
Arab Gulf 1. Scient . Res., Agric. BioI. Sci ., 86 (2) , pp. 189-204 (1988) 

A Seasonal Study of the Surface Phytoplankton 
of the Red Sea North of Jeddah 

A.N. Khalil l and A.M. Ibrahim2 

'Oceanography Department. Faculty of Science 
Alexandria University , Alexandria and 

21nstitute of Oceanography and Fisheries. 
Alexandria. Egypt 

A BSTRAC1. A lO tal of 124 speci es of the phY lOplankton be longing to 37 gcnera we re 
rceorded in Obhur Cree k region. nort h Jeddah during 1982. Diatoms were thc most 
numerous. Ninc species o f diatoms and four spceies of dinoflagellate wcre new 
records for the arca . A s temperature rose during Spring and Summer. i t was 
obse rved that the number of the dino fl agellatc species increased noticeabl y . while 
the number o f the diatoms specics decreased . FlIrthermore. a decline in the standi ng 
crop of the phy top lankton was noticed. Autumn represents the more favourable 
sea son for phytoplankton growth . 

An obvious increa se in the number o f the ph YlOp lankton species around the 
ye ar was noted seaward off Obhur Creek . 

The Red Sea occupies an exceptional position among marine basins. It is a land 
locked semi-enclosed water body, located in an arid zone, thus creating unusual 
hydrographic conditions. 

Knowledge of the Red Sea phytoplankton is still scanty, particularly in the 
shallow neritic zone . A few scattered observations , based on a limited number of 
net samples were made by Ostenfeld and Schmidt (1901) , Schroder (1906) and 
Matzenauer (1933). 

More recently , Halim (1969) reported 84 diatom and 125 dinoflagellate 
species , mostly in the open water of the Red Sea . About 220 phytoplankton species 
were recorded in the neritic water of ledd ah by Oowidar et al. (1978) . Kha lil et al. 
(1984) recorded 73 diatom and 27 dinoflagellate species in the region of south 
leddah. Meanwhile , Oorgham and Khalil (1984) noticed 70 species of diatoms 
associated with the brown alga Cystoseira myrica in the coastal water of leddah_ 

The present study deals with the seasonal variations of the species composi­
tion , distribution and standing crop of the phytoplankton (dia toms and dinof­
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lagellates), during the period of February - November 1982, at the region of 
Obhur, north Jeddah, Red Sea (Saudi Arabia). 

Materials and Methods 

The study area (Obhur Creek), is located at about 35 km north of Jeddah 
center, between 21°42' and 21 °47'N, and 39°04' and 39°09'£ (Fig. 1). It is a narrow 
winding creek, connected to the Red Sea and extending for a distance of about 9 
km eastward. It has an average width of half a kilometer and reaches a maximum 
depth of 50 m (Behairy et al. 1983). 

A total of 72 qualitative and quantitative phytoplankton samples were 
collected seasonally during February, May, August and November 1982 from three 
stations; Station I is located in the Red Sea proper at 4 km offshore, Station II lies 
at the entrance of the Creek and Station III is in the middle of the Creek (Fig. 1). 
Surface water temperature at each station was measured at the times the 
phytoplankton samples were collected. Phytoplankton samples (5 quantitative and 
one horizontal haul) were taken at each station as follows: 

a) Quantitative samples: 5 litres of water samples taken at a depth of 50 cm 
below the surface . All samples were preserved in 4% neutralized formalin and 
concentrated to a 100 ml volume by the sedimentation method (Utermohl 1936) . 
The standing crop is expressed in cellsllitre (cll). 

b) Horizontal phytoplankton net No. 25 (55 [.lm) was used simultaneously to 
collect surface phytoplankton samples for the qualitative assessment of the species 
composition. All phytoplankton samples were preserved in 4% neutralized 
formalin. 

Identifications were made via the works of Brandt and Apstein (1908) , 
Jorgensen (1911) , Hustedt (1930), Cupp (1943), Wood (1963a,b), Hendey (1964), 
Sournia (1967 and 1968) and Simonsen (1974) . 

Results and Discussion 

A total of 124 phytoplankton taxa were recorded during the period of the 
study. The majority was diatoms; the dinoflagellates were less in number (Table 1) . 
Most of the species of the phytoplankton were temperate and tropical forms ; some 
were Indo-Pacific forms. 

Nine species of diatoms (Asteromphalus heptactis, Chaetoceros diversus , 
Coscinodiscus gran ii, Ditylum brightwellii, Hemiaulus hauckii, Lauderia borealis, 
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Licmophora Iyngbyei, Nitzschia socialis and Rhizosolenia alata f. indica) and four 
species of dinoflagellates (Amphisolenia globifera, Ceratium carriense f. volans, 
Ceratium tetrastichon and Peridinium punctulatum) were new records to the area. 
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Fig. 1. Map of Jeddah coast (Red Sea) showing the siles of phytoplankton collection. 



Table I. Seasonal distribution of the phytoplankton species in the region of North Jeddah (Obhur Creek) ~ 
W=winter ; Sp=spring; Su=summer; A=autumn; Aff.=affinity ; C=cosmopolitan ; I=Indopacific; P=temperate; T=tropical; 
c=common; f=frequent; 1=less frequent; r=rare; -=absent *=new records 

Species Seasons 
(1982) 

Stations 

Aff.
I 

w Sp Su A 
II 

W Sp Su A 
III 

W Sp Su A 

A) Diatoms 

Accinopycchus undulacus (Bail.) Ralfs - I f f - - f f - - I - C 

Ascerionella japonica Cleve c f f c c - f c c - - c C 

Asceromphalus hepcaccis (Breb.) Rails r r - - r - - - - - - - P 

Bacceriascrum delicaculum Cleve f - - I f - r - f - - - P 
I 

Bacceriascrum e10ngacum Cleve r - - - - - - - - - - - T 
I 

Biddulphia aurica (Lyng.) Breb. - - - r - - - - - - - - C 

Biddulphia pelagica Schroder - r - r - - r - - - - - P 

Biddulphia sinensis Greville r - - - - - - - - - - - P 

Ceracaulina bergonii (Peragallo) Schutt r - - - - - - - - - - - P 

Chaecoceros affinis Lauder - I f f - - f f - - - I C 

Chaecoceros aclancicus Cleve r - - - - - - - - - - - C 

Chaecoceros brevis Schutt - - r r - - - r - - - - p 

Chaecoceros coarccarus Lauder - I I I - I - I - I r - T 
I 

Chaecoceros compressus Lauder I - I f - I - I r - - - C 
I 

Chaecoceros curvisecus Cleve f f - I f f - - I - - - C 
I 

Chaecoceros dadayi Pavillard r - - r r - - - - - - - T 

Chaecoceros danicus Cleve - - - r - - - r - - - r C I 

Chaecoceros decipiens Cleve - - - r - - - r - - - - C 

Chaecoceros densus Cleve r - - r - - - - - - - - P I 
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Table I.-(continued) 

Species Seasons I 
(1982) W Sp Su A 

Chaetoceros didymus Ehrenb. 

Chaetoceros dis tans Cleve 

"'Chaetoceros divers us Cleve 

Chaetoceros /orenzianus Grun. 

Chaetoceros messanensis Castracane 

Chaetoceros pendu/us Karsten 

Chaetoceros peruvianus Brightwell 

Chaetoceros pseudocurvisetus Mangin 

Chaetoceros socia/is Lauder 

Chaetoceros tetrastichon Cleve 

Chaetoceros tortissimus Gran 

C/imacodium frauenfe/dianum Grun. 

Coscinodiscus centralis Ehrenb. 

Coscinodiscus concinnus Wm. Smith 

Coscinodiscus excentricus Ehrenb. 

Coscinodiscus gigas Ehrenb. 
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'DTable l.-(continued) .... 

Stations 
Species Seasons ( n m AlT.(1982) W Sp Su A W Sp S" A W Sp Su A 

-- - - r - - r C*Coscinodiscus granii Gough 
- - r - ­- I r - I - ­ TCoscinodiscus perforatus Ehrenb. 

- - - r- - - r P*Dicylum brighcwe/lii (West.) Grun. 

r - - -Eucampia comuca (Cleve) Grun. T 
- -- - - rGuinardia fJaccida (Cas!.) H. Peragallo C 

- Pr -Gyrosigma ba/ticum (Ehrenb.) Cleve 
-- - - r T*Hemiaulus hauckii Grun. 

-- r r PHemial/lus membranaceus Cleve 
-r - - ­r - - ­ P*Lauderia borealis Gran 

- I - - ­ - - r ­I I I CLepcocyJindrus danicus Cleve 
- - I f I - - ­ - - I I*Licmophora Iyngbyei (Klitz.) Grun. C 

- - - r- r - r PNavicula membranacea Cleve 
-f - I ­ I - r I - - -Niczschia c/oscerium (Ehrenb.) Wm. Smith C 

- - - f f- I f f - f f CNiczschia longissima (Breb.) Ralfs 

f - - INitzschia pacifica Cupp f f - I I ­ P 

f - I ­ f - - ­ I - - -Niczschia pungens Grun . P 

I - I ­ I - - ­ I - - ­ PNiczschia seriata Cleve 
-I I r I I - ­ I - - ­ P*Niczschia socialis Greg. 

- - - rr - - r TPlanktoniella sol (Wallich) Schlitt 

- f f f - f f I - f f -RiJizosolenia alala f. alaca Brightwell C 
- r - - ­I r ­ r - - ­*Rhizosolenia alata f. indica Peragallo T 

- - - If - I f f - - IRhizosolenia bergonii H . Peragallo P 

[ I - ­f f - IRhizosolenia caJcaravis Schultze - I T 
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Table l. - (continued) 

Species 	 Seasons 
(1982) 

Rhizoso/enia casrracanei H. Peragallo 

Rhizosolenia clevei Ostenfeld 

Rhizoso/enia cylindrus Cleve 

Rhizoso/enia delicatula Cleve 

Rhizoso/enia fragiJlissima Bergon 

Rhizoso/enia hebetara (Bail.) Gran 

Rhizoso/enia imbricata Brightwell 

Rhizoso/enia shrubso/ei Cleve 

Rhizoso/enia srolterforhii H. Peragallo 

Rhizoso/enia styliformis Brightwell 

Stephanopyxis turris (Grev.) Ralfs 

Thalassionema nitzschioides Hustedt 

Thalassiosira decipiens (Grun.) Jorg. 

Thalassiothrix frauenfeldii Grun. 

Thalassiothrix longissima Cleve & Grun. 

B) 	Dinonagellate 

Amphiso/enia bidenrara Schroder 

*Amphiso/enia globifera Stein 

Ceracium arietinum Cleve 

Ceracium belone Cleve 

Cerarium breve (OSI. & Schm.) Schroder 

Ceratium candelabrum (Ehrenb.) Stein 

Ceratium carriense Gourret 
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-0 Table l.-(continued) 
-' 

'" 
Stations 

Species Seasons I II III 
AlT.(1982) w Sp Su A W Sp Su A W Sp Su A 

"'Ceratium earriense f. volans (Cleve) Jorg. - - I I - - - r - - - I P 
- - - ICeratium eontortum (Gourret ) Cleve f - f f - - f I T 

c f f I f - - -Ceratium eontrarium (Gourret) Paviliard f I - ­ P 
f I I ICeratium declinatum Karst. f - I I P 

- - - rCeratium dens Ost. & Schm . f I - I f I - ­ I 
»- - f fCeratium extensum (Gourret) Cleve f - f f - - I ­ P z 

Ceratium [urea (Ehrenb.) Clap . & Lachm. c c f f c c - f - f - f C 
;>:: 

C ::r -Ceratium [usus (Ehreob.) Dujardin c c f f c c f c f - ­ '" S 
-r - - -Ceratium gibberum Gourret P '" 

P 0. "- - - r- - - rCeratium hexaeanthum Gourret - - - r » 
- - r -Ceratium karstenii Pavillard - I r ­ P 3:: 
- - - r - - - rCeratium ko[oidii Jorg. r - - I T g: 
- r - ­r - - rCeratium lunula Schm . - r - ­ T ::r '" 

§-Ceratium maeroeeros (Ehrenb .) Cleve I - J - I - ­ r - - ­ P 
-Ceratium massiliense (Gourret) Jorg. f f f f - f f I - I I P 

Ceratium pentagonum Gourrel r r - ­ r r - ­ C 
- - r -Ceratium ranipes Cleve - - r r P 
- - - r - - - rCeratium reflexum Cleve r - - r T 

Ceratium sehmidtii Jorg. - I f f - - f f - - I I I 

Ceratium teres Kofoid c c f I c f f ­ c f - ­ P 
- - - r -"'Ceratium tetrastiehon Cleve - - r r P 

Ceratium triehoeeros (Ehrenb.) Kofoid c f f c c - f c - - - f T 

Ceratium tripos (Muller) Nitzsch f f f c f - f c - I - c C 
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Table l.-(continued) 

Stations 

Species 
 Seasons I II III 

(1982) AlT. w Sp Su A W Sp Su A W Sp Su A 

- - - f- I I f Tf I I fCeratium vultur Cleve 
- ;J>r - - r PI - r ICeratocorys horrida Stein 

Vl - - I I I PDinophysis caudata Saville & Kent - - I I e; 
Dinophysis hastata Stein 

" 
- - r ­ P 	 o 

;:l 

~ 
- - I - ­I f I I I I -Dinophysis miles Cleve I 	 Vl 

- P 	 C.IGoniodoma polyedricum (Pouch.) Jorg. f - I f f - I 
'< " 

- - r - ­ rGoniodoma sphaericum Murray & Whitting r r ­ P 	 S, 
:;.r - - ­ PGonyaulax monacantha Pavillard 
'" 

P (/)I I I I I I - ­ IGonyaulax polygramma Stein 
~ 

- - r P 	 nOrnithocercus magnificus Stein I I f - I - I '"' " - - - - r rr - IOrnithocercus quadratus Schlitt P 	 ." 
=r 

C 	 '<Peridinium conicum (Gran) Os\. & Schm. r ­ o 
'U 
;;;- - I f - - I fI - I f CPeridinium 	depressum Bailey 
;:l 
:0;­- - I ­f I - - f ­ C 	 oPeridinium oceanicum Vanhoffen 
;:l 

-- - Pr - ­*Peridinium punctulatum Paulsen 

I Cf I I I f - I -Prorocentrum compressa (Bail.) Osten. 
- - - I I - I CI f IProrocentrum micans (Ehr.) 
- - r r IPyrocystis fusiformis (Thompson) Murray 

I I - I I I - ­ I ­ CPyrocystis lunula Schlitt 

- - I r II I I I I I I -Pyrocystis pseudonoctiluca (Thompson) Murray 

- - - I P- r I I - - - IPyrophacus horologicum Stein 
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In the winter samples, the spatial distribution of the phytoplankton showed 
that the number of the species of diatoms recorded at the offshore location (St. I) 
was nearly twice that noticed at the entrance of the Creek (St. II) , and about 
threefold that recorded at the inside of the Creek (St. III) , (Fig. 2, winter). The 
number of the dinoflagellate species followed a more or less similar pattern of 
distribution as that of diatoms. 

The number of the phytoplankton species recorded during winter was 
relatively higher than those observed in spring or in summer. 

The following species were noticed only during winter: 

a) Diatoms: Bacteriastrum elongatum, Biddulphia sinensis , Cerataulina 
bergonii, Chaetoceros at/anticus , C. peruvianus, Eucampia cornuta, Gyrosigma 
balticum, Stephanopyxis turris. Thalassionema nitzschioides and Thalassiothrix 
frauenfeldii . 

b) Dinoflagellates: Ceratium belone, C. gibberum, Gonyaulax monacantha 
and Peridinium punctulatum . 

The standing crop of the phytoplankton during winter varied from 1100 ell 
(St. III) to 3500 cl1 (St. I) , with an average of 2110 cll, (Fig. 4). 

Lower values in the number of the phytoplankton species (Fig. 3) and the 
standing crop (Fig. 4) were observed in the spring and summer samples. A gradual 
increase in the number of dinoflagellate species was noticed in the area , 
accompanied by a marked diminution in the number of the diatom species (Fig. 2, 
spring and summer) . The increase in the dinoflagellate species may affect the 
occurrence of the diatoms . The same phenomenon was observed at locations south 
of Jeddah , during March-May 1982 by Khalil et al. (1984); moreover, Halim (1969) 
indicated that the dinoflage llate species seem to thrive at the high temperatures of 
the Red Sea summer. The present data coincide with that finding. Concerning the 
surface water temperature of the study area, no great difference was noticed 
between the three localities . The lowest average value (22.5°C), occurred in 
February (winter), then gradually rose to an average (29.2°C) in May (spring), 
while the maximum average value (33.6°C) was observed in August (summer), 
thereafter the temperature declined to an average (26.3°C) in November 
(autumn). 

The interaction of light and temperature is probably the most important of the 
environmental factors (Reynolds 1973). Accordingly, higher temperature of the 
surface water in the study area during summer, besides the day length (about 15 
hr), may aff~ct the phytoplankton growth and consequently the number of the 
species. 



20 

10 

~Ai'~zd 

~ Phytoplankton
80 

~ Diatoms 
50 

~ Dinoflagellate 

Fig. 2. Seasonal variations in number of phytoplankton (diatoms and dinoflagellate) species , during 
1~82, North Jeddah. ~ 

'D 
'D 

U) 

40
U) 

Q)Q) 
o'0 
Q)Q) a.a. 

(f) 30(f) 
Spring'0'0 

cici z 20z 

10 

O~~"l',;il m.'W\1 o r~ V"'»l';;'" I V'r.,'>WM 

II III Stations II III 

en 
U) Q)
Q) '0'0 Q) 

a. 50 
~ (f)
(f) 40'0'0 

ci 30ci zz 
20 

10 

o ,rl'l\>w,,2 [//r,>YH/.l [//J\>W/A 

Stations II III 

70 

50 

40 

30 

10 

O~ ~~ rm 
II III 

p 

'" " '" :s 
"~ 
~ 
c:: 

Stations '< 
0­

8., 

:r 
" V1 

~ 
c;;' 
o 

" "0 
:r 
'< o 
"0., 
" o " 
" 

Stations 



200 A.N . Khalil and A.M. Ibrahim 

IZ2l 
&:SI 
~ 

Stations90 

80 

II 
70 

III 
60 

(/) 
Q) 

'0 
Q) 50a. en 
'0 40 
0 
z 30 

20 

10 

0 
Winter Spring Summer Autumn 1982 
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Furthermore, a marked diminution in the standing crop of the phytoplankton 
was observed during spring (Fig. 4), with an average of 1130 cll. Later on, during 
summer, a slight increase in the standing crop was observed, with an average of 
1500 ell (Fig. 4) . 

Only two species of the diatoms were restricted to the spring: Chaetoceros 
pendulus and Rhizosolenia clevei; whereas the fOllowing two species of the 
dinoflagellate were confined to the summer: Dinophysis hastata and Peridinium 
cOn/cum. 

During autumn, the recorded numbers of both diatoms species and dinof­
lagellate species were higher than those noticed in the other seasons (Fig. 2) and 
they constituted about 71 % of the total recorded number of the phytoplankton 
species around the year. 

The following species were recorded only in autumn : 

a) Diatoms: Biddulphia aurita, Chaetoceros danicus, C. decipiens, C. 
didymus, C. pseudocurvisetus, C. socialis , C. tetrastichon . Coscinodiscus granii, 
Ditylum brightwellii, Hemiaulus hauckii, Guinardia flaccida and Navicula mem­
branacea. 

b) Dinoflagellates: Ceratium hexacanthum. 

The standing crop of the phytoplankton, during autumn, attained more than 
twofold that of the summer value. It ranged from 2200 cll (St. III) to 4800 cll (St. 
I), wi th an average of 3570 cll (Fig. 4). 

Morcos (1970) pointed out that the upward movement of deep water during 
summer in the northern part of the Red Sea on the arabian coast may partly affect 
the phytoplankton production. On the other hand, regarding the concentration of 
nitrate, which is an essential limiting major nutrient for phytoplankton growth , 
Ewins and Spencer (1967) and Saad and Fahmy (1984) indicated that the nitrate 
concentration, in the region of leddah coast , ranged from 0.07 flg at Nil in May to 
3.46 flg at Nil in November. 

The present data showed the same trend, where maximum values in the 
number of the phytoplankton species and the standing crop were observed in 
November (autumn), which may be attributed to an increase in nutrient salts, 
especially the concentration of nitrate. Consequently, the present data agreed with 
those given above by Morcos (1970) and Saad and Fahmy (1984). Moreover, the 
present data coincided with the findings of Halim (1969), that diatom species 
appear to be outstandingly high in number in the Red Sea during November. 
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Generally, a large number of the phytoplankton species recorded in the Obhur 
region are probably perennial. It is to be noted that the population of diatoms and 
dinoflagellates of the Obhur area is highly diversified. The population is mainly 
composed of cosmopolitan, tropical and sub-tropical forms; some are restricted to 
the Indo-Pacific tropical-equatorial belt. 

The present floristic data indicate that the most dominant species are 
represented by neritic taxa. 

An obvious increase in the number of the phytoplankton species around the 
year was remarked seaward off Obhur Creek. 

According to Behairy et al. (1983), the surface water from Red Sea, entering 
into the Obhur Creek extends landward. Moreover , Sheikh (1981) revealed that 
the surface water near the Creek entrance is freely exchanged with the Red Sea 
water outside the Creek, compared with the water inside the Creek. Accordingly, 
the surface water inside the Creek is slowly exchanged with the Red Sea water 
reverting to that at the entrance, that may affect the replenishment of the nutrients 
in the surface water inside the Creek and, consequently, the phytoplankton 
growth. Therefore , it can explain the poor fertility inside the Creek. 

Since different methods are often used for collecting and enumerating 
phytoplankton samples, direct comparisons of community parameters such as 
species diversity can only be approximate. However, the studies of Halim (1969) 
and Dowidar et al. (1978), shed some light on the phytoplankton species of the Red 
Sea, particularly in neritic waters. Compared with the work of Khalil et al. (1984), 
in which they recorded 73 species of the diatoms and 27 species of the 
dinoflagellates at three localities, south of Jeddah; the present data indicate that 
the region north of Jeddah is relatively richer in the number of phytoplankton 
species than that south of Jeddah. 

References 

Behairy, A.K., EI-Rayis, O.A. and Ibrahim, A.M. (\983) Prelimin ary investigations of some heavy 
metals in water, sediments and plankton in Obhur Creek (Eastern Red Sea), 1. Fac. MM. Sc. 3: 

129·139 

Brandt, K. and Apstein, C. (1908) Nordisches Plankton. Bota nischer Teil, Neudruck Keil und Leipzig , 

350 p. 
Cupp, E.E. (1943) Marine PlanklOn Diatoms of the West Coast of North America, University of 

California Press, Los Angeles, 237 p. 

Dorgham , M.M. and Khalil, A.N. (1984) Diatoms associated with Cystoseira myrica in the coastal 
waters of Jeddah, Red Sea, Proc. Symp. Coral Reef Environ . R ed Sea, Jeddah, pp . 540-554. 

Dowidar, N.M., Raheem Eldin, S.A, and Aleem, A.A. (1978) Phyto pl ankton populations in the region 
of Obhor (Jeddah, Saudi Arabia), Bull. FilC. Sci. K.A.u. Jeddah 2: 27\-292. 



203 A Seasonal Study of the Surface Phytoplankton ... 

Ewins, P.A. and Spencer, C.P. (1967) The annual cycle of nutrients in the Menai strait, J. Mar . Bioi. 
Assoc. U. K. 47: 533-542. 

Halim, Y. (1969) Plankton of the Red Sea, Occanogr. Mar. Bioi. Ann. Rev. 7: 231-275. 

Hendey, N.I. (1964) An Introductory Account of the Smaller Algae of British Coastal Waters. Part V: 
BacilJariophyceae (Diatoms), Ministry of Agriculture, Fisheries and Food, London, 317 p. 

Hustedt, F. (1930) Bacillariophyta (Diatomaceae). Die Susswasser Flora Mitteleuropas, Heft 10, 
Zweite Aufl. Prof. Pascher (Ed.), Jena, 466 p. 

Jiirgensen, E. (1911) Die Ceratien. Eine Kurze Monographie. Intern. Revue d. ges. Hydrob. u. 
Hydrogr. 4: Supp!. Heft., 124 p. 

Khalil, A.N., Khafagi, A.K. and Ibrahim, A.M. (1984) Preliminary survey of micro- and macrophytes 
south of Jeddah, Red Sea, Proc. Symp. Corill Reef Environ. Red Sea. Jeddah. pp. 555-576. 

Matzenauer, L. (1933) Die Dinoflagellaten des Indischen Ozeans, Bor. Arch. 35: 437-509. 

Morocs, S.A. (1970) Physical and chemical oceanography of the Red Sea, Oceanogr. Mar. Bioi. Ann. 
Rev. 8: 73-202 . 

Ostenfeld, C.H. and Schmidt. J. (1901) Plankton fra det Rode Havog Adenbugten (Plankton from the 
Red Sea and the Gulf of Aden), Vidensk . Medd. dansk. narurh. Foren. Kbh .. pp. 141-190. 

Reynolds , C.S. (1973) The phytoplankton of Crose Mere. Shropshire. Br. Phycol. J. 8: 153-162. 

Saad, M.A. and Fahmy, M.A. (1984) Chemica-physical characteristics of the coastal Red Sea waters 
north of Jeddah, Saudia Arabia . Proc. Symp. Coral Reef Environ. Red Sea. Jeddah. pp. 
109-128. 

Schriider, B. (1906) Beitrage zur Kenntnis des phytoplanktons warmer Meere. Vjschr. oatud. Ges. 
Zurich 51: 319-377. 

Sheikh, E.A. (1981) Phytoplankton ecology ilod production of the Red Sea of Jeedah, Saudi Arabia , 
Ph .D. Thesis. Open Univ .. 357 p. 

Simonsen, R. (1974) The diatom plankton of the Indian Ocean Expedition of RlV "Meteor" 1964-1965 , 
"Meteor" Forsch. Ergbn. Reihe D19: 1-107. 

Sournia, A. (1967) La genre Ceratium (Peridinien planktonique) dan~ Ie Canal de Mozambique. 
Contribution a une revision mondiale, Vie Milieu Ser. A 18(2-3): 375-499. 

Sournia, A. (1968) Diatomees planktonique du Canal de Mozambique et de rile Maurice , Collected 
reprints of the International Indian Oceiln Expedition, Vol. VII , Contribution No. 517, pp . 
521-774. 

Utermiihl, H. (1936) Quantitative Methoden Untersuchung des Nannoplankton in Adderheldens , 
Ha ndbuch der Biolog. Arb. Methoden. Abt., IX(I). 

Wood, E.F. (1963a) Check-list of Dinoflagellates recorded from the Indian Ocean, Rep. Div. Fish. 
Commonw. Scient. Ind. Res. Org. Ausr. 28: I-ISS. 

Wood, E .F. (1963b) Check-list of Diatoms recorded from the Indian Ocean, Rep. Div. Fish. 
Commonw. Scienr. Ind. Res. Org. Ausr. 36: 1-311. 

(Received 0710911987; 
in revised form 2310311988) 



204 A.N. Khalil and A.M. Ibrahim 

J~ .?~I ~4 ~6 H~yJl JlI~ ~~ LIJ~ 
O~ 


~ - ~J~'1' - ~J~'1, .......\.-:.:- -)..-.?' ,}>- ~ - ,.,w' ~ 
~ - ~J~'1, - ~~\, J~' ,}>-~~ 

~UJI J~I) ~ c:jy.li) ~ ~y-:JI ~;JJ ~yll 01~1 L.,I)~ Gi 

i~ JJ\>. dl~) ~ o~ J~ ~~t ~ 4~k II oW~ ~L:JI JI..,-.u 
-UL.:JI -q. -Ii· l.A.:....a..o, 't i 1_7 JI ~I 'b .-.'~;\ 't 

- . '-'" y---' ~ r..r::-:-.. ~ ~) i 
..A!) - (dinoflagellate) .1.r-l1 ~~ ~I~I JZ ~ (diatoms) 01oy~..lI1 (J4 4-Q.1..u 

i Jl uL;)f~ 01oGy-..lI1 (J4 t,lyt ~ ~~ oy4 J)\j ~I t,ly\jl ~ 

. .1.r-l1 ~~ (J4 t,lyt 

J.lI"-')1 ).J>~j)f iL,JI J~ J.-..a.91 yo ~~I 01 <tL::.lI 0 jy!1 ..G) 

~y\jl (J4 o.;:-!S ~I~I ~ ~ LS . ~L:...:..lI J...a.9 ~~I~ ~L:JI 

. ..l>1) r-"-"" ~ L".~ly ~ I ..A! ~ I 

0);>- ~)~ tl,.ij)~ ~t '-:I' ~I <tl;,; 4-:Jl ~y ~I 0L1>-)li1 ~t 
~~ ~)_NI ~I~I ~1y-1~ 0~bjl ~..a.li) ~)I ~.J.j JJ\>. ~I o\JI 

. 01oy~..lI1 ~yl ~1~t.J ~I) ~~~ ~~ .1.r-l1 


