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Abstract 

Marine Holocene fossil diatoms were studied from different locations along the 

Gulf of Suez. Quantitative and qualitative diatom analyses from the sea floor sediments of 

the Gulf of Suez at different depths were used to evaluate the paleo-environmental 

conditions during the Holocene. Sea floor samples were taken from twelve locations at 

different depths ranging from 15 to 275ft. below sea level. A total of 106 taxa related to 

48 genera were identified from 12 sediment samples examined from the north, middle and 

south of the Gulf of Suez at different depths. Those diatom taxa were used according to 

their habitat preferences and ecological conditions to predict the water quality fluctuations 

during the Holocene. 

Keywords: Diatoms, phytoplankton, Gulf of Suez, paleoenvironment, Holocene, marine 

diatoms. 

Introduction 

Fossil diatoms have been widely used to reconstruct past changes in pH, 

salinity, nutrients and climatic changes (Fritz, 1990; Fritz et al., 1991 and 1993; 

Brooks et al., 2001 and Taffs, 2001). Their indicator value is based on their well-

defined ecological tolerances (Laušević and Cvijan, 1994). They are the best 

indicators of the physical and chemical conditions (Dixit et al., 1992; Cate et al., 

1993; Van Dam 1993; Kashima, 1994; Patrick and Papavage, 1994 and Silva-

Benavides, 1996; Rigual-Hernández et al., 2013). Developments in diatom 

analysis have also been promoted by improvements in sediment coring (Wright, 

1980 and Glew, 1991) and dating (Pennington et al., 1973; Appleby et al., 1986; 

Appleby and Oldfield, 1988) and in the availability of powerful numerical 

techniques (ter Braak, 1986; Birks, 1995 and 1998) that together enable robust 

quantitative reconstruction of environmental change to be made (Battarbee & 

Renberg, 1990). 

     Although Egypt is cornered between two large water bodies, the 

Mediterranean Sea and the Red Sea, and despite the extensive work on fossil 

diatoms in almost all water bodies from the Antarctic to the Indian Ocean, it is 

noticeable that a few literatures have been focusing on the study of fossil 

diatoms in Egypt.  
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         Studies on fossil diatoms in Egypt consists mainly of the work of 

Aleem (1958) which surveyed taxonomically and paleoecologically the diatom 

flora of the extinct Fayoum Lake; Sadek (1978) which studied nannofossils 

and diatoms from some Pliocene sediment of North-Western desert of Egypt at 

Salum area;  El-Awamri (1984) studied fossil diatom samples from 

Pleistocene and Upper Eocene ages collected from Lake Moreis; Zalat (1995, 

1997) which studied diatoms from the Quaternary sediments of the Nile Delta 

and their paleoecological significance and studied the distribution of Holocene 

diatoms in bottom sediments of Lake Timsah; Flower et al. (2006) which 

estimated an assessment of recent paleolimnological records in Lake Quarun, 

and concluded from this data the environmental changes at the desert margin in 

Egypt; Flower et al. (2013) studied Stephanodiscus species from Holocene 

sediments in the Faiyum Depression (Middle Egypt). 

     From the previous literatures, it is apparent that there are few studies 

on the fossil diatoms of Gulf of Suez whereas studies were focused on 

Geological and Foraminifera analysis.  

  Concerning the studied area (Gulf of Suez), recent diatom flora was 

studied by Sukhanova (1969), Halim (1976), Zalat (2002) and El-Shahed 

(2006). While fossil diatoms were studied by Abdel Salam and El-Tablawy 

(1970) who reported the occurrence of diatoms in the Zeit Formation, The 

diatom assemblages recovered are formed of 23 species belonging to 12 

genera, Five diatom species of these assemblages belonging to four genera 

were strictly of Pliocene age, the other diatom species range from Miocene to 

Recent; Tawfic and Krebs (1994) who documented the presence of marine 

and non-marine diatoms in the thin, fine-grained beds within the evaporites and 

clastics found within the Zeit Formation in the central and southern portions of 

the Gulf of Suez; Ahmed and Pocknall (1994) who briefly discussed the 

presence of palynomorphs within the evaporites and interbedded clastics of 

Suez Gulf; Ali et al., (2010) studied fossil diatoms in Zaafarana formation.  

    This study was mainly undertaken to throw light on marine Holocene 

fossil diatoms of the Gulf of Suez, Egypt and predict some of its 

paleoecological and paleoclimatic conditions. 

 

Material and Methods 

Sea floor samples were collected from twelve locations along the Gulf of 

Suez (Fig. 1). 
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Figure (1): The location of the studied sea floor sediment samples along the Gulf of 

Suez. 

Material was provided by the Gulf of Suez petroleum company (GUPCO) 

during drilling activities in a non-systematic way. Sample depths were ranging 

from 15 feet at station (1) to 275 feet at station (12) (Table 1). 

 

Table (1): Sediment samples studied from Gulf of Suez and their corresponding 

depths in feet 

Sample 1 2 3 4 5 6 7 8 9 10 11 12 

Depth/ft. 15 65 78 100 105 112 115 122 166 200 257 275 

 

Preparation of samples for diatom analysis was done according to the 

incineration method (Jouse et al., 1949 a and b). Diatoms mounting were 

undergone as described by Proschkina-Laverenko et al. (1974); the relative 
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abundance of each taxon was then indicated according to Vilbaste (1994).The 

diatoms were grouped with respect to their salinity requirements according to 

Kolbe (1927) halobian system. 

 Diversity of diatom communities was calculated following the method of 

Shannon and Weaver (1949). The relative abundance is given as a percentage of 

the total count, while the richness of species referred to the total number of 

species observed at each depth. The method suggested by Maidana (1994) was 

used for the interpretation of water level using the percentage of planktonic 

species individuals in a fossil diatom sample. 

 Examination, identification and counting of diatoms were carried out 

using oil immersion lens (100x) of a binocular microscope (Tech
®
Germany 

Instruments) fitted with a digital Canon
®
powershot A650 IS camera which was 

used to take the photomicrographs. The present work followed the system of 

classification proposed by Round et al. (1990). 

The diatom taxa were identified according to Van Heurck (1885); 

Zabelinaet al. (1951); Cleve-Euler (1951, 1952, 1953 a and b); Hustedt (1927-

1966, 1949 and 1956); Patrick and Reimer (1966 and 1975); Hendey (1974); 

Schoeman and Archibald (1977); Jensen (1985); Krammer and Lange-

Bertalot (1986); Round et al. (1990) and Hasle and Syvertsen (1997). 

 

Results 

 A total of 106 taxa related to 48 genera were identified from 12 sediment 

samples examined from the north, middle and south of the Gulf of Suez at 

different depths. A list of the recorded diatom taxa, their mean frequencies and the 

number of both genera and species at the different sampling localities were given 

in (Table 2). The highest species richness was recorded at 65ft. (48 species), 

followed by 47 species recorded at 15ft. The lowest species richness was recorded 

at 275ft. (20 species) (Fig. 2). Similarly, the highest diversity index was found at 

65ft. (3.645) followed by that recorded at 15ft. (3.487), the lowest being recorded 

at 275ft.  (2.32) (Fig. 3). 
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Table (2): Mean frequencies of diatoms recorded fromthe12 sediment samples 

(between 15 and 275ft) that were examined in the well GS 285-1, Gulf of Suez, Egypt. 

P = predominant (50–20 %),  F =  frequent  (20–5 %), C = common (5–1 %), R = 

rare (1– 0.2 %), + = noted and – = not noted  

                 Taxa  

                                                                                                

           Relative abundance in stations 

1 2 3 4 5 6 7 8 9 10 11 12 

Actinocyclus cubitus G.D.Hanna & 

W.M.Grant. 

- - F - C - C - - - R - 

Actinocyclus curvatulus Janisch - - R R - - - R - - - R 

Actinocyclus ehrenbergii var. 

intermedia Grunn. 

- R - - - - - - R - - - 

Actinoptychus marylandiscus 

Andrews 

C R - C C - - R - - - R 

Actinoptychus splendens (Shadbolt) 

Ralfs ex Pritchard 

C C F C C C - - C - - C 

Actinoptychus vulgaris Schumann  R R C C C - - - R R - C 

Amphitetras cruciata Janisch & 

Rabenhorst 

R - C - - - - - - - - - 

Amphora decussata Grunow C C C - - - - - R R - - 

Amphora obtusa W.Gregory C C - C - - - - - C - - 

Amphora robusta Gregory - R R - - - - - - - - - 

Anomoeoneis sphaerophora E.Pfitzer - - R - - - - - - - - - 

Asterolampra vulgaris Greville R R R R - - - - R - - - 

Aulacodiscus kittonii Arnott ex Ralfs  - - - - R - R - - - - - 

Aulacodiscus simplex Rattray - - C - R - R - - - - - 

Aulacodiscus simulans J.W.Barker & 

Meakin 

- - - R - R - - - - - - 

Aulacoseira granulata (Ehrenberg) C C - - - - - - - - - - 

Auliscus caelatus Bailey - - R R - R R - - - R - 

Bacillaria paradoxa J.F.Gmelin C C - - - - - - R C - - 

Bacteriastrum hyalinum Lauder - - - - - - - - - R - - 

Biddulphia laevis Ehrenberg C C R - - - - - R R R - 

Biddulphia reticulata Roper - - R - - - - - - R - - 

Biddulphia tuomeyi (Bailey) Roper - - R - + - - + R C - + 

Campylodiscus decorus Brébisson R R - - - - - - R - - - 

Campylodiscus samoensis Grunow - R - - - - - - - - R C 

Campyloneis argus Grunow - R - - - - - - - R - - 

Chaetoceros affinis Lauder R - - C C C C C - - - C 

Chaetoceros coarctatus Lauder  - - - - - R - R - - R - 

Chaetoceros compressus Lauder R - - - - R - R - - - - 

Chaetoceros curvisetus Cleve - - - - - R - - R - - - 

Chaetoceros decipiens Cleve - - - R - - R - - - - - 

Chaetoceros rostratus Ralfs R - - R - - R - R - R - 

http://www.algaebase.org/search/species/detail/?species_id=N031a4d4e048fa45b&sk=0&from=results
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                 Taxa  

                                                                                                

           Relative abundance in stations 

1 2 3 4 5 6 7 8 9 10 11 12 

Chaetoceros tetrastichon Cleve - - R R - - R - R - R - 

Cocconeis apiculata (Greville) 

A.W.F.Schmidt 

R C - - - - - - - - - - 

Cocconeis britannica Naegeli ex 

Kützing 

R C - - - - - - - C - - 

Cocconeis pediculus Ehrenberg  C C - - - - - - - C - - 

Cocconeis placentula var. lineata 

(Ehrenberg) van Heurck 

C C C - - - - - - C - - 

Cocconeis scutelliformis Grunow R R - - - - - - - - - - 

Cocconeis scutellum Ehrenberg R R - - - - - - - R - - 

Coscinodiscus antiquus (Pantocsek) 

F.Schütt. 

- - - R - R R - - - - - 

Coscinodiscus curvatulus Grunow ex 

A.Schmidt 

- - C C C - C C - - - R 

Coscinodiscus descrescens Grunow - - R - - R - R - - - - 

Coscinodiscus excentricus var. 

sublineatus Grunow 

- - R R R R - - - - R - 

Coscinodiscus granii Gough - - C C C C C C C - C - 

Coscinodiscus marginatus Ehrenberg R R C C R R R R R - R R 

Coscinodiscus nodulifer 

A.W.F.Schmidt 

R R - - - - - - - - - - 

Coscinodiscus radiatus Ehrenberg R R P P F P P F P - F F 

Coscinodiscus Vetustissimus var. 

Javanica Reinhold 

- R - R - R R R - - - R 

Cyclotella kutzingiana Thwaites C C F F F F F F F C C R 

Cyclotella ocellata Pantocsek F F F P P P F P F F P F 

Denticula tenuis Kützing - R R - - - - - - - - - 

Dictyoneis marginata (F.W.Lewis) 

Cleve 

R R - - - - - - - - - - 

Dimerogramma minor (Gregorv) 

Ralfs 

C C C R R - R R R C R R 

Diploneis berrupta (Kutzing) Cleve - R R - - - - - - R - - 

Diploneis cabro Ehrenberg R R - - - - - - - - - - 

Diploneis diplosticta (Grunow) 

Hustedt, 

R R - - - - - - - - - - 

Diploneis pseudoovalis Hustedt - R R - - - - - - C - R 

Diploneis smithii (Brébisson) Cleve  R C R R - - - R - C C R 

Diploneis smithii var. dilatata 

(Peragallo) Terry 

R - - - - - - - - - - - 

Diploneis suborbicularis 

(W.Gregory) Cleve 

 

- - R R - - - - - - - - 
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                 Taxa  

                                                                                                

           Relative abundance in stations 

1 2 3 4 5 6 7 8 9 10 11 12 

Diploneis weissflogii 

(A.W.F.Schmidt) Cleve 

R - - - - - - - - - - - 

Gomphonema olivaceum 

(Hornemann) Brébisson 

- R - - - - - - - R - - 

Gomphonema truncatum Ehrenberg - - - R R - - - - - - - 

Gomphonitzschia ungeri  Grunow R - - - - - - - - - - - 

Grammatophora marina (Lyngbye) 

Kützing 

R R C - - - - - - - - - 

Gyrosigma balticum (Ehrenberg) 

Rabenhorst 

R R R - - R - R - - - - 

Hemiaulus membranaceus Cleve - - - R - - R - - - + - 

Hyalodiscus schmidtii Frenguelli - - - - + - - - - - - + 

Licmophora lyngbyei (Kützing) 

Grunow ex Van Heurck 

R - - - + + - - - - - - 

Lyrella hennedyi (W.Smith) Stickle 

& D.G.Mann 

R - R - - - R - - - - - 

Lyrella lyra (Ehrenberg) Karajeva R - R - - - - - R - - - 

Lyrella lyroides (Hendey) D.G.Mann - - - - - - - - R - - - 

Mastogloia smithii Thwaites ex 

W.Smith 

- R - - - R R R R - R - 

Navicula clavata Gregory - - - C C - - - - - - - 

Navicula lyra var. ehrenbergii Cleve R R - - - - - - R - - - 

Navicula monilifera Cleve - R - - - - - R R - - - 

Navicula pygmaea Kützing R R - - - - - - - - R - 

Navicula radiosa Kützing 1844 R R R - - - - - R - - - 

Nitzschia closterium (Ehrenberg) 

W.Smith 

- + - - - - - + - - - - 

Nitzschia lorenziana Grunow - + - - - - - - - - - - 

Nitzschia panduriformis W.Gregory R R - - - - - - - - + - 

Nitzschia sigma (Kützing) W.Smith - - - - - - - - R - - R 

Opephora martyi Héribaud-Joseph - R - - - - - - - R - - 

Paralia sulcata (Ehrenberg) Cleve F F F P F F F F F F F F 

Plagiogramma antillarum Cleve R C - - - - - - - C C - 

Plagiogramma atomus. Greville - - - - - - - F - - - - 

Plagiogramma staurophorum 

(W.Gregory) Heiberg 

- - F - - - - - - F - - 

Podosira stelligera (J.W. Bailey) 

Mann 

- - - R - - R - - - - - 

Pseudo-nitzschia seriata (Cleve) 

H.Peragallo 

- - - + - - - - - - - - 

Rhizosolenia cochlea J.-J.Brun - - - - - - R R - - - - 

Rhizosolenia cylindrus Cleve - - - - - - R R - - - - 
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                 Taxa  

                                                                                                

           Relative abundance in stations 

1 2 3 4 5 6 7 8 9 10 11 12 

Scoliotropis latestriata (Brébisson ex 

Kützing) Cleve 

R - - - - - - - - - - - 

Stephanodiscus astraea (Ehrenberg) 

Grunow 

- R - - - - - - - - - - 

Sticodiscus nitidus Grove & Sturt. - - R - - - - - - - - - 

Surirella fastuosa (Ehrenberg) 

Ehrenberg 

- - - R - - - - - - - - 

Synedra crystallina (C.Agardh) 

Kützing 

- - R - R R - - - - - - 

Terpsinoë americana (Bailey) 

Grunow 

C C - - - - - - - - - - 

Thalassiosira decipiens Grunow R C - C C - - - - - C - 

Thalassiosira eccentrica (Ehrenberg) 

Cleve 

- - R C - C C - - - - - 

Trachyneis aspera (Ehrenberg) 

Cleve 

- - R R R R - - R - - - 

Triceratium antediluvianum 

(Ehrenberg) Grunow 

- - C - C C - - - - - C 

Triceratium balearicum Cleve - - - R - - - - - C - - 

Triceratium favus Ehrenberg R - C C C C - - - - - - 

Triceratium pentacrinus (Ehrenberg) 

Wallich  

- - - - C - - - - - C C 

Triceratium reticulum Ehrenberg - - - R - - - - - - - - 

Triceratium thumii A.W.F.Schmidt R - - - - - - - - - - - 

Triceratium. Robertianum  Gréville - R - - - - - - - - - - 

Trigonium arcticum (Brightwell) 

Cleve 

R - - - - - - - - R - - 
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Figure (2): Species Richness (as total number of species recorded in each sampling 

depth) recorded in the 12 sampling sites. 

 

 

Figure (3): Diatoms Diversity Index (H) referring to different depths in the sampling 

sites. 

Concerning the highly qualitative and quantitative species were Paralia 

sulcata , Cyclotella ocellata and Coscinodiscus radiatus  whereas Actinoptychus 

splendens, Cyclotella kutzingiana and Dimerogramma minor their number of 

individuals were highly recorded in some depths (Fig. 4). Paralia sulcata was 
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recorded at highest abundance at 200ft; Cyclotella ocellata was highest at 122ft, 

while Coscinodiscus radiatus was highest at 115 and 166ft. The results obtained 

from the quantitative analyses of identified taxa enabling the discrimination 

between the phytoplanktonic and benthic forms (Fig. 5).  

 

  

Figure (4): Distribution of the most common species (as the number of each species) 

recorded among the different depths. 
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Figure (5): The recorded benthic species and phytoplankton species in relevance with 

depth. 

 

It was obvious that the planktonic species were of dominance over the 

benthic species in almost all the depths studied, except at 15, 65 and 200ft; the 

highest population of phytoplanktonic species has been recorded at 100ft, whereas 

the lowest was recorded at 200ft.  

     An interpretation of the water level at those points in the Gulf of Suez 

was done through an illustration of the percentage of phytoplanktonic species in 

each depth. The highest and lowest points were marked; the highest percentage 

being at 115, 112 and 122ft, the lowest being at 200 and 65ft (Fig. 6).  

 

Diatom taxa counted in all depths belonging to the marine species represent 

an average of 72.2% of the total number of taxa counted, while fresh water 

species represent 26% of the number counted for all depths studied. The 

investigation helps establishing the past age salinity of water at these points of the 

gulf. It was clear that there is an alternation in the number of fresh water and 

marine taxa; the number of marine species exceeded that of fresh water species at 

all points of study. The highest percentage of marine taxa was found at 115ft, 

followed by that recorded at 112 and 122ft (Fig. 7). 
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Figure (6): Interpretation of the water level in sampling sites as percentage of 

planktonic species in each depth.  

 

Figure (7): The percentage of marine taxa recoded at different depths along the Gulf 

of Suez. 
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Discussion 

Most of the previous investigation of the fossil diatoms in Egypt was 

concerned in the Fresh water bodies, only few publications dealt with marine 

fossil diatoms. The study surveyed the fossil diatom flora composition, their 

habitat preferences and their ecology from the 12 studied sites. Meanwhile, it is 

well known that diatoms are useful as indicators of marine, brackish and fresh 

water conditions and provide a valuable interpretation on environments of 

deposition and sea-level fluctuations (Pocknall et al., 1999, Koizumi et al., 2009, 

Madkour et al., 2010). On the footsteps of these previous workers, the taxa 

identified in these sites were traced for their ecology, salinity tolerance and 

habitats. It is also predictable that the high relative abundance of planktonic or 

tychoplanktonic species proves the existence of a true aquatic environment 

(Gasse, 1978).  

      The abundance of planktonic species in most of the studied sites (nearly 

75%) indicates a deep water environment (Andrews, 1986) accompanied by 

distant shores (Ali et al., 2010). 

 The scarcity of benthic and epiphytic taxa like Trachyneis aspera, 

Campyloneis argus, Triceratium robertianum and Diploneis smithii in sites (3, 4, 

5, 6, 7, 8, 9, 11and 12) confirms a deep marine environment; this result matches 

accordingly their location distant from the shores. Larger populations or blooms 

of other planktonic algae (both possibly related to higher nutrient concentrations 

in the water column), or increased level of suspended sediments, all of which 

would increase turbidity and reduce light availability to the benthic species. A 

reduction in the area covered by seagrass plants would also reduce habitat for 

benthic species, many of which are epiphytic. Increased water depth would also 

decrease the amount of light reaching the benthic diatom community and may 

result in a shift towards dominance of planktonic species (Ryu et al., 2005). 

     Zalat (2002) recorded Aulacoseira granulata as common in the 

sediments of the Suez Canal Lakes, while Paralia sulcata and Cyclotella ocellata 

were recorded frequent in the same lakes, the similarity between the diatom flora 

in the sediment of the Suez Canal Lakes and the fossil diatoms of the Gulf of Suez 

is nearly 55%.  Paralia sulcata (recorded predominant to frequent in almost all 

the studied sites) is one of the most useful diatom species for inferring past 

environmental conditions. Its tychoplanktonic nature must be taken into account 

when interpreting its usefulness as a paleoindicator of environmental change, 

because this species is plentiful and cosmopolitan, and more resistant to 

dissolution than other diatom species. It is a good marker for low-salinity; river 

derived water generally shallower than 100 m (Sancetta, 1982 and Tanimura, 

1981), and is especially abundant in fine-grained, organic rich sediments (Zong, 
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1997). Sancetta (1982) used high abundances of P. sulcata as an indicator of the 

shelf-slope break in the Bering Sea. 

   The abundance of marine taxa indicates a marine transgressional or 

depositional environment in those Holocene sediments (Zalat & Vildary, 2007). 

The abundance of Polyhalobous taxa such as Actinocyclus curvatulus, 

Actinocyclus cubitus, Actinoptychus marylandiscus, Actinoptychus splendens, 

Auliscus caelatus, Coscinodiscus curvatulus, Coscinodiscus eccentricus, 

Coscinodiscus radiatus, Dimerogramma minor, Diploneis bombus, Hyalodiscus 

schmidtii and Plagiogramma spp. confirms indeed a typical marine depositional 

environment along the different sampling sites (Maidana, 1994, Tunnel et al., 

2009). The abundance of Actinocyclus spp. corresponds with a near-shore 

environment accompanied by an increase in the trophic conditions (Witon et al., 

2006), while the abundant and diverse assemblage of benthic diatoms 

(Actinoptychus spp., Hyalodiscus, Navicula spp.) indicates also shallow water 

conditions (Tawfic & Krebs, 1994).  
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 مصر ، السويس خليج رواسب من العصر الهولوسيني دياتومات

 أحمد عبد الرحمن العوامرى ، هشام محمد عبد الفتاح 

 عين شمسجامعة  - العلومكلية  -قسم النبات

 

مناطق مختلفة من قاع البحر فى   أجريت دراسة على الدياتومات الحفرية من العصر الهولوسيني من     

م استخدام التحليل الكمى و النوعى للدياتومات من رواسب قاع البحر فى منطقة تمنطقة خليج السويس. 

عينات مختلفة  خليج السويس على أعماق مختلفة بغرض تقييم الظروف البيئية فى عصر الهولوسين. أخذت 

قدم تحت مستوى سطح  275إلى  15تتراوح من من قاع البحر على أعماق مختلفة  موقعا  اثنا عشر من 

جنس من الأعماق المختلفة بشمال و وسط وجنوب خليج  48صنف تنتمى إلى  106ر. تم تعريف البح

السويس. واستخدمت تلك الدياتومات وفقا  لتصنيفها المعيشي والظروف البيئية للتنبؤ بالتغيرات التي حدثت 

 في نوعية المياه خلال تلك الحقبة الزمنية )الهولوسين(.
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Plate (1): 1& 2 Biddulphia tuomeyi (Bailey) Roper, 3 & 4. B. reticulata Roper, 5. B. 

laevis Ehrenberg, 6. Triceratium pentacrinus (Ehrenberg) Wallich, 7. T. thumii 

A.W.F.Schmidt, 8. T. favus Ehrenberg,  9. Amphitetras cruciata Janisch & Rabenhorst, 

10. Trigonium arcticum (Brightwell) Cleve. (Scale bar = 10 µm). 
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Plate (2): 1. Auliscus caelatus Bailey, 2. Paralia sulcata (Ehrenberg) Cleve, 3. Podosira 

stelligera (J.W. Bailey) Mann, 4. Aulacodiscus simplex Rattray, 5. Coscinodiscus 

excentricus var. sublineatus  Grunow, 6. Thalassiosira decipiens  Grunow. (Scale bar = 10 

µm) 
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Plate (3): 1. a & b Coscinodiscus radiatus Ehrenberg, 2. a & b C. nodulifer 

A.W.F.Schmidt, 3. C. granii Gough, 4. C.curvatulus Grunow ex A.Schmidt. (Scale bar = 

10 µm) 
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Plate (4): 1. Aulacoseira granulata (Ehrenberg), 2. Stephanodiscus astraea (Ehrenberg) 

Grunow, 3. Cyclotella kutzingiana Thwaites, 4. C. ocellata Pantocsek, 5. Actinoptychus 

marylandiscus Andrews, 6. Asterolampra vulgaris Greville , 7. Actinocyclus ehrenbergii 

var. intermedia Grunn., 8. Campylodiscus samoensis Grunow, 9.C. decorus Brébisson. 

(Scale bar = 10 µm). 
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Plate (5): 1& 2. Diploneis smithii (Brébisson) Cleve, 3. D. suborbicularis (W.Gregory) 

Cleve, 4. D. smithii var. dilatata (Peragallo) Terry, 5 & 6. D. cabro Ehrenberg, 7. D. 

weissflogii (A.W.F.Schmidt) Cleve , 8. D. diplosticta (Grunow in Schmidt et al.) Hustedt, 

9. D. pseudoovalis Hustedt, 10. Dictyoneis marginata (F.W.Lewis) Cleve. (Scale bar = 

10 µm). 
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Plate (6): 1 a & b. Cocconeis scutelliformis Grunow, 2. C. placentula var. lineata 

(Ehrenberg) van Heurck, 3 a & b. C. apiculata (Greville) A.W.F.Schmidt, 4 a & b. C. 

pediculus Ehrenberg,  5. C. apiculata (Greville) A.W.F.Schmidt, 6 a & b. Campyloneis 

argus Grunow. (Scale bar = 10 µm). 
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Plate (7): 1. Denticula tenuis Kützing, 2. Gomphonema truncatum Ehrenberg, 3. 

Opephora martyi Héribaud-Joseph, 4. Gomphonitzschia ungeri  Grunow, 5. Trachyneis 

aspera (Ehrenberg) Cleve, 6. Scoliotropis latestriata (Brébisson ex Kützing) Cleve, 7. 

Anomoeoneis sphaerophora E.Pfitzer, 8 a & b. Mastogloia smithii Thwaites ex W.Smith, 

9. Nitzschia panduriformis W.Gregory. (Scale bar = 10 µm) 
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Plate (8): 1. Lyrella lyra (Ehrenberg) Karajeva, 2. L. hennedyi (W.Smith) Stickle & 

D.G.Mann, 3. L. lyroides (Hendey) D.G.Mann, 4 a & b. Navicula clavata Gregory, 5. 

Surirella fastuosa (Ehrenberg) Ehrenberg. (Scale bar = 10 µm) 
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