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Figure 1. Prof. Dr. Indira Kalyanasundaram taking part of previous “ICSEM” meetings along with 

colleagues and friends. Images from Myriam de Haan and Renato Cainelli. 
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Indira Kalyanasundaram (born: Indira Pattada, Fig. 1) passed away on April 4, 2021, just short of 

her eighty-second birthday. Indira was a remarkable woman, distinguished scientist, beloved family 

member and dear friend to whom we want to bring tribute. 

Many of us, members of the small but vibrant community of myxomycetologists, came to know 

Indira during the International Congresses dedicated to Systematics and Ecology of Myxomycetes 

(ICSEM), first organized in 1993 in the United Kingdom. One of us (Stephenson) first met her in October 

of 1990, when she visited me at Fairmont State College in West Virginia as a result of receiving a Fulbright 

award. Indira spent three months working in the United States, and our collaboration yielded what appears 

to have been the first large-scale study of myxomycete biogeography (“A comparative biogeographical 

study of myxomycetes in the mid-Appalachians of eastern North America and two regions of India”) 

published in the Journal of Biogeography in 1993. I found Indira to be soft-spoken but a wonderful 

colleague and a tremendous scientist who greatly expanded my knowledge of myxomycetes. Her visit was 

one of the highlights of my entire career. 

Even after she had retired in 1999 Indira continued attending the ICSEM meetings, and also 

mycological and botanical congresses. Her presence was rarely left unnoticed, because whether during a 

presentation of her work or asking questions to a fellow presenter, the points she raised were always 

thought-provoking. Last time the two of us had occasion to meet her outside her home country of India 

was in February 2020 during ICSEM 10 in Turrialba, Costa Rica, where she travelled in the good company 

of her niece Vasantha. Because she was interested in the culture and nature of the host countries where a 

particular ICSEM was being held, she often extended the voyage with a tour, sometimes through several 

countries of that particular region. But the travels frequently took their toll; on several occasions she had 

to recuperate for weeks after she had returned home with infections and/or of semi-starvation, the latter 

because vegetarian meals are still a rarity in many parts of the world. In any case, she always found it 

worthwhile to endure this to see her many friends, colleagues, and meeting new people, because all that 

brought joy to her life.  

But life also brings hardships, the untimely passing of her husband, also a Botany professor at the 

University of Madras, was a devastating event in her life. It must have been challenging for a woman to 

aspire for an academic career in India in the nineteen sixties. Indira was always very modest about her 

work and research, which was a pity because even more people would have appreciated her achievements 

during her lifetime. She never shied away from a challenge and that is apparent from the topics she chose 

to study, ranging from ethnobotany to mycotoxicology to culturing of myxomycetes. She worked on every 

project meticulously and demanded as much from herself as from the many students she guided to master 

and doctoral degrees. She could be strict with anyone who, in her opinion, did not use their abilities to the 

fullest. However, she was full of compassion for students, colleagues and friends alike who had been 

overcome by adversity in their lives or work. She especially appreciated a good sense of humour and drew 

energy from interactions with friends who possessed this quality. For example, the difficult circumstances 

of a three-month stay in the USSR in 1983 were made more than bearable by the people she met there that 

were gifted with quoting her "a terrific sense of humour." 

After her retirement in 1999 Indira moved back to Virajpet, the village where she grew up, in the 

south west of India. She had left an extensive botanical and mycological collection including all 

myxomycetes specimens in the care of her former work place, the Centre for Advanced Studies in 

Mycology, University of Madras. When she revisited her former lab after a few years, Indira received 

word that the herbarium was completely destroyed by flooding because it had been stored in a basement. 
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It saddened her deeply that her collection, including all myxomycete specimens, would never again serve 

as study material for researchers and students. She also overcame this setback and continued helping 

students through a number of channels, one example for this is the award for the best doctoral thesis in 

Botany at the University of Madras she founded and named after her late husband Prof. Dr. R. 

Kalyanasundaram. 

Now she too has passed, she leaves behind the great legacy of her studies and as a person she left 

a lasting impression that made many of us grateful to have known her. She will be missed, and all we can 

do is keep her in our memories.  
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Abstract: Dictyostelid cellular slime molds (dictyostelids) are a group of single-celled, eukaryotic, phagotrophic 

bacterivores associated with the leaf litter decomposition zone of forest soils. Because the spores of dictyostelids 

are encased in a mucilaginous matrix, they have a limited potential for dispersal by wind. However, it has been 

demonstrated that animals, including some vertebrates, can serve as vectors in the dispersal of spores. This has been 

demonstrated for numerous birds, red-backed salamanders, and several types of small mammals, including bats. In 

the study reported herein, which was carried in northwest Arkansas, reptiles were assessed as possible vectors for 

the spores of dictyostelids, and the data obtained indicated that five of the species examined had spores present on 

the external surface of their bodies.   

Keywords: Arkansas, cellular slime molds, dispersal, ecology, vertebrates 

This work is licensed under a Creative Commons Attribution 4.0 International License 

 

Introduction 

Dictyostelid cellular slime molds (dictyostelids) are single-celled, eukaryotic, phagotrophic 

bacterivores associated with the leaf litter decomposition zone of forest soils. Although most abundant 

and diverse in forest soils, these organisms also occur in other types of soils such as those of grasslands 

(Raper 1984, Rollins et al. 2010). In the dictyostelid life cycle, asexual spores represent the primary means 

of dispersal. However, unlike the spores produced by fungi and myxomycetes (plasmodial slime molds), 

two other groups of organisms typically found in the same type of microhabitats, the spores of dictyostelids 

are encased in a mucilaginous matrix and thus have a limited potential for dispersal by wind (Cavender 

1973).  

Relatively little published information exists on the dictyostelids of Arkansas. In what apparently 

represents the first report of this group of organisms from the state, Cavender and Raper (1965b) listed six 

species from a single locality in the western central part of the state. Later, Waddell (1982) reported eight 

species from Blanchard Springs Cave in northeastern Arkansas; Landolt et al. (2009) recovered 13 species 

during the course of a survey of 17 sites located throughout the state; and Gentry et al. (2021) isolated 

seven species from two types of glades in northwestern Arkansas. At the time of the present study, the 

total number of species known from Arkansas is 16, although Landolt et al. (2009) indicated that several 

of the isolates from their survey could not be assigned to any described species. 

The first evidence of vertebrates serving as vectors of the spores of dictyostelids was provided by 

Suthers (1985), who recovered spores from fecal samples and foot swabs of seventy species of migratory 
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and breeding birds in overgrown fields and nearby forests in New Jersey and tropical forests in Central 

America. She reported that ground-feeding birds had the highest concentration of spores, whereas spores 

were virtually absent from strictly arboreal species. Presumably, this was because the ground-feeding 

species came into contact with the forest floor litter layer where dictyostelids occur. We are aware of only 

one other published paper on dictyostelid spore dispersal by vertebrates. In a study carried out at the 

Mountain Lake Biological Station in southwestern Virginia, Stephenson and Landolt (1992) recovered the 

spores of dictyostelids from fecal material obtained from two species of birds, five species of small 

mammals, and the single species of salamander they examined. Reptiles were not included in their study 

because it was carried out at high elevations (>1125 m) in the Appalachians where there are very few 

reptiles. Interestingly, Perrigo et al. (2012) investigated the occurrence of dictyostelids in samples of soil 

adhering to the bottoms of 18 pairs of human boots that had been used in field work and recorded four 

species. These authors concluded that anthropogenic dispersal of dictyostelids could play some role in the 

distribution patterns that have been noted for these organisms. 

The objective of the study reported herein, which was carried out in northwest Arkansas, was to 

determine if reptiles could serve as vectors of the spores of dictyostelids. Since most reptiles come in 

direct contact with the forest floor litter layer when they move about, it was hypothesized that the external 

surface of their bodies would have an ample opportunity to pick up and then disperse spores.   

 

Materials and methods 

Reptiles examined for the presence of the spores of dictyostelids were collected in three different 

localities in northwest Arkansas during April 2012. Specimens were collected by hand and then released. 

The reptiles examined were three three-toed box turtles (Terrapene carolina triunguis), two western rat 

snakes (Pantherophis obsoletus), two eastern fence lizards (Sceloporus undulatus), one timber rattlesnake 

(Crotalus horridus), one eastern gartersnake (Thamnophis s. sirtalis), one little brown skink (Scincella 

lateralis), one eastern hognosed snake (Heterodon platirhinos), and four eastern collard lizards 

(Crotaphytus collaris). Nomenclature used for reptiles follows Trauth et al. (2004). 

 

 

Figure 1. Swabbing a three-toed box turtle. 
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The method used for collecting the spores of dictyostelids involved dipping both ends of a standard 

Q-tip in a vial of distilled water, swabbing the feet, plastron (if present), and cloaca of each animal,  and 

then placing the swab in a sterile plastic bag (Fig. 1). Individual swabs were used for each body part 

sampled. All swabs were taken back to the laboratory and the tip of each swab streaked across the surface 

of hay infusion agar in a Petri dish. Afterwards, three drops of distilled water were added to each plate to 

help disperse any dictyostelid spores present and the surface of the agar was inoculated with Escherichia 

coli, a standard food source for dictyostelids. The method followed represented a modification of the one 

described by Cavender and Raper (1965a) and used in virtually all studies of dictyostelids. 

Plates were checked with the aid of a dissecting microscope, and any colonies of dictyostelids 

appearing were marked and then identified. Plates were maintained for several weeks. Nomenclature used 

for dictyostelids follows Shrikh et al. (2017). 

 

Results 

 Dictyostelids appeared in plates prepared with swabs from five of the reptiles sampled. These were 

the three-toed box turtle, the western rat snake, the eastern fence lizard, the hog-nosed snake, and the 

eastern collared lizard. The species of dictyostelids recovered were Dictyostelium mucoroides Bref. (three 

isolates), D. discoideum Raper (two isolates), Polysphondylium violaceum Bref. (two isolates), and D. 

sphaerocephalum (Oudem.) Sacc. & Marchal (one isolate). Two different species of dictyostelids were 

recorded from three-toed box turtle and eastern fence lizard, but the total number of positive cultures was 

too small to determine if any ecological patterns exist with respect to habitat and/or the type of reptile 

from which dictyostelids were recorded. 

 

Discussion 

 The species of dictyostelids recorded from reptiles are among those reported from Arkansas by 

Landolt et al. (2009).  Dictyostelium mucoroides, Polysphondylium violaceum, and D. sphaerocephalum 

are common both in Arkansas and worldwide. This is not true for Dictostelium discoideum, which has a 

more restricted distribution (Raper 1984). However, the species was reported previously from northwest 

Arkansas by Landolt et al. (2009).   

The percentage of captured specimens of reptiles that were positive for dictyostelids is somewhat 

lower than the figure reported for small mammals and one species of salamander (the red-backed 

salamander [Plethodon cinereus]) in the study carried out by Stephenson and Landolt (1992). However, 

this may reflect the difference in dictyostelid spores carried externally (on the surface of the body) or 

internally (in fecal material). Moreover, the forests around the Mountain Lake Biological Station are 

moister and thus more favorable for dictyostelids than the forests of northwest Arkansas. 

We are aware of only a single study that has compared the occurrence of dictyostelids both 

internally and externally on the same type of organism. Stephenson et al. (2007) recovered five different 

species from the surface of the exoskeleton of cave crickets [Ceuthophilus gracilipes gracilipes 

(Haldeman)] and a single species from fecal material. Although primarily an inhabitant of caves, this 

insect also can forage outside the cave. As such, its role as a vector could be to introduce dictyostelids to 

caves or transport spores from the forest into the cave. The occurrence of dictyostelids in caves is well-

established (i.e., Landolt et al. 2006).  

Active dispersal of dictyostelids by animal vectors could involve myxamoebae, microcysts, or 

spores (Raper 1984), but evidence suggests that spores survive passage through the digestive tract better 

than myxamoebae or microcysts (Suthers 1985). It seems likely that the same would apply to spores on 

the exterior of the body. However, this was something that could not be assessed in the present study. 
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In summary, although the spores of dictyostelids have a limited potential for dispersal, they can be 

transported by animal vectors. Among the latter, only vertebrates consistently provide the opportunity for 

long-distance dispersal. Birds represent the most obvious examples, but the role played by bats cannot be 

discounted. Bats do not ordinarily come into direct contact with the forest floor but apparently acquire 

dictyostelids by feeding upon insects (presumably mostly moths) that pupate in the litter layer and then 

emerge to carry spores aloft where they can be picked up by bats. The fact that moths can carry 

dictyostelids was demonstrated by Stephenson and Landolt (1992), but this aspect of dictyostelid ecology 

warrants additional study. The most important contribution of the present study was that it demonstrated 

for the first time that another group of vertebrates—reptiles—can serve as vectors of the spores of 

dictyostelids. 
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Abstract: Slime mold data in Southeast Asia heavily relies on culture-dependent methods and field-collected 

sporocarps to assess their diversity in distinct terrestrial ecosystems. This dependence creates a bias against species 

that do not form sporocarps. Plasmodia do not always generate reproductive structures in moist chambers, and 

amoebae cannot be cultured directly from soil. Additionally, based on previous studies, investigations have 

proposed a paradigm of reverse pattern in slime mold diversity in which temperate regions are more diverse than 

the tropics. However, this is challenged by more studies in the tropics, showing that the pattern is more of an effort 

bias than an actual biological pattern. Despite the notion that molecular methods hold great potential in recording 

diversity, more recent sporocarp-based research has challenged such a paradigm. Hence, methods need to be 

polyphasic to fully understand the sizeable unknown gap of hidden biodiversity in the terrestrial ecosystem. This 

review tackles the opportunities and challenges of elucidating hidden slime mold diversity in the tropical Southeast 

Asian region. 

Keywords: barcoding, eDNA, field surveys, moist chambers, NGS, plasmodia 
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Introduction 

 Slime molds belong to the superkingdom Amoebozoa – a large group of heterotrophic protists (Adl 

et al. 2012) consisting of amoeba-like organisms throughout their life cycle (Simpson et al. 2017). In this 

classification, many lineages develop sporocarps or fruiting bodies for spore dispersal. Olive (1975) 

established a classical taxon within the superkingdom that contains three main groups dubbed as the "true 

slime molds" – the taxon Eumycetozoa – classically grouping fruiting amoeboid organisms. This taxon 

was created to include three groups of sporocarpic organisms: the myxomycetes, a monophyletic group of 

plasmodial slime molds whose fruiting bodies are composed of spores and non-cellular stalks; the 

dictyostelids, a monophyletic group of cellular slime molds whose feeding stages are pseudoplasmodia 

and cellular stalks; and the protostelioid amoebae (formerly known as the Protostelids), a paraphyletic 

assemblage of plasmodial mycetozoans, forming fruiting bodies with a single or a few terminal spores and 

non-cellular stalk (Spiegel 1991; Leontyev and Schnittler 2017; Spiegel et al. 2017). 
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 Some unifying characteristics can be observed in the Eumycetozoa as described by Olive and other 

researchers (Olive 1975;  Adl et al. 2012; Spiegel et al. 2017). Among these are the presence of amoeboid 

trophic cells with distinct sharp sub-pseudopodia, the ability to produce stalked, spore-bearing fruiting 

bodies (absent in some myxomycete species), and the presence of mitochondria with tubular cristae. Since 

protostelioid amoebae are paraphyletic, initial phylogenetic studies revealed that only one group, the 

Protosporangiida, is closely related to myxomycetes and dictyostelids (Baldauf and Doolittle 1997; Adl et 

al. 2012). 

Overview of Eumycetozoan Ecology and Distribution 

 Protostelioid amoebae, dictyostelids, and myxomycetes are eukaryotic and phagotrophic predators 

feeding on bacteria and fungi on decaying substrates and soil (Cavender 2013; Novozhilov et al. 2017a; 

Spiegel et al. 2017), often ubiquitous across different terrestrial ecosystems (Stephenson et al. 1999). The 

ecology and global distribution associated with the diversity of forms display a broad level of variation. 

 Protostelioid amoebae have been observed across different terrestrial habitats ranging from 

temperate mountain ranges (Shadwick et al. 2009) to tropical forests (Stephenson et al. 1999; Moore and 

Spiegel 2000; Moore and Stephenson 2003) across different continents (Ndiritu et al. 2009). Geographic 

isolation does not seem to be a limitation for their potential dispersal (Spiegel et al. 2017) since some 

species are found in major and remote islands in the Pacific region (Olive 1975), such as subantarctic 

Macquarie Island (Spiegel and Stephenson 2000). Generally, species richness appears to follow an 

increasing pattern from the tropics to the temperate regions, decreasing again at higher latitudes (Spiegel 

et al. 2017). However, there is no empirical data from a standard representative experimental design 

demonstrating the latter, likely due to its cost and complexity. As such, the observed pattern has been 

inferred from several studies, originally designed for a wide variety of goals. Elevation also poses a 

negative impact on species assemblages (Ndiritu et al. 2009). Collections from 3000 meters above sea 

level rarely yield protosteloid amoebae (Spiegel et al. 2017). Interestingly, there is no present explanation 

for this phenomenon. Aquatic environments are also reported as potential habitats for protostelids (Lindley 

et al. 2007; Tesmer and Schnittler 2009). 

Dictyostelid amoebae can also be recorded in various terrestrial habitats. Temperate deciduous 

forests are the best-studied biomes, but high diversity patterns can be found in tropical and subtropical 

environments (Swanson et al. 1999). Cavender et al. (1993) have also investigated their presence in 

tropical environments influenced by agricultural disturbances. Despite the richness associated with 

tropical and subtropical regions, the density of dictyostelids in forest soils is comparatively low, having 

no clear distribution pattern ever been mentioned (Swanson et al. 1999). Swanson et al. (1999), however, 

demonstrated a considerable gap of dictyostelid collections from the Southern Hemisphere. Despite those 

shortcomings, a downward trend in species diversity has been observed from the Northern to the Southern 

Hemisphere. However, one must consider that dictyostelids are understudied in the Southern Hemisphere, 

with recent discoveries (Wrigley de Basanta et al. 2013; Perrigo et al. 2020) offering new insights to 

distribution. Much like the protostelids and other terrestrial organisms, there is an increase in diversity 

approaching the equator (Cavender 1973; Cavender 2013). It is speculated that canopy soils are more 

favorable microhabitats than ground soils (Stephenson and Landolt 1998, 2011), but this notion requires 

more intensive sampling efforts to come into fruition. 
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Lastly, myxomycetes are the most extensively studied in terms of ecology, distribution, and 

biogeography. This can be attributed to the common occurrence of sporocarps wherever there is sufficient 

decaying organic matter, provided with adequate moisture and temperature (Ko et al. 2011). Some notable 

collecting habitats are rotting logs in forests or forested areas and patches of decaying leaf litter, tree barks, 

woody vines, and herbivorous dung, to name a few (Keller et al. 2017). Plant inflorescences (i.e., 

Heliconia and Costus) are also suitable microhabitats for myxomycetes (Schnittler and Stephenson 2002). 

The diversity of tropical myxomycetes seems to defy the conventional notion of increasing species 

richness with decreasing latitude (Schnittler et al. 2017a), where tropical regions steer towards lower 

species richness compared to temperate areas. This reflects on the extensive work previously done in 

temperate regions. Unlike the protostelids and dictyostelids, there appears to be a reverse pattern for 

myxomycetes. In contrast to protostelids, whose geographic isolations does not seem to be a limitation for 

their dispersal, myxomycetes tend to follow the protist biogeography hypothesis of 'moderate endemicity' 

(Dagamac et al. 2017a) as opposed to the 'everything is everywhere' hypothesis (Aguilar et al. 2014). 

Dagamac et al. (2017b) further discussed that myxomycetes are not ubiquitous, provided by the evidence 

of geographically restricted morphospecies and differences in myxomycete assemblages in the Neotropics 

and Paleotropics. 

The Concept of Hidden Diversity 

 Documentation of microorganisms remains largely incomplete due to the complexity associated 

with their sampling and detection. This is partially due to their small size, their high reproductive dynamics 

and dispersal capacities, overall abundance, and certain unique aspects of their life cycles (Fiore-Donno 

et al. 2010; Novozhilov et al. 2017a). In the case of myxomycetes, studies are focused well on their 

synecology, analyzing the occurrence of sporocarps in relation to environmental gradients (Novozhilov et 

al. 2017a). Furthermore, the current species concept of slime molds is based almost completely upon 

characterization of morphological features of the sporocarps, and their spores (Cavender 2013; 

Novozhilov et al. 2017a; Spiegel et al. 2017) since trophic stages (amoeboflagellates and 

plasmodia/pseudoplasmodia) display little for taxonomic purposes. Fruiting bodies or sporocarps are 

usually the only way to differentiate species, providing a basic unit for taxonomic classification because 

they are extractable, identifiable, and quantifiable. Hence, these characteristic morphological features are 

commonly employed in field observations, moist chamber techniques, and primary isolation plates. 

 However, these traditional methods of taxonomic characterization do not account for the effects of 

their complex life cycles, nor do they reveal reproductive isolation within morphospecies (Walker and 

Stephenson 2016). In the case of myxomycetes, only approximately 60% of all morphospecies can be 

detected in the field using classical approaches (Novozhilov et al. 2017a). For 200 years, research on 

myxomycetes centered around sporocarps, allowing a broad application of a morphological species 

concept (Schnittler and Kirschner 2017). This leaves some ubiquitous species undetected, such as those 

who have lost the ability to mate and form fruiting bodies (Fiore-Donno et al. 2010). Consequently, the 

modern challenge of biodiversity studies is to detect the previously undetectable. This approach suggests 

that studies utilizing traditional methods grossly underestimate myxomycetes in the field (Fiore-Donno et 

al. 2016). Small, inconspicuous, and non-fruiting species under suboptimum levels remain invisible. One 

paper (Schnittler et al. 2017a) suggested that, from a biodiversity point of view, we are merely looking at 

the "tip of the iceberg" – only seeing populations successfully fruiting in optimal conditions. Soil microbial 

community structures reveal that Mycetozoans are the most abundant protist group in soils (Urich et al. 
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2008). Ruling out that non-fruiting strains of slime molds existing in nature is quite unlikely, one must 

assume that slime molds are much more distributed than indicated by fruiting records alone (Schnittler et 

al. 2017a). Plasmodia that do not fruit and the difficulty of culturing amoebae from soil samples prove to 

be problematic. 

 To address the challenge of hidden diversity in myxomycetes and other Amoebozoans (e.g. the 

issue of non-fruiting species), metacommunity analysis and other molecular-based methods are often 

employed (Kamono and Fukui 2006; Urich et al. 2008; Kamono et al. 2013; Shchepin et al. 2019a). 

Spiegel et al. (2017) also suggested that future work on protostelioid amoebae should also include 

environmental sequencing. It may yield further details on their distribution, biogeography, and ecology, 

especially those not observed to form sporocarps. 

 Presently, slime mold research (specifically for myxomycetes and dictyostelids) in Southeast Asia 

heavily relies on conventional methods to assess ecological patterns of ocurrenceand distribution. Modern 

molecular techniques are either scarce or follow a slow, gradual increase (Dagamac and dela Cruz 2019). 

This places the tropical Southeast Asian region on the tip of the iceberg regarding advancements in slime 

mold research.  

 One may cast doubt on the true diversity of slime molds that have been reported in the Philippines 

(e.g., Macabago et al. 2017, Pecundo et al. 2017, Bernardo et al. 2018), Thailand (Tran et al. 2006; Tran 

et al. 2008), Vietnam (e.g., Tran et al. 2014, Nguyen et al. 2019, Redeña-Santos et al. 2018, Novozhilov 

et al. 2020), Singapore (Rosing et al. 2011), and Laos (Ko et al. 2012), to name a few, given the conundrum 

of hidden diversity. Although, despite the limitations of conventional methods, the region has seen a steady 

increase in slime molds research over the past 20 years. Nonetheless, state-of-the-art techniques such as 

DNA barcoding (Schnittler et al. 2017b) and next-generation sequencing (Shchepin et al. 2019b) may 

represent a viable path for future endeavors. Hence, this review will address some perspectives in applying 

modern methods to study Southeast Asian slime molds. 

 

Current Status on the Methods Used in Southeast Asian Slime Mold Studies 

Field Surveys 

 Field collections employ the direct extraction of fruiting bodies from the fields. Novozhilov et al. 

(2017a) noted that productive field surveys are usually observed during rainy seasons. This has been 

supported by phenological studies conducted by Tran et al. (2008) across five study sites in northern 

Thailand, recovering 62 species in the rainy season yet only two species during the dry season. However, 

recent phenological studies in the Neotropics suggest that myxomycete sporocarps are virtually always 

present yet varies temporally in species assemblages (Rojas et al. 2021a). Furthermore, field-based surveys 

must often account for seasonal and environmental flux to avoid artifacts related to phenological 

differences in sporulation activity (Novozhilov et al. 2017b). Rojas and his colleagues further suggest that 

remaining ecological effects can be associated with more specific factors such as ecosystem structure, 

substrate quality and availability, biotic interactions, and even climate change. 

Collected fruiting bodies are immediately placed in compartmentalized cardboard collecting boxes 

and air-dried for several days (Novozhilov et al. 2018; Pecundo et al. 2020). This method is often 

employed in collecting myxomycetes in the field since their fruiting bodies are much more hardy 
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compared to protosteloid amoebae and dictyostelids. Additionally, the size of the latter two is much 

smaller compared to the former. However, some macroscopic protosteloid amoebae can be directly 

collected in the field (e.g., Ceratiomyxa) (Dagamac et al. 2015a). Collected field specimens are eventually 

glued on herbarium trays and placed inside herbarium matchboxes for permanent storage. 

Some examples of studies using this collecting methodology and carried out in the archipelagic 

islands of the Philippines include the following. Dagamac et al. (2015b) employed a direct collection of 

fruiting bodies in their survey of different forest types in Puerto Galera, Oriental Mindoro. Out of the 42 

species that occurred in their study area (both field collections and moist chamber cultures), 25 were 

present in their field sampling. Notable species such as Lycogala epidendrum, Lycogala exiguum, 

Hemitrichia calyculata, Diderma effusum, Physarum pusillum, Physarum pulcherrimum, Physarum 

roseum, Physarum superbum, Craterium aureum, and Craterium leucocephalum were exclusively found 

in the field and were not observed in moist chamber cultures. The macroscopic protosteloid amoebae 

Ceratiomyxa fruticulosa was also collected exclusively in the field.  

Additionally, in a survey in lower montane forests and agricultural plantations in Negros 

Occidental, Alfaro et al. (2014) noted 193 records; 42 were fruiting body records from the field. The study 

also emphasized that no field specimens were observed in agricultural plantations. Species collected 

exclusively in the field and were not isolated in moist chamber cultures were Arcyria denudata, Craterium 

leucophaeum var. cylindricum, Hemitrichia calyculata, Cribraria cancellata, Cribraria microcarpa, 

Physarum melleum, Comatrichia nigra, Didymium squamolosum, Hemitrichia serpula, Physarum 

bogoriense, Physarum compressum, Physarum nucleatum, and Trichia decipiens. Other notable studies 

that employed field collection are those conducted in a Tropical Karst Forest, Quezon Province [7 out of 

137 records (Dagamac et al. 2015a)], and the Bicol Peninsula [33 out of 746 records (Dagamac et al. 

2017c)]. These field surveys and the fieldwork surveys conducted on lowland (Novozhilov et al. 2017b) 

and highland (Novozhilov et al. 2020) tropical forests of Southern Vietnam and highland forests of 

Thailand (Ko et al. 2010) support the moderate species endemicity (Dagamac et al. 2017b) of 

myxomycetes in the region. 

Methods Used for Dictyostelid and Myxomycete Surveys 

The moist chamber technique was first utilized and described by (Gilbert and Martin 1933), 

studying myxomycetes in the bark of living trees. Later on, Stephenson and Stempen (1994) revisited the 

method and optimized it – becoming the standard method in culturing myxomycetes using moist chambers 

to date. In fact, almost all of the studies regarding myxomycetes here in the region use the moist chamber 

technique due to its simplicity and effectiveness in recovering myxomycete species in the field. 

Additionally, this technique is adequate to reflect the diversity of myxomycetes in a particular habitat or 

site (Novozhilov et al. 2000). Hence, this technique can supplement the information gathered from 

specimens that have successfully fruited in field collections and surveys under natural conditions 

(Stephenson and Stempen 1994; Novozhilov et al. 2017a). 

 This technique usually requires only Petri dishes, filter paper, and a dissecting microscope. One 

advantage of this method is that it does not need sterile conditions to provide meaningful results and it is 

easily modifiable to suit the researcher's needs (Novozhilov et al. 2017a). An example is the use of toilet 

paper instead of filter paper when the latter is not available (Dagamac et al. 2010; Dagamac et al. 2017c; 

Redeña-Santos et al. 2017; Buisan et al. 2019, 2020). Plastic containers (like those used in food products) 

are also a suitable replacement for Petri dishes. Substrates are then collected from the field and placed in 
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small paper bags, transported to the laboratory, and allowed to air-dry for an ample amount of time (e.g., 

1-2 weeks, depending on the moisture content of the substrates). A typical 1-10 gram dry substrate material 

or cut postage-stamp-sized pieces of the substrate are placed in the moist chamber lined with filter paper. 

Water is added to submerge the substrates for 24 hours, at which the pH is measured and the excess water 

is decanted. The monitoring schedule and total duration vary among studies. Generally, moist chambers 

are kept under diffuse lighting at room temperature for 8 to 12 weeks. When fruiting bodies are observed, 

they are collected and preserved in the same manner as specimens from field collections.  

 However, given the simplicity of this technique, some limitations are also eminent. Since this 

method employs unnatural conditions, it may produce species records from dormant stages that would not 

or very rarely have formed fruiting bodies under natural conditions (Novozhilov et al. 2017b). In addition 

to the unnatural conditions set by the moist chamber technique, one obvious limitation of the method is 

that it can be time-consuming. Despite the method's flexibility for biodiversity purposes, it has its 

drawbacks for any study that requires standardization. A study by Rojas et al. (2021b) saw differences in 

observed values of diversity indices by synchronously conducting moist chamber experiments in two 

laboratories 30 km apart. The study saw the influence of various variables that are not commonly 

considered in the general application of the protocol. This prompts future works on an optimized version 

of the method leading to standardized protocols. 

 Dictyostelids, on the other hand, use different methods. Compared to the moist chamber technique, 

isolation of dictyostelids require a sterile work environment. So far, in the region, very little progress has 

been made with studies of dictyostelids, where most taxonomical approaches are done morphologically 

(Dagamac and dela Cruz 2019). Recent species listing and surveys in the Philippines were only carried 

out in Subic Bay, Zambales (dela Cruz et al. 2011) and Lubang Island, Occidental Mindoro (Yulo and 

dela Cruz 2011, 2012). On these past surveys, the protocol by Cavender and Raper (1965) was usually 

followed. Soil suspensions are often employed and transferred to buffered Hay Infusion Agar plates 

amended with bacteria (usually Escherichia coli) as a food source. 

Protostelid Studies in Southeast Asia: What's in it for us? 

The whole idea of studying protostelioid amoebae is still in its infancy for the Southeast Asian 

region. Although protestolioid amoebae have been published before in the reports of Reynolds (1981) in 

Southeast Asia, these are either just records or occurrences investigated alongside myxomycetes. 

However, only one species, Ceratiomyxa fruticolosa, has ever been extensively recorded in the region. 

This species was previously classified under myxomycetes but is now categorized under the protosteloid 

amoebae (Olive 1970, 1975). Nevertheless, protestolioid amoebae are still reported in several myxomycete 

ecological surveys in Southeast Asia (e.g., dela Cruz et al. 2010, Alfaro et al. 2014, Tran et al. 2014, 

Dagamac et al. 2015a) either recorded directly from the field or growing in moist chamber cultures. 

 Protostelioid amoebae research is non-active in the Southeast Asian region. This is not surprising 

since these organisms are treated as an obscure group of relatively little to no economic importance 

(Spiegel et al. 2017). However, several papers have previously suggested the use of protostelioid amoebae 

for the study of cell motility and the evolution of cell motility systems (Spiegel 1981), as a model for non-

muscle cellular contractile systems (Spiegel et al. 1979), and as biocontrol for soil microbial populations 

that are potentially pathogenic (Feest 1987). More work is required to further elucidate the practical 

importance of protostelioid amoebae without falling into any type of business-modeled applied research.  
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Opportunities of Using Modern Molecular Methods in Slime Mold Studies 

To date, slime mold researchers working on biodiversity matters face a dilemma over the existence 

of two alternative species concept: the practicality of the morphological species concept and the 

meaningfulness of the biological species concept (Collins 1979; Clark 1995). The former only provides a 

limited taxonomic resolution while the latter is harder to implement (Schnittler et al. 2017b), and its 

applicability in developing areas of the world is limited. Hence, modern molecular approaches offer 

alternative means to study and further reveal the complexity of slime molds. 

 One promising molecular approach being used by myxomycete researchers is barcoding, or the 

utilization of molecular markers in DNA to differentiate and identify species. In Southeast Asia, this 

particular method has been applied to phylogeographic studies that addressed the concept of biospecies 

on certain myxomycete species such as Hemitrichia serpula (Dagamac et al. 2017a) and Diderma 

hemisphaericum (Almadrones-Reyes et al. 2019). Denaturing gradient gel electrophoresis (DGGE) 

fingerprinting was also applied by Ko et al. (2009) in northern Thailand to assess myxomycete molecular 

diversity from environmental samples. The latter method had successfully revealed several operational 

taxonomic units (OTUs) from decaying wood and forest floor litter.  

 Moreover, barcoding has also been used to confirm the ocurrence of a new species of Diderma 

found in Vietnam (Novozhilov et al. 2019). DNA barcoding offers an alternative to detect microorganisms 

that cannot be cultured in the laboratory (Epstein 2013). This method is seen as the most advanced in the 

field of molecular approaches applied to biodiversity. Schnittler et al. (2020) have developed a very quick 

and cheap protocol for the efficient barcoding of myxomycete sporocarps, which requires less than 1000 

spores, can be implemented with the use of an aseptic needle,  works without using expensive commercial 

kits, and is already optimized for the use of 96-well PCR plates throughout the process. This method has 

the potential of helping myxomycete researchers interested in biodiversity issues in Southeast Asia to 

increase the number of molecular sequences of myxomycetes in the region, an important task to understand 

variability and study molecular evolution of taxa. Such an approach can also provide a scientific basis to 

evaluate the ecological patterns of occurrence of Southeast Asian myxomycetes that have, thus far, heavily 

relied on sporocarp data. 

 The ribosomal small subunit (SSU) RNA gene is currently the most widely used marker for the 

molecular analysis of slime molds since it is an extremely slow-evolving gene (Walker et al. 2017). 

Additionally, molecular barcoding using SSU rRNA has become extremely popular among protistologists 

(Guillou et al. 2013) and proving to be a highly variable marker, containing a large number of group I 

introns of various lengths (Shadwick LL et al. 2009; Fiore-Donno et al. 2010; Fiore-Donno et al. 2012; 

Nandipati et al. 2012; Walker et al. 2017; Perrigo et al. 2020). The use of SSU rRNA successfully 

reconstructed and revised the molecular phylogeny of dictyostelids and easily unraveled underlying 

mechanisms (Schaap et al. 2006). Perrigo et al. (2013) also used this marker to confirm the identity of 

dictyostelid species in high altitude habitats in Northern Sweden. 

 Another promising application of this marker is its use to identify myxomycetes. Many plasmodia 

appearing in moist chamber cultures do not yield sporocarps and are therefore unidentifiable. However, 

Shchepin et al. (2017) has successfully utilized DNA barcoding in plasmodia and sclerotia of 

myxomycetes appearing in moist chambers. The first ca. 600 bp of the 18S rRNA gene was successfully 

amplified in a handful of sclerotia and plasmodia samples collected in Vietnam and Russia, suggesting the 

effectivity of the method to complement classical approaches. One disadvantage of the method is that 
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researchers also obtain a number of "noisy" sequences from the microorganisms inside the vacuoles of the 

actively feeding vegetative structure when used in plasmodia. Also, it is less convenient to handle and is 

prone to DNA degradation. Moreover, the genetic barcoding of many dark-spored myxomycetes 

conducted by Borg Dahl et al. (2018a) suggested a sequence similarity threshold for species identification 

which is very helpful for NGS (next-generation sequencing) studies conducted in many novel 

environments (Borg Dahl et al. 2018b; Shchepin et al. 2019a, 2019b).  

The generation of decisive statements and identification through the use of molecular data do pose 

additional limitations. Using a set empirical criterion to delimit species may result in an overestimation of 

biodiversity calculations (Zhang et al. 2017) and spatial scaling patterns (Tu 2020). Moreover, given the 

increase in appetite to interpreting these kinds of data, researcher's should work quickly towards criteria 

that allow for the apparent separation of approaches appropriate for surveillance from those in general 

biodiversity monitoring contexts (Darling et al. 2020) 

 

Conclusions and Recommendations 

The study of slime molds has taken place since the 18th century. In the Southeast Asian region, 

slime mold scientists and enthusiasts have been studying the organisms for more than 50 years. Over time, 

the most employed methods for studying slime mold diversity have been field surveys and in vitro isolation 

procedures that utilize artificial conditions, leading to the likely underestimation of slime mold 

biodiversity. For this reason, the concept of the "tip of the iceberg", as applied to biodiversity studies, also 

affects Southeast Asian myxomycete research. The concept of hidden diversity is no stranger to 

researchers who work with these organisms. Thus, the mixed-use of classical and modern approaches 

seems to be the future of biodiversity-related research. As part of this working strategy, a polyphasic 

approach is necessary to study the ecological patterns of occurrence of slime molds of Southeast Asia 

since one method may not completely elucidate the current dilemma. Molecular and modern methods 

alone will not define a species and may be inadequate approaches for questions outside of taxonomy and 

biodiversity, while classical techniques often undervalue the species concept. 
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Abstract: The formation of sporocarps in myxomycetes depends on environmental characteristics, among which, 

moisture and temperature seem to be relevant in tropical areas. Since temperature is linked to elevation, the effect 

of both of these variables can be studied along a natural moisture and elevation gradient. In the present study, 

myxomycete assemblages associated with three forest types representing a natural gradient of both climatic 

characteristics were studied during the same season in consecutive years. Species richess was higher in the driest 

studied locations and a clear separation among myxomycete assemblages across the gradient was documented. Such 

separation, however, highly likely implied the effect of sampling in different years. About 35% of the species were 

shared among forest types and 41% between sampling years. Using the ACOR scale, abundant and common 

myxomycetes were represented by species present in the three forest types, with clear changes in abundance across 

the gradient. However, occasional and rare myxomycete categories showed the loss of several species and the 

emergence of some others from the dry to the wet ecosystems, demonstrating a turnover of species across the 

different forest types within the gradient. These changes in species composition may be related to the El Niño 

Southern Oscillation events. Even though such turnover is a natural phenomenon based on species preferences for 

certain habitats, it is an important aspect to document, particularly in the less studied tropical regions of the world. 

In the small area studied herein, data showed that myxomycete dynamics are heavily influenced by the local 

microclimate. The increased speed and strength of ecological pressures on global biosystems represent a threat to 

microbial dynamics and perhaps myxomycetes can help offer some clues to understand such unbalances. 

Keywords: ecology, Guanacaste, myxogastrids, slime molds 

This work is licensed under a Creative Commons Attribution 4.0 International License 

 

Introduction 

 The myxomycetes are an interesting group of phagotrophic protists that despite being one of the 

least studied group of microorganisms, are comprised by about 1000 species described from all over the 

world (Lado 2005-2021). Most of the available information about the biogeography of myxomycetes has 

been generated in studies carried out in temperate regions of the Northern Hemisphere, but recent 

systematic studies from other parts of the world have revealed that ecological patterns of myxomycete 

assemblages associated with tropical ecosystems are quite different from those of temperate regions 

(Stephenson et al. 2008). For instance, it has been observed that, contrary to the general pattern observed 
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in temperate and boreal forests, myxomycete diversity and abundance in tropical systems decreases with 

increasing substrate moisture (Schnittler and Stephenson 2000). Considering the importance of moisture 

to induce the production of reproductive structures (sporocarps) in myxomycetes under natural conditions, 

it is relevant to provided further evidence in relation to the ecological differences that exist, for this group 

of microorganisms, on a local and regional scales across tropical ecosystems. 

 Moisture is one of main environmental factors influencing the myxomycete life cycle and it seems 

logical that this variable would limit their occurrence in nature (Rubino and McCarthy 2003; Schnittler 

and Stephenson 2000; Stephenson et al. 2019). Myxomycetes tend to occur in relatively moist habitats 

since their spores, amoeboid cells and plasmodia require favorable conditions of moisture and temperature 

for germination and biological activity. However, constant humid conditions might limit their ability to 

disperse due to the reduced spore viability from fungal colonization on sporocarps (Stephenson et al. 

1993). In addition, it has been proposed that strong and constant rainfall might wash myxomycete 

propagules from substrates, affecting their life cycle (Stephenson et al. 2020). As such, events like El Niño 

Southern Oscillation (ENSO) may have an effect on sporocarp production. Considering the great effect 

that rainfall has on the climate of tropical forests and the importance of moisture on the spatial and 

temporal patterns of occurrence in myxomycetes, it is relevant to evaluate whether seasonal changes in 

humidity at local spatial scales lead to changes on the diversity and distribution of myxomycetes on 

tropical habitats. 

 Despite having a small area, Costa Rica harbors a large diversity of biotic communities. Such 

flourish of biodiversity may be due to a combination of geographic and climatic factors that generates 

twenty-four different life zones (Rojas et al. 2010). In addition, the existence of large, protected areas 

represents a nice ‘field laboratory’ setting for research on myxomycetes, as it offers interesting gradients 

within short distances. For example, at La Selva Biological Station there is a moisture gradient facilitated 

by the presence of both low hills from the Cordillera Central and the great coastal plain of Sarapiquí, 

which give rise to two main life zones: Premontane Very Wet Tropical Forest and Very Wet Tropical 

Forest, in just 730.5 ha of land (Janzen 1991). Similar gradients occur throughout the country, but perhaps 

the most interesting ones are in the Guanacaste province, where seasonal tropical forests are located and 

where researchers have documented such seasonality to affect the metabolic activity of microbial 

communities (Waring and Powers 2016).  

 In the present study we explored the turnover in myxomycete assemblages across three different 

types of forest located within 50 kilometers from the west coast of Costa Rica. These forests represent a 

natural elevational and moisture gradient within the Guanacaste region. The objective of this effort was to 

evaluate the extent to which myxomycete diversity responds to changes in moisture at relatively small 

landscape-level scales. This approach is relevant to understand and document the effect of natural 

ecological variables on this group of organisms for potential climate change scenario and land use change 

monitoring. 

 

Materials and methods 

Study sites 

 Four study sites situated along a transect representing a three-point gradient of elevation and 

moisture across the Guanacaste region in Costa Rica were selected (Fig.1, Table 1). These sites were the 

Tenorio Volcano National Park (hereafter abbreviated as Tenorio), representative of premontane wet 

forests (PWF), the Miravalles National Park (Miravalles), an area with premontane moist transitional 

forests (PMTF) and two areas with lowland dry forests (LDF) represented by the Palo Verde National 

Park and the Horizontes Experimental Forest Station (Palo Verde and Horizontes, respectively).  



Slime Molds 1 (2021) V1A4 Arenas-Taborda et al  

 3  

 

 The Tenorio Volcano and Miravalles National Parks are recently established protected areas. The 

first one, which takes its name from the Volcán Tenorio, contains 18402 ha of forests and volcanic terrain 

and has areas of cloud forest in the upper zones and wet forests in the lower ones (Wildlife Worldwilde; 

Centroamerica; Latinoamerica Salvaje 2021). The second study site, also on a volcano, represents the 

highest peak of the Guanacaste province with an elevation of 2028 m.a.s.l. In this study site, the low 

temperatures can reach 6°C, which is highly unusual for a province dominated by warmer lowlands.  

 Palo Verde National Park was created in 1978 and has an area of 18410 ha. The elevation of this 

study site varies from 0 to 268 m.a.s.l. The average precipitation is 1600 mm and temperatures range 

between 21-32°C. That combination of environmental factors allows the coexistence of habitats such as 

mangrove communities and dry forests (Janzen 1991). Finally, the Horizontes Experimental Forest 

Station, with an area of 7384 ha, is a former cattle farm and is currently part of the Guanacaste 

Conservation Area. The precipitation in this study site ranges between 1100-1500 mm per year and the 

average annual temperature ranges between 24-28°C. Since this area was used for cattle, forested zones 

are currently composed of successional, not old growth, forests (García 1996). 

 

 

Figure 1. Isoline map showing the gradient of precipitation across the Guanacaste region in Costa Rica. 

Study sites are presented in green. 

Sampling and recording 

 Two “disturbed” and two “non-disturbed” 20x50 m plots were established in each forest type using 

the concept of edge effect (Laurance 1991) for the determination of disturbance. The disturbed plots were 

located in the outer sections of the forest and the non-disturbed ones in the inner sections. Field surveys 

took place in June 2015 and June 2016; during each year a series of 15 samples of bark and 15 of twigs 

were collected from each of the four plots for a total of 120 substrate samples per forest type. In this 

manner, 360 samples were collected each year. For the lowland dry forest, Palo Verde was sampled during 

the first year and Horizontes during the second one. Differences in precipitation were recorded in both 

sampled years due to El Niño Southern Oscillation influence and for Palo Verde, recorded precipitation 
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values during 2015 and 2016 were 1165 and 1893 mm, respectively, for a difference of 728 mm or almost 

40% (Rojas-Zeledón 2018). 

 With each one of the samples one moist chamber was set up in the laboratory using the protocol 

described by Stephenson and Stempen (1994). With this method, all moist chambers were studied for four 

months. All myxomycetes appearing in the moist chambers were recorded and identified by extracting the 

sporocarps from the culture and gluing them to pasteboard boxes. The collected material was deposited in 

the Myxogastrid Repository of the Engineering Research Institute at the University of Costa Rica. 

 

Table 1. Elevation, annual precipitation, and temperature of the investigated areas in the Guanacaste 

region; designating the study sites using the Holdridge et al. (1971) classification of tropical forests. 

Study site Elevation of sampled 

zone (m.a.s.l.) 

Average annual 

precipitation (mm) 

Average annual 

temperature (°C) 

Tenorio (PWF) 900 4000 19.5 

Miravalles (PMTF) 1000 3500 29 

Palo Verde (LDF) 100 1600 26.5 

Horizontes (LDF) 100 1300 25.9 

 

Analyses 

 First, some analyses were carried out to assess the method and the structure of collected data. 

Sample productivity was calculated for each forest type to assess the effectiveness of the methodology. 

For this, the number of recorded specimens was divided by the total number of moist chambers prepared 

and multiplied by 100 (to obtain the metric as a percentage). Second, to estimate the exhaustiveness of the 

survey, species accumulation curves (SAC) were constructed using the specaccum package in R and the 

rarefaction method. 

 For biodiversity purposes, alpha-diversity indices (Chao 1, Simpson, Shannon) were calculated for 

each forest type. The composition of the myxomycete assemblages from each forest type was examined 

with a principal coordinate analysis (PCoA) based on Bray-Curtis distances and, significant differences 

were demonstrated with the statistical test ANOSIM. 

 Finally, to evaluate the structural differences among myxomycete communities, the ACOR 

abundance scale was calculated for the species in each forest type and for the entire studied area. This was 

carried out as described by Stephenson et al. (1993). In this case, the relative abundances of species were 

calculated by considering the species count of each forest type and the entire studied area as the total 

number of species. The results obtained were used to construct bar plots to show the variation in 

myxomycete assemblage patterns. These analyses were made both for each forest type and each sampling 

year. 

 

Results 

 A total of 526 specimens that corresponded to 46 species of myxomycetes were recorded across 

the three sampled forest types and during the two sampling years. The species accumulation curves (SACs) 

indicated that there was an adequate sampling of the three types of forest (Fig. 2), and suggested that the 

diversity of myxomycetes is higher in the Lowland Dry Forests (LDF) than in Premontane Wet Forests 

(PMF) or the Premontane Moist Transitional Forests (PMTF). In general, the productivity of moist 

chambers was higher in LDF (117%) than in PWF (60%) and PMTF samples (42%). Only seven out of 
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526 of the specimens (about 1%) could not identified to the species level but could be referred to a species 

in the genus Physarum (these data were excluded from the rest of the analyses).  

Diversity patterns of myxomycete assemblages 

 A clear separation in the myxomycete assemblages from all three different forest types was 

observed (ANOSIM, p=0.002) along the primary ordination axis (PCoA1), although PMTF showed a 

higher dispersion and larger overlap with the two other forests (Fig. 3). Interestingly, the distribution of 

samples along the secondary axis (PCoA2) seemed to be related with the two sampled years (ANOSIM, 

p=0.013), although this differentiation was more evident in the LDF dataset than in those from the other 

forests. These patterns were highly coherent with the differences found in alpha diversity since higher 

richness, diversity and, dominance were observed in LDF, whereas PMTF and PWF showed lower and 

similar diversity values (Fig. 4A). Also, differences in the diversity of myxomycetes between the two 

sampled years were less evident than among forests types. However, it was interesting to note that the 

diversity indices calculated for 2015 were relatively higher and more variable than those of 2016 (Fig. 

4B). Similarly, myxomycete assemblages tended to have relatively higher dominance in the 2016 dataset, 

as shown by the Shannon and Simpson indices, regardless of the lower richness values. 

 

Figure 2. Species accumulation curves (SACs) calculated with the data collected in: A. the whole studied 

area, B. Premontane Wet Forest, C. Premontane Moist Transitional Forest, D. Lowland Dry Forest. 

 

Commonness, rarity, and occurrence of myxomycetes species  

Overall, 38 species were recorded in the Lowland Dry Forest, 26 species in the Premontane Moist 

Transitional Forest and 24 species in the Premontane Wet Forest (Fig. 5A). From the total of 46 recorded 

species, 35% were shared among the three forest types (LDF ∩ PWF ∩ PMTF), whereas between six and 

28% of the species were unique. In line with the higher myxomycete diversity recorded in LDF (Fig. 4A), 

this forest also showed the higher number of unique species (Fig. 5A). In addition, between two and 13% 

of the species were shared by two forest (e.g. LDF ∩ PWF). Similarly, the same comparison for the two 
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years when sampling took place showed that 41% of the species were found on both years (Fig. 5B), and 

the 2015 dataset showed the higher number of unique species (39%).  

Based on the ACOR scale, about 24% of the observed species were classified as Abundant, 15% 

were Common, 22% were Occasional and 39% Rare (Supplementary Table 1). In general, Abundant and 

Common categories were dominated by species present on the three forest types (Fig. 6), with clear 

changes in abundance across the climatic gradient. Contrastingly, Occasional and Rare categories were 

constituted by a very different set of species in each forest type; demonstrating high species turnover from 

the LDF to PWF gradient (Fig. 6). Remarkably, some species such as Physarum bivalve and Physarum 

decipiens were not present in all sites across the studied gradient, even though they were part of the 

Abundant category. In contrast, a few species within the Occasional or Rare categories were recorded in 

all the sites across the gradient (Didymium difforme, Didymium clavus and Cribraria microcarpa) or at 

least in two forest types (Physarum crateriforme, Hemitrichia minor, Comatricha pulchella, Didymium 

anellus, Physarum bogoriense and Physarum cinereum). 

 

Figure 3. Distribution pattern of myxomycete assemblages differentiated by years (shape) and forests 

(color), using a Principal Coordinate Analysis (PCoA) with the Bray Curtis index. PWF=Premontane Wet 

Forest, PMTF=Premontane Moist Transitional Forest and LDF=Lowland Dry Forest datasets. 

 

 At the genus level, different species of the genera Comatricha, Didymium and Physarum were 

associated with one of the four ACOR categories, whereas species of Lamproderma, Stemonitis, 

Clastoderma, Diachea, Hemitrichia, Licea, Lycogala and Trichia were either Abundant or Rare, 

respectively. Finally, a similar analysis comparing the changes in relative abundance of myxomycete 

species between years showed little differences within the Abundant category but there seemed to be a 

high turnover of species from 2015 to 2016 within the other ACOR categories (Fig. 7). 

 

Discussion 

 Climatic factors such as rainfall are important for the development of myxomycete sporocarps 

since the life cycle of these organisms requires a degree of water retention on substrates (Stephenson et 

al. 1993). Some substrates like litter and dung have higher retention values than bark (Schnittler 2001), 

which means that those are probably more susceptible to saturation. Since the moisture levels in moist 

chambers are not controlled within specific limits, this technique may have a double effect on results. 

First, providing the necessary moisture for sporocarp formation and second, by masking the effect of water 
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retention/saturation on substrates, which may impact negatively the formation of reproductive structures 

in some species (Stephenson and Stempen 1994).  

 Recent studies have shown that the internal moisture of the moist chambers is likely kept within 

non-significant limits for sporocarp production (Rojas et al. 2021a), but along with temperature these 

variables can have an effect on results. At the macroclimatic level, the month of June is usually rainy in 

Costa Rica (certainly the case for the studied years), with a dryer period known as the Veranillo de San 

Juan (Janzen 1991). Collecting material for myxomycete research during this month is associated with 

saturated substrates that require drying before moist chambers are set up.  

 

Figure 4. Comparison of alpha diversity indices of the myxomycete assemblages from A) different forest 

types and B) sampled years. PWF=Premontane Wet Forest, PMTF=Premontane Moist Transitional Forest 

samples and LDF=Lowland Dry Forest datasets. 

 

Due to the natural differences in precipitation and atmospheric moisture among the three types of forests 

studied herein, the collected material showed noticeable differences in water saturation, even for such a 

small geographical area. Samples collected in Tenorio were completely saturated in water whereas 

samples from Palo Verde were wet but not soaked. Results seemed to have reflected these original 

differences in moisture by showing higher values of species richness and number of records in the latter 

and lower values in the former, which suggests that the washout effect previously reported in other studies 

(see Rojas et al. 2020) played a role in the recording of data across the gradient. 
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Figure 5. Number of myxomycete species shared across forests (A) and between years (B). The numbers 

in parentheses in the Venn Diagram correspond to the total number of species recorded for each forest 

type or each sampled year. PWF=Premontane Wet Forest, PMTF=Premontane Moist Transitional Forest 

samples and LDF=Lowland Dry Forest datasets. 

 

 

Figure 6. Relative abundance of myxomycete species arranged by forest types and separated according to 

the four categories of the ACOR scale. 

 Biogeographical analyses of myxomycete communities have shown clear floristic differences 

across latitudes that extend beyond the differences observed among diverse forest types (life zones herein) 
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within a region (Stephenson et al. 1993; Dagamac et al. 2017). However, as other authors have observed, 

both local climate and plant composition strongly influence the ocurrence of sporocarps of myxomycetes, 

even within a small geographical area (Liu et al. 2015; Rojas and Stephenson 2008).  

 In the present study, the significant differences in the myxomycete assemblage composition found 

among forests and between years, seem to have been related to the subjacent dissimilarities in 

microclimates across the studied gradient. However, it is possible that differences in precipitation between 

years (32% higher in June 2016 vs June 2015, based on estimations from Costa Rica´s National 

Metereological Institute, León 2015; Ramírez 2016), associated with the ENSO, could explain the 

separations appreciated in the PCoA.  

 Such an observation would suggest that the climatic difference between collecting periods is a 

major variable explaining the differential production of sporocarps. However, since two different areas 

were surveyed for the lowland dry forest in the two distinct periods, this additional factor could have 

influenced yearly results as well. Despite the latter, based on previous tropical data (Tran et al. 2008), 

differences in myxomycete assemblages seem unlikely for Abundant and Common myxomycetes but not 

so much for rarer species.  

 

 

Figure 7. Relative abundance of myxomycete species arranged by year and separated according to the 

four categories of the ACOR scale. 

 Recently, the ENSO phenomenon was documented to affect positively the productivity of Rare 

species of myxomycetes in tropical conditions (Rojas et al. 2021b), supporting the previous observation 
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of Chiapetta et al. (2003) that sporocarp formation in Fuligo septica may be influenced by such events. 

The former observation was made in a non-seasonal forest where temporal variations in myxomycete 

assemblages are less pronounced than in dryer seasonal regions such as Guanacaste, where it is more likely 

for the effect to be more evident (see Lado et al. 2016).  

 As such, it seems that ENSO promotes the formation of sporocarps of rare myxomycetes in tropical 

forests, which increases the diversity of reproductive propagules in the air of those environments in a 

similar manner to seasonal observations (Surrant and Leventin 2005). If such spore load is more diverse, 

the probability of a higher diversity of myxomycetes to be recorded in laboratory conditions would be 

higher and very likely, the dominance would be lower since more species would be recorded.  

 Those predictions were exactly the results observed in the present study, with the more pronounced 

effect on the dryer of the three studied locations. However, the forced homogenization of microconditions 

imposed by the technique used for recording myxomycetes in the present study very likely limited the 

differences in results. In this manner, field-based experimentation of the same phenomenon would be 

highly valuable in other tropical areas for such hypothesis to be tested. 

 In general, the high turnover of myxomycetes species shown herein has been likely related with 

seasonality and ecosystem specific features like vegetation, also supported by previous research (Borg 

Dahl et al. 2019; Treviño-Zevallos and Lado 2020). In the present study, the ACOR scale classification 

allowed to identify that the turnover in Abundant and Common species was subtler than in rarer categories, 

and such effect was documented on particular species. For example, Didymium squamulosum is an 

Abundant species in wet ecosystems (Rojas et al. 2010; Treviño-Zevallos and Lado 2020) and such an 

observation is consistent with the results of the present study, where that species was Abundant in PWF 

during the rainier 2016. In contrast, Occasional and Rare species were more affected, as it was expected. 

However, it is important to mention that some species within genera such as Lycogala and Hemitrichia, 

almost never produce sporocarps in moist chambers. In this manner, studies with complementary 

collecting methods (i.e., field collections) are recommended for a more thorough evaluation of results. 

 The data presented herein showed that myxomycete results based on sporocarps using moist 

chambers can reflect ecological patterns taking place at higher-levels of organization (i.e., ecosystem 

dynamics based on climate). Hence, for monitoring purposes or environmental applications using 

myxomycetes, these data suggest that research should be focused on Occasional and Rare species. Finally, 

in order to continue building information in that direction, autoecological studies, rather than 

synecological ones are needed. 
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Supplementary Table 1. Abundance and occurrence of myxomycete species based on the ACOR scale 

and the presence/absence analyses on Premontane Wet Forest (PWF), Premontane Moist Transitional 

Forest (PMTF) and Lowland Dry Forest (LDF). 

 

Species Abundance classification 

according to the ACOR 

scale 

Occurrence classification according 

to the Venn diagram 

Arcyria cinerea Abundant Shared across 3 forests 

Cribraria violacea Abundant Shared across 3 forests 

Perichaena chrysosperma Abundant Shared across 3 forests 

Comatricha tenerrima Abundant Shared across 3 forests 

Physarum decipiens Abundant Shared between LFD & PMTF 

Perichaena depressa Abundant Shared across 3 forests 

Physarum compressum Abundant Shared across 3 forests 

Lamproderma scintillans Abundant Shared across 3 forests 

Physarum bivalve Abundant Unique to LDF 

Didymium squamulosum Abundant Shared across 3 forests 

Stemonitis fusca Abundant Shared across 3 forests 

Physarum pusillum Common Shared between LFD & PMTF 

Cribraria tenella Common Shared across 3 forests 

Didymium bahiense Common Shared across 3 forests 

Didymium minus Common Shared between LFD & PWF 

Physarum album Common Shared between LFD & PWF 

Arcyria denudata Common Shared across 3 forests 

Comatricha nigra Common Shared across 3 forests 

Comatricha aequalis Occasional Unique to LDF 

Didymium difforme Occasional Shared across 3 forests 

Didymium clavus Occasional Shared across 3 forests 

Comatricha pulchella Occasional Shared between PMTF & PWF 

Cribraria microcarpa Occasional Shared across 3 forests 

Didymium anellus Occasional Shared between LDF & PWF 

Diderma hemisphaericum Occasional Unique to LDF 

Perichaena pedata Occasional Unique to LDF 

Physarum bogoriense Occasional Shared between LDF & PMTF 

Physarum cinereum Occasional Shared between LDF & PMTF 

Clastoderma debaryanum Rare Unique to PWF 

Diderma rugosum Rare Unique to PMTF 

Hemitrichia minor Rare Shared between LDF & PMTF 

Physarum crateriforme Rare Shared between LDF & PMTF 

Physarum javanicum Rare Unique to LDF 

Comatricha laxa Rare Unique to PMTF 

Diachea leucopodia Rare Unique to LDF 

Didymium dubium Rare Unique to LDF 

Hemitrichia calyculata Rare Unique to PWF 
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Hemitrichia serpula Rare Unique to LDF 

Licea pusilla Rare Unique to PWF 

Lycogala conicum Rare Unique to PWF 

Perichaena vermicularis Rare Unique to LDF 

Physarum citrinum Rare Unique to PMTF 

Physarum didermoides Rare Unique to LDF 

Physarum leucopus Rare Unique to LDF 

Physarum viride Rare Unique to LDF 

Trichia decipiens Rare Unique to LDF 
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Abstract: Field collections and laboratory isolation in moist chamber cultures are two complementary techniques 

widely used to record sporocarps of myxomycetes. The species recorded using either method tend to be different 

due to the distinct ecological pressures taking place in natural and artificial systems. The present study summarized 

the results of two myxomycete surveys, carried out in different decades and by different research teams, in the Abies 

forests of Cofre de Perote National Park. In both studies the two sampling techniques were used, and recorded data 

showed the complementarity of the methods and the importance of including both of them to minimize non-planned 

variability. In one survey, most of the results were obtained in moist chamber cultures whereas field collections 

represented most of the data in the other survey. When the general dataset was pooled together, 75 species of 

myxomycetes were recorded. As expected, the survey where most of the results were associated with moist chamber 

data showed a higher proportion of species of the genera Didymium, Perichaena and Physarum; whereas the survey 

where field collections represented most of the results showed a higher proportion of species within the genera 

Arcyria, Cribraria and Trichia. No structural differences were found in the data between the two surveys. This 

study demonstrates the complementary nature of the two recording techniques on myxomycete sporocarps and it 

shows very prominently the advantages of collaboration and communication among research teams to generate local 

lists of species. Having two different teams working in the same area at different times also minimized taxonomic 

skewness and increased the representativity of the obtained data. 

Keywords: Cofre de Perote National Park, fir forests, high elevation, mountains, slime molds 

This work is licensed under a Creative Commons Attribution 4.0 International License 

 

Introduction 

 It is not common in myxomycete research, unless planned that way, that different authors visit the 

exact same location with two different sampling strategies. It is perhaps even more rare, that such events 

take place in different decades. During the period of 2006-2008, Rojas et al. (2011) carried out a study on 

myxomycetes in different parts of the northern Neotropics and established one sampling location in the fir 

forests of the Cofre de Perote National Park in central Mexico. One decade later, the first author of the 

present study visited the same fir forests and carried out a different survey on myxomycetes. Even though 
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the objectives of both studies were different and sampling methodologies were designed with those 

objectives in mind, these two surveys in the same area were largely complementary. 

 In both cases, field collections and the moist chamber technique were used to create the species 

lists, as it has been recommended for decades (Stephenson and Stempen 1994). However, results from 

moist chambers represented the primary results in the 2006-2008 survey. Given the susceptibility of 

sporocarps to processes mediated by environmental oscillations, using the moist chamber technique, 

creates more neutrally collected datasets, which are more suitable for assessments aimed at generating 

baseline data (Novozhilov et al. 2017). The moist chamber technique, as explained by Alexopoulos (1953), 

is a type of microcosm that has allowed myxomycete researchers to document species at a faster pace and 

it offers a neutralizing setting for several external – confounding – factors (see Rojas et al. 2021a). 

However, it is a type of chaotic system (Seifriz and Russell 1936) that has not been carefully examined in 

terms of constraints and its methodology requires a refinement based on empirical data to increase its 

general applicability. 

 During the second survey in the fir forests of Cofre de Perote, the number of visits to the field 

quadrupled in comparison with the first survey and most myxomycete records were field collections. As 

explained, sporocarps of myxomycetes are produced in response to environmental variables and a 

representative list of the myxobiota of a single location, based on field collections, is typically associated 

with a higher frequency of visits to sampling sites (Wrigley de Basanta and Estrada-Torres 2017). Field 

collections tend to be more robust and taxonomically representative (Alexopoulos 1953) and as expected, 

several species never produce sporocarps in moist chamber cultures making such technique unviable for 

the recording of several species. Even though field collecting takes considerably more time and perhaps 

economic resources, it is highly valuable in the process of documenting myxomycetes. 

 The short evaluation presented herein has been conceived to offer some insights on the use of the 

moist chamber and field collecting methods to generate data in one location in central Mexico based on 

two complementary individual surveys. Additionally, since this part of the world is well associated with 

a high myxomycete biodiversity (Lado and Wrigley de Basanta 2008), the evaluation of different 

methodological approaches in one single biological system allows for a pertinent analysis of the pros and 

cons associated with each one of them. Given the potential of myxomycetes, as biological entities, for the 

development of activities related with the Sustainable Development Goals of the United Nations 

(https://sdgs.un.org/goals), it is imperative to study these organisms under the framework of 

multidisciplinary agendas, for which clear recording methods are required. 

 

Materials and methods 

 The present study was carried out in the Cofre de Perote National Park in central Mexico. In such 

location there are fir forests dominated by Abies religiosa (H.B.K.) Schl. & Cham. trees, locally known 

as “bosques de oyamel”. These forest stands are characterized by open canopies and understories with a 

simple vertical and horizontal structure (Fig. 1). In 2007-2008, two study sites were selected in these 

forests and during 2018-2019 three different sites were selected. All sites were located in a 4.5 km long 

semi-circular transect ranging in elevation between 3200-3900 m asl. 

 During the first survey, the two study sites were visited three times in July 2006, 2007 and 2008 at 

the beginning of the rainy season. In each visit, 12 samples each of ground litter, aerial litter, twigs and 
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bark were collected from each study site for a total of 96 substrate samples each year and 288 samples for 

the entire survey. Additionally, sporocarps of myxomycetes were examined and recorded in the field one 

day each year. During the second survey, the three study sites were visited 12 times between August 2018 

and June 2019 and sporocarps of myxomycetes were surveyed in the field in each visit. Since the temporal 

range of the second survey encompassed both rainy and dry seasons, one time during each period, a series 

of 24 substrate samples of ground litter, twigs, bark and decayed wood at each study site were collected 

for a total of 288 substrate samples per season and 576 samples for the entire survey.  

 

 

Figure 1. General aspect of the fir forests between lower grassy areas and upper open areas in Cofre de 

Perote National Park (A) and profile of the vertical structure of the forest in the Cofre de Perote National 

Park (B). The five study sites of the present investigation are shown on the right (C) and displayed based 

on the period (red shows 2007-2008 sampling sites, yellow shows 2018-2019 sites).  

 

 Field collections made in both surveys were directly placed in cardboard boxes, dried out in natural 

conditions, and stored for identification. The material for laboratory isolation were used to create a series 

of moist chambers following the basic methodology of Stephenson and Stempen (1994), after which, 

physical vouchers of myxomycetes were treated in the same manner as field collections. All material from 

the first survey was stored in the University of Arkansas herbarium (UARK) in USA, whereas all material 

from the second survey was stored in the herbarium of the Instituto de Ecología A.C. (XAL) in Veracruz, 

Mexico. All scientific names were based on Lado (2005-2021). 

 Records obtained using both collecting strategies were compiled during each individual survey 

and were pooled together in the present evaluation to create a representative picture of the myxobiota of 

the fir forests at the Cofre de Perote National Park. Results from the two surveys were compared using a) 

both the Simpson and Shannon indices, b) species richness and c) the taxonomic diversity index (number 

of species/number of genera). Two t-tests based on the diversity indices were performed with an alpha 

value of 0.05 to test the null hypothesis of no differences between datasets. In addition, a cluster analysis 
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based on Bray-Curtis distances was carried out with the results from field collections and moist chambers 

for both surveys in order to evaluate similarities. All analyses were carried out in PAST v4.06b (Hammer 

et al. 2001). Finally, a series of comparisons of the numbers of unique species associated with each survey 

and with each recording technique were carried out to evaluate the relative contribution of these two levels 

on the overall dataset. 

 

Results 

 Overall, a total of 443 records of myxomycetes were compiled. From these, 198 records and 49 

species were obtained during the first survey in 2006-2008 and 245 records and 39 species were observed 

in the 2018-2019 period. For the first survey, the average number of records and species per visit in the 

field were 8.3 and 4.6, respectively. The average number of records and species per visit in the field for 

the second survey were 15.1 and 2.7, respectively. Similarly, the average number of records and species 

per moist chamber were 0.6 and 0.12 for the first survey, and 0.1 and 0.02 for the second one. With the 

complete dataset, a total of 75 species of myxomycetes were recorded in the fir forests of Cofre de Perote 

National Park (Table 1). 

 The Shannon index of diversity was calculated as 3.27 for the first survey and 3.30 for the second 

with no significant differences between values (t=-0.71, d.f.=327, p=0.5). The Simpson index of diversity 

was calculated as 0.91 and 0.95 for the first and second surveys, respectively, with significant differences 

in the calculations (t=2.6, d.f.=230, p=0.009). The taxonomic diversity indices were 2.3 and 1.7 for the 

first and second surveys, respectively. A cluster analysis of the data showed that the highest affinity in 

subdatasets was observed between the moist chamber data from 2006-2008 and the field collections from 

2018-2019 (Fig. 2). This analysis also showed that the most different set corresponded to the moist 

chamber results from 2018-2019. 

 

 

Figure 2. Cluster diagram showing the similarity among sub datasets associated with the two surveys 

carried out in Cofre de Perote National Park.  
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Table 1. Complete list of myxomycete species recorded in the two studied datasets from Cofre de Perote 

National Park, arranged by type of collection.  

 

Species 2006-2008 Survey 2018-2019 Survey  
Field 

Collection 

Moist 

Chambers 

Field 

Collection 

Moist 

Chambers 

Arcyria cinerea 1 4 2 17 

Arcyria ferruginea 
  

3 
 

Arcyria incarnata 
  

1 
 

Arcyria pomiformis 
  

2 
 

Badhamia crassipella 
  

1 
 

Badhamia melanospora 
 

8 
  

Badhamia utricularis 1 
 

7 
 

Calomyxa metallica 
  

2 
 

Ceratiomyxa fruticulosa 1 
 

13 3 

Collaria arcyrionema 
 

1 
  

Comatricha elegans 
 

1 
  

Comatricha laxa 
 

1 1 
 

Comatricha nigra 
 

23 21 
 

Comatricha pulchella 
 

1 5 
 

Comatricha rigidiretta 
 

1 
  

Craterium aureum 
 

1 
  

Craterium minutum 
  

5 
 

Cribraria lepida 
  

3 
 

Cribraria microcarpa 
   

3 

Cribraria oregana 
  

21 
 

Cribraria splendens 1 
   

Cribraria vulgaris 2 
 

2 
 

Diachea leucopodia 
 

1 
  

Dianema depressum 
  

2 
 

Diderma asteroides 
  

10 
 

Diderma effusum 
 

1 
  

Diderma hemisphaericum 
 

1 
  

Diderma umbilicatum 
  

1 
 

Didymium bahiense 
 

3 
  

Didymium clavus 
 

6 
  

Didymium difforme 
 

47 
  

Didymium dubium 
 

1 
  

Didymium iridis 
 

5 
  

Didymium nigripes 
  

9 
 

Didymium serpula 
  

1 
 

Didymium squamulosum 
 

5 
  

Didymium vaccinum 
 

1 
  

Echinostelium apitectum 
 

1 
  

Echinostelium minutum 
 

1 
 

11 

Fuligo septica 2 
   

Hemitrichia intorta 
  

3 
 

Lamproderma scintillans 
 

2 
  

Leocarpus fragilis 
  

2 
 

Licea castanea 
   

1 

Licea pygmaea 
  

3 4 
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Licea variabilis 1 
   

Lycogala epidendrum 4 
 

11 2 

Metatrichia floriformis 
  

1 
 

Mucilago crustacea 
  

18 1 

Paradiacheopsis fimbriata 
 

8 
  

Paradiacheopsis solitaria 
   

5 

Perichaena chrysosperma 
 

6 
  

Perichaena corticalis 
 

2 
  

Perichaena depressa 
 

6 
 

1 

Perichaena liceoides 
 

2 
  

Perichaena vermicularis 
 

3 
  

Physarum album 1 
   

Physarum bivalve 
 

5 
  

Physarum bogoriense 
  

1 
 

Physarum cinereum 
 

1 
  

Physarum compressum 
 

8 
  

Physarum didermoides 
 

4 
  

Physarum echinosporum 
 

1 
 

13 

Physarum newtonii 
  

2 
 

Physarum pusillum 
 

1 
  

Physarum viride 
 

1 
  

Prototrichia metallica 
  

8 
 

Stemonitis axifera 1 
   

Stemonitis fusca 
 

9 
 

1 

Stemonitis splendens 4 
   

Trichia decipiens 4 
 

5 
 

Trichia lutescens 
  

11 2 

Trichia scabra 1 
   

Trichia subfusca 
  

4 
 

Tubifera ferruginosa 1 
   

 

 A total of 31 species (41.4%) were recorded exclusively in the field, including Calomyxa metallica, 

Dianema depressum and Fuligo septica. In addition, several species of the genera Arcyria, Cribraria and 

Trichia were recorded only in field conditions as well. In contrast, 35 species (46.6%) were recorded 

exclusively with the moist chamber technique including Badhamia melanospora, Diachea leucopodia and 

Stemonitis fusca. With this technique, several species of the genera Didymium, Perichaena and Physarum 

were recorded exclusively as well. Only nine species (12%) were recorded using both strategies, including 

Arcyria cinerea, Ceratiomyxa fruticulosa and Comatricha nigra. Finally, just 13 species (17.3%) were 

recorded in both surveys and the other 62 species (82.7%) were unique for one of the two studies. 

 

Discussion 

 Every campaign intended to record myxomycetes is different. Researchers organize and plan their 

work with the main objective of maximizing the cost-benefit relationship, but various non-controlled 

variables affecting the life cycle and population dynamics of these organisms impose effects, both positive 

and negative, on the obtained results. In this manner, myxomycete surveys based on sporocarps, are always 
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influenced by external factors and in fact, much of the preparation is devoted to managing such non-

planned external variability. 

 As noted by Wrigley de Basanta and Estrada-Torres (2017) field collecting can be a problem when 

visits do not coincide with the sporulation of a wide variety of myxomycetes, and moist chamber culturing 

has an inherent taxonomic bias. The best strategy to document a single location is to minimize both errors 

by increasing the effort associated with both techniques. However, this is not always possible. In a recent 

study in a tropical forest (Rojas et al. 2021) it took 30 consecutive months of sampling for researchers to 

reach a morphospecies accumulation “plateau” in a 28-hectare forest patch. Since most researchers do not 

have time, economic resources, or interest in doing so, a vast majority of myxomycete surveys are 

“snapshot studies” that only capture the variability of single temporal and spatial units. Despite the latter, 

such studies have been very important for the determination of biogeographical analyses (i.e., Schnittler 

et al. 2002). 

 In the present evaluation, the effort in the 2006-2008 survey was much lower than that of the 2018-

2019 survey. Even though results showed 18% more records in the second one, they also showed 20% 

more recorded species in the first survey. Only the number of field records per visit was higher in the 

second survey, but these results do not mask the important feature in the second survey of having added 

35% of the total number of species recorded herein. It was precisely from field collected myxomycetes 

that most of these additions were included, and such origin of the records (based on the collecting 

technique) was clearly responsible for the high level of unique species for either survey (more than 80% 

different). In other words, the first survey in 2006-2008 was highly efficient in recording myxomycete 

species, but its “snapshot” nature limited the variability of the data, a constraint that was only clear when 

the second survey was added. Stephenson (1988) had already shown such temporal variability to be a 

potential constraint for myxomycete data collected in the field and recent studies have also indicated that 

a larger temporal range of field detection could generate more conclusive (i.e., more complete) results 

(Treviño-Zevallos and Lado 2020).  

 The two surveys did not show differences in diversity using the Shannon Index but displayed 

significant differences when the Simpson Index was used. Since the calculation of the second one is more 

sensitive to dominance (see Somerfield et al. 2008) results simply suggest that the difference between the 

two surveys is related with a higher number of records associated with a lower number of species in the 

2018-2019 survey. This observation is also supported by the lower taxonomic diversity index calculated 

with the same dataset, which indicated that less species per genus were recorded during that time. The 

basis of such result relies in the poor performance of the moist chambers during the second survey. As 

observed in the data, out of 576 cultures only 64 records were obtained (0.1 records per culture) in 

comparison with 173 records in 288 cultures (0.6 records per culture) for the first survey. Long term 

evaluations of moist chamber performance with data from both temperate and tropical conditions has also 

demonstrated higher productivity per moist chamber. For instance, Härkönnen and Ukkola (2000) 

evaluated 4793 moist chambers and obtained a value of 0.35 records per moist chamber. It is likely that 

the moist chambers during the second survey were affected by an external, unaccounted factor, but they 

still added three species (4%) to the general species list. 

 Such poor performance of the moist chambers during the second survey along with the limited 

field sampling during the first survey explained the pattern observed in the cluster analysis. In this analysis, 

the two “stronger” (and potentially the only representative) sub datasets were clustered. This is interesting 

because taxonomically, the sub datasets seemed different. As observed in the results, the represented 
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assemblages in each one of them differ in both composition and frequency of observations but as noted 

before, no differences were observed in the Shannon Index of Diversity. The same result was obtained 

when only these two “strong” datasets were compared (not shown before, t=-1.69, d.f.=309, p=0.09) 

suggesting that the clustering has structural validity. 

 Despite the latter, the results presented herein clearly showed the complementarity of recording 

techniques. The ratio of unique species recorded in moist chambers to those recorded in the field was 1.1, 

very close to a perfect 1.0 for a dataset where literally half the species are recorded with either technique. 

As mentioned before, several authors have pointed out to the importance of including both techniques 

when myxomycete surveys are carried out (Wrigley de Basanta and Estrada-Torres 2017) and the present 

evaluation is clear empirical basis for such advice. Remarkably, the collaborative effort organized in Cofre 

de Perote intended to increase the number of myxomycete species known for the fir forests also showed 

the positive effect of communication among researchers, a simple aspect that is not necessarily discussed 

in the myxomycete literature. The collaborative effort presented herein was possible because the three 

researchers coauthoring this note shared contextual information, data, and other important observations 

before the second survey was conducted, providing insight at the point of study design. This simple, but 

important fact, had a very positive effect on the documentation of the myxobiota in Cofre de Perote 

National Park. 
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Introduction 

In 2010 I started searching for myxomycetes (acellular slime molds) in the tall wet eucalypt forest 

that surrounds my house at Black Sugarloaf, Birralee, in central north Tasmania. I was particularly 

interested in the invertebrates feeding on plasmodia and developing fruiting bodies and started taking 

numerous photographs, mostly depicting various species of collembola (Fig. 1). Interestingly, while the 

fact that collembola forage on slime moulds is well known by many myxo researchers, especially those 

using moist chamber cultures (Ing 1997), it was unknown by many collembolon researchers (Dr. Penelope 

Greenslade, pers. comm. 2010). I was also photographing mature fruiting bodies in the field and 

attempting to identify the species from the images. However, it soon became clear that in most cases 

photographs of fruiting bodies were not enough for identification and that I needed to invest in 

microscopes and better camera equipment to capture the details in the tiny fruiting bodies as well as the 

microscopic features. I started to collect systematically after receiving a request to deposit specimens at 

the National Herbarium of Victoria (MEL) from senior mycologist, Dr. Tom May. 
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Figure 1. Collembola, including the large 10 mm long Acanthanura sp., feeding on developing fruiting 

body of Dictydiaethalium plumbeum. 

 

Slime molds appear in every month in Tasmania depending on rainfall. The summer of 2021 was 

unusually wet and productive for slime molds, but the subsequent months have been uncharacteristically 

dry and the usual plethora of litter-dwelling species have not yet appeared. However, as I write this, small 

and large plasmodia of Elaeomyxa reticulospora (Fig. 2), one of the most common and reliable 

myxomycetes at my study site, are creeping through the accumulated leaf litter on a large eucalypt log 

known as “big tree” log. For the past few weeks I have been visiting the log during daily pre-dawn walks 

along my regular walking track. When illuminated by torch light, the yellow-green plasmodia are 

conspicuous on twigs, leaves, gumnuts and bark that have fallen from the 30 m high eucalypts (Eucalyptus 

spp.) and blackwoods (Acacia melanoxylon) that tower over the site; the plasmodia will be out of sight 

deep in the litter layer later in the day. I am confident to call E. reticulospora “common and reliable”, 

because of all the slime moulds I find, this is one of the few species that appears every year and always in 

approximately the same place, although in greater or lesser amounts depending on rainfall. E. 

reticulospora, with its distinctive appearance, large reticulate spores and waxy globules on the capillitium 

(Fig. 3), I initially misidentified as Lamproderma cribrarioides based on a superficial resemblance to the 

illustration in The Myxomycetes (Martin and Alexopoulos 1969). 

 

 

Figure 2. Elaeomyxa reticulospora is a 1.5 mm tall, litter-dwelling slime mold and one of the most 

common species at my study site in Northern Tasmania. 
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Figure 3. Spores (11-12 µm) and waxy swelling on the capillitium of Elaeomyxa reticulospora. 

 

The Internet 

 The internet overcame my isolation in Tasmania and meant I could communicate with researchers. 

Soon after my study began, I received a CD published by the late David Mitchell. It was a compilation of 

hundreds of papers on ecology and taxonomy, over 2000 thumbnail images, the beautiful Emoto plates 

and Dr. Martin Schnittler’s 2001 thesis (Schnittler 2001). Many of these resources were useful and 

informative but it was a comment in Schnittler’s manuscript concerning the lack of detail about 

myxomycete substrata in various reports that set me on the right track in this regard. Some of my very 

early collections lack these details but I soon realised the value of such information, especially if my study 

were to continue indefinitely.  

 Mitchell and I started communicating by email and I sent him over 20 collections of “mystery” 

species. The Lamproderma species he was unable to identify eventually reached Dr. Gabriel Moreno via 

Marianne Meyer. Dr. Moreno identified Lamproderma echinulatum and the aforementioned Elaeomyxa 

reticulospora—previously Lamproderma reticulosporum (Moreno et al. 2008)—and sent me colour plates 

of both species showing fruiting body, capillitial attachment to columella, and images of spores taken with 

compound and scanning electron microscopes. Seeing these plates was another valuable lesson and I began 

to make colour plates of all my collections. Interestingly, Moreno’s study of E. reticulospora described it 

as muscicolous, tropical and “apparently very rare” with the plasmodium of an unknown color. My 

observations indicate it is a common, litter-dwelling species in Tasmania, with a greenish-yellow 

plasmodium. The third Lamproderma sent to Moreno, L. ‟umbilicatum” (Fig. 3), is another distinctive and 

apparently common species with a brown peridium that I misidentified as L. acyrionema. It is yet to be 

described. 

There were several other unidentified slime molds in the batch I sent to Mitchell. One very 

distinctive species had appeared on a large eucalypt stump not far from the house when I started 

photographing slime molds in 2010, and it appeared again in August 2011 on a bryophyte-covered log on 

big tree track. I collected the specimen and attempted to identify it using Myxomycetes, A Handbook of 

Slime Molds (Stephenson and Stempen 1994), Les Myxomycétes (Poulain et al. 2011), and The 

Myxomycetes (Martin and Alexopoulos 1969). Somewhat unusually it seemed quite easy to identify 

because as well as its relatively long, sometimes coalescing stalks, it has brush-like capillitia arising from 

the peridium. However, the only species to display these characteristics was Tubifera bombarda, a species 

known only from the tropics. As Tasmania is in the temperate zone, it seemed an unlikely extension of its 

distribution. I wrote an article for the Fungimap newsletter (Lloyd 2013) and was contacted soon thereafter 
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by Dr. Steve Stephenson who had collected a similar-looking species in New South Wales. At the time 

Senior Fulbright Scholar Dmitry Leontyev was working in Stephenson’s laboratory at the University of 

Arkansas on the family Reticulariaceae (Branan 2013), especially T. bombarda (now Alwisia bombarda). 

Based on my photos of the fruiting bodies, they were almost certain my specimen was not T. bombarda but 

a species new to science. They accessed collections from the National Herbarium of Victoria (MEL) and 

my personal collection and, based on morphology and DNA sequencing, confirmed that it was a novel 

taxon they named Alwisia lloydiae (Fig. 4) (Leontyev et al. 2014). It was these experiences that made me 

realise just how much I could contribute to myxo research. My interest was further piqued after reading a 

subsequent paper by Leontyev (Leontyev 2016) whose research suggested that based on morphology and 

genetics, A. lloydiae is close to the ancestral stock of members of the Reticulariaceae family and that the 

Australian continent and Tasmania are “well-known refuges of relict biota.” 

 

 

Figure 3. Lamproderma ‟umbilicatum” is a common 2 mm tall species that appears most years at Black 

Sugarloaf on logs, stumps and associated litter. 

 

 

Figure 4. Alwisia lloydiae (2.5-5 mm tall) forms extensive colonies on well-decayed, bryophyte-covered 

logs.  
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Social media 

Social media and the ubiquity of cell phones, some with excellent quality macro lenses, have no 

doubt contributed to the increasing interest in slime molds since 2014. For instance, the Slime Mold 

Facebook Identification Page (Bendlin 2014) was started in December 2014 by Leah Bendlin who 

envisaged that “nerd friends from Instagram” would join. By 2017 it had over 10,000 members and more 

than 24,000 members by 2021. Of these, several are associated with academia, a small percentage 

regularly include microscopy, and many are excellent photographers. However, most are novices who 

were possibly redirected to the Facebook page from mushroom groups after encountering something 

“weird”. (L. Bendlin, pers. comm., 2 June 2021). 

There has also been burgeoning interest on Instagram since 2017, when I was convinced that this 

visual medium is ideal for informing a wide audience about such photogenic organisms. The Instagram 

algorithm influences and promotes particularly colourful species so the eye-catching stages of Stemonitis 

(Fig. 5), Badhamia utricularis, or iridescent blue Lamproderma can receive thousands of “likes”. Many 

people, after seeing these unusual and very beautiful forms for the first time, are fascinated to learn more, 

and some quickly become obsessive in their desire to find a slime mold for themselves. More serious 

nature and wildlife photographers relish the challenge of capturing the fine details of myxomycete fruiting 

bodies with macro and extreme macro equipment. Unfortunately, these posts on Facebook (of which I am 

not a user) and Instagram (where I am a user with over 30,000 followers, Lloyd 2021b) are in a sense 

transitory in that there is no way of keeping track of interesting or unusual observations. 

 

 

Figure 5. Young Stemonitis can get thousands of “likes” on Instagram.  

 

More usefully, iNaturalist and similar scientific platforms allow researchers to track observations. 

I have been interested to see the range extensions of species for which Black Sugarloaf is the type locality. 

For instance, there was an observation of A. lloydiae on 12 March 2021 near Cairns in far North 

Queensland. This extended the range by about 3700 km from the wet forests in the south-eastern 

Australian states of Tasmania, Victoria and New South Wales where it had hitherto been recorded, and is 

the first record of this species from Australia’s wet tropics (iNaturalist 2021a). Tubifera vanderheuliae 

was known from only two locations—one in Tasmania and one in New South Wales—when it was first 

described (Lloyd et al. 2019). It has since been found at another location in New South Wales, near 

Melbourne in Victoria, and at Margaret River in Western Australia, which is another considerable range 
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extension of about 2889 km (iNaturalist 2021b). Range extensions of such ephemeral organisms would be 

almost impossible and prohibitively expensive if it were not for citizen scientists, especially in such a 

large, relatively sparsely populated country as Australia.  

 Identification of slime moulds on iNaturalist is mostly limited to those species with distinctive 

fruiting bodies that can be easily identified from photographs. For example, Elaeomyxa cerifera 

(iNaturalist 2021c) and Lycogala conicum (iNaturalist 2021d) which are not included in Myxomycetes of 

New Zealand (Stephenson 2003), were recorded there for the first time on 8 June 2014 and 7 November 

2020 respectively. The undescribed Lamproderma ‟umbilicatum” is a very distinctive bright yellow 

species when it first appears and the seven records on iNaturalist suggest that it is widespread in wet forests 

in south eastern Australia. 

 

Discussion 

The study of myxomycetes has reached an interesting stage. On one hand, sophisticated equipment 

such as scanning electron microscopes and the knowledge and resources needed for DNA extraction, 

amplification and sequencing, increasingly puts research out of the realm of amateurs. On the other hand, 

just about anyone can be a “citizen scientist” and contribute to our knowledge of myxomycetes if they 

have a camera and upload their observations on platforms such as iNaturalist. Their observations can be 

important in extending the range of species, and should be used to update country species lists.  

I check observations on iNaturalist almost daily and have learnt a huge amount by identifying 

species that I am unlikely to encounter in Tasmania. I also endeavour to inform people about slime molds 

though iNaturalist, and my website (Lloyd 2021a) and Instagram accounts (Lloyd 2021b). I am still adding 

to my species list after finding the appropriately-named Cribraria minutissima earlier in 2021. Best of all, 

I look forward to my early morning walks through the forest to see what – if anything – has appeared 

overnight. The winter rain has finally started falling, and the plasmodium of Badhamia utricularis that has 

been feeding on the pink resupinate fungus Gloeoporus taxicola has started forming fruiting bodies (Fig. 

6). 

 

 

Figure 6. Badhamia utricularis fruiting bodies forming on a leaning dead understory tree. 
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Abstract: Plant-based substrates from two mangrove forests and two woodlands or successional forests in Negros 

Oriental, Philippines were used to prepare moist chamber cultures to survey for myxomycetes. A total of 19 species 

and 12 genera were identified from moist chamber cultures of samples collected from the successional forests while 

five species and genera were recorded from the coastal mangrove forests. Pooling together the number of identified 

species, three were recorded as abundant in Negros Oriental while two species were common, eight were occasional, 

and six were rare. Didymium nigripes, Stemonitis fusca and Diderma effusum were among the most abundant species 

in this province. We also report for the first time five species of myxomycetes, namely, Didymium nigripes, 

Lamproderma scintillans, Arcyria cinerea, Stemonitis fusca, and Physarum oblatum, from mangrove forests in the 

Philippines. 
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Introduction 

 The Visayas region of the Philippines consists of several major islands (i.e., Panay, Negros, Cebu, 

Bohol, Leyte, and Samar) and more than 300 smaller islands, all located in the central part of the Philippine 

archipelago. Among the major islands, Negros Island is considered the second largest with a land area of 

12 705 km2 and is divided geographically and administratively into two provinces, Negros Occidental 

(northwestern half) and Negros Oriental (southeastern half), by a range of rugged mountains. Much of the 

island’s geography is covered by sugarcane plantation, its main crop since the Spanish colonial era. Thus, 

much of the original flora and fauna of the island has been confined to the mountainous areas, which are 

not conducive for sugarcane growth, and/or to isolated nature reservations scattered across the island. This 

current environmental scenario offers an opportunity to study species diversity of microorganisms, 

particularly the myxomycetes, between isolated nature reserves.  
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Myxomycetes are a group of fungus-like protists that are widely distributed in terrestrial habitats 

and are usually associated with decaying plant materials teeming with bacteria and other decomposing 

microorganisms, on which they feed. Their life cycle is characterized by the formation of acellular 

plasmodia and the development of spore-bearing sporocarps. Previous studies have shown their potential 

contribution as model organism to elucidate various cellular processes, a candidate for bioremediating 

toxic metals (Rea-Maminta et al. 2015), as producer of extracellular enzymes (Macabago and dela Cruz 

2014), and as an important source of biofuel (Tran et al. 2015). However, despite the increasing number 

of studies that were conducted in the Philippines, there is still limited information on these organisms in 

many island ecosystems in the country. In fact, studies of myxomycetes in the Visayas region, home to 

six of the ten largest islands in the country, are relatively few.  

The first study of myxomycetes in the region focused only on the province of Negros Occidental 

in the Negros Island, which generally compared the assemblages of myxomycetes in the mountainous 

forest of Mt. Kanlaon and the monotypic agricultural sugarcane plantation (Alfaro et al. 2014). Their 

findings recorded 28 species, with the mountain forests reporting the greatest number of species than 

agricultural plantation, as expected. This study compiled evidence showing that a habitat with more 

heterogeneous plant communities can yield a higher number of species than a habitat dominated by a 

single plant. In another study within the region, the diversity of ground-litter inhabiting myxomycetes 

were also assessed in seven different study sites along a disturbance gradient in Bohol Islands (Macabago 

et al. 2017). The seven study sites included grassland, indigenous woodland, monotypic plantation, 

heterogonous forest, coastal mixed forest, reef woodland, and islet mixed forest. A total of 54 

myxomycetes were identified in the study with the most diverse being recorded in the coastal mixed forest 

site. This study also suggested the influence of disturbances in the spore dispersal of myxomycetes in 

different disturbed habitats.  

In contrast, many island ecosystems in the Luzon region located in the northern part of the 

Philippines were already covered by several surveys and detailed ecological studies. Myxomycetes have 

been reported in Lubang Island, Occidental Mindoro with 45 species of myxomycetes, six of which were 

new records in the country (Macabago et al. 2012), in Puerto Galera, Oriental Mindoro with 42 species of 

myxomycetes collected from inland lowland mountain forests and coastal forests (Dagamac et al. 2015a), 

in Polilio Island, Quezon Province with 34 species (Viray et al. 2015), in Coron Island, Palawan with 25 

species obtained from coast and inland forests of the island (Macabago et al. 2020a), and in Caramoan 

Islands, Bicol region with 38 species of myxomycetes collected from four different islands with varying 

distance and sizes (Macabago et al. 2020b). The assemblages of myxomycetes in two lowland mountain 

forests – Mt Malasimbo in Puerto Galera, Oriental Mindoro, and Mt Siburan in Sablayan, Occidental 

Mindoro were also compared by Pecundo et al. (2020). All these studies demonstrate the enormous 

taxonomic diversity of myxomycetes in many large and small island ecosystems. Thus, to contribute 

significantly to the growing trend of documenting assemblages of myxomycetes in the Philippine islands, 

the present study recorded the species of myxomycetes in two distinct habitats, a mangrove forest and a 

man-maintained woodland or successional forest, in the province of Negros Oriental within the island of 

Negros. The study is also the first attempt to explore myxomycetes from mangrove ecosystems in the 

Philippines which covers more than 250,000 hectares in the whole archipelago (Long and Giri 2011). 
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Materials and methods 

Study Sites 

A sampling expedition was conducted in the province of Negros Oriental located at the 

southeastern side of Negros Island in July 2017. Two successional forests, here also reported as 

woodlands, and two coastal mangrove forests were chosen as collecting localities. These study sites were: 

(1) Liptong Woodland (LP, 9°15.684'N; 123°14.515'E), a 1-hectare forest patch and reservation in the 

municipality of Bacong, (2) Ayungon Forest (AY, 9°50.502'N; 123°2.642'E), a successional forest in the 

municipality of Ayungon, (3) Tanjay mangrove forest (TJ, 9°32.883'N; 123°9.148'), a reforestation site 

for mangroves located along the coast in the city of Tanjay, and (4) Tinaogan mangrove forest (TG, 

9°47.844'N; 123°8.785'E), a coastal mangrove forest in the municipality of Bindoy (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Collecting localities in Negros Oriental, Philippines. The successional forests or woodlands in 

Ayungon and Liptong are marked by black dots while the coastal mangrove forest sites in Tinaogan and 

Tanjay are marked by red dots. 

 

Substrate Collection and Moist Chamber Preparation 

For the woodlands, three collecting sites were initially identified for the collection of substrata. In 

each one of these sites, ten samples each of aerial leaf litter (AL), ground leaf litter (GL), and twigs (TW) 

were collected resulting to a total of 90 samples for Liptong woodland and 90 samples for the Ayungon 

successional forest. For the coastal mangrove forests, only one collecting site was studied per location, 

from which 10 samples each of bark (BK), ground litter (GL), and twigs (TW) were collected for a total 

of 30 samples for each collecting locality. Each sample was prepared as a single moist chamber (n=240). 
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The moist chambers (i.e., disposable plastic petri dishes fitted with paper towels) were lined with 

substrates which were cut into small pieces, then flooded overnight with tap water, the pH determined, 

and the excess water poured out. The moist chambers were placed in a cabinet away from direct sunlight 

and checked every week for the presence of plasmodia or sporocarps until the 8th week. Sporocarps with 

its substrata were collected and pasted in match box-sized small cardboard boxes for specimen storage 

and species identification. 

Species Identification and Data Analysis  

Collected identifiable sporocarps were observed with a dissecting microscope (Best Scope BS-

3040) and its spore morphologies were determined using a light microscope (Olympus CX31-12C04). 

Morphological characteristics such as size, stalk length, color, shape of the hypothallus, and ornamentation 

of the spores were used to determine the identity of the species. To prepare the slide for spore morphology, 

the spore mass was carefully removed using stainless steel tweezers and placed on a glass slide. Then, a 

drop of 95% Ethanol was added to the material and allowed to dry. Afterwards, a drop of 3% potassium 

hydroxide was placed to allow the spores and other structures to expand (Stephenson and Stempen 1994). 

A cover slide was placed on top of the specimen and gently pressed to allow the spore mass to break for 

characterization of the spores. The morphometric data were compared with descriptions published in the 

Eumycetozoan Project (http://www.discoverlife.org) and other sites devoted to slime molds (e.g., 

http://hiddenforest.co.nz/slime/index.htm), and from descriptions in Leontyev (2010). Nomenclature was 

verified using an updated web-based reference site (http://eumycetozoa.com). 

Moist chamber productivity was measured in accordance with the calculation of Dagamac et al. 

(2012). Positive records are moist chambers with the recorded presence of plasmodia and/or sporocarps. 

The percent yield was computed by dividing the number of positive moist chambers over the total number 

of prepared moist chambers multiplied by 100. The number of records, species and genera was accounted 

for each collecting locality, from which the taxonomic diversity index (TDI), also known as the S/G ratio, 

was computed as the ratio between the number of species and the number of genera. The number of shared 

and exclusive myxomycetes was also determined and expressed as a Venn diagram. The number of records 

was pooled for all collecting sites and used to compute for the relative abundance which was expressed as 

the number of records per species over the total number of records. We then used the Abundance Index 

(AI) developed by Dagamac et al. (2012) which was based on a smaller number of records (n=159) as 

similarly observed in this study (n=62). This AI was previously used in the study of Policina and dela Cruz 

(2020a, 2020b) to assess abundance of a very specialized guild of myxomycetes. Thus, AI values are R = 

rare, if the number of specimens (abundance) of a particular species is <3% of the total number of 

collections, O = occasional, if the abundance is ≥3% but <5% of the total number of collections, C = 

common, if the abundance is ≥5% but <10% of the total number of collections, and A = abundant, if the 

abundance is ≥10% of the total number of collections. 

 

Results 

 Our study recovered a total of 62 identifiable sporocarps from 240 moist chamber cultures. We 

identified these sporocarps as belonging to 19 species, 12 genera, six families, and four orders of 

myxomycetes (Table 1). Higher myxomycete records and species richness were significantly recorded in 

woodlands (forest patch) or successional forest sites than in coastal mangrove forest sites. Specifically, 

both successional forests recorded 13 species and nine genera as opposed to 3-4 species and genera in 
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mangrove forests. The overall TDI, calculated as S/G ratio, for the general sampling site in Negros Oriental 

is 1.6. The two successional forest sites, AY and LP, showed a TDI of 1.4. The TDI for the coastal 

mangrove sites was not determined due to the few number of recovered taxa. It maybe clear from the 

sporocarp collections that the woodlands or successional forests were species rich, and expectedly, were 

more diverse than the coastal magrove ecosystems. However, when we normalized the data and accounted 

for the number of recorded individuals and species per MC, our computations showed the successional 

forests with a proportion of 0.2-0.4 records/MC and 0.14 species/MC had closer values to the coastal 

mangrove sites with a proportion of 0.1 records/MC and 0.13 species/MC.  

 

Table 1. Number and relative abundance of myxomycetes collected from successional and mangrove 

forests in Negros Oriental, Philippines. 

 

Species name Successional 

Forests 

Mangrove 

Forests 

Overall Relative 

Abundanceb 

  AYa LP TJ TG 
  

Arcyria afroalpina  1 0 0 0 1 R 

Arcyria cinerea 0 4 1 1 6 C 

Arcyria globosa 1 1 0 0 2 O 

Arcyria incarnata  1 1 0 0 2 O 

Collaria arcyrionema 1 4 0 0 5 C 

Craterium minutum 0 1 0 0 1 R 

Cribraria microcarpa  2 0 0 0 2 O 

Diachea leucopodia  0 2 0 0 2 O 

Diderma effusum  1 7 0 0 8 A 

Didymium iridis  1 0 0 0 1 R 

Didymium nigripes  2 7 0 1 10 A 

Didymium squamulosum  0 2 0 0 2 O 

Hemitrichia calyculata 1 0 0 0 1 R 

Lamproderma scintillans 0 2 0 1 3 O 

Licea operculata  1 0 0 0 1 R 

Physarum album 1 0 0 0 1 R 

Physarum echinosporum  0 2 0 0 2 O 

Physarum oblatum  1 1 1 0 3 O 

Stemonitis fusca  5 2 1 1 9 A 

Total number of records 19 36 3 4 62 
 

Number of genera 9 9 3 4 12 
 

Number of species 13 13 3 4 19 
 

Taxonomic diversity index (TDI) 1.4 1.4 - - 1.6 
 

 
aStudy sites: AY = Ayungon successional forest, LP = Liptong woodland or forest patch, TJ = Tanjay mangrove 

forest, TG = Tinaogan mangrove forest  
bAbundance index: A = abundant if RA is ≥10%, C = common if RA is ≥5% but <10%, O = occasional if RA is 

≥3% but <5%, R = rare if RA is <3% 

 

Based on the AI, three species were classified as abundant, two as common, eight as occasional, 

and six as rare. Some representative myxomycete specimens collected in our study are shown in Fig. 2. 

The shared and unique or exclusive taxa between the woodlands or successional forest sites and the 

mangrove forest sites are shown in Fig. 3. Between the two successional forest sites (AY and LP), seven 

https://eumycetozoa.com/data/report.php?busca=Arcyria&por=gensi&numr=5&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=Arcyria&por=gensi&numr=13&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=Arcyria&por=gensi&numr=23&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=Arcyria&por=gensi&numr=25&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=collaria&por=gensi&numr=111&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=craterium&por=gensi&numr=171&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=cribraria&por=gensi&numr=203&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=diachea&por=gensi&numr=227&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=diderma&por=gensi&numr=298&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=didymium&por=gensi&numr=381&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=didymium&por=gensi&numr=398&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=didymium&por=gensi&numr=417&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=calyculata&por=genno&numr=473&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=lamproderma&por=gensi&numr=537&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=licea&por=gensi&numr=599&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=physarum&por=gensi&numr=730&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=physarum&por=gensi&numr=776&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=physarum&por=gensi&numr=817&tipo=Rtax
https://eumycetozoa.com/data/report.php?busca=stemonitis&por=gensi&numr=916&tipo=Rtax
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myxomycetes species were shared whereas each forest site showed six exclusive species. Two species 

were shared between the mangrove forest sites while one and two species were exclusive to TJ and TG, 

respectively. We observed only one species, Stemonitis fusca, across all habitats. However, all five species 

recorded in the mangrove forest sites were also observed in the successional forest sites.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Representative specimens of myxomycetes collected from successional forest sites, (A) 

Craterium minutum (B) Cribraria microcarpa, (C) Diachea leucopodia, and from coastal mangrove forest 

sites, (D) Arcyria cinerea, (E) Physarum oblatum, (F) Stemonitis fusca, scale bar = 1.5 mm. 

 

Discussion 

 Despite the increasing number of publications related to myxomycetes in the last decade, the 

Philippines has still many habitats or areas that has not been explored for myxomycetes (Dagamac and 

dela Cruz 2019), which is particularly true for many sites in the Visayas and the Mindanao region. Even 

simple surveys of documenting the assemblages of myxomycetes in these regions are relatively few. In 

fact, most myxomycete surveys in the county were carried out on areas in Luzon Island, on the northern 

part of the Philippines (see studies of dela Cruz et al. 2011, 2014; Viray et al. 2015; Dagamac et al. 2012, 

2014; Bernardo et al. 2018; Policina and dela Cruz 2020b). 
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Figure 3. Venn diagram of shared and exclusive myxomycetes between successional forest sites [AY, LP] 

and coastal mangrove forest sites [TJ, TG]. 

 

 Taxonomic studies in the Visayas islands included those carried out by Alfaro et al. (2014) which 

reported myxomycetes in Negros Occidental and by Macabago et al. (2017) in Bohol Island. Our rapid 

survey of myxomycetes in Negros Oriental, the sister province of Negros Occidental, therefore would add 

to the pool of myxomycete data available for Negros Island, and overall for the Visayas region. Our study 

may have recovered a less number of species (=19) in comparison to the studies in Negros Occidental (28 

species, Alfaro et al. 2014) and Bohol (54 species, Macabago et al. 2017), but these comparisons were 

unlikely due to the different number of samples studied in each case.  

 In fact, the generated results in our study in Negros Oriental were slightly higher to the generated 

data in the study of Alfaro et al. (2014) in Negros Occidental. They recovered 28 species of myxomycetes 

from 450 MC, thereby resulting to a proportion value of 0.06 species per MC. The present study, with 19 

species from 240 MC also resulted in a proportion value of 0.08 species per MC, implying that the recovery 

of myxomycetes in relation to the prepared MC is higher herein. However, both studies in Negros Island 

gave a significantly lower value in comparison to the results of Macabago et al. (2017) with a total of 54 

species from 504 MC and a proportion value of 0.1 species per MC.  

 The significant increase in the myxomycetes recovered in Bohol Island may be attributed to 

various reasons. The number of moist chambers between the two islands were signficantly different. As 

such, an unequal number of recovered species is expected. In the studies of dela Cruz et al. (2014) and 

Macabago et al. (2016), they highlighted how the number of moist chambers can influence the number of 

species recorded in a study. It is also worth noting that Macabago et al. (2017) surveyed seven different 

sites with varying vegetation types that are exposed to both natural, i.e., earthquakes and typhoons, and 

anthropogenic, i.e. tourist influx, disturbances. The relatively high anthropogenic events that occurred in 

Bohol Island coupled by the recent natural disturbance during the time of collection may have structurally 
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and functionally altered the forest structure causing various effects such as an increase on the amount of 

available suitable microhabitats for myxomycetes on the forest floor. This may have played an important 

part on the higher number of myxomycete species recorded in Bohol Island.  

 Cabutaje et al. (2021) similarly noted how a recent typhoon has resulted in a higher number of 

myxomycetes. Previous ecological works may also explain this outcome. Habitat loss and forest 

disturbance in southwestern Peruvian Amazon showed a strong effect on the assemblages of myxomycetes 

(Rojas and Stephenson 2013). The same pattern was also observed in several studies conducted in the 

country where disturbed areas displayed a higher myxomycete species richness and diversity (Dagamac 

et al. 2015a, 2015c; Bernardo et al. 2018; Eloreta et al. 2020) and therefore, may have followed the 

intermediate disturbance hypothesis. Interestingly, Bohol Island, the 10th largest island in the Philippines 

with a land area of 3 864 km2, is three times smaller than Negros Island, and yet reported more species of 

myxomycetes. While any assumptions on the possible effect of island size to myxomycetes cannot be 

deduced at this point, this concept would be an interesting topic for future studies. 

 Our study added six species of myxomycetes for the Negros Island, thereby bringing the number 

of species known in region to a total of 40. Comparing the collecting localities, Ayungon successional 

forest site, characterized as a montainous forest with extensive reforestation efforts, yielded 13 taxa, but 

still considerably lower than the comparable results in heterogenous mountain forest sites in Negros (Mt. 

Kanlaon, 27 species, Alfaro et al. 2014) and Bohol (Raja Sikatuna, 24 species, Macabago et al. 2017). On 

the other hand, Liptong (LP) woodland, a true successional forest planted mainly with native and 

hardwood trees in a privately-owned land, had 13 species but differed in composition with 7 species shared 

by the two inland forests (Fig. 3), and six species unique to each site.  

 The recorded number is likewise comparable to the number of taxa recovered from a monotypic, 

man-made forest in Bohol, also with 13 species (Macabago et al. 2017), but with only two shared species 

with this study – Collaria arcyrionema and Physarum oblatum. With the number of species recovered in 

the present study, we provided additional evidence that successional forests are good habitats for 

myxomycetes and follow successional stages where the peak of species can be found thriving and 

proliferating, thereby corroborating results from areas for which proofs of high myxomycete diversity was 

observed even after a disturbance brought by natural calamities (i.e., earthquake, volcanic eruptions, and 

typhoon [Macabago et al. 2017; Isagan et al. 2020; Cabutaje et al. 2021]).  

Interestingly, one forest ecosystem with distinct environmental conditions and vegetation, the 

mangrove forests, may potentially host many unique assemblages of myxomycetes, but has remained 

largely unexplored. Early surveys of mangrove-associated myxomycetes were mostly conducted in Brazil 

(Cavalcanti et al. 2000; Damasceno et al. 2011; Agra et al. 2015; Cavalcanti et al. 2016). The Philippines 

with more than 250,000 hectares of mangrove forests (Long and Giri 2011) is ideal for comparative 

surveys of mangrove-associated myxomycetes. The first and only report of myxomycetes in mangroves 

in the Philippines was that of a short note published by Savillo (2015) wherein only a single taxon, 

Lycogala conicum, was reported on a dead branch of a living mangrove tree.  

The present study has recovered seven specimens (albeit five singletons) in either or both of the 

collecting locations. In the previous study of Cavalcanti et al. (2016) in Brazil, their two expeditions in 

three sites to collect field specimens and substrates for culture preparation recovered 21 specimens 

belonging to 11 species. Furthermore, the earlier study of Trierveiler-Pereira et al. (2008) also documented 

three species. These reports as with our study consistently suggest a low abundance of myxomycetes in 
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coastal mangrove forests. The constant and direct exposure to high or moderate level of salinity and 

perhaps sunlight in coastal mangrove forests may be unfavorable for myxomycetes since they are often 

found sporulating in a forest ground with canopy cover and sufficient humidity (Stephenson 1989).  

In fact, salinity is a crucial limiting factor on mangrove trees and affects its propagule germination, 

normal growth, and reproduction (Naidoo 2006). This could also restrict the myxomycetes to develop and 

complete its life cycle, particularly the germination of the spores and/or the ability of plasmodium to reach 

the stage of fructification. The influence of salinity on myxomycete development in mangrove forest sites 

therefore warrants further systematic experimental study. Another factor to consider in explaining the low 

abundance of myxomycetes in mangrove forests is the availability of plant litter. Data from previous 

studies demonstrated that vegetational structure, with consideration on substrates availability, strongly 

influences myxomycete occurrence (Rojas and Doss 2014).  

In the Philippines, a number of studies along coastal areas but with mixed plant communities 

recorded a relatively higher number of species (Macabago et al. 2012, 2017; Cabutaje et al. 2021). 

Ecological evidences from other studies also supported the notion of vegetation with high plant 

heterogeinity is associated with a higher number of myxomycete species and diversity (Dagamac et al. 

2015c) than those with homogenous vegetation (Carascal et al. 2017; Redeña-Santos et al. 2017, 

Macabago et al. 2017). In mangrove ecosystems, available microhabitats where myxomycetes can 

sporulate would be limited to fallen twigs, leaf litter, and fallen logs from mangrove tree species and some 

additional plant litter from a minimal number of other plants (Agra et al. 2015). Taken this altogether, the 

vegetation and the presence of less suitable microhabitats in mangrove sites may have possibly influence 

the low myxomycete occurrence in mangrove forests. But as noted above, these ideas still requires further 

verification. What is clear from our study is the update in the number of species of myxomycetes recorded 

in mangroves in the country, now total to six species – Lycogala conicum, Didymium nigripes, 

Lamproderma scintillans, Arcyria cinerea, Stemonitis fusca, and Physarum oblatum.  

In terms of the relative abundance, the most abundant species we recorded in our study, D. nigripes, 

S. fusca and D. effusum, were also recorded as either abundant or common in Negros Occidental and Bohol 

in the Visayas region (Alfaro et al. 2014; Macabago et al. 2017). The same pattern of species occurrence 

was also noted in other forest sites in the Philipines (Pecundo et al. 2020). Another commonly encountered 

species, A. cinerea, has been reported abundant in various substrates including grass litter (Carascal et al. 

2017), dried inflorescences (Pecundo et al. 2017), and tree barks (Policina and dela Cruz 2020a), and in 

varied ecosystems, i.e., ultramafic forest (Rea-Maminta et al. 2015), coastal forest sites (Dagamac et al. 

2015a; Cabutaje et al. 2021), island and islets (Macabago et al. 2012; Kuhn et al. 2013; Macabago et al. 

2020a), and lowland and highland mountainous forest sites (Cheng et al. 2013; Dagamac et al. 2015b, 

2015c; Eloreta et al. 2020). A. cinerea  has also been recorded as a mangrove-associated myxomycete 

(Cavalcanti et al. 2014). In addition, Stemonitis fusca and C. arcyrionema were also previously recorded 

from several mangrove sites in Brazil (Damasceno et al. 2011; Cavalcanti et al. 2014, 2016), suggesting 

their ubiquitous distribution and/or potential adaptation to mangrove environments. The other 

myxomycetes that were either exclusive or unique to the woodland or successional forests in this study 

were recorded in other forest types in the country (Damagac et al. 2015b; Pecundo et al. 2020). In 

summary, the present study provided baseline data on the myxomycetes of Negros Island and the Visayas 
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region. It has updated the number of species recorded in the region. It also reported for the first time five 

species of myxomycetes associated with Philippine mangroves. 
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Abstract: We investigated the ecological aspects of the myxobiota associated with both the mesophilic and gallery 

forests from a fragment of the Cerrado biome located in the municipality of Anápolis, Goiás, Brazil. Myxomycete 

assemblages were sampled in pre-established plots and compared using basic ecological calculations (α and β 

diversity, richness, abundance, similarity, evenness, functional diversity, and substrate ecology). A total of 55 

records were obtained, corresponding to 19 species, 10 genera, and eight families. Of these, 37% were exclusive to 

the gallery forest, 26% to the mesophilic forest, and 37% common in both. No differences were found between 

species richness and composition between areas, however, the greater abundance and greater number of exclusive 

species in the gallery forest are suggestive of better conditions and resources for myxomycete communities in this 

forest formation. Furthermore, species were found to have different functional characteristics between the compared 

areas, which seemed to show a relationship with forest structure and the complexity of the niches. This is one of the 

first studies on the ecology of myxomycetes in the Cerrado biome providing relevant preliminary data for further 

research to be carried out in areas with little monitoring. 

Keywords: Brazilian savanna, community ecology, functional diversity, myxogastrids, slime molds 
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Introduction 

Myxomycetes (plasmodial slime molds or myxogastrids) are a group of eukaryotic organisms 

characterized by distinct life cycle stages, two of which are more easily recognizable: one mobile and 

assimilative or amoeboid phase (plasmodium), and the other fixed and producing spores (sporocarp). It is 

by the sporocarp phase that the taxonomy of the group is based (Stephenson and Stempen 1994; Rojas and 

Stephenson 2017). 

They are organisms associated to different types of substrates, ecosystems and ecological 

conditions (Rollins and Stephenson 2011). Even though most of the studies of myxomycetes have focused 

on taxonomy and geographic distribution, approaches to the ecology of the group have been growing in 
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Neotropical countries especially Mexico (Basanta et al. 2008; Estrada-Torres et al. 2009) and Costa Rica 

(Rojas and Stephenson 2007, 2008; Rojas et al. 2011; Rojas and Valverde 2015), the latter being the 

country best represented in relation to ecological studies of myxomycetes. These studies have evaluated 

how different environmental pressures affect the myxobiota and what are the mechanisms of adaptive 

responses to these new environmental conditions. In Brazil, this approach is not commonly used, and most 

studies have focused on substrate ecology and/or new substrate records (Araújo et al. 2012; Cavalcanti et 

al. 2015; Xavier-Santos et al. 2016; Lima and Cavalcanti 2017; Calaça et al. 2020; Moreira et al. 2021). 

Currently, 255 species of myxomycetes are known in Brazil and approximately 40% of these occur 

in the Cerrado (Cavalcanti 2021), making it one of the richest biomes for myxomycetes in the country. 

This biome occupies a large part of the Brazilian territory and presents a great diversity of landscapes, 

including forest, savanna, and grassland formations (Ribeiro and Walter 2008). In this context, our study 

compared the myxomycete assemblages of two landscapes, the gallery forest and the mesophilic forest 

(semideciduous dry forest), of a Cerrado fragment in Central Brazil, considering different ecological 

parameters. This approach in tropical areas has the potential to increase knowledge about the ecological 

aspects in unique and poorly studied ecosystems, such as the Cerrado, and contribute to the active 

monitoring of tropical microorganisms in the context of climate change and conservation of natural 

resources. 

 

Materials and methods 

Study area  

 The study was carried out in the Reserva Ecológica da Universidade Estadual de Goiás, a fragment 

of Cerrado located in the Anápolis municipality, Goiás state, Brazil (162340S, 375732W; 1017 m). 

The regional climate is tropical (Cwb type) with a dry cold season (April to September) and a rainy warm 

season (October to March); with a mean annual temperature of 25 ℃ (Cardoso et al. 2014). The area 

comprises three Cerrado landscapes: cerrado stricto sensu, mesophilic forests and gallery forests. 

 The studied areas comprise two forest formations that differ in terms of floristic composition and 

water resources. The gallery forest is vegetation community that accompanies the small rivers and streams 

of the plateaus of Central Brazil, which has the characteristic of forming closed corridors (galleries) over 

the waterway. These are evergreen forests, usually not deciduous during the dry season. In contrast, 

mesophilic forests, also called semideciduous dry forests, occur in the interfluves in soils richer in nutrients 

and present different levels of deciduousness during the dry season (Ribeiro and Walter 2008; WWF 

2015). 

Field sampling  

We delimited five plots of 25 m² in each area, in a 150 m transect from the edge to the interior, 

excluding the first 20 m to avoid the influence of edge conditions. Three collecting trips were carried out 

between 2016 and 2017, during which each plot was explored for 15 minutes to collect visible sporocarps. 

As established by Eliasson (1981), sporocarps of the same species found less than 20 cm apart were 

considered to be the same sample. 

 The taxonomic identification of the collected material was performed based on macro and 

microscopic characters. The taxonomic nomenclature used was according to Lado (2005-2021) and the 

genera and families were according to Poulain et al. (2011). The vouchers of the specimens studied were 
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deposited in the collection of myxomycetes in the herbarium of the Universidade Estadual de Goiás 

(HUEG).  

Data analysis 

The myxomycete assemblages were compared using ecological parameters of richness, relative 

frequency, abundance, diversity, evenness, and similarity, using the statistical software Past version 3.2. 

Species richness was estimated using the Chao1 index (Chao 1984) and the first order Jacknife (Jack1) 

(Gotelli 2009). Chao1 is a simple method that estimates total richness using the number of species that 

occurred only once (singletons) and the number of species that occurred twice (doubletons). Jack1 

estimates total richness using single-occurring species (Colwell and Coddington 1994; Gotelli 2009). In 

the equation, Chao1 and Jack1 is the number of estimated species, Sobs is the number of species in the 

sample, F1 is the number of singletons, F2 is the number of doubletons and n is number of occurring: 

Chao 1 =  Sobs  +  (
F1

2

2F2
)       and        Jack1  =  Sobs  +  (

n − 1

n
) ∗ F1 

The α diversity was estimated by the Shannon-Wiener (H’) index (Shannon 1948). In the equations, 

H is ecological diversity, S is the number of species, pi is the relative abundance of ith species: 

H′ =  − ∑(pi ∗ (ln(pi))

S

i=1

  

 The Shannon-Wiener index encompasses both attributes of a biological community, the number 

of species and their evenness, as the Pileou's evenness (J) is one of its components, which reflects the way 

in which individuals find themselves, distributed among the different species present in the sample. The 

evenness varies between 0 (minimum evenness) and 1 (maximum evenness). Pileou's evenness was 

calculated considering J is the Pileou evenness, S is the total number of species and ln(S) is the species 

diversity under maximum equitability conditions: 

J′ =
H′

ln(S)
 

 To verify the differences in Shannon index between areas, the modified t test of Hutcheson was 

used with a significance level of p<0.05. To estimate the β diversity and measure the pattern of similarity 

between the areas, the Sørensen similarity index (Ss) was used (Stephenson 1989), were Ss is the Sorensen 

Coefficient, c is the number of species common to both communities, S1 and S2 is the number of species 

in community 1 and 2, respectively: 

Ss =
2 ∗ c

S1 + 𝑆2
 

The Ss ranges from 0 to 1, when the value is 0: there is no similarity and when it is 1 there is total 

similarity (Ludwig and Reynolds 1988). To visualize the similarity of species composition between the 

areas, the Sørensen matrix was used to perform a Non-Metric Multidimensional Scale (NMDS) plot 

(Kruskal and Wish 1978). The NMDS performance was assessed with the stress coefficient (Clarke and 

Warwick 1994). 

Functional diversity was evaluated according to Rojas and Valverde (2015) with minor 

adaptations. We considered the following morpho-functional parameters of the species: sporocarp type, 
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spore ornamentation, spore diameter, plasmodium and micro habit: corticolous, foliicolous and lignicolous 

(Andrade et al. 2006; Bezerra et al. 2008; Poulain et al. 2011). Data were expressed in percentage values; 

for the diameter of the spore the average of the measurements obtained within each species was considered 

and, subsequently, the frequency of richness within each evaluated landscape. 

 

Results and Discussion 

 A total of 55 sporocarps of myxomycetes were recorded, corresponding to 19 species, 10 genera, 

and eight families (Fig. 1). Of these, 65% were recorded in the gallery forest and 35% in the mesophilic 

forest, with 37% and 26% of the total number of species, respectively, being exclusively recorded in them, 

and 37% common in both. Trichiaceae, Physaraceae, and Stemonitidaceae were the most representative 

families, with species recorded in both studied areas. The most frequent species were Arcyria denudata, 

Ceratiomyxa fruticulosa, Hemitrichia calyculata, and Physarum album (Table 1). These species are 

considered cosmopolitan and are widely distributed in neotropical regions (Lado and Basanta 2008), with 

records in several locations in the Cerrado biome (Cavalcanti 2021).  

The diversity index found was H=2.4 in the gallery forest and H=2.2 in the mesophilic forest. In 

both areas, Pielou's evenness was J= 0.9, which indicates that the number of records is balanced among 

the species. Hutcheson's t-test showed that the diversity of the two areas was not significantly different 

(t=0.50, d.f.=38, p>0.05, Fig. 2) and the areas were similar in species composition (Ss=0.54) (Table 2). 

The NMDS showed that the species composition did not differ between the two areas (Fig. 2). 

In most ecological studies of myxomycetes in Brazil, greater species diversity has been observed 

in humid forests, with low luminosity, even in different biomes (e.g., Atlantic Forest and Pampa) (Costa 

et al. 2014; Lima and Cavalcanti 2017). However, available data show different responses in other tropical 

regions. For example, in Costa Rica, Rojas and Valverde (2015) observed that a greater diversity of 

lignicolous species was found in dry than in humid forests, possibly justified by the high presence of 

available resources in dry forests, especially litter, resulting from the different levels of deciduousness.  

A similar response had been previously recorded in another study carried out in Costa Rica by 

Schnittler and Stephenson (2000). Due to the availability of resources in dry forests and a shorter temporal 

window for sporocarp formation, myxomycetes are induced to form sporocarps very rapidly, in 

comparison with moister environments. As such, the same is not observed in forests with high humidity, 

where it is believed that myxomycetes remain in the vegetative phase for longer, without the formation of 

spores, reducing the efficiency of dispersion and colonization of new substrates (Schnittler and Stephenson 

2000). 

 When comparing the areas studied by Schnittler and Stephenson (2000) and Rojas and Valverde 

(2015) with those in our study, we observed that despite the differences in the composition of species of 

fauna and flora, some physical and biological characteristics, such as the average temperature, and the 

presence of semideciduous forests are similar, but there is considerable variation in the average annual 

precipitation, with values between 1600-4000 mm for areas in Costa Rica and 1000-1200 mm for Brazil. 

This difference may indicate that the humid forests of the Cerrado, such as gallery forests, could have 

more suitable fructification windows (and niches by extension) for myxomycetes, justifying the greater 

number of sporocarps (abundance) and a higher number of exclusive species in the gallery forest (Tables 

1 and 2). 
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Figure 1. Myxomycete species found in both the gallery and mesophilic forest of a Cerrado fragment in 

Central Brazil. A) Arcyria cinerea, B) Arcyria denudata, C) Ceratiomyxa fruticulosa, D) Cribraria cf. 

intricata, E) Didymium iridis, F) Didymium squamulosum, G) Hemitrichia calyculata, H) Hemitrichia 

serpula, I) Metatrichia vesparia, J) Trichia cf. papillata, K) Lycogala epidendrum, L) Physarum album, 

M) Physarum nucleatum, N) Physarum viride, O) Physarum sp. Species of the genus Stemonitis have not 

been documented. Scale bars = 0.5 mm. 
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Figure 2. A) Shannon-Wiener index (H) of the two studied areas. MF = mesophilic forest, GF = gallery 

forest, NS = not significant (Hutcheson t-test p>0.05). B) Non-Metric Multidimensional Scaling (NMDS) 

using Sørensen dissimilarity matrix. The figure suggests that the species composition is similar. The 

NMDS stress indicates good two-dimensional ordering (Claker 1993), thus preserving the classification 

order of the original matrix of communities. 

 

The areas studied herein have different floristic compositions, structures, and environmental 

conditions. These and other pressures in forest environments directly affect the reproductive stage of 

myxomycetes, reflecting on their morphophysiological responses and the number of reproductive 

structures (Everhart and Keller 2008; Rojas and Valverde 2015). These functional traits are strategies 

resulting from the compensation of resources available in the habitat and become evident at various stages 

of the myxomycete life cycle (Everhart and Keller 2008). We observed that the studied myxomycete 

assemblages have both similar and distinct functional traits between the compared areas. It was common 

in both areas to record sporangium-type sporocarps, smooth and warted spore ornamentations, lignicolous 

habits and the presence of phaneroplasmodia in the amoeboid phase. Pseudoaethalia occurred only in the 

gallery forest; and in the mesophilic forest, spiny spore ornamentation was more frequent. The presence 

of species with larger spores occurred in the gallery forest and those with smaller dimensions in the 

mesophilic forest (Fig. 3). There was no difference in spore diameter between individuals of the same 

species in the evaluated areas. 

Functional traits such as sporocarp type, the size and ornamentation of the spores, and plasmodium 

type may be allied to adaptations that favor the survival and perpetuation of the species. Sporocarps are 

essential for long-distance spore dispersal (Rojas et al. 2021), and with the presence of the stipe in this 

structure, characteristic of the sporangium, the species may increase their dispersal effectiveness due to 

the projection of the reproductive structure (Varga et al. 2019).  

The different shapes, sizes and ornamentation of spores are the result of evolutionary pressures 

that aim to maximize the dispersion of spores in the air, reaching a long range and consequent colonization 

of new substrates (Keller and Everhart 2010). We suppose that the presence of more prominent ornaments, 

such as spines, can be more frequent in unfavorable environments, contributing to the spore dispersal and 

protection process.  
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Table 1. Number of records of myxomycetes by species and forest type recorded in the present study. 

Studied voucher information is provided. MF = mesophilic forest, GF = gallery forest, HUEG = Herbarium 

of the Universidade Estadual de Goiás. 

 

Families/Species GF MF Voucher in HUEG 

Arcyriaceae    
     Arcyria cinerea  3 1 11850, 11862-11864 

     Arcyria denudata  6 3 

11819, 11820, 11824, 11829, 11833, 11836, 11853, 

11855, 11857 

Ceratiomyxaceae    
     Ceratiomyxa fruticulosa 3 3 11821, 11831, 11834, 11843, 11854, 11859 

Cribrariaceae    
     Cribraria cf. intricata   1 11831 

Didymiaceae    
     Didymium iridis  1  11840 

     Didymium squamulosum 2  11839, 11861 

Trichiaceae    
     Hemitrichia calyculata  6 1 11827, 11835, 11841, 11846, 11849, 11852, 11887 

     Hemitrichia serpula  1 2 11822, 11823, 11856 

     Metatrichia vesparia 2  11828, 11851 

     Trichia cf. papillata  2  11848, 11888 

Reticulariaceae    
     Lycogala epidendrum  2  11832, 11838 

Physaraceae    
     Physarum album  4 3 11818, 11842, 11844, 11889-11892 

     Physarum nucleatum   1 11825 

     Physarum viride  2 1 11845, 11858, 11860 

     Physarum sp.  1 11826 

Stemonitidaceae    
     Stemonitis fusca  1  11837 

     Stemonitis sp.1  1 11847 

     Stemonitis sp.2 1  11949 

     Stemonitis sp.3  1 11830 

 

The higher frequency of phaneroplasmodia occupying a greater extension of the wood surface in 

search of food may be advantageous for some species. This could suggest differences in competitive 

abilities associated with being more robust at the vegetative stage, and thus resulting in a greater number 

of sporocarps on the substrate (Everhart and Keller 2008). Furthermore, the high frequency of lignicolous 

species may be related to the presence of phaneroplasmodia in the amoeboid phase, and the expected high 

availability of substrates, as observed in the mesophilic forest. The lignicolous species are among the most 

common and widely known (Rufino and Cavalcanti 2007; Rojas et al. 2014). 

Even though the species assemblages between the areas were similar, differences were observed, 

suggesting that the gallery forest displays more favorable conditions for myxomycetes. The same was 

observed in other taxonomic groups, equally influenced by microclimatic conditions, such as corticolous 

lichens (Rodrigues and Carregaro 2013) and bryophytes (Aquino et al. 2015; Rios et al. 2016). In contrast, 

the mesophilic forests have a more dynamic structural formation, due to the association with seasonality, 

where deciduousness of plant species in the dry season occur and, consequently, opening in the canopy 

modifies wind flow and water availability, affecting the conditions to form reproductive structures. 
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Interestingly, the studied myxomycete assemblages were constituted by species with wide distribution and 

poorly associated phenological patterns, also resistant to environmental disturbances such as 

fragmentation and fires (i.e., resilient of generalist species) (Kryvomaz and Stephenson 2017; Rojas et al. 

2021; Stephenson et al. 2021), showing potential for dispersal and colonization of substrates. 

Table 2. Ecological parameters calculated in the present study for the two considered forest types in the 

Cerrado Biome. 

Parameter Gallery Forests  Mesophilic Forest 

Species richness 14 12 

Abundance 36 19 

Exclusive occurrence 7 5 

Shannon-Wiener index (H) 2.4 2.2 

Pielou's evenness index (J) 0.9 0.9 

Sørensen's index (Ss) 0.54 

 

Our study demonstrated the similarity in myxomycete assemblages between the studied 

landscapes. However, these also showed morpho-functional characteristics influenced by the forest 

structure and the complexity of the system dynamics. Future research could directly elucidate the 

relationship between myxomycete diversity and their functional traits in other landscapes from Cerrado, 

by integrating the data from field collections and information from moist chamber analyses to record 

species that are fragile to environmental variations. Our data are part of one of the first studies on the 

ecology of myxomycetes in the Cerrado biome, providing a basis for further research to be carried out in 

areas with poor monitoring efforts. 
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Figure 3. Functional traits evaluated the myxomycete species found in gallery forest and mesophilic 

forest in the Cerrado. GF = gallery forest, MF = mesophilic forest. Source of tree images: 

www.freepik.com. 
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Abstract: We surveyed and report herein the assemblages and diversity of myxomycetes along forest habitats of 

Casaroro and Pulangbato Falls in Valencia, Negros Oriental, Philippines. Various plant-based substrates were 

collected randomly at three sampling points in each study area and used to prepare moist chamber cultures. From 

the 480 moist chambers prepared in this study, 381 were positive for myxomycetes and resulted in the identification 

of 34 species belonging to 15 genera. The forest areas leading to Casaroro Falls had higher taxonomic diversity than 

those of Pulangbato Falls. The study areas shared high similarity in species composition with 20 species in common. 

This study contributes to the species of myxomycetes reported in Negros Island, the third largest island in the 

Philippine archipelago. 
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Introduction 

Myxomycetes are a unique yet diverse group of amoeboid, eukaryotic microorganisms which has 

been previously categorized under the Kingdoms Plantae, Fungi, and Animalia (Martin and Alexopoulos 

1969; Olive 1975; Spiegel et al. 2004), but is currently classified under the Kingdom Protista, Super Class 

Amoebozoa, and Class Eumycetozoa (Adl et al. 2005; Keller and Everhart 2010). As microbial predators, 

myxomycetes, also known as plasmodial slime molds, feed on microorganisms such as bacteria, yeasts, 

and fungal spores, and may play important roles in nutrient cycling and forest productivity (Keller and 

Braun 1999). Their complex life cycle is composed of a haploid, uninucleate amoeboid or a flagellated 

swarm cell, and a diploid, multinucleate plasmodial stage, which form intricate fruiting bodies with 

haploid spores when exposed to harsh or drying conditions unfavourable for their survival (Everhart and 

Keller 2008; Dagamac et al. 2015b).  

Myxomycetes have been recorded in every known terrestrial habitat with some species from 

aquatic habitats (Lindley et al. 2007), although most of what is known about myxomycetes is derived from 

studies conducted in temperate forests. While species have been reported from edges of melting 
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snowbanks and other temperate forest habitats (Novozhilov et al. 2013, 2020; Liu et al. 2015; Stephenson 

2021), myxomycetes have also been recorded in montane and coastal forests in both the Paleotropics (dela 

Cruz et al. 2014; Dagamac et al. 2015b; Macabago et al. 2012, 2017; Eloreta et al. 2020; Pecundo et al. 

2020; Cabutaje et al. 2021) and the Neotropics (Ogata et al. 1996; Lado and Rojas 2018; Treviño-Zevallos 

and Lado 2020; Rincón-Marín et al. 2021). According to dela Cruz et al. (2014), there is possibly more 

records of myxomycetes in the tropics than reported and perhaps in similar number to those from the 

temperate regions. Although there is a higher chance of endemism and diversity in the tropics, knowledge 

about the myxomycetes existing in tropical areas is still insufficient, an example of which are the island 

forests in tropical Philippines. 

Today, a total of 167 myxomycete species have been recorded in the Philippines based on previous 

surveys (Dagamac & dela Cruz, 2015, 2019; Macabago et al. 2020a; Cabutaje et al. 2021), but these 

surveys have not yet covered many island forest ecosystems. For example, in the Visayas region in the 

central part of the Philippine archipelago, few isolated islands were studied so far. Macabago et al. (2017) 

had earlier reported 54 species and 20 genera in Bohol Island, the tenth largest island in the country with 

an area of approximately 3 860 km2. Myxomycetes were identified from plant-based substrates collected 

from a grassland, a woodland, a coastal forest, and natural islet or reef forests, and even in an agricultural 

plantation. The study of Alfaro et al. (2014) also reported 28 species and 14 genera from a lowland 

montane forest and an agricultural plantation in Negros Occidental, part of the Negros Island, but none so 

far in its sister province, Negros Oriental, which is in the Southeastern side of the island.  

The province of Negros Oriental is also known for its nature attractions bringing local and foreign 

tourists to the area. Among these nature attractions are the Casaroro and Pulangbato Falls located in the 

municipality of Valencia. Casaroro Falls is considered as the most photographed waterfall in the province 

while Pulangbato Falls is equally visited for its nearby resorts. The genuine charms of these waterfalls 

make them the two most visited tourism hot spots in the province. Along the trails leading to these 

waterfalls are forest habitats that can be easily surveyed for myxomycetes. The different man-made 

disturbances brought about by eco-tourism and other anthropogenic activities may possibly impact the 

diversity of myxomycetes in these areas. During our field expedition in July 2017, we observed evidence 

of man-made disturbances such as slash-and-burn activity to clear certain areas of the forest for conversion 

to agricultural use and the construction of resort infrastructures. This serves as our primary motivation to 

conduct this study. Hence, this paper documents for the first time the assemblages of myxomycetes present 

in these forest habitats leading to Casaroro and Pulangbato Falls. Also, a comparison of species diversity 

was performed, thereby contributing to the existing information on myxomycetes in Negros Island, the 

Philippines and the Asian Paleotropics. This information is expected to provide baseline data for future 

comparisons intended to gain insights on the possible effects of man-made disturbances on myxomycete 

diversity. 

 

Materials and methods 

Study Areas 

 Forested areas along the waterfall stream path leading to and near Casaroro Falls (CF) and 

Pulangbato Falls (PF) in the municipality of Valencia, Negros Oriental served as the collecting localities 

in this study (Fig. 1). The municipality of Valencia has a total land area of 14 749 hectares, 65% of which 

is considered mountainous with an elevation ranging from 200 to 500 meters above sea level. The 

sampling areas leading to the two waterfalls are characterized with a very steep slope and a moderate 

canopy closure. Both sites have a type III climate with no very pronounced season, i.e., wet from June to 

November and relatively dry for the rest of the year. Average annual temperature and rainfall were 
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recorded to be at 27.8°C and 900 mm, respectively. In each collecting locality, three sampling points were 

chosen randomly along the trails leading to the waterfalls for the collection of substrates. Evidence of 

anthropogenic disturbances like slash-and-burn activity for forest clearing and construction of resort 

infrastructures were observed. The GPS coordinates of the six sampling points were as follows: CF1 

(9°16’40’’N, 123°12’10’’E), CF2 (9°16’48’’N, 123°12’23’’E), CF3 (9°16’49’’N, 123°12’26’’E), PF1 

(9°19’16’’N, 123°11’32’’E), PF2 (9°19’20’’N, 123°11’39’’E), and PF3 (9°19’12’’N, 123°11’24’’E). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Map and images of the two collecting localities: Casaroro Falls and Pulangbato Falls in Negros 

Oriental, Philippines. Indicated as dots are the three sampling points per collecting locality. 

 

Collection of Field Specimens and Substrates 

Collection of field specimens and substrata was carried out in the two localities during our 

expedition in July 2017. The forested areas along the trails leading to the two waterfalls were surveyed 

for any visible fruiting bodies of myxomycetes. As a complementary technique to increase the number of 

species, 30 samples each of ground leaf litter (GL) and twigs (TW) and 20 samples of other substrates 

(collectively referred to as OS, e.g., woody vines, dried fruits, inflorescences, ferns or macrofungi) were 

collected via opportunistic sampling strategy in each of the three sampling points per locality (=240 

collected substrates per collecting area). These samples were used to prepare 480 moist chambers. The 

collected substrates were placed in properly labelled brown paper bags, and then transported and air-dried 

in the laboratory prior to the preparation of moist chamber cultures.  

Preparation of Moist Chambers  

Air-dried samples of ground leaf litter, twigs, and other substrates were cut into postage stamp-

sized pieces (for leaf-based materials) or about 2 inches in length (for twigs or woody substrates) and 

placed on disposable Petri dishes lined with paper towels following the protocol described by Stephenson 

and Stempen (1994). The moist chamber set-ups were flooded with distilled water for 24 hours. After 

which, the pH of the substrates was measured using a pH meter (Milwaukee pH600) and the excess water 
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was poured off. The moist chambers were maintained under diffuse light at room temperature and were 

checked regularly for the presence of myxomycetes, either as plasmodia or fruiting bodies, for eight weeks. 

Mature fruiting bodies obtained from the moist chambers were removed and pasted inside small cardboard 

boxes.  

Characterization and Identification of Myxomycetes 

The morphological features of the fruiting bodies were determined with the use of a dissecting 

microscope (BestScope BS-3040 Zoom Binocular Stereo Microscope). The fruiting body characteristics 

observed in the study were the fruiting body type, size, shape, color, external structures, stalk, and the 

presence and absence of lime. In addition, internal structures (e.g., spores, columella, and capillitium) 

were also examined using a compound light microscope (Olympus Light Microscope CX31-12C04). For 

this part, spore mass from the fruiting bodies was mounted on a clean glass slide with the use of potassium 

hydroxide as the mounting medium. The spore morphologies such as the ornamentation, size, shape, and 

color were also documented. Identification of the species was done by comparing specimens with 

descriptions in the published literature and web-based identification keys available for myxomycetes such 

as the Eumycetozoan Project (http://slimemold.uark.edu/). The names of all identified myxomycetes were 

confirmed using an online nomenclatural database for the eumycetozoans 

(http://nomen.eumycetozoa.com, Lado 2005–2021).  

Ecological Analysis 

 Moist Chamber Productivity. To analyze the moist chamber productivity of each substrate and 

collecting locality, values of percent yield was computed. The presence of fruiting bodies and/or 

plasmodia in a single moist chamber was considered as one positive collection. The number of moist 

chambers positive for myxomycetes was divided by the total number of moist chambers prepared, then 

multiplied by 100. 

 Relative Abundance. To analyze the occurrence of species on a substrate and collecting locality, 

the relative abundance was computed based on its presence or absence in a positive moist chamber. 

Abundance index (AI) was computed as the total number of recorded myxomycetes divided by the total 

number of myxomycete collections. Each species was then ranked based on the abundance indices of 

Stephenson et al. (1993): abundant (A) if it represented ≥3.0% of the total myxomycetes in the collection, 

common (C) if the RA value was ≥1.5% but <3.0%, occasional (O) if the RA value was ≥0.5% but <1.5%, 

and rare (R) if the RA value was <0.5%.  

 Taxonomic and Species Diversity. Taxonomic diversity index (TDI), also known as S/G ratio, was 

calculated as the ratio of the recorded species and genera. The TDI value is inversely proportional to its 

taxonomic diversity, and thus, a low S/G ratio indicates a higher overall taxonomic diversity (Dagamac et 

al. 2014). Different diversity indices were also used to compute species diversity as described by 

Stephenson (1989) and Dagamac et al. (2012): Shannon diversity index (HS), Gleason Index (HG) and 

Pielou’s species evenness index (E). Moreover, to generate the Fisher’s Alpha Index and Simpson’s Index, 

the web-based software, Species Prediction and Diversity Estimation (SPADE) was used (Chao and Shen, 

2010). Data from the moist chamber cultures were used to generate a species list and the number of 

records. These were eventually used to compute species diversity. 

 Community Comparison. To assess the similarities between the study sites and substrate types (GL 

vs TW), the Sørensen’s Coefficient of Community (CC) and the Percentage Similarity (PS) were 

calculated as described by Stephenson (1989). The CC value ranges from 0 (when no species are present 

in both communities) to 1 (when all species are present in both communities). The PS considers both the 

presence or absence of species and their relative abundance (Stephenson 1988, 1989). These community 

analyses have been used in biodiversity and ecological studies involving myxomycetes (Stephenson et al. 
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2000, Dagamac et al. 2012). Lastly, to present the distribution and the shared species between the two 

collecting localities and substrata, Venn diagrams were constructed.  

 

Results 

In this study, a total of 480 moist chamber cultures were prepared, of which 381 (or 79%) were 

positive for myxomycetes either as plasmodia or fruiting bodies. The moist chamber productivity was also 

computed as 70% and 89% for samples collected in Casaroro Falls and Pulangbato Falls, respectively. A 

total of 34 species belonging to 15 genera were recorded in this study from both the field and moist 

chamber collections (Table 1). Casaroro Falls had 25 recorded species (Fig. 2) as compared to the 29 

species tallied for Pulangbato Falls (Fig. 3). Most of the recorded species were obtained from moist 

chamber cultures. Only 10 species representing six genera from 13 collections were obtained directly from 

the field and were identified as Arcyria cinerea, A. incarnata, Collaria arcyrionema, Cribraria 

macrocarpa, Didymium nigripes, D. squamulosum, Hemitrichia calyculata, Stemonitopsis typhina, 

Stemonitis fusca, and Stemonitis axifera, the last as the most common with three collections. 

 

 

Figure 2. Representative myxomycetes collected from Casaroro Falls, Negros Oriental. (A) Arcyria 

cinerea, (B) Comatricha tenerrima, (C) Didymium effusum, (D) Perichaena depressa, (E) Physarum 

cinereum, (F) Physarum decipiens. 

 

Our results indicated that Arcyria cinerea (61 collections) was the most recorded species followed 

by Didymium squamulosum (53 collections), Perichaena chrysosperma (32 collections), Perichaena 

depressa (27 collections), Diderma hemisphaericum (27 collections), Comatricha tenerrima (21 

A B C 

D E F 

3.0 mm 1.2 mm 0.25 mm 

2.0 mm 0.24 mm 1.2 mm 



Slime Molds 1 (2021) V1A9 dela Cruz et al  

 6  

 

collections), Perichaena pedata (17 collections), Diderma effusum (16 collections), and Didymium 

nigripes 13 collections). All were described as abundant. Other species were recorded as common (11), 

occasional (7), and rare (7). The annotated species list of myxomycetes recorded in the forest areas leading 

to the two waterfalls is shown in Table 1. The number of records per species per collection site and per 

substrate type was provided with an estimation of abundance given in the last column.  

 

Table 1. Frequency and Abundance Index (AI) of myxomycetes in the two collecting localities. 

Taxa 

Collecting localities 
Frequency AIb 

Casaroro Falls Pulangbato Falls 

GLa TW OS FC GL TW OS FC   

Arcyria cinerea 10 9 4 - 13 13 11 1 61 A 

Arcyria denudata  - 2 2 - - 3 - - 7 C 

Arcyria incarnata  - - - 1 - 1 - - 2 O 

Ceratiomyxa fruticulosa - - - - - 3 - - 3 C 

Clastoderma debaryanum  - 1 1 - - - - - 2 C 

Collaria arcyrionema  - - - - 2 1 - 1 4 C 

Comatricha nigra  - 1 - - - 3 - - 4 C 

Comatricha pulchella  - 2 1 - 1 2 - - 6 C 

Comatricha tenerrima  - 5 3 - 1 12 - - 21 A 

Cribraria microcarpa  - - - 1 - 1 1 - 3 C 

Cribraria violacea  1 2 1 - 1 1 - - 6 C 

Diachea leucopodia  - - - - 1 - - - 1 R 

Diachea splendens  1 - - - - - - - 1 R 

Diderma effusum  2 - 1 - 12 1 - - 16 A 

Diderma hemisphaericum  12 - - - 12 1 2 - 27 A 

Didymium bahiense  - - - - 1 - - - 1 R 

Didymium nigripes  2 - 1 1 5 3 1 - 13 A 

Didymium squamulosum  8 1 3 1 37 - 3 - 53 A 

Hemitrichia calyculata  - - - 1 - - - - 1 R 

Hemitrichia serpula  - - - - 1 4 - - 5 O 

Lamproderma scintillans  3 1 - - 3 2 - - 9 C 

Perichaena chrysosperma  - 6 8 - 6 10 2 - 32 A 

Perichaena corticalis  - 1 1 - - 3 - - 5 O 

Perichaena depressa  - 12 - - 12 3 - - 27 A 

Perichaena pedata  - - 13 - 1 3 - - 17 A 

Physarum cinereum 1 - - - 1 - - - 2 O 

Physarum compressum  - - - - 2 4 - - 6 C 

Physarum decipiens  - 1 1 - - 4 - - 6 O 

Physarum oblatum  - - - - - 1 - - 1 R 

Physarum superbum  - - - - 1 - - - 1 R 

Stemonitis axifera - - - 3 - - - - 3 O 

Stemonitis fusca 1 2 - - 2 1 - 1 7 C 

Stemonitis splendens - - - - 1 - - - 1 R 

Stemonitopsis typhina  - - - 2 - - - - 2 O 

Total 41 46 40 10 116 80 20 3 356  
 

 
aSubstrates: GL – ground leaf litter, TW – twigs, OS – other substrates, FC – field collection 
bAbundance Index: R = rare (<0.5%), O = occasional (>0.5–1.5%), C = common (>1.5–3 %), A = abundant (>3% 

of the total collections)  
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Taxonomic and species diversity values are presented in Table 2. Casaroro Falls had a higher 

taxonomic diversity (TDI=1.92) than Pulangbato Falls (TDI=2.42). Such can also be said of its species 

diversity with Casaroro Falls recording higher values than Pulangbato Falls, albeit the HG was greater for 

Pulangbato Falls owing to the higher number of species recorded in this area and the FAI and SID were 

relatively similar between the two collecting localities.  

 

Table 2. Taxonomic and species diversity values of myxomycetes in the two collecting localities. 

Sites 
Number of 

species 

Number of 

genera 
 TDI HS HG E FAI SID 

Casaroro Falls 25 13 1.92 1.21 4.88 0.57 8.95 0.08  
Pulangbato Falls 29 12 2.42 0.91 5.20 0.39 8.98 0.09 

 

 
 

aDiversity Indices: TDI – taxonomic diversity index or S/G ratio, HS – Shannon diversity index, HG – Gleason index 

of species richness, E – Pielou’s index of species evenness, FAI – Fisher’s alpha index, SID – Simpson’s index of 

diversity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Representative species of myxomycetes collected from Pulangbato Falls, Negros Oriental. (A) 

Arcyria denudata, (B) Ceratiomyxa fruticulosa, (C) Collaria arcyrionema, (D) Diderma. 

hemisphaericum, (E) Perichaena chrysosperma, (F) Stemonitis fusca. 

 

The similarities between the two collecting localities were computed as high (CC=0.74, PS=0.74), 

indicating that more than 70% of the recorded species in this study were present in both sites (Fig. 4). In 

A B C 

D E F 

1.5 mm 3.3 mm 0.6 mm 

1.5 mm 1.5 mm 5.5 mm 
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fact, Casaroro Falls and Pulangbato Falls have 20 species in common. However, between substrates, 5 

species were shared by GL and TW in Casaroro Falls while a relatively higher number, 15 shared species, 

was noted for Pulangbato Falls. Comparing the other collected substrates (OS) with these two substrata, 

3-4 species were common to all substrate types (Table 1). Nine species recorded from other substrates 

were found also in either GL or TW in Casaroro Falls while only two species were recorded in either GL 

or TW in Pulangbato Falls. One species, Perichaena pedata (13 collections) were recorded exclusively in 

other substrates.     

 

 

 

 

 

 

 

 

 

 

Figure 4. Venn diagrams showing similarities in species composition of myxomycetes between Casaroro 

Falls and Pulangbato Falls and between the collected substrates (GL vs TW) in the two collecting 

localities. The coefficient of community (CC) and percentage similarity (PS) values are also provided. 

Discussion 
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The Philippines offers many forest habitats for surveying myxomycetes. Among those so far 

studied are the forest patch in Anda Island (Kuhn et al. 2013), an urban ecopark (Macabago et al. 2010), 

forest reserves within watersheds (dela Cruz et al., 2010; Atayde et al., 2012), an inland forest in a lake 

(Isagan et al., 2020), and other tropical forests sites (Dagamac et al. 2015a; Cabutaje et al. 2021).  

In Negros Island, Alfaro et al. (2014) conducted the first survey which reported 28 species. This 

island is also known for its many nature attractions that bring local and foreign tourists. Among these are 

the Casaroro Falls and Pulangbato Falls in Negros Oriental. It has been widely observed that luxuriant 

vegetation grows along the streams originating from waterfalls. It can also be deduced that the relatively 

high humidity, moist condition, and cooler temperature near these waterfalls provide favourable 

conditions for the growth of myxomycetes. Several studies have already suggested that myxomycete 

diversity is higher in habitats with increased humidity (Stephenson 1989; Ogata et al. 1996; Treviño-

Zevallos and Lado 2020) and might have explained the high number of collections (=356) in this study. 

However, other studies contradicted this notion with Schnittler and Stephenson (2000) even stating that 

excess moisture in moist tropical forests does not favor the growth and support the further development 

of myxomycetes. Dagamac et al. (2014) also recorded more species of myxomycetes during samples 

collected in the dry season than in wet season.  

Herein, we observed a high level of moist chamber productivity with 79% showing evidence of 

myxomycetes. This is comparable with the moist chamber productivity reported in other studies conducted 

in the Philippines such as the karst forests in Quezon (82%, Dagamac et al. 2015c) and Palawan (73%, 

Pecundo et al. 2017), the lowland mountain forests in the Bicol peninsula (74%, Dagamac et al. 2015a) 

and Mindoro Island (71%, Pecundo at al. 2020), and in the island forests of Caramoan and Coron (76%, 

Macabago et al. 2020a, 2020b). The present study identified 34 species belonging to 15 genera, 31 of 

which were derived from 480 moist chamber cultures (Table 1). This gave a proportion value of 0.06 

species per MC and similar to the value recorded in the study of Alfaro et al. (2014) in Negros Occidental. 

Comparing the two sites, Casaroro Falls which recorded a lower number of species had a proportion value 

of 0.08 species per MC, also much lower than the proportion value of 0.12 species per MC in Pulangbato 

Falls.    

As myxomycetes are influenced by microhabitats (Stephenson 1989), we may observe that a 

species is recorded rarely in one site but abundantly in another one. Arcyria cinerea and Didymium 

squamulosum are among the most abundant species reported in the Philippines by Carascal et al. (2017), 

Pecundo et al. (2017), Eloreta et al. (2020), and Cabutaje et al. 2021) as also in this study. However, we 

recorded only one collection of Diachea leucopodia while this species has been reported previously as 

either common or abundant (Rea-Maminta et al. 2015; Pecundo et al. 2020; Cabutaje et al. 2021). While 

our study initially aims to survey only ground leaf litter and twigs in the two collecting localities, the 

presence of other substrates in our sampling sites which could harbour other unique myxomycetes 

compelled us to collect these for moist chambers cultures. True enough, we recorded 13 myxomycetes 

from these other substrates (i.e., woody vines, dried fruits, inflorescences, ferns, and mushrooms), in 

Casaroro Falls, while six species were recovered from the same substrates in Pulangbato Falls. Many 

unique substrates have been shown as good microhabitats for myxomycetes, e.g., inflorescence (Schnittler 

and Stephenson 2002), grass litter (Carascal et al. 2017), barks (Policina and dela Cruz 2020a, 2020b), 

and even animal dung (Stephenson 1989).  

To evaluate the diversity of myxomycetes along the forest habitats leading to Casaroro Falls and 

Pulangbato Falls, we used different diversity indices, all of which have been used in the study of 

myxomycetes (Table 2). We observed a higher taxonomic diversity expressed as TDI for Casaroro Falls 

over Pulangbato Falls, albeit the latter site was more species rich as expressed by HG. According to 

Stephenson et al. (1993), a biota in which the species are divided among many genera is more “intuitively” 
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diverse in a taxonomic sense than in a biota which the species belong to a few genera. We also obtained a 

higher species diversity expressed as HS for Casaroro Falls while the FAI and SID values were almost 

similar. We noted a relatively high number of shared species (=20) between the two collecting localities, 

also reflected by a relatively high CC and PS values (Fig. 4). Perhaps, the similarities in environmental 

condition and the proximity of the two collecting localities may have accounted for this. Other studies that 

reported high shared species between sites of closer proximity were that of Macabago et al. (2016) with 

29 species common between coastal and mountain forests of Lubang Island and of Cabutaje et al. (2021) 

with 20 shared species between beach and inland forests in Aurora and 23 shared species between the 

same forest types in Quezon. 

It is interesting to note that although the species composition may be similar for the two 

communities being compared in this study, these species may differ in their abundance. For example, 

Diderma effusum was abundant in Pulangbato Falls (13 collections) but not in Casaroro Falls (3 

collections). Didymium squamulosum follows the same pattern, with 40 collections in Pulangbato Falls 

and only 13 collections in Casaroro Falls. During our field expedition we observed a great deal of human-

induced disturbance in Pulangbato Falls than in Casaroro Falls. Thus, it would be an interesting line of 

investigation if the observed abundance for some species of myxomycetes could be correlated with or due 

to these anthropogenic activities. If we look at the previous studies of Dagamac et al. (2015a, 2015b), the 

diversity of species was greatest in ecosystems with an intermediate degree of disturbance. However, these 

studies were not designed for the purpose of analysing disturbance as with the present study. In contrast, 

Rojas and Stephenson (2013) found no differences in a series of indicators among disturbance categories 

in their study design that actually looked at the effect of forest disturbance in the southwestern Peruvian 

Amazon on myxomycetes. Therefore, it would be an interesting topic for future research to look at how 

man-made disturbance might have affected the distribution and diversity of myxomycetes and if such 

impact could be true for all ecosystems inhabited by myxomycetes. A very careful experimental design is 

needed for this type of research to come up with a meaningful and relevant conclusion. 
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Abstract: During the study of the mycobiota of the Auguste Saint-Hilaire Forest, an area of the Cerrado biome in 

Goiânia, Goiás, Brazil, sporocarps of Badhamia gigantospora were collected. A sample was incorporated into the 

Herbarium collection of the Universidade Estadual de Goiás (HUEG). This rare species was previously reported 

only for Argentina, Ecuador, Tanzania, and now for Brazil, so this is the second record for the Neotropical region. 
In addition to expanding the known geographical distribution of B. gigantospora, we provide detailed 

morphological descriptions, illustrations, and a identification key for the species of the genus that occur in Brazil. 
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 Badhamia Berk. is a genus proposed in 1852 by Berkeley and encompasses 34 species, belonging 

to the family Physaraceae (Lado 2005-2021). The genus is characterized by the absence of a columella, a 

simple – rarely double or triple – peridium, and a columnar capillitium without connecting filaments. 

There are calcareous granules on the outer surface of the peridium and within the capillitial threads, a 

character usually known as a badhamioid capillitium (Hatano and Keller 2008; Poulain et al. 2011). 

 The genus is widely distributed in the Neotropical region (Lado and Basanta 2008). In Brazil it is 

represented by eight species. These are Badhamia affinis Rostaf., B. calcaripes Gottsb., B. macrocarpa 

(Ces.) Rostaf., B. melanospora Speg., Badhamia nitens Berk., B. panicea (Fr.) Rostaf., B. papaveracea 

Berk. & Ravenel, and B. viridescens Meyl., which are distributed in the Atlantic Forest, the Caatinga and 

the Pampa (Cavalcanti 2021). Badhamia gigantospora Ukkola & Härk. is a rare tropical species, first 

described in 1996 from the African continent in a forest fragment of the Sokoine University of Agriculture 

in Tanzania (Ukkola et al. 1996). The species was subsequently reported in South America, in Ecuador, 

in the Amazonian forest (Lado et al. 2017) and in unidentified localities (Lado and Basanta 2008), and in 

Argentina in grassland areas (Moreno et al. 2020). All these records were on decaying wood. 

 In March 2014, sporocarps of B. gigantospora were found in the Bosque August Saint-Hilarie 

(1636ʹ27S, 491552W), in a mesophilic forest (also known as semideciduous dry forest) of the Cerrado 

biome in the Goiás State, Brazil, occurring on fragments of decaying leaves and dead wood. Thus, the 
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species is being reported for the first time for Brazil and for the Cerrado biome. A detailed morphological 

description, illustrations, and an identification key for the species of the genus that occur in Brazil, have 

been included herein. 

 The identification of the species was carried out from an analysis of macro- and microstructures, 

using optical and scanning electron microscopy, and reference to the appropriate literature (Ukkola and 

Härkönen 1996; Poulain et al. 2011; Lado et al. 2017; Moreno et al. 2020). Color classification was based 

on Kornreup and Wanscher (1978). The voucher was deposited at the Herbarium of the Universidade 

Estadual de Goiás (HUEG), Anápolis, Goiás, Brazil. Due to the morphological similarity of this species 

with Physarum pezizoideum (Jungh.) Pavill. & Lagarde, especially in the field (Ukkola and Härkönen 

1996; Lado et al. 2017; Moreno et al. 2020), herbarium specimens of both species were comparatively 

analysed. 

 

Badhamia gigantospora Ukkola & Härk., Karstenia 36(1): 43 (1996) (Fig. 1). 

 Sporocarps stalked, gregarious, 2.0-2.7 mm tall. Sporotheca discoid, greenish grey (1D2) to light 

grey (1D1), with a small brownish orange (6C8) disk in the basal portion of the sporotheca up to 0.5 mm 

in diameter. Peridium membranous, covered with lime nodes, breaking into small patches remaining 

attached to the capillitium. Stalk striate, reddish brown (8E7), 1.5-2.3 mm in diameter. Hypothallus brown 

(7E8). Capillitium formed by columns filled with lime that connect the upper and lower surface of the 

sporotheca. Columella absent. Spores in mass brownish grey (8F2) to dark brown (8F4) by transmitted 

light, strongly spinulose,15-18 µm in diameter including the spines that are up to 1.5 µm long.  

Specimens examined: Brazil. Goiás: Municipality of Goiânia, Bosque Auguste Saint-Hilaire located on 

the premises of Campus II of the Universidade Federal de Goiás, 29/III/2014, on decaying leaves and dead 

wood, Naves, LR and Moreira, IC 456 (HUEG 9555).  

Geographical distribution: Thus far the species is restricted to Africa and South America, with five 

records in Argentina, Brazil (present study), Ecuador, and Tanzania. 

 The macro- and micromorphological characteristics observed in the studied specimens 

corresponded with the original description by Ukkola and Härkönen (1996), except for the spore size 

(including the spines). These authors described a size between 19-22 (24) µm in diameter and we recorded 

a size between 15-18 µm, similarly to Poulain et al. (2011). We remark the prominent spiny ornamentation 

of the spores as a highlight among the species of the genus. In our scanning electron microscopy analysis, 

we observed this characteristic despite the spores being dehydrated and with the loss of the globose form 

in the process (Fig. 1). The species can be compared to P. pezizoideum but differs from it by the presence 

of a small brownish orange disk in the basal portion of the peridium, a capillitium with a thick column 

connecting the upper and lower surface of the sporocarp, and more prominent spines on the spores (Table 

1). 

The present study contributes to expand the knowledge of the geographical distribution of this 

species by documenting the first record in Brazil, the second in the Neotropical region and the first of the 

genus in the Cerrado biome. This record demonstrates the importance of protecting and studying forest 
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fragments in understudied regions. In addition, it is a species with few known records worldwide, and the 

basis of such rarity is an interesting aspect to address in future studies.  

 

 

Figure 1. Badhamia gigantospora: A) Sporocarp highlighting the basal region of the sporotheca, B) 

Sporocarp in section showing the capillitium like thick columns, C) Spores (white arrow) and capillitium 

(black arrow) under an optical microscope, D) Spores (white arrow) and capillitium (black arrow) under 

scanning electron microscopy, E) Spore highlighting the spines ornamentation under scanning electron 

microscopy, F) Capillitium under scanning electron microscopy. Scale bars = 0.5 mm (A, B); 5 µm (C); 

20 µm (D); 2 µm (E); 1 µm (F). 
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Table 1. Characteristics that distinguish Badhamia gigantospora from Physarum pezizoideum. 

Characteristics   Badhamia gigantospora Physarum pezizoideum 

Stalk Shape Slender, striate  Slender, striate   
Color Reddish brown Reddish brown 

Sporotheca  Shape Discoid  Discoid to cup-shaped  
Color Greyish white with small 

orange disc on base 

Greyish white without the disc 

orange on base 

Capillitium Shape Slightly branched, forming a 

dense column without 

intercalations by lime nodules 

Branched, dense, but never 

column-shaped connected with 

some small, lime nodules  
Color White Hyaline 

Spore Size 15-18 µm 8.0-9.5 µm  
Ornamentation Strongly spinulose, including 

the spines up to 1.5 µm long 

Minutely spinulose with 

clusters of more prominent 

spines 

  Color In mass brownish grey to dark 

brown  

In mass dark brown to light 

brown  

 

Key to Badhamia species from Brazil  

1. Spores in clusters ………..........…………..……………………………………………………………. 2 

1. Spores free ……...........……...………………………………………………………………………… 3 

2. Peridium double ….........……………………………………………………………… Badhamia nitens 

2. Peridium single …..…………………………………………………………………………………… 4 

3. Sporocarps usually stalked …..………...………………………………...……………………………. 5 

3. Sporocarps usually sessile or with short stalks …..…………………...……………………………… 6 

4. Capillitium typically consisting of lime nodes and more or less reticulate tubules (badhamioid 

capillitium) …………...…………………………………………………………………... B. papaveracea 

4. Capillitum with thickened nodules and lime tubules (approaching the physaroid condition) 

……………………………………………………………………………….………………. B. calcaripes 

5. Sporotheca globose or oblate ………………………………..………………….………. B. melanospora 

5. Sporotheca subglobose to slightly pear-shaped or discoid …...…………….………………………… 8 

6. Sporocarps globose to subplasmodiocarpous ………………………………......……………………… 7 

6. Sporocarps subglobose, often depressed in the center………........……………...……………. B. affinis 

7. Spores moderately dark or rather dark, 11-15 µm, with conspicuous spinules ……........... B. macrocarpa 

7. Spores pale, 10-14 µm, minutely punctate with groups of darker warts .………………...…... B. panicea 

8. Sporotheca subglobose to slightly pear-shaped, spores pale, between 8-13 µm in diameter, very 

minutely warted ...................................................................................................................... B. viridescens 

8. Sporotheca discoid to saucer-shaped, spores strongly spinulose, between 15–18 µm in diameter, 

including the spines ....................................................................................................….… B. gigantospora 
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 Steve Stephenson, a research professor at the University of Arkansas in the United States, is the 

author of a very clear guide to Australian myxomycetes, entitled “Secretive Slime Moulds:  Myxomycetes 

of Australia” and published in 2021 by ABRS, Canberra and CSIRO Publishing, Melbourne, Australia. 

Steve’s extensive knowledge of collecting and describing species over very many years has enabled him 

to generate interest in the newcomer to myxomycetes while also maintaining enough science to keep the 

professional enthusiast engrossed. This is a user-friendly guide that goes a long way towards explaining 

what is ‘secretive’ about myxomycetes, those intriguing microscopic eukaryotic organisms. 

In Australia, very little work has been completed to determine the distribution and ecology of 

myxomycetes across the diverse environments of this huge continent. Australian life forms have had to 

adapt to constant environmental changes, brought about by millions of years of leaching of the ancient 

geological substrates, the dryness of the soil from sporadic rainfall, and from constant fires, both naturally 

occurring and man-made. 

“Secretive Slime Moulds” concentrates on the microenvironment and the appearance of 

myxomycete fruiting bodies. Worldwide there are approximately 1,000 species of myxomycetes, and more 

than 330 of these are known to occur here in Australia, a total to which we are adding regularly. Steve has 

covered all the species recorded to date in Australia and discusses many other species similar to those he 

is describing, thereby giving the reader a clear, comprehensive understanding of all structural features, 

very beneficial when observing one’s own specimens. Although this edition contains some wonderful 

photographs, it is not a field guide or a book to use to “picture-match” specimens. The book is a scientific 

monograph of Australian species that contains references to many other publications with illustrations. 

Steve provides clear summaries about the history, collections, and even laboratory work that may 

be carried out in the home environment. He makes this a perfect introduction to interest and encourage the 

reader. How satisfying to learn to read ‘Dichotomous Keys,’ to experiment with ‘Growing in Moist 

Chambers,’ and to begin writing scientific papers on those myxomycetes that can be found in one’s local 

area!  

The text expands to cover the most up to date classification based on phylogeny constructed from 

18S rDNA sequences (Fiore-Donne et al. 2013). The Myxomycetes, for instance, are broken into two 
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subclasses, the Lucisporomycetidae, light spored, and Columellomycetidae, dark spored clades, which 

consist mostly of members of the traditional orders plus many newly recognized orders as outlined by 

Ukraine researcher Dmitry Leontyev et al. (2019).  

With more citizen scientists becoming interested in these amazing creatures, we are discovering 

many more of them, more frequently, particularly in times of regenerative rainfall. The reasoning behind 

this phenomenon is clearly explained in the commentary on the ‘Life Cycle of Myxomycetes’ in Steve’s 

wonderful book “Secretive Slime Moulds.” 

This publication deserves the highest recommendation. Steve’s love for this topic and his 

enthusiasm over many years for the environment is profound. The book is available from CSIRO or from 

Amazon. 
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 Japan is one of the most fascinating places in the world for myxomycetologists. Despite the small 

size of the country, Japan has four distinct seasons with a range in climate from the subarctic to the 

subtropics. Such environments have created diverse habitats that support a rich diversity of myxomycetes 

(see Fig. 1). We can hardly discuss this diversity without Yukinori Yamamoto’s tremendous work (1135 

pages!), which was published in 2021 by the Committee for the publication of Biota of Japanese 

Myxomycetes.  The cost of the book is ¥12100 (ca $110), and it is listed as ISBN: 978-4-600-00729-4.  

 Yukinori Yamamoto first published a monograph on Japanese myxomycetes in 1998. Since then, 

the number of records of Japanese species has increased, and vast changes have been proposed for the 

classification of the myxomycetes. In the current work, he basically followed the most recent systems of 

classification as proposed by Leontyev et al. (2019) and Wijayawardene (2020). He mentioned that the 

classification used for myxomycetes is still in development, and his hope for the future research is for the 

development of a natural system for the myxomycetes. In order to improve the convenience of 

identification, he also adopted several subgenera proposed by Nannenga-Bremekamp as “Form-

subgenera.” 

 This new book complies the records of all of the species collected in Japan to date. As with all 

publications by Yukinori, this book has precise illustrations. Most importantly, he searched and examined 

all of the species recorded in Japan. The species for which he could not locate Japanese specimens were 

illustrated using exsiccatae from all over the world, and the locality and collectors of the specimens are 

also specified. In total, this book considers 514 species, 1 subspecies, 77 varieties and 14 forms as Japanese 

myxomycetes.  

 Although this book was written in Japanese, the species names, their synonyms, the first 

appearance as a written reference of each species in Japan, and the locality and collectors of the illustrated 

specimens were written in Roman letters. With his accurate illustrations, the information should be useful 

for anyone interested in these unique organisms. I highly recommend “Biota of Japanese Myxomycetes” 

to any myxomycetologist. 
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Figure 1. The genera Lamproderma (top) and Cribraria (bottom) are common in Japan and a complete 

discussion on the occurrence in this country is included in the book “Biota of Japanese Myxomycetes”. 

Illustrative images provided by Randy G. Darrah.  

 


