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Abstract 

The coastal waters of Ramakrishna Beach, 
Visakhapatnam, India, present a unique ecosystem for 

exploring fungal diversity and ecological roles, yet have 

been underexplored in mycological studies. This study 
utilizes amplicon sequencing targeting the fungal ITS 

region from environmental DNA to fill this knowledge 

gap. Our findings reveal a predominant presence of 

Ascomycota, with Candida and Aspergillus being the 
most abundant genera. Notably, Candida tropicalis 

emerged as the most prevalent species, followed by 

Candida hyderabadensis and Aspergillus penicillioides.  
 

 
This study not only contributes new fungal records for 

the marine environments of Visakhapatnam but also 

offers insights into the ecological functions of these 

fungi, as interpreted from the FUNGuild database. By 
highlighting the abundance, diversity, and potential 

ecological impacts of fungi in the coastal waters of 

Ramakrishna Beach, this research provides valuable 
insights into coastal ecosystem dynamics and the 

contributions of fungal communities to marine 

biodiversity. 
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Introduction 

Visakhapatnam, situated on the East Coast of India, is a 
city of industrial significance that frequently attracts 

hundreds of thousands of tourists every year. 

Visakhapatnam has four prominent beaches, namely 
Bheemli, Ramakrishna, Rushikonda, and Yarada. Of 

these, Ramakrishna Beach stands out, drawing an 

estimated 300,000 visitors at its peak, as cited by the 

Times of India on 28th May 2018. Yet, there have been 
concerning reports of elevated pollution levels in its 

seawater (Clark et al. 2003, Babu et al. 2014). These 

escalated pollution indices are largely attributed to 
rampant human-driven activities, encompassing aspects 

like tourism and industrial pursuits, among others. 

 

In marine environments, microorganisms have been 

established as reliable indicators of water pollution, and 
the beach and coastal waters of Visakhapatnam have 

been the subjects of numerous studies investigating 

bacterial diversity (Sailaja et al. 2013, Chakravarty et al. 
2015, Sudha Rani et al. 2018, Khandeparker et al. 

2020). Despite these extensive investigations, the fungal 

diversity of these waters remains relatively unexplored, 

with only a few studies performed to date. Notably, 
Shanti and Kondalarao (2019) reported significant 

fungal abundance in seawater samples from the 

Visakhapatnam fishing harbour. Reportedly, the mean 
density of fungi grown on Sabouraud Dextrose Agar 

(SDA) and Potato Dextrose Agar (PDA) media was 

26.92×105 cfu/ml and 25.85×105 cfu/ml, respectively. 
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Maruthi et al. (2012) documented the presence of 

Alternaria sp., Aspergillus sp., Chrysosporium sp., 

Cladosporium sp., Geotrichum spp., Microsporum 
gypseum, Penicillium sp., Rhizopus sp., and 

unidentified yeasts in the sewage sludge entering the 

seawater of Ramakrishna Beach. Therefore, this study 
aimed to comprehensively analyze the fungal diversity 

in Ramakrishna Beach's seawater, addressing the 

existing knowledge gap. 

 
Amplicon sequencing, a well-established technique, 

offers a powerful approach to characterize microbial 

diversity in environmental samples. This technique 
circumvents the limitations associated with culture bias 

and provides extensive data on microbial abundance 

and diversity in a specific sample. Its successful 
application in studying microbial diversity in marine 

samples from India and globally is well-documented 

(Bacosa et al. 2016, Fernandes et al. 2020). For this 

study, seawater samples were collected from one of 
Ramakrishna Beach's busiest locations on a high-traffic 

Sunday. The samples were subjected to amplicon 

sequencing of the ITS region to characterize the fungal 
diversity. Subsequently, the ecological functions of 

these fungi were predicted using the FUNGuild 

database (Nguyen et al. 2016). 

 
Materials and methods 

Study site and sample collection: Seawater samples 

were obtained from Ramakrishna Beach, 
Visakhapatnam, Andhra Pradesh, India (17.714 °N, 

83.324 °E) on a notably crowded day, Sunday, 

04.08.2019, during the peak of the southwest monsoon 
season (Figure 1). The samples were collected in three 

sets of 20 litres each and were promptly transported to 

the laboratory in pre-cleaned, acid-washed Nalgene 

containers with a 20-liter capacity. 
 

 
Figure 1. A) Geographic representation of 

Visakhapatnam in India. B). Sampling site at 

Ramakrishna Beach in Visakhapatnam 
 

Sample processing: A low-pressure vacuum pump was 

used to filter 4.5 litres of the seawater through 0.22 µm 

Whatman filter paper for fungal amplicon sequencing. 
The filter paper, which had the filtered material, was 

preserved at -20 °C in absolute alcohol (EMSURE ACS, 

ISO, Merck Germany) until further processing. 

Amplicon sequencing and analysis: The filter paper 

with the filtered material was sent to Eurofins Genomics 

India Pvt. Ltd., Bangalore, India (https://www.euro 
fins.com/) where further technical processing was 

carried out. This included the isolation of metagenomic 

DNA from the sample using a commercial Nucleospin 
kit. The Nextera XT Index Kit (Illumina Inc.) was 

utilized for the creation of amplicon libraries (Part # 

15044223 Rev. B). Amplification of the fungal ITS 

region was performed using the primers ITS-F (5'-
GCATCGATGAAGAAC GCAGC-3') and ITS-R (5'-

TCCTCCGCTTATTGATATGC-3'). The Quantitative 

Insights into Microbial Ecology (QIIME) pipeline 
(http://qiime.org/1.4.0/) (Caporaso et al. 2010) was used 

to analyze the sequence data obtained from the sample. 

Clean reads were produced using Trimmomatic v0.38 
(Bolger et al. 2014). The sequences received were 

grouped into operational taxonomic units (OTUs) at 

97% sequence similarity rate using the UCLUST 

algorithm (Edgar 2010). Fungal representative 
sequences were obtained from the UNITE database 

(version 7.2; https://unite.ut.ee/) (Nilsson et al. 2018). 

Shannon alpha diversity index was calculated using 
QIIME. A rarefaction curve, depicting the distribution 

of the OTUs, was plotted to analyse the fungal species 

richness of the seawater sample. 

 
New taxonomic records and ecological function 

predictions: The taxonomic information obtained from 

amplicon sequencing was compared with existing 
literature, including Shanti and Kondalarao (2019) and 

Maruthi et al. (2012). As a result, new taxonomic 

records at the genus level for the coastal waters of 
Visakhapatnam were identified. Insights into potential 

ecological functions of the OTUs discovered in this 

study were gained using the FUNGuild database 

(http://www.funguild.org/). 
 

Results  

Amplicon sequencing analysis of the seawater samples 
collected from Ramakrishna Beach led to the 

identification of a diverse range of fungal species/ 

OTUs. The comprehensive results of this analysis are 
detailed in Table 1. The most abundant fungal phylum 

identified was Ascomycota (78.01 %) (Figure 2). Within 

this classification, the genus Candida (42.7 %) was the 

most frequently identified, with Candida tropicalis 
(22.06 %) and C. hyderabadensis (9.4 %) being the 

most abundant species. The genus Aspergillus (14.78 

%) was also prominent, with A. penicillioides (7.11 %) 
and A. conicus (1.13 %) among the top 10 most 

abundant species. Other significant species included 

Teunomyces kruisii (= Candida kruisii) (5.14 %), 

Kluyveromyces lactis (3.33 %), Candida palmioleophi 
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(2.77 %), C. glabrata (1.76 %), and Candolleomyces 

candolleanus (=Psathyrella candolleana) (1.71 %).  
 

 

Table 1. Summary of amplicon sequence analysis 

results 

Item 

description 

Results 

Number of 
reads 

195367 

Total bases 103939568 

Phylum 

level 

distribution  

Ascomycota (78.01 %), Basidiomycota 

(8.1 %), Mucoromycota (0.72 %), 

Entomophthoromycota (0.19 %) 

Class level 

distribution 

Saccharomycetes (47.61 %), 

Eurotiomycetes (23.22 %), 

Agaricomycetes (7.67 %), 

Dothideomycetes (6.75 %), 

Mucoromycetes (0.7232 %), 

Cystobasidiomycetes (0.217 %), 

Basidiobolomycetes (0.1929 %), 

Sordariomycetes (0.0964 %), 

Leotiomycetes (0.0723 %), 

Microbotryomycetes (0.0723 %), 
Tremeliomycetes (0.0482 %), 

Ustilaginomycetes (0.0482 %) 

Order level 

distribution  

Saccharomycetales (47.61 %), Eurotiales 

(23 %), Agaricales (6.34 %), Pleosporales 

(3.81 %), Botryosphaeriales (1.45 %), 

Polyporales (1.11 %), Dothideales (0.7715 

%), Mucorales (0.7232 %), Capnodiales 

(0.675 %), Cystobasidiales (0.217 %), 

Basidiobolales (0.1929 %), Onygenales 

(0.1205 %), Chaetothyriales (0.0964 %), 

Hypocreales (0.0964 %), Auriculariales 

(0.0723 %), Thelebolales (0.0723 %) 

Family 
level 

distribution 

Saccharomycetales fam. incertae sedis 
(42.7 %), Aspergillaceae (22.35 %), 

Saccharomycetaceae (3.59 %), 

Psathyrellaceae (2.36 %), Didymellaceae 

(1.49 %), Apiosporellaceae (1.04 %), 

Agaricaceae (0.9643 %), Pleosporaceae 

(0.8679 %), Schizophyllaceae (0.7956 %), 

Aureobasidiaceae (0.7715 %), 

Debaromycetaceae (0.675 %), 

Trichocomaceae (0.5304 %), 

Choanephoraceae (0.4822 %), 

Cladosporiaceae (0.4339 %), 
Botryosphaeriaceae (0.4098 %) 

Genus level 

distribution 

Candida (42.7 %), Aspergillus (14.78 %), 

Kluyveromyces (3.33 %), Psathyrella (1.88 

%), Phoma (1.49 %), Aplosporella (1.04 

%), Schizophyllum (0.7956 %), Agaricus 

(0.7232 %), Curvularia (0.6268 %), 

Penicillium (0.6027 %), Debaryomyces 

(0.5786 %), Talaromyces (0.5304 %), 
Choanephora (0.4822 %) 

Species 

level 

distribution  

Candida tropicalis (22.06 %), C. 

hyderabadensis (9.4 %), Aspergillus 

penicillioides (7.11 %), Candida kruisii 

(=Teunomyces kruisii, 5.14 %), 

Kluyveromyces lactis (3.33 %), Candida 

palmioleophi (2.77 %), C. glabrata (1.76 

%), Candolleomyces candolleanus 

(=Psathyrella candolleana) (1.71 %), 

Aspergillus conicus (1.13 %), A. 

ochraceopetaliformis (1.01 %), A. 

halophilicus (0.9643 %), Candida albicans 
(0.9161 %) 

 

The Shannon alpha-diversity index of 4.87 indicated 

high fungal diversity at Ramakrishna Beach. The 
following are the new fungal records at genus level for 

seawater of Ramakrishna beach, Visakhapatnam: 

Agaricus, Agrocybe, Aplosporella, Arthrographis, 
Aureobasidium, Auricularia, Basidiobolus, Bipolaris, 

Candida, Candolleomyces, Chlorophyllum, 

Choanephora, Cladophialophora, Coprinellus, 

Coprinopsis, Curvularia, Cystobasidium, 
Debaryomyces, Diplodia, Exophiala, Fusarium, 

Ganoderma, Gymnopilus, Hanseniaspora, 

Hymenochaete, Kazachstania, Kluyveromyces, 
Lasiodiplodia, Lentinus, Meripilus, Naganishia, Panus, 

Perenniporia, Phanerochaete, Phoma, Pichia, 

Pisolithus, Podoscypha, Preussia, Pseudo-cercospora, 

Pyrenochaeta, Rhodosporidiobolus, Schizophyllum, 
Schwanniomyces, Septoria, Talaromyces, 

Toxicocladosporium, Trichoderma, Trichophyton, 

Ustilago and Westerdykella. 
 

A further analysis conducted using the FUNGuild 

database to infer the trophism and ecological guilds of 
the identified fungal species revealed interesting 

insights into the ecological functions and potential 

contributions of these fungi to the coastal ecosystem of 

Ramakrishna Beach. The findings from this analysis are 
presented in Table 2. 

 

Discussion 

In this research, we investigated the fungal diversity and 

their ecological roles in the coastal waters of 

Ramakrishna Beach, Visakhapatnam, India, using 
amplicon sequencing of environmental DNA. This 

research resulted in interesting insights into the 

taxonomy and ecological significance of fungi in the 

chosen marine environment and their contributions to 
the dynamics of the coastal ecosystem (Tables 1 and 2).  

 



MycoAsia Journal of Modern Mycology                                                                                                                 e-ISSN: 2582-7278                                                                                                                                                                                                                    

https://mycoasia.org/                                                                                                          https://doi.org/10.59265/mycoasia.2024-01              

 

4 
 

Table 2: Taxonomic classification, trophic modes, and guilds of fungal taxa identified in the study, alongside 

their absolute counts 

 

Sl. No. Taxon Name Trophic Mode Trophic Guild 

Absolute 

Count 

1 

Candida tropicalis (Castell.) Berkhout 

Pathotroph, 

Saprotroph, 

Symbiotroph 

Animal Pathogen-

Endophyte-Undefined 

Saprotroph 915 

2 Candida hyderabadensis R. Sreen. Rao, 

Bhadra, N.N. Kumar & Shivaji No info. No info. 390 

3 Aspergillus penicillioides Speg. Pathotroph Animal Pathogen 295 

4 Teunomyces kruisii (Kock.-Krat. & Ondrush.) 
Kurtzman & M. Blackw. (=Candida kruisii 

(Kock.-Krat. & Ondrush.) S.A. Mey. & 

Yarrow) No info. No info. 213 

5 Aspergillus sp. No info. No info. 167 

6 Kluyveromyces lactis (Stell.-Dekk.) Van der 

Walt  Saprotroph Undefined Saprotroph 138 

7 Candida palmioleophila Nakase & Itoh No info. No info. 115 

8 Candida glabrata (H.W. Anderson) S.A. Mey. 
& Yarrow 

Pathotroph, 
Saprotroph 

Animal Pathogen-
Undefined Saprotroph 73 

9 Candolleomyces candolleanus (Fr.) D. Wächt. 

& A. Melzer  No info. No info. 71 

10 

Phoma sp. 

Pathotroph, 
Saprotroph, 

Symbiotroph 

Endophyte, 
Dung Saprotroph, 

Lichen Parasite, 

Litter Saprotroph, 

Plant Pathogen, 
Soil Saprotroph, 

Wood Saprotroph 62 

11 Aspergillus conicus Blochwitz No info. No info. 47 

12 Aplosporella sp. Pathotroph Plant Pathogen 43 

13 Aspergillus ochraceopetaliformis Bat. & Maia Pathotroph Animal Pathogen 42 

14 Aspergillus halophilicus M. Chr., Papav. & 

C.R. Benj.  No info. No info. 40 

15 Candida albicans (C.P. Robin) Berkhout Pathotroph Animal Pathogen 38 

16 

Schizophyllum commune Fr.  

Pathotroph, 

Saprotroph 

Animal Pathogen, 

Endophyte, 

Wood Saprotroph 33 

17 Debaryomyces sp. Saprotroph Undefined Saprotroph 24 

18 Penicillium euchlorocarpium Yaguchi, 

Someya & Udagawa (=Talaromyces 

euchlorocarpius Yaguchi, Someya & 
Udagawa) No info. No info. 22 

19 Agaricus sp. No info. No info. 20 

20 Choanephora cucurbitarum (Berk. & 

Ravenel) Thaxt.  Pathotroph Plant Pathogen 20 

21 Toxicocladosporium irritans Crous & U. 
Braun No info. No info. 18 

22 Curvularia hawaiiensis (Bugnic. ex M.B. 

Ellis) Manamgoda, L. Cai & K.D. Hyde No info. No info. 14 

23 Penicillium citrinum Thom  No info. No info. 14 

24 

Aureobasidium pullulans (de Bary & 

Löwenthal) G. Arnaud 

Pathotroph, 

Symbiotroph 

Animal Pathogen, 

Endophyte-Epiphyte, 

Plant Pathogen 13 
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25 Candida zeylanoides (Castell.) Langeron & 

Guerra Pathotroph Animal Pathogen 12 

26 Kazachstania sp. No info. No info. 11 

27 Phanerodontia chrysosporium (Burds.) 
Hjortstam & Ryvarden Saprotroph Wood Saprotroph 11 

28 Aspergillus carbonarius (Bainier) Thom No info. No info. 10 

29 

Curvularia lunata (Wakker) Boedijn 

Pathotroph, 

Symbiotroph 

Endophyte, 

Plant Pathogen 10 

30 Gymnopilus sp. Saprotroph Wood Saprotroph 10 

31 Lentinus squarrosulus Mont. No info. No info. 10 

32 Preussia sp. Saprotroph Undefined Saprotroph 10 

33 Rhizopus stolonifer (Ehrenb.) Vuill. 1902  
(=Rhizopus arrhizus sensu Cunningham) 

Pathotroph, 
Symbiotroph 

Endophyte, 
Plant Pathogen 10 

34 Cystobasidium sp. Pathotroph Fungal Parasite 9 

35 

Basidiobolus ranarum Eidam 

Pathotroph, 
Saprotroph, 

Symbiotroph 

Animal 

Endosymbiont, 
Animal Pathogen, 

Undefined Saprotroph 8 

36 Candida digboiensis G.S. Prasad, Mayilraj, 

Sood & Ban. Lal No info. No info. 8 

37 Chlorophyllum globosum (Mossebo) Vellinga  No info. No info. 8 

38 Coprinellus aureogranulatus (Uljé & Aptroot) 

Redhead, Vilgalys & Moncalvo  No info. No info. 8 

39 Coprinellus sp.  No info. No info. 8 

40 Psathyrella sp. Saprotroph Wood Saprotroph 7 

41 Agaricus rotalis K.R. Peterson, Desjardin & 

Hemmes No info. No info. 6 

42 

Agrocybe sp. Saprotroph 

Dung Saprotroph, 
Soil Saprotroph, 

Undefined Saprotroph 6 

43 Penicillium multicolor Grig.-Man. & Porad.  No info. No info. 6 

44 Aspergillus templicola Visagie, Hirooka & 
Samson No info. No info. 5 

45 Diplodia alatafructa Mehl & Slippers 2011 No info. No info. 5 

46 Penicillium capsulatum Raper & Fennell 1948 No info. No info. 5 

47 Phanerochaete sp. Saprotroph Wood Saprotroph 5 

48 Trichophyton sp. Saprotroph Undefined Saprotroph 5 

49 Aspergillus sydowii (Bainier & Sartory) Thom 

& Church Pathotroph Animal Pathogen 4 

50 Candida boleticola Nakase Pathotroph Animal Pathogen 4 

51 
Ganoderma sp. 

Pathotroph, 
Saprotroph 

Plant Pathogen, 
Wood Saprotroph 4 

52 Meripilus giganteus (Pers.) P. Karst.  No info. No info. 4 

53 

Pichia sp. 

Pathotroph, 

Saprotroph, 

Symbiotroph 

Animal 

Endosymbiont, 
Animal Pathogen, 

Plant Pathogen, 

Undefined Saprotroph 4 

54 Pyrenochaeta sp. No info. No info. 4 

55 Schwanniomyces etchellsii (Kreger-van Rij) 

M. Suzuki & Kurtzman No info. No info. 4 

56 Aspergillus flavus Link No info. No info. 3 

57 Auricularia nigricans (Sw.) Birkebak, Looney 
& Sánchez-García No info. No info. 3 
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58 Candida diddensiae (Phaff, Mrak & O.B. 

Williams) Fell & S.A. Mey.  Pathotroph Animal Pathogen 3 

59 Geomyces sp. Saprotroph Soil Saprotroph 3 

60 Hanseniaspora uvarum (Niehaus) Shehata, 
Mrak & Phaff ex M.T. Sm. Pathotroph Animal Pathogen 3 

61 Panus similis (Berk. & Broome) T.W. May & 

A.E. Wood No info. No info. 3 

62 Perenniporia sp. Saprotroph Wood Saprotroph 3 

63 Rhodosporidiobolus nylandii (M. Takash. & 

Nakase) Q.M. Wang, F.Y. Bai, M. Groenew. & 

Boekhout No info. No info. 3 

64 Septoria sp. Pathotroph Plant Pathogen 3 

65 Agaricus chartaceus T. Lebel, in Lebel & 

Syme No info. No info. 2 

66 Agaricus bisporus (J.E. Lange) Imbach  No info. No info. 2 

67 Arthrographis arxii Guarro, A. Giraldo, Gené 
& Cano  No info. No info. 2 

68 Bipolaris sp. Pathotroph Plant Pathogen 2 

69 Cladophialophora sp. Saprotroph Undefined Saprotroph 2 

70 Coprinellus sp. 1 Saprotroph Undefined Saprotroph 2 

71 Coprinellus sp. 2 Saprotroph Undefined Saprotroph 2 

72 Curvularia pseudorobusta Meng Zhang & 

T.Y. Zhang  No info. No info. 2 

73 Exophiala oligosperma Calandron ex de Hoog 
& Tintelnot 2003 No info. No info. 2 

74 Bisifusarium penzigii (Schroers, Summerb. & 

O'Donnell) L. Lombard & Crous No info. No info. 2 

75 Ganoderma orbiforme (Fr.) Ryvarden  No info. No info. 2 

76 Hymenochaete cana S.H. He & Hai J. Li No info. No info. 2 

77 Lasiodiplodia sp. Pathotroph Plant Pathogen 2 

78 Naganishia albida (Saito) Xin Zhan Liu, F.Y. 

Bai, M. Groenew. & Boekhout  No info. No info. 2 

79 Pisolithus albus (Cooke & Massee) Priest No info. No info. 2 

80 Podoscypha sp.  Saprotroph Undefined Saprotroph 2 

81 Pseudocercospora sp. Pathotroph Plant Pathogen 2 

82 Trichoderma reesei E.G. Simmons, in 

Bigelow & Simmons No info. No info. 2 

83 Ustilago sp. Pathotroph Plant Pathogen 2 

84 Westerdykella dispersa (Clum) Cejp & Milko No info. No info. 2 
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Figure 2: Distribution (%) of fungal communities at the 

phylum level in coastal waters of Ramakrishna Beach 

 
Diversity index: Our study revealed a high fungal 

diversity in the seawaters off Ramakrishna Beach, with 

Shannon alpha-diversity index of 4.87. However, this is 

lower than the bacterial diversity observed in the same 
sample, which has Shannon alpha-diversity index of 7.0 

(Unpublished data). There are few studies focusing on 

fungal diversity in the coastal waters of India that 
employ amplicon sequencing of the ITS region. Further 

studies are needed to fill this research gap. 

 
Taxonomic profiling: The predominant phylum 

identified in this study was Ascomycota, accounting for 

78.01 % of the total fungal diversity observed (Table 1). 

Notably, a significant portion of the fungal community 
belonged to an unidentified family within the 

Saccharomycetales, labelled as 'Saccharomycetales 

fam. incertae sedis,' representing 47.61 % of the 
identified taxa. This finding highlights the potential 

presence of previously unrecorded fungal taxa within 

the region, underscoring the rich biodiversity and the 

possibility of discovering novel species. 
 

Among the fungal species identified, Candida tropicalis 

emerged as the most prevalent, constituting 22.06 % of 
the fungal community. Additionally, the study 

uncovered the presence of Candida hyderabadensis and 

Aspergillus penicillioides, with relative abundance of 
9.4 % and 7.11 %, respectively. These findings suggest 

the existence of potential pathogenic species within the 

coastal waters, possibly indicative of anthropogenic 

influences on the composition of the fungal community. 
There is a need for further studies on this issue, 

particularly involving experts in medical mycology. 

 
Dominance of the Ascomycota: The dominance of 

phylum Ascomycota within marine fungal communities 

is a well-documented phenomenon that underscores 
their adaptability and ecological versatility across 

various habitats (Tedersoo et al. 2014). The 

predominance of Ascomycota is attributed to their wide 

array of life strategies, including saprophytism, 
pathogenicity, and symbiosis, enabling them to exploit 

diverse ecological niches effectively. These fungi 

exhibit a remarkable capacity for ecological diversity 
and adaptability, playing pivotal roles in aquatic 

ecosystems ranging from coastal waters (Barnes et al. 

2018) to the depths of marine sediments (Damare and 

Raghukumar 2008).  
 

Dominance of the Saccharomycetes: The unexpected 

dominance of Saccharomycetes at Ramakrishna Beach 
highlights the adaptability and ecological versatility of 

these yeast species. The unicellular nature of 

Saccharomycetes facilitates their rapid colonization and 
exploitation of nutrient-rich niches, especially those 

impacted by organic pollution and terrestrial runoff, 

which are commonplace in coastal areas subjected to 

human activities (Gadanho and Sampaio 2005). Their 
capability to flourish in varied salinity levels and utilise 

diverse carbon sources positions Saccharomycetes as 

pivotal contributors in nutrient cycling and organic 
matter decomposition, potentially altering the functions 

of marine ecosystems (Kaewkrajay et al. 2020). 

 

The presence of Mucoromycota and 

Entomophthoromycota: The detection of 

Mucoromycota (0.72 %) and Entomophthoromycota 

(0.19 %), traditionally associated with terrestrial and 
freshwater habitats, in Visakhapatnam's marine waters 

reveals new aspects of fungal diversity. The adaptation 

of Mucoromycota to saline conditions suggests possible 
involvement in organic matter decomposition and 

nutrient cycling (Dzurendova et al., 2022), while the 

presence of Entomophthoromycota, known for 

terrestrial pathogenicity, indicates potential interactions 
with marine invertebrates (Gryganskyi et al., 2012). 

However, their low abundance raises questions about 

their ecological impact, underscoring the need for 
further study to elucidate their roles in marine 

ecosystems. 

 
Potential markers for water pollution: Genera such as 

Candida, Aspergillus, and Aureobasidium could serve 

as key markers for environmental health assessment 

(Hagler 2006, Pfliegler et al. 2020, Gostinčar et al. 
2014). For instance, the presence of Candida species 

may indicate organic pollution (Hagler 2006), while 

Aspergillus suggests capabilities in contaminant 
degradation and mycotoxin production (Pfliegler et al. 

2020). Additionally, the efficiency of Aureobasidium 

pullulans in degrading substances underlines its 

importance as a water quality marker (Gostinčar et al. 
2014). However, our findings (Table 1 and Table 2), 

78.01

8.1

0.72

0.19

12.98

Ascomycota Basidiomycota

Mucoromycota Entomophthoromycota

Remaining taxa
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derived from a limited dataset, highlight the need for a 

comprehensive, polyphasic approach in environmental 

evaluations. 
 

The role of Candida species: The presence of Candida 

species, including C. tropicalis, C. glabrata and C. 
albicans at Ramakrishna Beach, indicates a notable 

overlap between environmental microbiology and 

public health (Rao et al. 2007, Turner and Butler 2014). 

These species, particularly pathogenic to humans, 
underscore the potential health risks associated with 

marine environments. The detection of plant-pathogenic 

C. hyderabadensis (Rao et al. 2007), along with other 
Candida species, highlights the need for environmental 

monitoring to trace the pathways through which these 

pathogens can spread. 
 

Why mostly terrestrial species? The detection of 

terrestrial fungal taxa such as Agaricus, Ganoderma, 

and Trichoderma in the marine waters of Ramakrishna 
Beach, Visakhapatnam, based on a single sample, hints 

at an intriguing overlap between terrestrial and marine 

ecosystems. This preliminary observation suggests that 
human activities, including pollution, agricultural 

runoff, urban discharge, and tourism, might contribute 

to introducing terrestrial fungi into marine 

environments (Bashir et al. 2020). While these findings 
elicit questions about the impacts of environmental and 

recreational activities on marine fungal diversity, they 

warrant cautious interpretation.  
 

Why not that many obligate marine fungal species? 

The absence of obligate marine fungi in our study, 
utilizing amplicon sequencing of the ITS region, is 

noteworthy. Factors such as pollution, altered salinity, 

and nutrient influx from human activities may 

unfavorably affect obligate marine fungi, tilting the 
balance towards terrestrial and facultative marine 

species (Bonugli-Santos et al. 2015). Future studies, 

employing diverse methodologies and polyphasic data 
are required accurately capture marine fungal diversity.  

 

Conclusion 

Our investigation into the fungal diversity at 

Ramakrishna Beach, Visakhapatnam, highlighted a rich 

variety, predominantly of Ascomycota, using 

environmental DNA amplicon sequencing. We 
discovered notable species like Candida tropicalis and 

the presence of terrestrial fungi, Mucoromycota and 

Entomophthoromycota, in marine waters, suggesting a 
blend of terrestrial and marine ecosystems. Despite 

these insights, the absence of obligate marine fungi and 

reliance on a limited dataset call for comprehensive 

future studies. This research underscores the ecological 
versatility of fungi, the potential public health 

implications, and the need for advanced methodologies 

(and traditional culture-based studies) to fully 

understand the impact of fungal communities on marine 
ecosystems and biodiversity. 
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