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ABSTRACT 

Phytoplankton structure and abundance were studied weekly in 
Boughaz El-Maadiya, a channel connecting between Lake Edku and 

the Mediterranean Sea at Abu Kir Bay. The study extended from the end 
of April to end of October 1997 at four locations representing different 
ecological conditions, 

Weekly changes were observed in both the structure and standing 
crop of phytoplankton due to changes of current direction towards the 
Lake or the Sea. The Majority of the recorded species were fresh or 
brackish water forms, while 39 species were marine. Diatoms were the 
most diversified group (77 spp.), followed by green algae (46 spp.), blue 
greens (30 spp.), Euglenophyceae (16 spp.) and dinoflagellates (13 spp.). 
The standing crop showed abnormal wide weekly variations between 
lOxlO3 and 36.8xl06 units l"1 for numerical density and 10.6-124.7 \x% I"1 

for chlorophyll a Diatoms occupied the first order of abundance, 
constituting 54.5-81.6 % at different locations and then green algae (16.3-
41.8 %). Both groups displayed obvious weekly variations, while other 
groups showed intermittent flash appearance with markedly lower 
densities. The species diversity as well as species richness were high, 
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indicating spatial and temporal variations. Cluster analysis demonstrated 
three main groups of species that differed in their frequencies and 
abundance. The correlations between phytoplankton abundance and 
ecological parameters were oftenly insignificant reflecting strong role of 
the current regime on the phytoplankton distribution in Boughaz El-
Maadiya. 

INTRODUCTION 

Phytoplankton, the primary biological component of aquatic 
ecosystem, is the most rapidly susceptible to any minute environmental 
changes. Boughaz El-Maadiya is a short narrow and shallow channel 
connecting Lake Edku to the Mediterranean Sea at Abu Qir Bay. Both 
water bodies are completely different in their ecological conditions. The 
water quality in Boughaz El-Maadiya suffers from irregular changes due 
to continuous mixing of Mediterranean sea water and very low brackish 
water of Lake Edku. Such process created unstable ecological 
characteristics in Boughaz El-Maadiya (Abdel-Aziz and Dorgham, 
1999). Relative to such changeable conditions, it was necessary to follow 
up the dynamics of phytoplankton community in Boughaz El-Maadiya 
at short time intervals and very close locations. 

According to the available literature, little is known about 
phytoplankton in Boughaz area. The previous studies were based mainly 
on monthly collection of samples (Gharib, 1983; Gharib and Soliman, 
1998), which did not reflect the rapid changes of the ecological 
conditions (Abdel-Aziz and Dorgham, 1999) and the quantitative and 
qualitative structure of phytoplankton community in the study area. 
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MATERIALS AND METHODS 
The present study was conducted during the period from the end of 

April to the end of October 1997, based on quantitative samples only, 
Four locations were selected representing different ecological conditions 
(Fig. 1), one at the Lake side (St. I), two inside Boughaz El-Maadiya 
(Sts. II & III) and one at the sea side (St. IV). Water samples were 
collected weekly from the surface water, preserved in neutralized 
formaline, and left 3-4 days for settling. After decantation, the 
phytoplankton species were identifed in the concentrated samples 
following Heurck (1896), Peragallo and Peragalio (1897-1908), Hustedt 
(1930), El-Nayal (1935;1936), Bachmann (1936), Allen (1937), Huber-
Pestalozzi (1938), Cupp (1943), Hendey (1964) and Khunnah (1967). 
The standing crop was determined by numerical density according to 
Utermohl (1936) and concentration of chlorophyll a (Strickland and 
Parsons, 1972). The correlation coefficients between phytoplankton 
density and different ecological parameters were calculated. Species 
diversity was found following Shannon and Weaver (1963), species 
richness (Margalef, 1968) and (IBD) the index of biotal dispersity (Koch, 
1957). Cluster analysis was also done according to Norusis (1993). 

RESULTS 

Community structure 
Pronouncedly rich phytoplankton community (a total of 182 spp.) 

was found in Boughaz El-Maadiya during the present study. The great 
majority of the identified forms (143 spp.) were either fresh or brackish 
water and 39 species were purely marine. As it is usually found in marine 
and brackish water habitats, Bacillariophyceae comprized the highest 
number of species (77 spp.), but Dinophyceae showed remarkably low 
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number(13 spp.), The fresh water Chlorophyceae, Cyanophyceae and 
Euglenophyceae were represented by 46 ,30 and 16 species, respectively. 

The total number of species at the different stations (131-140 spp.) 
reflected high similarity of phytoplankton composition in most part of the 
study area (Sts. I,II& ID) since the values of IBD (74.7-75%) were similar 
(Fig. 2). At the sea side St. (IV), the similarity was comparatively lower 
(61-67%). The numbers of diatoms and dinoflagellates assemblages at St. 
IV were larger than those at the other stations, while those of 
Chlorophyceae, Cyanophyceae and Euglenophyceae were lower (Table 

Standing crop 
The phytoplankton density varied widely during the study period 

between 10 x 103 and 36.8x106 units l'1. The mean densities at Sts. I - IV 
(1.38xl06, 1.83xl06, 1.95x106 and 2.59xl06 units l"1 respectively) 
indicated pronounced variations. The sea side St. (IV) harboured the 
maximum density, while the Lake side (St I) sustained the lowest 
density. Weekly variations were observed in the total phytoplankton 
density at each station. However, the patterns of abundance peaks were 
similar with differences in their timing (Fig. 3). Two peaks commonly 
appeared in mid May and the beginning of June in the whole area 
(4 June), and two additional peaks in early and late July at St. I, U and III. 
All peaks attained remarkably different values, those of May and June 
being the highest Such pattern revealed that spring is still the season of 
highest phytoplankton production in Boughaz area as weJl in other 
Egyptian coastal waters. On the other hand, Boughaz area was 
characterized by high levels of nutrient salts, where nitrate varied between 
0.42 and 41.95 ^g at 1"\ phosphate between 1.14- 6.9 (ig at. I"1 and 
silicate:*3.2 -165.5 jig at. I"1 (Table 2). 



Weekly structure and abundance of phytoplankton in Boughaz El-
Maadiya, Egypt 187 

Chlorophyll a sustained oftenly remarkably high concentrations, 
in the whole area fluctuating between a minimum of 10.6 pg l"1 at St I 
and a maximum of 124.7 pg Yl at St. II. Similar to the numerical density, 
chlorophyll a suffered from wide temporal and spacial variations, but the 
timing of peaks was different At St IV, chlorophyll a fluctuated between 
14.7 and 100.5 pg l*1, whereas at Sts, I-III it fall within the ranges 10.6-
112.8 [igr1, 15.7-124.7 pgl"1 and 17.0-111.6 jagl'1 respectively. Again, 
the majority of chlorophyll a peaks appeared during spring and early 
summer, while from mid summer to the end of October the concentrations 
were markedly low (Fig. 3). The temporal distribution of chlorophyll a in 
Boughaz area showed biweekly fluctuation between increase and decrease 
during the study period. 

The bulk of phytoplankton density was caused mainly by few 
species. Diatoms and green algae appeared to be the oftenly major 
components. Cyclotella meneghiniana, Nilzschia palea and//, closterium 
were the most dominant diatoms, while Scenedesmus quadricauda, Sc. 
bijugatus, Sc. acuminatus and Crucigenia rectangularis dominated 
among the green algae. Of the other groups, the dominant species were 
represented by relatively low density. Some species showed flash 
appearance with remarkably high counts such as Skeletonema costatum, 
Rhizosolenia fragilissima and Chaetoceros afftnis. 
Species succession 

The dominance of species was exposed to clear temporal and 
spatial variations. At the end of April, with the seaward current, diatoms 
formed 35-69 % of total density, with the highest contribution at the sea 
side (St. IV) and the lowest at the lake side (St F). C meneghiniana, N. 
closterium and N. palea dominated at Sts. 1, II, and III, and Chaetoceros 
affinis at St IV. The density of green and blue green aigae increased 
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towards the lake from 30% to 52 % and 0,5 to 13% respectively, with the 
dominance of Sc. quadricauda and Spirulina laxissima. 

During May, diatoms appeared as the most abundant group in 
Boughaz area with weekly variable contributions at each station. They 
oftenly decreased towards the lake, except the opposite trend in the third 
week (Fig, 4). C. meneghiniana and JV. palea were the leading forms 
during May. However, On 7th of May, Rh fi*agilissima and different 
species of Chaetoceros dominated at St. IV, forming 25% and 55% 
respectively of the total phytoplankton density. Sk costatum showed also 
great abundance during May at St. IV constituting 95% of total 
phytoplankton. On the other hand, the green alga Sc. quadricauda 
followed the dominant diatoms in abundance during May. 

In June, the contributions of the algal groups were approximately 
similar to that found in May. Cyanophyceae played greater intermittent 
role during June and less so the Euglenophyceae (Fig .4). During this 
month, phosphate supply was also high. C. meneghiniana, N. palea and 
N.microcephala were the leading diatoms and Sc. quadricauda and C 
rectangularis among green algae. 

In the first week of July, St. I was characterized by the minimal 
nutrient content, particularly silica, and greatest phytoplankton density. 
At this station, diatoms attained the maximum count (78%) compared to 
other stations, also with the dominance of C. meneghiniana. At the other 
stations, ammonia was high and green algae constituted up to 52 % at St. 
III. In the second and third weeks the roles of green algae increased 
towards the sea, forming 57% and 71% respectively at St. IV. In late July 
(23rd -30lh), nitrate increased concomitant with a considerable decline in 
phosphate. Diatoms again became the leading group, constituting 46-
82% of the total density at the sampled stations with the absolute 
dominance of G meneghiniana. 
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In August, green algae became again the predominant (48-87%), 
while diatoms mostly ranked the second abundant group with two 
exceptions at Sts. I & III (Fig. 4). Cyanophyceae showed intermittently 
pronounced contributions (up to 12 %) and were mainly represented by 
Spirulina and Osciliatoria. Euglenophyceans played relatively large role 
in August, forming 6-32 % of the total count, particularly in the second 
week of August. 

During the first half of September, green algae were still 
dominant in the whole area (61-88 %), replaced alternatively in late 
September and October by diatoms and blue-green algae. In mid 
October, salinity was comparatively high (15.8-22.3 PSU) in most 
Boughaz area, whereas Dinophyceae fonned 10- 43% respectively of 
total phytoplankton and was dominated by Peridinium trochoideum and 
Prorocentrum micans. 
Species diversity 

Relatively high diversity of species was recorded most time. The 
highest values of diversity index at the four stations were similar (3.04-
3.1), while the lowest varied between 0.12 and 1.39. The range of index 
variations was the widest at St.IV and narrowest at St. L Pronounced 
weekly variations appeared from May to July at all stations, whileas 
small weekly changes were detected from August to October (Fig. 5). 

The species - richness of phytoplankton community was 
characterized by high values during most of the present study, varying 
between a minimum of 1.11 and a maximum of 4.52 in the whole area. 
Beside clear spacial changes, weekly variations in species richness were 
also observed at each station (Fig. 5). Contradicting to diversity index, 
the narrowest variation range of species richness (1.72-3.25) was found 
at the sea side station, while the widest range (LI 1-4.52) at St. III. The 
diversity index showed significant correlation with the species richness 
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(r=0J92-0.5476 at n=26- 27), however, figure 5 shows direct weekly 
relationship between the two indices at different stations most time and 
inverse one in few occasions. 

Cluster analysis 

Cluster analysis of the most common and dominant species in 
Boughaz EL-Maadiya demonstrated three main groups at stations I, II 
and IV, while at station HI no clear pattern was recognized (Figs. 6-9). 
Group I (A& B) oftenly comprised perennial or semi-perennial species 
which appeared at each station most of the study period and caused the 
main bulk of the total phytoplankton density. The occurrence of these 
species was reiterated 85-100 % of the total sampling times at St. I, 63-
100 % at St. II and 63 -96 % at St. IV. There was a great similarity in 
species composition of group I at all stations, but their population 
densities and temporal peaks differed markedly (Tables 5-7). 

Groups II (A, B and/or C) and III ( A,B, C) included species 
appeared in 30 -67 % of the collected samples, but they played limited 
role in the phytoplankton density. Distribution of these species inside the 
cluster groups and the timing of their peaks showed pronounced 
variations between stations (Tables 5-7). 

DISCUSSION 

The Phytoplankton community of Boughaz El-Maadiya was 
typically of brackish water, which usually comprises fresh, brackish and 
marine forms with different contributions. Since Boughaz El- Maadiya is 
a connection between the seawater at Abu Qir Bay and freshwater in 
Lake Edku, the current regime seems to be one of the main factors 
controlling the community structure and abundance in the area. 

The weekly field observations of the surface current during the 
present study revealed the prevalence of fresh water current most time. 
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Oppositely, the sea water intermittently invades the adjacent part of the 
Lake. Weekly records of salinity in Boughaz El-Maadiya demonstrated 
such pattern of current regime (Abdel-Aziz and Dorgham, 1999). Daily 
changes of current direction were observed by Mohamed (1981) 
indicating dominance of the seaward current. 

Due to prevalence of the freshwater current, many fresh and 
brackish water species were found at the seaside St. IV in most collected 
samples. Some of these species sustained dense populations, forming 
relatively high percentage of the total phytoplankton count, such as 
Cyclotella meneghiniana, Scenedesmus quadricauda, Nitzschia palea, K 
microcephaly Cyclotella glomerata and Scenedesmus bijugatus 
(Table 7). 

The total number of recorded species (182spp.) indicated a rich 
phytoplankton community in Boughaz area. The affinities of these 
species reflected the dominance of fresh and brackish water forms (143 
spp.) due to the prevalence of the freshwater current most time. The IBD 
demonstrated high similarity (75%) in the community structure along the 
major part of Boughaz El-Maadiya (Sts. I, II and III), and comparatively 
lower similarity (61-65%) with the community of the sea side station 
(IV). However, the abundance and distribution of the existing algal 
groups showed pronounced weekly variations and alteration between the 
sampled stations. Similar pattern was also observed in the area for 
zooplankton distribution and abundance (Abdel-Aziz, 1999). 

Associating with the prevailing seaward current the fresh and 
brackish water forms, C meneghiniana, N. palea and Sc. quadricauda 
were the perennial leading species in the whole area. But with the 
Lakeward current, some marine species dominated the phytoplankton in 
certain occasions, particularly at St. IV, such as Rhizosolenia 
fragilissima, Chaetoceros affinis and Skeletonema costatum. The 
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abundance of C memghiniana and Sk. costatum. in the area is an 
indication of eutrophication and low salinity waters (Smith and White, 
1985; Werner, 1977; Mihnea, 1985; Caroppo and Cardellicchio, 1995, 
Dorgham el aL, 1987 and Dorgham, 1997). 

The high concentrations of nutrient salts led to intensive growth 
of phytoplankton with average density of 1.94xl06 units/L and 
chlorophyll a of about 48 Dg/L. These conditions are strong evidence of 
eutrophication in the study area, which may be related to similar 
conditions in Lake Edku (Gharib and Soliman, 1998). Both 
phytoplankton density and chlorophyll a concentration in Boughaz El-
Maadiya suffered from wide temporal and spacial fluctuations, regardless 
of nearness of the sampled stations and shortness of the time intervals, 
Alternative biweekly increase and decrease of both parameters was the 
dominant pattern at all stations. Such pattern revealed a strong 
relationship between the current regime and the quick temporal variations 
of phytoplankton abundance in Boughaz El-Maadiya. It was frequently 
observed that, peaks timing of chlorophyll a did not coincide with those 
of total phytoplankton density, and the correlations between the two 
variables were mostly insignificant. However, signifacnt correlation was 
found between chlorophyll a and density of the green algae, which are 
usually characterized by higher chlorophyll content. This may indicate 
the role of phytoplankton composition in such correlation. 

It could be generally supposed that, "weekly abundance of 
phytoplankton in Boughaz El-Maadiya is intimately related to analogous 
variations occuring in both Abu Qir Bay and Lake Edku, but with 
irregular distribution in Boughaz area due to rapid changes of the current 
direction. Instability of the ecological conditions was the characteristic 
feature of Boughaz area (Abdel-Aziz and Dorgham, 1999), These short 
time variations were not recorded by Gharib (1983) and Gharib and 
Soliman (1998). This may explain the flourishing of Cyanophyceae and 
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Euglenophyceae in Boughaz area during summer. Cyanophyceae usually 
prefer the warm waters (Tilman and Kiesling, 1984; Komarkova and 
Hejzlar, 1996) and they are more characteristic to eutrophic waters than 
oligotrophic (Lund, 1969; Wetzel, 1975; Trimbee andPrepas, 1987). 

Phytoplankton density showed significant correlations with the 
ecological parameters, especially salinity, temperature and secchi-depth. 
Such type of correlations did not demonstrate the actual effect of those 
parameters on the phytoplankton abundance, since the existing 
phytoplankton populations in Boughaz area at a certain time actually 
represent those of the lake and sea at that time * Consequently, the 
abundance and structure of phytoplankton community in Boughaz El-
Maadiya is exposed to frequent changes at short time intervals and the 
dominance of species is controlled by the prevalence of either lakeward 
or seaward current in the area. However, phytoplankton density was 
significantly correlated with dissolved oxygen, which is a biproduct of 
the photosynthesis. Such process occurs wherever the phytoplankton 
exist regardless of the ecological conditions, 

Species diversity and richness were mostly high in Boughaz El-
Maadiya. Both indices showed pronounced weekly variations at the 
different stations reflecting rapid changes in the community structure* 
The highest richness at St III may be resulted from aggregation of both 
freshwater and marine species in convergent area frequently formed at 
this station, due to confronting of the two noncoherent currents (Abdel-
Aziz and Dorgham, 1999). On the other hand, the lowest species richness 
and highest diversity at St. IV may indicate the effect of the prevailing 
freshwater current on the marine phytoplankton and the increase of 
abundance of fresh water species. Whileas the lowest diversity of species 
at St. I may be attributed to the increase of the marine assemblage 
numbers carried in by the lakeward current. Margalef (1978) and 
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Reynolds (1980) supposed that nutrients and water column stability are 
the major environmental factors controlling phytoplankton diversity and 
seasonal succession. In the present study, nutrients were sufficiently high 
and therefore, the water column stability may be one of the factors 
influencing the diversity and species richness in Boughaz El - Maadiya. 
This was also in agreement with the observations of several authors 
(Jones, 1977; Harris and Piccinin, 1977; Harris, 1980; Haffner et aL, 
1980: Wall and Briand, 1980). Structure and abundance of the 
phytoplankton community of Boughaz El-Maadiya is tightly related to 
those of the Sea and Lake and is oftenly controlled by the mixing of the 
sea and Lake waters. Margalef (1960) admitted that, the diversity index 
would be higher when two different communities mix together. A good 
relation was found between the diversity index and species number in 
Boughaz El-Maadiya. The low values of diversity index were 
accompanied by the dominance of one or two species and low richness, 
while high diversity coincided with the dominance of several species and 
high richness. This phenomenon was observed at all stations. In some 
occasions, the inverse relationship between diversity and richness may be 
attributed to the disturbance in the community structure caused by the 
cunent regime. Karentz and Mclntire (1977) stated that the number of 
species and the degree of evenness are closely related to the species 
diversity. 

The differences in structure of the cluster groups between very 
close stations at short time intervals may also reflect rapid changes of the 
current direction and consequently instability of the ecological conditions 
and of phytoplankton community structure and abundance. 
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TableO) :Numben of eencra and species of different croups at tht sampled stations. 

Groups 
Station 1 Station 11 Station I I I Station IV 

Groups Genus 1 Species Genus 1 Specks Genus 1 Species Genus Species 

Bacillariophyccae 26 5} 20 42 21 49 
1 

30 ■ 62 
Chlorophyceae 23 40 21 41 22 40 19 I 35 
Cyanophyceac 1 15 24 U 26 16 27 10 j : i 

6 11 "i Dinophyceae 5 7 6 10 4 6 
10 j : i 
6 11 "i 

Euglenophyccac 3 13 4 12 4 [2 2 11 
! 
i 

Tiblc(2): Viriilion ranges and average values of phvslco-chrmfcal paramcirn 
at different stations InDoujhaz El-Maadiya during the period April -
October ,1W7. 

1 After Abdcl-Atit i& Dorcham. 1999 and Fahmy, personal commun tea lion ), 

Parameter Station I I Station II 'Station 111 

Temperature (*C ) 
Stcchidcph(cm) 
disjoKcJ oxygen |mlO.« 
Salirw* 
( PSU) 
pH 

Nitrate 
pcat.r1 

Nitrite 
^gaL.I"1 

Ammonia 
^gat.l*' 

Phosphate 
MB»t.r' 

Silicate 
ggatX' 

range 
range 

r'j roiiiic 

mean 
range 
mean 
ranee 
mean 
ranQc 
mean 
range 
mean 
range 
mean 
range 
mean 

! 1950S 
' 35 - 80 
! 2.0M7I 
: U K4-27 M 
. 3.I6S 
i 7.73-B.77 
i S.269 
! 0.42-41.52 

26.776 
0.9«-l 4.OB 

16.95 
00-69.9 
9.553 
1.14-6.90 
4.21S 
3,2-163.5 
93.575 

i 19.5-28 
! 30-90 
; 1.95-5IW 
| U.H4-3UTJ 
i 4 , &04 
| 7.72-S.S5 
I S . 226 

2.57-41.95 
2L5Q2 
0.21-16.31 
4.72 
0.4-10.30 
5.142 
1.26-5.7 
3.063 
24.1-1(34.1 
99.33 

19-27 
30-90 

11.92.5.54 
I0.X4-33RI 
I 5.202 
i7.6N8.KI 

S3 U. 
3.56-37.81 
21.099 
0.69-16 84 
5.14 
0.4*10.25 
5.368 
1.2- 6.3 
J.705 
2&.S-I53.5 
99.31 

Station IV 

1907 
30-tfXl 

1 52-4 W 
t.ll-JJW 

10,55* 
7.51-K&7 

K2.1K 
GUB-3(i.-W 

17.66? 
OJ2-Y.15 

4.2:7 
0 4.9.9(1 
J.75K 

1.26-5.2H 
3.3IK 

23.3-165.5 
95.43 

Table (3):Pcrccntage of the different algal groups in the phytoplankton 
luhlion at different stations. 

1 
1 Groups Station I Station U Station lil Station IV 

Bacillariophyccae 54.9 54.4 67.1 &I.6 
Chlorophyceae 40.6 41.8 29.6 16,3 
Cyanophyceac 3.0 2.5 2.0 1.2 
Dinophyceae 0.3 0.4 0.3 0.6 
Euglenophyccac 1,2 0.9 1,0 0.3 

http://i7.6N8.KI
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Tahlc(4):-C'nrrcl:ifinjs coefficient* hclmccn ph>tnplanktmi alwnclanct: UJIIJ 
phtsico-chcniicul parameters. 

•si-miHcant ai p=0 1 . - :p=0 Q5/>:p=0.02.t:p*0.01.0:0.001  

Stnlinn I i Station IT .St:ilinnlll 
ceil courtii anj chfarophy M 
counts ol'diatoms and chl. 

. Cnunis ol green algae and chl. 
Counts ofblue green and chl 

:ccl l counts and Secchidisc 
To:al coum and salinity 
Counis of diatoms and salinity 
Counts of green algae and salinity 
Counts o f blue-green alca? and salinity 
counts of Euclenophywac i f id salinity 
counts of Dinophyceae and salinity 
counis of diatoms and oxygen 
counis of green algae and oxygen 
counts nf blue-green algae anJ oxygen 
uiuciib ol I-ugienophyccae and oxygen 
countsof Dinophyceae and o.\>gen 
Total counis and oxygen 
Counts of diatoms and silicate 
Counis of green algae and silicate 
counis of blue-grccn alcac and silicate 
countsof Eugicnoprnccaeand silicate 
countsof Dinophyceae and silicate 
Total counts andsilicaie 
Counts of diaiomsand ammonia 
Counts of crcen algae and ammonia 
C nun is of blue-green algae and ammonia 
Counis of Euglcnoph>ccai: JnJ ammonia 
Counts of Dinophyceae and ammonia 

1 Total counts and ammonia 
Counis of dratoms and nitrite 
Counis of green algae and ni:nic 
Counis ofWue-grccn algae and niimc 
Counts of Euglinophyccae anJ nitrite 
Counis of Dinophyceae and nnriie 
Total counts and mime 
Counis of diatoms and nitrate 
Countsof green algae and nitrate 
Counis of bluc-grccn algae and nitrate 
Countsof Euglcnophyccac and nitrate 
Counts of Dinophyceae and nitrate 
Total counts and nilrate 
counis of diatoms and phosphaic 
counts of green algae and phosphate 
counts of blue green algae and phosphate 
countsof Euglcnophyccac and phosphate 
counis of Dinophyceae and phosphate 
Total counts and phosphate 

-0,4 J •* 
-0.4163 
•0.303 
•03561 
-0.167 
-0.047 
-0X733 
-0.1365 
-0.1853 
-0.2322 
0.2183 
10.6197 
00.6749 
00.7242 
0.3154 
-0.2056 
00.6619 
-0.3173 
-0.174 
-0 1707 
-0.3095 
0.O617 
-0.2916 
-0.1175 
-0.2181 
-0.2601 
-0.1124 
■0306 
-01553 
-0.275 
0.0313 
•-D3S5S 
-0 1059 
0.0306 
-0.2O32 
-.0.45M 
■0.1953 
■0.1865 
0,0928 
0.1362 
••0.3874 
- 0.349 
- 0.36S9 
- 0.IS4 

0.0572 
- 0.1107 
■ 0.362 

00.6523 
00.6427 
00.6239 
0.3632 
-0.1356 
-0.2287 
-0.1904 
-0.2645 
-0.34S4 
-0.2917 
10.514 
00.6924 
O07701 
0.3241 
0.1676 
-0.2549 
00.7415 
-0.2425 
-0.302 
-0.0107 
-0.1775 
-0.1042 
-0.2647 
-0.0091 
0.265 

1 0.265 
0.0919 
0.2137 
-0.172S 
0.0699 

- 0.0975 
. - 0 0024 
! 0.206 
| 0.0233 
[-0.0871 
f 0.0744 
j-0.1957 
f -0.2661 
r 0.1739 

-0.0946 
-0.2102 
-0.3692 
-0.2959 
-0.3455 
0.0666 

-0.208 
■0.3595 

U.2562 
i C.206S 
; -0.334K 
' 0.2322 

■0)~>5 
! -0.0045 
i -0.01S4 
! 0 0905 
■' -0 2559 

-0 2-54 

; 0.259* 
i 10.5561 
j 70.5126 

*0.436l 
-0.0S69 
-0.1123 
10.5656 
-0.0367 
-0.2045 
0.1161 

I -0.0377 
] 0.0405 
, 0.0S9-
1-0.1555 
| -0.0575 
| O.U913 
! 0.377b 
, 0.3134 
; -0 IIR7 
I -0.0903 
! -0.2529 

'; -O.0SSI 
! -0.1ZS5 
I -0 1413 
- -0 1466 
I -0I207 

-0.2477 
■0.0116 
0.1559 
7-0.5420 

-0.1618 
- 0.2839 
+-0.4852 
- 0.4344 
- 0 0140 
- 0 0632 
- 0 3562 

Sinli iMI IV 
U.J325 
0 U/24 
•IJ.55W> 
0.240K 
-0.0S7J 
-0.1607 
-0 144 
-0.2053 
-0.2975 
- 0 44IS 
O.OSlift 
-0.3412 
105762 
(1.237 
-0.0391 
0.1507 
•0.3861 
--04163 
0.0374 
0.1314 

I 0.2770 
1-0.0109 
1 -0.2373 
; -U.179 
, -0.0K31 
' O IS5n 
■ 0.322'J 
- -0.230 
I-0 1407 
I '-0 57D7 

-0.3361 
-U 1069 
-0 I (lh«) 

I O.MJ4K 
I -0.1274 
I 7-0.53 16 

-0.3005 
-0.0677 
0.2971 
0.2017 
-0.462 
-0.23W 
-0 3157 
-0.0«3h 
U.25I1' 
(1.02KI 

■ 0 2942 
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Table (5)^pecies composition of the main groups of Dendrogram 
given for St.I in (Fig,6), their frequency of occurrence, 
contribution to total count and timing of peaks. 

Species Frequency % oftolat ! 
Tiniinp of peaks 

: of times counl 
1 A ; 

' Scenedesmus quadricauda 27 I3.S \ Mai June. Juh.Aug.Scp ,( \ i ; 
Sc Bijugatus 27 3.6 June. July. Oci. 
Cychteila meneghiniana 26 20.1 MaOuLy 
Cructgettia rectangular is 26 4.6 .hmc. Oci 

; Stienastrum gracite 26 t.y May. June. Del i 
i.Vi/cstft/fl paiea 26 15.3 May. June. Oci. 
X. ciosierium i 24 7.0 May, Oct. 
Actirtaslrum hantzschu 23 4.3 Juno. July 
IB , 
Kirchneriella contorts 19 0.5 "April. May 
Chrnococcus mtnutus i IS 0.4 April May. June 
Scenedesmus acuminatus ! 20 1.5 April. May. June. Oci. 
Tetraedron minimum i :o 0.4 June. July 
Crucigenia quadrate ! .21 0.7 June. Aug.. Oci. 
Kirchneriella lunaris 1 ]9 QJ April. May. Oct. 
Tttraedron muticum 16 0.4 June, July 
Microcystls aeruginosa ! n 0.1 June 
Ankistrodtsmas falcaim 23 0.7 April, May. June 
Oscittataria Iimnctica i:» 0.6 April, June. July. Oci. 
Chroococcus dispersus 21 0.5 Ma), July 
Jymnodinium sp. 21 0.2 Jul; . Aug.Scpi.Oci. 
Spirulina Jaxissima 1 21 0.5 April. Sup.. Otl. 
Crucigenia telrapedia 
II 
Pediastrum duplex 

' 16 1.6 April.. Oci. Crucigenia telrapedia 
II 
Pediastrum duplex 16 1.0 April. May. June. Jul; 

\ Cotfasfrum microporuM U 12 April, June. July 
Pleurosigma ntacrum 1-1 0.2 J i l l ) 
Scenedesmus dimarphiis u 1.3 June. Julv. Oct ' 
Sitzsdtia microcrphafa IS t-9 April. May. Oci ! 
Xavicuh gregaria IS 14 Ma>. June 
Cycioteila ghmerata 16 5 7 May . June July. Dt'i 
Pediastrum telras 12 04 April. June 
Chlarelta vutgar'ts 15 04 June. Oct 
III A ( 
Savicuia gracitis K 0-1 :Ma> 
Amphiprora paludosa !0 06 : Jiil> 
Synedro ulna 1) 02 May 
Eugiena caudata 13 01 July ,Oci 
Xairicuh creptocephaSa S 0.1 July, Oct. 
IILB j i ! 
Oocystis bargei ' 10 0.3 Oci. 
Eugiena ehrenbergi II I 0.1 Aufc,. Oci. 
Eugiena acus 16 0.4 July, Aug.. Oci. 
Pkacus curvicauda 13 0.1 July, Aug.. Oct. 
OsciJ/aforio ir/igua 9 0.1 Juiy, Aug, 
Phacus hngicouda ! io 0.1 July, Oci. 
II! C 
Pediastrum simplex \ I 03 April. May.Sepi 
Sttrismopedia punctate % 0 1 May. June 
Artabaenopsis mckularh <> 01 April, f Jci. 
Dactyhcoccopsh acicuhra 11 01 April, Au^. Oci 
D. irregularis II 01 April. JuK.Aup 

http://Juh.Aug.Scp
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Table (6).Species composition of the main groups of Dendrogram 
given for St.II in ( Fig.7), their frequency of occurrence, 
contribution to total count and timing of peak. 

1 Frequency VooT total 
Specie of limo count Timing ufpi-ak^ 

iJA 
| Cyctotelta meneghiniatia 27 23.6 May .July 
] Scettedesttttts quttdrrcattda 27 14 J May 
;St/enastrwn grticil 27 1 6 April,M;i> June.Ocl. 
; Scenedesmus bijugattts 26 4.4 April.Ma> Jur.eJuh .Au£..Scpi. 
SUzschia patea 25 16B April. May June July 
Aclinastritm hatifzscftii 26 4.1 May. July . A*^. 

< Ankistrodesmus falcauts 24 0 6 July-
' CUroococcus disperses 25 0 4 May July . Uc: 
i Cntcigtinia rceitingithiris 24 ; 7 May. Juriv". Sjp: . (Jci. 
j 7etraetlron Minimum 23 0.4 JuneJuly.Oci 
Spirufi/ia taxitsimrt I T 0.5 April . Scpi. ()<:'. 

j Oscillator ia {intuited 24 0.5 April June, July, Aug . Sirpt 
Scenedesmus acumbtatus 22 l.S May June Jul>. Oc( 
Cructgenia ietrapedia 22 1.3 April JuncAug .Scpt.Oct 
•Sitzsckia closterittm 22 ! AA April. May. Jun? 
.■Vav/fii/ff gngnria -n 0.7 May, June. Sept ; 

\.\'itzschia microcephoia 17 3.7 April. May. Jur.t\ July 
JIB 
Crucigenia quadrat a 22 1-3 April. Ma>. June . Oci. 

\KircJwerieffo hmaris 16 04 April. June 
j Spltacrocystis schroeleri 17 0.7 May. June . July i 
| I IA f 
1 Ptdiastrum simplex 9 0.6 April TMa\. June | 
I Cltforetla vulgaris 15 ! 0.2 Sep.. ' | 
' Oocystix borgei 10 : 0.2 Jutv f 
II B r 

! iWtzscfiia apictilara S 0.1 July 
\ Platens fowgicnt/da 10 0.04 July . : 
i Anabaenopsis circtihrts 9 0.01 JuK. Ang 
EugUua eitrettbitrgi 1.1 01 JuK.Ai^ 
Phactts curviemtda 10 0 02 July 

, Teiraedron caudatum 11 0 1 June 
Etigteixn cautfata 16 02 Oci 

\E. grtrnulata 14 02 April. Ant . Vp: 
1 E . acus 16 0 3 Ji.ly.Aui:.0.: 

NC 
Sfaurastnntt citspith/um 11 0.1 June. Oci 
Dactylococcapste acicutaris 13 01 July. Oci 
Meruiuapmtia puncima 10 at July 
Sav'tcuh creptocephata 10 0 1 : May. Oci [ 
ISyuedra ufitn 12 0.1 ' April. May \ 
I Milzscttio frustuhnn 10 02 May 
Pteurosigtttti macrit/tt 14 0 1 AUK 

■ Microcysth acruginosa 20 0> Aprii. May. .July 
Oci ' J ! yavicuta el/iptica R (11 
Aprii. May. .July 
Oci ' J 

ill) A : 
\Sccrtedesmm dimorphus 17 08 June. July J 
| KirchntrUtfa comorta IS OJ June. July 
\Chroococcut mituilus 16 02 June j 
in a l 
Tttracdran it} mi cum l« f■ ? J une i 

Peduntrum rt'/rm r i * iii.f. July Scp * 

Gymuodmiiim sp. 17 
i 

file:///KircJwerieffo
file:///Sccrtedesmm
file:///Chroococcut
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Table(7).Species composition or the main groups of Dendrogram 
given for SUV in (Fig.9), their frequency of occurrence, 
contribution to total count and timing of peak. 

Frequency ' V.of total . Timinporpcnks 
Species of times count 

I.A 
Cychulia meneghiniana 25 SO AprilMaUitneJuly.Scpt .Oci ' 
Scenedesmus quadricauda 26 5.7 Ma> 
.\itzschia patea 24 7.9 • Mo.Oimc ' 
A. chsitrium 2-» ! 1.7 : ApriI.MavJuneJuly.Scpt. 
Scenedesmtts bijugatus 24 i-6 ; July ' " i 
Actinasrrum katuzschii :o 1.3 JuK .Aug. 
Selenastrum gracite 25 1.0 JuK. Oct. 
Kirch ntriefta contorta 

*""" i 
0.3 April. Ma\ 

Crucigtnla rectaJigttlaris 21 1.0 Mav.Scpt. 
Oscillator to Unmet ka - - 0.3 OCL i 
Ankistrodesmus falcatus 23 0.2 May, Oct. 
Spirutina faxissima 20 0.4 May,Scpi. 
Crucigeitia quadrate 20 0.8 May.Scpi. 
Scenedesmus acuminauts 21 0.7 May. Oct. 
Crucigenia letrapedia 17 0.7 Oct. 
Kirchnerielta iunaris IS 0.1 Scpt,.Oct. 
Tetraedron minimum 20 0.1 June 
IB 
Scrnedesmus dimorphus Id 0.3 Ma> 
Coelastrum microporum 15 0.6 Ma>. June 
yitxdtia microcephaly 13 2.2 MayJunc. July. Oci, 
! Cycfoteila ghmerata 1 1 5 t.7 Mav.July, Sepi. 
Sphaerocystis scliroeteri 
II 
Xavicuia efliptica 

to 0.5 July Sphaerocystis scliroeteri 
II 
Xavicuia efliptica , 8 0.3 Oci. 
Pieurosigma ntccrum 9 0.1 JuK 
Savicula gregaria 13 02 Mat June 
Eugtena a cits 13 0 1 Oci 
E. caudiffa 10 0.04 Oct 
Stauraslrtim viispidatuni K 0.01 Oci 
Gvmtwdimum sp. 16 0.1 OCI 
rii A 
\itzschia sig/tut «) 0.03 MJ}.JIIK 
Siddulpftia rhombus <J 0 03 June-July 
Ptdiastrum duplex 9 0.1 ; May 
III B , 
.Vflt7cu/a creptocephata 11 0 04 ish\. Oct 
Syrtedrc ulna 8 , 0.02 Oci. 
Savicuia matica 10 0.1 Mav.OcL 
Dactyhcoecopsis acicuhris t 9 0.0! July 
Phacus curvicauda 1 8 0.02 Aug. 
Tetraedron ca udatuni : 10 0.03 Sept. 
Anabaenopsis circuSaris i E 0.0) Sew. 
111 C 1 
ChloreUa vutgaris 13 0.) 1 Oci. 

i Eugtena granulate 17 0.1 Aug. 
Pediastrum tetras 9 0.2 1 July 
Oocystis borgei ' 10 | 0.2 1 July 
Chroocaccus dispersus IS 01 ! Ma>July 
Micro cyan aerugi/wsa 10 003 ; Maj 
Ankistrodesmus faicaius 23 ' 0.2 • JuK. Oci I Chruocozcui minima to 01 JuK 3 TV/rajtiflfe muticum 13 0.05 Juls 1 

file:///itzschia
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Fig. 1.The study urea mid positions of sampling stations. 
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Fig 2- Variations o f Index of Biotal dispersity (IBD) for 
phytoplankton communities at Afferent stations 
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Pig 3- Weekly records of phytoplankton crop at different stations 
• • - • Chlorophyll a, &—o density 
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Fig.4.WeekIy variations of relative abundance of the major 
phytoplankton groups in Boughaz El- Maadiya at the 
different stations during the study period . 
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Fig. 5- Weekly values of diversity index ( ° * ) 
and species richness ( - ) at different stations 
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Frg.6 Dendrogram of classification of tlie main groups at station 
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Fig.7.Dendrogram of clnssification of the main groups at station I I 
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Fig.S.Dendrogram at station III. 
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Fig.9 Dendrogram of classification of the main groups at station IV. 


