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Abstract 

Trichomycetes are a group of symbiotic organisms found in the gut of arthropods.  

They were recently split into two fungal groups and two protistan groups. The protists 

have been recatagorized as Mesomycetozoa (also known as Ichthysporea). This group 

lies somewhere at the animal-fungal evolutionary divergence and can help pinpoint a 

more precise date for this divergence with further phylogenetic studies. However, with 

confusing phylogenies, obscure lifecycles, and not enough worldwide research, answers 

have been difficult to come by. This study surveyed the trichomycete populations in 

Julidae millipedes and terrestrial isopods in Southeast New England. We found that in SE 

New England, Porcellio and Oniscidea isopods likely carry Parataeniella and 

Eccrinoides and Julidae carry Enterobryus. Further research should focus on how 

hibernation and seasonality affects trichomycete prevalence in these host organisms.   
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Introduction 

 

Overview of Trichomycetes 

 

Figure 1: Pictures of the four main groups of Trichomycetes.  

Source: Powerpoint by Emma R. Wilson. Boise State University. “Overview of 

Trichomycetes” 

 

Trichomycetes, meaning “hair-like fungi”, are an endocommensal polyphyletic*1 

group comprised of both fungi and protists. Trichomycetes are currently classified into 

four main taxa. There are two fungal families, Asellariales and Harpellales, and two 

protistan families now placed within the Mesomycetozoans, Eccrinales and Amoebidiales 

(White 2011). Trichomycetes inhabit the gut of many aquatic insects, isopods, millipedes, 

and some species of crab all over the world. Their hosts are detrivores or scavengers, and 

many hosts of Trichomycetes are found in freshwater environments. Only a few species 

of Harpellales have shown more parasitic tendencies, while the rest of the trichomycetes 

seem benign.  

Historically, Trichomycetes phylogeny has been fraught with reclassifications and 

reorganizations of taxonomical categories. In fact, nowadays the term Trichomycetes is 

                                                           
1 *denotes the first use of a word defined in supplementary dictionary found on pg. 78 
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solely a convenient term to describe the organisms in the four orders. Researchers now 

refer to Trichomycetes with a lower case “t” to symbolize this association derived from 

convenience (Lichtwardt 2001). This is how I will refer to these organisms for the 

remainder of the thesis. However, many of the host isopods and millipedes studied in this 

project have protistan Mesomycetozoans, not the classically defined fungal 

trichomycetes. This reclassification has important implications towards our 

understanding of the animal-fungal divergence. 

This polyphyly and the benign nature of trichomycetes incite intrigue surrounding 

these organisms. There is a evolutionary tendency for ecological relationships to move on 

a spectrum from parasitic and harmful to obligate and benign. As research develops, an 

evolutionary narrative may develop about the evolution of benign trichomycete hosts 

with their current symbionts. This account may also inform research on terrestrialization. 

It could also support research concerning the basal divergence of Animalia and Fungi. 

However, further research is crucial because trichomycete studies have been spasmodic 

and primarily centralized in the Midwestern United States and France.  

 



8 

  

 

Why Are the Mesomycetozoa Important? 

Figure 2: A phylogenetic tree of all Eukaryotes. Note the divergence of fungi, 

mesomycetozoa, and animals in the Opisthokonts. Although Mesomycetozoans seem to 

branch from the animalia lineage, this has not been proven definitively. They remain in 

an undefined location branching around the divergence of animals and fungi. Also note 

the extreme degree of separation between the fungi, where Asellariales and Harpellales 

are classified, and the Mesomycetozoa, where the Eccrinales and the Amoebidiales are 

classified. Source: https://clas-pages.uncc.edu/matthew-parrow/ 

 

 While studying fish parasites in 1998, researchers came across an unexpected 

finding: there is an ancient but extant phylum at the animal-fungal divergence (Ragan 

1998). They named it the DRIP clade (an acronym for its original members: 

Dermocystidium, rosette agent, Ichthyophonus, and Psorospermium), which was later 

renamed Mesomycetozoea. Since then, organisms from protist, animal, and fungal groups 

have been reclassified into this diverse, yet monophyletic protistan group. Many of them 

are parasitic or infectious (very different from the symbiotic trichomycetes also placed in 

this group), which substantiates them as a subject of interest for infectious disease 

researchers and ecologists (Glocking et al. 2013).  

https://clas-pages.uncc.edu/matthew-parrow/
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There has been no conclusive evidence indicating the exact position of the 

Mesomycetozoans on a phylogenetic tree. The lack of chitin* in the walls of Eccrinales 

and Amoebidiales would indicate that they were closer to the Animalia lineage. However, 

Ichthyophonus hoferi, a close relative of Amoebidiales and Eccrinales, does have 

chitinous cell walls, which is usually a fungal trait (Glocking et al. 2013). As the orders 

and genera of the Mesomycetozoa undergo phylogenetic analysis, they may help pinpoint 

a more precise date for the divergence of animals and fungi.  

History of Discoveries 

Although a historically fungal grouping categorized by location in the host gut, 

the two orders of trichomycete groups discovered first, the Eccrinales and the 

Amoebidiales, are actually Mesomycetozoan protists. In 1848 American naturalist, 

Joseph Leidy, was the first to publish about trichomycetes (although “trichomycete” was 

not yet a term). He had discovered a type of Eccrinales, called Enterobryus, in the 

hindgut of a millipede, but classified it as a species of algae (Lichtwardt 2001). After this 

initial discovery, trichomycete research was conducted almost entirely in France. In 1853, 

Charles Robin wrote about another species of Enterobryus, and he was the first to 

speculate about a fungal origin. Until 1929, only species of Enterobryus and Amoebidium 

had been discovered out of the four trichomycete orders and there was a general, yet 

incorrect, consensus that these organisms were fungi (Lichtwardt 2001).  

In 1929, French researchers, Leger and Duboscq, discovered species from the 

order Harpellales. Two years later Poisson (1931) discovered the last of the four orders, 

the Asellariales. In 1948 Leger, Duboscq, and Tuzet were the first to coin the term 

“trichomycetes” to describe the four orders (Lichtwardt 2001). More researchers began 
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studying trichomycetes in the following years, but the effort was still mainly led by the 

French.  

However, it was American researchers at Berkeley who succeeded in axenically* 

culturing the first trichomycete species, Amoebidium parasiticum in 1960. In 1963, 

entomologists in Fresno, California isolated Smittium species of the family Harpellales 

from the hindgut of a mosquito. To this day, almost all axenic cultures of trichomycetes 

are of Smittium. No species from Eccrinales or Asellariales have been successfully 

cultured. This is why a majority of the in-vitro research regards Harpellales, especially 

Smittium. 

American researchers have led the research on trichomycetes since the 1960s, 

especially researchers Robert Lichtwardt and his former student Merlin White. Most 

studies from the 1960s to the present (around the world) are surveys of trichomycete 

populations, axenic culturing studies, and molecular genetic analysis. Lichtwardt and 

White have conducted most of their studies in midwestern states like Idaho, Kansas, and 

Colorado. They have developed many of the techniques cited by researchers around the 

world. They wrote an updated monograph of trichomycetes in 2001, and maintain the 

only online trichomycete database. Only one survey study was ever conducted in New 

England back in 1999 (White 1999).  

The 1960s were a convoluted time for the classification of trichomycetes, which 

emphasized the need for new technologies such as molecular analysis. Researchers 

around the world were naming species and categorizing trichomycete organisms under 

the assumption that they were closely related. In addition, trichomycetes were primarily 

studied by zoologists such as entomologists and naturalists, not mycologists, which 
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definitely exacerbated misunderstandings. Molecular analysis became the next major step 

for trichomycete research, and happened to prove most of these assumptions wrong. 

Although researchers had always strongly debated the taxonomy of the family 

Amoebidiales, it was not until 2001 when researchers Gerald Benny and Kerry 

O’Donnell analyzed the SSU 18S rDNA sequence of Amoebidium parasiticum, that the 

Amoebidiales could officially be classified as a protist. In 2005, to the surprise of many 

researchers, Eccrinales was reclassified as a protist after molecular genetic analysis 

(Cafaro 2005).  

Trichomycete research continues around the world to this day. In fact one of the 

most recent papers written identified Eccrinales in a mid-Cretaceous mosquito trapped in 

amber (Poinar 2016). However, this historical review may falsely give the impression 

that there has been substantial research on trichomycetes, but this is definitely not the 

case. There are far more questions than answers, and research has been almost 

completely dominated by Lichtwardt for the last 60 years. Genetic analysis has been 

conducted on very few trichomycete species, and it is very likely that the taxonomy of 

these organisms is far from being resolved. The exact nature of their host relationship and 

their evolution is even more ambiguous.  

 

The Phylogenetic Debate  

 There are three main dilemmas hindering the successful taxonomic classification 

of trichomycetes. They were historically classified together based on anatomical features, 

reproductive strategies (if known), and by their shared location in the arthropod digestive 

system. Harpellales, Amoebidiales, Eccrinales, and Asellariales all look undeniably 
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fungal. Unfortunately, so do several other microorganisms that inhabit arthropod 

digestive systems. In fact Lichtwardt points out several morphologically similar 

organisms found in arthropod guts. A stage of bacterium Bacillus cereus that has 

unknowingly been given the name Arthromitus, has frequently been mistaken by 

researchers as eccrinid thalli* (Lichtwardt 2001). Harpochytrium is a zoosporic fungus 

that closely resembles Amoebidium, except during its reproductive stage which is only 

present at certain times (Lichtwardt 2001). Oedogoniomyces is a fungus attached to 

freshwater snails and it looks nearly identical to Enterobryus (of the Eccrinales), the only 

differentiation being production of zoospores and the presence of a chitinous thallus wall 

(Lichtwardt 2001). In addition, many species of Eccrinales have more intraspecific 

variations than interspecific ones. Spores of one species have several morphologies that 

can change with the seasons, between different hosts, and sometimes even within one 

host (Lichtwardt 2001).  

Apparently morphology is not accurate enough to categorize taxa definitively, 

although this is almost solely how trichomycetes were categorized until about 20 years 

ago. Although molecular genetic analysis can help sort out these problems, axenic 

culturing is usually necessary to obtain reliable molecular data. However, few genera 

from the Harpellales and Amoebidiales have been axenically cultured. While it is still 

possible to analyze non-axenically grown specimens, it is much more difficult. Thus, 

historical classification of the trichomycetes was as follows: Domain Eukaryotes, 

Kingdom Fungi, Phylum Zygomycota, Class Trichomycete, Orders Harpellales, 

Asellariales, Eccrinales, and Amoebidiales. The following narrative describes the current 

classifications as they stand. 
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Harpellales 

Domain Eukaryotes, unranked Opisthokonta, Kingdom Fungi, Phylum 

Zygomycota/Glomeromycota, subphylum Kickxellomycotina, Order Harpellales 

 The taxonomic classifications of the Harpellales are the most straightforward of 

the trichomycete classifications because they have the chitinous cell walls typical of fungi 

and classic asexual fungal stages. Smittium (Harpellales) is the most easily axenically 

cultured genus of trichomycetes, which means that phylogenetic analysis has been 

relatively straightforward in confirming the position of Harpellales on the evolutionary 

tree. Harpellales are Eukaryotes in the Kingdom Fungi which shared a common ancestor 

with animals around 800-900mya. Harpellales are in the Phylum Zygomycota which was 

hotly debated back around 2006 due to conflicting results in molecular analysis. Some 

researchers rejected Zygomycota as a phylum because several major molecular studies 

found Zygomycota to be polyphyletic while another found it to be monophyletic (Hibbet 

et al. 2007). However, the 21st Century Guidebook to Fungi (published in 2011) classified 

Harpellales under the Phylum Glomeromycota as a substitute for Zygomycota, because of 

this confusion. Regardless, Harpellales are also classified under the subphylum 

Kickxellomycotina. Kickxellomycotina are usually obligate fungal symbionts with 

branched thalli and septa* containing plugs* (Moore et al. 2011). Harpellales can be 

identified based on the size and shape of their spores, number of appendages* per spore, 

number of spores per branchlet, and shape of holdfast* attaching thalli to the host (White 

et al. 2006). Harpellales are unique in that they produce asexual, deciduous*, 

monosporous sporangia called trichospores* (White et al. 2006). There is debate whether 

Harpellales can be split into two families, but there are at least 38 genera and 200 species 



14 

  

 

as of 2008 (Kirk 2008).  Ironically, Harpellales are the only definite fungi in the 

trichomycetes. The other orders of trichomycetes are undetermined or already in the 

mesomycetozoans.  

Asellariales  

Domain Eukaryotes, unranked Opisthokonta, Kingdom Fungi, Phylum 

Zygomycota/Glomeromycota, subphylum Kickxellomycotina, Order Asellariales 

 Asellariales currently fall into the same classification as Harpellales. However, 

confirmation of this categorization with molecular analysis, has proven extremely 

difficult to study. The sequences typically examined with molecular analysis are 

extremely variable and very long (in the 18s sequence Asellariales had 3685bp versus 

1816bp in Zancudomyces culiseta) (Tretter Johnson 2014).  This negatively influences 

the accuracy of the analysis. It was only in 2014 that five of the eight gene sequences of 

one genera of Aselleriales (Asellaria) confirmed that Aselleriales were a sister taxa to the 

Harpellales (Tretter Johnson 2014). However questions remain whether the other two 

genera that are not able to be sequenced, Baltomyces and Orchesellaria, are polyphyletic 

or whether they will qualify to remain in the Asellariales Order. Strong morphological 

evidence including ultrastructure analysis indicate that Asellariales is most likely a 

fungus related to Harpellales. Current morphological distinctions for the Asellariales 

include branched thalli attached by basal coenoncytic* cells, asexual reproduction by 

arthrospores*, and an incomplete septa with a lenticular (lens-like; refers to convex or 

concave shape) cavity and plug (White et al. 2006, Moore et al. 2011).  
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Amoebidiales 

Domain Eukarya, unranked Opisthokonta, Class Mesomycetozoea, Order Amoebidiales 

 Based on their production of amoeboid cells, the Amoebidiales were always a 

question member of the trichomycetes. By the mid 1960’s researchers could definitively 

ascertain that Amoebidiales cell walls lacked chitin, and that they formed amoeboid cells 

periodically during their lifecycle, which strongly suggested they were not fungi (Whisler 

1968, Lichtwardt 1986). In addition, they are found externally, on the larval gills, or 

attached to the hindgut cuticle* of freshwater crustacae and insecta (Lichtwardt 1986). 

This is highly unusual for trichomycetes which are almost always found inside the 

hindgut or protruding outside of it. However, the general morphology still looked 

distinctly fungal, which was why they were placed in the trichomycetes group in the first 

place.   

 In 2000, researchers confirmed lingering suspicions by using the 18S rDNA 

sequence of cultured Amoebidium parasiticum to delineate the Amoebidiales as protists 

(Benny and O’Donnell 2000). In fact, its closest living relative was a fish parasite called 

Ichthyophonous hoferi (Benny and O’Donnell 2000). Thus, the Amoebidiales officially 

fall under Domain Eukarya, unranked Opisthokonta, Class Mesomycetozoea (formally 

known as the DRIP clade), Order Amoebidiales. It is important to note that some 

researchers classify Amoebidium parasiticum under the order Ichthyosporea (instead of 

the order Amoebidiales) because the only other genus within the Amoebidiales 

(Paramoebidium) had not successfully undergone molecular analysis until recently. 

Paramoebidium was just recently placed as a sister taxa to Amoebidiales, as opposed to a 

genus within it (Reynolds et al. 2017).  
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Eccrinales 

Domain Eukarya, unranked Opisthokonta, Class Mesomycetozoea, Order Eccrinales 

 An Eccrinales was the first trichomycete discovered in 1843, and there was 

initially very little question that it belonged in the fungal Kingdom, although this turned 

out to be incorrect. We now know they are Mesomycetozoans based on phylogenetic 

analysis. They live in the hindgut cuticle of arthropods as do other trichomycetes, and 

they are characterized by unbranched, non-septate, multinucleate thalli, and asexual 

reproduction by sporangiospores*; all distinctly fungal traits (Cafaro 2005). They are 

extremely widespread with 15 genera, and have been found in hosts from almost every 

niche on earth. They are the only trichomycete that resides in marine hosts including ones 

in hydrothermal vents (Van Dover and Lichtwardt 1986). There were only a few 

published objections to Eccrinales as a trichomycete. In 1960, Lichtwardt argued that 

there was not enough information to classify Eccrinales as a Trichomycete as opposed to 

the fungal Phylum: Phycomycetes (Lichtwardt 1960). In 1963, Whisler reported a non-

chitinous cell wall to the Eccrinales, which indicated it may not be fungal (Whisler 1963). 

In 1999, Moss was troubled by the lack of a septal pore and plug and presence of 

dictyosomes (flat membranous cavities of the golgi apparatus) which are not usually 

found in the Trichomycetes, or fungi in general (Moss 1999).  

 In 2005, the Eccrinales was subjected to molecular analysis to determine that they 

are actually closely related to the Amoebidiales (Cafaro 2005). Thus, they are classified 

as Domain Eukarya, unranked Opisthokonta, Class Mesomycetozoea (previously DRIP 

clade), Order Eccrinales. Although there is a lot of variation in the Eccinales morphology 
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(mostly due to its wide range of hosts and geographic distribution) they are conclusively 

monophyletic according to molecular analysis.  

 

Trichomycetes Typically Found in Isopoda and Diplopoda Host Populations  

 It is important to clarify that the following is an analysis remaining primarily at 

the genus level of categorization. There are two major reasons for this. The first is that 

there have not been enough extensive survey studies to determine definite host-specific 

relationships on the species level. However, evidence indicates that a particular species of 

trichomycetes can inhabit several host species. Back in 1963, researchers transmitted 

species of Asellaria to different species of arthropods. They concluded that Asellaria 

were not found in terrestrial isopod, Armadillidium simoni, because of geographic 

barriers to cross-infestation.  However, Asellaria species grew very well in 

Armadillidium simoni once introduced in-vitro (Manier 1963). Furthermore, one host can 

contain multiple genera and species of trichomycete. Several studies have shown that 

host feeding habits also play a role in trichomycete prevalence, as this is how 

trichomycetes are acquired (Coluzzi 1966, Tuzet et al. 1961, Moss 1972). However, 

historically, trichomycete species have been reported as trichomycete-species/host-

species specific (not genera), although this does not appear to be the case as research 

develops (Reynolds 2017).  

 One reason for this discrepancy is that many researchers name new trichomycete 

species simply because trichomycetes have never been studied in that particular species 

of host (Lichtwardt 2001). This has added a lot of confusion to the taxonomic 
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categorization of new trichomycete species, which could explain why host-trichomycete 

relationships may appear species-specific at first glance. There have been six large-scale 

attempts to fix these discrepancies between 1969 and 2001 by comparing and contrasting 

morphological characteristics (Lichtwardt 2001). But now molecular genetic analysis is 

redefining and reclassifying trichomycete species once again. Although even genera-level 

categorization of trichomycetes has been variable recently, it is far more reliable then 

species distinctions. All the following information about genera found in specific hosts 

comes from the latest overall review of trichomycete phylogeny by Lichtwardt in 2001. It 

includes some molecular analysis based updates.  

Genera of trichomycetes found in Millipedes (Diplopoda) 

 All the genera found in Diplopoda are Eccrinales under the sub-order Ecrinaceae. 

They include 21 species of Enterobryus, four species of Eccrinoides, and one species of 

Eccrinidus (all species numbers are approximate) (Lichtwardt et al. 2000).  

Ecrinaceae produce two types of sporangiospores. One is uninucleate or 

multinucleate and thick-walled and used to convey infection to another host (primary 

infestation) and the other is always multinucleate for germination within the original host 

(secondary infestation) (Lichtwardt 2001). (See Figure 3) All Ecrinaceae reproduce 

asexually and their thalli are unbranched.  
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Figure 3: Spore types of Eccrinales. A. Uninucleate thin-walled primary infestation 

sporangiospores of Enterobryus moniliformis. B. Binucleate thick-walled primary 

infestation sporangiospores of Parataeniella sp. C. Multinucleate secondary infestation 

sporangiospores of Enterobryus euryuri (Lichtwardt 2001). Source: (Lichtwardt 2001 

from Lichtwardt 1954 and 1957). 

 

Enterobryus was the first trichomycete ever discovered and it remains common. 

Much of the literature on Eccrinales centers around distinguishing Enterobryus species. 

The holdfasts connecting the thalli to the cuticle of the host gut has been used as an 

identification characteristic. In the case of Enterobryus, the holdfasts are well defined and 

disc-like (Contreras and Cafaro 2013). Septa form in basilateral succession from the apex 

of the thallus (Moss and Taylor 1996). Secondary infestation sporangiospores are 

multinucleate with between four and eight nuclei (Misra 2000). However, there is great 

intraspecific variation within Enterobryus, which has led to difficulty discerning reliable 

species characteristics. Describing the genus as a whole remains difficult for the same 

reason. 
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Eccrinoides have thick-walled, uninucleate primary infestation spores produced in 

series with alternating coenocytic nonsporulating thallial segments (Misra 2000).  

 Eccrinidus produces cystlike, bilocular sporangiospores for primary infestation 

where each locule (a cluster of small separate cavities) releases a 4-nucleate cell (Misra 

2000). 

Genera Found in Isopoda 

Analogous to Diplopoda, Eccrinales genera are also the most prevalent type of 

trichomycete in Isopods. There are two species of Alacrinella, four species of 

Eccrinoides, three of Palavascia, and five of Parataeniella from the Eccinales order. In 

the Asellariales order, there are six species of Asellaria and one species of Baltomyces 

(only in freshwater isopods). There is also one genus called Legerioides under the 

Harpellales order, although Harpellales in isopods are very rare. Legerioides are also 

found in freshwater isopods, not terrestrial ones. 

Alacrinella and Eccrinoides fall under the sub-order Ecrinaceae within the 

Eccrinales, which has been previously described. Eccrinoides has also been previously 

described in the diplopoda section and will not be revisited. Alacrinella are characterized 

by dimorphic thalli which are relatively rare in trichomycetes (Misra 2000).Their 

microthalli are lobed at the base and cleave into a series of small cells. Primary 

infestation sporangiospores are oval, thick-walled, and contain four nuclei. Secondary 

infestation sporangiospores are multinucleate, which is common in Ecrinaceae (Misra 

2000). 
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Palavascia fall under the suborder, Palavasciacae within the Eccrinales, which is 

characterized by only producing thick-walled, multinucleate, primary infestation spores 

(Misra 2000). Of interesting note, Manier in 1979 observed Palavascia sphaeromae 

undergoing cellular division while retaining its nuclear envelope and without the 

involvement of centrioles or spindles, which is highly unusual. Another unusual feature 

in this suborder is the formation of microthalli in situ, which act as extensions of the 

spore wall (Manier 1979). These microthalli elongate after breaking out of the outer wall 

of the main thalli and break into small uninucleate cells, which were reported to have no 

function (Manier 1979).  

In 2000, researchers reported the lifecycle of newly discovered Palavascia 

patagonica (Cafaro 2000).  It attaches to the anterior region of the hindgut (like most 

trichomycetes) and grows into the anus. Curvature is noted at this point, possibly to 

anchor the thallus (Cafaro 2000). Then sporangiospores are produced and released into 

the environment where they are eaten by young isopods, thus spreading the infestation.  

Parataeniella have their own suborder, Parataeniellaceae within the Eccrinales, 

which have the unique ability to convert their entire thalli into a single sporangium* 

(Lichtwardt and Chen 1964). In addition, this single thallus can produce two types of 

spores (called dual sporulation) which is almost never found in any of the Eccrinales 

(Lichtwardt and Chen 1964). There are only two genera under this suborder. 

Parataeniella in particular, can convert a thallus into a sporangiospore, or produce 

coenicytic thalli that produce a series of sporangia containing single, binucleate, 

secondary infestation sporangiospores (Misra 2000). Without the ability to convert a 

thallus into a sporangiospore, Parataeniellaceae primary and secondary infestation closely 
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resembles the Ecrinaceae suborder in contrast to Palavasciacae that only produces 

primary infestation spores.  

Within the Asellariales, there are several species of Asellaria found in isopods. 

Note that this is the first genus mentioned in this study that is actually classified as a 

fungus. The Asellariales are distinctive by their branched and septate thalli attached to the 

hindgut cuticle by holdfast cells, which are distinctive to the order (Misra 2000). They 

were thought to reproduce only asexually by arthrospores. However, in 2008, researchers 

in the Caribbean noted sexual production using zygospores* in Asellaria species from 

terrestrial isopods (Valle and Cafaro 2008). Immature thalli are septate and contain one or 

more nuclei. When they mature, the thalli elongate and form basipetal* uninucleate 

segments. In some species like Asellaria ligiae, the complete thallus may disarticulate 

and leave holdfast cell intact. This disarticulation is how arthropod molts may contain 

large numbers of arthrospores, which aid in the infection of other hosts.  

Asellaria in particular are described as having branched coenocytic thalli. Species 

of Asellaria can actually be distinguished fairly reliably based on the shape of their 

holdfast cells (Misra 2000). These unique holdfasts (different from those in other 

trichomycetes) are distinguished by an enlarged basal cell that varies in shape based on 

species (Lichtwardt 2001). Furthermore, all the trichomycete holdfasts remain highly 

superficial and do not perturb the hindgut cuticle at all, whereas the enlarged basal cells 

of Asellaria holdfasts have been noted to pinch the cuticle (Lichtwardt 2001). However, 

no one has remarked on any harm to the cuticle as a result.  

Baltomyces are another genus of the Asellariales order, although this is tentative 

until molecular analysis data become available. It is important to note that these 
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trichomycetes are only found in freshwater isopods. Trichomycetes that occur in 

freshwater are rare and this study focused on terrestrial isopods, so this genus will not be 

described in detail. They have branched thalli with a septate central main axis. Long 

sporangia with one cylindrical spore are formed at the end of thallus branches, which are 

usually attached laterally to the gut (Misra 2000). No zygospores have been noted in this 

genus.  

Legeroides belong to the suborder Legeriomycetaceae, under the order 

Harpellales. Once again, Legeroides are found only in freshwater isopods which are only 

slightly relevant to this study. However, this is a new genus of Harpellales that was 

discovered in the single survey of New England trichomycetes. Harpellales are important 

to understand because they are classic fungal trichomycetes. They are also the most well 

studied trichomycetes because many species of the genus Smittium have proven 

culturable. Until very recently (see above), Harpellales were the only trichomycete order 

to have a known sexual stage.  

Furthermore, they are one of the most abundant trichomycetes in aquatic larvae, 

which is interesting due to the limited mobility of this host group. It turns out, some 

Harpellales species are pathogenic trichomycetes. Fungal cysts can suppress and replace 

egg development in the ovaries of blackflies which allows them to be oviposited in at 

new locations (Moss and Descals 1986). These cysts produce cytospores* which are 

ingested by blackfly larvae which will remain infested for the remainder of their life.  

In addition some species of Smittium (Harpellales) have proven lethal in mosquito 

larvae. In 1981, Sweeney discovered that fungal growth in the anterior hindgut 

sometimes penetrated the midgut and Malpighian tubes. Sometimes infestation was so 
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great, the hindgut became completely blocked and the host lost the ability to shed their 

molts, which is lethal in both cases (Sweeny 1981). This has led some speculation about 

the possibility of using smittium as a biological control method for mosquito populations.  

 Legeriomycetaceae thalli are branched. They grow at the ends of the mature thalli 

in the form of trichospores (described as a unispored sporangia by Lichtwardt 2001) with 

several filamentous appendages. The asexual stage occurs when trichospores are 

defecated out by one host and lie dormant until the next host ingests them. Once inside a 

new host, the sporangiospores burst out of the trichospores and attach to the hindgut 

lining where they develop into mature thalli (Lichtwardt 2001).  

The sexual stage occurs in corroboration with the hosts molt cycle (Lichtwardt 

2001). The thalli become swollen, zygospophores* form, and biconical* zygospores 

attach to zygospophores. Zygospores are then released into the environment through 

feces and in the molt of the isopod, to be spread to other hosts.  

 

The Importance of the White 1999 Study and this Subsequent New England Study 

White’s survey is significant because it is the only published study of 

trichomycetes in New England, although it only included aquatic host organisms. The 

White 1999 study sites were Hampton Falls River in New Hampshire and the Winnetuxet 

River in Plymouth, Massachusetts. In fact, the newly discovered species described in the 

article was found in Plymouth. In addition, White found Asellaria unguiformis 

(Asellariales) in 7 of the 19 aquatic isopods collected in MA.  Astreptonema gammari 

was found in 2 of 28 aquatic amphipoda hosts from MA, and was the first time this 
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species has been found in the US. Paramobidium (Amoebidiales) were found in 6 of 30 

MA stoneflies, but in a stonefly family where no trichomycete has ever been discovered. 

Eccrinales were discovered in a stonefly for the first time and the genus and species was 

undetermined, leaving the possibility it could be a new species. Smittium and Stachylina 

were found in the hindgut of Tanytarsini along with an unidentified Harpellales spore in 

the gut of a Tipulidae larvae and an Eccrinales in the hindgut of an aquatic beetle.  

In all, this brief New England study proved very interesting as the first report of 

Harpellales in aquatic Isopoda, the first report of Eccrinales in stoneflies, the first report 

of trichomycetes in Trichoptera, and the first discovery of Astreptonema gammari in the 

USA. White acknowledges that the current knowledge of trichomycetes vastly 

underestimates the diversity and distribution of trichomycetes in New England (White 

1999). He also says that the novelty of his study’s findings should inspire further research 

into trichomycete populations in New England, although this has not occurred until now 

(White 1999).   

My study aims to survey trichomycete populations in millipedes and terrestrial 

isopods in Wareham MA, Wellfleet MA, Norton MA, and Barrington RI. This is unique 

because White only surveyed aquatic arthropods in two locations, one Plymouth, MA and 

one in New Hampshire. Based on the promising findings of White’s study, and the fact 

that it was conducted almost 20 years ago, this current study will act as a sequel to the 

White 1999 study.  

 

 

 



26 

  

 

Methods 

Study Subjects 

 Terrestrial isopods species used for this research were Porcellio scaber and 

Oniscus asellus. However, they were consolidated into a general Isopoda group during 

recording and analysis of their Mesomycetozoa. In future studies, records should make a 

distinction between the two species during the analysis of their Mesomycetozoa.  

Approximately 90% of the isopods were O. asellus. The millipedes were all identified 

from the family Julidae. 

 

Collection of Isopods 

 Isopods were collected throughout the duration of the project (September through 

April). They were most commonly found under logs, dispersed on the forest floor, or in 

wood piles. Logs in all stages of decomposition yielded isopods. Isopods will escape into 

the depths of the log through tunnels or underneath the outer layer of bark. They 

frequently hide in any crevasse available on the wood. Peeling back the bark will 

frequently reveal more isopods on the bark’s interior surface. Trying to lure the isopods 

out of the tunnels by submerging the log, or burning one end of their tunnels did not 

prove effective.  

    Woodpiles were extremely lucrative in the search for isopods. The bottom layer of logs 

positioned directly on the ground contained the most isopods. This is most likely due to 

the high moisture content of the bottom logs. Isopods breathe through gills so moisture is 
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essential to their survival. This becomes especially important when maintaining an isopod 

collection.  

     In the winter isopods could be found in the same locations as summer on temperate 

days (at least 40 degrees F) On colder days, logs were brought indoors and thawed for 

several hours while keeping the logs moist. This stimulates the isopods to move to the 

exterior of the log where they can be collected.  

Collection of Millipedes 

       Millipedes were found using the same techniques and in the same environment as the 

isopods. However, millipedes are rarely on the outside of the log. They are frequently 

curled up in a crevice of the log under the exterior layer of bark. They seem to prefer 

even more moisture than the isopods. If there is mud on the underside of the log, there 

will frequently be a millipede curled up there. Millipedes are also much more difficult to 

find than isopods. While one log may contain 40 isopods, usually only one or two 

millipedes could easily be found per log. This is probably because they are hidden deeper 

in the log. Extremely careful dissection of a rotted log yielded up to 10 Millipedes. 

Immature Millipedes are relatively common but they are extremely small and difficult to 

remove without harm. 

Maintaining Isopods and Millipedes 

 The isopods and millipedes were kept separate or together in simple terrarium 

habitats resembling their natural environment. Tupperware served the purpose well. In 

the beginning of this project, isopods and millipedes were kept together in various 

tupperware containers (5.5x10x2 inches) with small holes cut into the top and layers of 
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paper towel on the bottom with some small wood pieces interspersed. Later, the isopods 

and millipedes were separated for convenience. The millipedes remained in one of the 

original containers and the isopods were transferred to a 6.25x10.5x8 inch bug collection 

container with a screen top. In both of these new habitats, about 3-6 centimeters of soil 

collected from outside was layered on the bottom on the container. This helped retain 

moisture, and both millipedes and isopods tunneled in it. Dead leaves and pieces of wood 

were added to serve as mechanisms for sustenance, protection, and water retention. 

Usually the wood for the terrariums were pieces of same wood from which the organisms 

were collected.  

     Wood, leaves, and soil were added to the terrariums. Daily watering was necessary 

using a spray bottle containing RO water. Especially during the winter, the indoor heating 

systems made for very dry air, which were compensated for with daily watering. 

However, the tops of the containers were be left partially open to air so fungus and 

bacteria did not become prevalent in excessive moisture.  

Dissecting Isopods 

 Prior to dissection, isopods were starved in a 100mm petri dish covered with 

moist filter paper for 3-4 days. This helped ensure that the guts would be mostly free of 

fecal matter, which can make spotting trichomycetes difficult.  
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 Isopods were killed by grasping the 

antennae or the midsection with tweezers and 

removing the head with scissors. Care was 

taken not to cut off more than two or three of 

the anterior exoskeleton segments as not to 

damage the gut. The posterior one or two 

segments were also removed with scissors.  

 Under a dissecting scope, the 

isopod was positioned on its back. 

Tweezers were used horizontally to hold 

down the lateral edges of the exoskeleton. 

This alone could make the gut begin to 

protrude out of either end of the isopod. If 

not, a needle was used to gently press the 

isopod’s midsection until the gut protruded out of one end. A dissecting needle was used 

to pull the gut from the posterior end of the exoskeleton swiftly in one fluid motion. If 

pulled too fast or with jerky movements, the gut was prone to breakage. Sometimes, 

several more posterior exoskeletal segments had to be removed (one at a time to prevent 

gut breakage) before the gut could be freed.  

 

 

 

Figure 4.  An isopod marked where first cuts 

were made. Left is anterior end and the 

posterior end is the right. 

Source:https://nature.mdc.mo.gov/discover-

nature/field-guide/pillbugs-and-sowbugs-

land-isopods 

Figure 5. Isopod held down with tweezers 

while the gut is being pulled out with a needle.  
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Dissecting Millipedes 

 Millipedes were starved in a 100mm petri dish for 3 days prior to dissection. They 

were killed by removing the head with scissors. After death, pressure was carefully 

applied to the exoskeleton with a needle 

or tweezers to cut the exoskeleton into 3 

distinct equally spaced sections. Caution 

was taken not to cut the gut in this 

process. The anterior and posterior ends 

were removed one at a time, leaving just 

the middle section to be pulled off last. 

This was the most difficult part as it was 

very easy to break the gut during this 

step. For easier removal, this middle section of exoskeleton could also be broken into 

more sections and removed one at a time. Once the gut was free, it was ready for chitin 

removal or direct slide preparation.  

Slide Preparation of Isopoda 

 Isopod guts contain a thick chitin exterior lining that must be removed prior to 

mounting on slides. Lichtwardt’s lactophenol technique for the removal of this chitin was 

used (Lichtwardt 1960). The gut was placed to one side of a 100mm petri dish containing 

a layer of water. About 20 drops of 100% lactophenol solution without dye was added to 

the opposite side and allowed to diffuse through the water. The Lactophenol solution 

consisted of 10 mL lactic acid, 10 mL glycerol, 10 mL phenol, and 10 mL H2O mixed in 

Figure 6: Millipede with both end thirds pulled off 

leaving only the middle section remaining.  
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a 100-ml flask until phenol crystals were completely dissolved 

(http://cshprotocols.cshlp.org/content/2008/8/pdb.rec11325.full?text_only=true).  

The gut was left in the solution for at least three hours, but not more than 15 

because it became rubbery. Within this range, convenience determined when the guts 

were removed from the solution. After removal, the gut was washed in a 10% lactophenol 

solution.  

To remove the outer chitinous layer, the posterior end was held and the section of 

gut just anterior to the rectum was pressed with a dissecting needle. The interior gut and 

exterior chitin layer was well separated here and applying pressure separated the 

chitinous layer further. While applying pressure, another needle was used to rip/peel the 

chitin leaving a hole that allowed one to pull the gut though, much like peeling a banana. 

One needle was kept on the chitin layer and the other needle was used to hold the interior 

gut.  

Sometimes the interior gut still contained feces. In this case, the gut was placed in 

a few (maybe 10-20) drops of water and vigorously shaken back and forth in a petri dish. 

A circular motion can tangle the gut, so it was avoided. Shaking was continued until the 

gut was clear of fecal matter. The gut was then washed with a stream of pipetted water 

and placed on a clean slide with a drop or two of water.  

The coverslip was applied at an angle and mild pressure was applied to flatten the 

sample and remove excess water, which was absorbed with Kimtech wipe. Lactophenol 

cotton blue was dotted on one or two edges of the coverslip and allowed to diffuse across 

the slide as a stain (takes between 15 minutes and sometimes overnight). In the winter, 
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the slides had to be placed in a moist chamber while the dye migrated because they dried 

out faster than the dye could migrate. The moist chamber was a 100-ml petri dish with 

damp filter paper on the bottom. The slides were placed in the chamber and elevated on 

coverslips. After the dye sufficiently covered the slide, it was semi-permanently sealed by 

rimming the coverslip with clear nail polish.   

Slide Preparation of Millipedes 

 The millipede gut contained much less chitin so although one could use 

Lichtwardt’s lactophenol technique to remove some of the chitin, it was not always 

necessary. If the technique was used, the guts were left in the lactophenol solution no 

longer than 3 hours. The remainder of the millipede slide preparation exactly followed 

that used for the isopod gut slide preparation.  

Analysis of Slides 

Slides were analyzed microscopically at all optical powers. 10x magnification 

was used to scan quickly for the presence of obvious trichomycetes. 40x was usually 

needed to distinguish trichomycetes from other material definitively. Gut was analyzed in 

detail under all powers, but the remainder of the slide could be reviewed under 10x in a 

methodical section-by section scan.   

Photographing Techniques 

Stained slides were photographed using a Nikon Eclipse E200 attached to a microscope 

set on normal apertures. However, unstained slides were best viewed under phase 

contrast microscopy setting one or two. Photographs were taken using BTV and edited 

using Image J software.  
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Results 

Prevalence of Mesomycetozoa in Host Organisms 

 80 isopods were dissected and 8 contained Mesomycetozoa, for an infection rate 

of 10%. 15 milllipedes were dissected and 7 contained Mesomycetozoa for an infection 

rate of 46.6%.  

Mesomycetozoa in Isopods 

 

Figure 7: Slide 37. Trichomycetes in the anterior region of the isopod hindgut. Some 

thalli measure 400-500 μm long and most average about 10-12 μm wide. Thalli do not 

appear to branch. Of the two orders found in isopods, Asellaria and Eccrinales, only 

Eccrinales has unbranched thalli. Of the Eccrinales genera found in terrestrial isopods, 

only Parataeniella and Eccrinoides fit the description of these thalli.  
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Figure 8: Slide 37. Two distinct stages of Eccrinales in an isopod. From L-R, the first 

arrow points to a young, vegetative form of either Parataeniella or Eccrinoides. The 

second arrow points to a midpoint development stage where the thallus is beginning to 

convert into individual sporangiospores. The sporangia appeared uninucleate which 

indicates that they are primary infestation sporangiospores.  
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Figure 9: Slide 37. Three distinct stages of Eccrinales in an isopod. From L-R, the first 

arrow points to another vegetative thallus. The second arrow points to a thallus with 

mature sporangiospores inside about 12-14 μm in length. They appeared to have at least 

two nuclei which classifies them as secondary infestation sporangiospores. Eccrinoides 

usually contains 4-8 nuclei in mature sporangia and Parataeniella contains 2, which 

indicates that Slide 37 contains Parataeniella. The third arrow shows a mature 

sporangiospore leaving the sporangium via a small opening. The upper part of the 

sporangium is empty, indicating that other sporangiospores have been released in 

basipetal succession. 

 

  

Figure 10a: Slide 37. Small, cup-shaped Parataeniella spp. holdfast on a mature thallus 

in an isopod. Figure10b. Parataeniella mercieri displaying very similar holdfast to the 

one in Figure 10a (Poisson 1929).  
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Figure 11a: Slide 36. Trichomycetes in the anterior region of the isopod hindgut. Several 

different stages are indicated by the arrows. There are not enough identifying features to 

distinguish whether this is Parataeniella or Eccrinoides. Figure 11b shows the portion 

indicated by the box in the top left corner.  
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Figure 11b. Slide 36. In an isopod. Upon closer inspection the sporangiospores look bi-

nucleate, which indicated that they might be Parataeniella spp. To the left and the right 

of the center thallus, there are two very immature thalli. The one to the left appears to be 

in a growing vegetative state. At only about 40-50 μm, it is not even close to the mature 

length of other Parataeniella which can grow up to 2mm long. The thallus to the right, is 

also small but appears to have begun producing sporangia.   
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Figure 12. Slide 35. A long thallus protruding from isopod gut. There are few 

distinguishing details, but it is either a Parataeniella or Eccrinoides. Here, the sporangia 

are seen leaving the sporangium via a small hole in the thallus wall. The sporangia below 

it also seem to be exiting the sporangium. This photo shows clear basipetal 

sporangiospore production which is characteristic of the Eccrinales.   

Figure 13. Slide 53. Another single thallus showing basipetal sporangiospore production 

in an isopod gut. From L-R, the first arrow shows vegetative thallus section, then the 

second arrow shows an empty sporangium that already released mature sporangia.  
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Figure 14a. Slide 35. In an isopod. A thallus with ellipsoidal sporangia closely 

resembling Parataeniella flavospora in Figure 14b (Chien and Hsieh, 2001 qtd in 

Lichtwardt 2001).  
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Figure 15. Slide 53. Vegetative and mature thallus in isopod gut. From L-R the first 

arrow shows an empty thalli section where some sporangia have already been released. 

The second arrow shows sporangia with distinctive “caps” on each end. It is 

characteristic for sporangia in Eccrinoides to have “channels” at either end and this may 

be what is presented here. However, the third arrow shows distinctive yellowish lipid 

bodies within the sporangium, which have been described previously in Parataeniella 

flavospora (Lichtwardt 2001), but not in any Eccrinoides spp. 

 

 

 

 

 

 

 

 



41 

  

 

Mesomycetozoa in Millipedes

 

Figure 16a. Slide 64. Millipedes posterior gut filled with Eccrinales. The pleated region at 

the top is the anus and the clearer region just below it is the posterior section of the 

hindgut. Eccrinales were always found in the posterior hindgut or the anus.  

Figure 16b. Diagram of millipede hindgut. It closely resembles the one depicted in 9a. 

The pleated folds can be seen at the bottom in the section labeled P for posterior (Nardi, 

Bee, and Taylor 2016).  
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Figure 17. Slide 33. Significant infestation of Eccrinales protruding from millipede anus.  

 

 

Figure 18. Slide 59. Several Eccrinales within a broken piece of millipede gut. Location 

indistinguishable. Morphology indicates these are likely Enterobryus spp.  
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Figure 19. Slide 33. Enterobryus spp. in vegetative state within a millipede. Some 

cytoplasmic detail evident, but no septa, which strongly indicates it is an Enterobryus 

spp. In the top left, some filamentous bacteria can be seen surrounding the end of the 

organism. The significant looping of this Enterobryus spp. characterizes only some 

species of Enterobryus and can help narrow down species possibilities. 
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Figure 20. Slide 59. In millipede. Enterobryus spp. with significant looping. From L-R, 

the first arrow is the posterior end of the organism. Filamentous bacteria can be seen 

sprouting from the end of it, which is very common. The second arrow indicates the 

anterior end containing the holdfast, which is hidden behind the mid-part of the 

Enterobryus spp.  
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Figure 21. Slide 60. Another entire, curled, Enterobryus spp.in a millipede. A thin layer 

of chitin lining can be seen obscuring some of Enterobryus spp. This highlights the 

importance of removing the chitin. The arrow points to a short, cup-like holdfast . This 

also helps narrow down the species of Enterobryus that this could be, however there are 

still to many possibilities to begin speculating.  

Figure 22. Slide 33. In a millipede. Another holdfast shows a bulbous cup-like shape, 

similar to Figure 21.  
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Figure 23. Slide 33. Enterobryus spp. in a millipede with filamentous bacteria attached. 

Bacteria can be distinguished from trichomycetes because they are never wider than 1-

3μm, while trichomycetes are consistently 8μm or more. 
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Figure 24. Slide 60. Enterobryus spp. with filamentous bacteria attached in a millipede. 

Chitin can be seen obscuring parts of the Enterobryus spp.  

 

Figure 25. Slide 60. In a millipede. Arrows point to more filamentous bacteria sprouting 

from the Enterobryus spp. in various places. However, it is the first arrow (from L-R) that 

is significant. This end of the Enterobryus spp. appears to be empty due to a recent 

release of sporangiospores. The large number of filamentous bacteria here likely plays a 

role in decomposing the empty sporangium after sporangiospore release (Lichtwardt 

2001). 
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Figure 26. Slide 60. In a millipede. From L-R, the first arrow shows a more flattened 

disc-like holdfast than seen in previous figures. Second arrow points to more filamentous 

bacteria sprouting from the Enterobryus spp.  

 

Figure 27. Slide 64. In a millipede. From L-R, the first arrow points to the end of one 

thallus that appears concave or hollow. The second and third arrows indicate two 

flattened disc-like holdfasts.  
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Figure 28. Slide 61. In a millipede. From L-R, the first arrow shows filamentous bacteria 

attached to the furthest end of the Enterobryus spp.  The defined septa and clear 

uninucleate sporangium marked by the second arrow indicates that the filamentous 

bacteria at the first arrow are probably helping decompose the empty parts of the 

sporangia after sporangiospores were released. The third arrow indicated a vegetative part 

of the thallus. This is the clearest example within Enterobryus thus far, showing basipetal 

succession in the formation of sporangiospores.  
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Figure 29. Slide 64. In a millipede. Cytoplasmic detail in Enterobryus spp. The circular 

elements within the organism are either vacuoles or lipid bodies.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30. Slide 64. In a millipede. Cytoplasmic detail with some filamentous bacteria 

interspersed. The large concentration of Enterobryus spp. in this one small section is 

worth noting. This millipede was highly infested with Enterobryus spp.  
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Other Artifacts and Organisms Worth Noting 

Gregarines 

 

 

 

 

 

 

 

Figure 31. Slide 33. Entire gregarine found in a millipede. Gregarines are common 

widespread parasites of invertebrates usually found in the body cavity, intestine, or 

reproductive system. Figure 32. Slide 61. Anterior part of a gregarine called a 

protomerite. The small clear part in the front is an anchoring device called the epimerite. 

Figure 33. Slide 61. Posterior part of a gregarine called a deutomerite, which contains the 

nucleus. 
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Isopod Eggs 

 

Figure 34. Isopod eggs that spilled out of isopod during dissection. Isopods are rare in the 

arthropod community in that they exhibit intense maternal care for the offspring. This 

includes carrying eggs in a ventral marsupium (a fluid filled pouch), which is where these 

eggs must have spilled from in these photos. This provides the eggs with an aquatic 

environment and is a testament to the close relationship terrestrial isopods have with their 

aquatic relatives (Kight 2008).  

 

 

 

 

 

 

 



53 

  

 

Unknown Arthropod 

 

Figure 35. Slide 33. In a millipede. From L-R, the first arrow points to an Eccrinales that 

also happened to be in the picture. The second arrow indicates an unknown arthropod 

resembling a copepod found when dissecting a millipede. It was one of four others. 

Although copepods are common in water samples, these must have come from the 

millipede itself because none of the other slides made that day (with the same water 

source) contained more of these arthropods.  
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Nematodes 

Figure 36. Slide 24. A nematode within an isopod molt. Nematodes are extremely 

common in nature and they can be parasitic, commensal, or free living. As isopods are 

known for eating the molts of other isopods, nematodes may “hitch a ride” on a molt in 

an attempt to get passed on to another host when the molt gets eaten. 

 

Figure 37. Slide 24. Close-up of a nematode found on a slide with molted isopod 

exoskeleton.  



55 

  

 

 

 

Figure 38a. Slide 15. Clustered nematode eggs on isopod molt. As mentioned in Figure 

36, nematodes probably use isopod molts to move to another host. It is reasonable to 

assume that this is the reason that the eggs were laid here. Figure 38b. Slide 15. Closeup 

of a “pocket” or dent in molt containing spores or eggs.  
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Figure 39. Slide 10. Likely nematode eggs laid in a linear fashion along a piece of plant 

debris that ended up in an isopod digestive system. Although their arrangement looks 

fungal, the dye would have stained anything with a chitin lining (a distinctive 

characteristic of fungi) and these circular objects remain undyed.   

Filamentous Bacteria that Resembles Fungi  

 

Figure 40. Slide 40. Isopod organs with large amounts of filamentous bacteria that were 

confused for a long time with trichomycetes.  
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Figure 41. Slide 40. Filamentous bacteria containing spore-like structures. While this 

would normally categorize this material as fungal, the size of the filaments is far too 

small (only about 2-3 μm). In addition, Klug and Kotarski (1980) described very similar 

filamentous bacteria in the gut of aquatic craneflies with these spore-like objects 

interspersed.  
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Figure 42. Slide 33. Bottom arrow points to spore-like structure while other arrows 

indicate projections of filamentous bacteria. Figure 43. Slide 22. The same filamentous 

bacteria, this time identified not only by size, but the fact that this photo was actually 

taken from a slide containing centipede gut. Trichomycetes are not found in centipedes so 

this further proves that this material is filamentous bacteria. Figure 44. Slide 10. 

Filamentous bacteria containing spore-like structures bursting from an isopod organ. 

Figure 45. Slide 10. Filamentous bacteria surrounded with spore-like structures within an 

isopod organ.  
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Other Fungi Found on Slides that are not Trichomycetes 
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Figures 46-56. Non-trichomycete fungus found in the guts of both millipedes and 

isopods. 
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Discussion 

Overview of Findings 

 This study made two contributions to the literature on Mesomycetozoan 

trichomycetes. First, it analyzed trichomycetes of terrestrial isopods and millipedes that 

have never been studied in Southeastern New England. Second, it clarified collection, 

dissection, host maintenance, and slide preparation techniques specific to millipedes and 

terrestrial isopods found in Southeastern New England.  

 This study confirms that trichomycetes, Mesomycetozoan Eccrinales in particular, 

inhabit the gut of Southeastern New England Julidae millipedes and terrestrial Porcellio 

scaber and Oniscus asellus isopods. The millipedes had a much higher infection rate 

(46.6%) than the isopods (10%). Various factors that could have affected these numbers 

will be discussed later. However, the literature does not survey terrestrial isopods 

extensively, which leaves little with which to compare this study, regarding 

mesomycetozoan prevalence in terrestrial isopods. In addition, most trichomycete studies 

use aquatic isopods, which further highlights the necessity of work such as this study. Of 

note, other symbionts such as gregarines, nematodes, filamentous bacteria, other fungi, 

and small arthropods, were also present in millipedes and isopods. 

This work also clarifies some methodology that needed modification based on 

differing variables in Southeastern New England compared to studies conducted in 

tropical regions. For example, the millipedes dissected in this study were very small 

(maybe 1-2 cm) whereas species dissected in other regions have normally been much 

larger (up to 15 cm). This is especially true in tropical climates (Conteras and Cafaro 
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2013). In addition, seasonal changes such as temperature, humidity, and host hibernation, 

affected collection and dissection techniques as described in the methods. 

 

Mesomycetozoa Found in Isopoda 

 Despite the many problems with ascribing trichomycete phylogeny based on 

morphology (as described in the introduction), a distinct method was used to pinpoint 

possible identities for the trichomycetes found in this study. First, this study relied on 

other research that has already categorized trichomycete genera by host organism 

(Lichtwardt et al. 2000). This method is supported by Reynolds (2017). Then genera (and 

some species) were eliminated if they had only been found in one particular host species 

in one geographic location that did not match those in this study. Finally, possibilities 

were eliminated based on morphological differences between literature depictions and the 

photographs taken in this study.  

 Several possible species of trichomycete could be eliminated because they have 

historically only been found in aquatic isopods. After eliminating several families for this 

reason, Asellaria, Palavascia, Parataeniella, and Eccrinoides remained. The branched 

and septate features of Asellaria did not match the unbranched specimens found in this 

study. Only one species of Palavascia was found in terrestrial isopods but its features did 

not at all resemble the specimens found in this study.  
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Figure 57. Palavascia philosciae (Manier 1963).  

 

 The six species of Parataeniella are all found in the hindgut of terrestrial isopods 

and these are likely the identity of the organisms found in this study. One obscure species 

has only been found in the caves of France, so P. scotonisci was eliminated as a 

possibility (Manier 1970). The remaining species are depicted in Figure 58. These species 

have been found in in France, Germany, Kansas (USA), South Carolina (USA), 

Australia, and Taiwan (Lichtwardt 1969, Poisson 1929, Chien and Hsieh 2001, all qtd in 

Lichtwardt 2001). Some species have only been found in one location while others in 

several locations around the world. In several of the photographs, oval sporangiospores 

can be seen within the sporangium much like the ones seen in Figures 9, 10a, 11b, and 

14a. The thalli remain a uniform width as seen in Figure 7, which could eliminate P. 

armadillidii, P. dilitata, and P. mercieri that appear to have pronounced widening at the 

posterior end of the thallus. In addition, Figures 7 and 11a show thalli on the longer end 

of the spectrum at 300-600 μm long. On two grounds then, this eliminates P. mercieri 

and P. dilitata with thalli under 300μm long, and maybe P. armadillidii that only grows 

up to 385 μm (Lichtwardt 2001). Based on this reasoning, the species found are most 

likely P. labrobi or P. flavospora, which have been found in Taiwan and Australia 

respectively (Lichtwardt 2001). Both of these species are found within Porcellio isopods, 
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which were used in this study. The yellowish lipid bodies found in Figure 15 also 

resemble the lipid bodies found in P. flavospora, further confirming their probable 

identify (Lichtwardt 2001). It is also very possible that they could be new species, as they 

appear to share neither all or none of each Parataeniella spp. characteristics, and have 

been found very far from either Taiwan or Australia in this study.  

 

Figure 58. Top L-R: P. armadillidii (Lichtwardt 1969). P. dilitata (Poisson 1929). P. 

flavospora (Chien and Hsieh, 2001 qtd in Lichtwardt 2001). Bottom L-R: P. labrobi 

(Lichtwardt 2001). P. mercieri (Poisson 1929).  
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 However, the Eccrinoides are another possible contender for the identity of the 

isopod Mesomycetozoa. Of the four species, two are found in millipedes and two are 

found in terrestrial isopods. They all have very long thalli. The species with an isopod 

host are Eccrinoides monticolae found in Porcellio monticola isopods in France, and 

Eccrinoides helleriae from one species of Tylidae isopods in terrestrial oak forests around 

the Mediterranean coasts and France (Lichtwardt 2001). Unfortunately, the only photos 

found of these species depicted the sporangiospore, which is characterized by a channel 

on either end. This may be the feature at either end of the sporangiospores in Figure 15. 

The E. henneguyi thalli in Figure 59 are somewhat comparable to Figure 12.  

 

 
Figure 59: L-R. E. helleriae sporangiospores (Manier 1963). E. monticolae 

sporangiospores (Poisson 1931). E. henneguyi thallus and sporangiospores (Léger and 

Duboscq 1929). 

 

In all, it is most likely that the Mesomycetozoa found in these isopods were 

Parataeniella. However, the “channels” on the ends of the sporangiospore in Figure 15 is 

only seen in Eccrinoides, unless the “channels” have been misidentified. If some of the 
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Mesomycetozoa were Eccrinoides, they would most likely be E. monticolae based on 

previous finding of that species in a Porcellio host. With few photographs and very little 

literature on Eccrinoides, it is difficult to speculate further. It is also possible that some 

specimens contained Eccrinoides (Figure 15, Slide 53) and others contained 

Parataeniella (other remaining figures and slides).  

However, there are several features that do not indicate either Parataeniella or 

Eccrinoides, and look much more like Enterobryus spp stages (Figure 8 versus 28). First, 

is the linear fashion of the tiny nuclei in the vegetative thalli (Figures 8, 9, 10a, and 11b). 

Parataeniella pictures found in the literature seem to show nuclei randomly dispersed 

throughout the thallus (Figure 58) and there are not enough depictions to conclude about 

Eccrinoides. Second, is the distinctly rectangular sporangiospore stage prior to becoming 

oval (Figures 8, 11a, and 11b). The cytoplasmic separation is especially pronounced in 

the right side of Figure 11a arrow 4 (from L-R), where the thallus almost appears to be in 

separate pieces. Considering the very limited life cycle stages photographed in this study, 

it is odd that the literature contains no depictions of this rectangular stage with large 

cytoplasmic separation.  

 

Mesomycetozoa in Millipedes 

 There are only three genera of trichomycetes found in millipedes (Lichtwardt et 

al. 2001). These include Eccrinoides, Eccrinidus, and Enterobryus. However, the thalli 

width, thalli length, thalli shape, sporangiospore shape, holdfasts, nuclei organization 

within the vegetative thallus, and cytoplasmic detail of the Mesomycetozoa found in SE 

New England millipedes are certainly most analogous to Enterobryus spp. The following 
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photographs show specific species of Enterobryus that closely resemble the 

Mesomycetozoa found here. Most of the following photographs are from Enterobryus 

oxidi, and although they closely resemble the species found in this thesis, Enterobryus 

oxidi has a distinctive hook on its thalli that was never seen in our samples (see Figure 

60).  

 
Figure 60. “Hook” of Enterobryus oxidi midway up central thallus (Lichtwardt 1960).  

 
Figure 61. Young Enterobryus elegans (Lichtwardt 1954). 
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Figure 62. Top L, Julidae millipede. Top R, Enterobryus oxidi located within a millipede 

gut (Moss and Taylor 1996). Compare to Figures 17 and 18.  

Bottom L, Enterobryus oxidi emerging from millipede gut. Compare to Figures 17 and 

18. Bottom R, sporangiospores (Lichtwardt 1960). Compare to Figure 28.  



69 

  

 

 
Figure 63. Enterobryus oxidi with similar cytoplasmic detail to Figure 29 and 20. They 

also show different hold fasts for the same species. The one indicated by the left arrow is 

cup-like, similar to Figures 21 and 22. The picture to the right shows a holdfast similar to 

the one in Figure 27. Both photos from Moss and Taylor 1996. 

 

 
Figure 64. Enterobryus oxidi with holdfast and cytoplasmic detail similar to Figure 22. 

From Lichtwardt 1960.  

 

 

  The shape of the thalli, cytoplasmic detail, formation of sporangiospores, host 

species, and location in the gut all indicate Enterobryus. As previously mentioned, 
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Enterobryous are notoriously difficult to categorize because of huge intraspecies 

variations. However, only two Enterobryus species have been found in Julidae, E. 

cylindroiuli and E. leptoiuli, both from France.  

 

Figure 65. E. leptoiuli (Manier 1950).  

While E. leptoiuli does have many characteristics similar to those of Enterobryus spp. in 

my photographs, so do most other species of Enterobryus. Photographs of E. cylindroiuli 

were unavailable. In addition, eliminating Enterobryus species possibilities based on 

geographic location was not reasonable because there are many species of Enterobryus in 

the United States, although no studies have found them in New England. This is likely 

because no one has studied Mesomycetozoa in millipedes here.  

In short, even using the characteristics described as good predictors of species by 

Reynolds et al. 2017, identifying a specific species for these Enterobryus does not seem 

likely. There are no free sporangiospores to analyze, most of the photos show thalli in a 

vegetative state, the holdfast photos are not clear enough, and there is no research on 

Julidae Enterobryus in New England with which to compare these results. However, from 

these limited resources, these Mesomycetozoans are definitely Enterobryus.  
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Filamentous Bacteria on Enterobryus in Millipedes 

 
Figure 66. Filamentous bacteria in the gut of a cranefly closely resembling the bacteria 

seen in the Enterobryus spp. photos. From Kulg and Kotarski 1980.  

 

 The substantial number of filamentous bacteria found on the Enterobryus spp. 

(Figures 20, 23-26, and 28) are very common according to other literature (Klug and 

Kotarski 1980, Thompson et al. 2012). The bacteria play a role in decomposing the 

empty sporangium after sporangiospore release (Lichtwardt 2001). However, they will 

grow from vegetative areas of the thallus (Figures 24-26) without harming the thallus 

until the sporangiospore is released. These bacteria grew on all of the milipede 

Enterobryus, although sometimes they were difficult to see under the microscope or in 

photographs. This could suggest a symbiotic relationship between filamentous bacteria 

and Enterobryus spp. that synchronizes with the life cycle of the Enterobryus, which in 

turn, synchronizes with the host organisms molt cycle. However, this synchronization 

mechanism is not well understood.  
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 In Figure 66, the photo to the right shows an arrow pointing at filamentous 

bacteria with spore-like projections. Thompson et al. 2012, also notes spore-like 

projections on bacteria found in arthropod guts. This indicates that the filamentous 

bacteria with significant spore-like projections depicted in Figures 40-45, are not rare.  

Based on my own dissecting experiences, the bacteria may have a protective 

quality, although it is still much more likely that they are commensals. They are very 

tough and stringy and stick to the needle during dissection. They seem to help hold 

together various organs including the gut itself (see the filaments on Figure 16b). It 

makes sense for bacteria to have a connective/protective role as arthropods do not have 

bones within their exoskeleton. In this way, the filamentous bacteria mirror the 

protective/connective roles of the chitin layers within the gut of both isopods and 

millipedes.  

 

Other Artifacts and Organisms within the Isopod and Millipede Gut 

 There were far more non-trichomycete artifacts within the gut than has been 

depicted in the results of this thesis. A large majority were plant material, fecal material, 

and filter paper that the isopods ate while in the starving dish. In addition, nematodes 

have been frequently described in millipedes. In some cases, the Eccrinales can begin to 

grow on the nematode cuticle (Conteras and Cafaro 2013, Wright 1979). The gregarines 

have not been described in isopods and millipedes in the trichomycete literature. 

However, it is very likely they were discovered, but not mentioned in the literature 

because they are relatively common and do not appear to affect trichomycetes. Similarly, 

note that the nematodes are not discussed in the trichomycete literature until they become 
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relevant for trichomycetes. Other fungus was also found on the gut slides, although it is 

impossible to tell whether they came from the gut, or accidentally ended up on the slide 

from elsewhere in the body cavity or exterior.  

 Despite the numerous other organisms that inhabit the arthropod gut, they may 

not affect trichomycete prevalence. Kim and Adler (2005) found that trichomycete 

prevalence in larval black flies was not affected by other symbionts of the black fly 

including ichthyosporeans, mermithid nematodes, microsporidia, or other species of 

trichomycetes. Although this study was conducted on Harpellales in larval black flies, the 

results could be generalizable to the current work. Kim and Adler report that a lack of 

association could be due to the unique location of trichomycetes in the arthropod hindgut. 

Most other symbionts occur elsewhere, so there may be little to no competition for room 

in the hindgut. It is possible that this is the case for the nematodes, gregarines, 

unidentified arthropods, and filamentous bacteria found in this study. Further study is 

advisable because these results likely vary within different hosts and between different 

symbionts and trichomycetes.  

 

Problems with Identification: An Update  

 General species identification problems have been discussed in the introduction, 

but a recent paper published in April 2017 may shed more light on the subject. First, this 

study confirms that because important life cycle diagnostic characters are not always 

present, Eccrinales have unknown host specificity, and co-inhabitation of a single gut 

with multiple Eccrinales is possible, identifying species based on morphology is not easy 

or reliable (Reynolds et al. 2017). For reasons unknown, most of the specimens in my 
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study were missing crucial lifecycle stages, in particular, free forms of sporangiospores. 

While many vegetative states and even early reproductive states look the same within the 

Eccrinales (See Figure 67), the freed sporangiospores are frequently very distinctive.  

 

 

 

 

 

 

 

 

Figure 67: From L-R, Enterobryus elegans, E. euryuri, 

and E. alpheloriae (Lichtwardt 1954). Note the 

similarities between the species. Without a holdfast, or a 

reproductive stage, they would be impossible to tell apart. 

Compare to Figure 18-21 and 23-27. In these depictions, the vegetative stage looks 

entirely undistinctive. 

 

However, without finding any free sporangiospores, identifications in this thesis 

were primarily based on host and habitat. This decision was made with some reservation 

because it is very possible that this could vary by geographic location. For example, the 

White 1999 study found new hosts of several species not previously known to associate. 

However, Reynolds et al. 2017 confirmed that host type, host stage (immature or mature), 

location found in host, growth form of thalli, and type of spore production are highly 

correlated with phylogenetic reconstructions. In other words, these characteristics were 

actually fairly reliable measures for the identification of species, if all the data were 

available. Note there was no mention of holdfasts to differentiate between species (which 

was previously used as an indicator). This is because many species have similar holdfasts 

and holdfast shape may change depending on the lifecycle stage within one species (See 

below).  
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Figure 68: Variation of holdfast shape within Enterobryus luteovirgatus (Conteras and 

Cafaro 2013). Compare A with the similar holdfast structure in Figure 21 and 22. 

Compare B to Figure 26. Compare  D to Figure 27. Thus, the variation in holdfasts in all 

of these figures does not indicate that they are different species, as exemplified by Figure 

68 of Enterobryus luteovirgatus.  

 

 As discussed earlier, with limited time and resources Trichomycete orders and 

genera were narrowed down by host and habitat so only species found in terrestrial 

isopods (especially Porcellio and Oniscidea) and Julidae millipedes were seriously 

considered. This largely eliminated the possibility of identifying a new species in a new 

host (very possible based on the White 1999 survey), but this was beyond the timescale 

and scope of this project. A continuation of this research should definitely explore this 

possibility. For the Enterobryus spp. but not the Parataeniella or Eccrinoides, the 

possibilities were limited by geographic location. This is because many Enterobryus spp. 

were only found in one location and had only one paper published about the species. The 

other reason is because there were more than twenty Enterobryus spp. to sort through 

while only two Eccrinoides and five Parataeniella.  

The precision of these identification methods receive confirmation from the 

phylogenetic analysis study of Reynold et al. 2017. These identification characteristics 

make for very good educated guesses. However, definite identification must still rely on 

phylogenetic analysis, which is why no new species were named, and species were not 

conclusively identified in this study. 
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A Comparison to the White 1999 Study 

In Massachusetts, the White 1999 study found Asellaria unguiformis in 7 of 19 

aquatic isopods (36.8%), Legerioides tumidus in 15 of 19 aquatic isopods (79%), 

Astreponema gammari in 2 of 28 Amphipoda, Paramoebidium in 6 of 30 stoneflies 

(20%), and an Eccrinales resembling Arundinula in 5 of 30 stoneflies (16%). In 

comparison, it is reasonable to have found a 10% and 46.6% infection rate for terrestrial 

isopods and millipedes, respectively. However, these thesis results should be interpreted 

with caution for the following reasons.  

Human Error 

Human error likely greatly affected the determination of exacting prevalence 

rates. These rates were calculated from all of the arthropods dissected. In the beginning, 

inexperienced dissections and the obscuring of the trichomycetes by chitin (before the 

lactophenol technique was used) could have led to artificially low Mesomycetozoan 

occurance. This is because the isopods had a very thick gut chitin layer, and tiny 

millipedes were difficult to dissect. In addition, Manier 1963 found that keeping 

terrestrial infected and uninfected isopods together in a terrarium allowed significant 

cross infestation. Thus, this could have also played a role in the distribution numbers this 

study found because isopods and millipedes were kept together in terrariums for months 

at a time. 

Seasonality  

Although not studied in millipedes and terrestrial isopods, a study of larval black 

flies in South Carolina indicates that seasonality has a large impact on the prevalence of 

Harpellales (Beard and Adler 2002). Although the generalizability between the Beard and 
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Adler study to this thesis is questionable, it allows us to entertain the possibility of 

seasonal changes in Southeastern New England Eccrinales. Furthermore, millipedes and 

isopods are known to hibernate during the New England winter. It is unclear how indoor 

housing affected their hibernation patterns or whether hibernation patterns affect 

trichomycete prevalence. This is an area that could use additional research.  

Molt cycle 

 Mesomycetozoan prevalence is affected by the host molt cycle. Trichomycetes 

attach to the gut cuticle, which is also discarded during molting of the exosksleton, also 

known as ecdysis. Prior to host molting, some Eccrinales produce thick walled primary 

infestation sporangiospores (Lichtwardt 2001). However, Enterobryus  sporulation does 

not always correlate with a host molt (Lichtwardt 2001). This could explain two 

important factors influencing reported mesomycetozoa prevalence. First, this could be 

why it was so difficult to find Eccrinales in reproductive stages. Coordination of 

dissection with molt cycles could have yielded more reproductive stages and thus, more 

species identifiers. In addition, immediately after molting, arthropods must regain their 

lost population of trichomycetes. Thus, if infection rates vary periodically within one 

host, it would be wise to coordinate dissections with the molt cycle to increase the 

likelihood of finding Mesomycetozoa in the future. Finally, isopods regain their 

trichomycetes by eating the molt of another isopod, or their own (Lichtwardt 2001). This 

made it difficult to track when a molting occurred (approximately once a month 

according to the literature) in a particular isopod, because it was eaten very soon after 

ecdysis. There was rarely any leftover molt to be found and analyzed because it was 

consumed so quickly. 
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Re-evaluating the Evolutionary Placement of Eccrinales  

 The most recent article written on the phylogenetic placement of the Eccrinales 

introduces some changes to the phylogenies presented back in the introduction of this 

paper. This study was conducted using 106 protistan trichomycete samples as opposed to 

only 16 used in the earlier analysis (Reynolds et al. 2017). Previously, Eccrinales were 

classified as Domain Eukarya, unranked Opisthokonta, Class Mesomycetozoea 

(previously DRIP clade), Order Eccrinales. Reynolds et al. 2017 places Eccrinales in a 

suborder called Trichomycina, Order Eccrinida, class Ichthyosporea.  

It is interesting to note that although they admit that Ichthyosporea is the same as 

Mesomycetozoa, they choose to officially call the class, Ichthyosporea. This is an 

interesting reversion to the original class name before the inclusion of protistan 

trichomycetes. It is also interesting because their analysis showed that Ichthyophonidae 

(the fish parasites) evolved from protist trichomycetes, not the other way around. They 

propose that fish repeatedly ingested spores and protist-tricho infected prey until an 

Amoebidium-like organism found its way deeper into the tissues of the fish where it 

evolved to become Ichthyophonidae (Reynolds et al. 2017). 

 In regards to their ancestral habitat, they found that Eccrinidae began as terrestrial 

and shifted to aquatic (Reynolds et al. 2017). They also found that the ancestral host for 

the Eccrinidae was millipedes, which could explain why millipedes are found so 

frequently infested with Eccrinales (Reynolds et al. 2017). In addition, the ancestral 

location of colonization in the host was the hindgut, spherical/ovoid is the shape of 

ancestral spores, and basipetal spore production is the ancestral growth formation 
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(Reynolds et al. 2017). All these traits were identified in the Eccrinales described in this 

thesis.  

 Parataeniellaceae also faced some phylogenetic reconstruction. They renamed the 

group, Parataeniellidae, to confirm its placement as a protist, not a fungus (Reynolds et 

al. 2017). They also found that P. dialata and P. armadillidiia form a monophyletic clade 

that forms a separate family outside of Eccrinidae (Reynolds et al. 2017). However, in 

this thesis the species hesitantly ascribed to the mesomycetozoans (P. latrobi and P. 

flavospora) remain within the Eccrinidae until further phylogenetic analysis can be 

conducted.  

  

Viewing Evolution as a Spectrum 

 It becomes obvious that even with the most modern phylogenetic analysis 

techiniques, evolution can be convoluted. Deciphering evolutionary timelines is even 

more difficult. This is because organisms evolve on a broad and variable spectrum. We 

know that evolution is not linear, and that it occurs in bouts of mutations within a 

population. As a result, there will always be differing extents of intraspecies and 

interspecies variability, yet science tries to categorize organisms by deliniating sections 

of spectra we do not fully understand. This is because looking solely at what exists here 

and now, is only an evolutionary snapshot of a single point in time. We cannot decipher 

convergences or secondary losses on a “here and now” timescale without phylogenetic 

analysis. This happens to be the case with the trichomycetes. Taxonomic debate has 

always centered on where science draws this line, and the trichomycete debate is no 

different.  
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Many examples for this case have been presented already. The Eccrinales 

displayed many traits of fungi, although they were finally placed in the Mesomycetozoa. 

Although these Fungi and Mesomycetozoa are far apart on the evolutionary tree, they 

were placed together using morphological characteristics for about 150 years. P. dialata 

and P. armadillidiia are not within the Eccrindiae. Ichthyophonidae evolved from protist 

trichomycetes, not the other way around. And on a smaller scale, differentiation between 

species of Enterobryus are minute. For example E. luteovirgatus is distinguished by a 

combination of character sizes that are distinct enough from other species (Conteras and 

Cafaro 2013) while E. elegans shows variations between host localities and remains 

categorized as one species (Lichtwardt 1954). Time and time again, it has been noted that 

Eccrinales have huge intraspecies variations. So the question remains: where do we draw 

the line between species distinction and intraspecies variation?  

If we have to categorize spectra of species for the sake of organization, 

phylogenetic analysis will play a large role in deciphering evolutionary timelines. 

However, trichomycetes, and Mesomycetozoans in particular, have proven extremely 

difficult to analyze molecularly for a variety of reasons. Thus, the first step requires more 

extensive trichomycete surveys from around the world. These can provide information 

about host-trichomycete interactions and trichomycete lifecycles that enable scientists to 

grow them in an axenic culture that can undergo phylogentic analysis. Consequently, 

survey studies like this one are a preliminary phase to determining the evolutionary 

timeline of Animalia, Fungi, and Mesomycetozoans.  
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 Fungal Dictionary 

Appendages 

Non-motile filamentous structures attached basally to trichospores 

(see below) of Harpellales or to one or both ends of sporangiospores 

of Eccrinales. 

Arthrospores 

Spores formed as a result of disarticulation of vegetative cells in a 

thallus of Asellariales. Asexual.  

 

Axenic 

Living without the presence of other organisms. May refer to a pure 

culture of a fungus, or to an arthropod that has no microorganisms 

either internally or externally. 

Basipetal 
Sequential development of sporangiospores or trichospores from the 

top of a branch, or thallus toward the bottom. 

Biconical Shaped like two cones with their bases held together.  

Chitin 

A fibrous substance consisting of polysaccharides and forming the 

major constituent in the exoskeleton of arthropods and the cell walls 

of fungi. 

Coenocytic 

An undivided, multinucleate thallus. 

Cuticle 

In the gut of arthropods, a lining secreted by epithelial cells of the 

foregut, or hindgut that consists of chitinous and non-chitinous 

materials. Also refers to the outer layers of nematode bodies and to 

the exoskeleton of arthropods. 

http://www.nhm.ku.edu/~fungi/

Monograph/Figures/Fig7-2.htm 

nucleus-If-so-what-

purpose-do-they-serve 
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Cystospores 

Elongate spores produced within the cyst (shown below) of an 

Amoebidiales.

 

Deciduous To shed or have a certain part fall off.  

Holdfast 

A specialized structure that attaches a thallus to the substrate. It may 

consist of a secreted substance with a characteristic shape, or the 

entire basal cell of the thallus (the holdfast cell) may be modified for 

attachment. 

Malpighian 

tubes (or 

tubules) 

A set of excretory diverticula located at the anterior end of the 

hindgut of insects and some other arthropods. 

Plug A covering for septal pores that can stop the flow of cytoplasm. 

http://www.scielo.br/scielo.php?script=sci_arttext&p

id=S0074-02762003000600016 

http://go.galegroup.co

m/ps/i.do?p=AONE&s

w=w&issn=00084026

&v=2.1&it=r&id=GAL

E%7CA156136131&si

d=googleScholar&link

access=fulltext&authC

ount=1&u=mlin_s_wh

eaton&selfRedirect=tru

e 
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Polyphyletic 

A group of organisms derived from more than one common 

evolutionary ancestor or ancestral group and therefore not suitable for 

placing in the same taxon. 

Septa 

Internal cross walls that divide fungal hyphae. (Septate means hyphae 

is separated by septa)   

 

Sporangiospore 

An asexual spore produced within a sporangium (see below). 

 

 

 

 

 

 

 

Sporangium 

A closed area where spores are formed. 

 

 

 

Thallus 

Entire body of a fungus (picture depicts 

Harpellales). 

https://www.quora.com/Does-fungi-have-a-nucleus-

If-so-what-purpose-do-they-serve 

https://www.studyblue.com/notes/note/n/foodborne-

fungi/deck/12124822 

https://www.researchgate.net/figure/11324139_fig1_

Fig-1-Harpella-sp-Zygomycota-Trichomycetes-

from-midgut-of-Simuliidae-Diptera 
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Modified from http://www.nhm.ku.edu/~fungi/Monograph/Text/Mono.htm. Other 

definitions from dictionary.com.  

 

 

 

 

 

 

 

Trichospore 

A deciduous sporangium of Harpellales that usually has one or more 

appendages attached to its base, serving to disseminate the fungus 

from host to host. It contains a single uninucleate sporangiospore, and 

develops externally as an outgrowth from a generative cell.

 

Vegetative  
A branch that functions to produce another thallus within the same 

gut.  

Zygospore 

A thick-walled sexual spore resulting from the fusion of two nuclei 

(karyogamy); usually preceded by the fusion of two cells 

(plasmogamy). Is a sexual version of a sporangiospore.  

Zygosporophore The cell that supports a zygospore. 

https://www.google.com/search?q=fungal+thallus&esp

v=2&biw=1217&bih=581&source=lnms&tbm=isch&sa

=X&ved=0ahUKEwjU6MaHlObRAhVJOSYKHRlgC

GAQ_AUIBigB#tbm=isch&q=Harpellales+trichospore

&imgrc=CAQW0lpZD8dKSM%3A 

http://www.nhm.ku.edu/~fungi/Monograph/Text/Mono.htm.%20Other%20definitions%20from%20dictionary.com
http://www.nhm.ku.edu/~fungi/Monograph/Text/Mono.htm.%20Other%20definitions%20from%20dictionary.com
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