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ABSTRACT

Seasonal varfatfons . in the standfng crops of
phytoplankton (measured as cell numbers and as
chlorophyll a content) of the coastal waters at
three sites near Jeddah, were {nvestigated. Autumm
represents the most productive season around the
year. One pesk of chlorophyll a concentration was
observed in November, whereas the lowest value was
estimated 1n May. The seasonal varfatfons 1n the
chlorophyll a concentration follows a similar pattern
of the standing crop of the phytoplankton. Lower
values of chlorophyll a content were noticed when
the number of dinoflagellate species surpassed that
of the diatoms.

The coastal waters of Jeddah area are oligotroph'c
during most of the year and comparable to the central
part of Red Sea. However, varfations in chlorophyll
a content and standfng crop of the phytoplankton
mey be attributed to the prevailing ecological
conditions.

INTRODUCTION

Few studies have been done on the marine phytoplenkton in the neritic
waters off Jeddah area on the eastern coast of Re: Sea concer ing the
species composition and distribution in relation to the eavironmen® . rsciors
(Dowidar et al 1978; Khalil et al 1984; Khalii and Ibrehim 15885, Mursovag,
little i{s known about the phytoplankton pigments In the corgi-} wuices
of Jeddah (Khalil et al,1984; Dowidar and Sheikh,1984).

The standing crops measured as cell numbers and as chlorophyil (a) content
of phytoplankton communities. Despite some drawbacks as contamination
of extracts of living cells with inactive chlorophyll degradation products
from dead cells, chlorophyll (a) remains the one substance, entirely specific
to plant cells, measurable with ease, precision and accuracy (Moss 1967).




The present study deals with the seasonal variations of the phytoplankton
standing crops measured as cell numbers and as chlorophyll (a) content
of the coastal waters near Jeddah on the eastern coast of Red Sea.

MATERIAL AND METHODS

The study area Is located at about 35 Km north of Jeddah at Obhur
Creek. The Creek is connected to the Red Sea and extending for about
9 Km eastward, (Fig. 1). Station 1 is located in the Red Sea proper at
4 Km offshore, station Il lies at the entrance of the Creek and station
111 is situated in the middle of the Creek, (Fig. 1).
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A total of 96 phytoplankton samples (5 liters of water for each sample)
were collected seasonally during February, May, August and November
1982 from the three forementioned stations at a depth of 50 cm below
the surface. Chlorophyll (a) concentration was estimated using the method
described by Strickland and Parsons (1968). For standing crop assessment
(cells/litre), the collected samples were preserved in 4 % neutralized
formaline and concentrated to ‘a 100 ml volume by the sedimentation
method (Utermohl 1938).

The rate of increment of the atanding crop, chlorophyll (a) content,
number of diatom species and npumber of dinoflagellate species was
estimated as the difference between two successive values at a definite
time to determine the period of high production in the investigated area.

RESULTS AND DISCUSSION

The seasonal values of chlorophyll (a) concentrations in the surface
sea water at the three sites north to Jeddah, exhibited a different seasonal
pattern of distribution, (Fig. 2). Only one peak of the chlorophyll & content
occurred in November, that attained to 0.47, 0.32 and 0.20 mg m3 at
the stations I, I1 and I respectively, (Fig. 2). However, the lowest values
were estimated in May.
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Fig. (2)
Seasonal varfation of the chlorophyll a concentrations
in the coastal waters, north to Jeddah,
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" The seasonal variations in the chlorophyll a concentration (Fig. 2),
followed a similar pattern of those of the standing crop (cells/litre) of
phytoplankton, (Table I). A gradual increase in the number of the
phytoplankton species was noticeq from May to November (Table II). The
higher values of chlorophyll a in autumn were correspond to the accretion
of the standing crop of the phytoplankton (4800, 3700 and 2200 cell/litre
at the sites I, I and IlI respectively), (Table I).

Table (1)
Seasonal varfations in the standing crop of the phytoplankton
(cel1/14ter) 1p North Jeddah.

Seasons STATIONS Seasonal Average

(1982) 1 11 11 of the whole area
Winter 3500 1750 1100 2110
Spring 2100 900 400 1130
Summer 2000 1550 950 1500
Autumn 4800 3700 2200 3570
Annual Average 3100 1980 1160 2080

The chlorophyll (a) concentrations in August were nearly found to be
1.5, 2 and 2.5 ~ fold of those estimated in May at the localities I, Il and
11, respectively, (Fig. 3-b). However, the rate of increment of the standing
crop, chlorophyll (a) content and number of the phytoplankton species,
was obviously augmented during the periods of May-August, (Fig. 3-b)
and August-November, (Fig. 3-c), otherwise, it exceeded that noticed
during February-May, (Fig. 3-a). Accordingly, the increment rate of the
standing crops and the nimber of phytoplankton species shows that the
optimum period of high production was during August-November, (Fig.
3_C)'
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Table (2)
Seasonal variatfons in the number of phytoplankton specfes
{n North Jeddah, during 1982, (khalil and Ibrahim, 1988).
(Ph.: Phytoplankton, DT: Diatoms and F6: Dinoflagellate).

Seasons STATIONS
I 1 1
Ph. DT  F6 Ph oT 6 PH DT F6
Winter 73 40 33 43 2 9 23 9
Spring 59 32 27 30 13 17 18 8 10
Summer 61 28 3 36 16 20 20 12 8
Autumn 88 4 42 56 30 26 3% 21 15

It is worthy of note that the lower value of chlorophyll (a) was observed
when the number of dinoflaegellate species surpassed that of the diatoms,
(Fig. 2 and Table 1I), which indicated a negative correlation between the
number of dinoflagellate species and the chlorophyll () content of the
phytoplankton. Therefore, the lower the number of the dinoflagellate
species, the higher the content of chlorophyll (a) in the coastal waters
of Jeddah area. These results agree with that of Holland (1969), who
revealed a positive correlation between average velues for both chlorophyll
(s) and total diatoms. In winter, the standing crop of phytoplankton and
chlorophyll (a) content were less than those noted in autumn, (Table II
and Fig. 2). The diatoms declined in spring and summer and generally
were exceeded by dinoflagellate, (Table II). Thic phenomenon may be
attributed to the increase in both the surface sea water temperature and
intense illumination, (Khalil et al, 1984).

Otherwise, Scott (1979) indicated that temperature may be related
to primary production indirectly, since the biachemical regeneration of
nutrients both in the water column and in the sediments can be dependent
upon temperature. He also added that increased temperature may increase
the grazing activity of zooplankton on, and thus increase the rate at which
nutrients are recycled in the water column.

The present results follow also the same trend as those observed
by Khalil et al (1884) at South Jeddah, in which the lower values of
chlorophyll (a) estimated in May, however, they attributed that to surface
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Rate of increment in the standing :rop. chlorophyll a content, nusber of
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February - May, May - August and August - November
periods.
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water temperature and photo-inhibition. Moreover, the low nutrient
concentrations during summer period are the important factors responsible
for the low standing crop of the phytoplankton, (Dowidar et al, 1978).
Under other circumstances, Dowidar and Sheikh (1984) recorded higher
values of chlorophyll (a) and primary production near Bangalah (fish market
at Jeddah Center), because of the highly enriched seawater with nutrients
as a result of waste water discharge near the fish market. However, these
values decreased seaward far from the sewage outflow. On the other hand,
the phytoplankton production was greatly reduced near the areas of
Desalination Plant and Petromeen (Dowidar and Sheikh 1984) due to the
thermal poliution effect of the hot brine effluents from the Desalination
Plant and to oil dispersion from the oil refinery at Petromeen area on
the shoreline.

The population of diatoms and dinoflagellates of North Jeddah area
is highly diversified and meinly composed of cosmopolitan, tropical and
subtropical, besides Indo-Pacific tropical-equatorial belt forms (Khalil
and Ibrahim 1988). The important recorded species of phytoplankton in
the area of study belonging to the following genera: Asterionella,
Chaetoceros, Nitzschia, Rhizosolenia, and Thalassiothr!x of the diatoms
and Ceratium, Dinophysis, Gonyaulsx, Peridinium, Prorocentrum and
Pyrocystis of the dinoflagellates., The seasonal variations in occurrence
and distribution of the phytoplnakton of Obhur area were discussed by
Khalil and Ibrahim (1988).

McGill and Lawson (1966), observed that the productivity in the central
part of the Red Sea was in winter (0.12 mg cm™3) at the surface water.
Furthermore, the chiorophyll a concentration in the northern part of the
Gulf of Aqaba, Red Sea, was found at the highest values (0.25 to 0.40
mg m~3) in autumn and winter and the lowest values (0.05 to 0.20 mg
m-3) during summer (LevanonSpenier et al, 1979). Otherwise, Morcos
(1970) indicated that, the upward movement of deep water, during summer,
in the northern part of the Red Sea on the eastern coast may affect the
phytoplankton productivity. However, the high values of chlorophyll (a)
and primary production observed in autumn and early winter are due to
the mixing process during this period (Levanon-Spanier et al, 1979). Nitrogen
fs the major limiting nutrient and its supply during mixing to the upper
waters enables phytoplankton to bloom. Accordingly, Saad and Fahmy
(1984) demonstrated that the nitrate concentration in the surface waters
of North Jeddah ranged from 0.07 pg at N 171 in May to 3.45 pg at N 1~

in November, that entirely coincided with the lowest and highest values
of chlorophyll (a) content and the standing crop of the phytoplankton in
the present study. Thus, the increase in nitrate content of the sea water
is followed by an increase in both production and chlorophyll (a) levels.
Furthermore, Levanon-Spanier et al (1879) revealed that correlation of
phosphate values with the biological parameters is much weaker.
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In general, the rather low overall chlorophyll (a) concentration and
primary production observed in North Jeddah (the present study) are similar »
to those of South Jeddah (Khalil et al, 1984) which indicate that these
waters are oligotrophic during most of the year and comparable in this
respect to the central part of the Red Sea (McGill and Lawson 1966), -
the northern basin of the Agqaba Gulf (Levanon-Spanier et al 1979), the
Sargasso Sea (Menzel and Ryther 1961) and the tropical Pacific (Eppleyet
al 1973; Gundersen et al 1976), (Table iil).

Table (3)
Comparison between chlorophyll (a) contents in the Red Sea .
and other marine olfjgotrophic water bodies.

Region Chlorophyll (a) References
mg m-3
North Jeddah 0.04 - 0.47 The present data .
South Jeddah 0.12 - 0.58 Khalil et al, 1984
Central Red Sea off Jeddah 0.04 - 0.68 Dowidar, 1984 - b
Central part of the Red Sea 0.12 - 0.69 McGi1l and Lawson, 1966 -
6ulf of Aqaba 0.03 - 0.45 Levanon-Spanier et al, 1979
Sargasso Sea 0.05 - 1.00 Menzel and Ryther, 1961
N. Pacific, central gyre 0.04 - 0.23 Eppley et al, 1973
N. Pacific, off Hawaid 0.03 - 0.40 Bundersen et al, 1976
Sea of Japan 0.14 - 0.34 Ohwada, 1971
Mediterranean:
Oceanfc 0.05 - 0.50 Dowidar and Mostafa, 1983
S. Eastern part ( neritic) 4.0 -7.0 . . . " -
Black Sea ( Bosphore ) 0.30 - 0.55 Bologa et al, 1983
b * , Western Part
(Callacra) 0.25 - 0.50 -
(New Danub) 3.0 - 35.0
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The relatively high content of chlorophyll (a) and the primary production
in some coastal waters (Table IlII) may reflect the effect of the drainage
discharge that enriched with nutrients as in Bangalah (Dowidar and Sheikh
1984), or by the continuous outflow of nutrients discharged from the Danube
to the Black Sea, particularly in the superficial layer (Bologa et al 1983)
and also may be due to discharge waters off the Nile Delta which is usually
rich in nutrient salts, growth promoting substances which lead to high
phytoplankton crop (Dowidar and Mostafa 1983).

Around the year, the lowest value of standing crop of the phytoplankton
was noticed during autumn in Northern part of the Arbian Gulf (Jamal
and Pavlov 1979), Sea of Japan (Ohwada 1971), Saronics Gulf (Karydis
et al, 1983) and South-Eastern Mediterranean (Dowidar 1984-a). Contrarily,
the Red Sea exhibited a different and unique trend, in which autumn
represented the most productive season in the year round (Levanon-Spanier
et al 1979; Khalil et al 1984 and Khalil and Ibrahim 1988).

The relatively low standing crop and variations in the distribution of
the phytoplankton species in the different regions of the Red Sea may
be attributed to the prevalling ecological conditions such as the paucity
of nutrients... etc.
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