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Introduction 
The ubiquitous distribution of euryhaline centric and araphid diatoms is usually made sense of as their rather broad 

spectrum ecological malleability. According to [1-15] the identification and geographical distribution of a plankton species 

is inexorably linked to the actual concept of species applied in the taxonomic sense and the set of parameters employed in 

delineation of the species concerned. As speciation is the ultimate product of the process of evolution which itself is based on its 

presumptive notion of continuity, not all the characteristic features are well reflected within an ongoing differentiation resulting 

in species variability [16-24] and taxonomic flexibility both in terms of the concepts used and species grouped under various 

hierarchies formulated keeping in view of their genetic heterogeneity [25-81,82-86].The genus Coscinodiscus C. G. Ehrenberg 

1839 belongs to one of the most dominant families of centric diatoms, Coscinodiscaceae Kützing 1844 (presently comprising 

nine genera) and is regarded as one of the largest marine planktonic diatom genera, with about 500 taxonomically valid taxa, 

according to [90-93]. Although a great number of most frequently recorded Coscinodiscus species have been transferred to [94] 

emend. [48], [1-39] to new genera as illustrated by the fact that of the approximately twenty Coscinodiscus species recorded in 

the Arctic literature between 1853 and 1911, only 4 are regarded as belonging to the genus [30]. The species under the genus 

is more or less cosmopolitan in distribution [47]. The bacillariophyceaen family Chaetocerotaceae Ralfs 1861 consists of five 

genera, viz. (87,88,8,9,36-39) single species of which has been assigned to the genus Attheya T. West 1860 as well as under 

Chaetoceros), (58-61,87) Chaetoceros is arguably the largest and most species rich genus of marine planktonic diatoms (with 

about 400 valid species) and mostly dominates the estuary mouths and coastal waters around the world (3). The taxonomic status 

within Chaetocerotaceae at present is somewhat unclear. The genus is more or less cosmopolitan in distribution (15,16) Works 

of euryhaline centric diatoms observed, especially the concerned genera, in estuarine waters surrounding the Indian Sundarbans 

at morphotaxonomic level have been rather scarce, and most of studies on morphotaxonomic, experimental as well as ecological 

aspects of phytoplankton in general, along with those emphasizing on diatoms (7,61-78) observed in the concerned ecoregion 

have been performed by a handful of the authors. The presently described study focuses on the brackish water estuarine region 

at the confluence of the River Hooghly and the Bay of Bengal in the vicinity of Indian Sundarbans. It had revealed eleven species 

under the genera Coscinodiscus and Chaetoceros respectively.

Materials and Methods
Study Area

The estuarine and mangrove dominated ecoregions associated with the Hooghly-Matla river complex on which the 

presently reported work had taken place is characterized by its complex biogeochemical interactions and myriad works on equally 
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The paper describes the light microscope mediated morphometry of widespread centric diatom genera Coscinodiscus and 
Chaetoceros based on surveys conducted for more than 15 years (2009-2024) in the brackish water realm of the Hooghly 
River involving sampling sites within the domain of Hooghly-Matla estuarine ecoregion encompassing both mangroves 
dominated as well as mangrove-devoid coastal areas associated with the Indian Sundarbans. The two genera were selected 
for the study owing to them being particularly large under their respective taxonomic families. Samples were collected 
year-round which was segregated into premonsoon, monsoon and post monsoon seasons to differentiate between the 
physicochemical influence on the distribution of certain species. It revealed the species that were present year-round as well 
as the seasonal ones. Some of the species observed during the study were not hitherto described from Hooghly estuarine 
region. The species at least twice recorded within a year were considered for the study to exclude the accidental introductions. 
A total of 19 species belonging to Coscinodiscus and 23 species under Chaetoceros were documented repetitively throughout 
the duration of the study. These species are described and illustrated in this article based on observations made under light 
microscopic objectives.
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varied aspects viz. physico-chemical, geochemical, microbial (prokaryotic/eukaryotic) 

interspecific, and prokaryote-eukaryote interaction, influence of the environment on the 

organisms, the latter’s role as indicators to changes etc. which had been observed both in 

situ and in vitro [25-28] to interpret the recorded data in the context of the ecosystem.

Sampling Sites
The study area is situated by the Indian Sundarban at 21°32’ - 21°60’ N and 88°05’ 

- 89° E. which comprises a part of the estuarine system of the river Hooghly (Ganges) 

NE coast of Bay of Bengal. It is the largest delta on the planet (world heritage site, /www.

unesco.org/en/list452), and is known for its biodiversity of mangrove flora and fauna, 

both on land and in water. The main artery of this ecosystem, the River Ganges along 

with its several distributaries, forms a confluence with the Bay of Bengal on its North 

West coast. Lower part of this estuarine system is crisscrossed by numerous creeks and 

wide distributaries and several marshy islands are formed. Nine sampling stations (Figure 

1) had been selected viz. Harinbari (21.7440°N, 88.0616°E), Beguakhali (21.6573°N, 

88.0387°E), Gangasagar (21.6276°N, 88.0739°E), Chemaguri (21.6770°N, 88.1604°E), 

Frasergunj (21.5738°N, 88.2302°E), Bakkhali (21.5507°N, 88.2585°E), Henry Island 

(21.5689°N, 88.3075°E), Lothian Island (21.7069°N, 88.3144°E), and G plot (21.6948°N, 

88.4221°E) across the Hooghly-Matla estuarine region.

Figure 1: The map shows the sites of Phytoplankton collection from surface layers 
within the arbitrary boundaries of Hooghly-Matla estuarine ecoregion.

Sample Collection
The sampling frequency was mostly governed by the onset of meteorologically 

discernible seasons for which the authors had broadly categorized the 12 months into 

premonsoon (March-June), monsoon (July-October), and post monsoon (November-

February) periods, although not all the months specified registered the intended set of 

conditions to be properly assigned to particular season, and in such cases contingent 

changes were adopted. The actual duration of the study has been well over a decade 

(2009-2024) and the taxa mentioned here are the ones which had been documented each 

year, at least once. The skimming of the surface waters for phytoplankton sampling was 

performed using a hand towed plankton net (bolting silk) with a knot to knot rhombic 

mesh size of ~45 µm. The net was dipped up to a depth of one and a half feet from the 

surface and both the high and low tide phytoplankton assemblages were studied. The 

gear used in this purpose was mainly country boats. The phytoplankton concentrates 

were transferred to 25 ml TARSON bottles and fixed with a composite mixture of 2% 

(v/v) Formalin and 2.5% (v/v) Acidic Lugol’s iodine, as it had demonstrated to be more 

conducive for long storage  [67] to increase the visibility of diatom species under the 

light microscope. Sole application of Lugol’s iodine is detrimental to the preservation 

of setae and flagella, thereby compromising the accurate taxonomic identification of 

the taxa.

Sample Analysis
Light Microscopic (LM) Observations: Preserved samples were shaken well 

before examination. Phytoplankton specimens were prepared mainly as temporary 

(some were made permanent) slides. The collected samples were examined under the 

light microscopes (OlympusR Compound and MagnusR Inverted) to determine the 

general community composition of phytoplankton and to identify the different species 

at the genus and species levels. Different LM magnifications (100× - 1500×) were used 

according to the size of the phytoplankton. In addition, a bright field was used for 

interferential contrasts.

Phase contrast microscopy: Some of the samples were also viewed using a phase 

contrast microscopy (NikonR Eclipse-E200) for discerning the closely matched species 

more accurately.

Phytoplankton Species Identification: Phytoplankton taxa were identified using a 

variety of validly published bibliographic references [1,91,92,55-57,12,13]

Results and Discussion
Systematic Position and Morphometric Description of The 
Genus Coscinodiscus Ehrenberg

The Genus Coscinodiscus is taxonomically nestled under – Class: 

Bacillariophyceae, Subclass: Coscinodiscophycidae, Superorder: Coscinodiscanae, 

Order: Coscinodiscales, Family: Coscinodiscaceae. Members of the Coscinodiscus 

genus typically have disc or box-shaped cells, circular valves without big knobs or 

processes, with hexagonal areolae organized in different patterns, or minuscule, 

round puncta. These apertures seem to be rounded “central spots” in the areolae when 

viewed from the exterior of the valve. Although the areolae are often in a closed mesh 

system, certain species have more or less circular areolae that do not contact one 

another, according to [12]. Either smooth or sculptured, the frustule center frequently 

has bigger areolae arranged in a rosette. There are species that might be arosette. 

Marginal spinulae can be present or absent, but are often tiny and imperceptible when 

present. When present, apiculi (singular: apiculus) are spaced more than 90 degrees 

apart on the margin. There are frequently intercalary bands. Girdle zone made up of 

one or more intercalary bands that resemble collars or one girdle band to each valve. 

Chromatophores often have a large number of tiny plates. Under higher magnification 

and appropriate staining, the nucleus is typically at the center of one valve or suspended 

in the middle of the cell by protoplasmic strands [45-48] The ensuing account deals 

with the observed species under Coscinodiscus (Figure 2), collected from the sites of 

sampling.

Coscinodiscus argus [33]

Flat valve face, sometimes concave in girdle view, rounded margins, high and steep 

mantle, LM reveals central transparent region, central and peripheral areolae differ 

in shape, but similar in size, increase in size from center towards mid-periphery, 

decreasing at margin, Decussating arcs not prominent, but present. Hyaline lines (ribs) 

not perceived with LM, neither are the marginal processes. This is the key difference 

with C. radiatus. Foramina and cribra just discernible with LM, in the present 

specimens the diameter ranged between 185 - 270 µm, normally can be up to 320 µm, 

with 4 - 6 striae per 10 µm [92]. 

Coscinodiscus asteromphalus [36]

(Synonyms - Coscinodiscus radiatus var. asteromphalus (Ehrenberg)

Ehrenberg, Coscinodiscus asteromphalus var. conspicua Grunow). 
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Cells discoid, slightly convex in girdle view, valve center depressed, gently sloping 

mantle, Central rosette with larger areolae, usually prominent under low light at high 

magnification, Areolar arcs form distinct decussates, Cribra indistinct, barely visible 

at times, Finer areolae form interstitial meshes, partially complete striae,~4 striae in 

10 μm of the present materials, labiate processes present but low in number, numerous 

planar chloroplasts clearly discernible in larger cells, barely visible ring of processes 

near the margin [47]. Diameter mostly within 300 μm, 180 - 280 μm in high salinity 

waters [50,51], 300 - 330 μm in the present specimens, taken from different localities 

across Hooghly-Matla estuary.

Figure 2: LM Images of valve view of various Coscinodiscus species encountered 
– 1. C. argus, 2. C. asteromphalus, 3. C. concinnus, 4. C. centralis, 5. C. curvatulus, 6. 
C. eccentricus, 7. C. granii, 8. C. gigas, 9. C. hyalinus, 10. C. jonesianus, 11. C. lacustris, 
12. C. lineatus, 13. C. marginatus, 14. C. nitidus f. nitidus, 15. C. oculus-iridis, 16. 
C. perforatus, 17. C. radiatus, 18. C. tumidus var. tumidus, 19. C. wailesii; the scale 
measures 20 µm in length.

Coscinodiscus curvatulus [87]

(Synonym - Coscinodiscus curvatulus var. genuina Grunow)

Valve face flat and circular, cells small in general, diameter of the specimens 

investigated had ranged from 40 µm to 55 µm, central region highly areolated in valve 

view, larger areolae at and near the centre which gradually reduce in size towards valve 

margin, 10 areolae in 10 µm at the center, increasing to about 13-15 in the middle 

section, to almost 25 within the same space near the margin, areolae in parallel, not 

prominently curved lines (not dead straight either) within fascicules, as opposed to 

Actinocyclus curvatulus with which it is mostly confused, longest lines of the fascicles 

originating from the center reach the margin, other being comparatively shorter in 

length, equidistant rimoportulae are observed near the margin, distance between 

these were more than 10 µm but, didn’t exceed 15 µm, a similar measurement was 

observed in A. curvatulus as well [55] visible pseudo nodules are present on the valve 

face in clear frustules under higher magnification with LM. 

Coscinodiscus eccentricus [34]

(Currently accepted as Thalassiosira eccentrica (Ehrenberg) Cleve 1904, Synonym - 

Coscinodiscus eccentricus var. fasciculata Hustedt) 

Flat valve face with low, rounded mantle, connecting threads number usually double 

the cell number [48], however, present specimens did not always follow, pervalvar 

axis 1/6th or longer than the diameter. Areolae in curved fasciculated tangential rows 

(hence eccentric), a central areola surrounded by a ring of seven areolae, a strutted 

process visible in clear frustules, strutted processes on the valve are scattered, two 

marginal rings of strutted processes present, one with pointed spines, mostly 7 areolae 

in a length of 10 µm at the center, increasing in number through mid-valve towards 

margin, chromatophores small, numerous, cell diameter between 60 - 65 µm [92], at 

times more than 90 µm in present specimens.

Coscinodiscus granii [37]

Girdle view shows asymmetrical cells, one side higher than the other, valvocopulae 

(though hard to view with LM) are wedge shaped, valve convexity pronounced near the 

widest part of valvocopulae, discoid chloroplast with smooth outline, valve view yields 

a central large areolated rosette, centrally placed radial areolation, incomplete striae, 

decussating arcs. Cribra is not always observable in LM, marginal processes on valve 

mantle as indentations, clear, transparent lines converge from it toward the center. 

Cell diameter varies from 100 - 120 µm, girdle 40-200 µm at wider end, 8 - 11 areolae 

observed within 10 µm [1,92]. In the present study however, the recorded diameter had 

ranged mostly between 65 - 116 µm, and never more than 135 µm.

Coscinodiscus gigas [34]

This diatom’s mantle slopes sharply or stays straight, while its cell walls are flat or 

almost flat. Numerous minuscule, spherical chloroplasts are found in the cells. The 

cells have thick walls and a discoid shape when viewed from the side (girdle view). 

When seen from the top (valve view), the cells exhibit uneven radial rows of coarse 

areolae (small apertures) instead of a central rosette. Essentially, this species’ frustules, 

or siliceous diatom cell walls, have a coin-like shape [84]. The presently described 

specimens were very large, upwards of 400 µm, up to 490 µm in diameter, easily 

observable under low power objectives of LM. Areolae were semicircular to circular in 

outline, about 2 - 3 per 10 µm under 600× magnification. 

Coscinodiscus hyalinus [43]

(Currently accepted as Thalassiosira hyalina [39]). The mantle is low and rounded, 

the valve faces flat or slightly convex, and the pervalvar axis is around 1/3rd of the 

Coscinodiscus concinnus [5]

Girdle view shows distinctly convex valves, cells show numerous small chloroplasts, 

with fimbriated outline, under high power LM objectives. The marginal processes are 

discernible in the water mounts [47]. Valve view shows a large rosette with star-shaped 

clearance in the middle, Areola rows grouped together in broad bundles, prominent 

hyaline areas from marginal labiate processes toward the center [13]. The interstitial 

mesh hardly distinct, pentagonal areola at origin of incomplete stria, cribra barely 

observable, marginal processes, well more than 120° apart, with raised parts and 

smaller processes barely visible [50]. Mature cells were quite large in the presently 

described collection with diameter averaging over 300 µm, highest being over 350 µm, 

about 4 striae in smaller cells, with 2-3 in large cells per 10 µm.

Coscinodiscus centralis [33]

(Synonyms - Coscinodiscus asteromphalus var. centralis Grunow, Coscinodiscus 

oculus-iridis var. tenuistriata Grunow) 

Cells discoid, valves slightly convex, numerous small plate-like chloroplasts in girdle 

view, valves with distinct rosette (large areolae) often with small central hyaline zone 

(as opposed to C. concinnus), rows of areola grouped into narrow bundles bordered by 

hyaline lines associated with the labiate processes at the valve margin  [13], decussating 

arcs confined to central part of the valve, Interstitial meshes are present, identical 

with the pentagonal areola at the origin of incomplete stria, cribra distinct. Marginal 

processes clearly discernible, water mount reveals slightly curved smaller ones, two 

horned larger processes [92], the cribra and processes readily resolved with LM. About 

4 - 5 striae were present within 10 µm in the materials from the Hooghly estuary, with 

cell diameters between 200 - 260 µm, seldom exceeding 300 µm.
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cell diameter. According to [45], the connecting thread is thick. The mantle is always 

areolated, and the valve face has rows of ribs or areolae organized radially. There 

are two to fifteen centrally strutted processes, one marginal process with noticeable 

exterior tubes is present, in this case, a labiate process replaces a marginal strutted 

process [49]. The presence of a single ring of marginal process and the low number of 

areola are the species’ most noticeable identification characteristics [48]. Cell diameter 

was between 22 - 56 µm in present specimens, 10-13 fine areolae, and 7 - 8 marginal 

process in 10 µm, under very high (1000×) magnification.

Coscinodiscus jonesianus [51]

Single, cylindrical cells with valves that resemble watch glasses, The valve has a 

circular shape, is convex, flat or slightly recessed in the middle, slopes gently toward 

the edge, and has diameters between 106 and 226 µm. Areolar pattern fasciculate, 

producing spiral decussate arcs towards the valve center, central rosette of many 

larger, radially elongated areolae. Incomplete and full striae alternate. Near the center, 

areolae are roundish, 5 to 6 in 10 µm, and neither dense nor nearly so, 6 - 7 within 

10 µm. In two rings are rimoportulae. Three to fourteen striae divide the more or 

less randomly distributed marginal ring of microrimoportulae, which includes two 

macrorimoportulae that develop at an angle of roughly 105° to 120° [84]. had observed 

that about halfway between the center and the outside of the valve is an uneven ring 

of tiny rimoportulae. 

Coscinodiscus lacustris [43]

(Currently treated as a synonym of Perpetua lacustris [94],some authors also accept it 

as Thalassiosira lacustris [42,45].

Generally smaller in size compared to many other species of Coscinodiscus observed 

throughout the tenure of the study. Cells solitary, diameter ranges between 10 – 60 µm, 

current specimens mostly being within 40-50 µm, valves with a modest slope on the 

mantle and a rounded, tangentially undulating valve face, rectangular, polygonal to 

irregularly shaped areolae are arranged in radial rows of coarse striae that might have 

a somewhat haphazard appearance, 11 - 15 per 10 µm. There are marginal fultoportulae 

in a ring. A significant rimoportula is found on the valve face, near to the margin. 

According to [90]. C. lacustris has one complete ring of marginal fultoportulae and 

an inner ring of irregularly spaced occluded processes, but even under high LM 

magnification, faintly discernible marginal fultoportulae were detected on specimens 

collected from the Hooghly estuarine region, in clear frustules on water mounts. 

Coscinodiscus lineatus [33]

(Currently accepted as Thalassiosira leptopus [42,45]

 The valve face is flat, with a low and uniformly slanted mantle. Areolae on the valve 

face are organized in straight tangential rows (lineatus structure), but those on the 

mantle are smaller and more randomly structured, a central areola is bigger than 

the others. Small strutting processes are present in two to three marginal rings and 

are not resolved very clearly with LM, one ring of the coarser processes is present 

further away from the edge, comprising of one big labiate process and equally spaced 

course, short occluded processes [1]. Cell diameter was observed to be within 180 µm, 

with occasional larger cells crossing 200 µm, 5 - 7 areolar ribs and about 8 marginal 

processes per 10 µm. 

Coscinodiscus marginatus [35]

(Synonyms - Coscinodiscus limbatus Ehrenberg, Coscinodiscus fimbriatus-limbatus 

Ehrenberg) Valves are nearly flat or almost so, with a straight or steeply sloping mantle, 

discoid cells have thick walls, several tiny, spherical chloroplasts per cell in girdle view. 

The valves are covered in strong and massive areolation, areolae are polygonal, no 

central hyaline area and rosette are seen. The areolae are placed slightly irregularly, 

radially, reaching their greatest size at about half, and radially striate. The current 

specimen from the Hooghly Estuary, Bay of Bengal, contained around 5 striae per 10 

µm. The valve diameter ranges from 44 to 80 µm [13,91,30], with the currently studied 

specimens measuring within 54 - 56 µm.

Coscinodiscus nitidus f. nitidus [41]

(Currently treated as a synonym of Psammodiscus nitidus [41] Synonyms – 

Coscinodiscus nitidus f. nitidus W. Gregory, Coscinodiscus nitidus W. Gregory (no 

longer unaccepted))

Cells medium to large, recorded diameter of the observed specimens between 165 - 200 

µm, valve face is almost flat, circular in outline in valve view, more or less discoid, thick 

walled cell in girdle view, with a very subtly sloping, narrow yet prominent mantle, 

each cell was observed to contain numerous round chloroplast. This species lacks the 

central rosette, and the angular, or polymorphic areolae typical of the Coscinodiscus 

species. Areolae are coin-like, coarse, irregular across the valve, (about 7 - 8 areolae 

accommodated with 10 µm, more or less similar observations were made Al-Yamani 

and [90] in their studies), small openings or rimoportulae scattered in radial 

rows, observable under higher magnifications of LM. It has similarity to the genus 

Rhaphoneis to some extent [81]. 

Coscinodiscus oculus-iridis [34]

(Basionym - Coscinodiscus radiatus var. oculus-iridis [34])

Large, single, discoid cells, Valves are virtually flat or faintly convex. There are 

long and short radiating lines of polygonal areola on the valves. The central rosette 

is typically big, with five areolae, but it can be smaller. Areolae are modest at the 

middle of the valve, increasing in size as they near the periphery. Peripheral areolae 

are generally smaller. Under very high resolutions LM in exceptionally clear frustules 

reveal tertiary features, such as inner chambers and related poroids. The aperture of 

the inner chamber gives the unique appearance known as the ‘eye-spot’ or ‘oculus’ 

[50]. Girdle minutely punctate (high magnification), round chromatophores are widely 

dispersed, the radiating striae with small areolae at the center that increase in size 

towards the margin, margin in some specimens bore an apiculus, the areolae form an 

irregular cluster at the center of the valve, which is much less pronounced than the 

other species [92]. The current materials from Hooghly estuarine waters showed three 

to four areolae in 10 µm. The diameter of the cell is 120 - 150 µm [30] and 180 - 260 

µm [50], however, in the current material, it was found within a range of 105-240 µm.

Coscinodiscus perforatus [34]

(Synonym - Coscinodiscus perforatus var. genuinus Cleve-Euler) 

[85] conducted a detailed comparison of this taxon and C. radiatus. The observed 

specimens were more or less similar to the description. Frustule with short pervalvar 

axis, valve circular, flat, 150 to 280 µm in diameter in the specimens observed, valve 

mantle flat with sloped edges in girdle view of larger cells, with one to three rows of 

areolae, central rosette formed by larger areolae, usually around a hyaline, irregular, 

central area, though some of the current specimens lacked the hyaline area. Similar 

to C. radiatus, the areolar arrangement is radial, forming decussate arcs in spirals. 

There are 3 - 4 areolae near the center, 2 - 4 in the mid-radius, and 5 - 6 near the 

valve margin in 10 µm under high power LM. Cribra is perceptible but not in detail, 

only in very clear frustules. Empty frustules reveal ring of microrimoportulae, 

including two macrorimoportulae, disposed in the valve mantle near the margin. 

Microrimoportulae, one to three in 10 µm, are small circular apertures on valve face, 
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macrorimoportulae, slightly larger, as larger openings. Small rimoportulae on the 

valve face near incomplete striae with circular openings. 

Coscinodiscus radiatus [34]

(Synonym - Coscinodiscus radiatus var. genuinus Cleve-Euler) 

The diameter of the cells normally varies between 50 - 180 µm [1,92], but diameter 

observed in this study was mostly within 150 - 210 µm, with smaller individuals in 

highly dense collections and occasional larger ones at 250 µm. The valves are flat, coin-

shaped discs, and have coarse areolae without rosette or centrally demarcated hyaline 

area. The areolae are almost the same size throughout the valve, with four roughly 

equal in length of 10 µm, except at the margin, where they are smaller and 6-8 areolae 

had occupied a length of 10 µm.

Coscinodiscus tumidus var. tumidus [87]

(Also accepted as Thalassiosira tumida (Janisch) [46] (unassessed), Synonym - 

Coscinodiscus tumidus Janisch (unaccepted)). 

The mantle is rounded, the valve face is flat, slight central depression or slightly convex, 

and the cells are rectangular in outline, one thick thread is created by tying together 

several connecting threads [51]. Three distinct areolation observed: fasciculate, 

eccentric, and linear. The strutted processes are dispersed across the valve face, there is 

one regular marginal ring of the strutted process, which contains three to nine labiates 

processes, many strutted processes in the valve center are arranged in an irregular 

ring, occasionally with processes inside the ring [47, 48] The specimens was rarely 

encountered and were always variable, with diameter ranging between 40 - 85 µm, 

10 - 12 areolae and about 5 marginal processes in 10 µm. 

Coscinodiscus wailesii [40]

Cells in the girdle view are cylindrical, often as high as wide, and rectangular in outline 

at a certain focus. Valves are flattened with a concentric depression near the steep 

mantle. Numerous chloroplasts are irregular in outline. Prominent central hyaline 

area is observed on the valve, wide interstriae (hyaline lines) radiate from the central 

area. Irregular fasciculations are formed, partly by the wide interstriae, originating 

near the valve center at a labiate process or a small hyaline area (area of solid silica). 

Cribra are visible with the light microscope. One ring of smaller process is present in 

the junction zone between the valve face and mantle, and one ring including two larger 

processes close to the valve margin. Compared to the second ring, the processes in the 

first ring are more closely spaced. The translucent lines, which are linked to processes, 

are more noticeable and consistent on the valve mantle than on the valve face [13,48]. 

Although cell diameters of up to 500 µm has been reported [92], the cells in the current 

study had a diameter of 250 – 280 µm, with roughly 5 – 6 areolae visible within 10 µm.

Systematic Position and Morphometric Description of 
the Genus Chaetoceros Ehrenberg

The Genus Chaetoceros belongs to the following taxonomic hierarchical 

ranks - Class: Bacillariophyceae, Subclass: Coscinodiscophycidae, Superorder: 

Chaetocerotanae, Order: Chaetocerotanae incertae sedis, Family: Chaetocerotaceae. 

In valve view, the member of the genus Chaetoceros has oval to semi-circular cells, 

in girdle view, they are quadrangular, with straight sides and concave, flat, or slightly 

convex ends, the valve surface is completely or almost flat. a generally seamless, 

cylindrical, smooth mantle. Each end of the valve’s long or apical axis has a long, thick, 

or thin seta, bristle, or awn on the corners [1]. The opposing setae of adjacent cells fuse 

securely around their base holding chain, which typically has large or tiny openings 

or foramina, and overlap close to their origin, typically directly or via a bridge [49, 92] 

has observed the outer portion of setae to be perpendicular to the chain’s axis, the basal 

portion to be either diagonally outward, or parallel to the pervalvar axis. The chain is 

terminated by special end cells; the terminal setae are often thicker, shorter, and more 

parallel to the chain axis than the setae. Seldom are the cells isolated. In most species, 

the cell wall consists of one or two girdle bands (usually uneven) and two valves. Some 

species have intercalary bands, which are only visible at extremely high magnification. 

Pyrenoids can occasionally be clearly seen; chromatophores vary in quantity, size, 

form, etc., but are consistent for a particular species and help in species identification. 

The subsequent section is concerned with the species of Chaetoceros (Figure 3), many 

of which belong to the subgenus Hyalochaete (thin silicification of the cell walls, thin 

setae) collected from the sites of sampling.

Figure 3: LM Images of chains with occasional valve view of different Chaetoceros 
species recorded – 1. C. affinis, 2. C. brevis, 3. C. coarctatus, 4. C. compressus, 5. C. 
concavicornis, 6. C. constrictus, 7. C. curvisetus, 8. C. danicus (a. top view, and b. 
valve view), 9. C. debilis. 10. C. decipiens, 11. C. diadema (with resting spores), 12. C. 
didymus, 13. C. diversus, 14. C. laciniosus, 15. C. lorenzianus, 16. C. messanensis, 17. C. 
minimus, 18. C. peruvianus, 19. C. pseudocurvisetus, 20. C. simplex, 21. C. socialis, 22. C. 
subtilis, 23. C. tenuissimus; the scale measures 25 µm in length.

Chaetoceros affinis [42]

(Synonym - Chaetoceros angulatus F. Schütt, Chaetoceros javanicus Cleve)

Straight and often lengthy colonies, Cells with high mantle, rectangular in girdle 

view, somewhat concave in the center, foramina are elliptical and thin. Setae are long, 

narrow, and have a short base. Terminal setae curve gently to the colony axis and are 

thicker than intercalary ones. The angle at which intercalary setae diverge from the 

colony axis is between 10 and 30 degrees. At the edge of the colony, setae cross over. 

There is only one sizable chloroplast in the cell [89]. An apical axis between 15 - 30 µm 

and pervalvar axis of nearly similar length was documented from among the presently 

described specimens. 

Chaetoceros brevis [88]

(Synonym - Chaetoceros hiemalis Cleve) 

Straight chains, valves with a central projection that gives the foramen an oblong shape 

with slight constriction at the center, setae emerge from the margin and run obliquely 

to the chain axis. In highly clear specimens, the foramina vary in aperture diameter 
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from 3 to 5 µm. Apical axis length varies from 10 to 12 µm, while pervalvar axis length 

varies from 20 to 25 µm [47]. Present specimens, however, are measured within 18 to 

20 µm. Each cell has one distinct dense chloroplast. It should be noted that C. brevis 

shares many similarities with C. laciniosus and differentiating them under normal LM 

sometimes becomes inconvenient. 

Chaetoceros coarctatus [54]

(Synonyms - Chaetoceros borealis var. rudis Cleve, Chaetoceros rudis Cleve)

A robust, straight, heteropolar chain of 12 – 16 cells is typically formed. Chloroplasts 

have tiny, rounded bodies and are widely distributed. With an apical axis of 27 – 32 μm 

and a transapical axis of 12–20 μm, frustules appear elliptical and cylindrical in valve 

view in the present specimens. Every valve has a flat face and an elliptical shape, the 

mantle is typically high, frequently but not always slightly higher than the girdle. There 

are either no foramina or very few. The setae at the posterior terminal are shorter than 

those at the anterior terminal and appear to be quite thick, large, smoothly curved, 

and heavily spiny. Intercalary setae are often either smoothly curved or straight. Near 

their tips, the unique intercalary setae curve sharply. Every intercalary seta is oriented 

toward the posterior end at a 45° angle to the apical axis. According to Lee and [56] 

these setae arise and fuse within the chain edge and they emerge from the valve margin 

and are thick and coarse.

Chaetoceros compressus [54]

Usually lengthy, colonies can be straight or somewhat bent. Mantle low, cells 

rectangular in girdle view. Foramina can range in width [49,50]. distinguished 

between two types of intercalary setae: common intercalary setae, which deviate nearly 

perpendicularly to the colony axis, and special intercalary setae, which are long, thick, 

twisted, and bear enormous spines. After a significant divergence, terminal setae align 

with the colony axis. Inside the colony margin, setae with a lengthy basal portion cross 

across. Every cell has several chloroplasts, as was also observed by Lewin and [57]. The 

observed length of the apical axis within the current specimens varied between 6 to 

9 µm, transapical axis was not properly measurable under LM due to lack of clarity.

Chaetoceros concavicornis [59]

(Synonym - Chaetoceros borealis f. concavicornis (Mangin) Braaud)

It produces a chain that is straight. Differently shaped alveoli are found in cells, lower 

valves are flat with setae emerging from within the valve margin, while upper valves 

are rounder with setae emerging from close to the center. According to [91], apertures 

have a trapezoid form. The girdle zone is thin, measuring less than one-third of the 

pervalvar axis’ length. All of the setae are bent toward the lower end of the chain, have 

concave outer lines, and are thin at the base and wider outward [47]. had registered axis 

width between 12 - 30 µm, cell length of 20 - 30 µm, although the latter in the presently 

described specimens were a almost always within 25 - 28 µm, width was similar. 

Chaetoceros constrictus [38]

The corners of the neighboring cells touch, the chains are straight, and the valve 

poles are drawn up. The lanceolate apertures narrow significantly in the middle. 

The terminal setae diverge sharply. Bands are noticeable and there is a noticeable 

constriction between the valve mantle. Spores at rest have spiky, unevenly vaulted 

valves, as observed by [48]. Apical axis length varied between 15 - 26 µm while 

pervalvar axis was of 14 - 27 µm.

Chaetoceros curvisetus [9]

The colony is rather long and curved. In girdle view, cells are rectangular with a 

low mantle, presently observed apical axis ranged within 10 - 25 µm, pervalvar axis 

between 10 - 30 µm. The foramina are elliptical and broad. Terminal and intercalary 

setae have short basal portions and are both long and thin. At the edge of the colony, 

setae cross over and curve in the same direction, nearly perpendicular to the colony 

axis. Each cell has one chloroplast [1].

Chaetoceros danicus [9]

Cells have almost equal in size, rounded upper and flat lower valves. According to  [50], 

the upper valve’s setae emerge from close to the valve center in the pervalvar direction, 

abut with a groove between them, turn sharply, and run backward in about outwardly 

convex curves. The lower valve’s setae are somewhat convex toward the exterior and 

come from inside the valve border. These observations were also reflected among 

the specimens collected from hooghly estuary. Apical axes between 12 - 22 µm and 

pervalvar axes bewteen 15 - 25 µm were common among the specimen. According to 

[1], the central process between the bases of the setae has conical external sections and 

is subcentral in placement. 

Chaetoceros debilis [10]

(Synonym - Chaetoceros vermiculus F. Schütt)

This is a common flagellate diatom found in Indian coastal waters. The colonies are 

spirally coiled and somewhat lengthy. In girdle view, the mantle is low and the cells 

are rectangular. They have narrow foramina. The setae have a short basal portion and 

are long and narrow. Perpendicular to the colony axis, the terminal setae are thicker 

than the intercalary setae. The setae cross just beyond the edge of the colony. Each cell 

contains a single chloroplast. Cells are arranged in chains and range in size from 10 to 

40 µm in diameter [51,30] the current specimens showed pervalvar axis of 12 - 20 µm, 

with a apical axes ranging from 10 - 27 µm. 

Chaetoceros decipiens [8]

(Synonym - Chaetoceros grunowii F. Schütt)

Long and straight colony under LM, relatively larger oblong box-shaped in girdle view 

of cells with a mantle high and a concave valve face, apical axis and pervalvar axis 

both similar in length and were within 25 - 45 µm range in the observed specimens. 

Foramina narrow. Long, thick, straight, and devoid of a basal portion are setae. 

Intercalary sister setae diverge at an angle of 10 to 25° from the colony axis and fuse 

in the upper region. Terminal setae curve parallel to the colony axis, are thicker and 

shorter than intercalary setae, and broadly differ from cell angles. At the edge of the 

colony, setae cross over [89]. mentioned a number of small chloroplasts in cell.

Chaetoceros diadema [39]

(Basionym - Syndendrium diadema Ehrenberg)

Colonies are either slightly bent or straight, thin-walled but larger than most. Mantle 

height, rectangular cells in girdle view. Cell apical axis of 25 - 37 µm and pervalvar 

axis of 20 - 35 µm was observed among the observed specimens. There exists a central 

constriction in the narrow foramina. Setae have short basal sections and are thick and 

short. Compared to intercalary setae, terminal setae are thicker. At the edge of the 

colony, the setae cross across [31]. stated presence of just one chloroplast per cell.

Chatoceros didymus [36]

(Synonym - Chaetoceros didymus var. genuinus Gran)

[52] has observed that the cells of C. didymus occur in straight chains, usually long. 

In girdle view the cells are rectangular with raisedcorners, the apertures being of 

variable width, the valve is flat or slightly concave with a protuberancein the centre, 
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and a shallow mantle. The cells are elliptic in valve view, generally theintercalary setae 

are thin and diverge at an angle about 35-40° to the apical axis. The terminal setaeare 

thicker and directed toward the chain axis. There are two chromatophores per cell. 

Resting sporesare paired, with smooth valves lacking protuberances, and the setae 

being thick and coarse. The specimens observed in collections from Hooghly Matla 

estuary have displayed a similar morphology, and measured 30 - 35 µm in apical axis, 

15 – 20 µm across the pervalvar axis), and about 10 µm of transapical length.

Chaetoceros diversus [8]

Short and straight colony, akin to C. decipiens, mantle high, oblong cells in girdle 

view, apical axis in the current specimens within 10µm, at most 12 µm, and pervalvar 

axis ranges between 8-10 µm, very small or nearly nonexistent foramina, two types of 

intercalary setae: basal and short. Short, thin, and straight, common intercalary setae 

diverge at an angle of 30o to 50o to the colony axis. Special intercalary setae are long, 

thick, strongly curved, and distally parallel to the colony axis. They diverge anteriorly 

at 45° angle. Terminal setae parallel to the colony axis share morphological similarities 

with common intercalary setae. At the edge of the colony, setae cross over, according 

to [53], one chloroplast per cell.

Chaetoceros laciniosus [88]

Usually observed as long and straight colony. Cells are rectangular in girdle view, 

with elongated corners and a high mantle. Foramina are very wide, with central 

compression. Setae are long and thin, with a long basal portion. Terminal setae are 

longer and thicker than intercalary setae. Intercalary setae run almost perpendicular 

to the colony axis, diverge distally parallel to the colony axis, and terminate parallel to 

the colony axis. Setae cross over at the colony boundary. Perhaps one chloroplast per 

cell. These corroborated well with earlier observation made by [89]. Current specimens 

revealed 10 - 28 µm of apical axis length with a nearly similar pervalvar axis of 12 - 25 

µm.

Chaetoceros lorenzianus [42]

(Synonym - Chaetoceros cellulosus H. S. Lauder)

With varying lengths, the colonies are straight. In girdle view, cells have extended 

corners and a low mantle. Wide, octagonal or hexagonal foramina are present. Long 

and thick, setae lack the basal portions. Compared to the intercalary setae, the terminal 

setae are shorter. The colony axis is perpendicular to the intercalary setae, or they 

diverge at an angle between 20o and 70o. Setae cross over near the edge of the colony. 

According to [13] and [92], chloroplasts are tiny and abundant. This one was widely 

variable in cell size, with apical axes observed between 15 - 55 µm, nearly identical 

length of pervalvar axes as well. 

Chaetoceros messanensis [6]

(Synonym - Chaetoceros furca Cleve)

Straightforward colony, girdle view shows rectangular cells with low mantle. Foramina 

can be wide, elliptical, or hexagonal. Setae have a short basal part. There are three types 

of setae: special intercalary setae, which are long and thick, strongly silicified, and fuse 

for a distance before diverging, common intercalary setae, which are long and thin, 

and terminal setae, which are short and thin. Common intercalary setae diverge at 

angles ranging from 30 - 90°, while special intercalary setae diverge at 45° to the colony 

axis. One terminal seta is curved and perpendicular, while the second diverges at an 

angle of 60 - 70° to the colony axis. Setae cross over at the colony boundary. Each 

cell has a single chloroplast, as observed by [47] apical axis is between 6 and 30 μm, 

and transapical axis 2 to ~7 μm in the present specimens, corroborating well with the 

observations by Lee and [56].

Chaetoceros minimus [61]

(Synonym - Rhizosolenia minima Levander, Monoceros minimum (Levander) 

Valikangas)

Single cells, weakly silicified and exceedingly small, only 2 - 6 µm apical axis, pervalvar 

axis a longer at 5 - 20 µm in the observed specimens, Cells in girdle view usually appear 

cylindrical, with a high mantle, and have rounded corners. Each valve has one or two 

long, thin setae that diverge nearly parallel to the colony axis. [47] and also [24] had 

noted that there was only one chloroplast, although not every cell was observed with a 

solitary discernible chloroplast under LM presently.

Chaetoceros peruvianus [5]

Characeristic feature of the cells of C. peruvianus is their heterovalvate nature, with 

a flat lower and a rounded upper valve. The setae on the upper valve emerge from 

near the valve center in a pervalvar direction, abut with a groove between them, turn 

sharply, and flow backward in curves that are more or less externally convex. The 

lower valve’s setae begin inside the valve margin and become somewhat convex on the 

outside. The cell apical axis of C. peruvianus measured 10 – 32 µm, with at most 35 µm 

of pervalvar axis. These dimensions were akin to earlier observation elsewhere on this 

taxon [13,50,56]. 

Chaetoceros pseudocurvisetus [58]

In girdle view, cells are arranged in colonies, superficially similar to C. curvisetus 

under low magnification LM, connected by the fusion of subsequent setae and four 

elevated projections at the borders of the valves, leaving a huge lenticular aperture 

in the center between the cells [1]. and [94] have observed that each cell has a single 

chloroplast, an apical axis measuring 12 - 30 µm, and nearly simlar pervalvar axis, 

however, the latter was sometimes considerably longer in some of the currently 

observed specimens, at up to 45 µm.

Chaetoceros simplex [37]

Setae are long, thin, straight, and oriented toward the cell’s apical axis. Due to 

solitary nature of the cells, resting spores are readily visible, especially in the onset of 

premonsoon, resting spores with spiny valves under high magnification [92]. stated 

that apical axis length varied widely, ranging from 4 to 30 µm. However, specimen 

collected from the Hooghly-Matla estuary zone showed an axial length of 19 to 22 µm, 

which was quite conservative. 

Chaetoceros socialis [54]

(Synonym - Chaetoceros socialis var. radians (F. Schutt) P.M. Tsarenko)

Cells form short colonies connected by long setae, occasionally forming spherical 

colonies embedded in mucus. In girdle view, the cells are rectangular, with a low 

mantle, smaller sizes compared with many other taxa observed with an equally long 

apical axis and pervalvar axis within 8 - 10 µm. The foramina are wide and hexagonal. 

Setae are long and thin, with a short basal part. Two setae diverge at a 20 - 50° angle 

from the apical axis, while two setae are perpendicular to the axis colony. Setae cross 

over beyond the colony boundary. Shevchenko et al. [89] reported that each cell had 

one chloroplast, as was observed in the specimens from Hooghly estuary.

Chaetoceros subtilis [11]

The colony is short. In girdle view, cells are rectangular, intermediary cells fit tightly 

together, the specimens concerned had registered apical axis of 5 - 9 µm, with 
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maximum pervalvar axis length of 18 µm, and the mantle is high. No foramina. Setae 

are long and thin, with a short basal part. Compared to intercalary setae, terminal 

setae are thicker. Setae do not cross over and diverge at a 45° angle to the apical axis, 

directed toward one end of the colony. [89] found that each cell had one chloroplast.

Chaetoceros tenuissimus [3]

(Synonym - Chaetoceros salsugineus Takano)

Cells can be solitary or form short colonies. Cell apical axis: 4 - 7 µm, with more or less 

similar pervalvar axis length, girdle view reveals that the cells are rectangular, with 

a high mantle. Foramina are narrow. Setae are very long and thin, with a short basal 

part. Intercalary and terminal setae diverge at a 40 - 50° angle from the colony axis. 

Setae cross over at the colony boundary. One chloroplast per cell [89].

Conclusion
Centric diatoms are considered to be comparatively better suited to serve as proxies to 

water quality changes in an environment than their pennate counterparts. A study is 

hence of significance when it deals with species assemblages of such centric diatoms, 

especially Coscinodiscus and Chaetoceros which together form among the largest 

factions within the Class Bacillariophyceae. The presently reported study was another 

such effort to keep the readers and future workers abreast of the species composition of 

these two taxa in the estuarine well mixed waters of Hooghly-Matla river complex in 

the vicinity of the Indian Sundarbans situated on the northwest coast of Bay of Bengal. 

When dealing with cosmopolitan taxa such as these it is not academically wise to be 

conclusive as newer introductions can always occur within a given period, but as the 

study had spanned a decade and half, it does certainly hold ecological credibility and 

should provide the necessary information on the presence of these two genera within 

the said ecoregion. 
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