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ABSTRACT

hytoplankton biomass and species composition in Rosetta Estuary

was analyzed at seven stations based on a programme of monthly
sampling from February 2004 to January 2005 and supported by
measurements of limnological’ parameters. Variations in water salinity
appeared to be the key to all changes in water quality and phytoplankton
biomass in Rosetta Estuary. Salinity ranged between 2.8 and 38.0 PSU.
Water transparency showed a relatively low values with Secchi disc
readings varying from 20 to 100 cm. The pH values are ranging between
7.3 and 9.3. Dlssolved oxygen levels indicated good aeration conditions
(4.0 — 13.2 mg I'"). Nutrient salts varied w1dely, often occurring in high
concentrations, with ranges 0f 0.2-19.9 ug at]"! for nitrate, 0 1-8.0 pg at.l’
! for nitrite, 0.0-4.9 18 at.” for ammonia, 0.08-3. 2 ug at.l” for phosphate
and 1.2-46.0 pg at.l” for silicate.

The phytoplankton community con51sted of 152 species;
Bacillariophyceae comprised the highest number of species (67) followed
by Chlorophyceae (41), Cyanophyceae (18), Dinophyceae (16),
Euglenophyceae (8), while Rhodophyceae and Dictyochophyceae were
represented by only one species each. Chlorophyceae was the dominant
group, forming 36.2% of the total phytoplankton biomass followed by
Dinophyceae and Bacillariophyceae which ranked, respectively, 31.9%
and 20.8% of the total phytoplankton biomass. The phytoplankton
biomass ranged between 0.05 and 5.73 mg I "l with an annual average of
2.06 mg I Highest biomasses were recorded in May and January due to
the prevailing of freshwater species Scenedesmus quadricauda,
Selenastrum  gracile, Actinastrum  hantzchii, Schroederia sp.,
Ankistrodesmus setigera and Pediastrum simplex.
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The statistical regressxon models performed showed that the most
physico-chemical factors affecting the growth of phytoplankton biomass
were water sahmty and pH values.

INTRODUCTION

An estuary is a semi-enclosed coastal body of water with a free
connection to the open sea and within which sea water is diluted by fresh
water (Kimmeren, 2004). The continuous exchange between estuaries and
the open sea allows rapid changes in salinity, temperature and nutrients.
This variability has strong effects on both the composition and dynamics
of the biota (Stacey, 2004).

Rosetta estuary lies at the lower reach of Rosetta Branch. It is
partially isolated from the River Nile by the construction of a barrage.
The Nile water in front of the barrage is maintained at a constant level,
not exceeding 2.9 m above the mean sea level. |

Rosetta estuary is 42 km long from the barrage to the outlet at the
Mediterranean Sea. Its width varjes between about 300 ‘and 850 mi, with
an average of 600 m. The bottom topography of the estudry is mregular
presenting 2 succession of depressmns the middle one reaches 18m in
depth. The sill depth at-the outlet rises to about 6 m from the surface.

Salinity is known .to affect the structuring mechamsm of the
.phytoplankton composition, since estuaries and coastal areas provide a
transition zone between. freshwater and marine SPBCIBS (Carstensen
2004). However, there are large differences between ecosystems in the
phytoplankton composition versus salinity. Although salinity can explain
some of the changes in the phytoplankton community of estuanes 1t can
not account for all spatial variation (Muylaert et al. 2000). ° '

EFew mvestlganons were carried out dealing with the distribution
of phytoplankton in Rosetta estuary. Halim et al (1 976) and Zaghloul
(1976) showed that phytoplankton in Rosetta Estuary was averaged 1.3 x
105 units 17 during 1972-1973, decreased to average 0.5 x10%units1™
durlng 1986-1987 (Zaghloul, 1988), decreased to average 221x10° unitst’

! during 2004-2005 (Gharib, 2006).In the first two periods diatoms were
mare abundant followed by cyanophytes ,while the last period was
dominated by chlorophytes. The present study is the first to determine the
quantitative composition of phytoplankton biomass is Rosetta Estuary,
complemented by studying the effects of physmo-chemlcal parameters on
phytoplankton biomass.
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MATERIALS AND METHODS

Samples were collected at monthly intervals between February
2004 and January 2005 from seven fixed stations. The study included the
end portion of Rosetta Branch at the connection with the Mediterranean
Sea (Fig. 1).

Secchi disk of 25 cm diameter was used for measuring water
transparency. Water temperature was measured with an ordinary
thermometer graduated to 0.01°C. The pH was measured in situ using
portable glass electrode (Type: HANAA instrument). Dissolved oxygen
was estimated by the modified Winkler method, nitrate, nitrite, ammonia,
phosphate and silicate were determined spectrophotometrically
(Strickland & Parson, 1968).

Phytoplankton samples were immediately preserved in Lugol's
iodine solution and were carried out using sedimentation technique as
reported in the standard methods (A.P.H.A., 1985), and expressed in unit
per liter. Phytoplankton biomass was calculated from recorded abundance
and specific biovolume estimates, based on simple geometric solids (Rott,
1981) and assuming unit specific gravity. Grouping of phytoplankton
species in terms of frequency coefficient was used following frequency
groups to show the presence frequency of species in the community
during the year. Frequency groups: 1-20%, 21-40%, 41-60%, 61-80% and
81-100% for rare, common, abundant, very abundant and continuous
(existent throughout the year) species in the community, respectively.
Frequency was calculated with the following equation: f= Na: Nrn x 100
(Na: presence number of species A in total sampling or individual number
of A species; Nn: total number of sampling or total individual number of
whole species).

For phytoplankton identification, the following references were
used: Heurck, 1986; Peragallo and Peragallo, 1897-1908; Hustedt, 1930,
El-Nayal, 1935, 1936; Huber-Pestalozzi, 1938; Cupp, 1943; Khunnah,
1567. : ‘
Statistical analysis including correlation coefficient between
phytoplankton biomass and physico-chemical parameters were calculated
(o= 82).

Stepwise multiple regression at a confidence limit 95% (P= 0.05)
were performed to establish multivariate regression equations between
phytoplankton biomass and the physico-chemical parameters , using the
statistical computer program Number Crunchier Statistical System
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(NCSS) by Hintze (1993). In this way it was possible to predlct algae
population dynamics.

- RESULTS
1. Physical and chemical features: -
1. Temperature

Water temperature in Rosetta Estuary showed limited regional
variations and did not deviate from the normal seasonal fluctuations on
the Egyptian coastal waters (13-32°C). Figure (2) shows the trend of the
values -of surface temperature; the measures highlighted a sinusoidal
temporal trend with the lowest values during winter {13-19°C) and the
highest in summer (26-32°C), with an average amplitude of 17°C.

A highly significant negative correlation (= -0.92, P < 0.001)
existed between temperature and dissolved oxygen. Other weak
correlation (= -0.23, P £ 0.05) between temperature and phytoplankton
biomass due to .the effective other hydrological parameters on
phytoplankton biomass rather than temperature. Correlations between
temperature and other physical-chemical parameters were not significant
except with reactive silicate (= -0.40, P <0.001).

2. Salinity

The variations in water salinity reflected the interaction between
fresh Nile water and saline Mediterranean Sea. Stations 1, 2 and 3 which
lying to the east, middle and west of the estuarine mouth had annual
averages salinity 26.8, 23.5 and 33.0 PSU, respectively. While the inner
stations 4, 5, 6 and 7 sustained lower averages; 16.3, 15.0, 15.4 and 13.1
PSU, respectively. The high salinity values recorded at station 3,
indicated that the flow of fresh Nile water usually takes the eastern
direction. Highest salinity values were recorded in April and November
(Fig. 2), while the lowest recorded in May and January reflected the eﬁ'ect
of heavy fresh Nile water inflow. .

Salinity values were negatively correlated with phytoplankton
biomass (r= -0.63, P <0. 001) as well as all the nutrient salts, which
mean that fresh Nile water rich in nutrient salts stimulate the growth of
phytoplankton bipmass. A highly significant positive correlations (=
0.88, = 0.65, r= 0.61, r= 0.58, r= 0.52) were found between salinity and
phytoplankton species like Protoperidinium conicum; Exuviaella
compressa, Skeletonema costatum, Biddulphia smithit and B:ddulph:a
alternans, respectively.



- PHYTOPLANKTON DYNAMICS IN ESTUARY OF 205
- ROSETTA BRANCH OF RIVER NILE, EGYPT

3. Water transparency:

The fresh Nile water flow is the major cause of water turbidity in
Rosetta Estuary, other factor of less importance is the intensive
phytoplankfon blooms which substantially reduced water transparency,
the two variables — phytoplankton biomass and Secchi depth — showed an
inverse relationship all the year round (=-0.52, P <0.001).

The annual cycle of water transparency showed a relatively low
values for almost the whole year, with Secchi disc readings varying from
20 to 100 cm with an annual average of 42.6 cm (Fig. 3). The water in the
inner stations was more turbid (Secchi depth 20-45 c¢m) than in the outer
stations due to the inflow of freshwater rich ‘with silt and mud, this appear
from the linear correlation between water salinity and Secchi disc
readings (r= 0.47, P < 0.001). In spite of the low Secchi disc reading,
Rosetta Estuary did not detect any problem from phytoplankton blooms.

4. Hydrogen ion concentration:

The pH values were always above 7.0, reaching > 9.0 in May.
Lower values were recoded in summer (July and August), where the
values ranged between 7.3 and 8.0 (Fig. 4). The outer stations usually had
lower pH values than the inner stations.

There were very important correlations between pH and nutrient
salts (r= 0.60 for nitrate, = 0.56 for nitrite, r= (.57 for ammonia, r= 0.60
for phosphate, r= 0.65 for silicate). However, in terms of phytoplankton
taxonomic groups, there was a strong significant correlations with green
algae (r= 0.78, P < 0.001), with diatoms (r= 0.62, P < 0.001) and with
blue green algae (r= 0.44, P < 0.001). On the other hand dinoflagellates
were not affected by pH.

§S. Dissolved oxygen:

Dissolved oxygen in Rosetta Estuary showed wide monthly
variations due to the effect of temperature on oxygen solubility. This
indicated from the strong negative correlation between dissolved oxygen
and water temperature (1= -D 92, P <0.001). It varied between 4.0 mgQO, I
! (July) and 13.2 mgO, I (February) with an annual avérage of 7.62
mgO, 17 (Fig. 4). Oxygen levels were generally above 4 mg 17, the
threshold level of well oxygenauon proposed by Huet (1973), often
reaching values above 10 mg I"'. Lower values (less than 5 mg 17) were
recorded during summer (July-August) and higher values (>11 mg I )
occurred in winter (January-February). Due to their common dependence
on photosynthetic processes, dissolved oxygen and pH showed a close
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linear correlation (r= 0.32, P < 0.05). Furthermore, oxygen.exhibits a
close correlation with green algae (r= 0.40, P < 0.001) and no correlations
were found with other phytoplankton taxononnc groups.

6. Algal nutrients:

. The continuous nutrient enrichment resulting from the discharged
fresh' Nile water, displayed different ranges of variations for the different
nutrient salts. The comparison between the physico-chemical parameters
of the two periods 1986-1987 and 2004-2005 is summarized in Table (1).
a- Nitrate:

The most important form of nitrogen is nitrate .which formed
60 2% of the total inorganic nitrogen compounds. Nitrate concentrations
%ed between 0.2 and 19.9 pg atl” with an annual average of 5.9 pg
at.l”. The principal feature is the high peak in May (Fig. 5) with an
average of 14.5 pg at.I"!, due to the remarkable inflow of fresh Nile water.
A strong negative correlatlon between nitrate and both of salinity (r= -
0.73, P < 0.001), and transparency (= -0.42, P < 0. 001) Lowest
concentrations were observed in April (average 0.30 pg at.l’ Y. Generally,
nitrate concentrations in the outer stations were lower than that recorded
at the inner stations (4 -7), with averages of 3 35 and 7.72 pg at. l’1
respectively.
b- Nitrite

As an intermediate between nitrate and ammonia, nitrite formed
21 4% of the total inorganic nitrogen compounds. Nitrite concentrations
%ed between 0.1 and 8.0 pg atl" with an annual average of 2.1 ug
atl (Fig. 5). The spatial pattern of nitrite appeared to be associated with
the distribution of salinity (r=-0.76, P < 0.001). The average nitrite value
in the inner stations appeared to be double than that recorded in the outer
stations, amounted respectively, 2.88 and 123 pg atl’. N;tnte
concentrations exhibited highest values in May (average 4.25 pg at.™)
and lowest values in April (average 0. 29 pgatl™h).
¢~ Ammonia

. Ammoriia was the lowest representatwe of dissolved inorganic

nitrogen (18.4%), displaying narmow range of variations in the outer
stations (&verage 043 -1.52 pgatI™M and the i inner stations (average 2.17
— 2.84 ng at.l) as compared to the other i inorganic mtrogen compounds
and with approximately similar monthly distribution. The concentratlon
of ammonia ranged between complete depletion and 4.9 pg at1”! with an
annual average of 1.8 pg atl”.
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d- Dissolved phosphate:

The concentration of dissolved phosphate in the investigated area
ﬂuctuated between 0.08 and 3.2 pg atI? with an annual average of 1.22
ng at.l”! (Table 1). The concentrations of dissolved phosphate in the outer
stations were generally lower than that recorded in the inner stations,
amounted respectively, 0.75 and 1.57 ug atl'. Soluble reactive
phosphorus concentrations remained above 0.7 pg at.l”, except in April
and November (Fig. 6). The plot highlight a double winter peak, with
values of 2.47 pg at.I! in January and 1.64 pg at.l! in February. Another
high value was recorded in May (2.18 pg at.ih.

Generally, the estuary receives dissolved phosphate over the levels
needed for the growth of phytoplankton. This appeared from the linear.
correlation between dissolved phosphate and phytoplankton biomass (r=
0.57, P <0.001). _

Nitrogen -- phosphorus ratio:

In Rosetta Estuary, N/P ratio varies from one location to the other
depending on the variability of water quality dlscharged into the estuary
at the different times. However, the average ratio varied from 2:1 (April)
and 10:1 (June) with an annual average of 8:1 for the study area. The
theoretical assimilation ratio (16:1) was only observed in December.

e- Reactive silicate:

Generally, silicate is a good indicator of freshwater despersion and
5o, a strong negative correlation was found between silicate and salinity
(r=-0.78, P < 0.001). Soluble reactive silicon concentrations were always
above 2 pg atl?, but with wide oscillation during the year. A rapid
decrease in silicate concentrations were observed in April (Fig. 6) having
an average of 6.67 pg atl'. Maximum silicate concentrations were
observed in January with an average of 32.07 pg atl’. The average
silicate concentration in the outer stations (average 6.88 ug atl") was
lower than the values in the inner stations (average 20.56 pg at.I™), with
an annual average of 14.74 pg at.I"" for the study area.

Phytoplankton biomass and species composition:

A total of 152 species has been identified in Rosetta Estuary
dunng the penod from February 2004 to Jamlary 2005:; The complete list
is present in Table 2. The recorded species were some brackish,
euryhaline, eurythennal and many of high salinity tolerante. '

As it is usually found in estuarine region; Bacillariophyceae
comprised the highest species number (31 genera, 67 spp.} followed by
the freshwater Chlorophyceae (41 species), Cyanophyceae (18 species)
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and Euglenophyceae (8 species), Dinophyceae showed remarkably low
number (10 genera, 16 spp.). Rhodophyceae and Dictyochophyceae
classes were represented by only one species each .

The temporal variation in the number of species is related to
seasonal succession as well as to the growth pattern of different spemes in
the community structure. Diatoms weére more diversified in late spring
(May) and autumn (November — December) than in other periods.
However, chlorophytes were more diversified in May and January.
Dinophyceae showed greatest numbers of species in June, while
cyanophyies in May and June. Maximum and minimum numbers of
species were recorded- m May (100 spp) and March — Apnl (56 spp.),
respectively.

From the recorded species only 104 were measured and the others
excluded because they were rare and with negligible volume. They werz.
"including 46 species of Bacillariophyceae, 28 of Chlorophyceae, 12 of
Cyanophyceae, 13 of Dinophyteae and 5 of Euglenophyceae.

" As it was represented numerically, Chlorophyceae was the
dominant group, but it formed 36.2% of the total phytoplankton biomass
(Table 3). Dinophyceae ranked the second group, constituted 31.9% of
the total biomass, while it ranked numerically the third group formed only
3.4% of the total phytoplankton abundance. Cyanophyceac and
Euglenophyceae formed respectively, 9.7 and 1.4% of the total
phytoplankton biomass.

The outer stations- (1, 2, 3) had pronouncedly low average
biomass, 1.16, 1.55 and 0.60 mg 1", respectively, whereas the inner
stations (4, 5, 6, 7) were more productive, with an average biomass
fluctuating between 2.52 mg I'! (station 7) and 2.89 mg I (station 5).

At the outer stations (1-3), Dinophyceae was the dominant group
formed 37% of the total phytoplankton biomass, of which Gymrzodmmm ‘
sp., Prorocentrum triestinum and Exuv:aelia compressa formed 82.5% of
the total Dinophyceae,

Chlorophyceae took the second position, forming 30.4% of the
total phytop[ankton biomass, of which Scenedesmus quadricauda,
Tetraedron minimum, Actinastruin hanrz.s'chu and Selenastrum gracile
formed 67.1% of the total chlorophyte bmmass

. Bacillariophyceae ranked the third group, whereas it formed 23%
of the total phytoplankton biomass. Biddulphia alternans, B. rhombus, B.
smithil, Nitzschia palea, Cyclotella meneghiniana and Navicula gracilis
constituted 93.6% of the total diatom biomass.
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At the inner stations (4-7), Chlorophyceae was the first group, it
formed 42.9% of the total phytoplankton biomass, of which Scenedesmus
quadricauda, Selenastrum gracile, Actinastrum hantzschii, Schrocderia
sp., Ankistrodesmus setigera, Pediastrum simplex and Sphaerocysiis
schroeteri formed more than 92% of the total green algae biomass.
Dinophyceae ranked the second group (30.7% of the total phytoplankton
biomass), of which Gymnodinium sp., Exuviaella compressa and
Oxytoxum scepfrum formed 89.4% of the total dinophyte biomass.
Diatoms represented the third group (19.9% of the total phytoplankton
biomass): of which Cyclotella meneghiniana, Nitzschia palea,
Skeletonema costatum, Synedra ulna and Cymbella lanceolata formed
72.6% of the total diatom biomass.

Cyanophyceae formed, respectively, 7.6 and 6.2% of the total
phytoplankton biomass in the outer and inner stations. Dactylococcopsis
acicularis, Oscillatoria irrigua and Oscillatoria limnetica were the
dominant species. -

Monthly fluctuations of the phytoplankton biomass:

The monthly variations of the total phytoplankton biomass
together with the contribution by algal groups (Fig. 7) showed two
biomass maxima; the first in May with prevaﬂmg fresh water at salinity
less than 2.8 PSU, and amounted 2.2 mg I"* in the outer stations and 4.54
mg 1" in the inner stations. The most important species were Actinastrum
hantzschii, Scenedesmus quadricauda, Selenastrum gracile, Nitzschia
palea, Ankistrodesmus setigera and Schroederia sp. The second peak in
January amounted to 2.07 mg I" in the outer stations and 3.97 mg I in
the inner stations, resulting from the increased numbers of small coccoid
green algae which constituted the main bulk of phytoplankton biomass as
Tetraedron minimum, Scenedesmus quadricauda, Actinastrum hantzschil
and the diatom Nitzschia patea.

Other increases were observed in February and March (St. 4) due
to the absolute dominance of Skelefonema costatum, in June (Sts 5, 6) due
to Prorocentrum triestinum, in November (Sts 4, 5) due to Exuviaella

 compressa and. in December. (Sts 4,5) due to Scenedesmus qyadncaude
and Exuviaella compressa {Table 4). .
Statistical analysm '

A series of simple statistical regression models were calculated
according to Hintze (1993} describing the dependence of phytoplankton
biomass on the measured physico-chemcial factors in Rosetta Estuary.
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Phytoplankton biomass (mg I )—- -14.33 + 2.09 pH - 0.0276 S%o

R*=0.72)
Dinoflageliate biomass (mg 1")=-0.06183 — 0.269 NO; + 0. 049 S102 +
0.025 temperature (R 0.20)
Chlorophyte biomass (mg I')=-8.136 + 1.12 pH +0.135 N02-0 0222
temperature _ (R*=0.68)
Bacillariophyte biomass (mg I }— 2333 +0, 394 pH -0.0136 S%o
-0.0107 SiO; (R’=0.48)
Cyanophyte biomass= -1.40335 + 0.17 NH4 — 0.0203 SiO® + 0 217 pH-
0.0117 temperature (R’=0.44)

Water salinity and water temperature were the most effective
environmental factors controlling phytoplankton biomass and their
taxonomic groups. The pH value had a positive effect on total
phytoplankton biomass and the major groups; Chlorophyceae and
Bacillariophyceae, it was also had a positive effect on Cyanophyceae. The
negative effect of dissclved silicate concentration was clearly appeared on
the growth of diatoms and blue green algae.

The main manifestations of the phytoplankton biomass in Rosetta
Estuary were the low phytoplankton biomass, the irregular water blooms
and the influx of fresh Nile water was the main factor affecting the
phytoplankton biomass.

DISCUSSION

The distribution of phytoplankton in estuaries and coastal waters is
characterized by high spatial and temporal variability. The two major
phytoplankton groups, Chlorophyta and Dinophyta, are strongly separated
temporally by season, and spatially along the estuary according to flow
and salinity. A weak correlation was found between temperature and
phytoplankton biomass. Some phytoplankion taxa seem to be able to
stand’ fairly wide temperature ranges.and maintain good growth rates,
whereas other taxa seem to have small ranges of temperature tolerance
(Hay et al., 1990). Chlorophyta, the dominant division especially at the
inner stations, were be able to tolerate fluctuations in salinity, while
Dinophyta, dominated by relatively few brackish water species, and occur
at low discharges.

Secchi depth is one t‘mrd of the euphotic zoné (Goldman and Horn,
1994). In Rosetta Estuary, the fresh Nile water flow is the major cause of
water turbidity. The annual average Secchi disc reading was 42.6cm, this
value is noticeably lower than the previous recorded for that region
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(Zaghloul, 1976 & 1988) and also than Damietta Branch (Abdel-Moati,
1981). Oxygen levels were generally above 4 mg I'!; the threshold level of
well oxygenatlon proposed by Huet (1973), often reachmg values above
10 mg 1.

As in many. other estuanes, nutrients appear to be less unportant
than flow and salinity in- regulating phytoplankton . succession and
biomass (Harmlton 2001, Nikulina, 2003). The most unportant form of
nitrogen is nitrate which formed 60.2% of the total inorganic nitrogen
compounds. The element is considered as important source for
phytoplankton growth (Parsons et al, 1990). Nitrate concentrations
%ed between 0.2 and 19.9 pg at!™ with an annual average of 5.9 pg
atl The value was lower than the previous recorded by Samaan ef
al.(1996), who recorded the average nitrate concentration of 8.6 pg atl”
during 1986-1987. Generally, nitrate concentrations in the outer stations
were lower than that recorded at the inner stations which means that the
inflow of fresh Nile water is the main source of the nutrient salts in the
estuary. Nitrite is the intermediate between nitrate and ammonia, formed .
21.4% of the total inorganic nitrogen compounds, with an annual average
of 2.1 pg atl! . This value appeared to be slightly higher than that
recorded by Samaan et al. (1996). As stated by Parsons et al. (1990), like
other inorganic major nutrient compounds, phosphorus is one of the most
important inorganic nutrients used in growth of the phytoplankton, and its
concentration should always be considered first in determining possible
limitations in primary production. The average concentration of
phosphate in the euphotic layers of productive temperate coastal waters is
around 0.3 pg atl’ (Abdella er al., 1995) and significantly lower after
periods of phytoplankton blooms. In the Mediterranean Sea, values are
extremly low, typically below 0.05 pg atl” in the euphotic zone (Stirn,
1988). The concentration of dissolved phosphate in Rosetta Estuary
fluctuated between 0.08 and 3.2 pg at.l’! with an annual average value of
1.22 g atl”. The average value was lower than that recorded during
1986-1987 by Samaan et al. (1996). Generally, the estuary receives
dissalved phosphate .over the levels needed for the growth of
phytoplankton. This . appeared from the linear correlation betwéen
dissolved phosphate and phytoplankton biomass. However, neither
nitrogen nor phosphorus may be actually limiting phytoplankton growth
in Rosetta Estuary.

N: P ratios were usually below the theoretical assimilation ratio of
16:1 for the world's oceans. Mediterranean Sea in generally is classified
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as oligotrophic sea, its N/P ratio usually above 19:1 (Abdella ef al,, 1996).
According to Chiaudani and Vighi (1978) marine algae are phosphorus
limited when the N/P ratio is higher than 6 and nitrogen limited when tie
ratio lower than 4.5, while in the rang from 6 to 4.5 the two nutrients are
near the optimal assimilative proportion. The average ratios of N:P in
Rosetta Estuary varied from 2:1 (April) and 10:1 (June) with an annual
average of B8:1. The theoretical assimilation ratio (16:1) was only
observed in December. :

Soluble reactive silicon concentrations were always above 2 pg at.”,
but with wide oscillation during the year and with an annual average of
14,74 yg atl' for the study area. The element is a good indicator of
freshwater despersion and so a strong negative correlation was found
between silicate and salinity .

The distribution of phytoplankton in estuaries and coastal waters is
characterized by high spatial and temporal variability. Phytoplankton
species of 7 classes were distinguished. The two major phytoplankton
groups, Chlorophyta and Dinophyta , are strongly separated temporally by
season, and spatially along the estuary according to flow and salinity.
Chlorophyta exhibit the widest range of maximum potential growth rates
and occur under 2 wide range of discharges,and were be able to tolerate
fluctuations in salinity, while Dinophyta dominated by relatively few
brackish water species, and occur at low discharges. As in many other
estuaries, nutrients appear to be less important than flow and salinity in
regulating phytoplankton succession and abundance (Hamilton,2001;
Nikulina,2003). Due to the great salinity fluctuations in Rosetta estuary,
the size spectra of phytoplankton species were larger than those in the
River Nile or the Mediterranean Sea (Samaan et al. 1996; Zaghloul,1996;
Zaghloul,1988). In the River Nile, the phytoplankton community
comprised of 64 species, including 32 species of Chlorophyceae , 17 of
Bacillariophyceae ,10 of Cyanophyceae , beside 4 species of
Euglenophyceae and one of Dinophyceac . Melosira granulata var.
angustissima , Cyclotella meneghiniana ,Pediastrum spp. , Scenedesmus
spp, and Eudorina elegans formed the main bulk (Zaghloul,1988; Samaan
er al., 1996) On thé other hand , the algal community of the Western

arbour in. the Mediterranean Sea, represented by 72 species of which
Cxclotells meneghiniana , Nitzschia delicatissima , Prorocentrum

cordatum and Euglena granulate were the dominant species
(Zaghloul,1996).
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The number of species was also differed between the present
study and previous works . Zaghloul (1988} recorded 57 species with
maximum persistence to Melosira granulata, Pediastrum simplex and
Microcystis aeruginosa. While Asterionella japorica and Thalassiorema
nitzschioides were dominant. diatom species during '1972-1973
(Zaghloul,1976). These species were of minor constituents in the present
study, in spite of sampling periods were similar and surface water
temperature were almost identical to that of previous studies. Thus, the
floral differences between the present results and previous studies suggest
there is a large year-to-year, or even shorter variation in dominant species
in Rosefta estuary , and the estuary is subject to huge inputs of terrigenous
and anthropogenic nutrient from river discharge ,sewage and agricultural
runoff , and the present study occupied the end portion of Rashid Branch
strongly affected with saline Mediterranean water and both marine and
freshwater phytoplankton are unable to grow quickly enough to build up a
large population (Purdie,2002). The most dominant Dinophyte species
was Prorocentrum triestinum which is estuarine species, best adapted for
life in either fresh or salt water, and are marine in origin (Fox,2001),
while Skeletonema costatum was the most diatom species especially in
March occurred at salinity reached 17.8 PSU. The species is a neritic
diatom with optimum salinity 19.5 PSU and declines as salinity deviates
from this optimum (Cloern and Cheng,1981), and also is a euryhaline and
eurythermal species which can grow guickly under eutrophic conditions
( Huang, ef al, 2004 ). Salinity values were negatively correlated with
phytoplankton biomass which means that fresh Nile water rich in nutrient
salts stimulate the growth of phytoplankton biomass. A highly significant
positive correlations were found between salinity and phytoplankton
species like Profoperidinium conicum; Exuviaella compressa,
Skeletonema costatum, Biddulphia smithii and Biddulphia alternans. .

Several of the dominant species , either marine or freshwater
demonstrated different tolerance ranges to salinity variations . The
freshwater chlorophytes, as well as the marine dinophytes, can withstand
the widest salinity variations ( 2.8-39PSU). The freshwater chlorophytes
Actinastrum hantzschii;, Sphaerocystis schroeteri and Scenedesmus
quadricauda extend their tolerance to 37 PSU . On the other hand, marine
or brackish forms could not tolerate low salinity and were restricted to
relatively high salinity (13-39 PSU) like Biddulphia alternans
Biddulphia smithii and Prorocentrum triestinum. Prorocentrum
triestinum is an estuarine species, best adapted for life in either fresh or
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salt water and is marine in origin (Fox, 200G1). Observation at seven
station indicated that Rosetta Estuary sustained low to moderate
phytoplankton biomass which was annually amounted 2.06 mg I'' and is
within the range considered as characteristic of meso-oligotrophic water
(Vollenwider, 1968). This may be due to that, the present study occupied
the end portion of Rosetta Branch, that strongly affected with saline
Mediterranean water and both tharine and freshwater phytoplankton are
unable to grow quickly enough to build up a large population (Purdie,
2002).

The Rosetta plytoplank to biomass value (2.06 mg I'") is lower
than that recorded in Lake Burulls (north of the Nile Delta) which
amounted 2.35 mg l’ (El-Sherif, 1989). Whlle in Lake Nasser, it
amounted 22.91 mgl (Zaghloul, 1985).
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‘Fable 1. Ranges and mean values of the phsico-chemical parameters during the
periods 1986-1987 (after Samaan er al,, 1996) and 2004-2005 (preseat study) in
Rosetta Estuary.

Year 1986-1987 2004-2005
Parametar ) Range Mean - R‘ange- 1 - Mean
Temperature°C - o 15345 . 279 ° '13-32 252
Transparency cm ‘ 20-220 1173 20-100 428
pH 7.592 7.3-9.1 8.1
Salinity 0.2-11.0 4.06 2.8-36.3 18.4
Dissolved oxygen mg I 1.6-13.2 4.7 4-13.2 7.62
Nitrate ug at. I' 0.52-65.41 8.6 0.2-19.9 59
Nitrite pg at. I' 0.04-3.37 1.37 0.1-8.0 2
|Ammonlapg at. (7 0.0-4.9 ‘1.8-.
Dissolved phosphate pg at. I' 0.3-5.5 2.52 0.2-3.1 1.22
Reactive silicate ug at. I 4.4-138.3 . 66.64 1.2-46.0 | 14.74
Phytoplankton abundance x10* unit.I” 8-3200 500 1.64-3000 221
Phytoplankton biomass mg.I” 0.05-5.73 2.06




Table 2. Species list and temporal variations of phytoplankton in Rosetta Estuary between February
2004 and January 2005 (1-20%: rare, 21-40%: common, 41-60%: abundant, 61-80%: very
abundant, 81-100%: continuous specics, +: present,~: absent, q: quantitatively important).

Species Months
FIMiAM|J}IJJA|S|O|NIDIJ]F
(%a)
Bacillariophycenc . L i
Achnanihes brevipes Ag, R U I I R R VR I B B RN B O YY)
Achnanthes longipes Ag. e+ -+l + x|t +{+x+1-183
Achuanthes parvula kutz D I I A i B I L e 1
Amphora ovalis kutz S BT I 2 S B IRV O SR A 1
Amphiprora patudosa Win.Sm. -l -1 -1- - -+ - xl+]2s
Asterivnella japonica Cleve & O Mull. Fl+ -t b -~-t-1-ft-1+]-1-125
Asterolampra sp. e e -
Bucillaria paradoxa G.F.Gmel, Rk A e A
Bacteriastrum hyalinum Lauder SR R T N T S R B R ot Do S B
Biddulphia alternans (Bail), H.V.[L [+ - -1+ -+ -3-1538
Bicdulphic Juevis Bhr. AN B N
Biddwiphic mobiliensis Bail, Grun. |+ - -|+}-F--1+]-]+]50
Biddulphia rhoinbus (Ehr), Wm., ST+ - -1 -1~y -1-t+1-1-117
Biddulphia smithu (Ralfs) H.V . H. |- [+t-[-1+-1+-1+|-+]50
Chaetoceros sp. - |- -1 - =t - +l+=1=12
Cocconeis placentula Ehr. sl I Tl Bl D M Al A I I s 58
Coscinodiscus sp. : -t - - -+ +1-1+-1-125
Cyclotella cona (Ehr.), Kutz. - l-l-1-t-tF]-t-1-1F]-117
Cycloiella meneghiniana kutz q +t+ |+ + |+ ]+ |+ ]|+ [ +F+1+]+]100
Cymbella lanceolata Ehr. + 4+ +]+}+ ]+ +{+fj+]1+]+]+]100
Cymibella turgida Greg. - -+ |+ +|+]+]+]+]+]-175
Epithemia zebra (Ehr.), Kutz -l -1+!--!l-1-1-1-1-1-138
Grammatophora angulosa Ehr. - -1+ -1-]-1-F-1-4-1-1-18
Gomphonema olivaceum Lyngb. -l -l -]+ |+ FI ] -] 67
Hantzschia marina (Donkin) Grun. +f«]-1-t-1=-1-1-1-1+1-1-117
Hemiawlus hawcku Grua. -+l Y-yt - - -+ -1-1-125
Lauderia borealis Grun. + |-l -1-1-1-1-1-1-1-1-1+117
Licmophora graciiis (Ehr.), Grun. st E]l I+ ] TS
tMelosira crucipunctata Bachm. -yt -)---1-1-1+117
Melosira granulata (Ehe.), Raifs + -y +l+p--1-1-|+}+|-|+150
Melosira jurgensu Ag. -Vttt -1-1-1-1+1+117
Navicula borealis Ehr. + i~ |+l +1+f+) -1+ +]+}+]|+]83
Navicula cryptocephala kutz. + 4+ +]+]+]+ + | +j+ ]|+ | +1100
Navicula didyina Ehr, |-l *¥|+|F+j+j-1F}-+1+]-]58
Navicula globiceps Greg. -l - l-b-1-1-1-1-1-1+1-1-18
Navicula gracilis kutz., +i+(+y+{+t+ i+ [+ {+|+]{+]+ 1100
Navicula gregaria Donk. -+l -1-1-1-1-t+F ] +]+]+}]5
Navicula humerosa Breb. -l -t-l+)Hl+]-]-F-]-)-1-125
Navicula inutica kutz +i+ |+ +{ -]+ +}]+i+]|+]+]92
Navicula opima Grun. -+ -] -] FfF|-|F+}+1+]|+]-]58
Navicula placentula Ehr. -l +[+ |+ F] ]I+ +] - (83
Nirzschia acicularis Wm. Sm. -f-l-i+l L+ -F-1-]-1+]-133




abie 3. (Continucd) [
Specics Months .
F AMPIIIIAIS|O|N|D{J | F
(%)

Nirzechia apictdata(Greg.).Grun. + +{+]+)+=| -+ -F+]+]|+]75
Nitzschia closteriton W.Sin. — R R ER R R ER R
Nitzschia frustulim (kutz), Grun, + + |+ ]+ - |+ +]|+}+]|+]92
N”E?ﬁ,{”‘i}_’?ﬁ'ﬁ’_‘ ssinta _(hgfc_t_iglllalfs e NN
Nitzsehia microcephaia Grun, + + )+ ]+ |+ +]|+]F]|+]+]+ I
Nitzschia obtusa Wm. Sm. - -fF-l-1-l+]+f-F-1+]+]33
Nitzschia palea (Kutz) Win. Q + +l+1 4+l )+ L]+ 1100
Nitzschite prnclata (Wm.Sm ), Grun. - =l -t-]1-t+]1-1-1-1+f-]17
Nitzschia sigma Wmn.Sm. + R ER R ERERAER AT
Niteschia tryblionella Hantzsch, + S+ - -+ -{-]-T-]25
Pletrosigma elang'{mrm W. Smith + T F A F -5+ 50
Pleurosigmer wiccram Wm, Sm., -_ -+ -0 -1-1-18
Podosira stelliger (Baily) Mann. - S A S BT ST R IR B S R B
Rhizosolenia nimé Bright - -l-1-1-1-1-1+[+|-1-117
Rhizosoleniu setigera Bright. - R I
Rhizosolenia stolterfotlm H. Perag. - - -t -l- - -1+ -1 -18
Rhizosclenia styliformis Briglit. - e
Skeletonemea costatuin (lGrcv.)—EIP.‘ Q v - -+ - -+ 1+« +1T138
Synedra wiczsclioides Grun, - - IR Vol IR e Ry et S R e T
Synedra rimypens Kulz., h - -ttt +t-]8
Synedra tabulaia kutz + N D B e O I D I
Synedra ulna (Nitzsch.), Ebr. + N IR R [ R [y v IS I Rpr g T
Thalassionema nitzschioides Hust. - S+ - ] -] +) -1 128
Thalassicsira decﬁpie{is. (Gruni C. Jorg. + J U U R R R N +-]17
Thalassiothrix fravenfedu Grun. . - 11 -1-t1-1-1- I R '3
Chlorophycecae ‘ |
Actinastrun: hantzschu Lagerh, - Q + -+t -1 -1-1-1.- |+ | + | 42
Ankistrodesmus faicatus (Corda) Ralfs. + ]+ |+ -]+]+]+ + {92
Ankistrodesmus fusiformis Corda + ST =TT -T+]25]
Ankistrodesitus spi}a.'is (Turner) Lemm. - -+ -+l -+ - +]33
Ankistrodesmis setigeruy {Schrod) G. S wesl - [+ i+ -+ P+ ]+ | +]83
Carteria globosa korsch. + -+ +]|+]58
Characium actominatum A, Drawn + +{+| -1+ -j+]+]+]+]+]83




Table 2. (Conlinucd)
Specics Months
FIMIAIM|JIJ}JAJS|]O|N|DJJ} F
(%)
Chiamydommias ovalis Pasch. o T I DR M S R MU I B T B O
Chiorella vulgaris Bejer. ' -ttt [+ - (] 183
Closteriunir acutun Breb. -+l -~ -1+ |50
Coelastrum niicroporum Naeg. o I B I I T T R I I L R 1
Cosmarium galeatun W, & G.S. West. -l bl -] -l -1+ -1-1-78
Crucigenia rectanguloriy (A.Braun) Gayq + ]+ - j 4+ -]+ P+ ]+ ]+ ] 83
Criicigenia teirapedia {Kirch)W.ct wesl. B O R E N T
Crucigeniu quadrata Morren. Sl R P TR I N T R B O T R X
Gloeocystis gigas (kutz) Lag. S B I R PR R TR U S B 0 O S S 4
Kirchneriella contorta (Schm.) Boh. sl T T T i M T T I I e I 0
Kirchreriella lunaris (kirch) Moeb, + - f -ty - -y + 6T
Micractinium radiatum (Chodat) wille. Rl T T Bt NG TR DL NS T S S P B
Micractinium pusiliun Fresen. R Tl M A Tl I T P R e A L I X |
Oocystis borgei Snow. R R T B i O
Cocystis solitaria Wittr, -l -1-4t+1-1~-<t-1-f{-1-1-1-18
Pediasirumn clathraton (A, Brawn) Lag, |- | < |+ 1+ { - | - |- =1 |-V 72
Pediastrim duplex Meyen. I N e BT
Pediastrum simplex Meyen. PRl O A D Rt A I D (R D (R R
Planktosphaeria gelatinosa G.M. Smith. 28 B BT e B BEE B N R BE BRSO )
Scenedesnius aeuminatus(Lagerh )Chodat. o A D o I R N I I I e . R Y
Scenedestmus arcuaius (Lemm.) Lemm, st -t~ t-f-1-(-t-11+125
Scenedesinus bijugatus (Turp.)y Kutz. +l -] -+l +F -+ -1-14150
Scenedesinus dimorphusTurp. S F -+ - - =-1-1+]33
Scenedesmus obliguus (Turp.) kutz. BN I I i il N A D T R e
Scenedesmus guadricauda (Turp.) Breb.q. + + |+ + T+ +++ 92
Schroederia sp, + i+ +i A+l + ]+ |+ ]+ [+ -1 -1-175
Selenastrum gracile Reinsch. Q +i--1+]+V+e1+F+1+ +1+183
Sphaerocystis schroeteri Chodat, -+~ -+t -1+]33
Staurastriunce tefracerum Ralf. -t -14+1-1-1- -1-1-1t+117
Tetrachlorella alternans Beijer. -t-l-y+t-1-1-1-t-1-1-1{-1E8
Tetraedron caudatum (Corda) Hansg. ey~ Hl ) -] - -l -1t 25
Tetraedron minimun (A. Braun) Hansg. -+ -]+t S+ -] FL -] -1+ +]58
Tetraedron muticum A. Braun. R E R R TR R R R N T
Tetraedron proteiforme (Tum) Braun. -~ +T-F-)-F-)-F-1-117
Cyanophyceae L I
iAnabaena circinalis Rabh. -~ -+t el ]-5-0f-1%* 17
Anabaenopsis circularis (GS. WestyWol. & | - | - [ - | -1-}-1-]- -1-1-18
Mill.
nabaenopsis flos-aquae (Lyngb.) Breb. +l-1-1-]J-1-<-fj-f{-1-1-1-1-18
Aphaniocapsa delicatissima W. et G.5. West. | - | - | - -1-1]- -l -] - *]2s
Chroococcus dispersus (Kelssl.) Lemnm. -1+l -1F]{-f~1-1-1+t-1+]+142




50 |

Chroococcus minutus (Kg.) Naeg, +1-~1-1+ N Y
Dactylococcopsis acicularis Lemm. +(+ 1+ +]|+1+ + |+ -1+ 92
Dactylococcopsis irregularis G.M. Smith. N e Y EI R 67
Lyngbya limnetica Lemm. +1-f-1+)+1+] -]+ + | - 58
Oscillatoria brevis (Kg.) Gom. RN P [P e ey [ PR R (R R 58
Oscillutoria irrigua Kg. -+t |+ E] -] 75
Oscillatoria limnetica Lemm. A O T 83
Oscillatoria tenius Agardh. + |+ |+l +P+ )+ F] -]+ 83
Oscillatoria princeps Vauch. F - F - -+ --1+1+ 42
Merismopedia punctata Lemm, R EE R 33
Microcystis aeruginosa Kg. -l -1 -+ -b - - -] - 13
Spirulina laxissimea G.S. West. SRR 17
Spirulina platensis (Nordst) Gei. -t-1-1+1{-1-1-1-1-1-1- 8
Dinophyceae ’

Ceratitim furca (Ehr.) Clap. & Lach, e AR N R R 42
Ceratium firsus (Ehr.) Dujar -t -1-t-(-1-1+{-1-1- 8
Dinophysis caudata Saville-Kent. NN 25
Exuviella.compressa Ostenfeld + |+ |+ + |+ + ]+ + | + 92
Oxptoxum scepiriin [Stein) Sch. O N Tt T T Tl T Dt M M Sl Bl 30
Gonianlax conjunctaWood. ) -t -1+ - - -) -0 - - 8
Gonyaultx polygramma Stein. R e G T IR R S 42
Gynuodinitm sp. -+l + [+ f+p I+ -]+ 75
Gyrodinium falcation Kofoid & Swezy. -l- -t [+ - -+ -] - 17

. Prorocentrum micans Ehrenb. Bl U ot Mo Mol M T sl M T s 100

Prorocenirum triestinum Schiller, N 42
Protoperidinium copicunt Gran. +l++ ]+ )L+ ]+ 33
Protoperidinium cerasus (Pauisen) Balech. RN N e 25
Protoperidinium conicoides (Poulsen) Baled. | + | + | + + 1+ +}t-1-1+]- 57
Protoperidinium depressum (Bailey) Bolech. | - 1+ 1+ 1 -1+ -1+ - § -} -] 33
Protoperidinium irochoideum (Stein) Lemm. | + ] - | - | + Bl I B L A A 58
Euglenophyceae NE

Eugiena acus Ehr. +l+l e+ )+ -1 -1+ + 75
Euglena caudata Hubner., . O IR I R 42
Euplena efrenbergii Klebs. -+ - - AR 25
Englena granulata (Klebs,) Lemm. -4 -1 + | + 50
Euglena klebsu Delf. N g
Euglena spirogyra Ehr. ol Al E A I IR I I I I B 50
Phacus pyrum (Ebr.) Stein. L BV S [rul B S R D -1 - 17
Phecus trigueter {Ehr,) Duj. e+l -1 -1- 8
Rhodophyceae
{Compsapogon caeruleus Mont. N Y e 17
Dictyochophyceac.

Diciyocha fibula Ehr. S3 BT TR PR I AE A G B B I 50
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Table 4 . Summary of the monthly dominant species and the frequent associated
in Rosetta Estuary.

Month Dominant species Associated species
February Ankistrodesmus fusiformis | Dactylococcopsis
1 2004 Cyclotella meneghiniana acicularis Skeletonema

SR W costatum

March Skeletonema costatum Protoperidinium conicum

Oxytoxum sceptrum
April  Ankistrodesmus setigerus Schroederia sp.
May o Actinastrum hantzschu _ " Selenastrum gracile
Scenedesmus quadricauda Nitzschia palea.

June Prorocentrum triestinum ‘Selenastrum grac:le
.............................. | Gymnodintumsp. Schroederia sp.

July Cymbella lanceolata Navicula p[acentula

August ] '_Gymnodinium sp. ‘ Cyclotella comta ‘
.............................. )} Gomphonema olivaceun, | .

Sep. Cyclotella meneghiniana Gymnoa’mmm sp.

Cymbella lanceolata
"Oct. N:tzschza pa!ea ‘Navicula borealrs N
Nov. “Exuviella compressa Navicula grac:hs T
Dec. 1 Exuviella ca:rqi?gssa | Nitzschia palea. |
Scenedesmus quadricauda |

an-mIIErSf ................... P -E-cfm;&qlrt;:fz .$mzpiex | mﬁctmastrum hanrzgc'jr}; T

2005 Tetraedron minimum Selenastrum gracile

' Scenedesmus quadricauda |
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Fig. 1. Study area and sampling stations.
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Fig. 2. Monthly variation of water sallnity and véatér temperature
at the different stations in Rosetta Esuary. '
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Fig.3. Monthly variation of water transparency at the different

stations in Rosetta Estuary.
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Fig.4. Monthly changes in dissolved oxygen and pH values
“at the saivipling stations.
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Fig. 5. Monthly change In inorganic nitrogen compounds at
the sampling stations.
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Fig. 6. Monthly changae In dissolved silicata and redctive phosphate
st the sampling stations.

Reactive phosphate in pg at. !



Phytoplankton biomass (mg1™)
QA NWAtIE~ @2NCPPNOONN O, NOAOO O2ROLOOD N Q-:MW-F-MW'-I QaNGLNDNo~apWALING

3 Chiorophyceae @ Dinophyceae T Bacillariophycsse [1Other groups |

St. 1

/ .
-lllg---- Sena

R
gy -'-'-'-'.'-'-'-':::'-‘:‘:‘:‘:‘:‘-'n-h- TmTEnaeE AN

1

St. 2

1 el

P S

P

§ S L

U T N }

PR S 1

St.7

F2004 M A M J J A 5 0 N

Fig. 7. Monthly variation of phytoplankton biomass together with
the contribution by the main aigal groups at the different
stations in Rosetta Estuary.




