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Abstract 
Pleurosira laevis (Ehrenberg) Compère is a cosmopolitan, euryhaline, centric diatom species 

documented in diverse aquatic habitats worldwide. This study reports the first documented 

occurrence of P. laevis in the Ganga River at the Triveni Sangam, Prayagraj, Uttar Pradesh, India, 

during the Mahakumbh 2025 mass-gathering event. The planktonic and periphytic samples (18 

samples) were collected in three distinct parts: Pre-Mahakumbh (15 to 25 December 2024), Peak 

Mahakumbh (14 January to 26 February 2025), and Post-Mahakumbh (15 to 25 March 

2025). Pleurosira laevis was exclusively detected during the Peak Mahakumbh period, coinciding 

with observable elevations in total dissolved solids (395.0 ± 84.5 mg/L, +34.0% increase), 

chloride concentrations (63 ± 11.9 mg/L, +58.5% increase), and electrical conductivity (634.0 ± 

162.2 µS/cm, +35.2% increase) compared to optimal conditions. The presence of this species 

was not recorded in pre-Mahakumbh samples despite intensive sampling (6 samples), indicating 

its occurrence was affected by the temporary ionic enrichment and anthropogenic salinization 

associated with mass bathing activities. Light microscopy revealed diagnostic morphological 

features, including oval to elliptical shapes of valves (40.7 to 71.8 µm length, 38.1 to 56.9 µm 

width), a pair of protuberant ocelli (9.36 to 15.53 µm length), and the presence of 2-3 

rimoportulae. This first record is insightful in understanding the distribution of P. laevis across 

the Indian subcontinent. The record also demonstrates its importance as a bioindicator of 

episodic anthropogenic salinization in freshwater ecosystems. The study highlights the intensity 

and effects of large-scale pilgrimage events on freshwater ecosystems, as they can create 

temporary ecological windows that facilitate the establishment of halophilic diatom taxa in 

otherwise oligohaline river systems. 
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1. Introduction 
The River Ganga is one of the most significant rivers in India. It harbors a variety 

of phytoplankton communities that serve as prime indicators of aquatic 

ecosystem health1,2. Diatoms (Bacillariophyta) constitute a major component of 

these communities, with their species composition reflecting environmental 

conditions and water quality3. The confluence of the Ganga, Yamuna, and 

invisible Saraswati rivers at Prayagraj (formerly known as Allahabad) is known as 

the Sangam, and it represents a unique aquatic ecosystem of ecological and 

religious significance.  

The genus Pleurosira (Centrales) includes centric diatoms characterized by circular 

to elliptical valves, prominent ocelli, and rimoportulae4.  
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Pleurosira laevis (Ehrenberg) Compère was 

described by Ehrenberg for the first time in 1843 

as Biddulphia laevis and later in 1982 was 

transferred to the genus Pleurosira by Compère. 

This species has been well documented from 

various freshwater and brackish water habitats 

across North America, Europe, and parts of 

Asia5, 6 & 7 (Table 1).  

Table 1: Worldwide Distribution of Pleurosira laevis and their water quality characteristics 

Continent

/Region 

Specific 

Locations 
Status Water Quality Characteristics Ref. 

Asia 

Masuleh River 

(Iran) 

First regional 

record 

Pristine-Moderate; EC: 380–520 µS/cm; TDS: 280–380 

mg/L; low-moderate ionic strength  
6 

Zarafshan 

River 

(Uzbekistan) 

First regional 

record 

Moderately polluted; EC: 650–850 µS/cm; TDS: 420–

580 mg/L; elevated Cl⁻ from mining salinization 
7 

Aras River 

(Northwestern 

Iran) 

Documented 
Eutrophic; EC: 450–750 µS/cm; elevated nutrients (TN: 

2.5–4.2 mg/L); agricultural runoff 
8 

Prayagraj, 

Ganga River 

(India) 

First record for 

the Ganga basin 

Episodic anthropogenic salinization; Peak EC: 634 

µS/cm; TDS: 395 mg/L; Cl⁻: 63 mg/L during mass 

gathering 

This 

stud

y 

Africa 

Socotra Island 

(Yemen) 
Documented 

Marine-brackish interface; EC: 1200–4500 µS/cm; tidal 

influence; halophilic conditions 
9 

Stream waters 

(Cameroon) 
Documented 

Pristine-Moderate; EC: 220–480 µS/cm; tropical 

lowland streams; seasonal variation 
10 

River and 

inland water, 

Egypt 

Documented 
Brackish-eutrophic; EC: 800–2500 µS/cm; high Cl⁻ and 

SO₄²⁻ from geological sources 
11 

South 

America 

Mata Seca 

Stream, Brazil 

Documented 

(mass 

formations) 

Eutrophic-hypereutrophic; EC: 380–650 µS/cm; organic 

pollution; agricultural impact 
12 

Europe 
Bílina River, 

Czech Republic 
Documented 

Polluted-salinized; EC: 1200–3500 µS/cm; TDS: 800–

2200 mg/L; coal mining drainage 
13 

North 

America 

Caloosahatchee 

River, Florida 
Documented 

Brackish-freshwater gradient; EC: 1500–6500 µS/cm; 

tidal estuary; highly halophilic 
14 

Australia

/Oceani

a 

Swan River 

Estuary 
Documented 

Estuarine; EC: 2500–15000 µS/cm; marine-freshwater 

mixing zone; euryhaline conditions 
15 

 

Pleurosira laevis is known to be a halophilic and 

rheophilic species, though it exhibits 

considerable ecological plasticity16. The species 

has a significant association with eutrophic 

conditions and has been described as an indicator 

of moderate to high nutrient levels in aquatic 

ecosystems17. Morphologically, P. laevis can be 

recognized by its relatively large valve diameter 

(65–120 µm), two protruding ocelli of unequal 

size on opposite sides, and a radiate arrangement 

of striae14. Pleaurosira laevis further demonstrates 

affinity for environments with elevated ionic 

strength (EC > 400 µS/cm) with optimal 

presence in moderately salinized to brackish 

waters (EC 600–2500 µS/cm). The species is 

absent from pristine oligohaline freshwater 
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systems (EC < 300 µS/cm), displaying its 

halophilic nature (Table 1). 

Diatom surveys conducted across the Ganga 

River from 2019 to 2024 have given us insight 

and expanded our knowledge of algal biodiversity 

in this region. Noteworthy assemblages have 

been documented at Varanasi (Cyclotella, 

Aulacoseira & Navicula)18, Patna (Synedra & 

Fagilaria)19, and Kanpur (Cymbella & Gomphonema  

in polluted stretches)20. Two comprehensive 

floristic surveys21, 22 recorded 127 and 211 diatom 

taxa, respectively, from the middle and lower 

Ganga and its tributary systems. Despite this 

growing body of work, Pleurosira species have 

remained noticeably absent from all available 

floristic records — a gap that is difficult to 

overlook given the Ganga's standing as a 

National River under the Namami Gange 

Programme and its recognition as a biodiversity 

hotspot for freshwater algae23. The Triveni 

Sangam at Prayagraj is of enormous religious 

importance, drawing over 400 million pilgrims 

during the Mahakumbh alone, yet its diatom flora 

has received far less scientific attention than 

either the upstream Rishikesh–Haridwar corridor 

or the downstream Varanasi–Patna stretch. The 

first confirmed record of Pleaurosira laevis from 

this ecologically and culturally significant 

confluence does more than fill a biogeographic 

gap — it introduces a potentially valuable 

bioindicator for tracking anthropogenic 

salinization, which is emerging as a serious 

concern as recurring mass gatherings continue to 

alter water quality in these holy river systems. 

Understanding how such episodic pollution 

events create conditions favorable to halophilic 

taxa like P. laevis will be central to designing 

biomonitoring frameworks capable of 

distinguishing transient anthropogenic stress 

from continuous ecological degradation in the 

Ganga River ecosystem. 

The Mahakumbh 2025, held at Prayagraj from 

January through March 2025, offered a rare and 

timely opportunity for systematic water quality 

assessment and biological sampling at the 

Sangam confluence. As one of the largest 

religious gatherings on the planet, the event both 

necessitated intensive environmental monitoring 

and enabled comprehensive ecological surveys 

that would otherwise be logistically difficult to 

carry out24 & 25. This study reports the first 

documented occurrence of P. laevis from the 

Ganga & Yamuna confluence at Prayagraj, based 

on samples collected during this period. The 

morphological characteristics of P. laevis are 

described, and the ecological significance of this 

record is discussed in reference to biogeography 

of diatoms and analysis of water quality in the 

Ganga River. 

2. Materials and Methods 
2.1 Study Area 

The study was conducted at the Triveni Sangam, 

Prayagraj, Uttar Pradesh, India (coordinates: 

25.42’67° N, 81.88’56° E). Sangam represents the 

holy confluence of three rivers: Ganga, Yamuna, 

and the mythical Saraswati. The meeting point of 

these rivers is known as the Sangam Nose point. 

It is a site of religious significance for centuries 

and thus, a prime location for understanding the 

ecological dynamics of this zone. The large-scale 

gathering and bathing of pilgrims during the 

Mahakumbh disrupts the aquatic ecosystem and 

has observable effects on the water quality 

parameter and phytoplankton assemblage 

patterns. 

2.2 Sample Collection 

Water and diatom samples were collected from 

the Sangam Nose point before, during, and after 

major bathing events. A total of 18 samples were 

collected at Sangam Nose Point across three 

phases: Pre-Mahakumbh (December 2024; n = 

6), Peak bathing (January-February 2025; n = 6), 

and Post-Mahakumbh (March 2025; n = 6). Each 

phase comprised triplicate periphyton scrapes 

and plankton tows (55 µm mesh). This design 

enabled the detection of temporal patterns of 

presence and absence relative to mass-gathering 

impacts.
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Figure 1: Location of Prayagraj in India showing the Ganges and Yamuna Rivers. Detailed map of the Sangam 

confluence showing the sampling site 

 

2.3 Sample Processing and Microscopy 

Samples preserved in formalin were boiled with a 

mixture of nitric and sulfuric acids (2:1 ratio) to 

remove organic matter26, centrifuged at 3000 rpm 

for 5 minutes, and the cleaned frustules were 

mounted on permanent microscope slides using 

Naphrax mounting medium. Diatom 

identification was performed using an Olympus 

43X, Magcam 5.1 MP light microscope at 100× 

magnification under oil immersion. MagVision 

Software was used for the photography of P. 

laevis. Detailed morphological observations of the 

valve structure, including the presence and 

characteristics of ocelli, cingulum arrangement, 

rimoportulae, and other diagnostic features, were 

recorded and captured for further study.  

 

2.4 Water Quality Analysis, Taxonomic 

Identification & Data Analysis 

In situ measurements of water temperature, pH, 

electrical conductivity, and dissolved oxygen 

were conducted using portable digital meters 

(Hanna, Germany). Additional water quality 

parameters, including nutrients (nitrate, 

phosphate), were analyzed using standard 

protocols27. 

Diatom identification was performed following 

standard taxonomic references28 & 29, and online 

databases including Diatoms of North America30 

and AlgaeBase31. The standard terminology for 

morphological assessment of diatoms is 

followed32. 

The analysis of morphometric data was done 

using descriptive statistics. Valve diameter, striae 

density, and other morphological parameters 

were compared with recorded data from other 

biogeographical regions. Environmental records 

were linked to species presence with the goal of 

achieving an association between them. 

3. Results  
3.1 Water Quality Parameters 

The physico-chemical properties of the samples 

of Sangam water showed visible temporal 

variations across the three phases of the 

Mahakumbh 2025 (Table 2).  During the Pre-

Mahakumbh period (15 to 25 December 2024), 

the Sangam waters displayed standard conditions 

marked by optimal DO levels (7.10±0.42 mg/L), 

moderate TDS (295.5±85.4 mg/L), and neutral 

pH (7.35±0.21). However, during the Peak 

Mahakumbh phase (14 January to 26 February 

2025), with the highest pilgrimage activity, 

marked significant decline with sharp drop in DO 
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by 32.4% to 4.80±1.13 mg/L, spike in chloride 

concentrations by 58.8% to 63±11.9 mg/L, 

marked growth TDS by 34.0% to 395.0±84.5 

mg/L, and an observable increase in EC by 

35.2% to 634.0±162.2 µS/cm. This sudden 

change in the Physico-chemical parameters of 

water indicated considerable anthropogenic 

pollution from bathing activities and 

inappropriate cleanliness. Notably, partial 

recovery trends were also observed during the 

post-Mahakumbh phase (15 to 25 March 2025), 

with DO recovering to 5.65±1.64 mg/L and 

chloride levels declining to 48.5±9.2 mg/L, 

indicating the self-purification capacity of the 

river. Although it is physically not possible for the 

river to completely return to its optimal 

condition, with some proper care and sanitation. 

 

Table 2. The Physico-chemical properties of water recorded during the Mahakumbh 2025 at Sangam, 

Prayagraj and values presented as mean ± standard deviation. 

Parameter 
Pre-Mahakumbh 

(15–25 Dec 2024) 

Peak Mahakumbh 

(14 Jan–26 Feb 

2025) 

Post-Mahakumbh 

(15–25 Mar 2025) 

WHO/BIS 

Standard 

(Desirable) 

Temperature (°C) 13.24 ± 1.75 15.30 ± 2.80 16.20 ± 2.32 - 

TDS (mg/L) 294.5 ± 84.4 395.0 ± 84.5 364.0 ± 169.9 

500 

(BIS)/500 

(WHO) 

pH 7.35 ± 0.21 7.65 ± 0.21 7.40 ± 0.21 6.5–8.5 

DO (mg/L) 7.10 ± 0.42 4.80 ± 1.13 5.65 ± 1.64 >5.0 

EC (µS/cm) 469.0 ± 126.6 634.0 ± 162.2 500.0 ± 91.9 1400 (WHO) 

Cl (mg/L) 40.0 ± 11.3 63.5 ± 12.0 48.5 ± 9.2 250 

NO₃⁻ (mg/L) 0.595 ± 0.29 0.765 ± 0.30 0.650 ± 0.25 
45 (BIS)/50 

(WHO) 

PO₄³⁻ (mg/L) 0.341 ± 0.38 0.440 ± 0.45 0.365 ± 0.40 - 

 

3.2 Morphometric details of Pleurosira laevis 

Synonym of Pleurosira laevis: Cerataulus laevis 

(Ehrenberg) Ralfs in Pritchard 1861 & Biddulphia 

laevis (Ehrenberg) 1843  

Basionym: Biddulphia laevis Ehrenberg 1843 

Description: For the morphological analysis of 

the diatom, we considered 30 valvar 

measurements. These specimens were identified 

as Pleurosira laevis based on morphological 

features and similarity in morphometric 

measurements recorded across the globe (Table 

3). Valve length ranged from 40.7 to 71.8 µm 

(mean: 56.2 ± 8.4 µm), while width ranged from 

38.3 to 56.9 µm (mean: 47.6 ± 5.2 µm), reflecting 

moderate heterogeneity in frustule dimensions. 

The presence of a pair of protruding ocelli mostly 

on the opposite sides was observed in all 30 

samples, with sizes ranging from 9.36 to 15.53 

µm (length) and 3.02–6.05 µm (width). In 

frustules, secondary ocelli were observed, 

measuring 7.08–11.26 µm (length) and 2.55–6.21 

µm (width). The outline of the valve was 

predominantly circular (67% of measured valves) 

with some elliptical forms (33%). Ocelli were 

positioned opposite one another in 73% of 

specimens, with some rare occurrence of non-

opposite ocelli in 27% of the specimens. The 

number of rimoportulae varied between 2 and 3 

per valve (mean: 2.1 ± 0.6), suggesting structural 

diversity within the population. Living cells 

observed in fresh, unpreserved samples were 

joined in zig-zag chains, which were attached by 

mucilage pads at the opposing cell's ocelli. 

Rectangular girdle view was observed, with the 

presence of three to five prominent intercalary 

bands visible. 
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Table 3. Morphometric comparison of Pleurosira laevis from Prayagraj with published records from other 

regions. Prayagraj values presented as mean ± SD (range) based on n = 30 valves 

Country/Character Valve 

diameter 

(𝝁m) 

Striae 

in 10 

𝝁m 

Mantle 

height 

(𝝁m) 

Ocelli Ocelli 

Length 

(𝝁m) 

Ocelli 

Width 

(𝝁m) 

Rimoportulae 

Prayagraj (India) 56.2 ± 

8.4 (40.7–

71.8) h 

47.6 ± 

5.2 (38.3–

56.9) w 

13.4 ± 

1.8 (11–

17) 

- 2 

12.1 ± 

1.9 (9.36–

15.53) 

4.2 ± 

0.9 (3.02–

6.05) 

2.1 ± 0.6 (2–3) 

USA14 65-120 12-13 15-30 2 10-15 4-5 2-3 

Iran6 45-125 12-16 12-19 2    

Uzbekistan7 42-110 14-16 11.7-16 2   2-3 

South Korea33 20-90 13-15 20-30 2 8-15 4-5 2 

Japan16 54-91 h 

12-26 w 

 11.7-16 2   2-3 

China34 30-130 12-16  2   - 

Brazil35 42-131.4h  

38-72 w 

9-16 11.7-16 2    

Czech Republic13 42-74 h 

38-64 w 

15-16  2   1-2 

N. America36 65-120 12-13  2   2-3 

Australia11 20-90 13-15  2 8-15 4-5  

Ukraine37 39–61 15-17  2    

Florida38 65-120 12-13  2   2-3 

 

a 
 

b 

Figure 2. (a) and (b) P. laevis with measurements 
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a b 

Figure 3. (a) Girdle view of P. laevis showing intercalary bands. (b) P. laevis abundance in water sample. 

 

   

a 
 

b 

Figure 4. (a) Valvar view of P. laevis showing two prominent ocelli of unequal size. Note the zig-zag 

cell arrangement mediated by the larger ocellus. (b) Prominent rimoportulae. 

 

 
a 

 
b 

 
c 

Figure 5. (a), (b) and (c) show certain morphological differences from the characteristic features of P. 

laevis. In (a) and (b), the ocelli are not exactly opposite each other. It was tilted to the side. (c) Presence 

of a C-shaped depression around the Rimoportulae. 
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The morphological data of P. laevis recorded 

globally were compared, and intraspecific 

variations were observed. The specimen found at 

Prayagraj (India) showed similar characteristics in 

reference to the global data. The Prayagraj 

specimens display a valve diameter spanning 40.7 

to 71.8 μm (height) and 38.1 to 56.9 μm (width), 

which is considered the average size range. It was 

notably smaller than specimens from Iran (45 to 

125 μm), the USA (65 to 120 μm), and Brazil (42 

to 131.4 μm), and in a similar size range to those 

recorded from the Czech Republic (42 to 74 μm) 

and Ukraine (39–61 μm). Variation in the striae 

density was prominent in the specimens of 

Prayagraj, ranging from 11 to 17 in 10 μm, 

overlapping with ranges reported from Iran (12 

to 16), Uzbekistan (14 to 16), and China (12 to 

16), while exhibiting higher plasticity than the 

record found in Japan (13 to 15) and South 

Korea. Globally, the presence of two ocelli was 

constant, suggesting a conserved characteristic 

feature. However, the size dimension of the ocelli 

varied considerably, with Prayagraj specimens 

(length: 9.36 to 15.53 μm; width: 3.02 to 6.05 μm) 

showing proportional similarity to Australian and 

South Korean records (8 to 15 μm length; 4 to 5 

μm width) but a narrower width size compared 

to Japan, USA, and Florida populations (4 to 5 

μm). The presence of 2 to 3 rimoportulae in 

Prayagraj specimens aligns with most global 

records, except for Ukraine and the Czech 

Republic, with fewer rimoportulae 

documentation (Table 3). One of the possible 

causes for such variations could be its 

morphological adaptation to environmental 

conditions for survival. The water ecosystem 

across the globe records vast variations in 

nutrient availability, salinity gradients, and 

temperature regimes. This change of water 

quality further affects the characteristics of the 

species as they modify themselves for maximum 

utilization of the resources available. An in-depth 

study of the diatom species is crucial to 

understanding its phenotypic plasticity and 

morphological diversity. 

3.3 Associated Diatom Flora  

Domination of Centric diatoms, including 

Aulacoseira granulata, Cyclotella meneghiniana, and 

Melosira varians, was observed at the Sangam 

sampling site during the study period. Pennate 

diatoms were also abundant, with Synedra ulna, 

Cocconeis placentula, Cymbella affinis, Navicula 

cryptocephala, Gomphonema parvulum, and Nitzschia 

palea being the most frequently encountered 

species. Pleurosira laevis occurred at relatively low 

abundance, suggesting it may be a recent 

colonizer or a species at the edge of its ecological 

range in this system. 

4. Discussion  
4.1 First Record Significance 

A key identifying feature was the presence of two 

distinct marginal ocelli, of which only one was 

involved in forming the filamentous chain; the 

size of one ocellus appeared to be smaller than 

that of the other. The ocelli form a small 

protuberance from the valve and are oval. Each 

ocellus was composed of fine rows of ocelli. 

Externally, the ocelli were slightly elevated above 

the surface and constrained by a silicon rim with 

rough edges; internally, they were positioned in a 

slight depression surrounded by a hyaline rim. 

The valve face varied between flat and slightly 

convex configurations, with the ocelli structures 

showing the characteristic elevation typical of the 

polymorpha form16 described this morphological 

variation as expressing distinct forms of this 

diatom, distinguished by their flat or dome-

shaped valve faces and the degree of elevation of 

the ocelli, respectively. 

The frustules were observed as single cells or 

short chains with two rimoportulae (labiate 

processes) situated midway between the ocelli. 

The presence of rimoportulae with flattened 

proximal ends is considered an advanced feature 

of centric diatoms. Two rimoportulae are present 

on the valve, positioned approximately opposite 

each other on both sides of the axis that passes 

through the ocelli. Each rimoportula was 

surrounded by a small, hyaline area. The areolae 

were arranged in radial striae, measuring 11-17 

per 10 μm at the margin of the valve face, with 

an areola density of 13–16 per 10 μm. Spines 

were present on both the valve face and the 
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mantle, particularly at the valve margin. The 

girdle view of the species showed rectangular 

cells with three to five prominent intercalary 

bands. Under the mantle, the first girdle band, 

also known as the valvocopula, is observed.  

4.2 Comparison with Related Taxa 

The morphological characteristics observed in 

this study are like those of the species Pleurosira 

indica, recorded39 from Tamil Nadu, India. 

However, P. indica differs from P. laevis in having 

an irregular arrangement of areolae, a C-shaped 

depression around the rimoportulae, and the 

absence of a silica surface separating the areolae 

and porelli. Additionally, P. indica exhibits three 

ocelli with positioning that is not opposite to 

each other but tilted slightly to the side, which 

differentiates it from P. laevis (Table 4). 

The presence of two unequal ocelli, a diagnostic 

feature of P. laevis, was consistently observed in 

all specimens examined from Prayagraj. This 

characteristic distinguishes P. laevis from related 

species such as Pleurosira lewisii, which typically 

has ocelli of more equal size29. 

Table 4. Comparative morphological characteristics of Pleurosira laevis (Prayagraj) and Pleurosira 

indica (Tamil Nadu, India) 

Characters P. laevis (Prayagraj) P. indica (Tamil Nadu) Significance 

Valve shape Circular to elliptical (67%:33%) Elliptical to rectangular Diagnostic 

Valve size 40.7–71.8 × 38.1–56.9 µm 85–150 × 55–95 µm 
P. indica  
significantly larger 

Striae density 11–17 in 10 µm 8–11 in 10 µm P. laevis denser striae 

Ocelli number 2 (consistent) 3 (diagnostic feature) 
Key distinguishing 
character 

Ocelli position Opposite (73%) or non-opposite (27%) Non-opposite, tilted to the side 
P. 
indica asymmetrical 

Ocelli size 9.36–15.53 × 3.02–6.05 µm 15–25 × 8–12 µm P. indica larger ocelli 

Areolae 
arrangement 

Regular radial pattern Irregular, scattered P. indica distinctive 

Rimoportulae 2–3 per valve; no C-shaped depression 
2 per valve; C-shaped depression 
around processes 

P. indica diagnostic 
depression 

Silica surface Smooth between areolae & porelli Absent (no separation) Structural difference 

Habitat 
Large river confluence (Ganga-Yamuna); 
episodic salinization 

Shola forest streams, pristine 
oligotrophic 

Ecological 
differentiation 

 

4.3 Ecological significance and 

environmental implications 

The exclusive detection of P. laevis during the 

Peak Mahakumbh phase (Table. 2) coincided 

with documented thresholds in ionic strength: 

TDS (396.0 ± 84.9 mg/L) and EC (635.0 ± 162.6 

µS/cm) exceeded the species' reported minimum 

tolerance levels (TDS > 350 mg/L; EC > 500 

µS/cm) based on literature records from 

Uzbekistan and Czech Republic (Table 1). While 

Pre-Mahakumbh conditions (TDS: 295.5 ± 85.4 

mg/L) fell below this threshold, the 34% TDS 

increase during mass bathing created temporary 

microhabitats suitable for halophilic 

colonization. However, the absence of P. laevis in 

Peak-phase samples with comparable TDS values 

suggests that ionic strength is necessary but not 

sufficient for colonization, with other factors 

(e.g., competition, dispersal limitation) potentially 

influencing occurrence. 

4.4 Biogeographic Considerations  

The disjunct distribution of P. laevis, with 

populations in North America, Europe, Central 

Asia (Table 1 & 3), and now the Indian 

subcontinent, raises interesting questions about 

its biogeographic history and dispersal 

mechanisms. The species may have been 

historically overlooked in Indian freshwater 

surveys, or it may represent a recent introduction 

through human-mediated transport. 
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Alternatively, P. laevis may be naturally rare in 

South Asian waters, occurring at low abundances 

that require intensive sampling to detect. The 

present study’s focus on the Mahakumbh period, 

with enhanced monitoring efforts, may have 

facilitated the detection of this otherwise cryptic 

species. 

5. Conclusion 
This study documents the first record of Pleurosira 

laevis from the Triveni Sangam at Prayagraj, Uttar 

Pradesh, India, during the unprecedented 

Mahakumbh 2025 gathering. The species was 

identified using light microscopy and available 

global morphological data. Its presence 

significantly correlated with water quality 

dynamics, such as elevated TDS, conductivity, 

and chloride concentrations. This confirms its 

presence in environments with higher ionic 

strength. 

The presence of P. laevis at the Sangam attests to 

its cosmopolitan nature and helps us understand 

the diatom diversity and water-quality dynamics 

of India’s most sacred river. With considerable 

adaptations in its morphological features and 

increased tolerance for stressful conditions over 

the past years, this species also acts as an 

important indicator of the ecological state of the 

river. 

To expand our knowledge about the tolerability 

and abundance of this species in India, we need 

to conduct long-term studies and monitoring of 

phytoplankton communities. The documentation 

of P. laevis at Prayagraj underscores the 

importance of floristic surveys in South Asian 

freshwater ecosystems. 

The study also emphasizes the importance of the 

large-scale pilgrimage events as a critical 

timeframe for comprehensive ecological surveys. 

The presence of the species under elevated 

anthropogenic conditions offers an opportunity 

for a study that can inform future research under 

similar conditions. The data showed a gradual 

deterioration in the quality of the water with an 

increase in unsupervised human activity. The 

water quality slowly improved with a decrease in 

mass bathing and increased sanitation, suggesting 

the need for proper biomonitoring and sanitation 

for a healthy river ecosystem. 
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