last two decades (from 1987 – 2003). A dramatic increase in
phytoplankton population density been determined in 2006 (this
work) compared to that previously work (El-Sherif, 1993, Radwan,
2002 and Okbah and Hussein, 2006). Biomass data of this research
showed that phytoplankton species succession along the lagoon
generally follows a “typical” trend known for coastal waters, from
diatoms (Bacillariophyeae) in high-nutrients conditions in winter/
spring to reduced-nutrient conditions favouring Cyanophyceae and
Journal of Environmental Biology September 2012
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Dinophyceae (Kifle and Purdie, 1993 ; Ali, 2009). Euglenophyceae
and/or Chlorophyceae, however, occurred as a transition stage.
Such transition stage always occurs when intermediate conditions
of light and rainfall exist. Such conditions are favouring to
Euglenophyceae and Chlorophyceae. A similar pattern of
phytoplankton species succession has been previously recorded
in the lake (Okbah and Hussein, 2006) as well as in other similar
coastal and estuarine waters e.g. in the inner Oosterschelde (Bakker
et al., 1994). This pattern is also known for macrotidal estuarine
systems; e.g. Southampton Water Estuary (Kifle and Purdie, 1993;
Howard et al., 1995; Ali, 2009).
In a previous study, the annual average of total
phytoplankton cell abundance showed a different spatial pattern to
that of Chl a (Ali, 2009), suggesting that the community is either
dominated by numerous small cells with relatively low contributions
to total chlorophyll or by large and chlorophyll-rich cells with
relatively low contribution to total cell count. This means that earlier
reflect a more realistic picture for phytoplankton community within
the lake. Despite the strong C/Chl a relationship, different ratios of
both variables were determined. This variation is mainly attributed
to the relational values of the cell size, cell volume, cell chlorophyll
content and cell carbon content.
The high nutrient level at these sites is mainly attributed to
the effect of nutrient-rich fresh water of Brimpal Canal (western
region) (Okbah and Hussein, 2006) as well as the water drainages
from the drain system (e.g. D7, D8 and D11 at the southern region)
(El-Shinnawy, 2003). The relatively low levels of both nutrient and
Chl a at the eastern and the northern parts of the lake (S3 and S4)
might be due to the effect of the high-salinity low-nutrients sea water
that invades the eastern area (near El-Boughaz; the sea-lake
connection).
The over-dominance of the green alga, Scenedesmus sp.
along the lake is mainly attributed to the excessive levels of
phosphates (Okbah and Hussein, 2006) and organic matters (WRC,
internal report) discharged into the lake with the drainage water.
Similar finding was previously recorded along the lake by Radwan
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(2002). As a matter of fact, the domestic wastewater that uncontrollably
flushes into the lake contains considerable amounts of phosphates
(El- Shinnawy, 2004).
The excessive applications of phosphate containing
washing powders within the urban areas surrounding the lake are
another phosphate source. These conditions might led to a level of
N-limitation which in turn indicates environmental conditions that
might be favoured by blue greens among which toxic species can
invade the lake system. As reported earlier, some cyanophyceaeans
are known to tolerate the low N/P ratio (Okbah and Hussein, 2006;
Al-Saadi et al., 2008) in Sawa Lake in Iraq. Occurrence of such
toxic species is indeed deteriorating the lake water quality, threating
the organisms directly or indirectly and changeing the lake ecosystem
through changing its biodiversity.
This methodology highlighted the importance of the species
volume as well as the ratio of cell volume to cell carbon among
species and shows how this together with the changing structure of
the phytoplankton community would affect the ecosystem of the lake.
Such detailed picture can help in suggesting solutions that can
facilitate the restoration process of the lake environment.
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