Assessment of temporal shifts of chlorophyll levels in the Egyptian
Mediterranean shelf and satellite detection of the Nile bloom
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Abstract

Construction of the High Dam along the Nile at Aswan (Egypt) in the mid 1960s and subsequent anthropogenic
influences have caused fall and rise of the Nile phytoplankton bloom and subsequent shifts in the pattern of chlorophyll
distribution and phytoplankton levels in the Nile Delta shelf and SE Levantine. Despite previous research efforts,
knowledge on mode of change or shifts of the Nile bloom and variability of chlorophyll concentrations in the Nile
Delta shelf are still very limited and poorly documented. In an attempt to fill part of this gap, temporal and spatial
shifts of the Nile phytoplankton bloom have been evaluated for the pre- and post-Dam years in this study using
historically published research and field observations. The recent variability and long-term (1997-2006) trend of the
Nile bloom has also been evaluated using merged satellite ocean colour data; the MedOC4 regional algorithm applied
to a 10-year monthly satellite dataset from the ESA GlobColour project. The study area has been subdivided into two
biogeographical areas; the coastal or inner shelf waters and outer shelf. This has been followed by application of the
MedOC4 regional algorithm to remote sensing data of each area independently. The results of this analysis showed that
the pattern of the Nile phytoplankton bloom has changed from a periodic pattern in the autumn, to a bloom that
dominates most of the Nile Delta shelf during the winter and another bloom (reduced in extent and magnitude) during
the other seasons. Results also show that there is an upward trend in the mean surface chlorophyll of the coastal water
during the 10-year satellite period. This most likely ascribed to continuous addition of anthropogenic effluents and
surface run-off from river mouths and other land-based sources. In contrast to inner shelf, the outer shelf and offshore
water bloom events are occurring more regularly; recurrent in the winter and less pronouncedly in the spring. The mean
surface chlorophyll concentration in the offshore area didn’t show any significant change during the 10-year satellite
period. Results reveal also the urgent need to adopt long-term monitoring programs for water sampling and in-situ
measurements of bio-optical characteristics of the coastal and shelf waters off the Nile Delta and nearby Egyptian
coasts. This is very important and critical for better understanding of marine biogeochemistry of the study area and
validation of the present MedOC4 algorithm or adoption of a new bio-optical correction algorithm specific to Nile
Delta shelf.

Keywords: Nile bloom, High-Dam effects, anthropogenic nutrients, chlorophyll variability, inner and outer shelf,
ocean-color remote sensing.

1. Introduction

The Nile has historically been supplying Egypt and
the whole SE Mediterranean, particularly at the time of
the annual flood, with fresh water, fertile sediments and
rich nutrients that were being derived through heavy
rainfall and subsequent erosion of the volcanic
Ethiopian high plateau during annual flood season
(August-October). Through this regime the Nile built
not only the highly fertile Nile Delta in the north of
Egypt and the Nile Valley in the south, but also a
highly fertile coastal water mass off the terrestrial
Delta. This water mass was fertilised by the seasonal
inflow of the nutrient-rich flood water (Halim, 1960)
and contained a large and dense phytoplankton bloom
hugging the terrestrial Delta coast at the time of the
seasonal flood (Halim et al., 1967). The bloom also had
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a positive influence on the Egyptian Mediterranean
marine fisheries (Halim, 1976; Bishara, 1984; Dowidar,
1984). Productive fisheries, especially sardines and
prawns, were attracted to the Nile Delta and nearby
coasts during the flood season because of the
enrichment by organic matter.

However, since construction of the High Dam at
Aswan in the mid 1960s, the traditional Nile regime
and its historical bloom have been subjected to
significant changes. Blockage of nutrient-rich
sediments and river water flow by the damming effect
has disrupted the bio-geochemical cycle and
consequently suppressed the fertilizing effect of the
annual flood. As a result, the Nile historical bloom
disappeared from the Egyptian coast during the years
immediately after completion of the High Dam (Aleem,
1972; Halim, 1976; Sharaf El Din, 1977; Halim et al.,
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1995; Nixon, 2003; Halim, 2004). The disappearance
of the bloom impacted negatively on the marine
fisheries, with the total Egyptian Mediterranean coastal
fish catch decreased dramatically to less than 25% of its
pre-Dam total yield during the same period (Halim,
1976; Halim et al., 1995; El-Sayed & van Dijken,
1995). The biological productivity and fisheries
ecosystem of the Nile Delta shelf persisted in such a
state of imbalance before recovering again from the
beginning of the early 1980s possibly due to
improvement of nutrient supply and return of the Nile
bloom.

Previous studies (e.g. Dowidar, 1984; Halim et al.,
1976; Halim et al., 1995; El-Sayed & van Dijken,
1995; Nixon, 2003; Halim, 2004) indicated that the
post-Dam phytoplankton bloom (after 1965) is different
from the pre-Dam one in many aspects and that there
were several shifts in the chlorophyll (chl-a)
concentrations and phytoplankton levels in the Nile
Delta shelf during the post-Dam years. According to
these studies the pre-Dam (historical) bloom has
changed from a seasonal 'diatomic' bloom into more
diversified post-Dam (modern) bloom.

The post-Dam shifts of the Nile bloom were
ascribed to effects of damming of the river Nile,
channelisation of the Nile Delta and increases in the
human population and development along the Delta
coast. Erection of the High Dam at Aswan (in mid
1960s) and the subsequent channelisation of the Nile
Delta has blocked most of the river loads of sediments,
fresh water and natural fertilizers (Stanley, 1996)
leading, therefore, to disruption of the biogeochemical
cycle at the receiving basin (Halim et al., 1995; El-
Sayed & van Dijken, 1995). On the other hand, the
progressive increase of the anthropogenic effluents
(due to population growth and development since early
1980s) delivered to Nile delta coast is believed to have
enhanced nutrient supply in this area and hence led to
an increase in chl-a levels (Figure 1) and the
reappearance of the Nile bloom (Nixon, 2003; Halim,
2004).

2. Aims of the study

Samantha J. Lavender et al.

retrieval of chl-a can provide important information on
recent trends and changes of the modern bloom.

The aims of this work can be summarised as:

(1) reviewing the mechanism and spatial distribution
of the historical Nile bloom from published sources;

(2) assessing the current spatial and temporal pattern of
the modern bloom through satellite retrieval of chl-a
from available ocean colour sensors.

The major aim, beyond this, is to enhance our
understanding of the role of anthropogenic activities in
changing the biological regime and biogeochemical
cycles in the estuarine and other coastal environments
of Egypt's Delta.

3. Study area

The present study aims to fill part of this gap
through assessment variability of the Nile
phytoplankton bloom using available in situ
observations for the pre- and post-Dam periods and
time-series analysis of long-term (1997-2006) merged
satellite data (satellite-derived chl-a) from GlobColor
ESA project on the Nile delta shelf and application of
the regional MedOC4 bio-optical algorithm. The basic
premise of this approach is that whilst available
previous field observations and in situ chl-a
measurements  partially reveal the geographic
distribution and some other characteristics of the Nile
phytoplankton bloom in the past, particularly during the
pre-Dam and immediate post-Dam years, satellite
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The study covers includes the terrestrial Nile Delta
and its continental shelf. The Delta encompasses about
12,000 km? of subaerial Delta plain and a comparable
area offshore. The continental shelf off the Nile Delta is
part of the Levantine basin and hence its hydrodynamic
regime is controlled by the overall regime of the Levant
and SE Mediterranean. Unlike the other parts of the
Levant, the continental shelf off the Nile Delta is very
wide and reaches the 200 m depth contour at about 60
km offshore. It consists of a series of terraces separated
by low slopes that are bisected by drowned channels
and a major submarine canyon fronting Rosetta
promontory (Summerhayes et al., 1978). According to
Misdorp and Sestini (1976), the Nile Delta shelf can be
classified into three provinces; the inner shelf (0-36 m
depth); middle shelf (36-75 m depth); and the outer
shelf (>75 m depth). However, Sestini (1989) classified
it into only two provinces; the inner continental shelf
(to 50 m depth) and the middle to outer continental
shelf (50-100 m depth).

The Levantine basin is known to be extremely
nutrient-depleted and therefore ultra-oligotrophic
(Yacobi et al., 1995). Factors contribute to this include
the general circulation of the Mediterranean Sea with a
west to east surface current bringing relatively nutrient-
depleted water from the North Atlantic, the arid climate
of the region and scarcity of rivers which can act as
point sources for nutrients. Surface chl-a values in the
Levantine basin normally don’t exceed 0.4 mg/m’
(Dowidar, 1984; Abdel Moati, 1990; Krom et al., 1991;
Yacobi et al., 1995) except near the Nile Delta coast
and other adjacent coasts where it can be as high as 80
mg/m’ (EIMP-CWMP, 2007); in particular within
coastal areas that lie in front of the Nile mouths, lakes
outlets, harbours and urban falls.

The Deltaic plain hosts four coastal brackish water
lakes, in addition to one relatively open lagoon at its
extreme eastern side (Figure 1). From the west to east
these are: Mariut, Idku, Burullus, Manzala and
Bardawil. With the exception of Mariut, all the other
lakes are connected to the sea through outlets or narrow
openings dissecting the sandy barriers and maintaining
open exchange with the sea. The southern and eastern
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limits of these lakes are receiving increasing amounts
of agricultural runoff and sewage effluent through
agricultural drains and urban outfalls (Nixon, 2003).
Unlike the adjacent Levantine waters, the Delta lakes
are eutrophic and highly productive; they periodically
experience eutrophication problems. Lake Manzala is
the most productive with productivity reaching more
than 1 g C/m*/hr (Hamza, 1985; Abdel-Moati & El-
Sammak, 1997).

At least two thirds of Egypt’s habitable land is located
in the Nile Delta, which hosts also about 60% of the
national industry, 80% of agricultural land and most of
the trade and fishing activities of the country
(Moufaddal, 2005). Also most of Egypt's population
and large cities are located in the Delta whereby their
effluents and sewage wastes are discharged directly
into the coastal waters or indirectly to the agricultural
drains and coastal lakes (Figure 1). Lake Mariut, for
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example, receives all of the Alexandria City sewage (9-
10 x 10° m*/day), in addition to approximately 3 x 10°
m’/day of agricultural drainage (Abdallah, 2003; El-
Rayis, 2005). Manzala also receives a substantial
amount of sewage from Cairo (~ 3 x 10° m’/day) as
well as 7 x 10° m’/day of agricultural drainage (El-
Sherif & Gharib, 2001). The other two lakes, Edku and
Burullus are least affected, receive 2 x 10° and 3 x 10°
m’/day of agricultural drainage, respectively (Samman,
1974; Khalil, 1998).

Aquaculture is very active in the northern Delta,
particularly around the coastal lakes, and fish farms are
now considered one of the most widespread land-use
activities in the northern Delta (Moufaddal, 2007).
Effluent and drainage water discharged from these fish
farms represent an additional source of nutrient input to
the Delta lakes and coastal waters.
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Figure 1: The Nile Delta and its main features (coastal lakes and Nile bloom) highlighted on a MODIS image taken
on 5 February 2003. Arrows and numbers indicate locations of major urban outfalls, drains, lakes outlets
and river branches and other surface-run off sources on the Nile delta coast. Image courtesy of the MODIS

Rapid Response Team at NASA/GSFC.

4. Data and methods

4.1. Previous research work and available field
observations

A review of the historical Nile bloom and
description of its spatial and temporal coverage was
based on information derived from available local
studies on the Nile delta shelf that include Halim
(1960), Halim et al. (1967), Aleem and Dowidar
(1967), Wahby and Bishara (1980), Dowidar (1984)
and Nixon (2003). Other relevant studies such as Halim
(1976, 1991, 2004), Halim et al. (1995), Aleem (1972),
El-Sayed and van Dijken (1995) and Nixon (2003)
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were also of use although they can be considered as
syntheses of the earlier studies.

In addition to these studies, there have been only
three regular monitoring research programs during the
post-Dam period from 1965 to present. The first was
carried out by Dowidar (1984) through funding from
USAID, which focused on the quantities and
distribution of chl-a and primary productivity along the
Nile Delta shelf between El-Agami in the west and El-
Arish in the east during 1982. Other parameters
measured included salinity, dissolved oxygen and
nutrient content in the coastal and oceanic waters; from
surface waters to 300 m depth.

The second monitoring program was carried out in
1994 and also funded by USAID and aimed to study
the dynamics of food relationships along the
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southeastern Mediterranean coastal shelf ecosystem
with the goal of outlining the food webs linked to
commercially important species (El-Sayed & van
Dijken, 1995). The project included only one marine
cruise with a regional coverage, undertaken in autumn
1994, and several local cruises off the Nile Delta coast.
The regional cruises sampled the continental shelf off
the Nile Delta from Marsa-Matruh in the west to Al-
Bardawil in the east; surface water down to 200 m with
Chl-a, SO4, NO,/NO;, NHy, and total N and total P
measured.

The third monitoring program was initiated in 1998
with  funding from the Danish International
Development Agency (DANIDA) as renewable 5-years
program to establish an integrated environmental
monitoring program for the ambient air and national
seas of Egypt. An important component of this program
was the Coastal Water Monitoring Program (EIMP-—
CWMP) that aimed to monitor pollutants and other
water quality parameters in the Egyptian coastal waters,
biota and sediment in both the Mediterranean and Red
Seas. Monitoring of the Mediterranean coastal waters
was carried out six times a year from a total of 45
stations spanning the Egyptian coast from El-Sallum in
the west to Al-Arish in the east. Measurements at each
station include physical, biochemical (Chl-a, NO,/NO;,
Total N, Total P, PO, and SO,4) and bacteriological
parameters. The spatial and temporal coverage of this
program undoubtedly makes it the longest and largest
scale monitoring program to be carried out to date.

4.2. Satellite ocean colour data and the MedOC4
bio-optical algorithm

The main data set used for this study is a 10-year
time series (September 1997 to December 2006) of
GlobColour monthly averaged data created from the
merging of SeaWiFS, MODIS-Aqua and MERIS.
GlobColour is an ESA Data User Element (DUE)
Project (http://www.globcolour.info) that developed a
satellite based ocean colour data service to support
global carbon-cycle research and operational
oceanography (Pinnock et al., 2007). In the present
work, surface chl-a was computed by applying the
MedOC4 regional bio-optical algorithm (Volpe et al.,
2007) to the GlobColour fully normalised reflectance
products (p).

Earlier Mediterranean studies (e.g. Bricaud et al.,
2002; Claustre et al., 2002; D'Ortenzio et al., 2002)
have demonstrated that the standard global NASA
algorithms (OC2v4 and OC4v4) lead to a significant
overestimation and uncertainty in the satellite derived
chl-a concentration within coastal areas (Bosc et al.,
2002; Bricaud et al., 2002; Volpe et al., 2007) whose
optical water properties and water-leaving radiances are
affected by the presence of coloured dissolved organic
matter (CDOM) and/or suspended particulate matter
(SPM) input from river channels and land-based
sources (Bontempi & Yoder, 2004; Lavender et al.,
2004; Lavender et al., 2005). Regional algorithms can
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provide a solution as they can perform better where
there is local in situ data to train them. A number of
regional bio-optical algorithms, mostly derived from
the NASA global algorithms (OC2 and OC4), have
been proposed for chl-a retrieval in the Mediterranean
including Gitelson et al. (1996) for application to the
Coastal Zone Color Scanner (CZCS) and Bricaud et al.
(2002), D’Ortenzio et al. (2002) and Volpe et al.
(2007) for use with SeaWiFS.

Among others, the MedOC4 algorithm has been
shown to be most suited (Volpe et al., 2007) for the
Mediterranean waters; in terms of unbiased satellite
chl-a estimates and improving satellite uncertainty in
coastal Mediterranean waters. Volpe et al. (2007)
successfully used it for retrieval of satellite surface
chlorophyll concentrations in the Mediterranean. The
results confirmed that the MedOC4 performs much
better than other existing regional algorithms.

Unfortunately, contemporaneous in-situ chlorophyll
and optical measurements for the neritic and inshore
waters of the Nile delta shelf are very local, sparse and
without continuity in time. In view of scarcity and
unavailability of this kind of data, it was not possible
for the present study to build a new bio-optical
correction algorithm for the delta shelf or to validate
results of performed remote sensing analysis. Hence,
application of the MedOC4 algorithm which is proved
to be best and most available correction algorithm for
the Mediterranean water environments, has been taken
as a good compromise and the best available solution
for assessment variability of chl-a in the delta shelf and
satellite detection of the Nile bloom. Validation and
confidence in the computed chl-a data was only
supported by the green colouration of the water (Figure
1.) which can be taken as good indication for higher
concentrations of chl-a or phytoplankton, despite it is
also accepted that high CDOM and SPM
concentrations can exert an adverse affect on chl-a
algorithm.

The MedOC4 is an empirical 4™ order polynomial
expression (Eqn. 1) based on the OC4 functional form
(OReilly et al., 1998, 2000), but the coefficients are
locally determined for the Mediterranean Sea.

Chlmedocs = 10(0.4424—3.686R+l,076R2+l,684R3—1,437R4)

(1)
Where:
R =log;o (max (0443, La90, P510)/ P555),
© = Remote sensing reflectance at 443, 490 and 555 nm

4.3. Geographical coverage

In order to detect the surface chl-a variability and its
spatial changes across the Delta shelf, the area was
divided geographically into two bio-geographical areas
(Figure 2) and the GlobColour satellite dataset was
analysed separately for each area. The divisions were
made subjectively based on knowledge of the
biophysical regimes (effects alongshore currents and
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surface run-off on quality and productivity of coastal
water off the delta coast) prevailing in each area,
separation of the continental shelf water from open
ocean water and latitudinal limits of the historical Nile
bloom in regard to the modern one.

The first division covers a large part of the
continental shelf off the Nile Delta, from the limits of
the coastline to ~ latitude 31.8 N which includes the
coastal waters from the Delta coastline to a depth of
roughly 50 m (Figure 2). This area receives effluents
and fresh water from two riverine estuarine inputs (two
branches of the Nile) and another eight land-based
sources (lakes outlets, sewage pumping stations and
urban outfalls; see Figure 1). It’s also known to be
influenced by the east-trending longshore current of the
east Mediterranean (Halim, et al. 1995; Halim, 2004;
Moufaddal, 2005).

The second division is smaller rectangular area and
covers the middle and outer shelf, as well as part of the
open ocean waters off the Delta from latitude 31.8 N to
32.2 N (Figure 2). The southern limit of this area is
believed to be an active area for frontal eddies and
coastal filaments that occasionally export highly
productive coastal waters into the oceanic areas through
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horizontal advection (Groom et al., 2005). Being part
of the SE Mediterranean, the area is also characterized
by the presence of deep chlorophyll maxima at a depth
of about 75 to 150 m (Dowidar, 1984). This layer might
be upwelled through vertical mixing to enrich the
surface oceanic waters with nutrients and higher chl-a
concentrations (Dowidar, 1984; Adel-Moati, 1990;
Krom et al., 1991; Yacobi et al., 1995).

5. Results

The following two sections are synthesis of
previous field observations from available studies and
aim to show the main biogeochemical aspects and
spatial characteristics of the Nile phytoplankton bloom
before and after construction of the High Dam.
However, the third following section is based
exclusively on time-series analysis of ocean color
remote sensing data and aims to assess recent
variability and trend of surface chl-a and phytoplankton
concentration across the Delta shelf and the two
biogeographical divisions of the study area.

Medite

rranean Sea

JoeEnnm ., z 2

Figure 2: The geographical location of the two studied biogeographical areas within the Nile Delta shelf.

5.1. The pre-Dam conditions: The historical Nile
bloom

Prior to construction of the Aswan High Dam, most
of the annual Nile fresh water and sediments were
discharged along with their dissolved and adsorbed
nutrients to the receiving basin off the Nile Delta coast
(Halim et al., 1976; Stanley, 1996); between 134 and
56 x 10° t of sediment (Shukri, 1950) and 84 to 34 x
10° m® of water each year (Halim, 1960). Most of this
discharge was from the two mouths (Rosetta and
Damietta) of the Nile River during the flood season
(August-October) with average flow rates of 6 x 10
m’/s or even more (Vorosmarty et al., 1999; Nixon,
2003). The outflow then progressed rapidly eastward
along the coast of Egypt as a turbid coastal current, the
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Nile stream, and then northward along Asia Minor
(Halim, 1976; Saharf El Din, 1977; Halim et al., 1995;
Halim, 2004).

The Nile outflow had sharp boundaries with a
sudden discontinuity in salinity, density, turbidity and
nutrients (Halim, 1960). The seaward width of the
outflow, its eastward and northward extension in the
Levant basin and the total area covered depended upon
the height and duration of the flood wave. According to
Halim et al. (1967), in 1964 the outflow showed
exceptional horizontal spreading over the continental
shelf off the Egyptian coast. Its boundary front, along
the isopycnal of 26, was detectable about 90 km north
from Rosetta. It then narrowed eastward to a strip about
25 km in width over depths of 100 m. According to
these observations, the effect of the Nile outflow could
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be detected as far eastward as the Lebanese coast
(Halim, 1960; Emery & George, 1963; Halim et al.,
1967). The outflow also spread considerable amounts
of nutrients along the neritic and oceanic waters off the
Delta coats and this impacted positively on marine
productivity and the whole food chain of the area
(Halim et al., 1995).

During an average flood, the total discharge of
nutrients was estimated to be 5.5 x 10° t of phosphate
and 280 x10° t of silicate per year (Halim, 1976; El-
Sayed & van Dijken, 1995). Estimates of Halim (1991,
2004) and Halim et al. (1967, 1995) showed that the
1964 flood season, which is considered to be the last
high flood before closing of the High Dam, released
about 8.2 x 10° t of dissolved phosphate and 410 x 10° t
silicate into the Nile Delta shelf. The amount of the
adsorbed fraction of phosphate is believed to be at least
five times higher than the dissolved fraction (Halim et
al., 1995). According to Nixon (2003), the annual Nile
flood was delivering from 7 to 11 x 10° t of
phosphorous, 7 x 10’ t of nitrogen and 110 x 10’ t of
silica. In any case, inflow of these nutrients with the
annual flood water was enough to trigger an
exceptionally large and dense phytoplankton bloom off
the Nile Delta shelf. This Nile bloom was initiated
within a few hours of the flood discharge and was
extensive in both space and time (Halim, 1991).
However, it was confined to the upper surface water
layer of 5 to 10 m depth. The greenish colour of the
Nile bloom mixed with the reddish brown colour of the
suspended sediments giving rise to the characteristic
brownish green colour along the continental shelf
waters off the Nile Delta.

The phytoplankton assemblage of the seasonal
bloom was exclusively composed of diatoms (Halim,
1960; Aleem & Dowidar, 1967). The bloom magnitude
was variable from year to year and from one location to
another along the Nile Delta coast, where it was much
larger and massive in Rosetta estuary than Damietta
with a variation of standing crop in the order of one
million individual cells up to ten millions or more per
litre (Halim, 1967; Aleem, 1972). Controlling factors
included volume of the incoming fresh water and laden
sediments, prevailing hydrodynamics and concentration
of natural fertilizers in the flood water. The Nile bloom
also supported a productive marine fishery; especially
sardines and prawns off the Nile Delta. Between 1962
and 1965 an average of 37 x 10° t of sardines were
caught per year (Wadie, 1982; Nixon, 2003). Estimates
of Aleem (1972) show that the marine fisheries landed
from the Egyptian Mediterranean coasts in 1964
account for 23% of the total fish catch of Egypt.

5.2. The post-Dam conditions: The modern Nile
bloom

Damming of the river Nile at Aswan in 1965
resulted in a control of the river drainage and cut-off
most of the adsorbed and dissolved nutrients that were
input to the Delta shelf with the Nile flood each
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autumn. The volume of Nile water outflowing to the
Egyptian coast dropped from about 53 x 10° m”in 1964
to only 18 x 10’ m* and 12 x 10° m® in 1965 and 1966
respectively (Halim, 1976). This amount has further
dropped to its present day level of 2.5 to 4 x 10° m’
(Halim et al., 1995).

Blockage of this material has suppressed the
fertilization of the shelf waters and led to a
disappearance of the historical Nile bloom. Previous
reports of Aleem (1972), Halim et al. (1976) and
Dowidar (1984) showed that the phytoplankton
standing crop in the Nile delta shelf rarely exceeded a
few thousands cells per litre during the post-Dam flood,
comparing to ~ ten millions of cells per litre during any
pre-Dam flood. In addition, the composition and
relative abundance of phytoplankton populations has
been altered significantly. Diatoms are no longer the
dominant component of the coastal waters with the
dinoflagellates becoming equally important (Halim et
al., 1976; Dowidar, 1984; Halim, 2004). In situ
measurements presented by Dowidar (1984) on the
seasonal distribution of chl-a and primary productivity
in 1982 revealed that the seasonal cycle of chlorophyll
biomass was unimodal with a conspicuous peak in the
winter and another less pronounced one in the spring.

According to Dowidar (1984), ranges of the
seasonal chl-a concentration varied between 0.6-6.0
mg/m’ in winter, 0.2-2.5 mg/m’ in spring, 0.02-0.5
mg/m’ in summer and 0.06-0.6 mg/m’ in autumn.
According to the same study, the potential rate of
organic production in autumn is much higher than any
another season with the primary productivity showing a
relatively higher rate during the summer. Consequently,
Dowidar (1984) postulated that the late summer and
early fall period may still be functioning as the
‘biological spring’ in the SE Mediterranean despite the
standing crop of phytoplankton being low. This
paradox referred to the heavy grazing of planktivorous
fish that may limit production by maintaining the

phytoplankton standing crop at relatively low
concentrations.
Reduction of the natural fertilizers and the

subsequent suppression of the Nile bloom also led to a
collapse of fisheries. The decline in the catch of
sardines was especially dramatic, from an annual
average of almost 37 x 10° t between 1962 and 1965 to
6.5 x 10° t from 1966 through to 1970 (Wadie, 1982).
El Sayed and van Dijken (1995) also showed that the
sardine fishery total catch decreased from 18 x 10° t in
1962 to about only 550 t in 1968 and 1969. Fisheries
bottom trawl surveys off the western part of the Nile
Delta showed an almost 80% decline in average fish
and shrimp abundance between 1960-1961 and 1969—
1970 (Wadie 1982).

The decline in marine fisheries off the Nile Delta
persisted for about 15 years when it began to recover
again from the beginning of 1980. By the late 1980s,
total fish catch from the Egyptian Mediterranean coast
exceeded the levels prior to the closing of the High
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Dam (Halim et al., 1995; El Sayed & van Dijken, 1995;
Nixon, 2003; Halim, 2004).

Recovery of the marine fisheries could suggest
enhanced rates of primary production (Nixon, 2003)
and a return of the Nile phytoplankton bloom.
However, it might also possible that increasing of
fishing grounds and fishing techniques effort after
resolution of the military conflict and signing a peace
treaty with Israel in 1979 contributed to this. According
to Halim (2004) both decline and recovery of fisheries
yields during the period 1967-1980 can not be taken as
outcome of a single event. Taking this into
consideration, the recovery can be interpreted as the
result of a combination of factors; the restoration of
normal conditions of fishing activities accompanied
improvement of fishing techniques (Halim, 2004) and
progressive increase of agricultural effluents and other
nutrient-rich anthropogenic run-off (Nixon, 2003;
Halim 2004).

5.3. Recent trends of the Nile bloom: An ocean
colour remote sensing approach

Unfortunately, with the exception of the study of
Dowidar (1984), data from those monitoring programs

= P.utu min 1998
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and studies which devoted to study productivity or
biogeochemical aspects of the Nile Delta shelf water,
hasn’t been made publicly available and therefore
cannot be used to document the status of the Nile
bloom during the period from the early eighties until
1997; the start date for the satellite dataset used in this
study. Also coverage of the Nile Delta shelf and the SE
Mediterranean, in general, by CZCS (the first ocean
colour satellite that operated from 1978 to 1986) was
very poor and therefore, very few images were taken
for this region; they are not enough to form a time
series or draw conclusions about the chl-a seasonal
patterns during the lifespan of CZCS (1978-1986).

In the present study, the monthly surface chl-a
distributions were calculated for the two selected areas
(Figure 2) and the results are presented in Figures 3 to
5. The seasonal pattern, temporal and spatial changes of
the chl-a distribution in the two areas are shown in
Figures 3 and 4. Winter imagery show the highest
phytoplankton chl-a concentrations, in both coastal and
offshore waters, whereas in summer and autumn there
is an apparent decay of the Nile bloom despite the
occurrence of local hot spots close to shore. A south to
north gradient in surface chl-a concentrations for the
whole region can also generally be observed.
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Figure 3: Seasonal mean chl-a maps for the inshore and coastal waters off the Nile Delta (biogeographical area 1 in

Figure 2) as calculated using MedOC#4 algorithm.
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Figure 4: Seasonal mean chl-a maps for the offshore waters off the Nile Delta (biogeographical area 2 in Figure 2)

as calculated using MedOC4 algorithm.

In Figure 3, it is evident that the phytoplankton
bloom off the coastal area (area 1 in Figure 2) is present
most of the year, although it becomes more confined to
the coast (reduced in geographical extent) in the
summer and autumn. The bloom is also stronger and
more pronounced near the outlets of the Egyptian
coastal lakes and urban outfalls. In the offshore area
(area 2 in Figure 2), the bloom is more evident in the
winter and spring; being oligotrophic in the other
seasons (Figure 4). Overall, this pattern indicates that
the Nile bloom has been shifted temporally and
spatially as compared to the pre-Dam conditions.

Figure 5 demonstrates the mean monthly surface
chl-a variations within the two selected areas; a trend
line has been calculated and overlaid. The coastal
region has a larger range of chl-a concentrations (~ 1 to
3.25 mg/m’) compared to the outer shelf and open sea
areas (0.03 to 0.15 mg/m’). Seasonal patterns are
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evident in both transect areas and agree with the results
of Dowidar (1984) that was based on field sampling
and in situ measurements.

From Figure 5 it is clear that the highest mean chl-a
concentrations for both areas are found primarily
during the winter. Mean surface chl-a begins to
increase (in both areas) in November reaching its
highest concentration (3.25 mg/m’) in January; March
and April also have relatively high concentrations.
Subsequently chl-a begins to decrease during May,
reaching its lowest concentration from June to August.
This pattern clearly shows the disappearance of the
autumn Nile bloom and its replacement by a winter
bloom. In addition, the mean chl-a concentration in the
coastal area and inner shelf appears to have an upward
trend, from the data available, while it appears steady
(no significant change) in the outer shelf waters.
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Figure 5: Mean monthly chl-a variations in (A) the outer shelf and (B) the coastal waters off the Nile Delta
calculated using GlobColour reflectance time-series and MedOC4 regional algorithm of Volpe et al.
(2007). Overlaid on the plots is a trend line, with the equation given at the bottom of each plot.

6. Discussion

Construction of the High Dam in the mid 1960s
resulted in a blockage of most of the sediment and
water into the reservoir (Lake Nasser) behind the Dam.
Channelisation of the Delta, by an intensive network of
drains and canals, has also contributed to this effect
through further entrapment of the riverine sediment
load, water and natural fertilizers in the Delta (Stanley,
1996). With the loss of about 90% (Halim et al., 1995;
Nixon, 2003; Halim, 2004), or even more, of the
floodwater the coastal waters off the Nile Delta and
Levantine basin are no longer fertilized or replenished
with dissolved and silt-adsorbed nutrients. This has led
to a disappearance of the historical autumn Nile bloom
from the mid 1960s to probably the late 1970s (Aleem,
1972; Halim, 1976; Dowidar, 1984).

Unfortunately, a lack of in situ measurements and
field studies during this period make it very difficult to
determine the exact timing or duration of this shift.
Information on the spatial distribution and biological
characteristics of the Nile bloom during the period from
approximately the mid 1980s to mid 1995s was also
restricted by a lack of satellite ocean colour and in situ
data. The only available research work was undertaken
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by Dowidar (1984), which revealed a recovery of the
Nile bloom and change of the chl-a seasonal cycle off
the Delta coast into a single winter bloom.

An analysis of ocean colour satellite imagery
(GlobColour dataset with the MedOC4 algorithm
applied) between 1997 and 2006 confirmed the return
of the Nile bloom and its predominance along the
whole Nile Delta shelf in winter and spring with an
upward trend for the mean surface chl-a concentrations
in the coastal waters off the Nile Delta and no
significant trend for the outer shelf. The seasonal
pattern seen in the outer shelf area agreed with the
mean monthly SeaWiFS chl-a variations (1997 to
2004) presented by Groom et al. (2005) who used the
regional algorithm of Bricaud et al. (2002).

A recovery and shift of the Nile bloom can be
explained by the increase in anthropogenic nutrient
supply due to increased human population and
associated anthropogenic activities, which has replaced
the effect of the annual Nile flood. According to Nixon
(2003), there has been a dramatic increase in the human
population and a subsequent dramatic extension of the
urban water supplies and sewage collection systems in
Lower Egypt and the northern parts of the Nile Delta
since the early 1980s. Human population in the large
cities such as Alexandria and Cairo and other urban
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areas of the Nile Delta has doubled or tripled in about
three decades (1970-2000), where the population in
Alexandria has increased from 1.5 million to ~ 3
million and in Cairo from 6 million to ~ 18 million.
Amounts of human wastes reaching the Mediterranean
from both cities also were increased from ~ 25 000
tonnes in 1965 to about 100 000 tonnes in 1995 Nixon
(2003). By the late 1990s, over 3 x 10° m® per day of
sanitary sewage industrial waste water were discharged
from Alexandria city directly to the coastal waters off
the western coasts of the Delta (Halim and Shouk,
2000). Also, use of artificial fertilizers to Delta
farmlands has increased about linearly since that date,
climbing to more than one million ton annually
beginning from the mid-1990s Nixon (2003) to
ultimately find their way to the Delta shelf with the
intricate network of irrigation canals and agricultural
drains of the Delta.

Variability of surface chl-a and its distribution
pattern, in the two bio-geographical areas off the Delta
(Figure 2) can be assumed to be controlled by two
different regimes; the physical oceanographic processes
that dominate the outer shelf and the anthropogenic
effluent associated with the surface run-off from river
mouths and land-based sources that influence the inner
shelf and coastal waters. In the outer shelf and deep
water areas, wind stress and severe weather conditions
during the winter can play an important role in
enriching the surface water with higher chl-a
concentrations. During intensely cold winter weather,
the convective mixing may penetrate the nutricline and
hence deeper nutrient-rich waters leading to an
upwelling of these nutrients (Bontempi & Yoder,
2004). This could explain why the outer shelf off the
Delta has higher chl-a concentrations in winter (Figure
5). Studies of Dowidar (1984) and El-Sayed and van
Dijken (1995) also suggested convective mixing as a
possible mechanism for the input of "new" nutrients to
the surface waters. In reverse, the decline in chl-a
concentrations in the outer shelf from May to October
can be ascribed to an increase in stratification and
decrease in vertical mixing.

Continuous surface run-off from the two branches
of the Nile, and the other land-based sources (urban
outfalls, lakes outlets, pumping station), supply the
coastal waters with organic and inorganic nutrients so
are the likely explanation for the persistence of the
bloom spreading across the coastal and inshore areas of
the Delta (see Figure 1) most of the year time. Only
minimal amounts of the waste waters (agricultural
drainage, raw sewage and industrial effluents) are
subjected to primary treatment (Halim and Shouk,
2000). Therefore, they represent a prime and
continuous source of nutrients to the coastal waters.
Other anthropogenic sources include aquaculture
activities and fish farms, which use high quantities of
artificial fertilizers and are widespread along the Delta
coast. Predominance of the Nile bloom along the whole
Egyptian shelf in winter, and its shrinkage during the
other seasons, can be attributed to maximum discharges
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occurring during the winter when there is increased
precipitation and hence also irrigation water (Youssef
Halim, pers commun.).

The upward trend of the mean chl-a in the coastal
waters could therefore be attributed to the effects of
continuous and ever-increasing addition of organic and
inorganic  nutrients from  surface-runoff and
anthropogenic sources along the Delta coast. As
mentioned above, development and human population
in Egypt and particularly along the Nile Delta coast
have increased substantially beginning from early
1980s Nixon (2003) and are likely to be responsible for
increase of nutrient input to the coastal waters off the
Delta. Sewage infrastructure and areas being exploited
for aquaculture activities and fish farms have also
increased substantially since that date. For example,
areas of fish farms around lake Burullus have increased
from 330 to 346 km? in only five years from 2002 to
2007 (Moufaddal, 2007). Progressive addition of
anthropogenic nutrients from aquaculture activities and
other anthropogenic sources has to be impacted
positively on phytoplankton growth off the Delta coast
particularly in winter and spring and are likely
responsible for the enrichment of the coastal and shelf
waters with higher chl-a concentrations.

7. Conclusions

The Nile bloom has subjected to regime shifts more
than once during its modern history; at least three
phases can be distinguished since the early1960s. The
first phase characterized the pre-Dam period when the
phytoplankton growth off the Nile Delta coasts was in
state of equilibrium and enriched continuously by the
annual Nile flood; the Nile bloom occurred periodically
each autumn and was linked to this seasonal flood. The
second phase initiated in mid 1960s, after closure of the
Aswan High Dam, and continued until the early 1980s.
During this time the Nile bloom and shelf waters
experienced a dramatic drop in phytoplankton chl-a
concentrations and collapse of the coastal fisheries. The
third phase, which started in early 1980s and continues
until the present (2006 for the data analysed in this
research), could be described as a return of the Nile
bloom and change from a periodical natural pattern to
more massive and continuous (artificial) one with more
pronounced peaks in mean surface chl-a concentrations
in the winter and spring instead of the autumn. A
common feature of the latter pattern is predominance of
high chl-a concentrations near the Nile Delta coasts and
in areas opposite to lakes outlets and urban outfalls.

Analysis of the ocean colour satellite data also
showed an upward trend for the mean surface chl-a
concentrations in the coastal waters off the Nile Delta
while there was no significant trend for the outer shelf.
Whilst the convective mixing and other physical
oceanographic processes are likely to be responsible for
surface chl-a blooming in the outer shelf, continuous
addition of anthropogenic effluent and surface run-off

ISSN: 1687-4285



Assessment of temporal shifts of chlorophyll levels

from river mouths and other land-based sources are
most likely responsible for a progressive enrichment of
the coastal waters.

The present study shows that ocean colour remote
sensing can provide important information on surface
chl-variability and phytoplankton blooms in highly
dynamic areas such as the Nile Delta shelf. Confidence
in the chl-a data presented is supported by the green
colouration of the water (Figure 1.), but it’s accepted
that high CDOM and SPM concentrations can
adversely affect chl-a algorithms and so in situ chl-a
measurements (to backup the trends seen in the satellite
data) would have been preferred. The MedOC4 bio-
optical algorithm, despite being validated in the
Mediterranean, still needs validation within the Nile
bloom region and strengthens the urgent need for a
regular monitoring programme within the Egyptian
Mediterranean shelf and more specifically in front of
the Nile Delta. In line with the aspirations of the Group
for Earth Observation (GEO) this in situ data should be
made publicly available.

Acknowledgments

The authors would like to thank the ESA
GlobColour project for supplying of the merged
(SeaWiFS/MODIS-Aqua/MERIS) ocean colour
satellite data. Support for this work was provided by
POGO Secretariat through the POGO-SCOR
Fellowship Programme. The initial work was also
supported by the UK Royal Society through a previous
visiting fellowship. Thanks are also due the Marine
Institute at the University of Plymouth, UK, for
providing office accommodation and facilities.

References

Abdallah, M.A.: 2003, The chemical changes in Lake
Maryout after the construction of two wastewater
treatment plants. M.Sc. Thesis, Alexandria
University, Alexandria, Egypt.

Abdel-Moati, M.A.: 1990, Particulate organic matter in
the subsurface chl-a maximum layer of the
Southeastern Mediterranean. Oceanologica Acta,
13(3): 307-315.

Abdel-Moati, M.A.R. and El-Sammak, A.A.: 1997,
Man-made impact on the geochemistry of the Nile
Delta Lakes. A study of metals concentrations in
sediments. Water, Air, and Soil Pollution, 97: 413-
429.

Aleem, A.A.: 1972, Effect of river outflow
management on marine life. Marine Biology, 15:
200-208.

Aleem, A.A. and Dowidar, N.M.: 1967, Phytoplankton
production in relation to nutrients along the
Egyptian Mediterranean coast. Studies in Tropical
Oceanography, Miami, 5, 305-323.

ISSN: 1687-4285

131

Bishara, N.F.: 1984, The problem of prawn fisheries in
Egypt. Archiv fuer Hydrobiologie, 101: 577-586.
Bontempi, P.S. and Yoder, J.: 2004, Spatial variability
in SeaWiFS imagery of the South Atlantic bight as
evidenced by gradients (fronts) in chl-a and water-
leaving radiance. Deep-Sea Research IlI, 51: 1019-

1032.

Bosc, E.; Bricaud, A. and Antoine, D.: 2004, Seasonal
and interannual variability in algal biomass and
primary production in the Mediterranean Sea, as
derived from 4 years of SeaWiFS observations.
Global Biogeochemical Cycles, 18, Article #
GB1005.

Bricaud, A.; Bosc, E. and Antoine, D.: 2002, Algal
biomass and sea surface temperature in the
Mediterranean Basin - intercomparison of data from
various satellite sensors, and implications for
primary production estimates. Remote Sensing of
Environment, 81(2-3): 163-178.

Claustre, H.; Morel, A.; Hooker, S.B.; Babin, M.;
Antoine, D.; Oubelkheir, K.; Bricaud, A.; Leblanc,
K.; Que’Guiner, B. and Maritorena, S.: 2002, Is
desert dust making oligotrophic waters greener?
Geophysical Research Letters, 29: 1469.

D'Ortenzio, F.; Marullo, S.; Ragni, M.; D'Alcala, M.R.
and Santoleri, R.: 2002, Validation of empirical
SeaWiFS algorithms for chl-a-alpha retrieval in the
Mediterranean Sea - a case study for oligotrophic
seas. Remote Sensing of Environment, 82(1): 79-94.

Dowidar, N.M.: 1984, Phytoplankton biomass and
primary  productivity of the southeastern
Mediterranean. Deep-Sea Research II, 31: 983-
1000.

EIMP-CWMP 2007, Annual report on status of the
water quality of the Egyptian Mediterranean coastal
waters during 2006. The Egyptian Environment
Affair Agency, Cairo. Available online at
http://www.eeaa.gov.eg/eimp/reports/ArrAnualMed
2006.pdf (accessed 20 January 2008).

El-Rayis, O.: 2005, Impact of man’s activities on a
closed fishing-lake, Lake Maryout in Egypt, as a
case study. Mitigation and Adaptation Strategies for
Global Change, 10: 145-157.

El-Sayed, S. and van Dijken, G.L.: 1995, The
southeastern Mediterranean ecosystem revisited:
Thirty years after the construction of the Aswan
High Dam. Quarterdeck, 3(1): 4-7.

El-Sherif, Z.M. and Gharib, S.M.: 2001, Spatial and
temporal patterns of phytoplankton communities in
Manzalah Lagoon. Bulletin of the Institute of
Oceanography and Fisheries (Egypt), 27: 217-239.

Emery, K.O. and George, C.J.: 1963, The shore of
Lebanon. Miscellaneous Papers of American
University in Beirut, 1: 1-90.

Gitelson, A.; Karnieli, A.; Goldman, N.; Yacobi, Y. Z.
and Mayo, M.: 1996, Chl-a estimation in the
Southeastern Mediterranean using CZCS images:
adaptation of an algorithm and its validation.
Journal of Marine Systems, 9(3-4): 283—290.

Egyptian Journal of Aquatic Research, 2009, 35(2), 121-135



132

Groom, S.; Herut, B.; Brenner, S.; Zodiatis, G.;
Psarrae, S.; Kress, N.; Krom, M.; Lawa, C. and
Drakopoulos, P.: 2005, Satellite-derived spatial and
temporal biological variability in the Cyprus Eddy.
Deep-Sea Research 11, 52: 2990-3010.

Halim, Y.: 1960, Observations on the Nile bloom of
phytoplankton in the Mediterranean. J. Conseil
Intern. Journal du Conseil, 26 (1): 59-67.

Halim, Y.: 1976, The Nile and the East Levantine Sea,
Past and Present. In Natarajan (Ed.), Recent
Researches in Estuarine Biology, pp. 76-84.

Halim, Y.: 1991, The impact of human alterations of
the hydrological cycle on ocean margins, In:
Mantoura, R.F.C., Martin, J.-M. and Wollast, R.
(Eds.), Ocean Margin Processes in Global Change,
Dahlem Workshop Reports: Physical, Chemical,
and Earth Sci. Res., Rept. 9. John Wiley and Sons,
Ltd., pp. 301-325.

Halim, Y.: 2004, The Nile and the Levantine Sea,
ATOMS-Med Workshop, Monaco 27-28 October
2004.

Halim, Y.; Guergues, S.K. and Saleh, H.H.: 1967,
Hydrographic conditions and plankton in the South
East Mediterranean during the last normal Nile
flood (1964). Internationale Revue gesamten
Hydrobiologie, 52(3): 401-25.

Halim, Y.; Samaan, A. and Zaghloul, F.A.: 1976,
Estuarine Plankton of the Nile and the Effect of
Fresh-Water. Phytoplankton. In: Fresh-Water on the
Sea. Proceedings, Symposium on the Influence of
Fresh-Water Outflow on Biological Processes in
Fjords and Coastal Waters, 22-25 April 1974,
Geilo, Norway. The Association of Norwegian
Oceanographers, Oslo.

Halim, Y.; Morcos, S.A.; Rizkalla, S. and El-Sayed,
M.Kh.: 1995, The impact of the Nile and the Suez
Canal on the living marine resources of the
Egyptian Mediterranean waters (1958-1986). In
effects of riverine inputs on coastal ecosystems and
fisheries resources. FAO Fisheries Technical paper
349.

Halim, Y. and Shouk, F.A.: 2000, Human Impacts on
Alexandria’s Marine Environment. Available on-
line at:
http://www.unesco.org/csi/pub/source/alex8.htm

Hamza, W.R.: 1985, M.Sc. Thesis, Faculty of Science,
Alexandria University, pp. 285.

Khalil, M.T.: 1998, Prediction of fish yield and
potential productivity from limnological data in
Lake Borollus, Egypt. International Journal of Salt
Lake Research, 6: 323-330.

Krom, M.D.; Kress, N.; Brenner, S. and Gordon, L.I.:
1991, Phosphorus limitation of primary productivity
in the Eastern Mediterranean. Limnology and
Oceanography, 36: 424-432.

Lavender, S.J.; Pinkerton, M.H.; Froidefond, J-M;
Aiken, J. and Moore, G.F.: 2004, SeaWiFS
validation in European coastal waters using optical
and bio-geochemical measurements. International
Journal of Remote Sensing, 25(7-8): 1481-1488.

Egyptian Journal of Aquatic Research, 2009, 35(2), 121-135

Samantha J. Lavender et al.

Lavender, S.J.; Pinkerton, M.H.; Moore, G.F.; Aiken, J.
and Blondeau-Patissier, D.: 2005, Modification to
the atmospheric correction of SeaWiFS ocean
colour images over turbid waters. Continental Shelf
Research, 25: 539-555.

Misdorp, R. and Sestini, G.: 1976, Topography of the
continental shelf of the Nile Delta. In:
UNDP/UNESCO Proc. Seminar on Nile Delta
Sedimentology, Alexandria, Egypt, pp. 145-161.

Moufaddal, W.M.: 2005, State of coastal water along
the Nile Delta front, Egypt, as revealed by satellite
imagery. International Journal of Remote Sensing,
26(25): 4877-4853.

Moufaddal, W.M.: 2007, Change detection and update
of environmental information in Edku and Burullus
lakes using multidate satellite data, In Development
of Fish Production in the Northern Lakes of Egypt
(Phase I: Edku and Burullus), Final Technical
Report, National Institute of Oceanography &
Fisheries (NIOF), Egypt.

Nixon, S.W.: 2003, Replacing the Nile: Are
Anthropogenic Nutrients Providing the fertility
once brought to the Mediterranean by a Great
River?. Ambio, 32(1): 30-39.

O'Reilly, J.E.; Maritorena, S.; Mitchell, B.G.; Siegel,
D.A.; Carder, K.L.; Garver, S.A.; Kahru, M. and
Mcclain, C.: 1998, Ocean color chlorophyll
algorithms for SeaWiFS. Journal of Geophysical
Research-Oceans, 103(C11): 24937-24953.

O'Reilly, J.E.; Maritorena, S.; Siegel, D.; O’Brien,
M.C.; Toole, D. and Mitchell, B.G.: 2000, Ocean
color chlorophyll a algorithms for SeaWiFS, OC2,
and OC4: Version 4. SeaWiFS Post-launch
Technical Report Series, Vol.11. SeaWiFS post-
launch calibration and validation analyses: part 3.

Pinnock, S.; Fanton D'Andon, O. and Lavender, S.:
2007, GlobColour: a precursor to the GMES Marine
Core Service Ocean Colour Thematic Assembly
Centre, ESA Bulletin, 132: 42-49.

Samman, A.A.: 1974, Primary production of Lake
Edku. Bulletin of the Institute of Oceanography and
Fisheries (Egypt), 4: 260-317.

Sestini, G.: 1989, Nile Delta: A review of depositional
environments and geological history. In Whateley,
M.G.K. and Pickering, K.T. (Eds.), Deltas: Sites
and  Traps for Fossil Fuels, Geological Society of
London, Special Publication, 41, pp. 99-127.

Sharaf El Din, S.H.: 1977, Effect of the Aswan High
Dam on the Nile Flood and onthe estuarine and
coastal circulation pattern along the Mediterranean
Egyptian coast. Limnology and Oceanography, 22:
194-207.

Shukri, N.M.: 1950, The mineralogy of some Nile
sediments. Quarterly Journal of Geological Society
of London, 105: 511-534.

Stanley, D.J.: 1996, Nile Delta: extreme case of
sediment entrapment on a Delta plain and
consequent coastal land loss. Marine Geology, 129:
189-195

ISSN: 1687-4285



Assessment of temporal shifts of chlorophyll levels

Summerhayes, C.P.; Sestini, G.; Misdorp, R. and
Marks, N.: 1978, Nile Delta: Nature and evolution
of continental shelf sediments. Marine Geology, 27:
43-65.

Volpe, G.; Santoleri, R.; Vellucci, V.; Ribera D'Alcala,
M.; Marullo, S., and D'Ortenzio, F.: 2007, The
colour of the Mediterranean Sea: Global versus
regional bio-optical algorithms evaluation and
implication for satellite chl-a estimates. Remote
Sensing of Environment, 107: 625-638.

Vorosmarty, C.J.; Fekete, B.M.; Routhier, M. and
Baker, T.: 1999, Global River Discharge Database,
Version 1.1 (Riv. Dis. v1.0 supplement). Also
available on-line at: http://www.rivdis.sr.unh.edu
(accessed 25 July 2008).

ISSN: 1687-4285

133

Wadie, W.F.: 1982, Observations on catch of the most
important fishes along the Egyptian continental
shelf in the South-Eastern part of the Mediterranean
Sea. Bulletin of National Institute of Oceanography
and Fisheries, 8: 213-227.

Wahby, S.D. and Bishara, N.F.: 1980, The effect of the
River Nile on Mediterranean water, before and after
the construction of the High Dam at Aswan, In
River Inputs to Ocean Systems. pp. 311-318.
UNESCO/IOC/UNEP.

Yacobi, Y.Z.; Zohary, T.; Kress, N.; Hecht, A
Robarts, R.D.; Waiser, M.; Wood, A.M. and Li, W.
K.W.: 1995, Chlorophyll distribution throughout
the southeastern Mediterranean in relation to the
physical structure of the water mass. Journal of
Marine Systems, 6: 179-190.

Egyptian Journal of Aquatic Research, 2009, 35(2), 121-135



134 Samantha J. Lavender et al.

4 yaal) Araiddy) slall & Jud ) glSl) iy glosal dia 311 <l pdiil) ol
ladall Juil) el il&adl) s i g s glal) anll

G Cuigaly g ¢ Juala by g7 ¢ iy Uil !
| a) oy Anda ecs ) dgadlly ol !
Draa i uSYL caliaall s Jladl o slal o sl sgaally ualy 2
| sl s pal slea Y1 Ay il ?

agd AsadU A i) AV Ay g o) sl i Jll 58 s yan o el aud) el o il g
TN IR DG W FER UK PRI Y S NDCPUF ¢ SR JCH JUEC (RPN JENTIE R JUIEN
) Uil el 4 pom ol A saliY) slsall 8 Ju ) ISI (6 gina S 55 a8 DS 5 () 5S000 sl
il slaall O V) Sl ) 3 geall (e o2 1) o5 Jasit 5 3 smaa G Le LI ja 5d agin g
(alS K A8 ga e g Al B0 gana Ol HY el gan Gl ¢ g uadl) 13 daladl e dalid) bl

Al 41 glava Allad) Al all DA oy sl 288 dpalall 5 gl 038 2 A lae 8 48 1) (3l (e g 1)
Jad IS g ) $3SED0 gl Q\jﬁj@jﬂhubw@é&hb}\u&d\j@)l\ Sl el da
u\).ua\ Q ;Luu\)! o).w\_u\ d\.\l\} 4\.3.1\....:]\ 4..1.;4)3\ L-!\).\SM cda.\l\ Glal Lg)a.\]\ Lg)uj\ u)l\ ML.LM‘L\A\S]\
Lo Aahiall oda e il Lgman & il 5 dabial) dial) clulidll 5 cilill) iamy 1) 5 (g 138 5 ¢ Ml
csall 1aa DA Lgilaladl 5 (1997-2006) <l siw 3 e 5558 JOA Zaall ol jpiil) Jash aniis (5 5
(ESA GlobColour project merged data) sl 22y e Hladin¥) Gl Alaiul¥) A e
ey ) Al zalail) aald (Godai JUA (i 138 5 dpadanll olall () sl da ;) @l padiivuny alall
MedOC4 regional algorithm sl <o s yeall 5 o siall (an¥l el dilaie dalall Lalaay)
A1l (5 pall G Alaliadl sluall Bldai anay J oY) ¢ppand ) Al jall Al i (6 ya 35 128
«Outer Shelf > )l 5 il (3,11 dikaia § dipand) slpall (SUai auay S 5 (Inner Shelf Jal Wil
Baa o S degale amy e eV Jdlai Aty 5 S0l o)) saldl Gkl o5 Cas

<33 28 Nile phytoplankton bloom ¢ladall (il ae il ga o) Jllaill 02 il iy 38
Jlan ) As e 2 yaa (e o ) uqeu\u;w slaall ddlaia o3 Laalaial aliue g W ) geda Culid o Jadlly
;Lu‘d;fd_\sl_.us\.lhj c.iasﬁu.t)aj\ a_).\.‘.d)\AJQ_LuLobJ\L &_\.1153\ c\_\.u.m M}M&u)\s‘fdak
i el a8 ol Jiad e dnla yedatg lalatel ST iaa  lada jlas ) ds se ) o ) o)
dde 33 dllia il 006 in s 1997 Cre ol sins b_diall 55 A 4l il i LaS gl
A s el ady Al ddlaie JOA Jd ) oI i 3 yida gle sl Aanilly sac bl ale olail
Aalal) 3y ganll jialiall g cildaally duiall el ) 305 eaY) Coyeall slie il 8 33 yhacadll 33 3l
28 s Julie b Ul Jalo dlatie) e dadl gl Gopeall 2 ey Cijlally Jill e 6 e
dghaas ST 5 Lalkanl AT gag L) dadall Sl 3V Gl ge i 65 sl daad (f eiliall Cania
i) o g JOLA Jadh 2y 35 gl jedai 3) ¢ Jal) Ll A dalid) ddaiall 000 Asend) 4y jad) olyal) dilaie
Dliall i i) 3 53 A Ll 38 55 8 e i ) sacliai sladl (gl 2 sa g Adaadla (g 505 cdatd
L)

dﬁ%}@#dﬁ)&nﬁ}dﬁjﬁ)})@@\)ﬂ\ Qmicﬁu‘;@jﬁz\mw\ ‘_gj
Cia e ol Uil plal (Apenl) A jall s Aglaliall) &y jom all A8yl olaall pailias aia ) sadll

Egyptian Journal of Aquatic Research, 2009, 35(2), 121-135 ISSN: 1687-4285



Assessment of temporal shifts of chlorophyll levels 135
dosaal ULl (e dise il oda Jiad i et slual) 53 ga i lelan s cdumnidall 5 G ol gull Leilial 4o
e\_n\d\_m:ds‘ﬁ\ L}a.d\ al.}d\@'&j_‘:\;]\ L;}Jﬁﬂ\}huﬁjnj\ U_a\).u_ﬁ\a@ﬁér_ Luqulwb:\m\;
g_'q}).sul\ @1;.\4‘)_“ e)')\jé'l\ iada A_xSL“: Aolea] il Q\_U\)'S\ A L) sl axd LS Jul) Ul
pdey pald 1pa o)) g3 ol 2 sl AISeY Aanills SIS 5 olaad) el e $adaill MedOC4 anly
i dpeliall Sl saa (e 053K gidll 5 Job ) IS <l 308 55 Gl AR (e (S A iaiall

BoaS A gl

ISSN: 1687-4285 Egyptian Journal of Aquatic Research, 2009, 35(2), 121-135



