
Aquatic hyphomycetes belong to a polyphyletic group of Aquatic Hyphomycetes reproduce only through their 
fungi and are also known as freshwater hyphomycetes, conidia and perhaps represent the asexual stage of either 
amphibious fungi or Ingoldian fungi (Webster and Descals Ascomycotina or Basidiomycotina. There is a little 
1981, Barlocher 1992, Belliveau and Barlocher 2005).  These knowledge about their perfect stages as to follow a “Whole 
fungi grow abundantly on the decaying leaf litter and produce Fungus” concept (Webster and Descals 1979). The asexual 
huge quantity of conidia in lotic habitats (Barlocher 2009). stage of these is known as anamorph while the sexual or 
They produce very fascinating multiradiate, sigmoid and perfect stage is known as teleomorph. Majority of them are 
conventional conidia which are used for their identification known for their anamorphs (asexual stage), whereas, their 
(Ingold 1975, Marvanova 1997, Gulis et al. 2005). The teleomorphs (sexual stage) are also not uncommon. Ranzoni 
conidial morphology facilitate anchoring and colonization of (1956) found Necteria penicilloides, a perfect stage of 
the leaf litter and other organic matter (Webster 1959, Read et Flagellospora penicilloides as the first teleomorph. One 
al. 1992, Jones 2006, Dang et al. 2007, Kearns and Bärlocher anamorph genus is consistently and exclusively connected 
2008). Aquatic hyphomycetes release many extracellular with a teleomorph genus but sometimes an anamorph is also 
enzymes capable to soften and degrade the polysaccharides of connected to several teleomorphs or vice versa (Reynolds and 
leaves which improve palatability for some aquatic fauna Taylor 1993). Nikolcheva & Barlocher (2002) indicated that 
(Chandrashekhar et al. 1991, Bärlocher 2005, Gessner et al. Tetracladium is probably monophyletic but the teleomorph 
2007). Diversity of aquatic hyphomycetes in freshwaters genera Hymenoscyphus, Massarina, and Necteria each 
plays an important role for plant litter decomposition include anamorphs of more than one genus. Similarly species 
(Bärlocher and Corkum 2003, Duarte et al. 2006). Recently, of the anamorph genus Anguillospora have been connected to 
Krauss et al. (2011) documented the major developments in several teleomorph genera. The present paper deals with such 
the discovery of aquatic hyphomycetes as well as their problems related to teleomorph- anamorph connection in the 
taxonomic studies. members of aquatic hyphomycetes.

Occurrence and distribution of aquatic hyphomycetes What are aquatic hyphomycetes?—Aquatic hyphomycetes 
have been studied all over the world by a number of workers are a peculiar group of deuteromycetous fungi which are 
(Descals and Webster 1982, Ingold 1975, Ingold and Ellis recognized well by their magnificent conidia and 
1952, Marvanova 1997, Marvanova and Barlocher 1988, conidiogenesis as first described in detail by Ingold (1942) 
Sridhar et al. 1992, Webster and Descals 1979). In India these from a British stream Leicester, U. K. These peculiar higher 
fungi were first noticed by Ingold and Webster (1973) fungi abundantly occur on submerged leaf litter and due to 
followed by Subramanium and Bhat (1981) who reported 30 their good enzymatic activity they are directly involved in 
species of aquatic hyphomycetes from different streams of decomposition of submerged leaf litter in well aerated streams 
Western Ghats. In Kumaun Himalaya Sati and his co-workers and provide sufficient nutrients for aquatic fauna and flora in 
explored these fungi and discovered more than 60 species of the aquatic ecosystem. Since initially they have been 
aquatic hyphomycetes from Kumaun Himalaya (Sati et al. recognized as fungi imperfectii because of their imperfect 
2002). Of these 4 species namely Tricladium indicum, stage i.e. anamorph, but later on, some of these fungi have also 
Pestalotiopsis submersus, Pleurophragmium sonam, been linked with their possible perfect stage i.e. teleomorph. 
Tetracladium nainitalense are new to science (Sati and Tewari This attracted the attention of aquatic mycologists to trace the 
1992, 1993, 2003, Sati et al. 2009) and 35 species are notable teleomorph anamorph link for these fungi to make out the 
new additions to the Indian aquatic mycoflora. whole fungus concept.  
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ABSTRACT

Aquatic hyphomycetes are the members of deuteromycetous fungi, characterized by their magnificent spore type released in 
water. Earlier these fungi are known only for their anamorphs but now they are also linked with their sexual stages i.e. 
teleomorph. However on the basis of morphological features of these fungi have created some confusion in their systematic 
study. To understand the better settlement of their systematic position the molecular techniques based on ITS, RAPD etc. may be 
more useful. This paper discusses such problems and suggesting that conidial shape is not sufficient to anamorph - teleomorph 
link. The molecular techniques and ITS sequences required to determine the patterns of anamorph- teleomorph relations of these 
fungi.
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genera with different conidial shapes: Anguillospora Anamorph (asexual stage)—Teleomorph (sexual stage)-
longissima (scolecospore), Claviriopsis aquatica (tetraradiate) The species of aquatic hyphomycetes are commonly known 
and Tumularia aquatica (spindle shaped) (Figs. 1 and 2).  for their anamorphs.  This might be perhaps they do not have 

The available literature on aquatic hyphomycetes their teleomorph or may be some other reasons which do not 
indicates that there are some specific genera in which induce them for sexual stages. It could be well explained by 
teleomorph and anamorph stages are constantly found in taking an example of an aquatic fungus Achlya a dioceious 
association. But the classification of aquatic hyphomycetes species of Saprolegniales requires the sex hormones 
has been based on anamorphic characters as nearly 85% of the ‘antheridiol’ to induces sex organs. Couch (1926) and Bishop 
aquatic hyphomycetes are yet to be connected to their (1940) provided additional evidence of hormonal regulation 
teleomorphs, if they do exist. Following are some more for sexual reproduction in Dictyuchus and Sapromyces 
examples creating confusions to connect either with of their 

reinschii, and Raper (1954) in Achlya. Similarly in Allomyces, 
anamorph or teleomorph: 

the sex hormone has been identified as sirenin, whereas in 
Tricladium—The genus Tricladium was first established by 

Achlya as antheridiol and oogoniol. These indicate that for 
Ingold (1942) with triradiate conidia. Thereafter, many 

sexual reproduction some hormones are required which are 
species of Tricladium have been described time to time by 

supposed to be absent in aquatic hyphomycetes. Whereas various investigators. Abdullah et al. (1981) described 
sometimes it may also be possible that the mycologists teleomorphs of three aquatic hyphomycetes as 
studying these fungi are not able to catch their teleomorph. Hymenoscyphus tetracladius, Hymenoscyphus foliicola and 

The recent finding indicates that aquatic hyphomycetes Hymenoscyphus splendans respectively for Articulospora 
are now known to have definitely their sexual tetracladia, Dimorphospora foliicola and Tricladium 
(meiotic/teleomorphic) states their link mainly to Ascomycota splendans. Webster et al. (1991) described Hydrocina 
or Basidiomycota (Marvanova 1997, 2002). This has been chaetocladia as the teleomorph of Tricladium chaetocladium 
supported by some studies of phylogenetic relationship based (Figs. 3, 4). Sati and Tewari (1992) discovered an aquatic 
on homologies in r-DNA sequences (Nikolcheva & Barlocher hyphomycete with large triradiate conidia as a new species 
2002, Baschin 2003, Bauer et al. 2003). DNA sequences are Tricladium indicum. Soonafter, Webster et al. (1995) 
increasingly used to investigate anamorph/ teleomorph established the connection of T. indicum with Cudoniella 

connections and phylogenetic questions. Compared to indica, a member of Leotiaceae but Sivichai et al. (2003) 
suggested it should be correlated with Hymenoscyphus morphology, molecular data provide more information and 
varicosporoides (Fig. 5). Sivichai et al. (2003) proposed that therefore, have improved resolving power of their 
the anamorph of Hymenoscyphus varicosporoides is connections. Different genes evolve at different rates; this 
waiting to be described species of Tricladium rather than allows choosing a DNA sequence that matches the taxonomic 
of the genus Varicosporium sp. The two species, level of interest (Bruns et al. 1991). 
Hymenoscyphus varicosporoides and Cudoniella indica, As indicated above the teleomorph is the sexual stage and 
possess almost the same morphological characteristics except anamorph is its asexual stage while now the term holomorph 
for differences in asci staining (Fig. 6). The staining of  asci: in is used to describe both the forms anamorph and teleomorph to 
C. indica  are J- while J+ in H. varicosporoides, but the make a complete life cycle as a whole-fungus concept. 
staining of the ascus tip in Hymenoscyphus is considered Recently, Reynolds and Taylor (1993) have proposed to 
variable.   

replace these terms with meiosporic forms (teleomorph) and 
Tricladium has also been shown to have different 

mitosporic forms (anamorph). To date, over 300 aquatic 
teleomorphs: T. splendens with Hymenoscyphus splendens 

hyphomycetes species have been described from all over the 
(Leotiaceae), T. chaetocladium with Hydrocina chaetocladia world and nearly, 15% of these are connected to their 
(Hyaloscyphaceae) (Abdullah et. al. 1981, Webster et al. teleomorphs. The teleomorphs of some aquatic hyphomycetes 
1991), T. indicum with Cudoniella indica (Leotiaceae), are listed in Table 1.
(Webster et al. 1995). Some of these fungi are with very As evident from Table 1, seven species of Anguillospora 
different conidial morphologies but described under the genus characterized by sigmoid conidia and holoblastic 
Hymenoscyphus namely: Anguillospora, Articulospora, conidiogenesis have been linked culturally to six genera 

representing three different classes of Ascomycota (Shearer Dimorphospora ,  Geniculospora ,  Tricladium  and 
1993). It indicates that anamorphically similar conidial fungi Varicosporium of aquatic hyphomycetes.  
may have been linked with different teleomorphic fungi. Anguillospora-The genus Anguillospora was first described 
Similarly the genus Massarina a member of Ascomycetes has by De Wildeman (1893) under the binomial Fusarium 
been connected with three anamorphs of distinctly different elongatum after that it was renamed as Fusarium longissima 
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Table 1—Some anamorph-teleomorph connections in Aquatic hyphomycetes.

             Anamorphs                 Teleomorphs

1. Actinospora megalospora  Ingold Miladina lechithina (Cooke) Svrcek 

2. Anavirga dendromorpha  Descals & Sutton Vibrissea flavovirens (Pers:Fr) Korf & Dixon

3. Anavirga dendromorpha  Descals & Sutton Apostemidium torrenticola Graddon 

4. Anguillospora crassa  Ingold Mollisa uda (Pers: Fr.) Gill 

5. Anguillospora furtiva  Descals Pezoloma  sp. 

6. Anguillospora furtive  Descals Rutstroemia  sp. 

7. Anguillospora fustiformis Hymenoscyphus inberbis 

8. Anguillospora longissima (Sacc. & Syd.) Massarina  sp. 1 

9. Anguillospora rosea  sp.  Ined. Orbilia  sp. 

10. Anguillospora  sp. Loramyces juncicola Weston 

11. Aquaphila albicans Goh, Hyde &  Ho Tubeufia asiana Sivichai, K.M. Tusi 

12. Articulospora tetracladia  Ingold Hymenoscyphus tetracladius  Abdullah, Descals &Webster 

13. Casaresia sphagnorum  Fragoso Mollisia casaresiae  Webster, Shearer & Spooner 

14. Clathrosphaerina zalewski  v. Beverwijk Hyaloscypha zalewskii  Descals & Webster 

15. Clavariopsis aquatica  de Wild. Massarina  sp. 2 

16. Craspedodidymum liculae  Pinruan Thailandiomyces bisetulosus Pinruan et al. 

17. Crucella subtilis Camptobasidium hydrohilum 

18. Cylindrocarpon ianthothele  Wollenw Nectria discophora  (Mont.) Mont

19. Cylindrocarpon lucidum  Booth Nectria lucidum Hohnel 

20. Denticulate anamorphic state Pyxidiophora spinulo-rostrata  Webster 

21. Dimorphospora foliicola  Tubaki Hymenoscyphus foliicola  Abdullah, Descals & Webster 

22. Filosporella  sp. Mollisia  sp.   

23. Flagellospora curta Nectria curta 

24. Flagellospora penicillioides Ingold Nectria penicillioides Ranzoni 

25. Fusarium solani (Mart.) Sacc. Nectria haematococca Berk.& Br. 

26. Geniculospora grandis  Nilsson Hymenoscyphus africanus  Descals, Fisher & Webster 

27. Geniculosporium sporodochiale Hyde & Goh Anthostomella aquatica  Hyde &Goh 

28. Helicodendron giganteum Glenn-Bott Mollisia gigantea Fisher & Webster 

29. Helicodendron paradoxum  Peyronel Hymenoscyphus paradoxus  Fisher & Webster 

30. Helicoon farinosum  Linder Ascotaiwania hughesii  Fallah, Crane& Shearer 

31. Helicosporium phragmites Hohn. Tubeufia paludosa (Crouan & H. Crouan) 

32. Heliocodendron tubulosum  (Reiss) Linder Lambertella tubulosa  Abdullah & Webster 

33. Heliscus lugdunensis  Sacc. &Therry Nectria lugdunensis Webster 

34. Ingoldiella hamata Sistotrema hamatum 

35. Penicillium dangeardii  Pitt Talaromyces flavus  Samson Var. Flavus 

36. Pseudaegerita  sp. Hyaloscypha lignicola  Abdullah & Webster 

37. Sesquicillium  sp. Gnomonia papuana  Sivanesan & Shaw 

38. Sporothrix Hektoen &Perkins Phomatospora berkeleyi  Sacc. 

39. Taeniospora descalsii Fibulomyces crucelliger 

40. Taeniospora gracilis var. Enecta Fibulomyces  sp. 

41. Trichocladium  sp. Ascosacculus heteroguttulatus    

42. Tricladium chaetocladium  Ingold Hydrocina chaetocladia  Scheuer 

43. Tricladium indicum   S.C. Sati &  Tiwari Cudoniella indica  Webster, Eicker, & Spooner 

44. Tricladium splendens  Ingold Hymenoscyphus splendens  Abdullah, Descals & Webster 

45. Tumularia aquatica (Ingold) Descals & Marv. Massarina aquatica Webster 

46. Unnamed hyphomycete Hymenoscyphus malawienis  Fisher & Spooner 

47. Varicosporium  sp. Hymenoscyphus varicosporoides  Tubaki 
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Fig. 3A—Hydrocina chaetocladia, a teleomorph of Tricladium chaetocladium A. Apothecia on Alnus twig, 3B— 1, 2. Longitudinal section of Apothecium, 3. 
Ascus with rhe apical apparatus, 4. Paraphyses (after Webster et al. 1991).

3A 3B

Fig. 1– Massarina sp.2. teleomorph of Clavariopsis aquatica (A) Clavariopsis macroconidia, developed in a culture from Massarina ascospore (B) 
Bitunicate Asci and Ascospores (Webster and Descals 1979).  Fig. 2-(a) Massarina sp.1 (A) asci, ascospores (B) Spermogonium and spermatia (C) 
- spermatiophores (b) Massarina  sp.1 Macroconidial anamorph (Anguillospora longissima) in culture derived from an ascospore (Webster and 
Descals 1979). 

(1)

a b

c e

(2)

Fig. 4—Tricladium chaetocladium, an anamorph of Hydrocina chaetocladia. a. T. chaetocladium,  attached mature conidia. b. Tips of conidiophores 
showing swollen apices and sympodial branching. c, d and e. Stages in the development of conidia (after Webster et al. 1991).

d
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Fig.5—Morphologically identical teleomorphs a. Hymenoscyphus varicosporoides and  b. Cudoniella indica.

5a 5b

Fig.–6A. Tricladium indicum an anamorph of Cudoniella indica, 1. Conidial development, 2-3. Different conidial form in
culture 4. Conidium with four lateral arms (Bars= 100 µm). 6B. Cudoniella indica, asci and ascospores from culture (after Webster et al. 1995).

6B6A 1 2
3 4

by Saccardo and Sydow (1899). Because of the eel like DISCUSSION
appearance of the conidia it is renamed as Anguillospora by The concurrent adaptations of teleomorph and anamorph has 
Ingold, (1942). Its members forms scolecoform, septate been suggested by Belliveau & Barlocher (2005) as majority 
conidia on percurrent conidiogenous cells (Ingold, 1975). of aquatic hyphomycetes evolved from Ascomycetes and 
This genus includes ten well accepted species (Gonczol and some have been connected to teleomorph found on tree 
Marvanova 2002) and three poorly known or doubtful taxa (A. branches decaying in water. As summarized in Table 1, there 
curvula, A. gigantea and A. pseudolongissima). It is are as many as six aquatic hyphomycetes anamorphs namely, 
interesting to note that seven Anguillospora anamorphs have Geniculospora grandis, Dimorphospora foliicola, 
been connected to seven separate teleomorphs distributed Tricladium splendans, Articulospora tetracladia, 
over four Ascomycetes orders. Sivichai & Zones (2003) Varicosporium sp., and Anguillospora sp.  associated with a 
suggested that this is a heterogenous and polymorphic genus single teleomorphic genus Hymenoscyphus belong to 
(Table 1). The teleomorph of Anguillospora longissima, ascomycetes.. Sivichai and Jones (2003) suggested that the 
Massarina belongs to the Pleosporales, which is confirmed by genus Hymenoscyphus might be polyphyletic and show its 
molecular data whereas three species (A. crassa, A. furtive and different conidial shapes. With respect to the molecular 
A. fustiformis) have been connected to teleomorphs from the technique, it is useful for sorting out the problem to answer 
Helotiales. and address the confusion over the assignment of these fungi 
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to teleomorph and anamorph genera. On the other hand, described species whenever new anamorph/ teleomorph 
anamorph species of Anguillospora are connected with connections are made. So there is a need for genetic markers 
different teleomorph genera (Table 1). Therefore, it needs a which may be valuable to distinguish within sub genotype 
molecular phylogenic analysis of complete ITS1-5.8S-ITS2 level of these fungi.
sequences of these taxa to clarify sexual-asexual links. Acknowledgements—This work is supported by a grant 
Significantly, the results of Sivichai & Jones (2003) from SAP (DRS) UGC, New Delhi. Thanks are also due to 
investigation on Hymenoscyphus varicosporoides and the Head, Department of Botany, Kumaun University, 
Cudoniella indica indicate that T. indicum is more near to H. Nainital, India for providing lab facilities.
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