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Phylogenetic studies of two marine symbioses involving annelids 
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Professor Greg Rouse, Chair 
 
 

  
Two organismal systems were studied for this thesis. In the first, 

Mesorhizobium, a genus of bacteria best known for nitrogen-fixing symbiosis with 

terrestrial legumes, were identified covering the cuticle of Meganerilla bactericola, an 

annelid living in the anoxic Santa Barbara Basin. This was shown via phylogenetic 

analyses of several genes and fluorescence in situ hybridization (FISH). The presence 

of Mesorhizobium suggests a potential role for nitrogen-fixation in this symbiosis.  

The second, and main, component explored crinoid echinoderms and their 

myzostome annelid associates. Nearly all myzostomids live on or inside echinoderms, 
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chiefly crinoids, and may steal incoming food from the host’s food grooves or consume 

the host’s tissue directly. A molecular phylogeny for Comatulidae – the most abundant 

and diverse family of crinoids on modern tropical reefs – was inferred using seven 

genes from 56 terminals (= species). The systematics of Comatulidae was revised 

accordingly and morphological characters were also coded and traced onto the 

molecular phylogeny. Most were homoplastic, and apomorphies were lacking for 

subfamilies, tribes, and most genera. However, combinations of features generally 

allowed for diagnoses for genera and species. A non-dichotomous key and photographic 

guide were developed to assist in field identifications, and DNA sequences on Genbank 

allow identification of specimens to the species level. 

 Myzostomida phylogeny was inferred via molecular data from 75 taxa. Parasitic 

forms arguably arose two or three times, once in crinoids and once each for asteroids 

and ophiuroids. New and undescribed species almost outnumbered known myzostomid 

taxa in this dissertation, and a ‘turbo-taxonomic’ approach was developed and applied 

to describe 21 new species of myzostomids. 

To compare relationships of myzostomids with their hosts, a phylogeny was 

inferred for 56 hosts and a tanglegram constructed with 90 associations. Host specificity 

was high and phylogenetic conservatism was also found, with clades of myzostomids 

interacting only with particular clades of echinoderms. This finding suggests that 

myzostomids (which have a free-living planktonic stage) are limited to one or a few 

closely related hosts, despite most crinoids co-occurring on the same reefs, many within 

physical contact of each other. 



CHAPTER 1                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

General Introduction 

 

Among biotic factors, the long-term and intimate interaction of two or more 

unlike organisms is a major driver of their evolution (Darwin 1859). This type of 

intertwined life history is termed ‘symbiosis’ (deBary 1879) and encompasses 

interactions ranging from parasitism, where one partner gains and the other is harmed, 

through commensalism, where one profits and the other is not affected, to mutualism, 

where both benefit (see Boucher 1985). Symbioses can generate novelty through 

acquisition of new functions by one or both partners (reviewed by Gadd & Raven 

2010). Some of the most famous examples of evolutionary innovation are bacteria-

derived organelles or bacteria living with eukaryotes, e.g., mitochondria in eukaryotes 

generally (Sagan 1967), plastids in plants (reviewed by Howe et al. 2008), nitrogen-

fixing bacteria in legumes (reviewed by Wang et al. 2012; Wielbo 2012), and 

chemosynthetic bacteria in the deep-sea invertebrates (reviewed by Dubilier et al. 

2008). Partners can also exert selective pressure on each other.  In some of these cases, 

such pressure is reciprocal (referred to as coevolution) (see Ehrlich & Raven 1964; 

Thompson 1982). Coevolution influences speciation, adaptive radiation, diversification, 

and host specialization (reviews by (Janz 2011; Karvonen & Seehausen 2012; Poisot et 

al. 2011; Thompson 2009). 

 

Evolutionary innovation through symbiosis: Meganerilla bactericola 

Marine symbiosis research has primarily focused on bacterial endosymbionts, 

1 
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and to a lesser extent on ectosymbionts (reviews by Cavanaugh 1994; Dubilier et al. 

2008; Fiore et al. 2010; Goffredi 2010; Petersen & Dubilier 2009). Such investigations 

typically identify the interacting taxa, establish the roles of each partner, and consider 

the acquisition, maintenance, and longevity of the symbiosis (see Dubilier et al. 1995; 

Harmer et al. 2008). 

The anoxic basin off of Santa Barbara California is considered a ‘symbiosis 

oasis’ (Bernhard et al. 2000). The bacterial mat coating the basin provides habitat to 

five metazoan taxa, two of which were found to harbor bacterial symbionts by Bernhard 

et al. (2000). In Chapter 2, I investigated the sole polychaete inhabitant, Meganerilla 

bactericola (Nerillidae), which is covered in a thick carpet of rod-shaped bacteria 

(Müller et al. 2001). Most bacteria were surprisingly found to be within Mesorhizobia, 

a genus best known for species that are nitrogen-fixing endosymbionts of legumes. This 

finding expands known examples of nitrogen-symbioses in marine environments, and 

the presence of the nifH gene suggests a possible role of nitrogen-fixation in this 

symbiosis, and in benthic anoxic habitats in general. 

 

The role of symbiosis in lineage evolution: crinoids and myzostomids 

Uncovering the evolutionary consequences of long-term interactions among 

lineages requires a phylogenetic approach. For this to be viable, reliable phylogenies 

must be established for all of the interacting lineages.  Unfortunately, this baseline 

condition is rarely met due to the difficulty and time-consuming nature of the work 

required to do so (Thompson 2005). Symbioses available for robust analyses are 

terrestrial, such as the gopher-louse (Hafner & Page 1995), ant-fungus-parasite (Currie 
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et al. 2003), and yucca-moth (reviewed in Pellmyr 2003). 

Of the many sets of symbiotic relationships available for co-phylogenetic 

analysis, one of the most promising marine systems for incisive study is that of crinoids 

(one of the five extant classes of echinoderms) and the wide spectrum of animals that 

live with them.  The richness of the symbiosis can be exemplified by a typical Indo-

Pacific reef community, wherein several dozen feather star species can serve as hosts 

for hundreds of species including annelids, gastropods, shrimps, crabs, copepods, 

brittlestars, and clingfish (e.g., Britayev & Mekhova 2010; Deheyn et al. 2006; Zmarzly 

1984).  Work on this attractive system has been crippled by the incorrectness of 

morphology-based phylogenetic trees of crinoids (a similar problem impacts the 

reliability of phylogenetic trees for animals associated with them). In Chapters 3 and 4, 

I use a molecular phylogenetic approach to elucidate the evolutionary histories of key 

groups of crinoids as well as one group of their obligate associates particularly 

attractive for co-phylogenetic investigation – myzostomid worms. 

Host evolution – Crinoids are sessile or sedentary, suspension-feeding benthic 

echinoderms restricted to marine environments. Modern crinoids have been 

traditionally divided into those with and those without a stalk in the adult stage. Stalked 

crinoids are currently restricted to depths greater than 100 m with approximately 100 

nominal species taxa (Messing 1997; Roux et al. 2002).  Unstalked (feather star) 

crinoids detach from their stalk during development and are mobile as juveniles and 

adults.  Many use their cirri and arms to crawl, and some species are capable of 

swimming (Meyer & Macurda 1977).  Feather stars represent the majority of modern 

day crinoid diversity and are found throughout the world’s oceans, with approximately 
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540 species described. 

Modern crinoids are difficult to classify using morphology due to lack of 

consensus concerning convergent characters (e.g. Clark 1931; Hoggett & Rowe 1986; 

Messing 2001).  Molecular phylogenetic analyses of the group are limited (Cohen et al. 

2004; Helgen & Rouse 2006; Hemery et al. 2012; Hemery et al. 2013; Owen et al. 

2009; Rouse et al. 2013; White et al. 2001; Wilson et al. 2007), yet this work 

challenges many prior morphology-based classifications. 

Among crinoids, comatulid (formerly comasterid) feather stars dominate 

shallow tropical reefs in both abundance and species diversity (Messing 2001), and are 

also host to most of the symbionts (Britayev & Mekhova 2011; Deheyn et al. 2006). In 

Chapter 3, a molecular phylogeny for this group of crinoids is inferred using seven 

genes from 56 terminals representing 46 nominal species and 10 possibly new species. 

Twenty morphological characters were coded and traced onto the molecular phylogeny. 

Most of the characters were found to be convergent. Two subfamilies and two genera 

were recovered as paraphyletic and revised accordingly. This study departs from 100 

years of taxonomic history concerning crinoids and establishes a path forward focused 

on robust analyses and tree-thinking. 

Evolution of obligate symbionts, Myzostomida – Myzostomid worms are 

obligate associates of echinoderms with about 92% of the 150 described species living 

on or within crinoids. Myzostomids possess a variety of lifestyles and body plans in 

which they either steal food from, or directly consume, their echinoderm host. All but 

17 species live actively on the surface or at sessile ‘feeding spots’ in the adult stage 

(Grygier 2000).  These free-living myzostomids are mainly disk-shaped or elongate and 
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use their chaetae to hold onto the host while inserting their introvert (proboscis) to steal 

food from the food channel (Eeckhaut & Lanterbecq 2005; Grygier 2000; Mueller & 

Westheide 2000).  Many have traits that resemble parts of the crinoid (e.g. color, 

extensions that look like pinnules) (Fishelson 1974; Grygier 2000; Potts 1915).  Other 

myzostomids live in hard skeletonized galls or soft cysts or directly within the host’s 

mouth, coelom, digestive system, and gonads (Grygier 2000; Rouse & Pleijel 2001). 

The relationship of myzostomids to other annelid groups as well as taxonomic 

resolution within the group remains unresolved (Bleidorn et al. 2007; Bleidorn et al. 

2009; Rouse & Fauchald 1997; Zrzavy et al. 2009). 

In Chapter 4, I inferred the evolutionary history of Myzostomida from 75 taxa 

on the basis of four genes. Parasitic host-eating forms arguably arose two times, once in 

crinoids and once for asteroids and ophiuroids. Two types of cyst-forms are 

distinguished. One set is most closely related to gall-forms and includes kidney-bean 

shaped taxa. The other cyst-forms are distributed throughout a clade composed of taxa 

that live within cysts as juveniles and transition to a free-living adult life—suggesting 

that this form of cyst is a paedomorphic feature. Host specificity was found to be high, 

with most myzostomid species limited to only one species. 

Relationships of Myzostomida to their hosts – Signs of suspected myzostomid 

infestations have been found on fossilized stalked crinoids from the early Jurassic (Hess 

2010), and possibly as far back as the Silurian (Brett 1978). The variety of life histories, 

coupled with dependence on an echinoderm host over long time-scales, makes the 

crinoid-myzostomid association an interesting system in which to explore the 

evolutionary effects of symbiosis. In Chapter 4, I map 90 associations between 70 
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myzostomids and their hosts and evaluate them with co-phylogenetic analyses. The 

relationship of Myzostomida to their hosts shows a striking pattern – clades of 

myzostomids interact only with particular clades of echinoderms. Despite this overall 

congruence, however there was not strong evidence for parallel cladogenesis between 

myzostomids and their hosts. Contrary to previous claims that co-speciation is the 

dominant mechanism driving diversity in this system (Lanterbecq et al. 2010), it 

appears that host-switching among closely related taxa may be more prevalent than 

heretofore thought. 

Establishment of the crinoid-myzostomid system for future symbiosis research 

– Crinoids and myzostomids form an attractive system for further study of symbiosis, 

especially of the mechanisms structuring high specificity and phylogenetic 

conservatism of host use. A prerequisite for such experiments is the unequivocal 

identification (preferably in the field) of the crinoid and myzostomid species involved. 

A persistent problem found in existing crinoid and myzostomid literature is inaccurate 

host identification. This is the result of ontogenetic and environmental variation in 

features (Messing 1998, 2001; Roux & Amezaine 2002), convergence in traditional 

morphological traits (Chapter 3), and a reliance on dichotomous identification keys that 

inadvertently can lead to wrong conclusions. To remedy this impediment, Chapter 5 is a 

guide to Comatulidae, the most abundant and diverse family of crinoids on shallow 

reefs and the main hosts to symbionts. This non-dichotomous key, coupled with 

photographs accentuating the morphological diversity, will improve field identification, 

although subsequent DNA data is required for unimpeachable verification. 

Undescribed diversity is equally problematic, for crinoids and especially 
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myzostomids. Without a name, it is almost impossible to track specimens and DNA 

data, especially using online catalogues and databases. However, traditional naming 

conventions (but not requirements) require long descriptions and in-depth morphology 

on top of the required work of establishing clearly that a specimen is in fact new. 

Although well justified in their own regard and important to taxonomy in general, such 

expectations hinder the pace at which new species can be described. Streamlined 

descriptions have been used for two systems to date, wasps (Butcher et al. 2012) and 

weevils (Riedel et al. 2013). In Chapter 6, I address first how to identify and then 

subsequently name myzostomids, with 21 new species described in total. In 

combination, the generation of morphological keys, complete taxa lists, photographs, 

and extensive DNA database for both crinoids and myzostomids establishes this as a 

marine system for symbiosis research. 

	  



CHAPTER 2 

 

Association of rhizobia with a marine polychaete 

 

Summary 

We report the presence of Mesorhizobium, a genus best known for its nitrogen-

fixing symbiosis with terrestrial legumes, associated with the marine polychaete 

Meganerilla bactericola (Müller, Bernhard, & Jouin-Toulmond, 2001) (Annelida: 

Nerillidae). Abundant epibionts were previously described as coating the exterior of M. 

bactericola, which is found within the anoxic sulfide-oxidizing microbial mats of the 

Santa Barbara Basin, California, USA. 16S rRNA investigation of the bacterial 

community associated with this polychaete discovered the presence of bacteria 

belonging to Mesorhizobium.  We identified these bacteria using phylogenetic analyses 

of 16S rRNA and three additional functional genes, nifH, atpD, and recA, and group-

specific fluorescence in situ hybridization (FISH). 

 

Introduction  

Nitrogen fixation, the metabolic conversion of atmospheric nitrogen (N2) into 

ammonia (NH3), is restricted to a limited number of Bacteria and Archaea, collectively 

referred to as diazotrophs (Zehr et al. 2003). Nitrogen fixation introduces significant 

amounts of bioavailable nitrogen into terrestrial and aquatic habitats, thus supporting 

ecosystem productivity. All non-diazotrophic organisms rely on alternative ways of 

acquiring nitrogen: most animals and fungi consume nitrogen in biomolecules through 

8 
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heterotrophy; the majority of plants and bacteria assimilate inorganic nitrogen 

compounds from soil or water; and finally a variety of eukaryotes including protists, 

plants, fungi, and invertebrates obtain bioavailable nitrogen from symbioses with 

diazotrophs. These symbioses range from temporary, non-specific external associations 

to permanent intracellular interactions with symbionts passed between generations 

(Fiore et al. 2010). Among the best characterized diazotrophs are the rhizobia bacteria 

living with leguminous plants. This interaction requires coordinated gene expression by 

the host plant and its symbiotic bacteria to establish a specialized nodule where the 

latter are protected from oxygen and provided with carbon compounds in exchange for 

fixed nitrogen compounds (see recent reviews: Kereszt et al. 2011; Mortier et al. 2012; 

Wang et al. 2012).  

In contrast to terrestrial systems, most known examples of nitrogen fixation in 

the ocean involve free-living, non-symbiotic photoautotrophic diazotrophs such as the 

marine cyanobacterium Trichodesmium (Riemann et al. 2010; Kranz et al. 2011; Sohm 

et al. 2011; Zehr 2011; Zehr & Kudela 2011). In addition, several examples of marine 

symbioses based on N2-fixation have been described. These involve such hosts as 

protists, corals, sponges, molluscs, sea urchins, and tunicates (reviewed in Kneip et al. 

2007; Foster & O'Mullan, 2008; Fiore et al. 2010). The prokaryotes involved in these 

marine symbioses are commonly cyanobacteria, but may not infrequently belong to 

other bacterial groups including Vibrio, gamma-proteobacteria, Desulfovibrio, and 

alpha-proteobacteria such as Rhizobiales (Lesser et al. 2004; Sfanos et al. 2005; Olson 

et al. 2009; Lema et al. 2012).  

The current study demonstrates the first definitive association between bacteria 
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with the genetic potential for nitrogen fixation (nifH) and a marine polychaete. The 

worm, Meganerilla bactericola, lives within the deep-water sulfide-oxidizing microbial 

mats of the Santa Barbara Basin, California, USA. Abundant, unidentified epibiotic 

bacteria were previously described as covering, but not penetrating, the epidermis of 

this polychaete (Bernhard et al. 2000; Müller et al. 2001). Rhizobial epibionts of this 

worm were identified using 16S rRNA and three additional functional genes, nifH, 

atpD, and recA, phylogenetic analysis, and group-specific fluorescence in situ 

hybridization (FISH). 

 

Results and discussion 

Specimens of Meganerilla bactericola and bacterial mat samples were collected 

with a Soutar box corer onboard the R/V Melville from ~585 m depth in the Santa 

Barbara Basin (34.17-34.29°N, 120.02-120.03°W). Animals were sorted under a 

stereomicroscope and fixed in 95% ethanol, 4% paraformaldehyde, or 2% 

glutaraldehyde in sodium cacodylate buffer. Bacterial mat samples were fixed in 95% 

ethanol and frozen at -80°C. 

  

Identification and phylogenetic analysis of nerillid-associated bacteria 

 To identify the composition of epibionts associated with Meganerilla 

bactericola, we used bacterial primers 27F and 1492R (Lane 1991) to construct two 

16S rRNA gene clone libraries from animals at two independent sites approximately 13 

km apart within the Santa Barbara basin. Ribotypes were assigned to three main 

bacterial groups: Mesorhizobium (69.1 and 87.4% of recovered ribotypes), 
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Desulfobacteracea (9.9 and 10.5%), and Arcobacter (3.7 and 1.1%) (Fig. 2.1A). Based 

on the clustering of sequences at 99% identity, all 139 Mesorhizobium sequences 

represented a single clone, referred to here as Mesorhizobium sp. SBB-POLY. 

Mesorhizobium sp. SBB-POLY has a sequence identity (uncorrected distance) of 98.2% 

to the type strain of Mesorhizobium shangrilense and 99.9% to environmental 

sequences from arsenic-enriched mine tailings (Macur et al. 2001) and a microbial 

electrolysis cell inoculated with anaerobic paper mill sludge (Croese et al. 2011) 

(GenBank accessions AF331662 and FR669221). To further assess the evolutionary 

relationship of Mesorhizobium sp. SBB-POLY to previously known taxa, a 

comprehensive phylogenetic analysis was performed that incorporated all species of 

Mesorhizobium as well as rhizobia-like environmental clones and isolates from 

eukaryotes available on GenBank (Fig. 2.1B). We found moderate support for the clade 

comprising Mesorhizobium, with Mesorhizobium. sp. SBB-POLY strongly supported as 

sister to Mesorhizobium camelthorni and Mesorhizobium alhagi. Previous isolates and 

environmental clones were not within Mesorhizobium. A 16S rRNA or metagenomic 

survey of bacteria within the microbial mat or adjacent waters of the Santa Barbara 

Basin has not been completed, however rhizobia were sequenced from sediment in 

methane-producing clam fields in the basin (Orphan et al. 2001).   

To bolster the phylogenetic placement of Mesorhizobia sp. SBB-POLY, we 

targeted three additional phylogenetically informative genes for analysis: nifH, atpD, 

and recA. Each gene was PCR amplified from M. bactericola DNA extracts and 

sequenced directly, providing further evidence in support of Mesorhizobium sp. SBB-

POLY being a single clonal population. Phylogenetic analyses of each of these genes 
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are congruent with the 16S rRNA gene-based placement of SBB-POLY within the 

Mesorhizobium (Fig. 2.2). These trees show strong support for the placement of 

Mesorhizobium sp. SBB-POLY within the genus Mesorhizobium and distinctiveness 

from previous eukaryote-associated nifH clones. The successful amplification of the 

nitrogenase reductase gene nifH, which encodes a key component of the nitrogenase 

enzyme complex (Mortenson & Thorneley 1979), provides evidence supporting the 

genetic potential for nitrogen fixation in Mesorhizobium sp. SBB-POLY.   

To investigate the possibility of free-living Mesorhizobium sp. SBB-POLY in 

the microbial mat, we attempted, without success, to directly amplify rhizobial nif-H, 

atpD, recA (primers described in Fig. 2.1) and 16S rRNA gene sequences (Mes16S-F 

5’-TGGGCGCAAGCCTGATCCAG-3’ and Mes16S-R 5’- 

CGTTAGCTGCGCCACCGACA-3’) from genomic DNA extracted from the mat. 

While not conclusive, these results suggest that Mesorhizobium sp. SBB-POLY is more 

abundant in association with the worm than free-living in the microbial mat. 

 

Association of Mesorhizobium sp. SBB-POLY with Meganerilla bactericola 

To confirm the association of Mesorhizobium sp. SBB-POLY with M. 

bactericola, a 16S rRNA gene probe specific to the genus Mesorhizobium was designed 

for fluorescence in situ hybridization (FISH). This probe, Meso163 (5’-

CCCGAAGGACGTATACGGTATTAGCTCCAG-3’) was hybridized to 15 whole-

mounts of ethanol and paraformaldehyde-fixed specimens of M. bactericola (Fig. 2.3B-

E). Two additional FISH probes, the universal Bacteria probe set EUB338 (EUB338, 

EUB338II, and EUB338III) (Amann et al. 1990; Daims et al. 1999) and the nonsense 
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probe NONEUB (Wallner et al. 2005) were used as controls. Based on the FISH 

results, we estimate that Mesorhizobium sp. SBB-POLY accounts for approximately 

80% of the universal bacterial signal (Fig. 2.3C-E), a result consistent with the 16S 

rRNA gene library analyses. Both the group-specific Meso163 and universal bacteria 

probes showed discrete patches of hybridization on the exterior of the animal (Fig. 

2.3B). This result was unexpected since the epibionts were previously shown to coat the 

entirety of the animal (Bernhard et al. 2000; Müller et al. 2001). Examination of 

bacterial coverage on specimens fixed in glutaraldehyde via transmission electron 

microscopy (TEM), revealed bacteria of the same size and shape covering the outside of 

the animal as well as lining the pharynx (Fig. 2.3F-G). These observations match those 

previously reported (Bernhard et al. 2000; Müller et al. 2001). The patchiness of both 

universal and genus-specific FISH hybridizations suggests that some bacteria were 

disassociated during fixation in ethanol and paraformaldehyde. Bacterial signals 

detected on the exterior of the worm demonstrate that Mesorhizobium sp. SBB-POLY, 

unlike other symbiotic rhizobia, is an ectobiont on the Meganerilla bactericola host. 

The bacteria lining the pharynx remain unidentified, presenting the possibility that these 

may or may not be different bacteria. Symbiotic associations involving freshwater and 

terrestrial rhizobia (e.g. leeches, termites, plants) are endosymbiotic (Siddall et al. 2004; 

Fröhlich et al. 2007; Kvist et al. 2011). Rhizobia found with plants are localized in root 

nodules to allow the physical separation of oxygen from the nitrogenase enzyme 

(Soupene et al. 1995). Considering the marked anoxic conditions of the Santa Barbara 

Basin habitat, an ectobiotic lifestyle may not inhibit nitrogenase activity in this 

environment. 
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Nature of the symbiosis 

The external association of the rhizobia Mesorhizobium sp. SBB-POLY with the 

marine polychaete Meganerilla bactericola is supported by multiple lines of evidence, 

including reproducible genetic surveys, phylogenetic analyses, FISH, and TEM.  The 

possibility of nitrogen-fixation by Mesorhizobium sp. SBB-POLY warrants further 

investigation, especially in regard to traditional hypotheses concerning ectosymbiotic 

relationships (e.g. detoxification, protection, or nutrition) (see reviews: Cavanaugh 

1994; Lee & Childress 1994; Dubilier et al. 2008; Goffredi 2010). Nitrogen fixation 

and possible trophic transfers to the host should be investigated through a combination 

of genetic (e.g. nif gene expression based on mRNA detection), nitrogenase enzyme 

activity (e.g. acetylene reduction assays with live animals), and nitrogen isotopic studies 

(e.g. nano-SIMS). Additional metabolic features of Mesorhizobium sp. SBB-POLY 

may also explain its association with a marine worm. Cultivation of the bacteria, and if 

that is not possible, single-cell genomic investigation could answer many of these 

questions. Evidence for rhizobia-related bacteria associated with an animal in an anoxic 

microbial mat community also raises questions about the dynamics of nitrogen cycling 

phenomena in this habitat. Further biogeochemical, microbiological, and zoological 

analysis of these dynamic microbial mat ecosystems will undoubtedly provide 

important contributions to the understanding of novel host-microbe associations in 

marine anoxic environments. 
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Figure 2.1. 16S rRNA gene taxonomic identities of bacteria found associated with 
Meganerilla bactericola at two sites in the Santa Barbara Basin (A) and 16S rRNA 
maximum likelihood tree of Rhizobiales, with emphasis on Mesorhizobium, highlighted 
in medium gray (B). Jackknife (parsimony) and bootstrap (likelihood) support of 
greater than 70 are indicated with a (*). Support for other clades is shown as 
jackknife/bootstrap, with (-) indicating a node not present in parsimony analysis. A 
representative 16S rRNA gene sequence of the most abundant clone found associated 
with M. bactericola is referred to as Mesorhizobium sp. SBB-POLY and is highlighted 
in black. Environmental clones and isolates from eukaryotes are highlighted in dark 
gray (marine) and light gray (terrestrial). A) Genomic DNA was extracted from six 
ethanol-fixed animals per site by grinding of tissue followed by phenol-chloroform 
extraction (Sambrook and Russell, 2001). 16S rRNA genes were amplified using 
bacterial primers 27F (5’-AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-
ACCTTGTTACGACTT-3’) (Lane 1991), cloned and sequenced to produce two 
libraries of 81 and 95 sequences. We identified closest bacterial ribotypes using BLAST 
(http://blast.ncbi.nlm.nih.gov/) and Greengenes (http://greengenes.lbl.gov/) and 
assigned taxonomic identities using the Ribosomal Database Project 
(http://rdp.cme.msu.edu/). Direct distance calculations among sequences assigned to 
Mesorhizobium were calculated using PAUP*4.0b10 (Swofford 2002) and found to be 
99% identical. B) 16S molecular data for a total of 51 taxa were analyzed using 
phylogenetics. This sampling covers all species within Mesorhizobium, representative 
strains of Rhizobium, Sinorhizobium, Bradyrhizobium, and Phyllobacterium, and 
environmental clones and isolates associated with eukaryotes. Azorhizobium 
caulinodans and Bradyrhizobium japonicum were chosen as outgroups based on 
previous work (Peter et al. 1996; Vidal et al. 2009). 16S sequences were aligned using 
NAST in Greengenes (DeSantis Jr et al. 2006), resulting in 1511 terminals, 252 
parsimony informative and 129 parsimony uninformative. A maximum parsimony 
analysis was carried out using PAUP*4.0b10 (Swofford & Sullivan 2003) with the 
heuristic search option with 100 random additions. Strict consensus trees were 
generated and clade supports determined using 100 jackknife replicates (Farris et al. 
1996). This analysis produced 320 most parsimonious trees (length = 1079). Maximum 
likelihood analysis was completed using RAxML GUI v. 0.93 (Stamatakis 2006; 
Silvestro & Michalak 2010) with the GTRGAMMA model based on author 
recommendations (Stamatakis 2008). Thorough bootstrap analysis was carried out with 
1000 pseudoreplicates using the same model. The alignment and phylogenetic analyses 
are available at TreeBASE (http://purl.org/phylo/treebase/phylows/study/TB2:S13642). 
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Figure 2.2. Maximum likelihood trees of nerillid-associated nifH (A), atpD (B), and 
recA (C) of Rhizobiales, with emphasis on the genus Mesorhizobium, highlighted in 
medium grey. Mesorhizobium sp. SBB-POLY is highlighted in black. Jackknife 
(parsimony) and bootstrap (likelihood) support of greater than 70 are indicated with a 
(*). Support for other clades is shown as jackknife/bootstrap, with (-) indicating a node 
not present in parsimony analysis. Sequences for each gene were aligned using 
MUSCLE (Edgar 2004). Maximum parsimony and maximum likelihood analyses were 
carried out for each gene as described in Figure 2.1. The alignments and phylogenetic 
analyses are available at TreeBASE 
(http://purl.org/phylo/treebase/phylows/study/TB2:S13642). A) nifH was amplified 
using the primers nifHF (5’-TACGGNAARGGSGGNATCGGCAA-3’) and nifHI (5’-
AGCATGTCYTCSAGYTCNTCCA-3’)(Laguerre et al. 2001). Phylogenetic analyses 
included 33 taxa and 704 characters (235 parsimony informative/94 parsimony 
uninformative). Maximum parsimony analysis produced 46 most parsimonious trees 
(length = 974). B) atpD was amplified using the primers atpD-F (5’-
ATCGGCGAGCCGGTCGACGA-3’) and atpD-R (5’-
GCCGACACTTCCGAACCNGCCTG-3’) (Gaunt et al. 2001). Phylogenetic analyses 
included 32 taxa and 512 characters (156 parsimony informative /46 parsimony 
uninformative). Maximum parsimony analysis produced 12 most parsimonious trees 
(length = 704). C) recA was amplified using the primers recA-F (5’-
ATCGAGCGGTCGTTCGGCAAGGG-3’) and recA-R (5’-
TTGCGCAGCGCCTGGCTCAT-3’)(Gaunt et al. 2001). Phylogenetic analyses 
included 36 taxa and 536 characters (190 parsimony informative /48 parsimony 
uninformative). Maximum parsimony analysis produced 25 most parsimonious trees 
(length = 941). Mesorhizobium sp. SBB-POLY is highlighted in black. 
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Figure 2.3. Live photography (A-B), fluorescence in situ hybridization (FISH) (C-F), 
and transmission electron microscopy (TEM) (G-H) of the marine annelid Meganerilla 
bactericola and its associated bacteria. A-B) Live Meganerilla bactericola, in situ 
within the microbial mat of the Santa Barbara Basin (A). Animals were examined using 
a Leica S8 Apo dissecting microscope and photographs acquired with a Canon Rebel 2 
Ti camera. C-F) Whole-mounts of M. bactericola preserved in ethanol and 
paraformaldehyde in 1% low-melt agarose, followed by 35% FISH treatment (Fuchs et 
al. 2007). Hybridizations were performed at 48°C with universal (EUB388) (5’- 
GCTGCC TCCCGTAGGAGT-3’) (Amann et al. 1990), a designed genus-specific 
probe (Meso163 5’-CCCGAAGGACGTATACGGTATTAGCTCCAG-3’), two helper 
probes (H145 5’-TTTCCCGGAGTTGTTCCG-3’ and H193 5’-
CGCATAAATCTTTCT-3’), and NONEUB (5’-ACTCCTACGGGAGGCAGC-3’) 
(Wallner et al. 2005) as a negative control. Meso163 was designed and evaluated 
following (Hugenholtz et al. 2002). The specificity of Meso163 probe was tested in 
silico using Probe Match (http://rdp.cme.msu.edu/probematch). The optimal stringency 
was determined using Mesorhizobium loti (DSMZ 2626) and the closest non-genus 
representative, Phyllobacterium myrsinacearum (DSMZ 5892). At 35% stringency, we 
observed that less than 1% of P. myrsinacearum was hybridized. C) Ethanol-fixed 
wholemount; red fluorescence of bacteria hybridized with genus-specific Alexa 555 
probe Meso163. Blue fluorescence of animal nuclei stained with Hoescht. Co-
localization with universal probe (EUB 388) not shown. Specimen examined using 
Zeiss ApoTome.2 and photograph acquired with Zeiss AxioCamHRm camera. D-F) 
Patch of bacteria on the outside of PFA-fixed specimen; D) Red fluorescence of 
bacteria hybridized with Cy3 universal EUB338 probe, E) Green fluorescence of 
bacteria hybridized with 5-Fam genus-specific Meso163 probe, F) Yellow co-
localization of EUB388 and Meso163. Specimen examined using Leica DM6000CS 
confocal laser microscope. G-H) TEM images of M. bactericola. Samples for TEM 
were post-fixed in 1% osmium tetroxide for 2 hours, dehydrated, and embedded in 
Spurr’s epoxy resin. 70-nm sections were prepared and examined using a JEOL 120 
EXII TEM. G) Apices neighboring epidermal cells with numerous bacteria associated 
with the surface facing the environment (lower right). H) Small clusters of bacteria in 
phagocytic vesicles and/or internalized vacuoles in the apical cytoplasm of the 
multiciliated pharyngeal endoderm cells; lumen toward right.  Abbreviations: anal cirri 
(ac), bacteria (ba), chaetae (ch), cilia (ci), cuticle (cu), and palps (pa). 
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This chapter, in full, is a reproduction of the material as it appears in 

Environmental Microbiology Reports 2013. Summers, Mindi M.; Katz, Sigrid; Allen, 

Eric E.; Rouse, Greg W. (2013) Association of rhizobia with a marine polychaete. 

Environmental Microbiology Reports 5: 492-498. The dissertation author was the 

primary investigator and author of this paper. 



CHAPTER 3 

 

Phylogeny of Comatulidae (Echinodermata: Crinoidea: Comatulida): A new 

classification and an assessment of morphological characters for crinoid taxonomy 

 

Abstract 

Comatulidae Fleming, 1828 (previously, and incorrectly, Comasteridae A.H. 

Clark, 1908a), is a group of feather star crinoids currently divided into four accepted 

subfamilies, 21 genera and approximately 95 nominal species. Comatulidae is the most 

commonly-encountered and species-rich crinoid group on shallow tropical coral reefs, 

particularly in the Indo-western Pacific region (IWP). We conducted a molecular 

phylogenetic analysis of the group with concatenated data from up to seven genes for 

43 nominal species spanning 17 genera and all subfamilies. Basal nodes returned low 

support, but both maximum likelihood and maximum parsimony analyses were largely 

congruent, permitting an evaluation of current taxonomy and analysis of morphological 

character transformations. Two of the four current subfamilies were paraphyletic, 

whereas 15 of the 17 included genera returned as monophyletic. We provide a new 

classification with two subfamilies, Comatulinae and Comatellinae n. subfamily 

Summers, Messing, & Rouse, the former containing five tribes. We revised 

membership of analyzed genera to make them all clades and erected Anneissia n. gen. 

Summers, Messing, & Rouse. Analysis of the transformations for the morphological 

features generally used for feather star classification (e.g., ray branching patterns, 

articulations) and those specifically for Comatulidae (e.g., comb pinnule form, mouth 
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placement) were labile with considerable homoplasy. These traditional characters, in 

combination, allow for generic diagnoses, but in most cases we did not recover 

apomorphies for subfamilies, tribes, and genera. New morphological characters that 

will be informative for crinoid taxonomy and identification are still needed. DNA 

sequence data currently provides the most reliable method of identification to the 

species-level for many taxa of Comatulidae. 

 

Introduction 

Extant crinoids belong to Articulata, the only one of the four currently 

recognized lineages of crinoids to survive the end-Paleozoic extinction (Hess & 

Messing 2011). Among extant articulates, over 80% of the ~650 accepted species 

belong to order Comatulida (Rouse et al. 2013; Hemery et al. 2013), most members of 

which shed the postlarval stalk and take up a non-sessile existence as feather stars 

(Holland 1991; Haig & Roux 2008). Contemporary taxonomy of extant crinoids dates 

chiefly from 1907-1909, when A.H. Clark (e.g., 1907a, 1908a b, 1909a b c) described 

75 genera and 17 family-level taxa, chiefly feather stars. Although a few families and 

genera have since been revised (e.g., Hoggett & Rowe 1986; Rowe et al. 1986; White et 

al. 2001; Messing 2001; Hess & Messing 2011), Clark’s more than 100 publications, 

including a five-volume monograph (totaling more than 4100 pages) (A.H. Clark 1915, 

1921a, 1931, 1941, 1947, 1950; AH Clark & AM Clark 1967), remain the foundation 

for current morphologically-based classification of the group. However, recent 

molecular analyses spanning Articulata (Hemery et al. 2013; Rouse et al. 2013) have 

revealed serious taxonomic inadequacies and indicate that extensive revision is required.  
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Among feather stars, Comatulidae Fleming, 1828 (Fig. 3.1), includes 

approximately 95 accepted nominal species and dominates tropical reef crinoid faunas 

worldwide in terms of both species-richness and abundance (Messing 2001). Although 

the name Comasteridae AH Clark, 1908a, has been uniformly applied to this family for 

almost a century, we use here the family name Comatulidae Fleming, 1828, since the 

former is clearly a junior synonym and should not be used, and ‘comatulid’ in reference 

to Comatulidae (see Appendix A). Comatulidae are distinguished from other feather 

stars by two easily recognized and arguably apomorphic features. 1) Several to many 

distal segments of at least a few proximal pinnules bear one or two blade- or knob-like 

projections that together form a comb-like structure. 2) In most genera and species, the 

mouth lies off-center or near the margin on the oral surface, or tegmen (Fig. 3.2). 

Previous molecular studies (Hemery et al. 2013; Rouse et al. 2013) recovered 

Comatulidae as monophyletic with strong support, but White et al. (2001) and Rouse et 

al. (2013) suggested paraphyly for subfamilies and some genera. 

The most recent morphological classification places the species in 21 genera and 

four subfamilies (Hess & Messing 2011; Messing 2001): Comatulinae; Capillasterinae; 

Comasterinae; and Phanogeniinae. (Table 3.1 lists authorship for all taxa.) These 

subfamilies are distinguished chiefly by differences among patterns of articulation 

between proximal brachials (Fig. 3.3), whereas ray branching patterns, cirrus 

ornamentation, ossicle proportions, and, more recently, pinnule comb structure 

diagnose genera (Fig. 3.4). However, the current morphology-based classification 

suffers from a lack of consensus about character homologies (e.g., structure, derivation 

and placement of ligamentary articulations) (AH Clark 1931; Hoggett & Rowe 1986; 
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Messing 2001; Rowe et al. 1986). Identification is further confounded by substantial 

ontogenetic changes and morphological variation based on environmental conditions 

(e.g., mouth position, number of arms and cirri, and color variations [see Messing 1998, 

2001; Owen et al. 2009]).  

In this paper, we re-assess the phylogeny, evaluate morphological characters, 

and revise the classification of Comatulidae accordingly. To this end, we sequenced 

DNA for part or all of seven genes (nuclear and mitochondrial) from 56 terminals (plus 

four outgroup species) representing 17 of the 21 accepted genera. These genes were 

concatenated and analyzed using maximum parsimony and maximum likelihood 

methods. To access morphological transformation, we mapped traits on the molecular 

phylogenetic results. We provide a revised classification of the subfamilies and three 

genera. 

 

Methods 

Taxon sampling  

Fifty-six specimens were included in this study, representing 43 of the 

approximately 95 currently accepted Comatulidae species. Crinoids were collected 

chiefly using scuba. A few animals were collected via submersible and remotely 

operated vehicle (ROV). Individuals were either released (if definitively identified in 

the field) or retained as vouchers, either preserved in ethanol or dried. Tissue 

subsamples were placed in ethanol. Specimens were deposited at or obtained from the 

Australian Museum, Sydney, Australia (AMS); Harbor Branch Oceanographic 

Institution, Florida Atlantic University, Fort Pierce, FL (HBOI); Muséum National 
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d’Histoire Naturelle, Paris, France (MNHN); South Australian Museum, Adelaide, 

Australia (SAM); Benthic Invertebrate Collection, Scripps Institution of Oceanography, 

La Jolla, CA (SIO-BIC); Florida Museum of Natural History, Gainesville, FL (UF). 

Additional sequences were obtained from GenBank for vouchers housed at the Museum 

Victoria, Melbourne, Australia (MV) and The National Institute of Water and 

Atmospheric Research, Wellington, New Zealand (NIWA).  Table 3.2 lists locality 

details and voucher information. 

 

DNA extraction, amplification, and sequencing  

Genomic DNA was extracted from pinnules preserved in 95% ethanol or 20% 

DMSO buffer using the Qiagen DNAeasy Tissue Kit following manufacturer protocols. 

Two nuclear markers—28S rRNA (incomplete, approximately 800 bp) and ITS1, 5.8s 

rDNA, and ITS2 (approximately 850 bp)—and five mitochondrial markers—16S rRNA 

(partial, approximately 550 bp), Cytochrome oxidase subunit 1 (COI) (partial, 

approximately 1100 bp), Cytochrome B (CytB) (partial, approximately 800 bp), and 

Cytochrome oxidase subunits 2 (COII) and 3 (COIII) (both partial, approximately 500 

bp each)—were sequenced. For all markers, 25 µL PCR mixtures containing 12.5 µL 

ProMega GoTaq Green DNA polymerase (3mM MgCl2, 400 µM each dNTP, 1U Taq), 

and between 50-100 ng DNA were used.  

28S rRNA was amplified using the primer pair C1’ (5’-ACC CGC TGA ATT 

TAA GCA T-3’) and D2 (5’-TCC GTG TTT CAA GAC GGG-3’) (Lê et al. 1993) with 

a reaction profile of 95ºC for 180s; 38 cycles of 95ºC for 30s, 52ºC for 30s, and 72ºC 

for 45s, and finally 72ºC for 300s. ITS1-5.8S-ITS2 was amplified using the primer pair 
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ITSF (5’-GGG ATC CGT TTC CGT AGG TGA ACC TGC-3’) and ITSR (5’-GGG 

ATC CAT ATG CTT AAG YTC AGC GGG T-3’) (Cohen et al. 2004) with a reaction 

profile of 94ºC for 240s, 40 cycles of 94ºC for 40s, 57ºC for 40s, and 72ºC for 60s, and 

finally 72ºC for 600s (Hemery et al. 2012). COI was amplified using the primer pair 

FsCOI (5’-AGT CGT TGG TTG TTT TCT AC-3’) and COI 3’R (5’-CAA TGA GTA 

AAA CCA GAA-3’) (Helgen & Rouse 2006) with a reaction profile of 95ºC for 180s, 

35 cycles of 94ºC for 45s, 48ºC for 45s, and 72ºC for 60s, and finally 72ºC for 300s. 

16S rRNA was amplified using the primer pair ar (5’-CGC CTG TTT ATC AAA AAC 

AT-3’) and br (5’-CCG GTC TGA ACT CAG ATC ACG T-3’) (Palumbi et al. 1991) 

using a reaction profile of 95ºC for 180s, 35 cycles of 95ºC for 40s, 50ºC for 40s, and 

68ºC for 50s, and finally 68ºC for 300s. 

Primers were designed for CytB, COII, and COIII. CytB was amplified using 

the primer pair CCytBF (5’-WTT TAT WWC TYT WCC TTG TC-3’) and CCytBR 

(5’-AAA GCY AAM ACS CCN CCT AAC-3’) with a reaction profile of 94ºC for 120s, 

35 cycles of 94ºC for 30s, 43ºC for 30s, and 68ºC for 60s, and finally 68ºC for 420s. 

COII was amplified using the primer pair COIIF (5’-TTC YCC WTT AAT GGA GGA-

3’) and COIIR (5’-TTC AGA ACA YTG ACC ATA-3’) with a reaction of 95ºC for 

120s, 40 cycles of 94ºC for 60s, 41ºC for 60s, and 72ºC for 60s, and finally 72ºC for 

300s. COIII was amplified using the primer pair COIIIF (5’-TCG KGA RTC TAC TTT 

TCA-3’) and COIIIR (5’-GCY TCA AAA CCA AAA TGA-3’) with the reaction 

profile of 94ºC for 120s, 40 cycles of 94ºC for 60s, 42ºC for 60s, and 72ºC for 60s, and 

finally 72ºC for 300s. 
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PCR products were purified with ExoSAP-IT (GE Healthcare, Uppsala, 

Sweden), and sequencing was completed by Retrogen Inc. using Applied Biosystems 

(ABI) 3730xl DNA analyzers. Overlapping sequence fragments were assembled using 

Geneious version 5.5.7 created by Biomatters (available from http://www.genious.com). 

 

Alignment and assessment of saturation  

Sequences of each gene were aligned using the L-INS-i method of MAFFT 

7.110  (Multiple Alignment using Fast Fourier Transform) (Katoh et al. 2002). The 16S, 

28S, and ITS partitions were assessed for ambiguous areas of alignment using the 

Gblocks server, and questionable areas of alignment were removed using the least 

stringent settings (Castresana 2000; Talavera & Castresana 2007). The protein-coding 

genes (COI, CytB, COII, and COIII) were tested for substitution saturation using 

DAMBE 5.0.80 (Xia 2000; Xia & Xie 2001; Xia et al. 2003). With all positions 

included, the null-hypothesis of nucleotide saturation was rejected for all genes 

assuming a symmetric topology (i.e., Iss < Iss.c; p<0.01), and for all genes assuming an 

asymmetric topology except COI. When third codon positions were assessed 

independently assuming a symmetric topology, the null-hypothesis was rejected for 

Cytb (p<0.05), COII (p<0.001), and COIII (p<0.01). The third position of COI was 

found to be substantially saturated, even when the outgroup was excluded (i.e. Iss > 

Iss.c) (p ~.2 OTU=4; p<0.001 OTU=32). Following this assessment, a primary dataset 

was concatenated to include: COI with third codon removed; full data for CytB, COII, 

and COIII; and 16S, 28S, and ITS with ambiguous areas of the alignment excluded as 

determined by GBlocks. To serve as a comparison, a second dataset was concatenated 
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which included all data. Alignments for each individual gene partition and the two final 

concatenated datasets are available at TreeBase (www.treebase.org).  

 

Phylogenetic analyses 

We included molecular data from a total of 60 crinoid terminals representing 43 

nominal Comatulidae species in the phylogenetic analyses (Table 3.2). Four members 

of Thalassometridae – Cosmiometra aster (AH Clark, 1907b), Kohlermetra porrecta 

(Carpenter, 1888), Stenometra cristata AH Clark, 1911a, and Thalassometra cf. 

margaritifera AH Clark, 1912a – were used as outgroups based on previous studies. 

Both Rouse et al. (2013) and Hemery et al. (2013) returned Thalassometridae as sister 

to Comatulidae. Maximum parsimony (MP) analyses were conducted using 

PAUP*4.0b10 (Swofford and Sullivan 2003) with the heuristic search option for 1000 

replicates using random stepwise addition of the terminals with the tree bisection 

reconnection permutation algorithm (TBR). Clade support was determined using 1000 

jackknife replicates with 10 random additions per iteration (Farris et al. 1996). 

Maximum likelihood (ML) analyses were carried out using RAxML (7.4.2) 

(Stamatakis 2006) with the RAxML GUI v. 0.93 (Silvestro & Michalak 2012) under the 

GTRGAMMA model of substitution. The data were partitioned by gene, and for protein 

coding genes, by codon position. This resulted in 14 partitions when each codon 

position was independent, and 10 partitions when positions one and two were treated as 

one partition. A thorough bootstrap analysis was carried out with 1000 pseudoreplicates 

using the same model (100 pseudoreplicates for individual gene analyses). 
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Transformations 

 We assessed the transformation of 20 character traits (17 morphological, three 

relating to habitat). All transformations were mapped on the topology of the maximum 

likelihood tree derived from the combined molecular data. Unordered, multi-state 

characters were used for all transformations. Character transformations using an mK1 

likelihood model (Lewis 2001) were carried out using Mesquite 2.74 (Maddison & 

Maddison 2010). The coding matrix is provided in the Supplementary Materials. 

 

Mouth placement 

The majority of Comatulidae species can be distinguished by the placement of 

the mouth in the adult. In juveniles, as in almost all other crinoids, the mouth lies in the 

center of the oral surface of the visceral mass (or disk) with the anal papilla off center 

(Fig. 3.2A). During development, the mouth migrates to an off-center or marginal 

(excentric) position, while the anus becomes more or less central (AH Clark 1921a) 

(Fig. 3.2B). Adults of 15 Comatulidae genera possess an excentric mouth, while six 

genera (Aphanocomaster, Comatilia, Comissia, Palaeocomatella, Phanogenia, 

Rowemissia) have a central mouth. Terminals were coded: mouth, placement: (0) 

central or subcentral; (1) excentric. 

 

Branching patterns and articulations 

 Postlarval feather stars have five undivided rays that each arises from an ossicle 

called a radial. In almost all feather stars, these rays divide one or more times to 

produce ten or more arms. Each division occurs at an axil; each series of ossicles 
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terminating in an axil is called a division series or brachitaxis and consists of 2, 3, or 4 

ossicles (Messing 1997). The first brachitaxis (IBr) always consists of two ossicles. 

Increasing arm number requires further branching. A specimen with a second 

brachitaxis (IIBr) can have up to 20 arms. Three brachitaxes (IIIBr) allow up to 40 arms 

(Fig. 3.3). Arm number in adult Comatulidae varies from ten to ~200. Terminals were 

coded as: arms, number: (0) 10; (1) >10 and ≤20; (2) >20. (An alternative, equivalent 

scoring would be: brachitaxes, maximum number: (0) one – IBr; (1) two – IIBr; (3) 

three or more – IIIBr and beyond.).  

Crinoid arms and brachitaxes are composed of brachials connected via 

ligamentary or muscular articulations. A syzygy is entirely ligamentary and is a site of 

arm autotomy; it usually appears externally as a broken or dashed suture between two 

successive brachials (Fig. 3.3A). Most articulations between arm ossicles are 

synarthries that include both ligamentary and muscular bundles. A plus sign (+) 

between two numbers indicates a pair of successive brachials joined by syzygy (e.g., 

br1+2 indicates a syzygy between brachials 1 and 2). Within-species distributional 

patterns of syzygies are relatively consistent for brachitaxes, the most proximal four 

brachials, and the distal third of the arm. The brachitaxial and proximal arm syzygies 

are recorded as i.e., IIBr4(3+4) for a second brachitaxis of four ossicles with the third 

and fourth joined by syzygy, and br1+2 for the first two brachials of an undivided arm 

joined by syzygy. The distal intersyzygial interval is the number of muscular 

(synarthrial) articulations between successive syzygies (e.g., 3) (Messing 1997; Roux et 

al. 2002). Terminals were coded as: 



  

	  

33	  

1. Unbranched arms, location of first syzygy: (0) 1+2; (1) 2+3; (2) 3+4; (3) 1+2 and 

3+4.  

2. Unbranched arms, distal intersyzygial interval: (0) mainly 3; (1) mainly 4; (2) highly 

variable. 

3. First brachitaxis (IBr), type of articulation: (0) synarthry; (1) syzygy. 

4. Second brachitaxis (IIBr), number of brachials: (0) no IIBr; (1) two; (2) four; (3) two 

and four. 

5. Second brachitaxis (IIBr), location of articulations: (0) no IIBr; (1) 1+2; (2) 3+4; (3) 

1+2 and 3+4; (4) all synarthrial. 

6. Third brachitaxis (IIIBr) and beyond, number of brachials: (0) no IIIBr; (1) two; (2) 

three; (3) four; (4) two and four. 

7. Third brachitaxis (IIIBr) and beyond, location of articulations: (0) no IIIBr; (1) 1+2; 

(2) 2+3; (3) 3+4; (4) 1+2 and/or 3+4 or synarthrial; (5) mostly synarthrial. 

 

Cirri 

 Cirri are the segmented, usually hooklike, anchoring appendages that arise from 

the centrodorsal—the large usually discoidal or pentagonal plate in the center of the 

aboral surface. During development, as the centrodorsal enlarges, additional cirri arise 

between those already present. In some species, the centrodorsal thickens with growth 

and new cirri are offset between existing cirri, sometimes forming one or more 

additional, usually irregular, horizontal rows. However, in others, the centrodorsal 

becomes proportionately smaller with growth, sometimes completely exposing the 
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overlying radials; in adults, cirri are fewer, reduced to a few buds or scars in one row, or 

completely absent. Terminals were coded as: cirri, number of rows: (0) ≤1; (1) >1. 

 

Pinnule comb form 

Comatulidae are distinguished from almost all other crinoids by a comb-like 

structure on the distal segments of some proximal pinnules. Pinnule comb form is 

widely variable and has been used as a key diagnostic character for genera and many 

species. The comb is composed of blade- or knob-like projections called teeth. Teeth on 

a pinnular (pinnule segment) may be single or paired, of equal or unequal size. An 

individual tooth may be confluent or nonconfluent, i.e., arising from the margin or 

center of its pinnular, respectively. Combs may arise along the side of the pinnule 

closest (interior) or furthest from the arm (exterior). Teeth may remain similarly tall to 

the end of the comb, diminish in size distally, or diminish and fuse to a distal point. 

Pinnules are abbreviated and numbered (e.g., P1, P6) from the first arising along the 

outer side of an arm, i.e., the side of the arm away from the extrapolated axis of the 

preceding axil. Terminals were coded as: 

1. Comb, number of tooth rows: (-) no comb teeth; (0) 1; (1) 1 or 2, second of smaller 

teeth; (2) 2, equal in size, pairs may be connected by transverse bar. 

2. Comb, location of primary (largest) tooth row: (-) no comb teeth; (0) confluent with 

exterior edge of pinnular; (1) confluent with interior edge of pinnular; (2) confluent 

with interior and exterior; (3) nonconfluent. 

3. Proximal tooth, shape: (-) no comb teeth; (0) same as middle teeth; (1) saucer-like, 

transverse. 
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4. Proximal tooth, size relative to middle teeth: (-) no comb teeth; (0) same; (1) smaller; 

(2) larger. 

5. Distal teeth, shape: (-) no comb teeth; (0) same as middle teeth; (1) tapering to a 

point. 

6. Distal teeth, size relative to middle teeth: (-) no comb teeth; (0) same; (1) smaller; (2) 

larger. 

7. Arms, extent of pinnule combs: (-) no combs; (0) to P2; (1) to P6; (2) beyond P6, 

along proximal third of arm; (3) beyond proximal third of arm. 

 

Habitat 

 Comatulidae are found in most tropical and some temperate waters, from the 

shallow subtidal to a depth of 1700 m (e.g., AH Clark 1931; Rowe et al. 1986; Messing 

2001). Approximately 50% of Comatulidae species are known from shallow (<20 m) 

Indo-western Pacific (IWP) reef habitats. Only eight species are known from the 

tropical western Atlantic, from the low intertidal to 567 m (AH Clark 1909b, 1931; 

Messing 1978, 1984; Messing & Dearborn 1990; Messing et al. 1990; Meyer 1973; 

Meyer et al. 1978; Tommasi 1965), and one is endemic to the northeastern Atlantic 

between 400 to 1700 m (AH Clark 1931). On reefs, some species perch on corals, 

sponges or rock pinnacles day and night. Others hide the centrodorsal and disk within a 

crevice or under a ledge during the day, and may crawl into the open at night. A few 

species are cryptic during the day and extend some arms at night (Meyer et al. 1984). 

Juveniles are rarely seen and are assumed to be cryptic. Terminals were coded: 

1. Location, geographic range: (0) Indo-Western Pacific; (1) Atlantic. 
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2. Location, bathymetric range: (0) <20 m (though may be deeper); (1) only >50 m. 

3. Location, habit: (0) fully exposed; (1) semi-cryptic (disk concealed), arms extended 

during day; (2) cryptic (disk concealed), arms extended or completely exposed at night; 

(3) below euphotic zone (deep water). 

 

Results 

Table 3.2 lists the nominal species and terminals used in this study with the 

novel sequences generated here, as well as those obtained from Genbank. Sequences of 

all seven genes were obtained for 31 of the 60 included terminals. Sequencing 

difficulties permitted amplification of only six genes for 12 terminals, five genes for 

eight, three genes for one, and one gene for one. Only three genes (COI, 16S, and 28S) 

were available for the terminals incorporated from Hemery et al. (2013). Table 3.3 

gives MP and ML results for each gene partition. Tree topologies for each individual 

gene were largely congruent with results from the full concatenated dataset and are not 

shown here. 

Aligned sequence data from the seven genes (COI, COII, COIII, CytB, 16S, 28S, 

ITS) yielded a concatenated complete dataset of 5025 characters with 1545 parsimony 

informative sites and 469 variable but uninformative sites. The restricted dataset (with 

16S, 28S, and ITS Gblocked and third positions of COI excluded) had 4435 characters, 

with 1174 parsimony informative sites and 396 variable but uninformative sites. The 

maximum parsimony analysis yielded 11 most parsimonious trees, length 8927, and a 

best scoring maximum likelihood tree with negative log likelihood of 45226.29. MP 

and ML results for the full dataset were largely congruent with the reduced dataset and 
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are not shown here. The ML analysis of the restricted dataset found a best tree with a 

negative log likelihood of 33670.61 (Fig. 3.5). The ML analyses of the complete and 

restricted datasets gave exactly the same tree topology (= Fig. 3.5), while the MP 

analysis of the restricted dataset yielded 2376 most parsimonious trees with a tree 

length of 6093. This number of most parsimonious trees actually resulted from only 

minor topological variation relative to the placement of Nemaster with respect to both 

Davidaster and Comatella, and also for varying relationships among the Cenolia and 

Capillaster terminals. The 11 shortest trees in the MP analysis of the complete dataset 

were also largely congruent with the ML results, but a major difference was that 

Neocomatellini n. tribe (see below) was placed within Phanogeniini (not shown). 

All MP and ML analyses returned two of the four previously accepted 

subfamilies, Comasterinae and Comatulinae (Table 3.1, 1986-Present column), as well 

supported clades (see Fig. 3.5). Comasterinae included five genera (all of which were 

sequenced), while Comatulinae contained only Comatula. Of the remaining two 

subfamilies, we recovered Capillasterinae as polyphyletic (all three genera sequenced 

here, Table 3.1, 1986-Present column). The Atlantic Davidaster and Nemaster formed a 

paraphyletic grade that included Comatella, well separated from Pacific Capillaster. 

Phanogeniinae was also polyphyletic (five of the six genera sequenced here, Table 3.1, 

1986-Present column). Aphanocomaster and Phanogenia fell within a clade that also 

included Comissia (previously incertae sedis), though with weak support. 

Alloeocomatella and Comatella were not sister taxa, but formed a clade with 

Davidaster and Nemaster (previously Capillasterinae), while Neocomatella, was sister 

to Comatulella (previously incertae sedis). Table 3.1 and Fig. 3.5 indicate the revised 
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subfamilies and newly erected tribes, with the taxonomic changes provided in 

Appendices B and C. Comatulinae is now a more inclusive clade that contains five 

tribes: Comatulini, Capillasterini, Neocomatellini n. tribe, Phanogeniini, and 

Comasterini (Appendix B). With the exception of Comasterini, generic membership in 

each differs from the previous classification. 

Although we recovered most genera with multiple representatives as clades, two 

were polyphyletic (Oxycomanthus and Comanthus). Oxycomanthus mirus, O. 

comanthipinna, Comanthus alternans, and C. mirabilis were found as a paraphyletic 

grade that included Clarkcomanthus. The remaining terminals of Comanthus and 

Oxycomanthus formed two separate clades. Fig. 3.5 shows the new generic 

classifications, which include erection of  Anneissia n. gen. and reorganization of 

Comanthus and Clarkcomanthus (Appendix C). 

 

Transformations: mouth position 

  Among Comatulidae, a central mouth is restricted to Phanogeniini, though this 

is the normal placement for Comatulida in general as seen in the thalassometrid 

outgroups. Fig. 3.6A shows the maximum likelihood transformation (under the Mk1 

model) of mouth position using the topology shown in Fig. 3.5, which suggests that a 

reversal to the central mouth position has occurred for Phanogeniini. The proportional 

likelihood of the most recent common ancestor (MRCA) of Comatulidae to possess an 

excentric mouth was ~0.781. The most parsimonious reconstructions (MPRs) suggest 

two possible transformations: 1) an excentric mouth was present in the MRCA of 

Comatulidae and lost once in Phanogeniini, making this character an apomorphy for the 
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latter taxon (though a reversal). 2) A central mouth was present in the MRCA of 

Comatulidae and Comatulinae, and an excentric mouth was gained twice—in the 

MRCA of Comatellinae n. subfamily and the MRCA of Neocomatellini n. tribe, 

Capillasterini, Comatulini, and Comasterini. This would mean the excentric mouth of 

Phanogeniini is a retained plesiomorphy. 

 

Transformations: branching patterns and articulations 

Most Comatulidae species develop more than ten arms; only 28 species (9 of the 

terminals included in this study) have a maximum of ten. We found the latter condition 

across the tree; it has arguably arisen separately in four of the six tribes – Comatellini, 

Phanogeniini, Neocomatellini n. tribe, and Comatulini (Fig. 3.6B). More than 20 arms 

are found in all major clades, although very rarely in Comatulini. Given the outgroup 

scoring used here, more than 20 arms was most likely the plesiomorphic condition for 

Comatulidae (prop. likelihood .901), the two subfamilies (.837 and .950), and all tribes 

except Comatulini. Twenty MPRs were found for this character, the variation resulting 

from transformations both to and from a ten-armed state for the MRCAs of the clade 

including Neocomatellini n. tribe, Capillasterini, and Comatulini.   

Figure 3.6C shows the inferred maximum likelihood transformation for the 

location of the first syzygy on arms arising from IIBr and following brachitaxes. 

Placement of the first syzygy at 1+2 with no syzygy at 3+4 only occurs in Phanogenia, 

making it an apomorphy for the genus. However, syzygies at 1+2 and 3+4 is found in a 

number of other clades, and a first syzygy at 2+3 also appears to have arisen several 

times independently. The most likely scenario for the first arm syzygy for the MRCAs 
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of Comatulidae and Comatulini is a syzygy at only 3+4 (prop. likelihood of 0.927 and 

0.982), the condition also found in most of the outgroup taxa and the great majority of 

other feather stars (Fig. 3.6C). Twelve MPRs were found for the transformation of 

syzygy placement on free arms, differing only in transformations within Comatellinae n. 

subfamily and Phanogeniini. 

The maximum likelihood transformation for the distal intersyzygial interval on 

arms is shown in Fig. 3.6D. Within Comatulidae, the outgroup condition of a highly 

variable interval (‘range 2-14’) was only found in the clade composed of the 

Comatulinae tribes Neocomatellini n. tribe, Capillasterini, and Comatulini. The more 

restricted states of intersyzygial intervals of ‘mainly 3’ or ‘mainly 4’ (two separate 

states) were limited to three ingroup clades—Comatellinae n. subfamily (mainly 3 or 

mainly 4), Phanogeniini (mainly 3 or mainly 4) and Comasterini (mainly 4). Twenty 

MPRs for the distal syzygy transformation reflect the low proportional likelihood for 

the states found for the relatively basal nodes. 

The transformation for the form of articulation at IBr (Fig. 3.7A) 

unambiguously showed that a syzygy in the IBr series is an apomorphy for Comatula. 

With respect to the number of brachials in IIBr (Suppl. Fig. 3.1A), the various states 

showed homoplasy across the ingroup, and the proportional likelihood was 

correspondingly spread across various states for most of the major nodes; there were 17 

MPRs for this character. 

For location of different articulation types in IIBr (Fig. 3.7B), the maximum 

likelihood transformation shows highest proportional likelihood that the MRCAs of 

Comatulidae and Comatulinae possessed a syzygy at 3+4, with many possible 
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transformations to the other states within Comatulidae. Comatula rotalaria uniquely 

bears a syzygy at IIBr2(1+2) (and IIIBr2(1+2), when present), though all other 

Comatulini have only ten arms and so have no IIBr brachitaxis. There were 101 MPRs 

for this character. The maximum likelihood transformation of the number of brachials 

in IIIBr and beyond suggests that the MRCAs of Comatulidae and the two subfamilies 

did not have these brachitaxes (Fig. 3.7C). Nine MPRs were recovered for this character. 

An unambiguous apomorphy for Anneissia n. gen. is four brachials per brachitaxis. The 

four Capillaster terminals all share three brachials, which appeared once or twice 

independently within Comatellinae n. subfamily (in Davidaster and Nemaster). Both 

two and four brachials in an individual is an apomorphy for a large clade within 

Comasterini (Fig. 3.7C). For the articulations in IIIBr and more distally (Fig. 3.7D), 

three MPRs were found, with two unambiguous apomorphies: a syzygy at 3+4 alone in 

Comasterini, and at 1+2 alone for Phanogenia. A syzygy at 2+3 appeared 

independently several times. 

 

Transformations: cirri 

 Figure 3.8A shows the maximum likelihood transformation for number of cirri 

rows. The transformation suggests that the plesiomorphic condition for Comatulidae, 

Comatellinae n. subfamily, and Comatulinae was more than 1 row of cirri with several 

independent reductions. Three MPRs show a variety of scenarios for loss and gain of 

cirri: 1) three losses of cirri (in the clades Phanogenia gracilis + P. typica, Comatulini + 

Neocomatellini n. tribe + Capillasterini, and Comaster + Clarkcomanthus + 

Comanthus), with two gains (Comactinia titan, Capillaster); 2) four losses (in 
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Phanogenia gracilis + P. typica, Neocomatellini n. tribe, Comatulini, and Comaster + 

Clarkcomanthus + Comanthus), with one gain (Comactinia titan); and 3) five losses (in 

Phanogenia gracilis + P. typica, Neocomatellini n. tribe, Comactinia meridionalis + C. 

echinoptera, Comatula, and Comaster + Clarkcomanthus + Comanthus). 

 

Transformations: pinnule comb form 

The maximum likelihood transformation for the number of rows of teeth in the 

pinnule combs (Fig. 3.8B) shows, with uniformly high proportional likelihood values, 

that the plesiomorphic condition for Comatulidae, both subfamilies, and all tribes was 

one row of comb teeth (prop. likelihood >0.98). The single MPR suggests that two rows 

of equally sized teeth arose twice (in Davidaster and in the Cenolia + Comaster grade), 

with the teeth in one row secondarily reduced in size in the Clarkcomanthus + 

Comanthus clade. Within the latter clade, the row of smaller teeth was lost twice (in 

Clarkcomanthus comanthipinnus and Comanthus briareus). 

Supplementary Materials Figure 3.1B shows the maximum likelihood 

transformation for placement of comb teeth on pinnulars. The plesiomorphic condition 

for Comatulidae and both subfamilies is one confluent, exterior tooth row. There were 

24 MPRs for this character. Confluent interior teeth arose once for the Nemaster + 

Comatella clade. Nonconfluent teeth arose multiple times, for Anneissia n. gen., 

Clarkcomanthus comanthipinnus, and either separately in Comactinia titan and C. 

meridionalis or in Comactinia with a loss in C. echinoptera. 

Transformations of proximal and distal tooth character states, as well as the 

range of combed pinnules, are provided in the Supplementary Materials. A single MPR 
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for proximal tooth shape, reflected in the maximum likelihood transformation (Suppl. 

Fig. 3.1C), indicates similarly-shaped proximal and middle teeth as the plesiomorphic 

state for Comatulidae, with a saucer-like transverse proximal tooth arising three 

separate times (in Phanogenia, Clarkcomanthus alternans + Cl. mirabilis, and 

Comanthus). Three MPRs also indicated that smaller proximal teeth is the 

plesiomorphic condition for Comatulidae (Suppl. Fig. 3.1D). A larger proximal tooth 

arose three times (congruent with the saucer-like transverse tooth), and proximal and 

middle teeth of the same size arose twice, in Aphanocomaster and the clade 

Capillasterini + Comatulini. Three MPRs for distal tooth form showed that combs 

tapering to a point arose multiple times (in Davidaster and among terminals of 

Comatulini and Comasterini) from the plesiomorphic condition of having similarly 

shaped middle and distal teeth (Suppl. Fig. 3.2A). The 11 MPRs for distal tooth size 

showed considerable homoplasy (Suppl. Fig. 3.2B). Nine MPRs for pinnular comb 

range unequivocally included combs no further than P6 as the plesiomorphic condition 

for Comatulidae (prop. likelihood >0.990) (Suppl. Fig. 3.2C). The variation among 

MPRs was due to various possible transformations within Comasterini and 

Phanogeniini. These MPRs suggest that the number of combed pinnules decreased 

twice (in Comatulella and Clarkcomanthus), and increased six times (in 

Aphanocomaster + Phanogenia, Capillasterini, Cenolia amezianeae, Comaster 

schlegelii, Clarkcomanthus alternans + Cl. mirabilis, and Comanthus). 

 

Transformations: geography & habitat 
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 Figure 3.8C shows the inferred biogeographic pattern based on the maximum 

likelihood transformation. The transformation suggests that Comatulidae, both 

subfamilies, and all tribes originated in the IWP. The MPRs recovered two possible 

scenarios for Comatulidae in the Atlantic. Either four independent Atlantic origins (for 

the ancestors of Davidaster, Nemaster, Neocomatella, and Comactinia meridionalis + 

C. echinoptera), or three (for the ancestors of Davidaster + Nemaster + Comatella, 

Neocomatella, and Comactinia meridionalis + C. echinoptera) with a restriction of 

Comatella to the Pacific. 

 Figure 3.8D shows the maximum likelihood transformation for depth of 

occurrence, estimating the plesiomorphic condition for Comatulidae, both subfamilies, 

and all tribes to be found in shallow water <20 m (and deeper). The two MPRs showed 

three moves to only greater than 50 m (Comissia, Comatula n. sp., and Cenolia 

amezianeae). The maximum likelihood transformation for habitat preference returned 

21 MPRs, with homoplasy in all states and no clear pattern (Suppl. Fig. 3.2D). 

 

Discussion 

Taxonomic implications 

 This molecular study, based on concatenated sequences of seven genes (two 

nuclear, five mitochondrial), from 60 crinoid terminals representing at least 46 

Comatulidae species and 17 of the 21 currently recognized genera, provides the most 

complete picture of the phylogeny of Comatulidae to date. White et al. (2001) included 

25 species of Comatulidae from 11 genera, though with data from 16S rDNA only, 

resulting in low support for most relationships; only five nodes had >90% bootstrap 
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support in their MP analysis. White et al. (2001) recovered six genera with more than 

one terminal as monophyletic (Alloeocomatella, Clarkcomanthus, Comactinia, 

Comaster, Comatula, and Phanogenia) and three genera as paraphyletic (Capillaster, 

Comanthus, and Oxycomanthus). Our results found all of these relationships except that 

of Capillaster, which we recovered as monophyletic (Fig. 3.5). We sequenced 

specimens of the same nominal species used in White et al. (2001) (Capillaster 

sentosus and C. multiradiatus), suggesting a sequencing error (their data were never 

placed online and is unavailable for direct comparison). Lanterbecq et al. (2010) 

included seven species from five genera, with data from COI and 18S rDNA (which 

Rouse et al. (2013) and Hemery et al. (2013) showed is essentially uninformative for 

assessing relationships among crinoids). They also recovered Clarkcomanthus as 

monophyletic and Oxycomanthus as paraphyletic. Rouse et al. (2013) included 16 

species of Comatulidae in eight genera, with sequences from five genes (including 

uninformative 18S rDNA). They recovered Alloeocomatella and Comatella as a sister 

clade to the remaining terminals, as well as paraphyly of Oxycomanthus (as seen in 

White et al. 2000 and Lanterbecq et al. 2010) and Comanthus (also seen here). Hemery 

et al. (2013) included five species in five genera, with data from four genes (including 

uninformative 18S rDNA), but did not show relationships within Comatulidae. 

Amended identifications for specimens sequenced in Rouse et al. (2013) and Hemery et 

al. (2013) are provided in the caption of Table 3.2.  

 

Subfamily and tribe assignments 
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At the subfamilial level, our results retained the close relationship between 

Alloeocomatella and Comatella (both IWP) found in previous molecular studies (White 

et al. 2001; Rouse et al. 2013), but added western Atlantic Davidaster and Nemaster to 

create a strongly supported Comatellinae n. subfamily (Fig. 3.5, Table 3.1; see 

Appendix B). Previously, Davidaster and Nemaster were placed with Capillaster in 

Capillasterinae, based on the syzygy at 2+3 on brachitaxes and unbranched arms distal 

to the IIBr series (Table 3.1) (Hoggett & Rowe 1986; Hess & Messing 2011). Figures 

3.6C and 3.7D show these features as homoplastic. White et al. (2001) placed 

Alloeocomatella and Comatella with Phanogenia, Neocomatella, and Comissia (at that 

time including Palaeocomatella) in Phanogeniinae, based on the syzygy at l+2 or 1+2 

and 3+4 on arms arising from IIBr and following brachitaxes. This feature also now 

appears to be convergent (Fig. 3.6C).  

In our analysis, all remaining terminals were within a well-supported 

Comatulinae, which now includes thirteen genera (Table 3.1; see Appendix B). Six of 

these genera were previously found as a clade in Rouse et al. (2013) (Phanogenia, 

Anneissia n. gen. (as Oxycomanthus), Clarkcomanthus, Comanthus, Comaster, and 

Cenolia), while nine were not recovered as a clade in White et al. (2001). The generally 

weak support for relationships in White et al.’s (2001) phylogeny is likely the cause of 

this incongruence. 

We name and give tribe rank to five well-supported clades within Comatulinae 

(Fig. 3.5; Table 3.1; see Appendix B), although their relative positions were only 

weakly supported. 1) Comasterini consists of Comaster, Cenolia, Clarkcomanthus, 

Comanthus, and Anneissia n. gen., a clade previously recovered by Rouse et al. (2013) 
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and, except for Anneissia n. gen. (as Oxycomanthus), by White et al. (2001). These 

genera were previously placed within Comasterinae, based on the syzygy at 3+4 on 

unbranched arms and within brachitaxes (Hoggett & Rowe 1986; Hess & Messing 

2011) (Figs. 3.6C, 3.7B, 3.7D). IIIBr4(3+4) was found as an apomorphy for this tribe 

(Fig. 3.7D). 2) Comatulini consists of Comactinia and Comatula, an arrangement not 

previously found with molecular data. A.H. Clark (1909c) initially treated both as 

Comactiniinae (plus Cominia [=Comatulides] and later Comatulella) (Table 3.1) based 

on their lack of aboral cirral processes, extremely short and distally produced genital 

pinnulars, and, when present, post-IBr brachitaxes of two ossicles (Fig. 3.7B). None of 

these features are unique to Comatulini; yet IIBr2(only 1+2), when present, was only 

found in this tribe (Fig. 3.7D). 3) Capillasterini includes only Capillaster. Capillaster is 

unique among Pacific comatulids in possessing three brachials in IIIBr and beyond (Fig. 

3.7C), and syzygies at 2+3 on free arms (Fig. 3.6C) and in IIIBr and beyond (Fig. 3.7D). 

These traits are also found in Atlantic Comatellinae, Davidaster and Nemaster. 4) 

Neocomatellini n. tribe (see Appendix B) includes a surprising close relationship 

between Atlantic Neocomatella and southern Australian Comatulella. No 

morphological features examined here are unique to Neocomatellini n. tribe.  5) Finally, 

we place a well-supported Phanogenia/Aphanocomaster clade and its weakly-supported 

sister taxon, Comissia norfolkensis, as Phanogeniini. As discussed in Appendix B, it 

remains unclear whether C. norfolkensis is properly placed in Comissia. A central 

mouth was found as unique to Phanogeniini (Fig. 3.6A), though other comatulids not 

sampled also have central mouths (e.g., Comatilia, Comissia, Palaeocomatella, and 

Rowemissia). 
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Generic revisions 

 Our results allow us to assess 17 of the 21 accepted genera of Comatulidae. 

Sequences are now available for all currently accepted species in eight of these 17 

genera – all of Comatellinae n. subfamily (Alloeocomatella, Comatella, Davidaster, and 

Nemaster) as well as Aphanocomaster, Clarkcomanthus, Comactinia, and Comatulella.  

At the generic level, our results recovered most genera previously identified as 

monophyletic (Rouse et al. 2013; White et al. 2001) and two genera—Comanthus and 

Oxycomanthus—as arguably polyphyletic. Morphological features of the 

Oxycomanthus species examined here match our molecular results and permit 

taxonomic revision. The type species of Oxycomanthus – O. comanthipinna – was 

recovered within a well-supported clade including all three current members of 

Clarkcomanthus, two Comanthus species (C. alternans, C. mirabilis), and 

Oxycomanthus mirus. Of these, all except Clarkcomanthus luteofuscum have a small 

thin centrodorsal with few weak cirri or none. Comanthus alternans and C. mirabilis 

formed a strongly supported clade; both differ from other Comanthus species in having 

the proximal transverse tooth often weakly developed. All four of these taxa (O. 

comanthipinna, C. alternans, C. mirabilis, and O. mirus) are here referred to 

Clarkcomanthus, making Oxycomanthus a junior synonym of Clarkcomanthus 

(Appendix C). Of the other Oxycomanthus included in this study, O. japonicus and O. 

bennetti formed a clade that was sister to all other Comasterini (Fig. 3.5); these two 

species both have a large thick centrodorsal and numerous large robust cirri; they are 

included in the newly erected Anneissia n. gen. (see Appendix C). The remaining 
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Comasterini include monophyletic Cenolia, Comaster, and a clade consisting of 

multiple Comanthus species all characterized by combs with a large spoon-like 

transverse proximal tooth. The generic name Comanthus is here restricted to this clade. 

This treatment renders Comanthus monophyletic. 

 

Morphology  

Taxonomic support and congruence 

Most members of Comatulidae possess two apomorphic traits: proximal pinnule 

combs and a marginal mouth in the adult. However, based on the morphological 

characters used in this study, we cannot identify unique anatomical apomorphies for the 

majority of taxonomic groups within Comatulidae that we delimit using molecular 

evidence (Fig. 3.5).  For instance, neither of the two subfamilies, Comatulinae and 

Comatellinae n. subfamily, show an unambiguous morphological apomorphy based on 

the features we used. However, within Comatulinae, the unnamed clade comprising 

Neocomatellini n. tribe + Capillasterini + Comatulini, uniquely among all Comatulidae, 

exhibits a highly variable distal intersyzygial interval (Fig. 3.6D). Comasterini is 

distinguished by syzygies restricted to 3+4 alone in the third and following brachitaxes 

of four ossicles (those of two ossicles are joined by synarthry) (Fig. 3.7D). Within 

Comasterini, the Clarkcomanthus + Comanthus clade can be distinguished, with the 

exception of Clarkcomanthus comanthipinnus and Comanthus briareus, by a second 

row of smaller comb teeth (Fig. 3.8B). 

We recognize unique anatomical apomorphies previously treated as diagnostic 

for two of the 17 included genera. Phanogenia has the first syzygy at 1+2 in IIIBr and 
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following brachitaxes (Fig. 3.7D) and on unbranched arms (Fig. 3.6C). Comatula 

uniquely exhibits IBr2 and, when present, IIBr2 joined by syzygy (Fig. 3.7A,B), a 

feature that appears elsewhere only in Zygometridae, currently in Mariametroidea (Hess 

& Messing 2011). The newly established Anneissia n. gen. is uniquely characterized by 

having only four brachials in IIIBr and beyond (Fig. 3.7C). 

Because it is difficult to identify unique morphological apomorphies based on 

previously published features, the sequence data provided in this study will serve an 

important role in identification of Comatulidae. In addition, a key that uses 

combinations of these characters has been developed for morphological identification 

(Summers et al. in prep). Examination of skeletal morphology and comb pinnules at 

higher resolution, as well as internal morphology and soft tissue features, could lead to 

new or more precise morphological characters. 

 

Transformations of juvenile traits 

All Comatulidae develop through a juvenile phase characterized by a central 

mouth, ten arms, and one row of cirri (AH Clark 1921a). Transformation analyses 

suggest that the central mouth in juvenile Comatulidae and other feather stars is 

retained in Phanogeniini (Fig. 3.6A), possibly through paedomorphosis. It appears in 

adult Phanogenia, Aphanocomaster, and the heterogeneous assemblage of species 

currently placed in Comissia (see Messing 1984, 1995a, 2001; Messing et al. 2000). It 

also appears, possibly as independent retentions, in several genera not included in this 

study: Comatilia, Rowemissia, and Palaeocomatella (Messing 1984, 2001). Ten arms, 

another state found in all juvenile Comatulidae, is present in adults in both subfamilies 
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and four of the six tribes (Fig. 3.6B), but is absent from species-rich Comasterini. The 

state of more than 20 arms was recovered throughout Comatulidae, and suggests that 

the juvenile trait of ten arms has been retained in adult Comatulidae four times 

independently (Fig. 3.6B). More than one row of cirri was found to be the 

plesiomorphic condition for Comatulidae and both subfamilies. The most parsimonious 

reconstructions indicate that the loss of cirri in adults could have occurred three to five 

times (Fig. 3.6B). 

 

Geography 

Comatulidae are distributed primarily in the tropical Indo-western Pacific (IWP). 

Unsurprisingly, a shallow origin in this region for the family, both subfamilies, and all 

tribes is well-supported (Fig. 3.8C, D). Approximately 85 accepted species are found in 

the IWP. In contrast, only 10 species are recorded in the Atlantic, with all but one 

species found in the western Atlantic. Three or four separate Pacific-Atlantic lineages 

were found based on the six species included. These Atlantic occurrences may be a 

result of vicariance or ancient dispersal events. 

Our sampling effort targeted species within scuba depth (<20 m) in Australia, 

Indonesia, Papua New Guinea, and Timor. Although samples were included in this 

study from deeper waters as well as from the Caribbean, Japan, and South Africa, 

surveys of crinoid diversity at other localities, and especially in deeper waters, will 

likely uncover more taxa. We were able to include fewer than half of the described 

species of Anneissia n. gen., Comanthus, and Phanogenia, with most of the missing 

taxa occurring in more northern IWP areas (e.g., Japan). The four genera for which 
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sequence data are lacking—Palaeocomatella (3 species), Rowemissia (1 species), 

Comatulides (1 species), and Comatilia (1 species)—are known from depths greater 

than 100 m (AH Clark 1908b, 1909d, 1911a, 1931; McKnight 1977; Messing 1984, 

2001, 2007; Messing & Dearborn 1990; Messing et al. 1990, 2000) and are relatively 

rare in collections. Likewise, 13 additional species of Comissia are recorded from 

depths chiefly greater than 100 m in the IWP (AH Clark 1931; Hoggett & Rowe 1986; 

Kogo & Fujita 2014; McKnight 1977; Rowe & Gates 1995), and Neocomatella 

europaea AH Clark, 1913, the deepest member of the family, occurs in 400-1700 m in 

the northeastern Atlantic (AH Clark 1931). In addition to more sampling at new 

geographic localities, finer resolution sampling within nominal species could yield new 

diversity as well. In this study, some specimens that were morphologically 

indistinguishable in the field were recovered as potentially different species based on 

molecular data (e.g., Comanthus sp. 1-5, types ‘A-C’). 

 

Conclusions 

For Comatulidae alone, AH Clark named approximately one-third of the 

currently accepted species, two-thirds of the genera, and three of the five subfamilies 

accepted here. Yet, his treatments and descriptions were frequently inconsistent and 

lacked any evolutionary foundation, e.g., “An examination of the notes given herewith 

on specimens determined as C. multifida [now Comaster multifidus] and as C. gracilis 

[now Phanogenia gracilis] shows that in no single feature is there a sharp dividing line 

between the two. Nevertheless, in most cases they are very easily distinguishable. It can 

therefore scarcely be doubted that these two forms are representatives of the same 
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specific type. What their true relation is must be left for future determination” (AH 

Clark 1931:434). Moreover, he did not think of macroevolution as a tree-like pattern, 

suggesting instead that all animal phyla had remained distinct since their inceptions 

from different groups of protozoa (AH Clark 1921b, 1930, 1937). He also made ad hoc 

decisions such as the incorrect renaming of Comatulidae as Comasteridae, an error that 

persisted for 100 years and is only being corrected herein. In the case of Comatulidae, 

taxonomic revisions have been attempted with new groupings based on morphology 

(Hoggett & Rowe 1986; Rowe et al. 1986; Messing 2001). The actual use of explicit 

tree-thinking for classification combined with evaluation of morphological characters 

has been limited to one previous study of crinoids in general (Rouse et al. 2013). 

 Our molecular phylogenetic analysis of Comatulidae has revealed major 

problems with previous classifications based on morphology. To resolve this, we 

reorganized the genera into two subfamilies and six tribes to more accurately reflect the 

phylogenetic pattern. The main morphological characters currently used for crinoid 

classification show considerable homoplasy. This finding implies that the most easily 

observed features, such as skeletal structure, cirri, and comb pinnule form, vary among 

closely-related taxa. Combining traditional characters appears to provide some robust 

generic diagnoses, but in many cases, we did not find unique anatomical apomorphies 

for subfamilies, tribes, or genera. It is thus time to focus on identifying and validating 

new morphological characters informative for crinoid classification. In light of 

difficulties with morphological identification, DNA sequence data currently provides 

the most reliable method of identification to the species-level for many taxa of 

Comatulidae. 
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Appendix A. Taxonomic reinstatement of Comatulidae to replace Comasteridae 

COMATULIDAE FLEMING, 1828 

 

Comatuladae Fleming, 1828 (emended to Comatulidae by d’Orbigny 1852) 

Actinometridae Bather, 1899 

Comasteridae AH Clark, 1908a 

 

Remarks. Fleming (1828) erected Comatuladae (refined to Comatulidae by d’Orbigny, 

1852) to include the genus Comatula Lamarck, 1816. AH Clark (1908b) later fixed 

Comatula solaris Lamarck, 1816, as the type of Comatula. Clark used Comatulidae in 

1908c, but subsequently (Clark 1908a) changed it to Comasteridae (with no diagnosis). 

In 1931, AH Clark noted, with reference to his 1908a paper, “The family Comasteridae 

as understood in 1908 included the genera Comatula and Comaster. The generic name 

Comaster was taken as the basis for the family name, since Comatuladae or 

Comatulidae had been used with various meanings since 1828” (page 81). This 

justification for a new family group name is invalid with reference to the International 

Code of Zoological Nomenclature, and we see no option but to reinstate Comatulidae 

Fleming, 1828, as the family-group name. Because the adjectival form, comatulid, 

would thus refer to members of both Comatulidae and Comatulida, we recommend 

using comatulid for Comatulidae and Lamarck’s original name anglicized as comatule 

for what are currently referred to as comatulids in general (Comatulida). 
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Appendix B. Taxonomic revision of subfamilies and tribes 

COMATELLINAE Summers, Messing and Rouse new subfamily 

Type genus. Comatella AH Clark, 1908d 

 

Other included genera. Alloeocomatella Messing, 1995a; Davidaster Hoggett & Rowe, 

1986; Nemaster AH Clark, 1909b. 

 

Diagnosis. Mouth excentric in fully developed individuals; centrodorsal always well-

developed with cirri; IBr series united only by synarthry; first syzygy at 3+4 on arms 

arising from IBr; first syzygy on arms arising from IIBr at 2+3 (Davidaster and 

Nemaster) or 1+2 and/or 3+4 (Comatella and Alloeocomatella); distal intersyzygial 

interval 3 to 4; distalmost pinnule comb on P2 to P6. 

 

Distribution. Tropical western Atlantic and Indo-western Pacific. Depth range: low 

intertidal to perhaps 150 m (Messing, unpublished data). Only Davidaster discoideus 

has been regularly recorded from depths greater than 200 m (maximum 355 m) (AH 

Clark 1931), but most of these are dredge or trawl collections along steep island 

margins, where depth could not be accurately assessed. Depths greater than ~100 m 

attributed to Comatella by AH Clark (1931) are for species no longer included in that 

genus: Palaeocomatella decora and “Comissia” brachycirra (Messing 2001).  

 

Remarks. Genera of Comatellinae were previously placed in two subfamilies by White 

and Messing (2001)—Phanogeniinae (Alloeocomatella and Comatella) and 
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Capillasterinae (Davidaster and Nemaster)—based on the location of the first syzygy 

on arms arising from IIBr (2+3 for Davidaster and Nemaster; 1+2 and/or 3+4 for 

Comatella and Alloeocomatella). Triangular comb teeth confluent with the side of the 

pinnule closest to the arm are found only in Comatella and Nemaster. The diagnosis 

lists currently recognized characters. No morphological synapomorphies have yet been 

identified that would uniquely characterize all genera in this subfamily. 

 

COMATULINAE Fleming, 1828 

Type genus. Comatula Lamarck, 1816. 

 

Other included genera. Anneissia n. gen. Summers, Messing, & Rouse; 

Aphanocomaster Messing, 1995; Capillaster AH Clark, 1909e; Cenolia AH Clark, 

1916a; Clarkcomanthus Rowe, Hoggett, Birtles & Vail, 1986; Comactinia AH Clark, 

1909b; Comanthus AH Clark, 1908d; Comaster Agassiz, 1836; Comatulella AH Clark, 

1911b; Comissia AH Clark, 1909b; Neocomatella AH Clark, 1909c; Phanogenia Lovén, 

1866. 

 

Diagnosis. Mouth central or excentric in fully developed individuals; centrodorsal well-

developed with cirri, or reduced with few or no cirri; IBr series united by either 

synarthry or syzygy; first syzygy at 1+2 or 3+4 on arms arising from IBr; distal 

intersyzygial interval from 2 to 19; distalmost pinnule comb on P2 to distal arm. 
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Distribution. Tropical western Atlantic and Indo-western Pacific; northeastern Atlantic; 

southern Australia and New Zealand. Depth range: 0-1700 m). All but a few taxa (e.g., 

Comissia, Neocomatella, Comactinia meridionalis hartlaubi, Anneissia japonicus, A. 

solaster, A. plectrophorum) are restricted to depths above 100 m (AM Clark, 1980; 

Messing 1978; Rowe et al. 1986). 

 

Remarks. The included genera were previously distributed among all four available 

subfamilies (Messing 2001). Our molecular results support including all within 

Comasterinae. The diagnosis lists currently recognized characters. No morphological 

synapomorphies have yet been identified. 

 

COMATULINI Fleming, 1828 

Type genus. Comatula Lamarck, 1816. 

Other included genera. Comactinia AH Clark, 1909b 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 20 (rarely to 27) arms; 

centrodorsal small, thin, with cirri absent or in one row; IBr series united by either 

synarthry or syzygy; first syzygy at 1+2 (Comatula) or 3+4 (Comactinia) on arms 

arising from IBr; distal intersyzygial interval 2-11; distalmost pinnule comb on P3-P6; 

comb teeth single, straight, and either confluent with outside edge of pinnule and 

tapering distally (Comatula); confluent with tips of teeth truncated or notched and not 

tapering distally (Comactinia echinoptera (Müller, 1840)), or nonconfluent and tapering 
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to a blunt or sharp point (Comactinia meridionalis (Agassiz, 1865) and Comactinia 

titan Messing, 2003). 

 

Distribution. Western Atlantic from the Carolinas to Brazil, tropical Indo-western 

Pacific, and eastern temperate Australia. Depth range: 0-373 (possibly to 549) m. 

Comatula species are restricted to depths shallower than about 100 m. Only Comactinia 

meridionalis hartlaubi is chiefly collected below 100 m (AH Clark 1931; Messing 

1978). 

 

Remarks. Comactinia is the only comatulid genus well documented to occur in both the 

western Atlantic and western Pacific. Western Atlantic Leptonemaster venustus AH 

Clark, 1909b, placed in otherwise Indo-western Pacific Comissia by Hoggett & Rowe 

(1986), probably does not belong in that genus—see below. Messing (2003) placed 

Pacific C. titan in Comactinia because it shares with the other two members of the 

genus—C. meridionalis and C. echinoptera, both from the Atlantic—10 arms, IBr2 

united by synarthry, first brachial syzygy at 3+4, an excentric mouth, and, with C. 

meridionalis, nonconfluent, usually off-center comb teeth flattened along the pinnule 

axis. Although the first three are generalized features characteristic of juvenile 

comatulids, and the excentric mouth is widespread in the family, the molecular analysis 

reported herein returned C. echinoptera and C. titan as sister taxa.   

 

CAPILLASTERINI AH Clark, 1909c 

Type genus. Capillaster AH Clark, 1909e. 
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Diagnosis. Mouth excentric in fully developed individuals; up to 110 arms; cirri absent 

(C. macrobrachius) or present in up to 2 rows; IBr series united by synarthry; first 

syzygy at 3+4 on arms arising from IBr, at 2+3 on arms arising from IIBr and more 

distal brachitaxes; IIBr 2 or 4(3+4); IIIBr and more distal brachitaxes 3 (2+3); distal 

intersyzygial interval 4-27; distalmost pinnule comb on P3-P21 (in C. tenuicirrus at 

intervals as far as mid-arm); comb teeth single, triangular, confluent with outer edge of 

pinnule; comb not tapering significantly distally. 

 

Distribution. Tropical Indo-western Pacific. Depth range: 0-292 m. Except for C. 

tenuicirra (82-188 m), the majority of records are from shallower than 50 m. 

 

Remarks. Capillaster is the only Indo-western Pacific genus with a syzygy at 2+3 on 

post-IIBr arms or brachitaxes, a trait that it shares with tropical western Atlantic 

Davidaster but that must now be considered homoplastic. Davidaster is here placed in 

subfamily Comatellinae. 

 

NEOCOMATELLINI New Tribe 

Type genus. Neocomatella AH Clark, 1909c. 

 

Other included genera. Comatulella AH Clark, 1911b. 
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Diagnosis. Mouth excentric in fully developed individuals; only 10 arms (Comatulella) 

or up to 20 arms (Neocomatella); centrodorsal thin to moderately thick with more than 

15 cirri in 1-2 crowded, irregular rows; IBr series united by cryptosynarthry 

(Comatulella) or synarthry (Neocomatella); first syzygy at 3+4 on arms arising from 

IBr; IIBr of two ossicles; arms arising from IIBr with 1+2, 3+4 (Neocomatella); distal 

intersyzygial interval irregular, usually from 5 to 9 (rarely 3-15) (Messing, unpublished 

data); distalmost pinnule comb on P2-P6; comb teeth confluent with outside edge of 

pinnular; proximal teeth arising gradually; comb not tapering significantly distally. 

 

Distribution. Tropical western Atlantic, northeastern Atlantic, and southern and western 

Australia. Depth range 0-1700 m. Comatulella brachiolata, the single species in its 

genus, is restricted to depths shallower than ~20 m. Western Atlantic Neocomatella 

pulchella has been recorded chiefly between 100 and 500 m (Meyer et al. 1978), with a 

single specimen collected in 10 m (Meyer 1973). Northeastern Atlantic N. europaea 

occurs at depths of 400-1,700 m (AH Clark 1931). 

 

Remarks: The diagnosis lists currently recognized characters. No morphological 

synapomorphies have yet been identified that would uniquely characterize both genera 

in this clade. Comatulella brachiolata is unique among comatulids in having ungrooved 

pinnules interspersed among typical grooved pinnules. 

 

PHANOGENIINI White and Messing (in White et al.), 2001 

Type genus. Phanogenia Lovén, 1866. 
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Other included genera. Aphanocomaster Messing, 1995b; Comissia Clark, 1909b. 

 

Diagnosis. Mouth central in fully developed individuals; ten (Comissia), up to 39 

(Aphanocomaster) or up to 170 arms (Phanogenia); cirri absent (P. typica, P. gracilis) 

or in 1-2 rows; IBr series united by synarthry (indicated here by 1-em dash) or 

cryptosynarthry; arms arising from IBr with 3+4; IIBr chiefly 4(3+4) (Phanogenia) or 4 

with 1—2 and 3—4 united by synarthry (Aphanocomaster); subsequent brachitaxes 

chiefly 2(1+2) (Phanogenia), but widely variable in Aphanocomaster, i.e., 

4(1⎯2,3⎯4), 4(1⎯2,3+4), 4(1+2,3+4), 2(1⎯2) and 2(1+2); syzygies chiefly at 1+2 

and 3+4 (Aphanocomaster) or 1+2 (Phanogenia) on arms arising from IIBr and 

subsequent brachitaxes; distal intersyzygial interval chiefly 3-4; distalmost pinnule 

comb P6 or at intervals to near arm tip; comb teeth confluent with outer edge of 

pinnule; proximal comb tooth saucer-like and transverse (Phanogenia), slightly twisted 

(Aphanocomaster), or in line with following teeth (Comissia). 

  

Distribution. Tropical Indo-western Pacific. Depth range: 0-984 m. Phanogenia species 

are chiefly restricted to depths shallower than 100 m. The type specimen of 

Aphanocomaster pulcher was collected "Down to 52 Metres" (AH Clark 1918:275), but 

subsequent material was recorded chiefly from between about 300 and 400 m (Messing 

et al. 2000). Most records of Comissia species are from depths greater than 100 m (AH 

Clark 1931). 

 



  

	  

62	  

Remarks. All three genera in this clade share a central mouth in fully-developed 

individuals. (Size at sexual maturity is unknown for almost all living crinoids.) 

However, it is not certain that this represents a completely homologous character 

retained from the juvenile condition. In at least some Phanogenia, the anal papilla lies 

at the disk margin rather than in the center of the anal interambulacral area (Messing 

2001, fig. 4a), and might represent an anatomically and phylogenetically distinct 

condition. Phanogenia and Aphanocomaster both bear a syzygy at 1+2 on at least some 

post-IBr brachitaxes and undivided arms, a feature found also in Neocomatella and 

Comatella; it is thus homoplastic.  

 Species of Comissia are currently united by features common to many juvenile 

comatulids: central mouth, ten arms, confluent combs that have a discrete terminal tooth, 

do not taper to a point, and lack a transverse proximal tooth. It is not clear how many of 

the 12 species at least tentatively included belong in the genus (see Hoggett & Rowe 

1986; Messing 2001). Material of only one species, attributed to Comissia norfolkensis 

AH Clark, 1909b, was available for this analysis. However, this species is known only 

from off Norfolk Island in the Tasman Sea. The others range from southern Japan 

chiefly to Indonesia and the tropical Indian Ocean. Leptonemaster venustus AH Clark, 

1909b from the western Atlantic, placed in Comissia by Hoggett & Rowe (1986) on the 

basis of the generalized characters above, has a central to subcentral mouth and likely 

does not belong.	  Unlike other Comissia species, one of the two specimens of C. 

spinosissima AH Clark, 1912b, from the type locality (Naturalis, Leiden, V.ECH.C 

1328) has paired, well-separated, erect comb teeth that taper to a bluntly pointed 

pinnule tip (Messing, pers. obs.). The other specimen has not been examined. 
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COMASTERINI AH Clark, 1908a 

Type genus. Comaster Agassiz, 1836. 

Other included genera. Anneissia n. gen. Summers, Messing, & Rouse; Cenolia AH 

Clark, 1916a; Clarkcomanthus Rowe, Hoggett, Birtles & Vail, 1986; Comanthus AH 

Clark, 1908d. 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 180 arms; cirri absent 

or present in up to 4 rows; IBr series united by synarthry; first syzygy at 3+4 on all 

arms; IIBr and subsequent brachitaxes with 2 or 4(3+4); distal intersyzygial interval 

mostly 4; distalmost pinnule comb ranging from P2 to near arm tip. 

 

Distribution. Tropical and temperate Indo-western Pacific, from Cape of Good Hope, 

South Africa, to the Korean Strait and southern New Zealand. Depth range: 0 possibly 

to 548 m, but most species are restricted to shallower than 50 m. A few, chiefly from 

Japan (A. japonicus, A. solaster, A. pinguis) and southern Australia and New Zealand (A. 

plectrophorum) regularly occur at depths between about 100 and 300 m (AH Clark 

1931; Rowe & Gates 1995; Kogo 1998). 

 

Remarks: This clade is equivalent to subfamilies Comasterinae of Messing (2001), and 

Comanthinae of Hoggett & Rowe (1986) and White et al. (2001). Comasterinae as used 

originally by AH Clark (1909b) and subsequently by AH Clark (1931) and Hoggett and 

Rowe (1986) included taxa removed to Phanogeniinae White & Messing, 2001, and 
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now placed in Phanogeniini. Comasterini species differ from those preceding in that a 

syzygy is never present at either 1+2 or 2+3 on any arm or brachitaxis. 

 

Appendix C. Generic revisions within Comasterini 

Clarkcomanthus Rowe, Hoggett, Birtles & Vail, 1986 

New combination 

Type species. Comanthus luteofuscum HL Clark, 1915 

Other included taxa (8). Actinometra alternans Carpenter, 1881; Actinometra littoralis 

Carpenter, 1888; Clarkcomanthus albinotus Rowe, Hoggett, Birtles & Vail, 1986; 

Comanthus mirabilis Rowe, Hoggett, Birtles & Vail, 1986; Comanthus perplexum HL 

Clark, 1916; Comanthus (Vania) parvicirra ß comanthipinna Gislén, 1922; 

Oxycomanthus exilis Rowe, Hoggett, Birtles & Vail, 1986; Oxycomanthus mirus Rowe, 

Hoggett, Birtles & Vail, 1986 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 125 arms; centrodorsal 

circular to pentagonal; cirri present in one row or absent; IBr2 united by synarthry; 

syzygy at 3+4 on all undivided arms. IIBr and subsequent brachitaxes 2 or 4(3+4); 

distal intersyzygial interval 4; distalmost pinnule comb on P2, P3, or at intervals 

sometimes reaching near arm tip; primary comb tooth confluent with exterior edge of 

pinnulars or nonconfluent; smaller secondary tooth present or not; transverse proximal 

tooth present or not; comb terminating in large discrete tooth, or tapering either to a 

smaller terminal tooth or to a point. 
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Distribution. Indo-western Pacific from Japan to New Caledonia, Palau, and northern 

Australia. Depth range: 0-144 m; chiefly shallower than 50 m. 

 

Remarks. The three species that Rowe et al. (1986) included in Clarkcomanthus 

constitute a monophyletic clade within a grade including specimens of Comanthus and 

Oxycomanthus. We recovered Oxycomanthus comanthipinna, O. mirus, and two 

Comanthus species (C. mirabilis and C. alternans) within a well-supported clade 

including Clarkcomanthus. We incorporate these four taxa into Clarkcomanthus, along 

with Oxycomanthus perplexum and O. exilis, based on similarities in form (small 

centrodorsal, brachitaxes with two and four brachials, and restricted comb range mainly 

to P2) not found in the other members of Oxycomanthus (e.g., O. bennetti, O. 

japonicus). In incorporating the type – Comanthus (Vania) parvicirra ß comanthipinna 

– Oxycomanthus becomes a junior synonym of Clarkcomanthus, and we therefore 

establish a new genus, Anneissia, for the remaining species of Oxycomanthus (see 

below). 

These molecular data indicate that generic boundaries within Comatulidae based 

on pinnule comb morphology cannot always be supported. The taxa included in the now 

expanded Clarkcomanthus clade include a variety of comb structures, e.g., tapering to a 

point or not, with confluent or nonconfluent teeth, and with or without a transverse 

proximal tooth. Despite their distinctly different comb features, Oxycomanthus mirus, O. 

comanthipinna, O. perplexum, and the former Clarkcomanthus species all share combs 

restricted to the most proximal few pairs of pinnules. Oxycomanthus mirus also shares 

with former Clarkcomanthus species and both Comanthus alternans and C. mirabilis a 
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smaller secondary comb tooth, a feature lacking in other Oxycomanthus species. 

Likewise, Comanthus alternans and C. mirabilis differ from other Comanthus and 

resemble Clarkcomanthus in having separated comb teeth and a less developed 

proximal transverse tooth, especially in C. mirabilis (Rowe et al. 1986).  

 

Comanthus AH Clark, 1908d 

New combination 

Type species. Alecto parvicirrus Müller, 1841 

Other included taxa (7). Alecto wahlbergii Müller, 1843; Antedon briareus Bell, 1882; 

Comantheria weberi AH Clark, 1912b; Comanthus gisleni Rowe, Hoggett, Birtles & 

Vail, 1986; Comanthus kumi Fujita & Obuchi, 2012; Comanthus novaezealandiae AH 

Clark, 1931; Comanthus suavia Rowe, Hoggett, Birtles & Vail, 1986; Comaster 

imbricata AH Clark, 1908e; Comaster taviana AH Clark, 1911c; Phanogenia delicata 

AH Clark, 1909f 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 75 arms; centrodorsal 

circular to pentagonal; cirri present in one row or absent; IBr2 united by synarthry; 

syzygy at 3+4 on all undivided arms. IIBr and subsequent brachitaxes 2 or 4(3+4); 

distal intersyzygial interval 4; distal-most pinnule comb at intervals sometimes reaching 

near arm tip; primary comb tooth confluent with exterior edge of pinnulars; smaller 

secondary tooth present or not; saucer-like transverse proximal tooth present; comb 

terminating in large discrete tooth. 
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Distribution. Indo-western Pacific from the Red Sea and eastern Africa as far south as 

Cape of Good Hope to northern Australia, Enewetak (Marshall Islands) and Vanuatu, 

and north to the Korean Straits. Depth range: 0-120 m. 

 

Remarks. Comanthus was recovered as paraphyletic in molecular analyses (Fig. 3.5). 

We have removed Comanthus alternans and C. mirabilis to Clarkcomanthus (see 

above). All remaining Comanthus terminals examined in this study form a clade with 

moderate support. All possess a comb form with a distinct transverse proximal tooth, a 

smaller secondary tooth present or not. Within Comanthus, terminals assigned to C. 

parvicirrus, C. wahlbergii, and C. gisleni based on morphology were recovered as 

paraphyletic, suggesting that they may represent multiple taxa. This is not surprising, 

particularly for C. parvicirrus and C. wahlbergii, as both are widely distributed, include 

numerous synonyms, and have at least two different habitat-related forms. 

 

Anneissia Summers, Messing, & Rouse 

New genus and combination 

Type species. Alecto bennetti Müller, 1841 

Other included taxa (7). Actinometra grandicalyx Carpenter, 1882; Alecto japonica 

Müller, 1841; Comantheria intermedia AH Clark, 1916b; Comanthus pinguis AH Clark, 

1909g; Comanthus plectrophorum HL Clark, 1916; Comatula solaster AH Clark, 

1907b; Oxycomanthus muelleri Rowe, Hoggett, Birtles & Vail, 1986 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 120 arms; centrodorsal 
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circular, large and thick; cirri always present; IBr2 united by synarthry; IIBr and beyond 

all 4(3+4); syzygy at 3+4 on all unbranched arms; distal intersyzygial interval 4, 

occasionally 5; distalmost pinnule comb on P2 to P5; comb teeth non-confluent; comb 

tapers distally to a sharp point. 

 

Distribution. Indo-western Pacific from Japan, China, and Marshall Islands to Australia, 

New Caledonia, and as far south as New Zealand. Depth range: shoreline-330 m. 

 

Remarks. Oxycomanthus, a genus previously distinguished by distally tapered combs 

composed of non-confluent teeth, was recovered as polyphyletic in molecular analyses 

(Fig. 3.5). Some species, including the type species of the genus (Comanthus (Vania) 

parvicirra ß comanthipinna Gislén, 1922), as well O. mirus, fall within the 

Clarkcomanthus clade. Oxycomanthus is thus here regarded as a junior synonym of 

Clarkcomanthus (discussed above). Oxycomanthus japonicus and O. bennetti were 

recovered as a well-supported clade sister to other members of Comasterini. We include, 

O. japonicus, O. bennetti, and those other taxa referred to as a ‘natural group’ by Rowe 

et al. (1986) (O. plectroforum, O. bennetti, O. pinguis, O. japonicus, O. solaster, O. 

intermedius, and O. grandicalyx) (pg. 257) in the new genus Anneissia. Characters 

shared by this group include large size and bulkiness, large centrodorsal and a large 

number of long cirri with many cirrus segments. Rowe et al. (1986) noted that small, 

rare O. muelleri Rowe, Hoggett, Birtles & Vail, 1986, appears to be most closely 

related to O. plectrophorum, but that it bears some resemblance to Cenolia trichoptera. 

It is tentatively included here in Anneissia. 
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Etymology. We dedicate this genus to Anne Hoggett, for her life-time love of 

echinoderms and contributions to the taxonomy of this family of crinoids. 
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Figure 3.1. A small sample of diversity within Comatulidae. (A) Comatella nigra 
(Comatellinae). (B) Phanogenia gracilis (Phanogeniini). (C) Capillaster multiradiatus 
(Capillasterini). (D) Comatula rotalaria (Comatulini). Representatives of Comasterini, 
(E) Oxycomanthus bennetti and (F) Comaster audax. A, C, F – Madang Habor, Papua 
New Guinea. B, E – Raja Ampat, Indonesia. D – Great Barrier Reef, Australia. 
Photographs G.W. Rouse. 
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Figure 3.2. Mouth placement. (A) Phanogenia gracilis, central mouth (m) and 
marginal anal papilla (ap). (B) Clarkcomanthus littoralis, marginal mouth (m) and 
central anal papilla (ap). Modified from Messing (2001). 
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Figure 3.3. Proximal ray articulations and branching patterns; all IBr2 joined by 
synarthry (arrows) except (B). (A) 10 arms with 3+4 distal to axil (tandem arrow) 
(Comactinia echinoptera); (B) IBr2 joined by syzygy (2(1+2)) (arrowhead at 1+2) 
(Comatula sp.); (C) 3(2+3) in brachitaxes distal to IIBr (tandem arrow at 2+3) 
(Davidaster rubiginosus); (D) brachitaxes distal to IIBr chiefly 2(1+2) (tandem arrow at 
1+2) (Phanogenia gracilis); (E) brachitaxes distal to IBr chiefly 4(3+4) or both 2 and 
4(3+4) (tandem arrow at 3+4) (Comanthus sp.); (F) brachitaxes distal to IBr of 2 
ossicles only (Comatella stelligera); (G)  brachitaxes distal to IBr variously 2, 2(1+2)  
4(3+4), 4(1+2, 3+4) or 4(two synarthrial pairs), Aphanocomaster pulcher. A modified 
from Messing 1978; B original drawing; C-F modified from Messing 2001; G from 
Messing 2001. 
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Figure 3.4. Pinnule comb forms. (A-C) Confluent exterior teeth, no transverse proximal 
tooth, discrete terminal tooth; (A) Alloeocomatella polycladia, (B) Comatilia 
iridometriformis, (C) Leptonemaster venustus. (D-E) Nonconfluent teeth, no transverse 
proximal tooth, tapering to point (arrow head); (D) Comactinia meridionalis, (E) 
Oxycomanthus bennetti. (F) Confluent interior teeth, no transverse proximal tooth, 
discrete terminal tooth; Comatella stelligera. (G-H) Confluent exterior teeth, transverse 
proximal tooth (arrow), discrete terminal tooth; (G) Phanogenia typica (arrow indicates 
transverse proximal tooth in side view), (H) Comanthus parvicirrus (arrow indicates 
spoonlike transverse proximal tooth in oblique side view). (I) Paired teeth with one of 
each pair a smaller secondary tooth; Davidaster rubiginosus, (J) Paired equal teeth with 
the proximal few fused as transverse bars (tandem arrow); comb tapering to point 
(arrow head); Comaster schlegelii. (K) Paired teeth forming transverse bars; Cenolia 
trichoptera. (L) Tips of teeth truncated or notched; Comactinia echinoptera. (M) 
Fanlike terminal tooth (indicated with arrow head); Palaeocomatella hiwia. A, D-F, H-
K, M variously modified from Messing (2001); B-C from Messing (1975); G from 
Messing (1998), L modified from Messing & Dearborn (1990). 
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Figure 3.5. Maximum likelihood (ML) tree inferred from the concatenated seven-gene 
dataset (third position of COI removed; gblocked 16S, 28S, and ITS). Symbols near 
nodes refer to bootstrap (BS) and jackknife (JK) support scores for ML and maximum 
parsimony (MP) analyses, respectively. An asterisk indicates nodes with >90% 
bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is given 
for nodes not recovered in MP analyses. Colored boxes surround clades delimited in the 
taxonomic revision provided herein. Where applicable, species names correspond to the 
new combinations herein, the most recent previous name provided in brackets. 
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Figure 3.6. Maximum likelihood transformations for mouth placement (A), number of 
arms (B), location of first syzygies on undivided arms (C), and distal intersyzygial 
interval (D). Symbols near nodes refer to proportional likelihood estimations. An 
asterisk indicates nodes with an estimated proportional likelihood of >95%. Other 
scores are provided in order of most likely states and are separated by a forward slash 
when applicable. 
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Figure 3.7. Maximum likelihood transformations for articulation patterns within 
brachitaxes: type of articulation in IBr (A), IIBr (B), number of brachials (C) and types 
of articulations (D) in IIIBr and beyond. Symbols near nodes refer to proportional 
likelihood estimations. An asterisk indicates nodes with an estimated proportional 
likelihood of >95%. Other scores are provided in order of most likely states and are 
separated by a forward slash when applicable. 
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Figure 3.8. Maximum likelihood transformations for rows of cirri (A) and comb teeth 
(B), geography (C), and depth distribution (D). Symbols near nodes refer to 
proportional likelihood estimations. An asterisk indicates nodes with an estimated 
proportional likelihood of >95%. Other scores are provided in order of most likely 
states and are separated by a forward slash when applicable. 
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Supplementary Figure 3.1. Maximum likelihood transformations for number of 
brachials in IIBr (A), location of comb teeth rows (B), and proximal comb tooth shape 
(C) and size (D). Symbols near nodes refer to proportional likelihood estimations. An 
asterisk indicates nodes with an estimated proportional likelihood of >95%. Other 
scores are provided in order of most likely states and are separated by a forward slash 
when applicable. 
 



	  

	  

84	  

 

 
 
 



85	  
	  

	  

 
 
Supplementary Figure 3.2. Maximum likelihood transformations for distal comb teeth 
shape and size (A-B), range of pinnule combs (C), and habitat (D). Symbols near nodes 
refer to proportional likelihood estimations. An asterisk indicates nodes with an 
estimated proportional likelihood of >95%. Other scores are provided in order of most 
likely states and are separated by a forward slash when applicable.
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Table 3.1. Classifications of Comatulidae Fleming, 1828 (previously Comasteridae AH 
Clark, 1908a) over the past 100 years. Asterisks indicate genera that were not 
sequenced; carets denote genera no longer in the family. 
 

1909-1986 1986-2013 Revised Taxonomy 

~90 species ~95 species ~95 species 

A.H. Clark 1909; A.H. Clark, 1931 Hoggett and Rowe, 1986; Rowe et al., 1986; 

Messing, 2001 

 

 

COMASTERIDAE AH Clark, 1908a 

CAPILLASTERINAE AH Clark, 1909c 
       Capillaster AH Clark, 1909d 
       Comanthoides AH Clark, 1931 
       Comatella AH Clark, 1908d 
       *Comatilia AH Clark, 1909g 
       ^Comatonia AH Clark, 1916c 
       Comissia (inc. Alloeocomatella) AH Clark, 
1909b 
       *Leptonemaster AH Clark, 1909b 
       ^Microcomatula AH Clark, 1918 
       Nemaster (inc. Davidaster) AH Clark, 1909b 
       Neocomatella AH Clark, 1909c 
       *Palaeocomatella AH Clark, 1912b 
 
COMACTINIINAE AH Clark, 1909c 
       Comactinia AH Clark, 1909b 
       Comatula Lamarck, 1816 
       Comatulella AH Clark, 1911b 
       *Comatulides AH Clark, 1918 
 
COMASTERINAE AH Clark, 1909c 
       Comanthina AH Clark, 1909 
       Comanthus (inc. Cenolia) AH Clark, 1908d 
       Comantheria AH Clark, 1909f 
       Comaster L Agassiz, 1836 

 

COMASTERIDAE AH Clark, 1908a 

CAPILLASTERINAE AH Clark, 1909c 
       Capillaster AH Clark, 1909d 
       Davidaster Hoggett & Rowe, 1986 
       Nemaster AH Clark, 1909b 
 
COMASTERINAE AH Clark, 1909c 
       Cenolia AH Clark, 1916a 
       Clarkcomanthus Rowe et al., 1986 
       Comanthus AH Clark, 1908d (f. Comantheria) 
       Comaster L Agassiz, 1836 (f. Comanthina) 
       Oxycomanthus Rowe et al., 1986 (f. 
Comantheria) 
 
COMATULINAE Fleming, 1828 
       Comatula Lamarck, 1816 
 
PHANOGENIINAE White and Messing, 2001 
       Alloeocomatella Messing, 1995a 
       Aphanocomaster Messing, 1995b 
       Comatella AH Clark, 1908d 
       Neocomatella AH Clark, 1909c 
       *Palaeocomatella AH Clark, 1912b 
       Phanogenia Lovén, 1866 (f. Comaster) 
 
Incertae sedis 
       Comactinia AH Clark, 1909b 
       *Comatilia AH Clark, 1909g 
       Comatulella AH Clark, 1911b 
       *Comatulides AH Clark, 1918 
       Comissia AH Clark, 1909b (inc. 
Leptonemaster) 
       *Rowemissia Messing, 2001 
 

 

COMATULIDAE Fleming, 1828 

COMATELLINAE NEW SUBFAMILY Summers et. al. 
              Alloeocomatella Messing, 1995 
              Comatella AH Clark, 1908d 
              Davidaster Hoggett & Rowe, 1986 
              Nemaster AH Clark, 1909b 
 
COMATULINAE Fleming, 1828 
       Capillasterini AH Clark, 1909c 
              Capillaster AH Clark, 1909d 
 
       Comasterini AH Clark, 1908a 
              Cenolia AH Clark, 1916a 
              Clarkcomanthus Rowe et al., 1986 
              Comanthus AH Clark, 1908d  
              Comaster L Agassiz, 1836 
              Anneissia New Genus Summers et. al. 
 
       Comatulini Fleming, 1828 
              Comactinia AH Clark, 1909b 
              Comatula Lamarck, 1816  
 
       Neocomatellini New Tribe Summers et. al. 
              Comatulella AH Clark, 1911b 
              Neocomatella AH Clark, 1909c 
 
       Phanogeniini White and Messing, 2001 
              Aphanocomaster Messing, 1995 
              Comissia AH Clark, 1909b 
              Phanogenia Lovén, 1866 
 
Incertae sedis 
              *Comatulides AH Clark, 1918 
              *Comatilia AH Clark, 1909g 
              *Palaeocomatella AH Clark, 1912b 
              *Rowemissia Messing, 2001 
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Table 3.2. Collection localities, voucher information, and GenBank accession numbers 
for specimens used in molecular analyses. New sequences are in bold. Asterisks for 
DNA subsample only. 
 

Species Locality 
Voucher 

Accession COI COX2 COX3 16S CytB 28S ITS 

Thallassometridae AH CLARK, 1908 

Cosmiometra aster  Enshu-nada, Pacific 
Ocean, Japan SAM K2142 GU32786

3 XXXX - GU327904 - GU327977 XXXX 

Koehlermetra porrecta  North-east Atlantic Ocean MNHN-IE-
2012-878 

KC62656
1 - - KC626653 - KC626841 - 

Stenometra cristata  Pacific Ocean, Solomon 
Islands 

MNHN-IE-
2012-880 

KC62658
9 - - KC626681 - KC626869 - 

Thalassometra cf. 
margaritifera  

Santa Isabel, Pacific 
Ocean, Solomon Islands 

MNHN-IE-
2012-882 

KC62659
2 - - KC626684 - KC626872 - 

          

Comatulidae Fleming 1828 

Comatellinae Summers, Messing, & Rouse 

Alloeocomatella pectinifera Lizard Island, Coral Sea, 
Australia SAM K2033 GU32785

2 XXXX XXXX GU327892 GU327921 GU327961 XXXX 

Alloeocomatella n. sp. Madang, Bismarck Sea, 
Papua New Guinea 

MNHN-IE 
2013-8027; 
*SIO-BIC 
E5862 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Alloeocomatella polycladia Lizard Island, Coral Sea, 
Australia SAM K2023 XXXX XXXX - XXXX - XXXX XXXX 

Comatella nigra type A spm 1 Lizard Island, Coral Sea, 
Australia SAM K2013 GU32785

8 XXXX XXXX GU327896 GU327924 GU327965 XXXX 

Comatella nigra type A spm 2 Lizard Island, Coral Sea, 
Australia SAM K2088 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comatella nigra type B  Raja Ampat, Indonesia SIO-BIC 
E5875 XXXX - XXXX XXXX - XXXX XXXX 

Comatella stelligera  Okinawa, East China Sea, 
Japan UF3868 XXXX XXXX XXXX XXXX - XXXX XXXX 

Davidaster discoideus  Carrie Bow Cay, 
Caribbean Sea, Belize 

SIO-BIC 
E4714 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Davidaster rubiginosus Carrie Bow Cay, 
Caribbean Sea, Belize 

SIO-BIC 
E4715 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Nemaster grandis Colon, Caribbean Sea, 
Panama 

SIO-BIC 
E5872 XXXX - - - - XXXX XXXX 

          

Comatulinae Fleming, 1828 

Capillasterini AH Clark, 1909 

Capillaster multiradiatus s.l. 
type A  

Lizard Island, Coral Sea, 
Australia SAM K2009 XXXX XXXX - XXXX XXXX XXXX XXXX 

Capillaster multiradiatus s.l. 
type B  
 

Madang, Bismarck Sea, 
Papua New Guinea 

MNHN-IE-
2013-8029; 
*SIO-BIC 
E5863 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Capillaster multiradiatus s.l. 
type C   

Santa Isabel, Pacific 
Ocean, Solomon Islands 

MNHN-IE-
2012-850 

KC62652
7 - - KC626619 - KC626807 - 

Capillaster sentosus Green Island, Sulu Sea, 
Philippines 

SIO-BIC 
E5873 XXXX XXXX XXXX - - XXXX XXXX 

          

Comasterini AH Clark, 1909 
 

Anneissia bennetti  
 type A 

Lizard Island, Coral Sea, 
Australia SAM K1986 GQ91331

4 XXXX XXXX XXXX XXXX XXXX XXXX 

Anneissia bennetti  
 type B 

Dili, Banda Sea, East 
Timor 

AM 
J.25414.001 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Anneissia japonica Japan Sea SAM K2138 GU32786
0 XXXX XXXX XXXX XXXX GU327966 XXXX 

Cenolia amezianeae South New Caledonia, 
Coral Sea 

MNHN 
EcCh192 
paratype 

- - - - - XXXX - 

Cenolia glebosus Lord Howe Island, 
Tasman Sea, Australia 

SIO-BIC 
E4712 XXXX XXXX XXXX XXXX XXXX - - 

Cenolia tasmaniae  
Encounter Bay, Great 
Australian Bight, 
Australia 

SIO-BIC 
E5874 XXXX XXXX XXXX XXXX XXXX XXXX - 

Cenolia trichoptera  
Nuyts Archipelago, Great 
Australian Bight, 
Australia 

SAM K2482 GU32785
4 XXXX XXXX GU327894 GU327922 GU327962 XXXX 

Cenolia sp. Mentelle, Indian Ocean, 
Australia 

MV 
F112060 

KC62653
0 - - KC626622 - KC626810 - 

Clarkcomanthus albinotus Madang, Bismarck Sea, 
Papua New Guinea 

SIO-BIC 
E5869 XXXX XXXX XXXX XXXX - XXXX - 

Clarkcomanthus alternans  Madang, Bismarck Sea, 
Papua New Guinea 

MNHN-IE-
2013-8173; 
*SIO-BIC 
E5866 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
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Species Locality 
Voucher 

Accession COI COX2 COX3 16S CytB 28S ITS 

Clarkcomanthus 
comanthipinnus 

Lizard Island, Coral Sea, 
Australia SAM K2000 GQ91331

8 - XXXX GU327897 GU327967 XXXX XXXX 

Clarkcomanthus littoralis Lizard Island, Coral Sea, 
Australia SAM K2097 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Clarkcomanthus luteofuscum  Lizard Island, Coral Sea, 
Australia SAM K1970 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Clarkcomanthus mirabilis Lizard Island, Coral Sea, 
Australia SAM K1945 GQ91331

3 XXXX XXXX XXXX XXXX XXXX XXXX 

Clarkcomanthus mirus Lizard Island, Coral Sea, 
Australia SAM K2016 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comanthus briareus Lizard Island, Coral Sea, 
Australia SAM K2268 XXXX XXXX XXXX XXXX XXXX XXXX - 

Comanthus gisleni Lizard Island, Coral Sea, 
Australia SAM K2004 GU32785

6 XXXX XXXX XXXX XXXX XXXX XXXX 

Comanthus parvicirrus  Lizard Island, Coral Sea, 
Australia SAM K2253 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comanthus cf. suavia Raja Ampat, Indonesia SIO-BIC 
E5876 XXXX - XXXX XXXX - XXXX XXXX 

Comanthus cf. wahlbergii Lizard Island, Coral Sea, 
Australia SAM K1992 GU32785

7 XXXX XXXX XXXX XXXX XXXX XXXX 

Comanthus sp. 1 Lizard Island, Coral Sea, 
Australia SAM K2006 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comanthus sp. 2 Madang, Bismarck Sea, 
Papua New Guinea 

MNHN-IE-
2013-8034; 
*SIO-BIC 
E5865 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comanthus sp. 3 Madang, Bismarck Sea, 
Papua New Guinea 

MNHN-IE-
2013-8030; 
*SIO-BIC 
E5864 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comanthus sp. 4 Madang, Bismarck Sea, 
Papua New Guinea 

MNHN-IE 
2013-8048; 
*SIO-BIC 
E5868 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comaster audax Madang, Bismarck Sea, 
Papua New Guinea 

MNHN-IE-
2013-8140; 
*SIO-BIC 
E5867 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comaster multifidus 
Goodwyn Islands, 
Dampier Western 
Australia 

SAM K2514 XXXX XXXX XXXX XXXX - XXXX XXXX 

Comaster schlegelii  Lizard Island, Coral Sea, 
Australia SAM K1955 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

          

Comatulini Fleming, 1828 

Comactinia echinoptera Florida Straits, USA UF6292 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comactinia meridionalis Northern Gulf of Mexico, 
USA UF11709 XXXX - XXXX XXXX XXXX XXXX XXXX 

Comactinia titan Sulu Sea, Philippines 
MNHN 
EcCh185 
paratype 

XXXX XXXX - XXXX - XXXX XXXX 

Comatula pectinata Lizard Island, Coral Sea, 
Australia SAM K2263 XXXX XXXX XXXX XXXX XXXX XXXX - 

Comatula rotalaria Lizard Island, Coral Sea, 
Australia SAM K2048 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comatula solaris Lizard Island, Coral Sea, 
Australia SAM K2058 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Comatula n. sp. Singapore Strait, 
Singapore 

SIO-BIC 
E5870 XXXX XXXX XXXX - XXXX XXXX XXXX 

          

Neocomatellini Summers, Messing, & Rouse 

Comatulella brachiolata 
Nuyts Archipelago, Great 
Australian Bight, 
Australia 

SAM K2340 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Neocomatella pulchella Florida Keys, south of 
Key West, USA HBOI XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

          

Phanogeniini White and Messing, 2001 

Aphanocomaster pulcher Timor Sea, Northeastern 
Australia 

MV 
F160481 

KC62652
1 - - KC626613 - KC626801 - 

Comissia norfolkensis Southeast of Norfolk 
Island, Tasman Sea 

NIWA 
42715 

KC62653
4 - - KC626626 - KC626814 - 

Phanogenia multibrachiata Lizard Island, Coral Sea, 
Australia SAM K1947 XXXX XXXX XXXX XXXX XXXX GU327969 XXXX 

Phanogenia gracilis s.l. 
 type A 

Singapore Strait, 
Singapore 

*SIO-BIC 
E5877 XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

Phanogenia gracilis s.l. 
 type B 

Madang, Bismarck Sea, 
Papua New Guinea 

MNHN-IE-
2013-8039; 
*SIO-BIC 
E6081 

XXXX XXXX XXXX XXXX - XXXX XXXX 

Phanogenia typica Lizard Island, Coral Sea, 
Australia SAM K1984 XXXX XXXX XXXX XXXX XXXX XXXX - 
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AMS, Australian Museum, Sydney, Australia; HBOI, Harbor Branch Oceanographic 
Institution, Florida Atlantic University, Fort Pierce, FL; MNHN, Museum national 
d’Histoire naturelle, Paris, France; MV, Museum Victoria, Melbourne, Australia; 
NIWA, The National Institute of Water and Atmospheric Research, Wellington, New 
Zealand; SAM, South Australian Museum, Adelaide, Australia; SIO-BIC, Benthic 
Invertebrate Collection, Scripps Institution of Oceanography, La Jolla, CA; UF, Florida 
Museum of Natural History, Gainesville, FL.  
 
Re-examination of material suggests new identifications for the following sequences 
currently available on Genbank: GQ913327, GU327895, GU327923, GQ913344, & 
GU327963 – Clarkcomanthus albinotus (previously Clarkcomanthus littoralis); 
GU327855 & GU327933 – Comaster nobilis/schlegelii (previously Comaster audax), 
GQ913318, GU327897, GQ913334, & GU327967 – Clarkcomanthus exilis (previously 
Oxycomanthus comanthipinna; GU327859 & GU327968 – Clarkcomanthus exilis 
(previously Oxycomanthus); GQ913313 & GQ913329 – Clarkcomanthus mirabilis 
(previously Comanthus). Based solely on molecular results, we also suggest that the 
sequences KC626530, KC626622, KC626810, & KC626716  (currently 
Clarkcomanthus luteofuscus) belong to a member of Cenolia and sequences KC626533, 
KC626625, KC626813, & KC626719 (currently Comatula pectinata) are Comatula 
rotalaria. 
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Table 3.3. Summary of gene partitions used in maximum parsimony and maximum 

likelihood analyses. 
 
Dataset No. 

characters 

No. 

parsimony 

informative 

sites 

No. variable 

uninformative 

sites 

No. of most 

parsimonious 

trees 

Most 

parsimonious 

tree length 

Best 

scoring 

maximum 

likelihood 

tree (-ln) 

COI 1053 300 90 66 2242 11227.64 

COI -3rd 

position 

removed 

702 48 46 84878 200 2204.28 

COX2 504 186 37 6 1066 5349.21 

COX3 492 162 40 7 1038 5221.75 

CytB 768 258 81 37 1512 7737.92 

16S 632 245 62 86 1419 7000.22 

16S 

Gblocked 

524 180 46 288 906 5049.56 

28S 730 105 80 5841 328 2993.60 

28S 

Gblocked 

728 104 80 5838 327 2984.15 

ITS 846 289 79 5 1142 6710.45 

ITS 

Gblocked 

717 236 66 30 901 5520.59 
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Supplementary Materials 
 
Transformation Coding 

1. Mouth, placement: (0) central or subcentral; (1) excentric. 

2. Arms, number: (0) ten; (1) >10 and ≤20; (2) >20. 

3. Unbranched arms, location of first syzygy: (0) 1+2; (1) 2+3; (2) 3+4; (3) 1+2 and 

3+4.  

4. Unbranched arms, distal intersyzygial interval: (0) mainly 3; (1) mainly 4; (2) highly 

variable. 

5. First brachitaxis (IBr), type of articulation: (0) synarthry; (1) syzygy. 

6. Second brachitaxis (IIBr), number of brachials: (0) no IIBr; (1) two; (2) four; (3) two 

and four. 

7. Second brachitaxis (IIBr), location of articulations: (0) no IIBr; (1) 1+2; (2) 3+4; (3) 

all synarthrial. 

8. Third brachitaxis (IIIBr) and beyond, number of brachials: (0) no IIIBr; (1) two; (2) 

three; (3) four; (4) two and four. 

9. Third brachitaxis (IIIBr) and beyond, location of articulations: (0) no IIIBr; (1) 1+2; 

(2) 2+3; (3) 3+4; (4) 1+2 and/or 3+4 or synarthrial; (5) mostly synarthrial. 

10. Cirri, number of rows: (0) ≤1; (1) >1. 

11. Comb, number of tooth rows: (-) no comb teeth; (0) 1; (1) 1 or 2, second of smaller 

teeth; (2) 2, equal in size, pairs may be connected by transverse bar. 

12. Comb, location of primary (largest) tooth row: (-) no comb teeth; (0) confluent with 

exterior edge of pinnular (largest comb when two are present); (1) confluent 

with interior edge of pinnular; (2) confluent with interior and exterior; (3) 

nonconfluent. 

13. Proximal tooth, shape: (-) no comb teeth; (0) same as middle teeth; (1) saucer-like, 

transverse. 

14. Proximal tooth, size relative to middle teeth: (-) no comb teeth; (0) same; (1) 

smaller; (2) larger. 

15. Distal teeth, shape: (-) no comb teeth; (0) same as middle teeth; (1) tapering to a 

point. 
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16. Distal teeth, size relative to middle teeth: (-) no comb teeth; (0) same; (1) smaller; 

(2) larger. 

17. Arms, extent of pinnule combs: (-) no combs; (0) to P2; (1) to P6; (2) beyond P6, 

along proximal third of arm; (3) beyond proximal third of arm. 

18. Location, geographic range: (0) Indo-Western Pacific; (1) Atlantic. 

19. Location, bathymetric range: (0) <20 m (though may be deeper); (1) only >50 m. 

20. Location, habit: (0) fully exposed; (1) semi-cryptic (disk concealed), arms extended 

during day; (2) cryptic (disk concealed), arms extended or completely exposed 

at night; (3) below euphotic zone (deep water). 

 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Koehlermetra 
porrecta 0 2 1 2 0 2 2 2 2 1 - - - - - - - 0 1 3 

Thal. cf. 
margaritifera 0 0 2 2 0 0 0 0 0 1 - - - - - - - 0 1 3 

Cosmiometra 
aster 0 1 2 2 0 1 3 0 0 1 - - - - - - - 0 1 3 

Stenometra 
cristata 0 1 2 2 0 1 3 0 0 1 - - - - - - - 0 1 3 

A. pectinifera 1 0 3 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 2 
A. pectinifera n. 
sp. 1 1 3 0 0 1 3 0 0 1 0 0 0 1 0 0 1 0 0 2 

A. polycladia 1 2 3 0 0 1 3 1 5 1 0 0 0 1 0 0 1 0 0 2 
An. bennetti type 
A 1 2 2 1 0 3 2 4 3 1 0 3 0 1 1 1 1 0 0 1 

An. bennetti type 
B 1 2 2 1 0 3 2 4 3 1 0 3 0 1 1 1 1 0 0 1 

An. japonica 1 2 2 1 0 2 2 3 3 1 0 3 0 1 1 1 1 0 0 0 
Ap. pulcher 0 2 3 1 0 3 3 4 4 1 0 0 0 0 0 1 2 0 0 3 
Ca. cf. 
multiradiatus 1 2 1 2 0 2 2 2 2 1 0 0 0 0 0 0 2 0 0 0 

Ca. sentosus 1 2 1 2 0 2 2 2 2 1 0 0 0 0 0 1 2 0 0 0 
Ca. squarrosus 1 2 1 2 0 2 2 2 2 1 0 0 0 0 0 0 2 0 0 3 
Ca. cf. tenuicirrus 1 2 1 2 0 2 2 2 2 1 0 0 0 0 0 0 2 0 0 3 
Cenolia 
amezianeae 1 1 2 1 0 3 2 4 3 1 2 2 0 1 1 1 2 0 1 3 

Cenolia glebosus 1 2 2 1 0 3 2 4 3 1 2 2 0 1 1 1 1 0 0 1 
Cenolia 
tasmaniae 1 2 2 1 0 3 2 4 3 1 2 2 0 1 1 1 1 0 0 1 

Cenolia 
trichoptera 1 2 2 1 0 3 2 4 3 1 2 2 0 1 1 1 1 0 0 1 

Cenolia sp. 1 2 2 1 0 3 2 4 3 1 2 2 0 1 1 1 1 0 0 1 
Cl. albinotus 1 2 2 1 0 3 2 4 3 0 1 0 0 1 0 1 0 0 0 0 

Cl. alternans 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 2 0 0 0 
Cl. 
comanthipinna 1 2 2 1 0 3 2 4 3 0 0 3 0 1 1 1 0 0 0 0 

Cl. littoralis 1 2 2 1 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 2 
Cl. luteofuscum 1 2 2 1 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 2 
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 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Cl. mirabilis 1 2 2 1 0 0 0 0 0 0 1 0 1 2 1 1 2 0 0 2 
Cl. mirus 1 2 2 1 0 3 2 4 3 0 1 0 0 1 1 1 0 0 0 0 
Comactinia 
echinoptera 1 0 2 2 0 3 2 4 3 0 0 0 0 0 1 1 1 1 0 1 

Comactinia 
meridionalis 1 0 2 2 0 3 2 4 3 0 0 3 0 0 1 1 1 1 0 1 

Comactinia titan 1 0 2 2 0 3 2 4 3 1 0 3 0 0 1 1 1 0 1 1 
C. briareus 1 2 2 1 0 3 2 4 3 0 0 0 1 2 0 2 3 0 0 1 
C. gisleni 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 
C. parvicirrus 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 

C. cf. suavia 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 
C. cf. wahlbergii 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 
Comanthus sp. 1 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 
Comanthus sp. 2 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 
Comanthus sp. 3 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 
Comanthus sp. 4 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 

Comanthus sp. 5 1 2 2 1 0 3 2 4 3 0 1 0 1 2 0 2 3 0 0 1 
Comaster audax 1 2 2 1 0 3 2 4 3 0 2 2 0 1 1 1 1 0 0 0 
Comaster 
multifidus 1 2 2 1 0 1 2 1 5 0 2 2 0 1 1 1 1 0 0 1 

Comaster 
schlegelii 1 2 2 1 0 1 2 1 5 0 2 2 0 1 1 1 2 0 0 1 

Comatella nigra 
type A 1 2 3 1 0 1 3 1 5 1 0 1 0 1 0 1 1 0 0 1 

Comatella nigra 
type B 1 2 3 1 0 1 3 1 5 1 0 1 0 1 0 1 1 0 0 0 

Comatella nigra 
type C 1 2 3 1 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 3 

Comatella 
stelligera 1 2 3 1 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 0 

Comatula n. sp. 1 0 3 2 1 1 1 0 0 0 0 0 0 0 0 0 1 0 1 0 
Comatula 
pectinata 1 0 3 2 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 

Comatula 
rotalaria 1 1 3 2 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 

Comatula solaris 1 0 3 2 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 
Comatulella 
brachiolata 1 0 2 2 0 2 2 2 2 0 0 0 0 1 0 0 0 0 0 1 

Comissia 
norfolkensis 0 0 2 0 0 2 2 2 2 1 0 0 0 1 0 0 1 0 1 1 

Davidaster 
discoideus 1 1 1 1 0 2 2 2 2 1 2 2 0 1 1 1 1 1 0 0 

Davidaster 
rubiginosus 1 2 1 1 0 1 2 1 5 1 2 2 0 1 1 1 1 1 0 2 

Nemaster grandis 1 2 1 0 0 2 2 3 3 1 0 1 0 1 0 0 1 1 0 0 
Neocomatella 
pulchella 1 1 3 2 0 2 2 3 3 0 0 0 0 1 0 0 1 1 0 0 

P. typica 0 2 0 0 0 3 2 1 1 0 0 0 1 2 0 0 3 0 0 1 
P. gracilis s.l. 
type A 0 2 0 0 0 3 2 1 1 0 0 0 1 2 0 0 3 0 0 1 

P. gracilis s.l. 
type B 0 2 0 0 0 3 2 1 1 0 0 0 1 2 0 0 3 0 0 1 

P. multibrachiata 0 2 0 0 0 3 2 1 1 1 0 0 1 2 0 0 3 0 0 1 

 

 



	   95	  

This chapter, in full, is a reproduction of the material, as it appears accepted for 

publication in Molecular Phylogenetics and Evolution, 2014. Phylogeny of 

Comatulidae (Echinodermata: Crinoidea: Comatulida): A new classification and an 

assessment of morphological characters for crinoid taxonomy. The dissertation author 

was the primary investigator and author of this paper. 

 

 



CHAPTER 4 

 

Phylogeny of Myzostomida (Annelida) and their relationships with echinoderm 

hosts 

Abstract 

Background 

Myzostomids are marine annelids, nearly all of which live symbiotically on or inside 

echinoderms, chiefly crinoids, and to a lesser extent asteroids and ophiuroids. These 

symbionts possess a variety of adult body plans and lifestyles, with most described 

species live freely on the exterior of their hosts as adults (though starting life on the host 

inside cysts), while other taxa permanently reside in galls, cysts, or within the host’s 

mouth, digestive system, coelom, or gonads. Myzostomid lifestyles range from stealing 

incoming food from the host’s food grooves to consuming the host’s tissue directly. 

Previous molecular studies of myzostomids have had limited sampling with respect to 

assessing the evolutionary relationships within the group; therefore molecular data from 

75 myzostomid taxa was analyzed using maximum likelihood and maximum parsimony 

methods. To compare relationships of myzostomids with their hosts, a phylogeny was 

inferred for 56 hosts and a tanglegram constructed with 90 associations. 

Results 

Gall- and some cyst-dwellers were recovered as a clade, while cyst-to-free-living forms 

were found as a grade including two clades of internal host-eaters (one infecting 

crinoids and the other asteroids and ophiuroids), mouth/digestive system inhabitants, 

and other cyst-dwellers. Clades of myzostomids were recovered that associated with 

96 
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asteroids, ophiuroids, and stalked or feather star crinoids. Co-phylogenetic analyses 

rejected a null-hypothesis of random associations at the global level, but not for 

individual associations. Event-based analyses relied most upon host-switching and 

duplication events to reconcile the association history. 

Conclusion 

Hypotheses concerning the systematics and evolution of Myzostomida, as well their 

relationship to their hosts, were revised. We found arguably two or three transitions 

between food-stealing and host-eating. Taxa that dwell within the mouth or digestive 

system and some cyst forms are arguably derived from cyst-to-free-living ancestors – 

possibly the result of a free-living form moving to the mouth and paedomorphic 

retention of the juvenile cyst. Phylogenetic conservatism in host use was observed 

among related myzostomid taxa. This finding suggests that myzostomids (which have a 

free-living planktonic stage) are limited to one or a few closely related hosts, despite 

most hosts co-occurring on the same reefs, many within physical contact of each other. 

 

Background 

Myzostomida Graff, 1877 is a clade of marine annelid worms with around 150 

described species. Most spend their adult lives living on or inside crinoid echinoderms; 

about a dozen species are associated with ophiuroids and asteroids; two occur on black 

coral (Antipatharia) (Bo et al. 2013; Goenaga 1977); and one has been recorded from a 

sponge (Okada 1920). Myzostomids occur in shallow subtidal to abyssal depths 

throughout all of the world’s oceans, but are mainly found in shallow-water tropical 

reefs where crinoid diversity is greatest (Eeckhaut & Lanterbecq 2005; Rouse 2003). 
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Myzostomids possess a variety of body plans and lifestyles in which they steal food 

from or directly consume the host (Fig. 4.1). Those that live on the surface of the 

animal are mainly disk-shaped or elongated; they use their chaetae to hold onto the host 

while inserting their proboscis into the host’s food groove to steal food (Eeckhaut & 

Lanterbecq 2005; Grygier 2000). These external types may “mimic” the host by 

possessing similar colors and/or having appendages that resemble parts of the crinoid, 

for example, extensions that look like pinnules (Grygier 2000; Fishelson 1974; Potts 

1915). Other myzostomids reside in galls or cysts along the host’s food grooves, or 

within the host’s mouth, digestive system, coelom, or gonads (Eeckhaut & Lanterbecq 

2005; Grygier 2000; Rouse 2003; Rouse & Pleijel 2001). Those living on the outside of 

the animal and within galls, cysts, the mouth, and digestive track are presumed to be 

stealing the host’s food, while those within the coelom and gonads are believed to be 

eating the host directly (Eeckhaut & Lanterbecq 2005; Grygier 2000). 

 Though once controversial, molecular and morphology analyses now support 

myzostomids as part of the annelid radiation, but the relationship of Myzostomida to 

other annelid groups remains unresolved (Bleidorn et al. 2007, 2009; Hartmann et al. 

2012; Helm et al. 2012; Rouse & Fauchald 1997; Struck et al. 2012; Zrzavý et al. 

2009). Three published phylogenies have treated relationships within Myzostomida. 

The first two are based solely on morphology (Grygier 2000; Jägersten 1940), and the 

most recent is based on molecular data (three genes) from 37 taxa (Lanterbecq et al. 

2006). Grygier (2000) and Lanterbecq et al. (2006) revealed problems with the 

classification within the group, though no changes from the system proposed by 

Jägersten (1940) (Table 4.1, left column) have yet been made. The molecular 
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phylogeny of Lanterbecq et al. (2006) recovered two major clades, one composed of 

gall-, cyst-, and mouth-dwelling taxa associated with crinoids, and the other including 

mostly free-living taxa, along with cyst, mouth, and internal forms.  Based on this 

phylogeny, they proposed the ancestral state for Myzostomida to have been an external 

form found on crinoids and argued for independent emergences of gall, cyst, and 

internal forms (Lanterbecq et al. 2006; 2009).  

The variety of life histories combined with dependence on an echinoderm host 

makes Myzostomida an interesting lineage in which to explore the evolutionary affects 

of obligate symbiosis and relationships with their echinoderm hosts. Signs of suspected 

myzostomid infestations have been found on fossilized stalked crinoids from the early 

Jurassic (Hess 2010) and arguably as far back as the Silurian (Brett 1978). A previous 

coevolutionary analysis of sixteen hosts and myzostomids recovered significant 

cophylogeny, leading the authors to assert co-speciation as the driver of diversity in 

Myzostomida (Lanterbecq et al. 2010).  

In this paper we sample a substantially broader range of myzostomid species 

with accompanying DNA sequences, allowing a reassessment of the phylogeny and 

evaluation of symbiotic lifestyles, host specificity, and host affinity. We revise the 

classification of Myzostomida accordingly and re-examine congruence between the 

phylogeny of myzostomids and their hosts. 

 

Results 

Phylogeny of Myzostomida 

Supplementary Materials Table 4.1 lists the nominal species and terminals used 
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to assess myzostomid phylogeny, including the genes sequenced for this study and 

those obtained from GenBank. The maximum parsimony (MP) and maximum 

likelihood (ML) results for each gene partition are summarized in Suppl. Materials 

Table 4.2. Results from individual genes were basically congruent with each other, and 

with the combined data analyses, and are not shown here. The aligned sequence data 

from the four genes (COI, 16S, 18S, H3) yielded a concatenated ‘complete’ dataset of 

3019 characters with 1187 parsimony informative sites and 252 variable, but 

uninformative, sites. The ‘restricted’ dataset (with 16S, 18S, and H3 Gblocked and third 

positions of COI excluded) had 2501 characters, with 908 parsimony informative sites 

and 182 variable, but uninformative, sites. 

 The ML analyses of the complete (-ln 38806.84) and restricted (-ln 26899.17) 

datasets gave the same tree topology (= Fig. 4.2). Endomyzostoma Perrier, 1897 (living 

in galls or cysts on crinoids) formed a well-supported clade sister to all other 

myzostomids. Within this latter clade, Asteromyzostomum Jägersten, 1940 (associated 

with a seastar) was sister to Protomyzostomum Fedetov, 1912 (living in ophiuroids) and 

this clade was then sister to the remaining myzostomids found on crinoids. Myzostoma 

cirripedium Graff, 1885, a free-living form on a stalked crinoid (previously found 

within Endomyzostoma and referred to this genus [18]), was sister to the well-supported 

clade of Pulvinomyzostomum Jägersten, 1940 and the remaining myzostomids. The 

placement of Myzostoma cirripedium requires that it be placed in a new genus, 

Eenymeenymyzostoma n. gen. (see below). Pulvinomyzostomum, with type species 

Pulvinomyzostomum pulvinar (Graff, 1884), formed a clade with two other undescribed 

myzostomid species. One has the same lifestyle as P. pulvinar (in the mouth of the 
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crinoid), while the other is a free-living form on its stalked hyocrinid host. These will 

be described separately (Summers and Rouse in prep.) and we refer these two species to 

Pulvinomyzostomum. 

 The MP analysis of the complete dataset yielded 100 most parsimonious trees, 

length 9386. The MP analysis of the restricted dataset yielded 56 most parsimonious 

trees with a tree length of 5451. The MP results were similar to each other and largely 

congruent with the ML analyses, but the grade of taxa shown in Figure 4.2 with respect 

to Myzostomatidae, was instead a grade with respect to Endomyzostoma (Suppl. Fig. 

4.1). Also, the three species forming the Pulvinomyzostomum clade in the ML analyses 

was not monophyletic in the MP results. Two basic topologies were considered for the 

interpretation of the transformations, on the first ML-based (Figure 4.2) and a second 

MP-based (Suppl. Fig. 4.1). 

With regard to the relationships within the well-supported Myzostomatidae, all 

MP and ML analyses showed Myzostoma Leuckart, 1827 as paraphyletic with the 

genera Contramyzostoma Eeckhaut & Jangoux, 1995, Hypomyzostoma Perrier, 1897, 

Mesomyzostoma Remscheid, 1918 and Notopharyngoides Uchida, 1992 nested inside 

(Fig. 4.2, Suppl. Fig. 4.1). Relationships in the MP analyses varied among the species 

of Myzostoma in the various shortest trees for the complete and restricted analyses and 

between these analyses and the ML analyses. This is reflected in the poor support for 

many of the nodes across Myzostomatidae (Fig. 4.2). What all analyses did show was 

that Myzostoma australe Rouse, 2003 was the sister group to all other Myzostomatidae. 

The ML analyses presented a monophyletic Hypomyzostoma as a poorly 

supported sistergroup to a well-supported Mesomyzostoma clade (Fig. 4.2,), as did some 
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MP trees, though with poor support. Hypomyzostoma has the type species H. folium 

(Graff, 1884), which was not available for this study. However, based on morphology 

and following Lanterbecq et al. [18], we apply the name Hypomyzostoma to the clade 

comprising four nominal species (H. crosslandi A (Boulenger, 1913), H. crosslandi B, 

H. nanseni (Graff, 1887), and H. fasciatum (Remscheid, 1918)). 

All results recovered Contramyzostoma as polyphyletic, with C. sphaera 

Eeckhaut, Grygier, & Deheyn, 1998 as the sistergroup to Myzostoma n. sp. 1 and C. 

bialatum Eeckhaut & Jangoux, 1995, the type species of the genus, as sister to another 

clade of Myzostoma species. Notopharyngoides was also consistently polyphyletic, with 

N. aruensis (Remscheid, 1918) and N. platypus (Graff, 1887) well separated and sister 

groups to different clades of Myzostoma. 

The most parsimonious trees for both datasets showed varying relationships 

among terminals of Hypomyzostoma; the clade including Myzostoma bocki Jägersten, 

1937 and M. fuscomaculatum Lanterbecq et al., 200; the clade comprising M. insigne 

Atkins, 1927 and M. cf. stoichedes Atkins, 1927; and, to a lesser extent, the clade 

including Contramyzostomum bialatum and M. capitocutis Eeckhaut, Van den Spiegel, 

& Grygier, 1994.  

At the family-level, the concatenated ML analyses (see Fig. 4.2) returned four of 

the current families without requiring major revision: Asteromyzostomatidae, 

Protomyzostomatidae, Pulvinomyzostomatidae, and Mesomyzostomatidae (Table 4.1-

left column). The MP analyses did not recover what is delineated as 

Pulvinomyzostomatidae in Figure 4.2 as a clade (see Suppl. Mat. Fig. 4.1). Both the 

concatenated ML and MP analyses recovered Endomyzostomatidae as polyphyletic 



	   103	  

(two genera sequenced). Endomyzostoma formed a clade that was sister to all other 

myzostomid terminals (Fig. 4.2) and is here referred to as Endomyzostomatidae, while 

the two terminals of Contramyzostoma were nested within clades composed primarily 

of Myzostoma  (Fig. 4.2, Suppl. Fig. 4.1). Myzostomatidae was recovered as 

paraphyletic (all three genera sequenced), owing to the placement of Contramyzostoma 

(Endomyzostomatidae) and Mesomyzostoma (Mesomyzostomatidae) among the various 

Myzostomatidae terminals, and these taxa should now be referred to this family. Fig. 

4.2 and Table 4.1 (right column) indicate the revised family taxon memberships. 

 

Lifestyle transformations 

Most myzostomids live externally on their host following a period of 

development in a cyst (i.e., cyst-to-free-living). This condition evidently arose once in 

both the ML and MP topologies, and is found in Eenymeenymyzostoma n. gen. and 

Myzostomatidae (Fig. 4.3A). Gall-forming myzostomids were recovered as a single 

clade within Endomyzostoma. Adult cyst-dwelling myzostomids were recovered in both 

Endomyzostoma and Myzostomatidae. In Endomyzostoma, these cyst-forming taxa 

were a clade. Three other adult cyst-dwellers (Contramyzostoma sphaera, 

Contramyzostoma bialatum, and Notopharyngoides platypus) were distributed across 

Myzostomatidae , each sharing a most recent common ancestor with a form that 

transitioned from a cyst to an external adult life. In all cases, this ancestor was 

estimated to have been cyst to free-living (prop. likelihood 1.00). Two taxa found in the 

mouth or digestive tube were in Pulvinomyzostomum and one in Myzostomatidae 

(Notopharyngoides aruensis), each arguably arising from a cyst to free-living ancestor 
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(Fig. 4.3). Host-eating forms were within Asteromyzostomum (found on/in asteroids), 

Protomyzostomum (living in ophiuroids), and Mesomyzostoma (living within crinoids). 

For both ML and MP topologies, internal host-eating was most likely the plesiomorphic 

condition for Mesomyzostoma (prop. likelihood 0.94) and possibly Asteromyzostomum 

+ Protomyzostomum clades (prop. likelihood 0.58 and 0.52 respectively). 

 

Patterns of host use and specificity 

Fig. 4.4A shows transformations for general host type. Association with 

asteroids and ophiuroids is restricted to Asteromyzostomum and Protomyzostomum, 

respectively. Eenymeenymyzostoma n. gen. resides exclusively on stalked crinoids, and 

the sequenced Myzostomatidae only inhabit feather stars. Endomyzostoma and 

Pulvinomyzostomum infect both stalked and feather star crinoids. The ML topology 

suggests a stalked crinoid was the ancestral host for Myzostomida (prop. likelihood 

0.87), with one transition to asteroids (Asteromyzostomum), one to ophiuroids 

(Protomyzostomum), and three transitions to feather stars (in Endomyzostoma and the 

clade of Pulvinomyzostomatidae + Myzostomatidae, with a reversal back to a stalked 

crinoid for Pulvinomyzostomum n. sp. 2). Transformations on the MP topology suggest 

a feather star crinoid as the ancestral host (prop. likelihood 0.87), with one transition to 

asteroids, one to ophiuroids, and two or three transitions to stalked crinoids (for 

Pulvinomyzostomum n. sp. 2, Eenymeenyzostoma cirripedium, and in Endomyzostoma, 

or Pulvinomyzostomum n. sp. 2 and the ancestor of E. cirripedium + Endomyzostoma, 

with a reversal to stalked crinoids in Endomyzostoma). Six most parsimonious 

reconstructions (MPRs) were found for host type on both ML and MP topologies, the 
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variation due to unresolved nodes for Asteromyzostomum and Protomyzostomum. 

Fig. 4.4B shows the maximum likelihood transformations for major host clades, 

which mostly correspond to family-level classification of crinoids and also include 

Asteroidea de Blainville, 1830 and Ophiuroidea Gray, 1840. Isocrinid stalked crinoids 

are hosts to gall-Endomyzostoma and cyst-to-free-living Eenymeenymyzostoma n. gen., 

while Pulvinomyzostomum n. sp. 2 is found on a hyocrinid stalked crinoid. Among 

feather stars, species of Antedonidae Norman, 1865 host two Pulvinomyzostomum taxa 

and two Myzostomatidae taxa. Myzostoma australe is found on a Ptilometridae AH 

Clark, 1914 and M. divisor Grygier, 1989 and Myzostoma sp. aff. divisor on 

Zenometridae AH Clark, 1909. Comatulidae Fleming, 1828, Mariametroidea AH Clark, 

1909, and Tropiometridae AH Clark, 1908 all host taxa within Myzostomatidae. The 

large number of MPRs for both ML and MP topologies (132 and 66 respectively) 

suggest multiple scenarios regarding switches among major host clades, especially at 

the family-level for myzostomids. Within Myzostomatidae, both topologies suggest two 

transitions to association with Comatulidae, three to four switches to Mariametroidea, 

and one or two inhabitations of Tropiometridae.  

Suppl. Mat. Fig. 4.2 presents the distribution of host specificity on the ML 

topology. Occurrence on only one host is most common, and is present in all families 

except Eenymeenymyzostomatidae n. fam. The 27 MPRs suggest that infestation of 

more than one host arose multiple times independently. 

 

Comparison of myzostomid and host phylogenies 

Fig. 4.5 shows associations among myzostomids and their hosts (90 links in 
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total).  The host was known for 69 of 75 myzostomid terminals (Suppl. Mat. Table 4.1). 

Suppl. Mat. Table 4.3 lists the nominal species and 56 terminals used to estimate the 

host phylogeny. The MP and ML results for the concatenated datasets and each gene 

partition are provided in Suppl. Mat. Table 4.2. The overall phylogeny of the 69-

myzostomid phylogeny was congruent with that recovered for all included terminals. 

For hosts, there were four major well-supported clades: stalked crinoids (Isocrinida and 

Hyocrinida), asteroids and ophiuroids, one family of feather stars (Comatulidae), and all 

other feather stars (Fig. 4.5). 

Most clades of myzostomids were associated with specific clades of hosts 

(branches shown in the same color – Fig. 4.5). Exceptions include Pulvinomyzostomum 

(the two included terminals associate with a stalked and feather star crinoid, 

respectively), Notopharyngoides aruensis, Mesomyzostoma (taxa are found within two 

clades of feather stars), Myzostoma sp. 10, and Endomyzostoma (specimens infest 

stalked crinoids and two clades of feather stars). Endomyzostoma species are known 

from all of the crinoid groups referenced here (as in Fig. 4.3B) and along with 

Pulvinomyzostomum and Mesomyzostoma, are likely considerably undersampled. 

Parafit analysis of myzostomids and their hosts rejected the null hypothesis of 

random association (ParaFitGlobal = 2599.97763; P = 0.0003). Three of the 90 

individual links were significant (for terminals of Asteromyzostomum and 

Protomyzostomum) (prob1 <0.014; prob2 <0.13). JANE analyses under default settings 

led to 4660 reconstructions (cost = 157) for the ML-rooted topology (e.g., Fig. 4.7) and 

5799 reconstructions (cost = 155) for the MP-rooted topology. Duplication with host 

switch was most used for both (44-46 and 45-56), followed by 35-38 and 33-34 
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duplications, 21 failures to diverge 13-14 and 13 co-speciation events, and 9-10 

duplications. The mean costs were estimated as 417 (STD 31) (Fig. 4.7) and 409 (STD 

31) for random associations and 376 (STD 29) and 372 (STD 28) for random parasite 

topology. 

 

Discussion 

Taxonomic implications 

This molecular study incorporated 75 myzostomid terminals representing six of 

the eight subfamilies and nine of the 12 genera. Previously, Lanterbecq et al. (2006) 

offered the only hypothesis for myzostomid evolution based on molecular data. They 

incorporated three genes (one nuclear, two mitochondrial) for 37 species from nine 

myzostomid genera, and recovered taxa associated with ophiuroids (members of 

Protomyzostomatidae) within Mesomyzostomatidae (Lanterbecq et al. 2006), a family 

otherwise containing species living in the coelom and gonads of crinoids. They also 

found Mesomyzostomatidae and a terminal attributed to Asteromyzostomum (an 

associate of an asteroid) nested among free-living terminals of Myzostomatidae 

(Lanterbecq et al. 2006).  

Our results recovered four of the families as monophyletic: 

Asteromyzostomatidae, Protomyzostomatidae, Pulvinomyzostomatidae, and 

Mesomyzostomatidae (Table 4.1-left column). Mesomyzostoma was recovered within 

Myzostomatidae as in the phylogeny of Lanterbecq et al. (2006), but 

Asteromyzostomum and Protomyzostomum were instead recovered as a clade sister to 

Pulvinomyzostomum and Myzostomatidae. We sequenced recently collected 
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Asteromyzostomum specimens from the same locality and host species and 

Protomyzostomum specimens from similar hosts to those used in Lanterbecq et al. 

(2006). Since the previously sequenced material was old and the amplified sequences 

were short and very similar to other reads amplified in the same study, we suspect that 

these previous sequences are inaccurate. Amended identifications for these, and other 

specimens sequenced in Lanterbecq et al. (2006) are provided in the caption of Table 

4.2. 

Molecular results recovered both myzostomid families that have more than one 

genus, Endomyzostomatidae and Myzostomatidae, as paraphyletic. We restrict 

Endomyzostomatidae to include only Endomyzostoma and transfer Contramyzostoma to 

Myzostomatidae (Table 4.1, right column). Eeckhaut and Jangoux (1995) assigned 

Contramyzostoma to Endomyzostomatidae based on its cyst-dwelling lifestyle (see 

Grygier 2000). Contramyzostoma possess a salivary gland arrangement  resembling that 

of Myzostoma, and Grygier (2000) suggested their morphological affinity to 

Myzostomatidae. Also, cyst forms of Endomyzostoma are likely gonochoric and have 

been found with dwarf males, while those of Myzostomatidae are hermaphroditic and 

have long protrusible penes to inseminate mates in nearby cysts (see Grygier 2000; 

Lanterbecq et al. 2009). To make Myzostomatidae monophyletic, Mesomyzostoma 

(Mesomyzostomatidae) is also moved to this family (Table 4.1, right column), resulting 

in Mesomyzostomatidae becoming a junior synonym of Myzostomatidae. To 

accommodate Myzostoma cirripedium Graff, 1885, a species recovered well outside all 

other members of Myzostoma, Eenymeenymyzostoma n. gen. and 

Eenymeenymyzostomatidae n. fam. are erected here (type species= Myzostoma 
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cirripedium – Sagami Bay, Japan, 218 m). This name was chosen for its assonance 

(suggested by Charles Messing). Potential members of Eenymeenymyzostoma n. gen. 

include ten other free-living myzostomid species described from stalked crinoids 

(excluding Pulvinomyzostomum n. sp. 2); molecular data are not currently available for 

these taxa. 

This study recovered four genera including more than one terminal as 

monophyletic (Endomyzostoma, Mesomyzostoma, Pulvinomyzostomum, and 

Protomyzostomum), one genus as paraphyletic (Myzostoma) (polyphyletic before 

erection of Eenymeenymyzostoma n. gen. for Myzostoma metacrini), and two genera as 

polyphyletic (Contramyzostoma and Notopharyngoides). Although Myzostoma is 

clearly paraphyletic, this genus will not be revised here. The type species for 

Myzostoma is M. cirriferum Leuckart, 1836 which returned as part of a relatively basal 

grade of terminals in Myzostomatidae (Fig. 4.2). There was little support in this region 

of the topology and there was conflict among the various ML and MP analyses. 

Revising the membership of Myzostoma to make it monophyletic based on Figure 4.2 

would restrict the genus to just a few species, and so require name changes for all the 

remaining species currently in the genus. We refrain from doing so until a more robust 

phylogeny is obtained. 

Polyphyly of non-free-living Contramyzostoma (two species) and 

Notopharyngoides (three species) is not unexpected. The morphology of 

Contramyzostoma sphaera differs considerably from the type species, C. bialatum, and 

Eeckhaut et al. only tentatively assigned it to this genus (Eeckhaut et al. 1998). As we 

are not fully revising the taxonomy within Myzostomatidae, we simply remove C. 
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sphaera from the same genus as C. bialatum and refer to it as Myzostoma sphaera. 

Sequenced taxa of Notopharyngoides differ in the location of the proboscis as well as 

where they live on the host. The proboscis is ventral in N. platypus, which resides in 

cysts on the oral surface, and dorsal in N. aruensis, which occupies the mouth. We did 

not have specimens of the type species, Notopharyngoides ijimai (Hara & Okada, 

1921), which has a dorsal proboscis, and we thus leave Notopharyngoides as 

polyphyletic pending further study. 

 

Evolution of lifestyles 

Taxa that steal the host’s food (e.g., cyst-to-free-living, cyst, gall, and 

mouth/digestive forms) were recovered as a grade (Fig. 4.3). Mouth and digestive-

system dwellers (some Pulvinomyzostomum, some Notopharyngoides) and permanent 

cyst forms within Myzostomatidae (Contramyzostoma, some Notopharyngoides) were 

arguably derived from cyst-to-free-living ancestors. These permanent cyst-forms may 

have arisen via paedomorphosis, since, as far as is known for myzostomid development, 

free-living forms initially develop in a cyst (Grygier 2000). Observations of mouth-

dwelling taxa are consistent with a free-living myzostomid relocating to a stationary 

position in the mouth. Females of Pulvinomyzostomum pulvinar occupy the stomach, 

esophagus, and mouth, while smaller males are found either on the body of the female 

or free-living on the host (Jägersten 1940).  

Forms in which the adults consume the host directly have arguably arisen either 

twice independently (Fig. 4.3) – in the ancestor of Asteromyzostomum and 

Protomyzostomum (which reside in asteroids and ophiuroids) and in the ancestor of 
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Mesomyzostoma (which live within crinoids) – or three times (separately in 

Asteromyzostomum and Protomyzostomum). Finding and studying internal 

myzostomids requires dissection of the host, and their diversity is likely considerably 

under-sampled. Lanterbecq et al. (2006) considered internal and external host-eaters, 

gall and cyst food-stealers, and some stationary free-living forms as parasites; as a 

result, they suggested multiple independent switches to ‘parasitism.’ Although all 

myzostomid forms could be called parasites, differentiating host-eaters and food-

stealers as done here reduces the emergence  of host consumption (which in some cases 

can lead to castration (e.g., Fedetov 1912; Fedetov 1914) to two or possibly three times 

during the evolution of myzostomids. 

The morphology and lifestyle of the ancestral myzostomid form is not clear, 

especially when the closest annelid relative remains elusive. Likelihood estimates for 

the ancestral node for the ML-rooted topology are split between gall and cyst-to-free-

living forms, with cyst and internal forms also likely. Based on this transformation, a 

free-living lifestyle (following development in a cyst) arguably arose once on a deep-

sea stalked crinoid (Figs. 4.3A). When considering the MP-rooted topology, a free-

living form is estimated for the ancestral node, as suggested in previous studies 

(Lanterbecq et al. 2006; 2009). 

 

Patterns of host associations 

High host specificity and phylogenetic conservatism in host use was observed 

(Suppl. Materials Fig. 4.1; Fig. 4.4), the latter likely contributing to the non-random 

pattern of associations among hosts and myzostomids. Myzostomids have a planktonic 
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larval stage (Eeckhaut & Jangoux 1993; Rouse & Grygier 2005), and their crinoid hosts 

may occur in multi-species assemblages in close physical proximity (Messing 1994). 

These two factors make this result surprising, suggesting that myzostomids are 

restricted to certain hosts and switch mainly to evolutionarily related hosts. Such a 

pattern of phylogenetic conservatism in host use is widespread among a variety of 

parasites and hosts, including gall-inducing insects (see Blanche 2012), brood parasites 

(e.g., Als et al. 2004; Lyon & Eadie 2004), fish parasites (Desdevies et al. 2002), and 

many others (see Poulin 2007 for a general review). Specificity in this system may be 

promoted through a number of mechanisms. Myzostomids may only be capable of 

infesting certain hosts, but little is currently known about recruitment and subsequent 

development of myzostomid larvae. In experimental studies, Eeckhaut and Jangoux 

(1993) observed the host crinoid (Antedon bifida) expelling Myzostoma cirriferum 

larvae from its food grooves using its podia and also regurgitating ingested larvae. They 

did find that M. cirriferum larvae could recruit onto the crinoid at a specific 

developmental stage. A comparative study of recruitment and reproductive success 

across a range of myzostomids and their hosts could be a first step in understanding 

whether or not myzostomids are equally capable of infesting a range of hosts, or rather 

if they have specialized tactics for better success on certain hosts. 

Examination of the cophylogenetic structure of Myzostomida and their hosts 

does not support the hypothesis of co-speciation as a dominant mechanism in this 

system, as proposed by Lanterbecq et al. (2010). Although the global null hypothesis of 

independent association using ParaFit was rejected, only three links out of the 90 

associations were significantly concordant. These links were for myzostomids 
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associated with asteroids and ophiuroids. Rather than a signal of ‘co-speciation,’ this 

congruence is likely an artifact of the small number of known asteroids and ophiuroids 

that are infected by myzostomids. In event-based analyses, host switches and 

duplications were mostly used to reconcile the myzostomid and host trees, numbering 

44-46 compared to 13-14 for co-speciations. Acknowledging that event reconstructions 

are best used for exploratory purposes rather than explanatory ones (and that we did not 

perform an exhaustive exploration of possible cost schemes or topologies), the high 

number of events other than ‘co-speciation’ and the discordance found for the majority 

of links using distance methods, leads us to infer that this system is not a model of strict 

phylogenetic ‘co-speciation.’ Global concordance could have resulted from a number of 

mechanisms, including, but not limited to, host tracking, vicariance, and co-speciation 

(see Althoff et al. 2014 and de Vienne et al. 2013 for reviews). Inferring the 

mechanisms underlying this pattern requires experimental follow-up. 

 

Conclusions 

Increased sampling and re-examination of previous work revised previous 

hypotheses concerning the systematics and evolution of Myzostomida, as well their 

relationship to their hosts. Contrary to previous reports of multiple switches among 

lifestyles (Lanterbecq et al. 2006), we found arguably two or three transitions between 

food-stealing and host-eating. Taxa that dwell within the mouth or digestive system and 

some permanent cyst forms are arguably derived from cyst-to-free-living ancestors – 

possibly the result of a free-living form moving to the mouth and paedomorphic 

retention of the juvenile cyst. We recovered clades of myzostomids delimited more or 
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less by their host-association. Phylogenetic conservatism in host use was observed for 

related myzostomid taxa, suggesting that myzotomes can only inhabit certain, and in 

most cases related, hosts.  

 

Methods 

Taxon sampling  

Myzostomids and their hosts were collected chiefly using scuba. Animals 

collected at depths greater than 20 m were recovered using trawls or remotely operated 

vehicles (ROVs). Myzostomids were fixed in formalin, while hosts were preserved in 

ethanol or dried. Tissue subsamples of both myzostomids and hosts were placed in 95% 

ethanol or 20% DMSO buffer (Dawson et al. 1998). Specimens are deposited at or 

obtained from the American Museum of Natural History (AMNH), Australian Museum, 

Sydney, Australia (AMS); Muséum National d’Histoire Naturelle, Paris, France 

(MNHN); South Australian Museum, Adelaide, Australia (SAM); Benthic Invertebrate 

Collection, Scripps Institution of Oceanography, La Jolla, CA (SIO-BIC).  Suppl. Mat. 

Table 4.1 and 4.2 lists locality details, voucher information, and host identifications. 

Live photographs were taken via Leica MZ8 or MZ9.5 steromicroscopes with Canon 

Rebel T2i, T3i or T4i cameras and speedlight flashes. 

 

DNA extraction, amplification, and sequencing  

Genomic DNA was extracted from tissue subsamples using the Qiagen 

DNAeasy Tissue Kit following manufacturer protocols. For myzostomids, four genes 

were sequenced. Two nuclear markers—18S rRNA (complete, approximately 1780 bp) 
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and histone H3 (partial, approximately 350bp), and two mitochondrial markers—16S 

rRNA (partial, approximately 550 bp) and Cytochrome oxidase subunit 1 (COI) 

(partial, approximately 700 bp). For hosts, four markers were sequenced: one nuclear—

28S rRNA (incomplete, approximately 800 bp), and three mitochondrial—16S rRNA 

(partial, approximately 550 bp), Cytochrome oxidase subunit 1 (COI) (partial, 

approximately 1100 bp), and Cytochrome B (CytB) (partial, approximately 800 bp) 

following procedures of Rouse et al. (2013). PCR mixtures contained 12.5 µL ProMega 

GoTaq Green DNA polymerase (3mM MgCl2, 400 µM each dNTP, 1U Taq) and 

between 50-100 ng DNA.  

The complete 18S rRNA nuclear gene (18S) for myzostomids was amplified in 

three overlapping fragments with the primer pairs: (1) 1F (5’-TAC CTG GTT GAT 

CCT GCC AGT AG-3’) and 5R (5’-CTT GCC AAA TGC TTT CGC-3’) (950 bp); (2) 

3F (5’-GTT CGA TTC CGG AGA GGG A-3’) and bi (5’-GAG TCT CGT TCG TTA 

TCG GA-3’) (900 bp); (3) a.20 (5’-ATG GTT GCA AAG CTG AAA C-3’) and 9R (5’-

GAT CCT TCC GCA GGT TCA CCT AC-3’) (850 bp) (Giribet et al. 1996).  The 

reaction profiles were (1 and 3) 95 ºC for 180s, 40 cycles of 95 ºC for 30s, 49 ºC for 

30s, and 72 ºC for 90s, and finally 72 ºC for 480s; (2) 95 ºC for 180s, 40 cycles of 95 ºC 

for 30s, 52 ºC for 30s, and 72 ºC for 90s, and finally 72 ºC for 480s. H3 was amplified 

using the primer pair H3F (5’- ATG GCT CGT ACC AAG CAG ACV GC -3’) and 

H3R (5’- ATA TCC TTR GGC ATR ATR GTG AC -3’) (Colgan et al. 1998) with a 

reaction profile of 95ºC for 180s, 38 cycles of 95ºC for 30s, 53ºC for 45s, and 72ºC for 

45s, and finally 72ºC for 300s.  COI was amplified using the primer pair LCO1490 (5’-

GGT CAA CAA ATC ATA AAG ATA TTG G-3’) and HCO2198 (5’-ACT TCA GGG 
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TGA CCA AAA AAT CA-3’) (700 bp) (Folmer et al. 1994) for myzostomids. The 

reaction profile was 95 ºC for 180s, 5 cycles of 95 ºC for 40s, 45 ºC for 40s, and 72 ºC 

for 50s, 40 cycles of 95 ºC for 40s, 51 ºC for 40s, and 72 ºC for 50s, and finally 72 ºC 

for 300s. 16S rRNA was amplified using the primer pair a (5’-CGC CTG TTT ATC 

AAA AAC AT-3’) and b (5’-CCG GTC TGA ACT CAG ATC ACG T-3’) (Palumbi 

1996) using a reaction profile of 95ºC for 180s, 35 cycles of 95ºC for 40s, 50ºC for 40s, 

and 68ºC for 50s, and finally 68ºC for 300s. PCR products were purified with ExoSAP-

IT (GE Healthcare, Uppsala, Sweden), and sequenced by Retrogen Inc. using Applied 

Biosystems (ABI) 3730xl DNA analyzers. Overlapping sequence fragments were 

assembled using Geneious version 5.5.7 created by Biomatters (available from 

http://www.genious.com). 

 

Alignment and assessment of saturation  

Sequences of each gene were aligned using the L-INS-i method of MAFFT 

7.110  (Multiple Alignment using Fast Fourier Transform) (Katoh et al. 2002). The 

16S, 18S, and H3 partitions for myzostomids and 16S, 18S, and 28S partitions for 

crinoids were assessed for ambiguous areas of alignment using the GBlocks server, and 

questionable areas of alignment were removed using the least stringent settings 

(Castresana 2000; Talavera & Castresana 2007). Substitution saturation was tested for 

the protein-coding genes (COI and CytB) using DAMBE 5.0.80 (Xia 2000; Xia & Xie 

2001; Xia et al. 2003). When third codon positions were assessed independently 

assuming a symmetric topology, the third positions of both COI datasets and CytB were 

found to be substantially saturated or non-informative for phylogenetics (i.e., Iss>Iss.c  
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or Iss< Iss.c p>0.002). Following this assessment, datasets were concatenated for 

myzostomids and crinoids to include (where applicable) COI and CytB with third codon 

removed, and, 16S, 18S, 28S, and H3 with ambiguious areas of the alignment excluded, 

as determined by GBlocks. To serve as a comparison, a full dataset was concatenated 

which includes all data. Alignments for each individual gene partition and the two final 

concatenated datasets are available at TreeBase (www.treebase.org). 

 

Rooting 

The previous major study by Lanterbecq et al. (2006) included a range of 

terminals in their alignments to serve as a root for Myzostomida. These included 

members of Rotifera, Platyhelminthes and Annelida. Recent studies (e.g., Bleidorn et 

al. 2007; 2009) have confirmed previous views that Myzostomida are in fact members 

of Annelida (Rouse & Fauchald 1997). We used here a selection of terminals from 

Phyllodocida, which morphological data strongly suggests contains the closest relatives 

of Myzostomida (Rouse & Fauchald 1997), as well as a representative of Amphinomida 

(Suppl. Mat. Table 4.3; Suppl. Mat. Figs. 4.1, 4.3), as the terminals to root the analyses, 

with the amphinomid Chloeia flava as the actual root. 

With respect to the phylogenetic analyses of the echinoderm hosts, we used an 

asteroid and an ophiuroid in addition to those that were hosts for myzostomids, as these 

had a full complement of genes available (Suppl. Mat. Table 4.3). These were then 

pruned out of the trees for the cophylogenetic analysis 

 

Phylogenetic analyses 
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Molecular data from a total of 75 myzostomid terminals were included in the 

phylogenetic analyses (Table 4.2). Host identities for 69 of these terminals were known, 

and these terminals and their hosts were used in tree-estimations for the cophylogenetic 

analyses. 

Maximum parsimony (MP) analyses were conducted using PAUP*4.0b10 [49] 

with the heuristic search option for 1000 replicates using random stepwise addition of 

the terminals with the tree bisection reconnection permutation algorithm (TBR).  Clade 

support was determined using 1000 jackknife replicates with 10 random additions per 

iteration (Farris et al. 1996). 

Maximum likelihood (ML) analyses were carried out using RAxML (7.4.2) [51] 

with the RAxML GUI v. 0.93 (Silvestro & Michalak 2012) under the GTR+G model of 

substitution. The data were partitioned by gene and, for protein coding genes, by codon 

position. This resulted in six partitions for myzostomids and nine partitions for hosts. A 

thorough bootstrap analysis was carried out with 1000 pseudoreplicates using the same 

model for the full analysis and for individual gene analyses. 

 

Transformations 

 We mapped seven traits relating to life history, geography, and host specificity 

onto the topology of the maximum likelihood tree (Fig. 4.2). Character transformations 

using an Mk1 likelihood model (Lewis 2001) and most parsimonious reconstructions 

were carried out using Mesquite 2.74 (Maddison & Maddison 2010). Unordered, multi-

state characters were used for all transformations. 

Lifestyle. Five myzostomid lifestyles can be readily distinguished. Most 
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described myzostomids initially develop in a cyst and are free-living on the host as 

adults (Fig. 4.1A, B, H, K). Only 28 described species are not free-living as adults – 17 

live in permanent galls or cysts on crinoids (Fig. 4.1I, J, L), three reside in the mouth or 

digestive caeca of crinoids (Fig. 4.1C, F), four penetrate the integument or digestive 

caeca of asteroids via their pharynx (Fig. 4.1E), and four are found within the gonads or 

bursae of brittlestars (Fig. 4.1G). Among these lifestyles, myzostomids presumably 

steal the host’s food or eat the host directly. Although all forms could arguably be 

called parasites, we consider separately those stealing food from those eating the host 

directly; the latter we call ‘parasitic host-eaters.’ Lanterbecq et al. (2006) interpreted 

some free-living taxa as commensals and an assortment of taxa as parasites (e.g., 

internal and external host-eaters, galls and cysts food-stealers, and some stationary free-

living forms). 

Terminals were coded: 1— lifestyle, location on host: (0) adult in galls; (1) adult 

in cysts; (2) adult in mouth or digestive tube; (3) adult a parasitic host-eater; (4) 

juvenile in cyst before living externally on host, and, 2—food, source: (0) host’s food; 

(1) host itself. 

Host use. Myzostomids are described from echinoderm classes – asteroids, 

ophiuroids, and crinoids. Among crinoids, myzostomids are recorded to infect seven 

major clades (roughly corresponding to taxonomic families), of which four are feather 

stars (all represented here) and three are stalked crinoids (Bathycrinidae not represented 

here). Terminals were coded: 1—host, general type: (0) stalked crinoid; (1) feather star 

crinoid; (2) asteroid; (3) ophiuroid. 2—host, major clade: (0) Isocrinidae; (1) 

Hyocrinidae; (2) Ptilometridae; (3) Antedonidae; (4) Tropiometridae; (5) 
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Mariametroidea; (6) Comatulidae; (7) Zenometridae; (7) Asteroidea; (8) Ophiuroidea. 3 

– specificity, number of hosts: (0) one; (1) two; (2) three; (3) five. 

 

Comparison of myzostomid and host phylogenies 

A tanglegram of associations among terminals of the myzostomid and host 

phylogenies was assembled using TreeMap3.0b (Charleston & Robertson 2002) (Fig. 

4.7). Ninety associations were mapped for 69 myzostomid terminals and 56 host 

terminals. To evaluate possible congruence between the myzostomid and host 

phylogenies, we used global and event-based methods that could account for multiple 

associations among hosts and myzostomids. We first ran ParaFit analyses (Legendre et 

al. 2002) on the phylogenies obtained from maximum likelihood analyses through the 

program CopyCat (Meier-Kolthoff 2007). ParaFit does not require fully resolved 

topologies, and patristic distances were estimated from the branch lengths of the 

likelihood trees. 9999 replicates were conducted for statistical testing of congruence for 

the entire structure and individual associations. The null hypothesis tested in this 

method is random association of host and myzostomids. For an event-based 

reconciliation analysis, we used JANE (Conow et al. 2010). In light of computational 

limits when working with such a large number of host and myzostomid terminals, we 

ran analyses only under the default cost settings. We used a generation and population 

size of 100 in solving the given trees, and a generation and population size of 50 in 

statistical estimates with random tip mapping and randomizing the parasite tree. In 

recognition that current methods available to explore tanglegrams were constructed for 

simpler host-parasite systems, we sought to use cophylogenetic methods to investigate 
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our data and recognize that the low support in some areas of the trees and 

undersampling of hosts and myzostomids has unexplored effects on the results. 
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Figure 4.1. Diversity of Myzostomida. (A) Myzostoma capitocutis (Myzostomatidae), 
free-living. (B) Myzostoma sp. aff. jaegersteni type 2 (Myzostomatidae), free-living. 
(C) Pulvinomyzostomum n. sp. 1 (Pulvinomyzostomatidae), found in or near mouth. (D) 
Mesomyzostoma sp. (Myzostomatidae, previously Mesomyzostomatidae), resides 
within coelom. (E) Asteromyzostomum n. sp. (Asteromyzostomatidae), recovered 
externally with mouth pierced through body wall. (F) Notopharyngoides aruensis 
(Myzostomatidae), found in mouth. (G) Protomyzostomum n. sp. 2 
(Protomyzostomatidae), found within coelom. (H) Myzostoma divisor 
(Myzostomatidae), free-living. (I) Notopharyngoides platypus (Myzostomatidae), 
resides permanently in cysts. (J) Contramyzostoma bialatum (Myzostomatidae, 
previously Endomyzostomatidae), resides permanently in cysts. (K) Myzostoma 
longitergum (Myzostomatidae), free-living. (L). Endomyzostoma n. sp. 2 
(Endomyzostomatidae), lives within galls. A, D, I, K—Raja Ampat, Indonesia. B, J—
Madang Habor, Papua New Guinea. C—Costa Rica. E, H—Antarctica. F—Lizard 
Island, Australia. G—Monterey, California. L—Dili, East Timor. Scale bars 1 mm (A, 
C, D, E, F, G, I, K, L); 0.2 mm (B); 0.1mm (H, J). 
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Figure 4.2. Phylogeny of Myzostomida. Maximum likelihood (ML) tree inferred from 
the concatenated four-gene dataset, all positions included. Symbols near nodes refer to 
bootstrap (BS) and jackknife (JK) support scores, for ML and maximum parsimony 
(MP) analyses, respectively. An asterisk indicates nodes with >90% bootstrap and 
jackknife support. Other scores are represented BS/JK. A hyphen is given for nodes 
recovered with less than 50% support. Colored boxes surround clades delimited in the 
taxonomic revision provided herein. Photographs correspond to underlined taxa. Scale 
bars 1 mm. 
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Figure 4.3. Maximum likelihood transformations for myzostomid lifestyle. Number 
and symbols near nodes refer to proportional likelihood estimations. An asterisk 
indicates nodes with an estimated proportional likelihood of >95%. Other scores are 
provided in order of most likely states and separated by a forward slash when 
applicable. 
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Figure 4.4.  Maximum likelihood transformations for general host type (A) and 
host type by major clade (B). Symbols near nodes refer to proportional likelihood 
estimations. An asterisk indicates nodes with an estimated proportional likelihood of 
>95%. Symbols and scores as in Fig. 4.3. 
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Figure 4.5. Associations of myzostomids with their echinoderm hosts. Tanglegram 
of 90 associations among host (left side) and myzostomid (right side) phylogenies. 
Symbols near nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML 
and maximum parsimony (MP) analyses, respectively. Symbols and scores as in Fig. 
4.3. 
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Supplementary Figure 4.1. Maximum parsimony phylogeny of Myzostomida. 
Maximum parsimony (MP) consensus tree of 12 most parsimonious trees (length = 
10589) inferred from the concatenated four-gene dataset; all positions included with 
non-myzostomid annelid outgroup. Numbers and symbols near nodes refer to jackknife 
(JK) support scores. An asterisk indicates nodes with >90% support. Unlabeled nodes 
are those not recovered in jackknife analyses. 
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Supplementary Figure 4.2. Maximum likelihood transformations for number of 
hosts. Numbers and symbols near nodes refer to proportional likelihood estimations. 
An asterisk indicates nodes with an estimated proportional likelihood of >95%. Other 
scores provided in order of most likely states and separated by a forward slash when 
applicable. 
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Supplementary Figure 4.3. Maximum likelihood phylogeny of Myzostomida. 
Maximum likelihood (ML) tree (-ln = 47532) inferred from the concatenated four-gene 
dataset; all positions included with non-myzostomid annelid outgroup. Numbers and 
symbols near nodes refer to bootstrap (BS) support scores. An asterisk indicates nodes 
with >90% support. 
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Table 4.1. Classifications of Myzostomida Graff, 1877. Previous classification 
(Jagersten, 1940; Grygier, 2000) shown in left column. Classification as revised 
here, with the number of currently described species for each genus, shown in the 
right column. Asterisks indicate groups with no molecular data available. Carats 
denote paraphyletic/polyphyletic taxa based on the molecular phylogeny in Fig. 2. 
 
Pharyngidea Jägersten, 1940 

     Asteriomyzostomatidae Jägersten, 1940 

 Asteriomyzostomum Jägersten, 1940 

     Asteromyzostomatidae Wagin, 1954 

 Asteromyzostomum Wagin, 1954 

     Endomyzostomatidae Perrier, 1897 

 Contramyzostoma Eeckhaut & Jangoux, 1995  

               Endomyzostoma Perrier, 1897 

              Mycomyzostoma Eeckhaut, 1998  

     Mesomyzostomatidae Stummer-Traunfels, 1923 

 Mesomyzostoma Remscheid, 1918 

     Protomyzostomatidae Stummer-Traunfels, 1923 

 Protomyzostomum Fedetov, 1912 

     Pulvinomyzostomatidae Jägersten, 1940 

              Pulvinomyzostomum Jägersten, 1940 

     Stelechopodidae Graff, 1884 

             Stelechopus Graff, 1884 

Proboscidea Jägersten, 1940 

     Myzostomatidae Beard, 1884 

 Hypomyzostoma Perrier, 1897 

 Myzostoma Leuckart, 1827 

 Notopharyngoides Uchida, 1992 

*Asteriomyzostomatidae Jägersten, 1940 

 *Asteriomyzostomum Jägersten, 1940 (2 species) 

Asteromyzostomatidae Wagin, 1954 

 Asteromyzostomum Wagin, 1954 (3 species) 

Eenymeenymyzostomatidae Summers & Rouse 

 Eenymeenymyzostoma Summers & Rouse (1 species) 

Endomyzostomatidae Perrier, 1897 

 Endomyzostoma Perrier, 1897 (10 species) 

Myzostomatidae Beard, 1884 

 ^Contramyzostoma Eeckhaut & Jangoux, 1995 (2 species) 

 Hypomyzostoma Perrier, 1897 (10 species) 

 ^Myzostoma Leuckart, 1827 (114 species) 

 Mesomyzostoma Remscheid, 1918 (2 species) 

 ^Notopharyngoides Uchida, 1992 (3 species) 

Protomyzostomatidae Stummer-Traunfels, 1923 

 Protomyzostomum Fedetov, 1912 (4 species) 

Pulvinomyzostomatidae Jägersten, 1940 

 Pulvinomyzostomum Jägersten, 1940 (1 species) 

*Stelechopodidae Graff, 1884 

 *Stelechopus Graff, 1884 (1 species) 

 Family uncertain 

 *Mycomyzostoma Eeckhaut, 1998 (1 species) 
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Supplementary Table 4.1. Collection localities, voucher information, and GenBank 
accession numbers for specimens used in molecular analyses. Host information only for 
specimens collected in this study. New sequences are in bold. Asterisks for DNA 
subsample only. 
 

Myzostome Taxa Voucher 
Accession Host(s) Lifestyle Location COI 16S 18S H3 

Asteriomyzostomatidae Jägersten, 1940 

Asteromyzostomum sp. SIO-BIC 
A3801 Labidiaster annulatus Internal Elephant Island, 

Antarctica XXXX - XXXX XXXX 

Eenymeenymyzostomatidae Summers & Rouse 

Eenymeenymyzostoma 
cirripedium 

SAM 
E3404 

Metacrinus rotundus 
(also Metacrinus levii) 

Free-
living 

Suruga Bay, 
Japan DQ238191 DQ238162 DQ238127 - 

Endomyzostomatidae Perrier, 1897 

Endomyzostoma clarki SAM 
E3400 Metacrinus cf. rotundus In galls Japan Sea DQ238188 DQ238159 AF260588 - 

Endomyzostoma cf. 
cysticolum 

SIO-BIC 
A3242 

Promachocrinus 
kerguelensis In cysts South Orkneys, 

Antarctica XXXX XXXX XXXX XXXX 

Endomyzostoma 
deformator 

SAM 
E3401 Endoxocrinus parrae  In galls Philippines DQ238190 DQ238161 DQ238126 - 

Endomyzostoma n. sp. 
1 

SAM 
E3402 Comatulidae sp. In cysts 

Toliara, 
Mozambique 
Channel, 
Madagascar 

DQ238193 DQ238164 DQ238129 - 

Endomyzostoma n. sp. 
2 

AM 
W.43447 Cenometra bella In cysts Dili, Banda Sea, 

East Timor XXXX XXXX XXXX XXXX 

Myzostomatidae Beard, 1884 

Contramyzostoma 
bialatum 

SIO-BIC 
A3685 Phanogenia typica Free-

living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX - XXXX XXXX 

Contramyzostoma 
sphaera 

?/ SIO-BIC 
A3654 

Comatella nigra type A; 
(also Comatella nigra 
type B) 

In cysts 
Bismarck Sea, 
Papua New 
Guinea 

DQ238187 XXXX AF260586 XXXX 

Hypomyzostoma 
fasciatum 

SAM 
E3396 

Himerometra 
robustipinna 

Free-
living 

Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238195 DQ238166 DQ238131 - 

Hypomyzostoma 
nanseni 

SIO-BIC 
A3759 Basilometra boschmai Free-

living 
Raja Ampat, 
Indonesia XXXX - XXXX - 

Hypomyzostoma sp. 
aff. crosslandi a 

SAM 
E3397 Liparometra articulata Free-

living 

Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238197 DQ238168 DQ238133 - 

Hypomyzostoma sp. 
aff. crosslandi b 

SAM 
E3398 Stephanometra indica Free-

living 

Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238134 DQ238169 DQ238198 - 

Mesomyzostoma 
arborum 

SAM 
E3412 

Clarkcomanthus 
albinotus Internal 

Lizard Island 
Reef, Coral Sea, 
Australia 

- DQ238157 DQ238122 - 

Mesomyzostoma cf. 
reichenspergi 

SAM 
E3410/SIO
-BIC 
A3680 

Himerometra 
robustipinna Internal 

Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238182 DQ238152 DQ238116 XXXX 

Mesomyzostoma katoi SIO-BIC 
A3689 Anneissia bennetti Internal 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX - 

Mesomyzostoma 
multiforamenum 

SAM 
E3406 Anneissia bennetti Internal Okinawa, Japan 

Sea, Japan DQ238186 DQ238156 DQ238120 - 

Mesomyzostoma n. sp. 
4 

SAM 
E3411 

Dichrometra flagellata; 
(also Liparometra 
articulata) 

Internal 
Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238184 DQ238154 DQ238118 - 

Mesomyzostoma n. sp. 
5 - Clarkcomanthus 

albinotus Internal 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX XXXX 

Mesomyzostoma n. sp. 
6 

SIO-BIC 
A3651 

Clarkcomanthus 
alternans; (also 
Clarkcomanthus 
mirabilis; Comatella 
nigra type A) 

Internal 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX - 

Mesomyzostoma n. sp. 
7 - Comanthus suavia Internal Raja Ampat, 

Indonesia XXXX - XXXX - 
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Myzostome Taxa Voucher 
Accession Host(s) Lifestyle Location COI 16S 18S H3 

Mesomyzostoma n. sp. 
8 

SIO-BIC 
A3762 

Clarkcomanthus 
alternans; 
Clarkcomanthus 
albinotus) 

Internal Raja Ampat, 
Indonesia XXXX XXXX XXXX XXXX 

Mesomyzostoma 
tenuibotulum 

SAM 
E3409 Comaster audax Internal 

Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238183 DQ238153 DQ238117 - 

Myzostoma alatum ? Leptometra phalangium Free-
living 

Banyuls-sur-Mer, 
Mediterranean 
Sea, France 

DQ238200 DQ238171 DQ238135 - 

Myzostoma ambiguum AM 
W.43456 /? Anneissia bennetti Free-

living 

Bismarck Sea, 
Papua New 
Guinea (18S); 
Dili, Banda Sea, 
East Timor 

XXXX XXXX DQ238142 - 

Myzostoma australe SIO-BIC 
A3813 Ptilometra macronema Free-

living 

St. Francis Isle, 
Nuyts 
Archipelago, 
Southern 
Australia 

XXXX XXXX XXXX XXXX 

Myzostoma bicorne SIO-BIC 
A3812 Amphimetra tessellata Free-

living 

Lizard Island 
Reef, Coral Sea, 
Australia 

XXXX XXXX XXXX XXXX 

Myzostoma bocki SIO-BIC 
A3820 Tropiometra afra Free-

living 

Kermadec 
Islands, Pacific 
Ocean, New 
Zealand 

XXXX - XXXX XXXX 

Myzostoma capitocutis ?/ SIO-BIC 
A3696 

Phanogenia gracilis type 
C 

Free-
living 

Bismarck Sea, 
Papua New 
Guinea 

DQ238209 DQ238177 DQ238144 XXXX 

Myzostoma cf. 
stochoeides 

SIO-BIC 
A3724 

Comanthus gisleni; 
Comanthus sl. gilseni 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX XXXX 

Myzostoma cirriferum ? Antedon bifida Free-
living 

Morgat, Atlantic 
Ocean, France DQ238199 DQ238170 AF260585 - 

Myzostoma cuniculus 
SAM 
E3393/AM 
W.43458 

Clarkcomanthus 
mirabilis 

Free-
living 

Lizard Island 
Reef (Coral Sea, 
Australia); Timor 

DQ238203 DQ238174 DQ238138 XXXX 

Myzostoma divisor SIO-BIC 
A3216 

Promachocrinus 
kerguelensis 

Free-
living 

Shag Rocks, 
Antarctica XXXX XXXX XXXX XXXX 

Myzostoma fissum ? Dichrometra flagellata Free-
living 

Hansa Bay, 
Bismarck Sea, 
Papua New 
Guinea 

DQ238208 DQ238176 AF260584 - 

Myzostoma 
fuscomaculatum ? Tropiometra carinata Free-

living 
False Bay, South 
Africa - FJ346828 FJ346827 - 

Myzostoma insigne SIO-BIC 
A3802 Clarkcomanthus mirus Free-

living 

Lizard Island, 
Queensland; 
Palau; Raja 
Ampat 

XXXX XXXX XXXX XXXX 

Myzostoma laingense ?/ SIO-BIC 
A3816 Stephanometra indica Free-

living 

Hansa Bay, 
Bismarck Sea, 
Papua New 
Guinea (COI, 
18S); Lizard 
Island Reef, 
Coral Sea, 
Australia 

DQ238205 XXXX DQ238141 XXXX 

Myzostoma 
longitergum 

SIO-BIC 
A3819 

Comaster audax; 
Comaster schlegelii 

Free-
living 

Lizard Island 
Reef, Coral Sea, 
Australia 

XXXX XXXX - XXXX 

Myzostoma mortenseni ?/SIO-BIC 
A3784 

Clarkcomanthus 
alternans 

Free-
living 

Hansa Bay, 
Bismarck Sea, 
Papua New 
Guinea (COI, 
18S); Raja 
Ampat, Indonesia 

DQ238206 XXXX DQ238142 XXXX 

Myzostoma 
nigromaculatum 

SIO-BIC 
A3824 

Phanogenia gracilis type 
A; (also Phanogenia 
gracilis type C) 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX XXXX 

Myzostoma polycyclus ?/ SIO-BIC 
A3832 Comanthus parvicirrus Free-

living 

Hansa Bay, 
Bismarck Sea, 
Papua New 
Guinea (COI, 
16S, 18S); Lizard 
Island Reef, 
Coral Sea, 
Australia 

DQ238202 DQ238173 DQ238137 XXXX 

Myzostoma 
pseudocuniculus ? Comanthus parvicirrus Free-

living 

Toliara, 
Mozambique 
Channel, 
Madagascar 

DQ238204 DQ238175 DQ238139 - 
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Myzostome Taxa Voucher 
Accession Host(s) Lifestyle Location COI 16S 18S H3 

Myzostoma 
seymourcollegiorum 

?/SIO-BIC 
A3815 Cenolia trichoptera Free-

living 

Bicheno, 
Tasmania, 
Australia 

EF506562 EF506562 EF506559 XXXX 

Myzostoma testudo SIO-BIC 
A3828 

Davidaster discoideus; 
(also Davidaster 
rubiginosus) 

Free-
living 

Carrie Bow Cay, 
Caribbean Sea, 
Belize 

XXXX XXXX XXXX XXXX 

Myzostoma sp. aff. 
attentuatum type 1 

SIO-BIC 
A3715 

Cenometra bella; (also 
Colobometra 
perspinosa; Decametra 
cf. laevipinna; 
Petasometra clarae; 
Pontiometra andersoni) 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX XXXX 

Myzostoma sp. aff. 
attentuatum type 2 

SAM 
E3399/SIO
-BIC 
A3818 

Colobometra 
perspinosa; (also 
Oligometra serripinna; 
Petasometra clarae) 

Free-
living 

Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238196 DQ238167 DQ238132 XXXX 

Myzostoma sp. aff. 
divisor 

SIO-BIC 
A3798 Psathyrometra fragilis Free-

living 

Monterey 
Canyon, 
California, USA 

XXXX XXXX XXXX XXXX 

Myzostoma sp. aff. 
furcatum 1 

SAM 
E3394/SIO
-BIC 
A3805 

Himerometra 
robustipinna 

Free-
living 

Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238211 DQ238178 DQ238145 XXXX 

Myzostoma sp. aff. 
furcatum 2 

SIO-BIC 
A3672 

Oligometra serripinna; 
(also Petasometra 
clarae) 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX XXXX 

Myzostoma sp. aff. 
jaegersteni type 1 

SIO-BIC 
A3806 Dichrometra flagellata Free-

living 

Lizard Island 
Reef, Coral Sea, 
Australia 

XXXX XXXX - XXXX 

Myzostoma sp. aff. 
jaegersteni type 2 

SIO-BIC 
A3668 

Lamprometra palmata 
type B 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX XXXX 

Myzostoma sp. A - Phanogenia gracilis type 
C 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX XXXX 

Myzostoma sp. B SAM 
E3395 Comaster schlegelii Free-

living 

Lizard Island 
Reef, Coral Sea, 
Australia 

DQ238212 DQ238179 DQ238146 - 

Myzostoma sp. C SIO-BIC 
A3827 Capillaster cf. tenuicirra Free-

living 
East Johor Strait, 
Singapore XXXX - XXXX XXXX 

Myzostoma sp. D SIO-BIC 
A3814 

Lamprometra palmata 
type A 

Free-
living 

Stradbroke 
Island, 
Queensland, 
Australia 

XXXX XXXX XXXX - 

Myzostoma sp. E SIO-BIC 
A3716 Colobometridae sp. Free-

living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX - XXXX 

Myzostoma n. sp. 1 SIO-BIC 
A3808 Comatella nigra type B Free-

living 

Lizard Island 
Reef, Coral Sea, 
Australia 

XXXX XXXX XXXX - 

Myzostoma n. sp. 2 SIO-BIC 
A3681 

Alloeocomatella 
pectinifera type B 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX - 

Myzostoma n. sp. 3 - Alloeocomatella 
pectinifera type A 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX - 

Myzostoma n. sp. 4 SIO-BIC 
A3763 

Clarkcomanthus 
alternans 

Free-
living 

Raja Ampat, 
Indonesia XXXX - XXXX XXXX 

Myzostoma n. sp. 5 SIO-BIC 
A3809 Capillaster multiradiatus Free-

living 

Lizard Island 
Reef, Coral Sea, 
Australia 

XXXX - XXXX XXXX 

Myzostoma n. sp. 6 SIO-BIC 
A3657 

Capillaster cf. 
tenuicirrus; (also 
Capillaster 
multiradiatus) 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX XXXX XXXX XXXX 

Myzostoma n. sp. 7 SIO-BIC 
A3803 Comaster schlegelii Free-

living 

Lizard Island 
Reef, Coral Sea, 
Australia 

XXXX XXXX XXXX XXXX 

Myzostoma n. sp. 8 SIO-BIC 
A3834 

Clarkcomanthus 
luteofuscum 

Free-
living 

Great Barrier 
Reef, Coral Sea, 
Australia 

XXXX XXXX XXXX XXXX 

Myzostoma n. sp. 9 SIO-BIC 
A3794 Comactinia titan Free-

living 
Raja Ampat, 
Indonesia XXXX - XXXX - 

Myzostoma n. sp. 11 SIO-BIC 
A3826 Heterometra crenulata Free-

living 
East Johor Strait, 
Singapore XXXX XXXX XXXX XXXX 
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Myzostome Taxa Voucher 
Accession Host(s) Lifestyle Location COI 16S 18S H3 

Myzostoma n. sp. 12 SIO-BIC 
A3703 

Cenometra bella; (also 
Colobometra 
perspinosa) 

Free-
living 

Madang, 
Bismarck Sea, 
Papua New 
Guinea 

XXXX - XXXX - 

Myzostoma n. sp. 13 SIO-BIC 
A3791 

Stephanometra 
tenuipinna 

Free-
living 

Raja Ampat, 
Indonesia XXXX - XXXX - 

Notopharyngoides 
aruensis 

SIO-BIC 
A3817 Stephanometra indica 

In 
digestive 
tube 

Lizard Island 
Reef, Coral Sea, 
Australia 

XXXX XXXX XXXX - 

Notopharyngoides 
platypus 

SIO-BIC 
A3811 

Comaster audax; (also 
Comaster schlegelii) In cysts 

Lizard Island 
Reef, Coral Sea, 
Australia 

XXXX XXXX XXXX XXXX 

Protomyzostomatidae Stummer-Traunfels, 1923 
Protomyzostomum n. 
sp. 1 

SIO-BIC 
A3238 

Gorgonocephalus 
chilensis Internal Discovery Bank, 

Antarctica XXXX XXXX XXXX XXXX 

Protomyzostomum n. 
sp. 2 

SIO-BIC 
A3799  Asteronyx cf. loveni Internal Monterey, 

California, USA XXXX XXXX XXXX - 

Pulvinomyzostomatidae Jägersten, 1940 

Pulvinomyzostomum 
pulvinar ? Leptometra phalangium Internal 

Banyuls-sur-Mer 
(Mediterranean 
Sea, France) 

DQ238180 DQ238150 DQ238114 - 

Pulvinomyzostomum n. 
sp. 1 

SIO-BIC 
A1408/A15
79 

Antedon sp. In mouth Jaco Scarp, Costa 
Rica XXXX XXXX XXXX XXXX 

Pulvinomyzostomum n. 
sp. 2 

SIO-BIC 
A3800 Gephyrocrinus messingi Free-

living Oregon XXXX XXXX XXXX XXXX 

 
AM, Australian Museum, Sydney, Australia; MNHN, Museum national d’Histoire 
naturelle, Paris, France; SAM, South Australian Museum, Adelaide, Australia; SIO-
BIC, Benthic Invertebrate Collection, Scripps Institution of Oceanography, La Jolla, 
CA.  
 
Sequencing of fresh material suggests the following sequences currently available on 
Genbank and published in Lanterbecq et al. (20016) are erroneous, wholly or in part: 
(18S) –Mesomyzostoma katoi DQ238121 (has an erroneous insertion), 
Protomyzostomum glanduliferum DQ238148 (identical to partial fragments of M. 
katoi), Protomyzostomum polynephris DQ238149 (identical to partial fragments of M. 
katoi), Asteromyzostomum sp. DQ238147 (similar to M. mortenseni), Myzostoma 
nigromaculatum DQ238140 (similar to Myzostoma coriaceum – here considered sp. F, 
see below); (COI) Myzostoma ambiguum DQ23820 (similar to M. mortenseni). 
 
 
Identifications are emended for the following sequences: DQ238192, DQ238163,  & 
DQ238128 – Endomyzostoma clarki (previously Endomyzostoma tenuispinum); 
DQ238189, DQ238160, & DQ238125 – Endomyzostoma clarki (previously 
Endomyzostoma sp. 2); DQ238191, DQ238162, & DQ238127 – Eenymeenymyzostoma 
cirripedium (previously Endomyzostoma sp. 3); DQ238212, DQ238179, & DQ238146 
– Myzostoma sp. B (previously Myzostoma coriaceum); DQ238201, DQ238172, & 
DQ238136 – Myzostoma polycyclus (previously Myzostoma toliarense). 
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SupplementaryTable 4.2. Summary of maximum parsimony and maximum likelihood 

analyses. 
 
Dataset No. 

characte

rs 

No. 

parsimony 

informative 

sites 

No. variable 

uninformative 

sites 

No. of most 

parsimonious 

trees 

Most 

parsimonious 

tree length 

Best 

scoring 

maximum 

likelihood 

tree (-ln) 

Myzostomida       

COI 621 322 26 4 3676 14987.78 

COI -3rd 

position 

removed 

414 120 21 13006 833 47532.15 

16S 466 233 40 464 1622 7318.92 

16S Gblocked 408 208 40 208 1502 6831.37 

18S 1829 352 138 116 1712 11436.89 

18S Gblocked 1678 312 102 108 1447 10055.26 

H3 449 134 9 116 1114 5012.06 

H3 Gblocked 335 134 9 113 1114 4851.35 

       

Hosts       

Full 

concatenated 

dataset 

5472 1482 485 8 7635 30741.35 

Concatenated 

dataset – no 

3rd positions 

and Gblocks 

4117 881 395 1050 3356 15598.29 

COI 1062 426 73 6 3002 13954.71 

COI -3rd 

position 

removed 

708 125 46 317410 492 3489.98 

16S 660 327 73 2 1654 7856.53 

16S Gblocked 519 258 55 16 1228 6091.12 

CytB 768 325 86 2 1770 8279.66 
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Dataset No. 

characte

rs 

No. 

parsimony 

informative 

sites 

No. variable 

uninformative 

sites 

No. of most 

parsimonious 

trees 

Most 

parsimonious 

tree length 

Best 

scoring 

maximum 

likelihood 

tree (-ln) 

CytB -3rd 

position 

removed 

512 112 64 44 505 3021.16 

18S 2201 146 141 225 362 5014.87 

18S Gblocked 1654 132 126 120 320 4054.12 

28S 781 258 112 49 778 4644.70 

28S Gblocked 724 254 104 56 763 4503.50 

       

Myzostomida 

Reduced 

      

Full 

concatenated 

dataset 

3343 1012 199 10 7751 36377.04 

Concatenated 

dataset – no 

3rd positions 

and Gblocks 

2835 759 156 31 4727 25292.33 

COI 621 318 27 6 3398 13963.00 

COI -3rd 

position 

removed 

414 118 20 9563 772 4025.87 

16S 466 218 40 18 1497 6797.35 

16S Gblocked 519 258 55 16 1228 6337.89 

18S 1807 342 123 324 1519 10502.53 

18S Gblocked 1678 304 96 12 1290 9308.28 

H3 449 134 9 77 1110 4991.69 

H3 Gblocked 335 134 9 77 1110 4829.42 
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Supplementary Table 4.3. GenBank accession numbers for hosts and non-myzosomid 
annelid outgroups used in molecular analyses. New molecular data in bold. 
	  
	  

Host Taxa Voucher COI 16S CytB 18S 28S 

Asteroidea       
Labidiaster 
annulatus GB - AY706154 - AY935548 DQ354297 

Ophiuroidea       
Gorgonocephalus 
chilensis GB AB758812 AB758495 - AB758525 - 
Asteronyx 
longifissus 

SIO-BIC 
E6108 - XXXX - - XXXX 

Hyocrinida       
Gephyrocrinus 
messingi 

SIO-BIC 
E5662 XXXX XXXX - - XXXX 

Isocrinida       
Endoxocrinus 
parrae  GB GU327840  GU327875  GU327909  Z80951  GU327947  
Metacrinus cf. 
rotundus GB KC626566 KC626658 - KC626752 KC626846 
Metacrinus levii GB GQ913322  GU327877  - KC626751 GU327948  

Antedonidae       
Antedon bifida GB KC626510 KC626604 - KC626696 KC626791 

Antedon sp. 
SIO-BIC 
E4399 XXXX XXXX XXXX - XXXX 

Florometra 
mawsoni GB KC626549 KC626641 - KC626735 KC626829 
Promachocrinus 
kerguelensis GB DQ823276  GU327886  DQ823333  GQ913342  JQ340282 

Comatulidae       
Alloeocomatella 
pectinifera type A  GB XXXX XXXX XXXX - XXXX 
Alloeocomatella 
pectinifera type B GB XXXX XXXX XXXX - XXXX 
Capillaster cf. 
tenuicirrus GB XXXX XXXX XXXX - XXXX 
Capillaster 
multiradiatus GB XXXX XXXX XXXX - XXXX 
Cenolia 
trichoptera GB XXXX XXXX XXXX - XXXX 
Clarkcomanthus 
albinotus GB XXXX XXXX XXXX GQ913328  XXXX 
Clarkcomanthus 
alternans GB XXXX XXXX XXXX - XXXX 
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Host Taxa Voucher COI 16S CytB 18S 28S 
Clarkcomanthus 
luteofuscum GB XXXX XXXX XXXX  XXXX 
Clarkcomanthus 
mirabilis GB GQ913313  XXXX XXXX GQ913329  XXXX 
Clarkcomanthus 
mirus GB XXXX XXXX XXXX - XXXX 
Comactinia titan GB XXXX XXXX XXXX - XXXX 
Comanthus gisleni GB GU327856  XXXX XXXX GU327935  XXXX 
Comanthus 
parvicirrus GB XXXX XXXX XXXX - XXXX 
Comanthus sl. 
gisleni GB XXXX XXXX XXXX - XXXX 
Comanthus suavia GB XXXX XXXX XXXX - XXXX 
Comaster audax GB XXXX XXXX XXXX - XXXX 
Comaster 
schlegelii GB XXXX XXXX XXXX GQ913333  XXXX 
Comatella nigra 
type A GB XXXX XXXX XXXX - XXXX 
Comatella nigra 
type B GB XXXX XXXX XXXX - XXXX 
Davidaster 
discoideus GB XXXX XXXX XXXX - XXXX 
Davidaster 
rubignosus GB XXXX XXXX XXXX - XXXX 
Anneissia bennetti GB XXXX XXXX XXXX GQ913330  XXXX 
Phanogenia sl. 
gracilis type A GB XXXX XXXX XXXX - XXXX 
Phanogenia sl. 
gracilis type C GB XXXX XXXX - - XXXX 
Phanogenia typica GB XXXX XXXX XXXX - XXXX 

Mariametroidea       
Amphimetra 
tessellata 

SAM 
K2028 XXXX XXXX XXXX - XXXX 

Basilometra 
boschmai 

SIO-BIC 
E6072 XXXX - - - - 

Cenometra bella GB GU327851  GU327890  GU327920  - GU327959  
Colobometra 
perspinosa GB GQ913321  GU327891  GU327919  GQ913338  GU327960  

Colobometridae 
sp. 

MNHN 
IE-2013-
8040 
SIO-BIC 
E6036* XXXX - - - - 
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Host Taxa Voucher COI 16S CytB 18S 28S 

Decametra cf. 
laevipinna 

MNHN 
IE-2013-
8102 
SIO-BIC 
E6020* XXXX - - - - 

Dichrometra 
flagellata 

SAM 
K2046 XXXX XXXX XXXX - - 

Heterometra 
crenulata GB KC626554 KC626646 - KC626740 KC626834 
Himerometra 
robustipinna GB GQ913326  GU327898 GU327925  GQ913343  GU327970  
Stephanometra 
indica GB GU327861  GU327899  GU327926  GU327938  GU327971  

Lamprometra 
palmata type B 

MNHN 
IE-2013-
8128 
SIO-BIC 
E5912* XXXX - - - - 

Liparometra 
articulata GB GQ913319  GU327900  GU327927  GQ913335  GU327972  

Oligometra 
serripinna 

MNHN 
IE-2013-
8101 
SIO-BIC 
E6034* XXXX - - - - 

Petasometra 
clarae 

SIO-BIC 
6071 XXXX - - - - 

Pontiometra 
andersoni 

SIO-BIC 
E6070 XXXX - - - - 

Stephanometra 
indica GB GQ913320  - - 

GQ913336 
-7 GU327973  

Stephanometra 
tenuipinna 

SIO-BIC 
E5842 XXXX - - - - 

Ptilometridae       
Ptilometra 
macronema GB GU327866  GU327903 - - GU327976  

Tropiometridae       
Tropiometra afra GB GU327867  GU327906  GU327928  - GU327978  

Zenometridae       
Psathyrometra 
fragilis GB GU327865  GU327905 XXXX - - 
       

Host Outgroups       
Asterias amurensis GB AB183559 AB183559 AB183559 D14358 - 
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Host Taxa Voucher COI 16S CytB 18S 28S 
Ophiopholis 
aculeata GB AF314589 DQ297105 AF314589 DQ060806 DQ029078 
       
Annelid 
Outgroups       
Nereis pelagica GB JN852947 AY340470 - AF474279 - 
Glycera alba GB JN852946 DQ779615 - AY176287 - 
Bhawania 
heteroseta GB EU555053 EU555044 - EU555035 - 
Harmothoe 
imbricata GB AY839580 AY340463 - AY340434 - 
Chloeia flava GB JN852944 JN852917 - EF076780 - 
Phyllodoce 
maculata GB AY839586 - - AY176302 - 
Eusyllis 
blomstrandi GB EF123749 EF123788 - EF123887 - 

 
MNHN, Museum national d’Histoire naturelle, Paris, France; SAM, South Australian 
Museum, Adelaide, Australia; SIO-BIC, Benthic Invertebrate Collection, Scripps 
Institution of Oceanography, La Jolla, CA.  
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This chapter, in full, is a reproduction of the material as it appears in review for 

BMC Biology, 2014. Phylogeny of Myzostomida (Annelida) and their relationships 

with echinoderm hosts. The dissertation author was the primary investigator and author 

of this paper. 



CHAPTER 5 

 

The genera and species of Comatulidae (Comatulida: Crinoidea): taxonomic 

revisions and a molecular and morphological guide 

 

Abstract 

We provide a guide for identification of Comatulidae, a family of crinoid 

echinoderms, incorporating morphological and molecular evidence. A non-dichotomous 

key for all genera is included, as well as photographs for the most likely encountered 

tropical comatulids in the western Pacific Ocean.  Based on sequencing of cytochrome 

oxidase subunit I (COI), and other genes when necessary, we identified four cases 

where taxonomic revision was needed. We synonymized Comaster nobilis (=Comaster 

schlegelli) and Clarkcomanthus exilis (=Clarkcomanthus comanthipinnus), and re-

described Clarkcomanthus littoralis and Clarkcomanthus albinotus accordingly.  We 

also show the variation of COI sequences within and amongst species, which varies 

from species to species.  In some cases, specimens with a great deal of morphological 

diversity possessed very little intraspecific molecular diversity (<1%).  In others, 

specimens with nearly identical external appearances had highly divergent COI 

sequences (up to 6%).  These results, combined with the non-dichotomous keys herein, 

offer guidelines for identification and discussion of existing and new species of 

Comatulidae. 
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Introduction 

Of the approximately 575 species of extant Comatulida, about 530 discard their 

postlarval stalk and take up a non-sessile existence. These crinoids, known as 

featherstars, range from intertidal to abyssal depths and dominate modern crinoid 

diversity. They are the only extant crinoids that occur in shallow waters (<100 m 

depth), and more than half are found in the tropical Indo-western Pacific region and 

adjacent temperate waters. Comatulidae Fleming, 1828 (until recently referred to 

incorrectly as Comasteridae, Clark 1908, see Chapter 2) are the most abundant and 

diverse on modern shallow water reefs (Messing 2001) and also provide habitat for the 

majority of crinoid –associated organisms (Britayev & Mekhova 2011; Deheyn et al. 

2006). 

Comatulidae is currently divided into two subfamilies, six tribes, 22 genera, and 

approximately 100 nominal species. Recent efforts to reconcile the classification of the 

family using molecular and morphological data found that many traditionally used 

characters were labile and homoplastic (Chapter 4), and hence of limited utility. 

Identification of comatulids is further confounded by ontogenetic and environmental 

variation in morphology. As juveniles, all start off with a central mouth and ten arms 

(AH Clark 1921a). During postlarval development of most species, the mouth migrates 

to an off-center or marginal position on the oral surface (tegmen) and additional arms 

are added. Members of the same putative species can also vary in color, arm number, 

and cirri number (see Messing 1998, 2001; Owen et al. 2009).  

Proper identification of comatulids is essential both for biodiversity estimates 

and because they host a great variety of animal symbionts (e.g. Britayev & Mekhova 



	   145	  

2011; Deheyn et al. 2006; Zmarzly 1984). Here we review the taxonomy of the family 

based on the results of Chapter 4 and on new Cytochrome Oxidase I (COI) sequences 

from 176 additional specimens. We provide non-dichotomous keys and photographs for 

genera and the most common species. To accommodate our results, we redescribed 

Clarkcomanthus littoralis and Clarkcomanthus albinotus and synonymized Comaster 

nobilis (=Comaster schlegelli) and Clarkcomanthus exilis (=Clarkcomanthus 

comanthipinnus). 

  

Methods 

 Specimens were collected, preserved, and genomic DNA extracted, sequenced, 

and phylogenetically analyzed following methods described in Chapter 3. A list of all 

specimens used in this study, including GenBank and voucher information, is provided 

in the Supplementary Materials. Specimens were deposited at or obtained from the 

Australian Museum, Sydney, Australia (AMS); Muséum national d’histoire naturelle, 

Paris, France (MNHN); Natural History Museum, London (NHM); Royal Albert 

Museum, Exeter, England (RAME); South Australian Museum, Adelaide, Australia 

(SAM); Benthic Invertebrate Collection, Scripps Institution of Oceanography, La Jolla, 

CA (SIO-BIC); Florida Museum of Natural History, Gainesville, FL (UF). Additional 

sequences were obtained from GenBank for vouchers housed at the Museum Victoria, 

Melbourne, Australia (MV) and The National Institute of Water and Atmospheric 

Research, Wellington, New Zealand (NIWA). Matrices and phylogenetic analyses are 

available at www.treebase.org. 
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 Morphological features incorporated into the non-dichotomous key (Fig. 5.1) 

and descriptions are described and illustrated in Chapter 3 (pages 31- 35; Fig. 3.2-3.7). 

 

Taxonomic Account 

COMATELLINAE Summers, Messing, & Rouse 2014 

 

Comatella AH Clark, 1908 

Fig. 5.2 

Type species. Actinometra nigra Carpenter, 1888. 

Other included taxa (1). Actinometra stelligera Carpenter, 1888. 

 

Description. Mouth excentric in fully developed individuals; centrodorsal well-

developed, circular, and with cirri; IBr series united by synarthry; first syzygy at 3+4 on 

arms arising from IBr; IIBr and beyond of two ossicles; arms arising from IIBr and 

beyond with first syzygy at 1+2 and/or 3+4; distal intersyzygial interval 4; distalmost 

pinnule comb on P6; comb teeth triangular, confluent with interior side of pinnule, 

reduced in size distally, and tapering to blunt tip.  

 

Distribution. Tropical Indo-western Pacific from Abrolhos Is, WA, to Lady Elliott I., 

QLD, Australia, west to Tonga and Samoa, east to the Maldive Islands, and north to 

Ogasawara (Bonin) Is. and Okinawa, Japan, including Chuuk Atoll and Guam (Chen et 

al. 1988, AH Clark 1931, Kirkendale & Messing 2003; Kogo 1998, Messing 1998, 

Rowe & Gates 1995). Depth range: low intertidal to 32 (perhaps 73) m. Rowe & Gates 
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(1995) list a maximum depth of 160 m for C. nigra, but this may be an error for the 106 

m maximum given by AH Clark (1931). Depths greater than ~100 m attributed to 

Comatella by AH Clark (1931) are for species no longer included in the genus: 

Palaeocomatella decora and “Comissia” brachycirra (Messing 2001). 

 

Molecular results. Specimens identified as Comatella nigra and C. stelligera formed 

reciprocally monophyletic groups in both the parsimony and likelihood analyses (Fig. 

5.3), with a minimum of 5.3% uncorrected COI distance between the taxa. Notably, 

specimens identified as Comatella nigra from Lizard Island, Australia, also showed an 

even greater intraspecific divergence, with 0-6.3% uncorrected COI distance (n=13); 

this taxon may thus represent at least two different species.  Specimens of Comatella 

nigra type B are minimally 4.9% divergent from remaining specimens of C. nigra with 

an intratype divergence of less than 0.20%. The remaining C. nigra terminals were up 

to 4.8% divergent from one another, and thus may also represent multiple species. The 

type locality for C. nigra is Bohol, Philippines (syntype: RAME R114); no specimens 

were sequenced from this region, and we have so far found no clear way to split the 

group into separate species on either molecular or morphological evidence. The type 

localities of C. maculata (NHM 88-11-9-103) is Prince of Wales Channel, between 

Queensland, Australia, and Papua New Guinea; that of C. stelligera (NHM 88-11-9-

104) is Fiji. 

 

Remarks. Comatella differs from all other Pacific comasterids in having comb teeth 

along the edge of the pinnule closest to the arm (a homoplastic trait shared with western 
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Atlantic Davidaster). Comatella previously included three species that appeared to 

represent an ontogenetic series based on size. Messing (1998b) synonymized the 

smallest, C. maculata, with the next largest, C. stelligera. This synonymy is supported 

by sequencing of specimens herein. Specimens morphologically assigned to C. 

maculata and C. stelligera are less than 0.08% divergent in COI (uncorrected distance). 

Molecular results also differentiate C. stelligera from the largest species, C. nigra.  In 

addition to size and molecular data, C. nigra also differs from C. stelligera in having 

asymmetric axils on IIBr and following brachitaxes that produce twisted rays, visible in 

both juvenile and adults. In C. stelligera, all arms radiate in a single plane. 

During the day, Comatella species on reefs are cryptic and curled up beneath 

coral slabs, rubble or ledges, or deep within branching coral colonies. Arms, especially 

of large specimens in deeper water (>15 m), may extend from crevices or under corals 

with pinnules arranged in a multidirectional posture. At night, individuals may be 

completely exposed on coral heads or among dead or living coral branches, or only the 

arms may be visible. However, on the Great Barrier Reef on expanses of sediment in 

12-17 m, Messing et al. (2006:165) found C. nigra “exposed, clinging to the 

downcurrent side of algae (e.g., Halimeda sp.) with some arms lying at least partly 

against the sediment. Under unidirectional flow, it forms a multilayered arcuate fan 

with successive pinnules slightly offset. Under reduced flow, the arms form an irregular 

meridional array.“ 

For specimens herein referred to as C. stelligera, we observed two discrepancies 

relative to previous descriptions: IIIBr united by syzygy rather than by synarthry only, 

and 1+2 or 3+4 on undivided arms, rather than 1+2 and 3+4. 
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Alloeocomatella Messing, 1995 

Fig. 5.2 

Type species. Alloeocomatella polycladia Messing, 1995. 

Other included taxa (1). Comissia pectinifer AH Clark, 1911. 

 

Description. Mouth excentric in fully developed individuals; up to 30 arms; 

centrodorsal always well-developed, rounded pentagonal, and with cirri; all brachitaxes 

of 2 ossicles united by synarthry; first syzygy at 3+4 on arms arising from IBr (and IIBr 

when 20 or fewer arms present); arms arising from IIBr and IIIBr (specimens with >20 

arms) with first syzygies at 1+2 and/or 3+4 (rarely 1+2 alone); distal intersyzygial 

interval usually 3; distalmost pinnule comb on P4-P8; comb of >20 (up to 39) tall, 

narrow, triangular, teeth confluent with outer edge of pinnule; comb not tapering 

significantly distally. 

 

Distribution. Tropical Indo-western Pacific from northern Australia west to Chuuk 

Atoll and New Caledonia, east to the Maldive Islands, and north to Okinawa and Guam 

(Kirkendale and Messing 2003; Messing 1995, 1998; Meyer 1986; Pilcher & Messing 

2001). Depth range: 3 to at least 25 m (one record of 100 m [AH Clark 1931]). Known 

definitely from 6-18 m (Alloeocomatella polycladia) and 3-23 m (A. pectinifera) 

(Messing 1995a). 

 

Molecular results. Specimens identified as Alloeocomatella polycladia and A. 



	   150	  

pectinifera return as three distinct clades in parsimony and likelihood analysis (Fig. 

5.3), with a minimum of 5.7% uncorrected COI distance among them. Noticeable 

morphological variation was observed for Alloeocomatella polycladia (e.g., size; 

numbers of arms, cirri, cirrals, and rows of cirri, distal intersyzygial intervals, 

presence/absence of distal spinose margins on arms), yet intraspecific difference for 

COI was less than 0.6% among specimens collected at Lizard Island and Papua New 

Guinea (n=4). In contrast, little morphological variation has been recorded for 

Alloeocomatella pectinifera, yet there was up to 7% COI divergence among specimens 

from only Madang, Papua New Guinea. This high variation could suggest two species 

of Alloeocomatella pectinifera. Two distinct A. pectinifera clades; A. pectinifera type A 

(2.3-4.3% uncorrected intraspecific divergence (n=6)) and A. pectinifera type B (one 

specimen only) were recovered in the phylogenetic analyses. The type locality for A. 

pectinifera is Christmas Island, an Australian territory in the Indian Ocean near 

Indonesia. Until samples are investigated from there, the status of A. pectinifera must be 

left unresolved. 

 

Remarks. Alloeocomatella includes two species that co-occur and are widely-distributed 

in the Indo-western Pacific. Both are easily distinguished from other comatulids in the 

field by their rich red, red-orange or red-purple color, generally more flexible 

consistency, and smoother texture (due to fewer weaker pinnule spines). They also 

array pinnules in a single plane like barbs on a feather, unlike the tetrad arrangement 

characteristic of most confamilials. Both species are cryptic during the day. At night, A. 

pectinifera keeps its centrodorsal concealed but extends 4-8 of its ten arms usually 
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upward and in parallel. Arm length reaches 50 cm, the longest of any extant crinoid. A. 

polycladia has up to 30 arms; specimens with ~20 or fewer arms remain concealed at 

night with several arms extended; larger specimens perch completely in the open 

(Messing 1995). Following collection, A. polycladia curls its arm tips, while A. 

pectinifera arms remain extended and straight. We have not yet found any 

morphological distinctions between Alloeocomatella pectinifera types A and B. 

 

Davidaster Hoggett & Rowe, 1986 

Type species. Antedon rubignosa Portalès, 1869. 

Other included taxa (1). Actinometra discoidea Carpenter, 1888. 

 

Description. Mouth excentric in fully developed individuals; up to 35 (possibly 43) 

arms; centrodorsal well-developed, circular, and with cirri; IBr series united by 

synarthry; first syzygy at 3+4 on arms arising from IBr; IIBr 4(3+4) (rarely 2 united by 

synarthry); IIIBr and beyond 3(2+3); arms arising from IIBr and beyond with first 

syzygy at 2+3 and first pinnule on br1; distal intersyzygial interval 4; distalmost pinnule 

comb on P2-P4; combs tapering to a distal point, composed of paired, equal-sized and 

transversely oriented teeth. 

 

Distribution. Western Atlantic from the Gulf of Mexico, southern Florida and the 

Bahamas to Recife, Brazil (Meyer et al. 1978; Tommasi 1965). Depth range: low 

intertidal to perhaps 150 m (Messing, unpublished data). Only D. discoideus has been 

regularly recorded from depths greater than 200 m (maximum 355 m) (AH Clark 1931), 
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but most of these are dredge or trawl collections along steep island margins, where 

depth could not be accurately assessed. Records of D. rubiginosus are restricted to 60 

m. 

 

Remarks. Davidaster includes two rheophobic species found on shallow western-

Atlantic reefs (Meyer 1973). Their depth ranges overlap, but D. discoideus occurs to 

substantially greater depths (Meyer et al. 1978; Messing, unpublished). Both typically 

extend their longer arms from under corals and ledges in a multidirectional posture 

(Meyer & Macurda 1980). Both conceal the centrodorsal, although D. rubiginosus may 

be almost completely exposed at night, and D. discoideus lives deeper within the reef 

infrastructure in shallower water (Macurda & Meyer 1977). Morphological distinctions 

between the two have not been thoroughly quantified, but relative differences generally 

distinguish local populations. Davidaster rubiginosus is larger and more robust, with up 

to at least 35 arms up to 37 cm long, whereas D. discoideus is more slender, with up to 

23 arms (Macurda 1975). Previous descriptions have emphasized a dark aboral arm 

stripe as diagnostic for D. rubiginosus, although D. discoideus may also have an aboral 

stripe, and D. rubiginosus may be completely black. In general, however, D. discoideus 

has darker pinnule tips (see Meyer, 1973a,b) for descriptions of all color varieties). An 

additional species of Davidaster, sister to D. rubiginosa, and co-occurring with both 

taxa in the southern Caribbean is currently being described (personal communication, 

David Meyer). As D. rubiginosus is known to breed between October and March 

(Mladenov and Braby, 1987), differences in reproductive timing may permit the co-

occurrence of multiple closely-related species. 
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Nemaster AH Clark, 1909  

Type species. Nemaster grandis AH Clark, 1909. 

 

Description. Mouth excentric in fully developed individuals; up to 31 arms; 

centrodorsal well-developed, circular, with cirri; IBr series united by synarthry; first 

syzygy at 3+4 on arms arising from IBr; IIBr 4(3+4); IIIBr and beyond 3(2+3); arms 

arising from IIBr and beyond with first syzygy at 2+3; distal intersyzygial interval 3-4; 

distalmost pinnule comb on P6; comb teeth single, triangular or truncated, confluent 

with interior edge of pinnule; terminal comb tooth discrete. 

 

Distribution. Tropical western Atlantic from Jamaica and along the Caribbean coast 

from Honduras to Islas los Roques, Venezuela, including Curaçao and Bonaire. One 

specimen was collected NW of the Dominican Republic. Depth range: 3-102 m (chiefly 

in >10 to ~60 m) (Meyer 1973a; Meyer et al. 1978). 

 

Remarks. Nemaster differs from other western-Atlantic confamilials in having comb 

teeth along the edge of the pinnule closest to the arm, a trait shared with Indo-western 

Pacific Comatella species. Hoggett & Rowe (1986) removed both Davidaster species 

from Nemaster based on their different pinnule comb forms. Nemaster shares a comb 

form with Comatella, but shares a ray branching pattern with Davidaster and Indo-

western Pacific Capillaster. Nemaster grandis is rheophilic; it perches in the open 

chiefly on top of corals, sponges, or rock outcrops (Meyer, 1973a b). 
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COMATULINAE Fleming, 1828 

COMATULINI Fleming, 1828 

 

Comatula Lamarck, 1816 

Fig. 5.4 

Type species. Comatula solaris Lamarck, 1816. 

Other included taxa (5). Alecto purpurea Müller, 1843; Comatula cratera HL Clark, 

1916; Comatula micraster AH Clark, 1909; Comatula rotalaria Lamarck, 1816; 

Comatula tenuicirra AH Clark, 1912. 

 

Diagnosis. Mouth central in fully developed individuals; arms usually ten (rarely to 17 

in C. pectinata, and to 20 and rarely 27 in C. rotalaria); centrodorsal pentagonal to 

circular, thin, sometimes reduced and lying within radial circlet; cirri absent or present 

(few to complete ring); all brachitaxes of two ossicles united by syzygy; syzygies at 

1+2, 3+4 on undivided arms; distal intersyzygial interval irregular, 2-11; combs of 

triangular teeth confluent with edge of pinnule away from arm, tapering distally, either 

to a point or with smaller distal teeth. 

 

Distribution. Indo-western Pacific from tropical and warm temperate Australia 

(Abrolhos Islands, WA, to Sandon Bluffs, NSW), west to the Andaman Islands and 

Gulf of Martaban, Burma, east to New Caledonia, and north to Taiwan and Okinawa 

(AH Clark 1931; Chen et al. 1988; Kogo 1998; Meyer 1986; Rowe & Gates 1995). A 
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single specimen attributed to C. solaris and supposedly collected in the Society Islands 

(French Polynesia) has been lost (AH Clark 1931). No other specimen of Comatulidae 

has ever been collected this far east. Depth range: 0-110 m. 

 

Molecular results. Specimens of Comatula were recovered as a pair of sister clades, one 

comprised of 20-armed Comatula rotalaria and 10-armed C. purpurea, and the other of 

10-armed C. solaris, C. pectinata and C. cf. tenuicirra (Fig. 5.5).  This result refutes 

two previous hypotheses on relationships among taxa of Comatula. AH Clark (1909f) 

first placed Comatula rotalaria in a separate genus, Validia, that he later reduced to a 

subgenus of Comatula (AH Clark 1918, 1931). Later, Hoggett & Rowe, 1986 proposed 

two unnamed generic groups based on comb form: C. solaris and C. micraster in one 

and C. pectinata, C. purpurea, C. rotalaria, C. cratera and C. tenuicirra in the other.  

Specimens identified in the field as C. pectinata and C. solaris and, separately, 

C. pectinata and C. purpurea (from Australia) differ by less than 1% difference in COI, 

suggesting the need for a future synonymy. The type specimens of C. solaris (MNHN 

EcCs1009, 1010) and C. purpurea (ZMB) were collected along the western or 

northwestern coast of Australia (Freycinet 1815, AH Clark 1931), whereas Linnaeus 

(1758) gave the type locality for his Asterias pectinata as “Indian seas” (“in mare 

Indico”) (ZMLU), which could be anywhere in the Indian Ocean or East Indies. Rowe 

& Gates (1995) previously synonymized C. purpurea under C. pectinata, which we 

consider valid here. 

 

Remarks. Comatula differs from all other comatulids in having a syzygy in the IBr 
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series and at 1+2 and 3+4 on all arms. Although some of the eight current nominal 

species may be synonyms, as diagnostic characters are often overlapping meristic, size-

related, and qualitative, at least a few are likely valid. Both C. rotalaria and C. cratera 

have ten or fewer cirri when small but lose them with growth. In larger specimens with 

similar arm lengths, C. cratera has no more than ten arms, whereas C. rotalaria 

typically has 20 (up to 27) and exhibits an apparently unique method of increasing arm 

number: the second brachial in a 10-armed specimen develops an arm instead of 

exterior P1 (AH Clark 1915:131, 1931). Even in large specimens, these exterior arms 

may remain shorter than the interior arms (Messing et al. 2006). Small, poorly known 

C. micraster also has 10 arms and no cirri and might be attributable to either of the 

preceding two. These three taxa have non-overlapping, but adjacent, ranges from the 

Gulf of Martaban to Sandon Bluffs, NSW, Australia, warranting further molecular 

investigation to delineate their status. Likewise, descriptions of C. pectinata, and C. 

solaris widely overlap and specimens identified as each at Lizard Island had almost 

identical COI sequences. In this case, those attributed to C. pectinata were collected 

from reef habitat, whereas C. solaris was found under rubble in a non-reef sediment 

environment – suggesting that they cannot be distinguished by habitat as advocated by 

Messing et al. (2006).  Comatula purpurea and C. tenuicirra are distinguished from the 

two preceding by cirri restricted to the interradial angles of the centrodorsal, with C. 

tenuicirra set apart only by its proportionally more elongated cirrals. The identity of our 

Comatula cf. tenuicirra specimen from Singapore is uncertain, as proportions of cirrals 

vary substantially in many species 
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Comactinia AH Clark, 1909 

Type species. Comactinia echinoptera Müller, 1840. 

Other included taxa (2). Comactinia meridionalis L. Agassiz, 1865; Comactinia titan 

Messing, 2003. 

 

Diagnosis. Mouth excentric in fully developed individuals; ten arms only, with anterior 

arms usually longer than posterior; centrodorsal circular, small and thin with cirri 

always present; IBr series united by synarthry; first syzygy at 3+4 on arms arising from 

IBr; distal intersyzygial interval irregular, 2-10; comb teeth either confluent, with tip 

truncated or notched and not tapering distally (Comactinia echinoptera), or 

nonconfluent and tapering to a blunt or sharp point (Comactinia meridionalis and C. 

titan). 

 

Distribution. New Caledonia, Indonesia, and the Philippines (Comactinia titan), and 

western Atlantic from Cape Lookout, North Carolina, and the Gulf of Mexico to at least 

Cabo Frio, Brazil. Depth range: 15-373 m (possibly to 549 m). Only Comactinia 

meridionalis hartlaubi is chiefly collected below 100 m (AH Clark 1931; Messing 

1978). 

 

Remarks. Comactinia is the only genus of Comatulidae currently recognized as 

distributed in both western Atlantic (C. echinoptera and C. meridionalis) and Indo-

western Pacific waters (C. titan). Morphological characters that unite the genus are 

found in other genera as well: ten arms only, IBr2 united by synarthry, excentric mouth, 
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and combs to P2-P4. The notched comb teeth of C. echinoptera are unique in the 

family. C. meridionalis, which includes a large, deeper-water subspecies (C. m. 

hartlaubi), is widely variable, occurs over a wide depth range, and may constitute 

multiple species. A single row of nonconfluent comb teeth distinguishes C. 

meridionalis from other Atlantic comatulids. This feature, combined with ten arms, 

separates Comactinia titan from Pacific comatulids. Comactinia titan was previously 

known only from New Caledonia and the Philippines (73-84 m). During this study, one 

specimen was collected from ~15 m in Raja Ampat, Indonesia. For further discussion of 

this genus, see Messing (1978, 2003). 

 

CAPILLASTERINI AH Clark, 1909 

Capillaster AH Clark, 1909 

Fig. 5.6 

Type species. Actinometra sentosus Carpenter, 1888. 

Other included taxa (8). Actinometra macrobrachius Harlaub, 1890; Capillaster 

asterias AH Clark, 1931; Capillaster gracilicirrus AH Clark, 1912; Asterias 

multiradiata Linnaeus, 1758; Actinometra sentosa Carpenter, 1888; Capillaster 

squarrosus Messing, 2003; Capillaster tenuicirrus AH Clark, 1912; Comatula mariae 

AH Clark, 1907. 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 110 arms; IBr series 

united by synarthry; first syzygy at 3+4 on arms arising from IBr; IIBr 2 or 4(3+4); 

IIIBr and beyond 3 (2+3); arms arising from IIBr and beyond with first syzygy at 2+3; 
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distal intersyzygial interval 4-27; distalmost pinnule comb on P3-P21 (in C. tenuicirrus 

at intervals as far as mid-arm); comb teeth single, triangular, confluent with outer edge 

of pinnule; comb not tapering significantly distally or tapering to a blunt tip (in C. 

gracilicirra). 

 

Distribution. Tropical Indo-western Pacific from northern Australia Fremantle, WA, to 

Lady Musgrave Is., QLD), west to East Africa and the Red Sea, east to New Caledonia 

and Vanuatu, and north to East China Sea west of Amami-Oshima, Japan, and Chuuk 

Atoll (AH Clark 1931; Rowe & Gates 1995; Messing 1998; Meyer 1986; Kogo 1998). 

Depth range: 0-118 (?292) m. Except for C. tenuicirra (82-118 m), the great majority of 

records are from shallower than 50 m. A few records from greater than 150 m are likely 

errors. 

 

Remarks. Capillaster is the only Indo-western Pacific genus with a IIIBr and following 

brachiataxes of 3(2+3) and the first syzygy at 2+3 on free arms arising from IIBr and 

more distal brachitaxes, a trait shared with western Atlantic Davidaster species. 

Specimens of Capillaster cf. tenuicirra were recovered during night scuba dives in 

Madang, Papua New Guinea, and via dredging in Singapore. As with Comatula and 

several other confamilial genera, species-level distinguishing features are often size- 

and proportion-related, reflecting possible oversplitting of the genus. 

 

NEOCOMATELLINI Summers, Messing & Rouse 

Neocomatella AH Clark, 1909 
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Type species. Antedon alata Pourtalès, 1878. 

Other included taxa (2).  Antedon pulchella (Pourtalès, 1878); Neocomatella europaea 

AH Clark, 1913. 

 

Diagnosis. Mouth subcentral; up to 20 (rarely to 23) arms; centrodorsal circular, small 

to moderately thick, more than 15 cirri always present; IBr series united by synarthry; 

first syzygy at 3+4 on arms arising from IBr; IIBr of two ossicles; arms arising from 

IIBr with first syzygies at 1+2 and 3+4; distal intersyzygial interval irregular, 5-19; 

pinnule combs to P3-P6; comb teeth triangular, confluent with outside edge of pinnule; 

proximal teeth arising gradually; comb not tapering significantly distally. 

 

Distribution. Tropical western Atlantic from the Gulf of Mexico and Bahamas to Ilha 

Rasa off Rio de Janeiro, Brazil, and northeastern Atlantic from Western Sahara to 

Brittany, France (AH Clark 1931; AM Clark 1980; Meyer et al. 1978; Tommasi 1965). 

Depth range: 10-1700 m. Western Atlantic N. pulchella has been recorded between 35 

and 567 m, with most recorded in 150-400 m (AH Clark 1931; Meyer et al. 1978), and 

with a single specimen collected in 10 m (Meyer 1973). Northeastern Atlantic N. 

europaea occurs at depths of 400-1,700 m (AH Clark 1931). 

 

Remarks. Meyer et al. (1978, following Messing, unpublished thesis) treated N. alata as 

a junior synonym of N. pulchella following Carpenter (1881). Additional genetic and 

morphological analyses are required to clarify the number of western Atlantic taxa.  

 



	   161	  

Comatulella AH Clark, 1911 

Type species. Comatula brachiolata Lamarck, 1816. 

 

Diagnosis. Mouth excentric in fully developed individuals; ten arms only; centrodorsal 

circular, thick, cirri always present in one crowded, irregular row; IBr series and first 

two brachials of undivided arms united by cryptosynarthry; syzygy at 3+4; distalmost 

pinnule comb on P2; comb teeth confluent with outside edge of pinnule, blunt 

triangular; stout pinnules lacking ambulacral groove and able to coil aborally roughly 

alternating with distal pinnules. 

 

Distribution. Southern Australia from Port Phillip Bay, Victoria, to Perth, Western 

Australia. Depth range: 14-18 m (AH Clark 1931; Rowe & Gates 1995). 

 

Remarks. Comatulella brachiolata can be distinguished from other comatulids by 

gonads on the arms near the pinnule articulations instead of on the pinnules, and by the 

ungrooved distal pinnules (AH Clark 1931; Hoggett & Rowe, 1986).  

 

PHANOGENINI White and Messing, 2001 

Phanogenia Lovén, 1866 

Type species. Phanogenia typica Lovén, 1866. 

Other included taxa (7). Actinometra distincta Carpenter, 1888; Actinometra gracilis 

Hartlaub, 1893; Actinometra multibrachiata Carpenter, 1888; Comaster fruticosus AH 

Clark, 1911; Comaster schoenovi AH Clark, 1918; Comatula serrata AH Clark, 1907; 
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Comaster sibogae AH Clark, 1912. 

 

Diagnosis. Mouth central in fully developed individuals; up to 170 arms; cirri absent or 

present; IBr series united by cryptosynarthry or synarthry; first syzygy at 3+4 on arms 

arising from IBr, at 1+2 on arms arising from subsequent brachitaxes; IIBr and 

subsequent brachitaxes 2(1+2) or 4(3+4); distal intersyzygial interval 3-4; pinnule 

combs at intervals to near arm tip; comb teeth tall, triangular to spade-shaped, confluent 

with outer edge of pinnule; proximal tooth saucer-like and transverse. 

 

Distribution. Tropical Indo-western Pacific from northern Australia (Jurien Bay, WA, 

to Lady Elliott I., QLD), west to the Maldive Islands, east to Fiji and Kwajalein Atoll, 

and north to Sagami Bay, Japan (Chen et al. 1986; AH Clark 1931; Kogo & Fujita 

2014; Rowe & Gates 1995; Zmarzly 1985). Depth range: 0-210 m; only P. distincta and 

P. serrata occur regularly at depths greater than 100 m; a few records from greater 

depths are likely errors. 

 

Molecular results. Molecular results for this genus are congruent with results in Owen 

et al. 2009 (Fig. 5.8). Clade of A of Owen et al. (2009) is herein referred to as 

Phanogenia typica based on a new specimen collected near the type locality, New 

Harbor, Singapore; Clade B is designated as Phanogenia sl. gracilis type A; and Clade 

C is designated Phanogenia sl. gracilis type B. Phanogenia gracilis type A and type B 

had greater than 5.5% pairwise divergence in uncorrected COI (intraspecific 

divergences of less than 2.5% for both). Both were at least 3.3% and 4.0% divergent 
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relative to P. typica and P. multibrachiata, respectively. No clear morphological 

distinction has been found among specimens of Phanogenia gracilis type A, P. gracilis 

type B, and P. typica (e.g., Owen et al. 2009, and below). Also, currently data cannot 

determine to which clade the name gracilis should apply. The type locality for P. 

gracilis is Edam Island, Java Sea, Indonesia (Göttingen Museum), from which we lack 

specimens. Phanogenia typica returned up to 8.6% intraspecific divergence, in 

comparison with only 0.5% for P. multibrachiata, suggesting that the former may 

include multiple species. 

 

Remarks. Four taxa in Phanogenia are reported as reef-dwellers: P. gracilis, P. typica, 

P. multibrachiata, and P. distincta (Messing 1998, and references therein). The first 

two have a reduced centrodorsal with at most a few rudimentary cirri in small 

specimens. The second two have a well-developed centrodorsal with numerous cirri. 

The remaining taxa are known solely from the original description and are likely 

synonyms. We expect Phanogenia fruticosa, P. siboga, and P. schoenovi to be 

synonyms of P. multibrachiata and Phanogenia serrata to be a synonymn of P. 

distincta. 

Messing (1998) distinguished the holotype of P. typica, from Singapore, on the 

basis of its longer pinnule combs relative to those of P. gracilis from elsewhere, in 

specimens of similar size: 24-29 teeth on P1, and rarely fewer than 10 teeth on brachial 

pinnules, versus P1 with only 10-12 teeth and almost always fewer than 10 teeth on 

subsequent pinnules. He therefore treated all acirrate Phanogenia from Indo-western 

Pacific reefs except the P. typica holotype as P. gracilis sensu lato. New material from 
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the Singapore type locality also includes specimens with long “P. typica” combs. 

However, other specimens, otherwise indistinguishable (including the same color 

pattern) and from the same habitat, have short “P. gracilis” combs. Similarly, comb 

form varies among specimens in all three molecular clades discussed above. The P. 

typica clade was so named because it includes a long-combed specimen from the 

Singapore type locality.  

 

Aphanocomaster Messing, 1995 

Type species. Comaster pulcher AH Clark, 1912. 

 

Diagnosis. Mouth central in fully developed individuals; up to 35 arms; centrodorsal 

rounded pentagonal, thick; IBr series united by cryptosynarthry; IIBr 2 joined by 

synarthry, or 4 consisting of two synarthrial pairs [rarely 4(3+4)]; IIIBr 2 joined by 

synarthry or syzygy, or 4 joined by two synarthrial or syzygial pairs or synarthry 

followed by syzygy; arms arising from IIBr usually with 3+4; arms arising from IIIBr 

with 1+2, 3+4 (rarely 1+2 or 3+4 alone); distal intersyzygial interval 3-5, mainly 4; 

distalmost pinnule comb on P6; comb teeth confluent with outside of pinnule, blunt 

triangular; proximal comb tooth sometimes slightly twisted but not transverse; comb 

not tapering significantly distally (modified from Messing 2001). 

 

Distribution. Known from one specimen: Kei Islands. Depth range: 0-52 m. 

 

Remarks. The four-ossicle brachitaxes consisting of two synarthrial or syzygial pairs 
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distinguish Aphanocomaster from all other comatulid genera. Brachitaxes of two 

successive syzygyial pairs are unknown in any other featherstar. We have not examined 

the specimen of A. pulcher from which the sequences are derived (Hemery et al. 2013).  

 

Comissia Clark, 1909 

Type species. Comissia luetkeni AH Clark, 1909. 

Other included taxa (14). Comaster horridus AH Clark, 1911; Comatulides dawsoni 

McKnight, 1977; Comatulides decumatilos McKnight, 1977; Comissia chadwicki AH 

Clark, 1912; Comissia gracilipes AH Clark, 1912; Comissia hispida AH Clark, 1911; 

Comissia luetkeni AH Clark, 1909; Comissia ignota var. minuta Gislén, 1922; Comissia 

norfolkensis McKnight, 1977; Comissia parvula AH Clark, 1912; Comissia peregrinia 

var. magnifica Gislén, 1922; Comissia spinosissima AH Clark, 1912; Leptonemaster 

venustus AH Clark, 1909. 

 

Diagnosis. Mouth central in fully developed individuals; always ten arms; centrodorsal 

circular, thin, cirri in 1-2 rows; IBr series united by synarthry; first syzygy at 3+4 on 

arms arising from IBr; distal intersyzygial interval 2-4, mainly 3; distalmost pinnule 

comb on P1-P6; comb teeth confluent with outside edge of pinnule. 

 

Distribution. Tropical and temperate Indo-western Pacific from the Great Barrier Reef, 

Australia, west to Sri Lanka, east to Bay of Plenty, New Zealand, and north to Sagami 

Bay, Japan (AH Clark 1931; Hoggett & Rowe 1986; Kogo & Fujita 2014; McKnight 

1977; Rowe & Gates 1995). Depth range: 29-984 m. The great majority of records are 
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from depths of ~100-400 m. Only C. luetkeni has been reported consistently from <100 

m. Rowe & Gates (1995) give a depth range of 2-113 m for this species, citing AH 

Clark (1931) and HL Clark (1946), but these sources give a depth range for this species 

of 29-135 m. Based on the description, specimens attributed to C. magnifica by Kogo 

(1998) and collected in 6.1-6.2 m off Okinawa are most likely Alloeocomatella 

pectinifera. Comissia norfolkensis, C. decumatulos and C. gracilipes all occur at depths 

greater than 400 m (AH Clark 1931; McKnight 1977). Hoggett & Rowe (1986) give a 

maximum depth for the genus of 1280 m, but this appears to be an error. 

 

Remarks. Despite revisions by Hoggett & Rowe (1986) and Messing (2001) that 

removed several species and redefined the genus, Comissia remains diagnosed by 

generalized features and may still represent a heterogenous collection of taxa. Comissia 

norfolkensis, the only species available to us that was amenable to genetic analysis, 

occurs well outside the central East Indian region where most species have been 

collected and thus may not be representative of the genus. 

 

COMASTERINI AH Clark, 1908a 

Comaster L. Agassiz, 1836 

Fig. 5.9 

Type species. Alecto multifida Müller, 1841 

Other included taxa (2). Actinometra schlegelii Carpenter, 1881; Comaster audax 

Rowe, Hoggett, Birtles & Vail, 1986. 
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Diagnosis. Mouth excentric in fully developed individuals; up to 180 arms; centrodorsal 

small, discoidal or pentagonal; cirri absent or present; aboral surface with irregular 

plates between bases of adjacent rays; IBr united by synarthry; IIBr and beyond 2 or 

4(3+4), usually with IIIBr of 2 ossicles exteriorly and 4(3+4) interiorly; first syzygy on 

undivided arms always 3+4; distal intersyzygial interval 4; distalmost pinnule comb at 

least P3, sometimes at intervals to P14; combs arising gradually and tapering to a sharp 

point distally; comb teeth paired, erect, well separated; pairs of teeth of more or less 

equal size, each confluent with its edge of the pinnular, and sometimes joined to form a 

transverse bar. 

 

Distribution. Tropical Indo-western Pacific from northern Australia (Perth, WA, to 

Solitary Is., NSW), west to the Maldive Islands, east to Fiji, and north to Sagami Bay, 

Japan. Depth range: 2-183 m. All but a very few records are from depths shallower than 

50 m. 

 

Molecular results. Specimens identified as Comaster nobilis and C. schlegelii are less 

than 1.6% divergent in uncorrected distances of COI. As a clade, specimens of 

nobilis/schlegelli were at least 4% divergent in uncorrected distances of COI from C. 

audax (Fig. 5.10). A more comprehensive molecular and morphological analysis of 

Comaster is in preparation (Owen et. al. in prep.) 

 

Remarks. Species of Comaster are most easily distinguished from other comatulids by 

the irregular plates between the bases of adjacent rays, which give the aboral surface a 
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solid, paved appearance.  Because specimens identifiable as C. nobilis or C. schlegelii 

exhibit such minimal sequence divergence, we reinstate the former as a junior synonym 

of the latter, in agreement with AH Clark (1911b e, 1912c, 1931). Nevertheless, 

substantial morphological variation exists. Smaller C. schlegelii with numerous cirri are 

easily distinguished from larger co-occurring “C. nobilis” on the Great Barrier Reef. 

The distinction may be ontogenetic, although accompanied by distinct and consistent 

color pattern differences. Specimens attributed to C. schlegelii from Micronesia, where 

“C. nobilis” has not been collected, retain well-developed cirri, reach a larger size, and 

perch in the open instead of nestling in crevices as C. schlegelii does elsewhere 

(Messing 1998b). 

 

Comaster schlegelii (Carpenter, 1881) 

Actinometra dissimilis: Carpenter, 1884: 110; 1888: 337; AH Clark, 1908c: 439. 

Actinometra duplex: Carpenter, 1888: 335, pl. 64, fig. 3; AH Clark, 1908c: 400. 

Actinometra nobilis: Carpenter, 1884: 55; 1888: 336, pl. 65, figs. 1-8; AH Clark, 1908c: 

445. 

Actinometra regalis: Carpenter, 1888: 347, pl. 68, figs. 1-3; AH Clark, 1908c: 446. 

Actinometra schlegelii (basionymn): Carpenter, 1881: 210; AH Clark, 1908c: 446; AH 

Clark, 1913: 14 (part). 

Comanthus callipeplum: HL Clark, 1915: HL Clark, 1915: 102; HL Clark, 1946: 48. 

Comanthus (Comanthina) nobilis: AH Clark, 1909b: 143. 

Comanthus nobilis: AH Clark, 1909a: 395. 

Comanthina nobilis: Rowe et al., 1986: 243-244, fig. 8B. 
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Comanthus (Comanthina) schlegelii: AH Clark, 1912c: 91 (part). 

Comanthina schlegelii: AH Clark, 1911e: 179; 1931: 466 (part; fig.158); AH Clark, 

1913: 14 (part); 1931: 466 (part; figs. 159-161); Rowe et al., 1986: 244-246, figs. 2E, 

8C-D. 

?Comanthus schlegelii: HL Clark, 1921: 20; 1946: 33. 

Comanthina schlegeli: Utinomi & Kogo, 1965: 265, pl. 12, fig. 1, text-figs. 2, 3; Clark 

& Rowe, 1971: 6, 16, pl. 1, fig. 6; Rowe, 1974: 204, 209; Meyer & Macurda, 1980: 77 

(part; fig. 6D). 

 

Remarks. We place Comaster nobilis (Carpenter 1884) in synonymy under C. 

schlegelli (Carpenter 1881), because specimens identified as both show less than 1.9% 

divergence in uncorrected pairwise distance of COI. All specimens are greater than 

3.3% divergent from Comaster audax. Comaster nobilis was previously treated as a 

synonym of C. schlegelii (AH Clark, 1911b e, 1912c, 1931), but was re-elevated to 

species status by Rowe et al. (1986) based on its reduced number of cirri, comb 

distribution, ecology, behavior, and color patterns (see also Messing, 1998b). Only the 

“C. nobilis” form without cirri has been recorded on sediment—on the Great Barrier 

Reef (Messing et al. 2006) and at Madang, Papua New Guinea (herein). 

 

Cenolia AH Clark, 1916 

Type species. Comatula trichoptera Müller, 1846. 

Other included taxa (5). Cenolia amezianeae Messing, 2003, Cenolia glebosus Rowe, 

Hoggett, Birtles & Vail, 1986, Comanthus (Cenolia) trichoptera benhami AH Clark, 
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1916, Comanthus spanoschistum HL Clark, 1916, Comanthus tasmaniae AH Clark, 

1918. 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 41 arms; centrodorsal 

circular to pentagonal, cirri always present; IBr2 united by synarthry; IIBr and 

subsequent brachitaxes mostly 4(3+4); first syzygy at 3+4 on all undivided arms; distal 

intersyzygial interval 4, or 4-6 (Cenolia amezianeae); distalmost pinnule comb on P2, 

or P4 (C. amezianeae); comb arising gradually and tapering to a blunt point; teeth 

paired, equally-sized, confluent and/or forming transverse ridges. 

 

Distribution. Southern and eastern Australia (Trigg I., WA, to Mooloolaba, QLD, 

including Tasmania), Norfolk I., Lord Howe I., New Zealand, and (C. amezianeae) 

New Caledonia and Vanuatu (AH Clark 1931; Messing 2003; Rowe et al. 1986; Rowe 

& Gates 1995). Depth range: 0-310 m. 

 

Remarks. A revision of all current Cenolia species is currently underway (Wilson et al. 

in prep). Cenolia amezianeae, known from southern New Caledonia and Vanuatu 

(Messing 2003), is the only tropical Cenolia species, the only one with pinnule combs 

distal to P2, and is the only Comasterini with a distal intersyzygial interval of 4-6 

(rarely 3, 7, 9).  

 

Clarkcomanthus Rowe, Hoggett, Birtles & Vail, 1986 

Figs. 5.11-5.12 



	   171	  

Type species. Comanthus luteofuscum HL Clark, 1915 

Other included taxa (7). Actinometra alternans Carpenter, 1881; Actinometra littoralis 

Carpenter, 1888; Clarkcomanthus albinotus Rowe, Hoggett, Birtles & Vail, 1986; 

Comanthus mirabilis Rowe, Hoggett, Birtles & Vail, 1986; Comanthus perplexum HL 

Clark, 1916; Comanthus (Vania) parvicirra ß comanthipinnus Gislén, 1922; 

Oxycomanthus exilis Rowe, Hoggett, Birtles & Vail, 1986; Oxycomanthus mirus Rowe, 

Hoggett, Birtles & Vail, 1986. 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 125 arms; centrodorsal 

circular to pentagonal; cirri in one row or absent; IBr2 united by synarthry; IIBr and 

subsequent brachitaxes 2 or 4(3+4); first syzygy at 3+4 on all undivided arms; distal 

intersyzygial interval 4; distalmost pinnule comb on P2, P3, or at intervals sometimes 

reaching near arm tip; comb terminating in large discrete tooth, or tapering either to a 

smaller terminal tooth or to a point; primary comb tooth confluent with exterior edge of 

pinnulars or nonconfluent; smaller secondary tooth present or not; transverse proximal 

tooth present or not.  

 

Distribution. Tropical and warm temperate Indo-western Pacific from northern 

Australia (Lancelin, WA, to Byron Bay, NSW), east to Kwajalein (C. alternans 

identified as Comanthus briareus in Zmarzly 1985), Fiji and Tonga, and north to 

Sagami Bay, Japan. Except for western Australia and Indonesia, no reliable records are 

yet known from the Indian Ocean (AH Clark 1931; Kogo & Fujita 2014; Rowe et al. 

1986; Rowe & Gates 1995; Zmarzly 1985). Depth range: 0-144 m; chiefly shallower 
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than 50 m. 

 

Molecular results. Chapter 3 expanded Clarkcomanthus to contain eight clades as 

species-level taxa (Fig. 5.13). All but one was assignable to an available species name 

(uncorrected distances of COI minimally >2.8% between each). In addition to the three 

previously included in Clarkcomanthus, two each were formerly assigned to 

Comanthus (C. alternans, C. mirabilis) and Oxycomanthus (O. comanthipinnus, O. 

mirus). The unnamed clade included only one specimen identified in the field at Raja 

Ampat, Indonesia, as Oxycomanthus exilis. Those assignable to descriptions of 

Australian Clarkcomanthus exilis and Cl. comanthipinnus also formed a clade with 

intraspecific divergence < 0.3%, suggesting that Australian Clarkcomanthus 

comanthipinnus and Cl. exilis are the same species. Although we did not sequence 

specimens from the near the type locality of Oxycomanthus comanthipinnus (Bonin 

Islands, Japan), the identifications are unambiguous, and Cl. exilis appear to simply be 

smaller specimens of Cl. comanthipinnus. Specimens assigned morphologically to 

Clarkcomanthus littoralis group 1 (those possessing cirri) in Rowe et al. (1986) nested 

within a clade of specimens identified as Cl. albinotus (intraspecific divergence < 

2.3%).  

 

Remarks. The taxa included in Clarkcomanthus possess a wide variety of comb 

structures, e.g., teeth paired or not, confluent or not, tapering to a point or not, and with 

a transverse proximal tooth or not. Similar combs are also found in Comanthus. Unlike 

Comanthus however, Clarkcomanthus species share combs restricted to the most 
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proximal few pairs of pinnules [although a few combs sometimes occur beyond mid-

arm in Cl. alternans (Rowe et al. 1986)]. 

 Clarkcomanthus is found intertidally and is most abundant along the reef crest 

and in shallow water. Members showcase incredible morphological variation, especially 

in color patterns, leading us to suggest that robust identifications should incorporate 

genetic information. Within Clarkcomanthus, cirri are uniformly absent in Cl. mirabilis 

and Cl. littoralis (see below), are lost with development in Cl. alternans and, possibly, 

Cl. mirus (Rowe et al. 1986). 

 

Clarkcomanthus albinotus Rowe, Hogget, Birtles & Vail, 1986 

Comanthus parvicirra: HL Clark, 1932: 200 (part). 

Comanthus parvicirrus: AM Clark, 1975: 395 (part). 

 

Remarks. Molecular data returned six specimens diagnosed morphologically as 

Clarkomanthus albinotus and 14 of Cl. littoralis as a single clade with <2.3% COI 

divergence. The Cl. littoralis specimens ranged from 10-armed with 24 cirri to 38-

armed with four cirri. We thus include within Cl. albinotus those members of Cl. 

littoralis group 1 (excluding the acirrate holotype) distinguished by Rowe et al, (1986). 

Rowe et. al. (1986) characterized Cl. littoralis group 3 as having 0-21 cirri, but all were 

recorded from the west coast of Australia, where we have not sampled. The inclusion of 

the specimens previously identified as Cl. littoralis expands the number of cirri found in 

Cl. albinotus from 0-6 to 0-24 and includes specimens with pinnulars of approximately 

equal width and length (a distinguishing feature of Cl. albinotus was previously the 
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longer than wide middle pinnulars). This species is khaki brown, mostly green, or 

yellow with white articulations and may have a thin concentric band of yellow along the 

mid-arm and lighter, in some cases orange, pinnule tips. It is common on the reef flat or 

crest, where it often forms dense aggregations among live branching corals. 

 

Clarkcomanthus comanthipinnus (Gislén, 1922) 

Actinometra cumingi: Bell, 1884: 167. 

Actinometra intricata (Lütken MS): Schmeltz, 1874: 190 (part); AH Clark, 1908c: 441 

(part). 

Actinometra mutabilis (Lütken MS): Hartlaub, 1891: 98; AH Clark, 1908c: 444. 

?Actinometra polymorpha: Carpenter, 1879: 53 (part; var. 4, pl. 1, fig. 16, pl. 2, fig. 7, 

pl. 3, fig. 3, pl. 6, figs. 23, 24); AH Clark, 1908c: 446 (part). 

Comanthus (Vania) parvicirra ß comanthipinnus: Gislén, 1922: 51, figs. 44, 45. 

Comanthus parvicirra: AH Clark, 1931: 631 (part). 

Comanthus parvicirrus: Clark & Rowe, 1971: 6, 16 (part); AM Clark, 1975: 395 (part). 

Oxycomanthus comanthipinnus: Rowe et al., 1986: 249-250, figs. 3A, 8G, H. 

Oxycomanthus exilis: Rowe et al., 1986: 251- 254, fig. 9A. 

 

Remarks.  Clarkcomanthus exilis (Rowe et al. 1986) is synonymized under Cl. 

comanthipinnus (Gislén, 1922) based on molecular results that indicate specimens 

identified morphologically as each from Australia are the same species. Rowe et al. 

(1986) originally considered the two (as O. exilis and O. comanthipinnus) as most 

closely related within Oxycomanthus. The two were distinguished based on transverse 
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bars on cirri, comb on P2, and an aboral light arm stripe in Cl. comanthipinnus that are 

all lacking in Cl. exilis. Variation in cirral ornamentation may be the result of habitat 

differences; Cl. comanthipinnus is generally semicryptic with arms exposed, while Cl. 

exilis is primarily hidden under rubble during the day. In Papua New Guinea we found 

most juveniles under rubble and no species exclusive to rubble habitats. Descriptions of 

both species from Japan, the type locality of Cl. comanthipinnus, agree with those from 

Australia (Kogo 1998; Kogo 2002). 

 

Clarkcomanthus littoralis (Carpenter, 1888) 

Actinometra littoralis Carpenter, 1888: 346; A.H. Clark, 1908: 442. 

Clarkcomanthus littoralis: Rowe et al., 1986: 236-238 (part). 

 

Remarks. Clarkomanthus littoralis is here restricted to specimens that agree with the 

description of the holotype plus most members of group 2 as discussed in Rowe et al. 

(1986): no cirri in the adult form, radials never obscured. Clarkomanthus littoralis 

group 1 of Rowe et al. (1986) is incorporated into C. albinotus. Cl. littoralis is found 

partially concealed within the reef infrastructure, often with arms exposed. 

 

Comanthus AH Clark, 1908 

Fig. 5.14 

Type species. Alecto parvicirrus Müller, 1841 

Other included taxa (9). Alecto wahlbergii Müller, 1843; Antedon briareus Bell, 1882; 

Comantheria weberi AH Clark, 1912; Comanthus gisleni Rowe, Hoggett, Birtles & 
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Vail, 1986; Comanthus kumi Fujita & Obuchi, 2012; Comanthus suavia Rowe, Hoggett, 

Birtles & Vail, 1986; Comaster imbricatus AH Clark, 1908; Comaster tavianus AH 

Clark, 1911; Phanogenia delicata AH Clark, 1909. 

 

Diagnosis. Mouth excentric in fully developed individuals; up to 75 arms; centrodorsal 

circular to pentagonal; cirri present in one row or absent; IBr2 united by synarthry; IIBr 

and subsequent brachitaxes 2 or 4(3+4); first syzygy at 3+4 on all undivided arms; 

distal intersyzygial interval 4; distalmost pinnule comb at intervals sometimes reaching 

near arm tip; comb terminating in large discrete tooth; proximal tooth transverse, 

saucer-like; primary comb teeth confluent with exterior edge of pinnulars; smaller 

secondary tooth present or not. 

 

Distribution. Indo-western Pacific from northern Australia (Perth, WA, to Julian Rocks, 

NSW) west to the Red Sea and eastern Africa as far south as Cape of Good Hope, east 

to Kwajalein Atoll and Vanuatu, and north to Chiba Peninsula, Japan, and possibly the 

Korean Straits (AH Clark 1931; Kogo 1998; Rowe & Gates 1995; Zmarzly 1984). 

Depth range: 0-120 m (chiefly <50 m). 

 

Molecular results. The sequenced specimens identified as Comanthus were recovered 

in multiple clades, with varying support (Fig. 5.15). All clades named in Fig 5.15 were 

assignable based on morphology and were recovered with interspecific uncorrected COI 

distances of at least 5%, with the following exceptions: 1) Comanthus sp. 5 and 

Comanthus gisleni (3.4-4.3%); 2) Comanthus cf. suavia and Comanthus parvicirrus 
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(3.8-5.3%); 3) Comanthus sp. 2 and Comanthus sp. 3 (4.7%); 4) Comanthus sp. 5 and 

Comanthus sp. 2 (~4%); and 5) Comanthus sp. 4 and Comanthus briareus (4.1%). 

Intraspecific distances (where available) were less than 1.3%, with the exception of 

Comanthus parvicirrus (<2.7%) and Comanthus wahlbergi (<3.4%). Five clades 

interspersed among those that could be named (Fig. 5.15) are arguably species-level 

taxa but were left unnamed, owing to the dozens of available names for Comanthus 

species that are currently treated as synonyms for C. wahlbergii and C. parvicirrus 

(e.g., AH Clark 1931; Rowe et al. 1986). 

 

Remarks. It is not surprising that additional taxa likely exist within Comanthus, as the 

majority of current nominal species are widely distributed, include numerous 

synonyms, and some include different, probably habitat-related, forms (e.g., Comanthus 

parvicirrus, Comanthus wahlbergi). Distinguishing species of Comanthus remains 

difficult, as clear molecular boundaries for ‘species’ assignments is unclear. 

 

Anneissia Summers, Messing, & Rouse, 2014 

Fig. 5.16 

Type species. Alecto bennetti Müller, 1841  

Other included taxa (7). Actinometra grandicalyx Carpenter, 1882; Alecto japonica 

Müller, 1841; Comantheria intermedia AH Clark, 1916; Comanthus pinguis AH Clark, 

1909; Comanthus plectrophorum AH Clark, 1916; Comatula solaster AH Clark, 1907; 

Oxycomanthus muelleri Rowe, Hoggett, Birtles & Vail, 1986. 
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Diagnosis. Mouth excentric in fully developed individuals; up to 120 arms; centrodorsal 

circular, large and thick; cirri always present; IBr2 united by synarthry; IIBr and beyond 

all 4(3+4); first syzygy at 3+4 on all undivided arms; distal intersyzygial interval 4, 

occasionally 5; distalmost pinnule comb on P2 to P5; comb tapering distally to a sharp 

point, composed of nonconfluent erect, well-separated teeth. 

 

Distribution. Tropical and temperate Indo-western Pacific from Australia (apparently 

absent from the west coast) and New Zealand, west at least to Great Coco I., Andaman 

Is., east to Kwajalein Atoll and New Caledonia, and north to Sagami Bay and Toyama 

Bay, Japan. Depth range: shoreline-330 m. Depth records greater than 100 m are chiefly 

attributed to specimens of A. pinguis and A. solaster from Japan (Kogo 1998), and A. 

plectrophorum from New Zealand (to 808-925 m as Comissia mathesoni McKnight, 

1977b [=A. plectrophorum]) (AH Clark 1931; Kogo 1998; Rowe & Gates 1995; Rowe 

1989). 

 

Molecular results. Specimens of Anneissia japonicus and A. bennetti form separate 

clades in parsimony and likelihood analysis (Fig. 5.17), with greater than 5.4% 

uncorrected COI distance between specimens from each clade. Specimens of A. 

bennetti were recovered in two clades (referred to as ‘type A’ and ‘type B’), 3.3% 

divergent from each other, each with less than 0.6% intraclade divergence. Anneissia 

bennetti type A included specimens collected from Lizard Island (the neotype), 

Queensland Australia and Madang, Papua New Guinea. Anneissia bennetti type B 

specimens were from Raja Ampat, Indonesia and East Timor. 
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Remarks. Anneissia was erected in Chapter 3 to include those previous members of 

Oxycomanthus believed to be a ‘natural group’ by Rowe & Hoggett (1986) 

(plectroforum, bennetti, pinguis, japonicus, solaster, intermedius, and grandicalyx). 

Characters shared by this group include large size and bulkiness, large centrodorsal and 

a large number of long cirri with many cirrus segments. Some of the members of this 

genus may be synonyms; AH Clark, 1931 regarded pinguis, japonicus, and solaster to 

be closely related and possibly forms of the same species. He distinguishes pinguis and 

japonicus as both having long stout cirri of more than 32 cirrals, and solaster with 

shorter more slender cirri of <30 (usually <25) cirrals; but with brachitaxes broad and 

aborally flattened in pinguis and solaster and narrow and aborally convex in japonicus. 

Kogo (1998) diagnoses japonicus as having, >30 cirri <25 mm long, of 22 cirrals; 

pinguis with >30 cirri 30-40 mm long, of 25-32 cirrals, and solaster with <25 cirri 24 

mm long, of 15-25 cirrals (although his description of the latter indicates 31 cirrals). In 

contrast to AH Clark, he describes and illustrates brachitaxes as well-separated in 

solaster and pinguis, and apposed in japonicus.  

 

SUBFAMILIAL ASSIGNMENT UNCERTAIN 

 

Palaeocomatella AH Clark, 1912 

Type species. Actinometra difficilis Carpenter, 1888. 

Other included taxa (2). Comatella decora AH Clark, 1912; Palaeocomatella hiwia 

McKnight, 1977. 
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Diagnosis. Mouth central or subcentral in fully developed individuals; up to 20 arms; 

centrodorsal circular, thick, cirri always present; IBr series united by synarthry; IIBr 

and beyond 2; first syzygy at 3+4 on arms arising from IBr; exterior arms arising from 

IIBr and following brachitaxes with 1+2 or 3+4, or both; interior arms with 1+2 alone 

or 1+2, 3+4; distal intersyzygial interval 3-5; distalmost pinnule comb on P3-P6; comb 

teeth triangular, curved, confluent with outside edge of pinnule; terminal comb tooth 

fan-shaped.  

 

Distribution. Tropical and temperate Indo-western Pacific from southwestern Japan and 

possibly Loyalty Ridge off New Caledonia (P. decora); New Zealand, the Kermadec 

Islands, Palau, and southern Indonesia (Kepulauan Kai). Depth range: (?205) 212-808 

m (AH Clark 1931; McKnight 1977; Messing et al. 2000; Messing 2001; Messing 

2007). 

 

Remarks. Paleocomatella is distinguished from all other confamilials by its fan-shaped 

terminal comb tooth. A transverse proximal comb tooth is unique within the genus in P. 

decora. The distinction between P. hiwia and P. difficilis is unclear, and the two likely 

represent a single species. Messing et al. (2000) distinguished the two on the basis of 

distribution of proximal arm syzygies, but Messing (2007) subsequently found both 

patterns in what is clearly a single species from a single locality. Numbers of P1 comb 

teeth are similar in both (14-18), and numbers of cirri and cirrals overlap (McKnight, 

1977; Messing et al. 2000; Messing 2001).  
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Rowemissia Messing, 2001 

Type species. Comissia scitulus AH Clark, 1911. 

 

Diagnosis. Mouth central in fully developed individuals; always ten arms; centrodorsal 

circular, thin; cirri in 1 row; IBr series united by synarthry; first syzygy at 3+4 on arms 

arising from IBr; distal intersyzygial interval 2-4, mainly 3; distalmost pinnule comb on 

P5; comb tapers distally to a sharp point; proximal teeth knoblike or transverse bars, 

becoming paired, and single and nonconfluent more distally (Messing 2001). 

 

Distribution. Known from one specimen: Philippines. Depth range: 106 m.  

 

Remarks. The comb form in R. scitulus (described above) is unique in Comatulidae 

(Messing 2001). 

 

Comatulides AH Clark, 1918 

Type species. Comanthus decameros AH Clark, 1908 

 

Diagnosis. Mouth excentric in fully developed individuals; ten arms only; centrodorsal 

circular, cirri in 3 rows; IBr series united by synarthry; first syzygy at 3+4 on undivided 

arms; distal intersyzygial interval 3-5; distalmost pinnule comb on P3; comb teeth 

loosely constructed of numerous irregular spinuies joined basally and flaring outward. 
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Distribution. Tropical Indo-western Pacific from southern Indonesia (Rote I. and 

Kepulauan Kai) to Ogasawara (Bonin) Is., Japan. Depth range: 311-984 m.  

 

Remarks. Comatulides decameros possesses comb teeth in the form of irregular 

spinules, not found in any other Comatulidae. 

 

Comatilia AH Clark, 1909  

Type species. Comatilia iridometriformis AH Clark, 1909 

 

Diagnosis. Mouth central; ten arms only; centrodorsal circular, cirri in 1-2 rows; IBr2 

series united by synarthry; first syzygy at 3+4 on undivided arms; distal intersyzygial 

interval 2; distalmost pinnule comb on P2; P3, Pb and Pc always, and P2, P4 and Pd 

usually, absent; comb teeth curved, triangular, confluent with outside edge of pinnule, 

comb not tapering significantly distally; terminal tooth discrete; saccules present; 

progeny released as pentacrinoid postlarvae. 

 

Distribution. Known only from the southeastern United States (Florida to Georgia) and 

northwestern Bahama Islands in association with deep-water Lophelia coral mounds 

and elevated carbonate substrates, where it reaches densities of at least 65 m-2. Depth 

range: 256-686 m (AH Clark 1931; Messing 1984; Messing & Dearborn 1990; Messing 

et al. 1990). 

 

Remarks. Comatilia iridometriformis differs from other comatulids in having a central 
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mouth, distal intersyzygial interval of 2, missing some proximal pinnules in sexually 

mature individuals. It’s morphology appears to be the result of paedomorphosis, and it 

is the only member of Comatulidae known to brood its larvae (Messing 1984).  

 

Discussion 

The molecular and morphological analyses of Chapter 3 began a long overdue 

systematic revision for Comatulidae. Morphological characters previously used to 

diagnose subfamilies and genera (e.g., placement of syzygial articulations, ray 

branching patterns, and pinnule comb forms) have proven homoplasious, and the taxa 

they defined were found to be either para- or polyphyletic (e.g., Capillasterinae, 

Oxycomanthus). Unfortunately, we have not yet discovered morphological 

syanpomorphies for most genera, yet all genera can be identified by a combination of 

morphological features (identified and organized here in the form of a non-dichotomous 

key) as well as molecular data. 

Identification to the species level using gross morphology alone ranges from 

difficult to impossible for Comatulidae. Closely related species share many of the same 

features in some instances, while in other instances specimens from the same species 

can appear markedly different. Although habitat preferences, general robustness, color 

patterns, or biogeographic boundaries have been used to delimit comatulid species in 

the past (e.g. Clark, 1931; HL Clark, 1916; Messing et al. 2006; Rowe et al. 1986), we 

did not recover molecular ‘species’-level clades with any of these attributes.  We 

suggest that these are not useful criteria for naming future new species without 

supporting molecular data. Although a clear separation of intra and interspecific 
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variation in COI (i.e. barcoding-gap) was not found, interspecific distances were 

generally greater than 6% and intraspecific distances were often less than 3% (though 

many exceptions exist). Despite a few possible new species being identified through 

molecular data, until informative morphological traits are recovered for these examples, 

possibly through internal anatomy, description of such ‘cryptic’ species must wait for 

collection from type localities.  
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Figure 5.1. Diagnostic morphological characteristics of genera of Comatulidae. Adults 
are considered fully developed individuals. Bold squares: synapomorphy for genus.  
Bold italics: unique diagnostic feature among representatives found in either Atlantic or 
Indo-western Pacific waters. Abbreviations: SN – synarthry; SZ – syzygy; CR – 
cryptosynarthry; EX – excentric; C – central or subcentral; 1º - primary tooth; 2º - 
smaller secondary tooth; P – pinnule, numbered from the most proximal; I – combs at 
intervals along proximal third or farther along arm; IWP – Indo-Western Pacific 
including southern Australia and New Zealand; A - Atlantic/Caribbean. **See text for 
details. 
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Figure 5.2. Comatellinae. (A-C) Alloeocomatella pectinifera. (D) Alloeocomatella 
polycladia. (E-F) Comatella stelligera. (G-L) Comatella nigra. 
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Figure 5.3. Maximum likelihood tree of Comatellinae inferred from COI. Symbols near 
nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML and maximum 
parsimony (MP) analyses respectively. An asterisk indicates nodes with >90% 
bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is given 
for nodes not recovered in MP analyses.  
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Figure 5.4. Comatula. (A-C) Comatula pectinata. (D-F) Comatula rotalaria. (G-I) 
syntype of Comatula rotalaria (MNHN EcCs.1008). (J-N) Comatula solaris (MNHN 
EcCs. 1010). (O-Q) Comatula tenuicirra type (ECH.C2102), comb teeth (O) and 
centrodorsal with cirri restricted to interradial angles (P). (R) Comatula purpurea. 
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Figure 5.5. Maximum likelihood tree of Comatula inferred from COI. Symbols near 
nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML and maximum 
parsimony (MP) analyses respectively. An asterisk indicates nodes with >90% 
bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is given 
for nodes not recovered in MP analyses.  
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Figure 5.6. Capillaster. (A-C, F) Capillaster multiradiatus. (D-E) Capillaster sentosa - 
(E) aboral view, type of Capillaster sentosa (MNHN EcCs 1006). (G-I) Capillaster cf. 
tenuicirra. 
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Figure 5.7. Maximum likelihood tree of Capillaster inferred from COI. Symbols near 
nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML and maximum 
parsimony (MP) analyses respectively. An asterisk indicates nodes with >90% 
bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is given 
for nodes not recovered in MP analyses.  
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Figure 5.8. Maximum likelihood tree of Phanogenia inferred from COI. Symbols near 
nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML and maximum 
parsimony (MP) analyses respectively. An asterisk indicates nodes with >90% 
bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is given 
for nodes not recovered in MP analyses.  
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Figure 5.9. Comaster. (A-G) Comaster schlegelii. (H-M) Comaster audax. 
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Figure 5.10. Maximum likelihood tree of Comaster inferred from COI. Symbols near 
nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML and maximum 
parsimony (MP) analyses respectively. An asterisk indicates nodes with >90% 
bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is given 
for nodes not recovered in MP analyses.  
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Figure 5.11. Clarkcomanthus. (A-F) Clarkcomanthus mirabilis – (A-D) variety of color 
forms on reef, (E-F) aboral surface, showing color pattern and small, acirrate 
centrodorsal. (G-H) Clarkcomanthus alternans – (G-I, K) forms and colors, usually 
exposed on reef: SIO-BIC RA226 (H); (J, L-M) aboral view, small centrodorsal with 
few (M) or no (N) cirri; SIO-BIC PNG311 (J); SIO-BIC PNG443 (L); SIO-BIC RA470 
(M). 
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Figure 5.12. Clarkcomanthus. (A-J) Clarkcomanthus albinotus – (A) SIO-BIC PNG 
144 in life, oral surface visible following extraction from rubble; (B, C) SIO-BIC PNG 
122 in typical habitat on reef (B) and aboral surface (C); (D-H) aboral view of SIO-BIC 
(D), SIO-BIC RA186 (E), SIO-BIC RA680 (F), SIO-BIC RA377 (G), and holotype 
(J17360) (H); (I) typical comb form of Clarkcomanthus albinotus - SIO-BIC RA377; 
(J) comb of holotype (J17360). (K-L) Clarkcomanthus luteofuscum. (M) 
Clarkcomanthus littoralis. (Q-R) Clarkcomanthus exilis. (S-T) Clarkcomanthus mirus.  
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Figure 5.13. Maximum likelihood tree of Clarkcomanthus inferred from COI. Symbols 
near nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML and 
maximum parsimony (MP) analyses respectively. An asterisk indicates nodes with 
>90% bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is 
given for nodes not recovered in MP analyses.  
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Figure 5.14. Comanthus. (A-C) Comanthus parvicirrus – (A) in typical habitat with 
centrodorsal concealed within reef infrastructure; (B-C) neotype of Comanthus 
parvicirrus (J17388), aboral view (B) and comb pinnule (C). (D) Comanthus wahlbergi, 
aboral view. (E) Holotype of Comanthus gisleni (J13304), aboral view. (F) Holotype of 
Comanthus suavia (J17275), aboral view. (G-H) Comanthus sp. PNG415. (I) 
Comanthus sp. PNG108. (J-K) Comanthus sp. PNG403. (L) Comanthus sp. PNG218. 
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Figure 5.15. Maximum likelihood tree of Comanthus inferred from COI. Symbols near 
nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML and maximum 
parsimony (MP) analyses respectively. An asterisk indicates nodes with >90% 
bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is given 
for nodes not recovered in MP analyses.  
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Figure 5.16. Anneissia. (A-G) Anneissia bennetti. (H-I) type of Anneissia japonica 
(Leiden 1742), aboral surface showing numerous cirri in multiple rows around a thick 
centrodorsal (H) and non-confluent, widely separated comb teeth terminating in a sharp 
point (I). 
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Figure 5.17. Maximum likelihood tree of Anneissia inferred from COI. Symbols near 
nodes refer to bootstrap (BS) and jackknife (JK) support scores, for ML and maximum 
parsimony (MP) analyses respectively. An asterisk indicates nodes with >90% 
bootstrap and jackknife support. Other scores are represented BS/JK. A hyphen is given 
for nodes not recovered in MP analyses.  
 
 
 
 
  
 



	  

	  

203	  

Supplementary Table 5.1. Specimens, localities, and accession numbers. 

Species Collected Locality Voucher Accession COI 
COMATELLINAE    
Alloeocomatella pectinifera 
type A 

Lizard Island, Coral Sea, 
Australia SAM K2033 GU327852 

Alloeocomatella pectinifera 
type A 

Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8023; 
SIO-BIC E5915* PNG046 

Alloeocomatella pectinifera 
type A 

Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8093; 
SIO-BIC E5900* PNG139 

Alloeocomatella pectinifera 
type A Raja Ampat, Indonesia  RA230 
Alloeocomatella pectinifera 
type A Raja Ampat, Indonesia  RA285 
Alloeocomatella pectinifera 
type A 

Rowley Shoals, Indian Ocean, 
Western Australia SAM K2544 C294 

Alloeocomatella n. sp. 
Madang, Bismarck Sea, Papua 
New Guinea MNHN-IE-2013-8027 PNG062 

Alloeocomatella polycladia 
Lizard Island, Coral Sea, 
Australia SAM K2023 C208 

Alloeocomatella polycladia 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8057; 
SIO-BIC E5918* PNG318 

Alloeocomatella polycladia 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8100; 
SIO-BIC E5917* PNG017 

Alloeocomatella polycladia Raja Ampat, Indonesia  RA736 

Comatella nigra 
Lizard Island, Coral Sea, 
Australia SAM K2013 GU327858 

Comatella nigra 
Lizard Island, Coral Sea, 
Australia SAM K1959 C204 

Comatella nigra 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8135; 
SIO-BIC E6010* PNG071 

Comatella nigra 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8136; 
SIO-BIC E6107* PNG102 

Comatella nigra 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8118; 
SIO-BIC E6006* PNG113 

Comatella nigra 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E5888* PNG124 

Comatella nigra 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8175; 
SIO-BIC E5889* PNG125 

Comatella nigra 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8064; 
SIO-BIC E5891* PNG128 

Comatella nigra 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8110; 
SIO-BIC E6013* PNG163 

Comatella nigra 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8121; 
SIO-BIC E6001* PNG317 

Comatella nigra Raja Ampat, Indonesia  RA608 
Comatella nigra Raja Ampat, Indonesia  RA613 
Comatella nigra Raja Ampat, Indonesia  RA556 

Comatella nigra type B 
Lizard Island, Coral Sea, 
Australia SAM K2088 C227 

Comatella nigra type B 
Lizard Island, Coral Sea, 
Australia LZ 05-05 C200 
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Species Collected Locality Voucher Accession COI 

Comatella stelligera 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8061; 
SIO-BIC E6016* PNG336 

Comatella stelligera Okinawa, Japan UF3868 C267 
Comatella stelligera Raja Ampat, Indonesia  RA677 
Comatella stelligera Raja Ampat, Indonesia  RA376 

Davidaster discoideus 
Carrie Bow Cay, Caribbean 
Sea, Belize SIO-BIC 4714 C212 

Davidaster rubiginosus 
Carrie Bow Cay, Caribbean 
Sea, Belize SIO-BIC 4715 C211 

    
COMATULINI    

Comatula solaris 
Lizard Island, Coral Sea, 
Australia SAM K2058 C205 

Comatula solaris (identified 
as C. pectinata) 

Lizard Island, Coral Sea, 
Australia SAM K2036 C207 

Comatula solaris (identified 
as C. cf. pectinata) Singapore Strait, Singapore SS-0394 (#2) C319 

Comatula pectinata) 
Lizard Island, Coral Sea, 
Australia SAM K2092 C315 

Comatula purpurea 
Lizard Island, Coral Sea, 
Australia SAM K2263 C203 

Comatula purpurea 
Montebello Islands, Dampier, 
Western Australia SAM K2102 C357 

Comatula purpurea 
Montebello Islands, Dampier, 
Western Australia SAM K2527 C354 

Comatula rotalaria 
Lizard Island, Coral Sea, 
Australia SAM K2048 C090 

Comatula rotalaria (identified 
as Comatula sp.) Singapore Strait, Singapore SS-0403 (#10) C320 

Comatula solaris 
Lizard Island, Coral Sea, 
Australia SAM K2058 C205 

Comatula solaris (identified 
as C. pectinata) 

Lizard Island, Coral Sea, 
Australia SAM K2036 C207 

Comatula solaris (identified 
as C. sp. 1) Singapore Strait, Singapore SS-4476 (#117) C324 
Comatula cf. tenuicirra 
(identified as C. sp. 3) Singapore Strait, Singapore SS-0974 (#59) C325 
    
CAPILLASTERINI    

Capillaster cf. multiradiatus 
Hell-ville, Mozambique 
Channel, Madagascar UF7547 C344 

Capillaster cf. multiradiatus 
Lizard Island, Coral Sea, 
Australia SAM K2009 C233 

Capillaster cf. multiradiatus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8163; 
SIO-BIC E5926* PNG013 

Capillaster cf. multiradiatus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8165; 
SIO-BIC E5927* PNG014 

Capillaster cf. multiradiatus 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E5899* PNG130 



 
 
 
Supplementary Table 5.1, Continued. 
	  

	  

205	  

Species Collected Locality Voucher Accession COI 

Capillaster cf. multiradiatus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8079; 
SIO-BIC E5893* PNG138 

Capillaster cf. multiradiatus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8127; 
SIO-BIC E5933* PNG159 

Capillaster cf. multiradiatus Okinawa, Japan UF10632 C340 
Capillaster cf. multiradiatus Raja Ampat, Indonesia  RA473 
Capillaster cf. multiradiatus Dili, Banda Sea, East Timor AM J.25422 CTS028 
Capillaster cf. multiradiatus Raja Ampat, Indonesia  RA193 

Capillaster cf. multiradiatus 
Madang, Bismarck Sea, Papua 
New Guinea MNHN-IE-2013-8029 PNG065 

Capillaster cf. tenuicirrus Singapore Strait, Singapore SS-0391 (#1) C318 
Capillaster cf. multiradiatus Okinawa, Japan UF10621 C335 
Capillaster cf. squarrosus Singapore Strait, Singapore SS-3660 (#113) C323 

Capillaster cf. squarrosus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8045; 
SIO-BIC E5925* PNG416 

Capillaster cf. squarrosus   C373 
Capillaster cf. squarrosus Raja Ampat, Indonesia  RA612 
Capillaster macrobrachius   C371 
Capillaster macrobrachius   C366 

Capillaster squarrosus 
Santa Isabel, Indian Ocean, 
Salomon Islands MNHN IE-2012-850 Hemery 

Capillaster sentosus   C370 

Capillaster sentosus 
Green Island, Sulu Sea, 
Philippines SIO-BIC E5873 C284 

Capillaster cf. gracilicirra   C369 
Capillaster cf. gracilicirra   C368 
Capillaster sentosus Raja Ampat, Indonesia  RA404 
Capillaster sentosus Dili, Banda Sea, East Timor AM J.25424 CTS035 

Capillaster sentosus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8066; 
SIO-BIC E5934* PNG328 

    
PHANOGENINI    

Phanogenia multibrachiata 
Lizard Island, Coral Sea, 
Australia CRI-989 FJ849759 

Phanogenia multibrachiata 
Lizard Island, Coral Sea, 
Australia SAM K1947 C010 

Phanogenia multibrachiata 
Mabul Island, Celebes Sea, 
Malaysia CRI-988  FJ849760 

Phanogenia gracilis type A 
Lizard Island, Coral Sea, 
Australia K1994  FJ849708 

Phanogenia gracilis type A Kudat, Sulu Sea, Malaysia CRI-995  FJ849726 
Phanogenia gracilis type A Kudat, Sulu Sea, Malaysia CRI-996  FJ849725 
Phanogenia gracilis type A Palau CRECH205  FJ849729 
Phanogenia gracilis type A Palau CRECH210  FJ849730 
Phanogenia gracilis type A Palau CRECH186  FJ849732 
Phanogenia gracilis type A Palau CRECH999  FJ849733 
Phanogenia gracilis type A Palau CRECH998  FJ849734 
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Species Collected Locality Voucher Accession COI 
Phanogenia gracilis type A Palau CRECH188  FJ849738 
Phanogenia gracilis type A Palau CRECH188  FJ849739 

Phanogenia gracilis type A 
Jesse Beasley Reef, Sulu Sea, 
Philippines CRI-054  FJ849751 

Phanogenia gracilis type A 
Tubbataha Reef, Sulu Sea, 
Philippines CRI-993  FJ849754 

Phanogenia gracilis type A 
Puerto Princessa, Sulu Sea, 
Philippines CRI-047  FJ849753 

Phanogenia gracilis type A 
Madang, Bismarck Sea, Papua 
New Guinea CRI-043  FJ849743 

Phanogenia gracilis type A 
Madang, Bismarck Sea, Papua 
New Guinea CRI-061  FJ849748 

Phanogenia gracilis type A Raja Ampat, Indonesia  RA496 
Phanogenia gracilis type A Raja Ampat, Indonesia  RA577 
Phanogenia gracilis type A Singapore Strait, Singapore SS-1053 (#36) C322 
Phanogenia gracilis type B Chuuk, Pacific Ocean CRI-065  FJ849714 
Phanogenia gracilis type B Chuuk, Pacific Ocean CRI-035  FJ849715 
Phanogenia gracilis type B Chuuk, Pacific Ocean CRI-064  FJ849717 
Phanogenia gracilis type B Chuuk, Pacific Ocean CRI-063  FJ849718 
Phanogenia gracilis type B Chuuk, Pacific Ocean CRI-033  FJ849721 
Phanogenia gracilis type B Guam?  DQ068952 

Phanogenia gracilis type B 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8039; 
SIO-BIC E6081* PNG310 

Phanogenia gracilis type B 
Layang, Malacca Strait, 
Malaysia CRI-998  FJ849723 

Phanogenia gracilis type B Palau, Pacific Ocean CRECH181  FJ849731 
Phanogenia gracilis type B Palau, Pacific Ocean CRECH211  FJ849737 

Phanogenia gracilis type B 
Honda Bay, Sulu Sea, 
Philippines CRI-990  FJ849758 

Phanogenia gracilis type B 
Tubbataha Reef, Sulu Sea , 
Philippines CRI-039  FJ849755 

Phanogenia gracilis type B 
Madang, Bismarck Sea, Papua 
New Guinea CRI-503  FJ849747 

Phanogenia gracilis type B 
Madang, Bismarck Sea, Papua 
New Guinea CRI-029  FJ849744 

Phanogenia gracilis type B 
Madang, Bismarck Sea, Papua 
New Guinea CRI-028  FJ849749 

Phanogenia gracilis type B 
Madang, Bismarck Sea, Papua 
New Guinea CRI-044  FJ849740 

Phanogenia gracilis type B 
Madang, Bismarck Sea, Papua 
New Guinea CRI-066  FJ849745 

Phanogenia gracilis type B Raja Ampat, Indonesia  RA271 

Phanogenia typica 
Mabul Island , Celeves Sea, 
Malaysia CRI-040  FJ849709 

Phanogenia typica 
Sipadan Island, Celebes Sea, 
Malaysia CRI-026  FJ849710 

Phanogenia typica 
Mabul Island , Celeves Sea, 
Malaysia CRI-151  FJ849711 
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Species Collected Locality Voucher Accession COI 

Phanogenia typica 
Mabul Island , Celeves Sea, 
Malaysia CRI-150  FJ849712 

Phanogenia typica 
Mabul Island , Celeves Sea, 
Malaysia CRI-167  FJ849713 

Phanogenia typica Chuuk, Pacific Ocean CRI-032  FJ849716 
Phanogenia typica Chuuk, Pacific Ocean CRI-059  FJ849719 
Phanogenia typica Chuuk, Pacific Ocean CRI-999  FJ849720 
Phanogenia typica Chuuk, Pacific Ocean CRI-060  FJ849722 
Phanogenia typica GBR K1982  FJ849705 

Phanogenia typica 
Lizard Island, Coral Sea, 
Australia SAM K1983  FJ849706 

Phanogenia typica GBR K1984  FJ849707 

Phanogenia typica 
Lizard Island, Coral Sea, 
Australia SAM K1984 C011 

Phanogenia typica 
Lizard Island, Coral Sea, 
Australia SAM K1982 C012 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E6089* PNG032 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E6095* PNG091 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8091; 
SIO-BIC E6082* PNG201 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8119; 
SIO-BIC E6083* PNG203 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E6092* PNG216 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E6094* PNG217 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E6096* PNG326 

Phanogenia typica Kudat, Sulu Sea, Malaysia CRI-997  FJ849724 

Phanogenia typica 
Viligili, Indian Ocean, 
Maldives  FJ849727 

Phanogenia typica Palau, Pacific Ocean CRECH224  FJ849735 
Phanogenia typica Palau, Pacific Ocean CRECH219  FJ849736 
Phanogenia typica Palau, Pacific Ocean CRECH235  FJ849728 

Phanogenia typica 
Jesse Beasley Reef, Sulu Sea, 
Philippines CRI-038  FJ849750 

Phanogenia typica 
Jesse Beasley Reef, Sulu Sea, 
Philippines CRI-037  FJ849752 

Phanogenia typica Philippines CRI-992  FJ849756 

Phanogenia typica 
Honda Bay, Sulu Sea, 
Philippines CRI-991  FJ849757 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea CRI-042  FJ849741 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea CRI-062  FJ849742 

Phanogenia typica 
Madang, Bismarck Sea, Papua 
New Guinea CRI-994  FJ849746 
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Species Collected Locality Voucher Accession COI 
Phanogenia typica Raja Ampat, Indonesia  RA709 
Phanogenia typica Singapore Strait, Singapore SS-1728 (#50) C321 
    
COMASTERINI    

Comaster audax 
Madang, Bismarck Sea, Papua 
New Guinea  PNG204 

Comaster audax 
Madang, Bismarck Sea, Papua 
New Guinea  PNG334 

Comaster audax Dili, Banda Sea, East Timor AM J.25410 CTS010 
Comaster audax Raja Ampat, Indonesia  RA619 
Comaster audax Raja Ampat, Indonesia  RA666 

Comaster audax 
Lizard Island, Coral Sea, 
Australia SAM K1979 GU327855 

Comaster multifidus 
Goodwyn Island, Indian 
Ocean, Western Australia SAM K2098 C355 

Comaster multifidus 
Goodwyn Island, Indian 
Ocean, Western Australia SAM K2514 C352 

Comaster multifidus 
Goodwyn Island, Indian 
Ocean, Western Australia SAM C356 

Comaster schlegelii Raja Ampat, Indonesia  RA716 
Comaster schlegelii Raja Ampat, Indonesia  RA683 
Comaster schlegelii Chuuk, Pacific Ocean  C364 
Comaster schlegelii Chuuk, Pacific Ocean  C358 
Comaster schlegelii Raja Ampat, Indonesia  RA712 
Comaster schlegelii Dili, Banda Sea, East Timor AM J.25409 CTS009 

Comaster schlegelii 
Lizard Island, Coral Sea, 
Australia SAM K1955 C005 

Comaster schlegelii 
Lizard Island, Coral Sea, 
Australia SAM K2265 C209 

Comaster schlegelii 
Madang, Bismarck Sea, Papua 
New Guinea  PNG224 

Comaster schlegelii 
Lizard Island, Coral Sea, 
Australia SAM 1996 GQ913317  

Comaster schlegelii 
Madang, Bismarck Sea, Papua 
New Guinea  PNG210 

Comaster schlegelii 
Lizard Island, Coral Sea, 
Australia SAM K2041 C292 

Comaster schlegelii 
Thuwal, Red Sea, Saudia 
Arabia UF12142 C343 

Comaster schlegelii Okinawa, Japan UF10624 C336 
Anneissia bennetti type B Raja Ampat, Indonesia  RA620 
Anneissia bennetti type B Dili, Banda Sea, East Timor AM J.25414.001 CTS034 

Anneissia bennetti typeA 
Madang, Bismarck Sea, Papua 
New Guinea  PNG101 

Anneissia bennetti typeA 
Madang, Bismarck Sea, Papua 
New Guinea  PNG151 

Anneissia bennetti typeA 
Madang, Bismarck Sea, Papua 
New Guinea  PNG222 
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Species Collected Locality Voucher Accession COI 
Anneissia bennetti typeA  SAM K1986 C018 

Anneissia bennetti typeA 
Lizard Island, Coral Sea, 
Australia IG.31.418 GQ913314 

 Okinawa, Japan UF10627 C329 

Clarkcomanthus mirus 
Lizard Island, Coral Sea, 
Australia SAMK 2016 C206 

Clarkcomanthus mirus 
Lizard Island, Coral Sea, 
Australia SAM K2251 C179 

Clarkcomanthus mirabilis Dili, Banda Sea, East Timor AM J.25411 CTS012 
Clarkcomanthus mirabilis Dili, Banda Sea, East Timor AM J.25421 CTS026 

Clarkcomanthus mirabilis 
Lizard Island, Coral Sea, 
Australia SAM K1945 GQ913313  

Clarkcomanthus mirabilis 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8174; 
SIO-BIC E 5880* PNG116 

Clarkcomanthus mirabilis 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8111; 
SIO-BIC E 5977* PNG437 

Clarkcomanthus mirabilis Raja Ampat, Indonesia  RA210 
Clarkcomanthus mirabilis Raja Ampat, Indonesia  RA347 
Clarkcomanthus mirabilis Raja Ampat, Indonesia  RA225 

Clarkcomanthus alternans 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8114; 
SIO-BIC E 5879* PNG115 

Clarkcomanthus alternans 
Madang, Bismarck Sea, Papua 
New Guinea MNHN-IE-2013-8173 PNG311 

Clarkcomanthus alternans Okinawa, Japan UF10623 C338 
Clarkcomanthus alternans Raja Ampat, Indonesia  RA670 
Clarkcomanthus alternans Raja Ampat, Indonesia  RA704 

Clarkcomanthus alternans 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8168; 
SIO-BIC E5965* PNG061 

Clarkcomanthus alternans 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8180; 
SIO-BIC E6003* PNG104 

Clarkcomanthus alternans 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8164; 
SIO-BIC E5967* PNG426 

Clarkcomanthus alternans 
Lizard Island, Coral Sea, 
Australia SAM K1957 C173 

Clarkcomanthus alternans Chuuk, Pacific Ocean  C360 
Clarkcomanthus 
comanthipinnus 

Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8081; 
SIO-BIC E6080* PNG059 

Clarkcomanthus 
comanthipinnus 

Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8145; 
SIO-BIC E6078* PNG160 

Clarkcomanthus 
comanthipinnus 

Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E6073* PNG041 

Clarkcomanthus 
comanthipinnus 

Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8151; 
SIO-BIC E5904* PNG132 

Clarkcomanthus 
comanthipinnus 

Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8171; 
SIO-BIC E6079* PNG166 

Clarkcomanthus 
comanthipinnus 

Lizard Island, Coral Sea, 
Australia SAM K2000 GQ913318  

Clarkcomanthus 
comanthipinnus 

Lizard Island, Coral Sea, 
Australia SAM K1988 GU327859  
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Species Collected Locality Voucher Accession COI 
Clarkcomanthus littoralis Chuuk, Pacific Ocean  C361 
Clarkcomanthus littoralis G163.2 SAM K2511 C349 

Clarkcomanthus littoralis 
Lizard Island, Coral Sea, 
Australia SAM K2097 C148 

Clarkcomanthus littoralis 
MacGillivray Reef, Coral Sea, 
Australia SAM K2147 C165 

Clarkcomanthus littoralis 
MacGillivray Reef, Coral Sea, 
Australia SAM K2148 C166 

Clarkcomanthus littoralis 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8132; 
SIO-BIC E5946* PNG111 

Clarkcomanthus littoralis 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8182; 
SIO-BIC E5906* PNG143 

Clarkcomanthus littoralis Raja Ampat, Indonesia  RA302 
Clarkcomanthus littoralis Raja Ampat, Indonesia  RA344 
Clarkcomanthus littoralis Raja Ampat, Indonesia  RA559 
Clarkcomanthus littoralis Raja Ampat, Indonesia  RA682 
Clarkcomanthus sp. Raja Ampat, Indonesia  RA480 
Clarkcomanthus luteofuscum Raja Ampat, Indonesia  RA293 
Clarkcomanthus luteofuscum Raja Ampat, Indonesia  RA223 
Clarkcomanthus luteofuscum Raja Ampat, Indonesia  RA335 

Clarkcomanthus luteofuscum 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E5951* PNG070 

Clarkcomanthus luteofuscum 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E5953* PNG168 

Clarkcomanthus luteofuscum Raja Ampat, Indonesia  RA201 

Clarkcomanthus luteofuscum 
Lizard Island, Coral Sea, 
Australia SAM K1970 C219 

Clarkcomanthus albinotus 
Lizard Island, Coral Sea, 
Australia  C180 

Clarkcomanthus albinotus 
Lizard Island, Coral Sea, 
Australia SAM K1978 GQ913312  

Clarkcomanthus albinotus 
Madang, Bismarck Sea, Papua 
New Guinea CRI-267 C174 

Clarkcomanthus albinotus Dili, Banda Sea, East Timor AM J.25413 CTS027 

Clarkcomanthus albinotus 
Madang, Bismarck Sea, Papua 
New Guinea SIO-BIC E5943* PNG027 

Clarkcomanthus albinotus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8122; 
SIO-BIC E5942* PNG112 

Clarkcomanthus albinotus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8060; 
SIO-BIC E5907* PNG144 

Clarkcomanthus albinotus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8068; 
SIO-BIC E5944* PNG406 

Clarkcomanthus albinotus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8137; 
SIO-BIC E5945* PNG444 

Clarkcomanthus albinotus Raja Ampat, Indonesia  RA186 
Clarkcomanthus albinotus Raja Ampat, Indonesia  RA189 
Clarkcomanthus albinotus Raja Ampat, Indonesia  RA286 
Clarkcomanthus albinotus Raja Ampat, Indonesia  RA377 
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Species Collected Locality Voucher Accession COI 
Clarkcomanthus albinotus Raja Ampat, Indonesia  RA615 
Clarkcomanthus albinotus Raja Ampat, Indonesia  RA680 
Clarkcomanthus albinotus Raja Ampat, Indonesia  RA745 

Clarkcomanthus albinotus 
Lizard Island, Coral Sea, 
Australia SAM K1990 GQ913327  

Clarkcomanthus albinotus 
Lizard Island, Coral Sea, 
Australia SAM K1969 C145 

Clarkcomanthus albinotus 
Lizard Island, Coral Sea, 
Australia SAM K2020 C147 

Clarkcomanthus albinotus 
Lizard Island, Coral Sea, 
Australia SAM K1968 C146 

Comanthus sp. 5 Okinawa, Japan UF10620 C339 
Comanthus sp. 5 Raja Ampat, Indonesia  RA303 
Comanthus gisleni Raja Ampat, Indonesia  RA675 

Comanthus gisleni 
Lizard Island, Coral Sea, 
Australia SAM K2004 GU327856  

Comanthus gisleni Raja Ampat, Indonesia  RA350 

Comanthus sp. 4 
Madang, Bismarck Sea, Papua 
New Guinea MNHN-IE-2013-8065 PNG430 

Comanthus sp. 4 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8015; 
SIO-BIC E5982* PNG008 

Comanthus sp. 4 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8038; 
SIO-BIC E5983* PNG301 

Comanthus sp. 4 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8044; 
SIO-BIC E5985* PNG415 

Comanthus briareus 
Marul, Indian Ocean, Western 
Australia SAM K2510 C348 

Comanthus briareus 
Lizard Island, Coral Sea, 
Australia SAM K2268 C215 

Comanthus sp. 2 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8034; 
SIO-BIC E5930* PNG108 

Comanthus sp. 2 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8016; 
SIO-BIC E5991* PNG016 

Comanthus sp. 2 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8037; 
SIO-BIC E59928 PNG218 

Comanthus sp. 3 
Madang, Bismarck Sea, Papua 
New Guinea MNHN-IE-2013-8030; PNG069 

Comanthus wahlbergii 
Montebello Islands, Dampier, 
Western Australia SAM K2512 C350 

Comanthus wahlbergii 
Lizard Island, Coral Sea, 
Australia SAM K1992 GU327857  

Comanthus wahlbergii Raja Ampat, Indonesia  RA194 
Comanthus wahlbergii Raja Ampat, Indonesia  RA222 

Comanthus wahlbergii 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8020; 
SIO-BIC E 5994* PNG038 

Comanthus wahlbergii 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8042; 
SIO-BIC E 5909* PNG146 

Comanthus wahlbergii 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8098; 
SIO-BIC E 5995* PNG402 
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Comanthus sp. 1 
Lizard Island, Coral Sea, 
Australia SAM K2006 C220 

Comanthus cf. suavia Chuuk, Pacific Ocean  C362 
Comanthus cf. suavia Raja Ampat, Indonesia  RA601 

Comanthus parvicirrus 
Lizard Island, Coral Sea, 
Australia SAM K2253 C181 

Comanthus parvicirrus Raja Ampat, Indonesia  RA289 
Comanthus parvicirrus Raja Ampat, Indonesia  RA340 
Comanthus parvicirrus Chuuk, Pacific Ocean  C359 
Comanthus parvicirrus Raja Ampat, Indonesia  RA339 
Comanthus parvicirrus Raja Ampat, Indonesia  RA206 

Comanthus parvicirrus 
Montebello Islands, Dampier, 
Western Australia SAM K2513 C351 

Comanthus parvicirrus Raja Ampat, Indonesia  RA337 

Comanthus parvicirrus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8117; 
SIO-BIC E5978* PNG314 

Comanthus parvicirrus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8035; 
SIO-BIC E5979* PNG154 

Comanthus parvicirrus 
Madang, Bismarck Sea, Papua 
New Guinea 

MNHN-IE-2013-8041; 
SIO-BIC E5980* PNG335 
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This chapter, in full, is a reproduction of the material as it appears in preparation 

for submission for publication in Zootaxa, 2014. The genera and species of 

Comatulidae (Comatulida: Crinoidea): a molecular and morphological guide. The 

dissertation author was the primary investigator and author of this paper. 

 

	  



CHAPTER 6 

 

Turbo-taxonomy: 21 new species of Myzostomida (Annelida) 

 

Abstract 

An efficient protocol to identify and describe species of Myzostomida is outlined and 

demonstrated. This taxonomic approach relies on careful identification (facilitated by 

an included comprehensive table of available names with relevant geographical and 

host information) and concise descriptions combined with DNA sequencing, live 

photography, and accurate host identification. Twenty-one new species are described 

following these guidelines: Asteromyzostomum grygieri n. sp., Endomyzostoma scotia 

n. sp., Endomyzostoma neridae n. sp., Mesomyzostoma lanterbecqae n. sp., 

Hypomyzostoma jasoni n. sp., Hypomyzostoma joni n. sp., Myzostoma debiae n. sp., 

Myzostoma eeckhauti n. sp., Myzostoma hollandi n. sp., Myzostoma indocuniculus n. 

sp., Myzostoma josefinae n. sp., Myzostoma kymae n. sp., Myzostoma laurenae n. sp., 

Myzostoma miki n. sp., Myzostoma pipkini n. sp., Myzostoma susanae n. sp., 

Myzostoma tertiusi n. sp., Protomyzostomum lingua n. sp., Protomyzostomum roseus n. 

sp., Pulvinomyzostomum inaki n. sp., and Pulvinomyzostomum messingi n. sp. 

 

Background 

Estimations of Earth’s biodiversity vary by orders of magnitude (e.g. Mora et al. 

2011; Costello et al. 2012; Costello et al. 2013) and a proposed limitation to accurate 

assessments is a ‘taxonomic impediment’ (see Wheeler et al. 2004; Ebach et al. 2011). 

214 
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This impediment encompasses a range of constraints (e.g. training, manpower, 

publication impact) that prevent timely description of new species. One advocated aid is 

the use of online repositories for taxonomic work that can be regularly updated and peer 

reviewed (Wheeler et al. 2004; Godfray, 2007; La Salle et al. 2009; Maddison et al. 

2012; Page, 2013; Parr et al. 2012). Such a movement is beginning with an assortment 

of online tools available for taxonomists (SpeciesID-Zookeys, WORMS, EOL, 

BioNames). Yet, a formal taxonomic name is required to effectively link molecular 

data, geographic distributions, and other publications (Patterson et al. 2010). 

The valid establishment of a new animal species name requires publication of 

the description in a print or online journal and fulfilling a series of requirements (ICZN 

1999, 2012). The time required from collection of the specimens to a formal description 

involves the time for establishing that the species is new, fulfilling the International 

Code of Zoological Nomenclature, and publishing the description. The former is slowed 

by a requirement to find and interpret previous descriptions and potentially the need to 

study type material that often may be in poor condition. Once identified as new, 

descriptions may require detailed morphological information for publication, which 

requires a significant investment of time and money. With the goal in mind to provide 

accurate, assessable descriptions along with the ability to unambiguously distinguish 

related taxa, the only aspect where time can be reduced is eliminating superfluous 

details in the description. Shortened descriptions, though linked with appropriate DNA 

sequence data, have been used in a process coined ‘turbo-taxonomy,’ first implemented 

to describe 179 species of wasps (Butcher et al. 2012). This approach has also been 

used to name 101 weevil species, all of which are now online in wiki-format through 
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incorporation with Species-ID via ZooKeys (Riedel et al. 2013a,b). 

The annelid taxon Myzostomida Graff, 1877, is an excellent group to apply this 

‘turbo-taxonomic’ approach. Myzostomes are obligate associates, mostly to 

echinoderms. Myzostomida currently includes around 150 nominal species, but this 

number likely represents a small fraction of the actual diversity based on recent reports 

of new, and potentially new, species (Eeckhaut et al. 1998; Summers & Rouse in 

review). Myzostomes can generally be distinguished based on morphology and most are 

host specific (Summers & Rouse in review). However, the taxonomy of the group has 

been afflicted by descriptions that lack accurate host information, the loss of type 

material, and sampled, but unnamed, diversity. Here we establish a set of criteria for 

efficient identification within Myzostomida. This then allows the establishment of new 

taxa using genetic, host, and morphological differences along with photographs of live 

specimens and types accessioned into a museum collection. This method is applied here 

to name 21 new species of myzostomes. To assist future taxonomic work, we also 

provide a comprehensive list of all available names with host and locality information, a 

short morphological description, and relevant notes for each. 

 

Methods 

 Myzostomes were collected with hosts on multiple field trips, as described in 

Summers & Rouse (in review). To separate external myzostomes from the host, crinoids 

were placed in a 50:50 mixture of seawater and 7% MgCl (in freshwater), and after five 

minutes shaken lightly. Internal myzostomes were dissected from the relaxed host. 

Samples for scanning electron microscopy (SEM) were fixed in either 1% osmium 
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tetroxide in seawater or 4% formalin in seawater. They were then rinsed in freshwater, 

preserved in 70% alcohol, critical point-dried or air-dried using hexamethyldisilazane, 

iridium sputter-coated and examined using an EM S150TS scanning electron 

microscope (SEM).  

The new myzostome species are described here if the following criteria were 

fulfilled. 1) All new species were supported by at least one COI DNA sequence (which 

differed markedly from all others available), a live photograph, and at least one 

specimen (= holotype) deposited in a museum collection thus fulfilling the requirements 

of the ICZN (1999). 2) The host was different from that of the most closely related and 

morphologically similar myzostome taxa, and ideally the host was vouchered and a 

DNA sequence was also available. Compared to earlier descriptions, this approach adds 

the requirement of host identification and live photography, while eliminating the need 

for time-consuming and generally ambiguous chaetal preparations and histology (since 

multiple other lines of evidence are available for differentiation). Specimen terminology 

was from Pleijel et al. (2008); for myzostomes we use: 1) hologenophore – piece of 

animal was sequenced, remainder of animal is vouchered, ideally this includes the 

holotype; 2) paragenophore – a vouchered specimen that was or was not sequenced, but 

came from the exact same host as the sequenced specimen; 3) syngenophore – any other 

specimen assignable to this species unit. 

 

Systematics 

Asteromyzostomatidae Wagin, 1954 

Asteromyzostomum Wagin, 1954 
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Asteromyzostomum grygieri n. sp. 

Fig. 6.1 

Asteromyzostomum sp. – Grygier (1988); Grygier (2000); Lanterbecq et al. (2006) 

 

Holotype: SIO-BIC A3801 (S6950) hologenophore (1 spm: 95% ethanol). Elephant 

Island, Antarctica (Stn. E1-82) (61°09.0527’S, 54°11.8609’W), 222-247 m. Collected 

via the R/V Nathaniel B. Palmer using a Blake trawl on 22 October 2011 by Nerida 

Wilson, GWR, MMS, and science team. Genbank (COI – XXXX). 

 

Host: Labidiaster annulatus Sladen (Heliasteridae, Forcipulatida. Asteroidea). 

 

Paratypes: SIO-BIC A3232 (S4392) syngenophores (2 spms: in 70% ethanol after 

formalin fixation). Elephant Island, Antarctica (Stn. EI-79) (61°10.4189’S, 

54°11.9508’W), 223-242 m. Collected via the R/V Nathaniel B. Palmer using a Blake 

trawl on 22 October 2011 by Nerida Wilson, GWR, MMS, and science team. Host: 

Labidiaster annulatus. SIO-BIC A3836 (S6947) syngenophore (1 spm: 95% ethanol). 

Elephant Island, Antarctica (Stn. EI-79) (61°10.4189’S, 54°11.9508’W), 223-242 m. 

Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 22 October 2011 by 

Nerida Wilson, GWR, MMS, and science team. Host: Labidiaster annulatus. SIO-BIC 

A3554 (S20195) syngenophores (2 spm: 1 – in 70% ethanol after formalin fixation; 1 – 

95% ethanol). South Georgia, Antarctica (Stn. SG4-5) (53° 42' 54.4"S, 36° 50' 8.5"W), 

190 m. Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 16 April 2013 
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by Nerida Wilson, GWR, and science team. Host: Labidiaster annulatus, SIO-BIC 

E6160 (S20209). 

 

Etymology: Named for Mark Grygier, who first discovered this species. We also name 

this species to acknowledge his contribution to myzostome taxonomy. 

 

Diagnosis and description: Specimens recovered on sides of arms and in ambulacral 

groove, mouth piercing through body wall of host (Fig. 6.1A-C). Holotype body wider 

than long, approximately 6 mm long and 8 mm wide following fixation. Posterior 

margin composed of convoluted, lobular folds. Body margin acirrate. Five pairs of 

parapodia on ventral side on either side of mouth, third pair farther from the edge (Fig. 

6.1E-F). Mouth surrounded by ring of circumoral tentacles (Fig. 6.1D). Color peach in 

life, faded in preservative. 

 

Remarks: Asteromyzostomum comprises three other species – Asteromyzostomum 

arcticum Wagin, 1954, A. multiplicatum Wagin, 1954, A. witjasi Wagin, 1954 – all 

described from seastars in Arctic waters (Table 1). Specimens most likely to be 

Asteromyzostomum grygieri n. sp. were previously recorded, but not described, from 

Labidiaster sp. outside of McMurdo Sound, Antarctica (Grygier 2000). These 

specimens were catalogued at the Smithsonian (NMNH). One of these specimens 

(NMHN 98554 or 98555) was sequenced in Lanterbecq et al. (2006), but this sequence 

has been shown to be incorrect in Summers & Rouse (in review).  Asteromyzostomum 

grygieri n. sp. is the first myzostome described from a seastar in Antarctica. All 
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Asteromyzostomum species insert their mouth through the integument of the host, and 

are found attached to the sides of the arms or in the ambulacral grooves of the host 

(Wagin 1954; Grygier 2000). An additional specimen has been reported from Atlantic 

waters, though it was found disassociated from its host and has not been described 

(Wagin 1954; Grygier 1988). 

 

Endomyzostomatidae Perrier, 1897 

Endomyzostoma Perrier, 1897 

 

Endomyzostoma scotia n. sp. 

Fig. 6.2 A-E 

Endomyzostoma cysticolum – Grygier (2000); Lanterbecq et al. (2006) 

Endomyzostoma sp. MZ-2009 – Bleidorn et al. (2009) 

 

Holotype: SIO-BIC A3865 (S6842) hologenophore (1 spm: 95% ethanol). Elephant 

Island, Antarctica (Stn. 2-83)(61°20.3263'S, 55°37.4961'W), 143-162 m. Genbank (COI 

– XXXX). Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 23 

October 2011 by Nerida Wilson, GWR, MMS, and science team. 

 

Host: Promachocrinus kerguelensis Carpenter (Antedonidae, Comatulida, Crinoidea). 

Clade A from Wilson et al. (2007). SIO-BIC E4910 (S6807). Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3870 syngenophore (S6847) (1 spm: 95% ethanol). Elephant 
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Island, Antarctica (Stn. 2-83)(61°20.3263'S, 55°37.4961'W), 143-162 m. Genbank (COI 

– XXXX). Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 23 

October 2011 by Nerida Wilson, GWR, MMS, and science team. Host: 

Promachocrinus kerguelensis clade A, SIO-BIC E4909 (S6812); Genbank (COI - 

XXXX). SIO-BIC A3841 (S6205) syngenophore (1 spm: 95% ethanol). Bransfield 

Strait, Antarctica (St. 2-89)(63° 20.5962'S, 59° 54.6094'W), 198-213 m. Genbank (COI 

- XXXX). Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 25 

October 2011 by Nerida Wilson, GWR, MMS, and science team. Host: 

Promachocrinus kerguelensis clade A, SIO-BIC E4882 (S6332); Genbank (COI - 

XXXX). SIO-BIC A3849 (S6403) syngenophore (1 spm: 95% ethanol). Bransfield 

Strait, Antarctica (St. 1-87)(62° 45.1707'S, 57° 19.3005'W), 272-292 m. Genbank (COI 

- XXXX). Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 24 

October 2011 by Nerida Wilson, GWR, MMS, and science team. Host: 

Promachocrinus kerguelensis clade A, SIO-BIC E4889 (S6489); Genbank (COI - 

XXXX). SIO-BIC A3875 (S6853) syngenophore (1 spm: 95% ethanol). Elephant 

Island, Antarctica (Stn. 2-83)(61°20.3263'S, 55°37.4961'W), 143-162 m. Genbank (COI 

– XXXX). Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 23 

October 2011 by Nerida Wilson, GWR, MMS, and science team. Host: 

Promachocrinus kerguelensis clade A, SIO-BIC E4869 (S6816); Genbank (COI - 

XXXX). 

 

Etymology: Named for its distribution throughout Antarctica. 
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Diagnosis and description: Solitary, located in cysts along ambulacral grooves of host, 

near mouth or on arms (Fig. 6.2A-B). Holotype body folded along anterior-posterior 

axis, dorsal side inward (Fig. 6.2C-E). Length ~ 9 mm, width ~ 6 mm following 

fixation. Mouth and cloaca terminal. Five pairs of reduced parapodia with small 

chaetae, approximately midway between midline and body margin (Fig. 6.2C-E). Live 

color cream, faded in preservative. 

 

Remarks: Endomyzostoma includes seven gall-forming taxa that reside in stalked 

crinoids - E. cryptopodium (Wheeler, 1896), E. clarki (McClendon, 1906), E. belli 

(Wheeler, 1896), E. eremita (Wheeler, 1896), E. deformator (Graff, 1884a), E. 

pentacrini (Graff, 1884a), and E. robustum (Hara & Okada, 1921) [transferred to 

Endomyzostoma here] – and seven (possibly eight) other cyst-forming taxa on feather 

star crinoids. Most cyst forms have been recorded from multiple hosts, these records 

likely representing different species. Endomyzostoma inflator (Graff, 1883) was 

described from Adelometra angustiradia (Carpenter) from southwest West Papua 

(Indonesia) and later recorded from Neocomatella pulchella (Pourtalès) from the 

Barbados in Graff (1884a). Endomyzostoma tenuispinum (Graff, 1884a) was described 

from four host species - Glyptometra inequalis (Carpenter), Glyptometra angusticalyx 

(Carpenter), Charitometra basicurva (Carpenter), and Charitometra incisa (Carpenter) - 

from three sites in the Pacific. Endomyzostoma murrayi (Graff, 1883) was described 

from Horaeometra duplex (Carpenter) from St. Vincent and the Grenadines (Caribbean) 

and subsequently recorded in the Pacific on Adelometra angustiradia by Graff (1884a). 

Endomyzostoma beardi (Graff, 1887) [here transferred to Endomzostoma] was recorded 
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from the Arafura Sea (Australia) on Monachometra flexilis (Carpenter). Another 

possible member of Endomyzostoma is Myzostoma willemoesii Graff, 1884a, which was 

described from the Kermedec Islands and southwest of Fiji on Charitometra basicurva 

(Carpenter) and Glyptometra inaequalis (Carpenter). The specimens were described 

from a cyst, but possessed 20 long cirri and lateral organs, the latter feature is absent in 

all other members of Endomyzostoma. This specimen was folded along an axis so that 

anterior and posterior ends meet, while Endomyzostoma are otherwise folded at 90° to 

this, along the anterior-posterior axis such that the lateral margins meet. Myzostoma 

willemoesii may therefore be a juvenile stage of a free-living Myzostoma and we leave 

it in that genus pending further collection and study. 

 Endomyzostoma cysticolum (Graff, 1883) was described from Cape Frio, 

Brazil, associated with Comactinia meridionalis (Agassiz). A variety and a sub-species 

of Endomyzostoma cysticolum have also been named, both of which we raise to species 

rank. Endomyzostoma cysticolum cystihymenoides (McClendon, 1907) (now E. 

cystihymenoides) was described from Florometra asperrima (AH Clark) in Arctic 

waters. Endomyzostoma cysticolum orientale (McClendon, 1906) (now E. orientale) 

was recorded from Calometra discoidea (Carpenter) in Japan. Endomyzostoma 

cysticolum has also been reported from many different crinoids species from the 

Caribbean Sea, Red Sea, Japanese and Indonesian waters, and from Antarctica (Grygier 

2000), Many of these records likely to other as yet unrecognized Endomyzostoma 

species. Sequences available online for Endomyzostoma cysticolum (GenBank 

DQ238194, DQ238165, DQ238130) published in Lanterbecq et al. (2006) and the 

mitochondrial genome for Endomyzostoma sp. MZ-2009 (GenBank FJ975144) 
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published in Bleidorn et al. (2009) are from specimens of Endomyzostoma scotia n. sp. 

Among Endomyzostoma associated with feather stars, E. tenuispinum and E. 

beardi are distinguished by the presence of cirri (14 and 20 respectively). All other 

forms lack cirri, and are separated based on host, locality, and in some cases, size. 

Endomyzostoma scotia n. sp. is the first species of Endomyzostoma described from 

Antarctica, as well as in association with Promachocrinus. 

 

Endomyzostoma neridae n. sp. 

Fig. 6.2 F-H 

Holotype: AM W.43447 hologenophore (1 spm: ½ - in 70% ethanol after formalin 

fixation; ½ - 95% ethanol). Dili, Banda Sea, Timor-Leste (8° 31'15"S, 125°36'46" E). 

Collected using scuba on 19 September 2012 by Nerida Wilson and GWR. Genbank 

(COI – XXXX). 

 

Host: Cenometra bella (Hartlaub) (Colobometridae, Comatulida, Crinoidea). AM 

J.25425. Genbank (COI – XXXX). 

 

Paratypes: AM P.90322 paragenophore (1 spm: in 70% ethanol after formalin 

fixation). Collected on same host as holotype.  

 

Etymology: Named for Nerida Wilson, who collected this new species with GWR. 

 

Diagnosis and description: Located in cysts along ambulacral grooves of the host’s 
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arms (Fig. 6.2G). Holotype body folded along anterior-posterior axis, dorsal side 

inward (Fig. 6.2F). Length ~5 mm, width ~ 3-3.5 mm (folded) following fixation. 

Mouth and cloaca terminal. Five pairs of very small parapodia with noticeable chaetae 

midway between midline and body margin (Fig. 6.2F). Live color orange, cream in 

preservative. 

 

Remarks: Endomyzostomum neridae n. sp. is the first Endomyzostoma described from a 

crinoid host belonging to Mariametroidea. See discussion above regarding other 

Endomyzostoma. 

 

Myzostomatidae Beard, 1884 

Mesomyzostoma Remscheid, 1918 

 

Mesomyzostoma lanterbecqae n. sp. 

Fig. 6.2 I-L 

Holotype: SIO-BIC A3651 hologenophore (1 spm: ½ - in 70% ethanol after formalin 

fixation; ½ - 95% ethanol). Padoz Reef, Madang Harbor, Papua New Guinea (5° 9' 

34.8006"S, 145° 48' 46.2096"W), 5-20 m. Collected using scuba on 27 November 2012 

by MMS and GWR. Genbank (COI – XXXX). 

 

Host: Clarkcomanthus alternans (Carpenter) (Comatulidae, Comatulida, Crinoidea). 

MNHN-IE-2013-8114 (dried voucher); SIO-BIC E5879 (tissue subsample in 95% 

ethanol). Genbank (COI – XXXX). 
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Paratypes: SIO-BIC A3652 syngenophores (3 spms: 2 - in 70% ethanol after formalin 

fixation; 2 – 95% ethanol). Same location as holotype. Genbank (COI – XXXX). Host: 

Clarkcomanthus mirabilis (Rowe et al. 1986), MNHN-IE-2013-8174 (dried voucher) & 

SIO-BIC E5880 (tissue subsample in 95% ethanol); Genbank (COI – XXXX). SIO-BIC 

A3653 syngenophores (2 spms: 95% ethanol). South Padoz Reef, Madang Harbor, 

Papua New Guinea (5° 9' 43.1994"S, 145° 48' 59.3922"W), 5-20 m. Collected using 

scuba on 1 December 2012. Genbank (COI – XXXX). Host: Comatella nigra 

(Carpenter, 1888), MNHN-IE-2013-8064 (dried voucher) & SIO-BIC E5891 (tissue 

subsample in 95% ethanol); Genbank (COI – XXXX). 

 

Etymology: Named for Deborah Lanterbecq, who sequenced the first Mesomyzostoma 

and led the work resulting in the first molecular phylogeny for myzostomes (Lanterbecq 

et al. 2006). 

 

Diagnosis and description: Located within host’s coelom. Holotype body thin and 

elongate. Length ~ 2.5 mm following fixation (specimen cut and curled) [paratypes 2-4 

mm]. Body margin acirrate. Mouth and cloaca terminal. Five pairs of small parapodia, 

with large hooks (Fig. 6.2L). Color cream in life, white in preservative. 

 

Remarks: There are six other species of Mesomyzostoma – two described, 

Mesomyzostoma katoi Okada, 1933 and Mesomyzostoma reichensbergi Remscheid, 

1918, and four currently being described Eeckhaut et al. (in prep). All of these species 
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have a similar body form and occupy the coelom and/or gonads of feather star crinoids. 

The species are best distinguished by molecular data, followed by host use. This is 

likely a highly undersampled lifestyle due to the requirement of dissection. 

 

Hypomyzostoma Perrier, 1897 

 

Hypomyzostoma jasoni n. sp. 

Fig. 6.3 A-F 

Hypomyzostoma crosslandi B – Lanterbecq et al. (2006) 

 

Holotype: SIO-BIC A4020 (1 spm: 95% ethanol). South Wonad Reef, Madang Harbor, 

Papua New Guinea (5°8'25.8"S, 145°49'22.7928"E), <20 m. Collected using scuba on 

29 November 2012 by MMS and GWR. Genbank (COI – XXXX). 

 

Host: Stephanometra indica (Smith) (Mariametridae, Comatulida, Crinoidea). MNHN-

IE-2013-8125 (dried voucher) & SIO-BIC E5883 (tissue subsample in 95% ethanol). 

Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3702 paragenophores (2 spms: 1 – in 70% ethanol following 

fixation in formalin; 1 spm – 95% ethanol). Same host and locality. Genbank (COI – 

XXXX). SAM E3398 syngenophores (3 spms: 1 - in 70% ethanol following fixation in 

formalin; 1 spm – 95% ethanol; 1 spm – mounted for SEM). Horseshoe Reef, Lizard 

Island, Australia (14°41'12.2"S, 145°26'31.4"E), 3 m. Collected using scuba on 17 
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November 2001 by GWR. Genbank (COI-DQ238198). Host: Stephanometra indica, 

SAM K2030. 

 

Etymology: Named for Jason Rouse, brother of GWR, in honor of his birthday. 

 

Diagnosis and description: Holotype body elongate, rounded anteriorly and posteriorly. 

Length ~ 6 mm following fixation. Body margin dentate, composed of many triangular 

cirri (Fig. 6.3B-D). Mouth and cloaca on ventral surface, subterminal (Fig. 6.3D). 

Extended proboscis smooth. Five pairs of parapodia with small, low cirri and hooks 

restricted to the anterior 3/5 of the body. Paired penes in line with third pair of 

parapodia. Small lateral organs, alternating with parapodia. Dorsal surface smooth (Fig. 

6.3E). Color in life and preserved white with ten thick, dark transverse lines. 

 

Remarks: Hypomyzostoma jasoni n. sp. is most similar to H. crosslandi (Boulenger, 

1913), H. elongatum (Graff, 1887) and H. joni n. sp.  – taxa with a scalloped or dentate 

margin from numerous cirri, rounded anterior and posterior margin, and smooth dorsal 

surface with transverse bands of a different color (H. crosslandi and H. joni n. sp.). 

Hypomyzostoma crosslandi was described from the Sudanese coast of the Red Sea 

associated with Heterometra savignii (Müller), Oligometra serripinna (Carpenter), and 

an unknown Comatulida. Hypomyzostoma elongatum was described from the 

Philippines, found on Comanthus parvicirrus (Müller). Hypmyzostoma joni n. sp. (see 

below) is associated with Liparometra articulata (Müller). The location of the cloaca in 

Myzostoma jasoni n. sp., approximately two-thirds of the way between parapodia and 
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body margin, differs from both M. joni n. sp., H. elongatum, and H. crosslandi which 

have clearly subterminal cloacae. Myzostoma jasoni n. sp. is further distinguished based 

on host use, and for H. joni n. sp., molecular data. 

Other members of Hypomyzostoma have transverse ridges or other raised 

features on the dorsal surface, one of which, H. membranaceum (Graff, 1887) was 

described from Stephanometra indica – the host of H. jasoni n. sp. The types of H. 

membranaceum have been lost, yet the description provides multiple features which 

allow it to be distinguished to H. jasoni n. sp. Hypomyzostoma membranaceum 

possesses longitudinal swellings and five pairs of oval prominences on the dorsal 

surface, does not have lateral organs, the color is noted to be uniform, and the drawings 

show a subterminal cloaca close to the margin and parapodia distributed evenly along 

the entire length of the body. 

 

Hypomyzostoma joni n. sp. 

Fig. 6.3 G-K 

Hypomyzostoma crosslandi B – Lanterbecq et al. (2006) 

 

Holotype: SIO-BIC A3807 (1 spm: 95% ethanol). Horseshoe Reef, Lizard Island, 

Australia (14°41'12.2"S, 145°26'31.4"E), 3 m. Collected using scuba on 20 November 

2001 by GWR. Genbank (COI – XXXX). 

 

Host: Liparometra articulata (Müller) (Mariametridae, Comatulida, Crinoidea). SAM 

K2039. Genbank (COI – XXXX). 
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Paratypes: SIO-BIC A4024 paragenophore (1 spm: mounted for SEM). Same host 

and locality as holotype. SIO-BIC A4021 syngenophores (3+ spms: 2 juveniles + 

multiple cysts – in 70% ethanol following fixation in formalin; 1 spm – 95% ethanol). 

Granite Bluff, Lizard Island, Australia (14° 39.07'S, 145° 26.91'E), 15 m. Collected 

using scuba on 19 March 2000 by GWR. Genbank (18S – XXXX). Host: Liparometra 

articulata, SAM K1966; Genbank (COI – GQ913319). SIO-BIC A3833 syngenophore 

(1 spm: 95% ethanol). Gulewa Village, north Misima Island, Papua New Guinea 

(10°37'58.7994"S, 152°41'59.9994"E), <20 m. Collected using scuba on 14 August 

2006 by GWR. Genbank (COI – XXXX). Host: unknown. SIO-BIC A3825 

syngenophore (1 spm: 95% ethanol). Gulewa Village, north Misima Island, Papua New 

Guinea (10°37'58.7994"S, 152°41'59.9994"E), <20 m. Collected using scuba on 21 

August 2006 by GWR. Host: unknown.  

 

Etymology: Named for Jonathan Rouse, brother of GWR, in honor of his birthday. 

 

Diagnosis and description: Holotype body elongate, rounded anteriorly and posteriorly 

(Fig. 6.3I). Length ~2 mm; width ~1 mm following fixation. Body margin scalloped, 

composed of many irregularly-sized triangular cirri (Fig. 6.3K). Mouth and cloaca on 

ventral surface, subterminal. Extended proboscis smooth. Paired penes in line with third 

pair of parapodia. Five pairs of acirrate parapodia with hooks. Small lateral organs, 

alternating with parapodia. Dorsal surface smooth. Color light pink with yellow 

transverse lines in life, transverse lines faded in preservative. 
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Remarks: Hypomyzostoma joni n. sp. is most similar to H. crosslandi, H. elongatum, 

and H. jasoni n. sp. (see remarks for H. jasoni n. sp. above). Hypomyzostoma joni n. sp. 

can be differentiated from H. jasoni by the location of the cloaca and molecular data, 

and from all of these taxa by host use. Young specimens were recovered in cysts along 

the hosts’ pinnules. These forms were lightly colored in life (Fig. 6.3I-K) and dark 

purple in preservative. Paratypes range in size up to ~5 mm, in the largest specimen the 

parapodia are restricted to the anterior-most four-fifths of the body and the color 

following fixation is light purple with ten dark transverse lines on the dorsal surface. 

 

Myzostoma Leuckart, 1827 

 

Myzostoma debiae n. sp. 

Fig. 6.4 A-B 

Holotype: SIO-BIC A4012 paragenophore (1 spm: in 70% ethanol after formalin 

fixation). Kri Eco Jetty, Raja Ampat, Indonesia (0°33'27.42"S, 130°40'36.23"E), less 

than 20 m. Collected at night using scuba on 26 October 2013 by MMS and GWR.  

 

Host: Comactinia titan Messing (Comatulidae, Comatulida, Crinoidea). SIO-BIC 

E6159 (DNA subsample only). Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3794 paragenophores (3 spms: 2 – in 70% ethanol after 

formalin fixation; 1 – in 9% ethanol following fixation in DMSO). Same host and 
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locality. Genbank (COI – XXXX). 

 

Etymology: Named for Deborah Summers, mother of MMS. 

 

Diagnosis and description: Holotype body circular, diameter ~4 mm following fixation. 

Body margin with 20 medium-long cirri (Fig. 6.4A-B). Mouth and cloaca on ventral 

surface. Mouth, cloaca, and 8 lateral organs positioned midway between margin and 

parapodia, alternating with the latter. Extended proboscis with 9 long, triangular 

papillae (Fig. 6.4B). Five pairs of parapodia. Paired penes in line with third pair of 

parapodia. Dorsal color pattern with margin resembling ten white hearts (Fig. 6.4A). 

 

Remarks: Myzostoma debiae n. sp. is distinct in its dorsal color pattern, the margin 

resembling ten white hearts. It can be further distinguished from other disc-shaped 

myzostomes by its cirri, which are equal in length, as well as its association with 

Comactinia titan. Other disc-shaped myzostomes with long cirri show noticeable 

differences in cirral length, the most anterior and posterior pairs longer than the rest. 

Paratype SIO-BIC A3794 (fixed in formalin – Figure 6.4 A-B) has 7 papillae on the 

proboscis. 

 

Myzostoma eeckhauti n. sp. 

Fig. 6.4 D-G 

Holotype: SIO-BIC A4013 paragenophore (1 spm: 95% ethanol). Madang Harbor, 

Papua New Guinea (5° 13.200'S, 145° 48.879'E), 5-20 m. Collected at night using 
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scuba on 7 December 2012 by MMS and GWR. 

 

Host: Lamprometra palmata (Müller) (Crinoidea, Comatulida, Mariametridae). SIO-

BIC E5913 (tissue subsample in 95% ethanol). Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3668 paragenophores (15 spms: 1 – in 70% ethanol after 

formalin fixation; 13 – 95% ethanol; 1 – mounted for SEM). Same host and locality as 

holotype. Genbank (COI – XXXX). SIO-BIC A3667 syngenophores (6 spms: 95% 

ethanol). Same locality as holotype. Host: Lamprometra palmata, MNHN-IE-2013-

8128 (dried voucher) & SIO-BIC E5912 (tissue subsample in 95% ethanol). Genbank 

(COI – XXXX). 

 

Etymology: Named after Igor Eeckhaut, for his extensive contributions to our 

understanding of myzostome biology and systematics. 

 

Diagnosis and description: Holotype body elongate, terminating in 6 cylindrical caudal 

processes (Fig. 6.4D-E). Length ~2.5 mm (including caudal processes), width ~ 1 mm 

following fixation. Medialmost pair of caudal processes longest; outermost pair 

shortest. Body margin with 20 cirri, most anterior pair more than three times as long as 

rest, which are short, triangular. Short cirri on some caudal processes, others acirrate. 

Mouth and cloaca terminal, cloaca located between caudal processes. Extended 

proboscis smooth (Fig. 6.4F). Five pairs of parapodia, midway between midpoint and 

body-margin with hooks (Fig. 6.4G). Live color pink, white in preservative. 
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Remarks: Four other species are known with 6 caudal processes (Table 1). Two have 

caudal processes with cirri as in Myzostoma eeckhauti n. sp. Myzostoma intermedium 

Graff, 1884 was described from a badly damaged specimen collected on Zygometra 

microdiscus (Bell) in the Torres Strait. A specimen very similar to the description and 

drawing in Graff (1884) was collected from the same host species in Lizard Island, 

Australia (Accession: SIO-BIC A4017). This specimen has a circular body with 20 long 

marginal cirri and six caudal processes with very long cirri – all features which 

distinguish it from Myzostoma eeckhauti n. sp. DNA sequences were not able to 

amplified from this specimen. Myzostoma jaegersteni Eeckhaut et al. 1994 also 

possesses caudal processes with cirri. It was described from Heterometra savignii 

(Müller) from Johore Shoal, Singapore, and specimens assigned to this species by the 

authors were also found on Neometra multicolor (AH Clark) and Tropiometra carinata 

(Lamarck). All identified specimens were dredged, presumably from deeper waters. We 

collected specimens of a similar size and color (thin and translucent), but from a 

different host – Dichrometra flagellata – from Lizard Island, Australia. Although we 

expect these to be a different species from those described in Singapore, we refer to 

these specimens as Myzostoma cf. jaegersteni. Myzostoma eeckhauti n. sp. can be 

distinguished from Myzostoma cf. jaegersteni by molecular data, host use, and general 

appearance (M. eeckhauti n. sp. is thick and pink). 

 

Myzostoma hollandi n. sp. 

Fig. 6.4 H-I 
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Holotype: SIO-BIC A3791 hologenophore (½ - in 70% ethanol after formalin fixation; 

½ - in 95% ethanol following fixation in DMSO). Near Kri Eco Resort Jetty, Raja 

Ampat, Indonesia (0°33'27.42"S, 130°40'36.23"E), less than 20 m. Collected at night 

using scuba on 13 October 2013 by MMS and GWR. Genbank (COI – XXXX). 

 

Host: Stephanometra tenuipinna (Hartlaub) (Mariametridae, Comatulida, Crinoidea). 

SIO-BIC E5842. Genbank (COI – XXXX). 

 

Etymology: Named after Nick Holland, for his appreciation of all things crinoidal, 

including their symbionts. 

 

Diagnosis and description: Holotype body elongate, terminating in 6 cylindrical 

acirrate caudal processes (Fig. 6.4H-I). Entire specimen ~5 mm long including caudal 

processes following fixation. Medialmost pair of caudal processes longest, decreasing 

in length to outermost pair. Body margin with 16 triangular cirri, pairs 1-4 large, 5-7 

very small, and pair 7 half the length of the most anterior pairs. Five pairs of parapodia, 

located halfway between the midpoint and body-margin (Fig. 6.4I). Four pairs of lateral 

organs midway between parapodia and body margin, alternating with the former. Live 

color orange, white in preservative. 

 

Remarks: Four other species possess 6 cylindrical caudal processes (see remarks for M. 

eeckhauti n. sp.), but only Myzostoma fissum Graff, 1884 has acirrate caudal processes 

as in M. hollandi n. sp. Myzostoma fissum was described from a specimen bent and 
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rolled upon itself from an unknown host southwest of the Fiji Islands. This species and 

its potential hosts were discussed in Eeckhaut et al. (1998), which also includes a 

description of specimens from Dichrometra flagellata in Papua New Guinea (which we 

advise be considered as the host for this species). Myzostoma hollandi n. sp. can be 

distinguished from M. fissum based on molecular data (Lanterbecq et al. 2006) and 

morphology. SEM of Papua New Guinean M. fissum in Eeckhaut et al. (1998) suggests 

that the caudal processes of M. fissum are more robust and less cylindrical than in 

Myzostoma hollandi n. sp. Myzostoma fissum specimens also had 18-24 marginal cirri, 

with the most anterior pair shortest (sometimes only a fringe), with more posterior pairs 

increasing in size (Eeckhaut et al. 1998). Myzostoma hollandi n. sp. has 16 marginal 

cirri, the most anterior pairs being largest. 

 

Myzostoma indocuniculus n. sp. 

Fig. 6.4 J-K 

 

Holotype: SIO-BIC A4015 (1 spm: in 70% ethanol after formalin fixation). Mios Kon, 

Raja Ampat, Indonesia (0°29'55.54"S, 130°43'38.14"E), less than 20 m. Collected using 

scuba on 24 October 2013 by MMS and GWR. 

 

Host: Clarkcomanthus alternans (Carpenter) (Comatulidae, Comatulida, Crinoidea). 

SIO-BIC E6161. Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3763 paragenophores (2 spms: 1 – in 70% ethanol after 
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formalin fixation, 1 – 95% ethanol). Genbank (COI – XXXX). Same host and locality. 

 

Etymology: Named for the type locality in Indonesia and the ‘bunny-ear’ caudal 

processes – a feature shared with its closest relatives Myzostoma cuniculus Eeckhaut et 

al., 1998 and M. pseudocuniculus Lanterbecq & Eeckhaut 2003. 

 

Diagnosis and description: Holotype body oval, separated posteriorly into two broad 

‘ear-shaped’ caudal processes, slightly longer than length of main body (Fig. 6.4J). 

Length ~2.2 mm, width ~1.5 mm following fixation. Caudal processes twice as long as 

wide. Two long posterior cirri on each caudal process of holotype [2-4 observed on 

paratypes]. Main body has scalloped margin with 18 cirri, first and last pair very long, 

second pair long, pairs 3-8 short (Fig. 6.4K). Mouth and cloaca terminal, cloaca 

between caudal appendages. Five pairs of parapodia. Color dark red-brown in life, color 

faded in preservative. 

 

Remarks: Two other species have ‘ear-shaped’ caudal processes. Myzostoma cuniculus 

Eeckhaut et al., 1998 has been recorded from Hansa Bay, Papua New Guinea and 

McCluer Islands, Australia, associated with Clarkcomanthus albinotus Rowe et al., 

Clarkcomanthus littoralis Rowe et al. (likely = C. albinotus, see Summers et al. (in 

prep)), and Comanthus wahlbergii (Müller) (Eeckhaut et al. 1998). Myzostoma 

pseudocuniculus Lanterbecq & Eeckhaut, 2003 was described from Toliara, 

Madagascar on Comanthus sp. aff. wahlbergii (later reported as Comanthus parvicirrus 

by the original authors in Lanterbecq et al. (2006)). These two species and Myzostoma 
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indocuniculus n. sp. formed a well-supported clade in the molecular phylogeny of 

Summers & Rouse (in review).  

Myzostoma indocuniculus n. sp. is distinguished from both M. cuniculus and M. 

pseudocuniculus by molecular data and occupied host. In addition, Myzostoma 

indocuniculus n. sp. differs from M. cuniculus by the presence of cirri on the caudal 

processes (caudal processes acirrate in M. cuniculus) and three pairs of long cirri on the 

truck (M. cuniculus has 20 trunk cirri, all approximately equal in size). It can be 

distinguished from M. pseudocuniculus by its elongate form, longer and more 

developed caudal processes, and uniform color. Eeckhaut et al. (1998) also reported 

specimens of four undescribed species close to M. cuniculus from Okinawa, Enewatak 

Atoll, and southern Papua New Guinea. The description of those specimens does not 

match Myzostoma indocuniculus n. sp. 

 

Myzostoma josefinae n. sp. 

Fig. 6.5 A-D 

Holotype: SIO-BIC A4016 paragenophore (1 spm: in 70% ethanol after 

paraformaldehyde/glutaraldehyde fixation). Near ‘Francisco’ whalefall, Monterey 

Canyon, California (36° 46' 19.1994"N, 122° 4' 58.7994"W), 1020 m. Collected via the 

R/V Western Flyer using the ROV Doc Ricketts (Dive 9) on 10 March 2009 by GWR.  

 

Host: Psathyrometra fragilis (AH Clark). SIO-BIC E4567. Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3798 paragenophores (7 spms: 6 – in 70% ethanol after 
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paraformaldehyde/glutaraldehyde fixation; 1 – 95% ethanol). Same host and locality as 

holotype. Genbank (COI – XXXX). SIO-BIC A3829 syngenophores (12 spms: 6 spms 

– in 70% ethanol after paraformaldehyde/glutaraldehyde fixation; 6 spms – 95% 

ethanol). Guaymas Basin (26° 45' 12.8514"N, 111° 10' 19.632"W), 1314 m. Collected 

via the R/V Western Flyer using the ROV Doc Ricketts (Dive 390) on 16 April 2012 by 

GWR. Genbank (COI – XXXX). Host: Psathyrometra fragilis (AH Clark, 1907), SIO-

BIC E6149 (DNA subsample only); Genbank (COI – XXXX). 

 

Etymology: Named for Josefin Stiller, an enthusiast of polychaetes. 

 

Diagnosis and description: Holotype body circular disc with two elongated, cylindrical 

caudal appendages, approximately as long as body (Fig. 6.5A-D). Length ~2.1 mm; 

width ~1 mm, following fixation. Body margin with 18 cirri, alternating in length, most 

anterior pair up to twice as long than the rest (Fig. 6.5C-D). Caudal appendages with 

long terminal cirri. Mouth terminal. Proboscis smooth [seen in paratypes]. Cloaca 

terminal, between caudal appendages. Paired penes. Five pairs of parapodia, positioned 

two-thirds of way from center of disc to margin. 

 

Remarks: Myzostoma josefinae n. sp. is the first myzostome with paired elongate caudal 

appendages described from the eastern Pacific and Psathyrometra fragilis. Four other 

species are known to possess paired elongate caudal appendages, two recovered on 

Antedonidae, one from Comatulidae, one possibly with a Mariametroidea, and one 

associated with an uncertain host (Table 1). 
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Myzostoma josefinae n. sp. is most similar in form to M. divisor Grygier, 1989, 

M. filicauda Graff, 1883, and M. tentaculatum Jägersten, 1940a. Myzostoma filicauda 

was recorded on Coccometra hagenii (Pourtalès) (Antedonidae) from Sand Key, 

Florida. Myzostoma divisor was described from Promachocrinus kerguelensis 

Carpenter (Antedonidae) from Antarctica, and the description includes notes on the 

juvenile stages. Myzostoma tentaculatum was described from Japan, on an unknown 

host. As all identified hosts for this set of taxa are Antedonidae, it is likely that M. 

tentaculatum was collected on a Japanese antedonid. In addition to differences in host 

and locality, Myzostoma josefinae n. sp. is distinguished from M. divisor by molecular 

data published by Summers & Rouse (in review) and in having marginal cirri of 

unequal length (equal in M. divisor), M. filicauda by lacking papillae on the proboscis, 

and from M. tentaculatum by the length of the most anterior pair of cirri (six times 

longer than rest, resembling ‘tentacles’, in M. tentaculatum). 

Two other taxa have two elongate caudal appendages. Myzostoma bicaudatum 

Graff, 1883 was described from Comactinia meridionalis (Agassiz) west of Tortugas in 

the Caribbean. Myzostoma filiferum Graff, 1884a was recorded on Antedon bidentata 

(nomen nudum) (possibly Heterometra variipinna (Carpenter) from the Torres Strait. 

[Nomenclatural issue of M. filiferum and M. filicauda discussed in Grygier (1989)]. 

Myzostoma bicaudatum and M. filiferum differ from M. filicauda, M. divisor, and M. 

josefinae n. sp. by possessing 20 (rather than 18) marginal cirri on the main body. In 

addition, M. bicaudatum is unique among all of the forms by having a subterminal 

mouth and lacking terminal cirri on the caudal appendages.  

Myzostoma divisor and M. josefinae n. sp. were recovered as well-supported 
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sister-taxa in the molecular phylogeny of Summers & Rouse (in review). We suspect 

that M. filicauda and M. tentaculatum will form a clade with these two taxa, while the 

evolutionary affinity of M. bicaudatum and M. filiferum may instead be with 

myzostomes with caudal processes and 20 marginal cirri, associated with Comatulidae 

and Mariametroidea respectively. The type specimens for M. bicaudatum, M. filiferum, 

and M. filicauda have been lost, and the location of types of M. tentaculatum is 

unknown. 

 

Myzostoma kymae n. sp. 

Fig. 6.5 E-I 

Holotype: SIO-BIC A3681 hologenophore (1 spm: 95% ethanol). Madang Harbor, 

Papua New Guinea (5°12'27.63"S, 145°48'32.45"E), 3-17 m. Collected at night using 

scuba on 4 December 2012 by MMS and GWR. Genbank (COI – XXXX). 

 

Host: Alloeocomatella pectinifera (AH Clark) (Comatulidae, Comatulida, Crinoidea). 

MNHN-IE 2013-8027 (dried voucher) & SIO-BIC E5862 (tissue subsample in 95% 

ethanol). Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3682 paragenophore (2 spms: 1 – 95% ethanol; 1 – mounted 

for SEM). Same host and locality as holotype. 

 

Etymology: Named for Kym Rouse, sister-in-law of GWR, in honor of her birthday. 
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Diagnosis and description: Holotype body oval-shaped, ~4 mm long, 2 mm wide 

following fixation. Dorsal longitudinal ridge; otherwise smooth surface (Fig. 6.5H). 

Body margin with 20 short, triangular cirri (Fig. 6.5I). Mouth and cloaca on ventral 

surface. Mouth and cloaca sub-terminal, in line with lateral organs. Proboscis with ~20 

papillae. Paired penes in line with third pair of parapodia. Five pairs of parapodia, 

midway between midline and body margin. Lateral organs closer to parapodia than 

body margin. Color bright red in life, faded in preservative. 

 

Remarks: This species most resembles Myzostoma viride Atkins, 1927, which was 

described from the Great Barrier Reef (Australia) associated with Comanthus annulatus 

(=Comanthus parvicirrus). This description was of three green-colored specimens with 

a white anterior-posterior ridge on the dorsal surface and red extended proboscis with 

papillae. In two of the specimens studied here, the anterior and posterior margins were 

broadly rounded, while in the third the body tapered to a point posteriorly. We collected 

yellow specimens, with a dorsal ridge from Comatella nigra (Carpenter) at Lizard 

Island, Australia. We suggest that these species are most closely allied to the green 

specimens described, and that the host of Atkin’s specimens may have been Comatella 

(most of Atkin’s species were described from Comanthus annulatus). Myzostoma 

kymae n. sp. differs from these specimens assigned to Myzostoma viride in color, 

placement of mouth (nearer to the body margin in M. viride), lack of clear dorsal ridge, 

host use, and molecular data (Myzostoma cf. viride published in Summers & Rouse (in 

review)). The paratype of M. kymae n. sp. is slightly larger, brown, and the proboscis 

has fewer (~7) papillae. 
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Myzostoma laurenae n. sp. 

Fig. 6.5 J-L 

Holotype: SIO-BIC A3809 hologenophore (1 spm: ½ – in 70% ethanol after formalin 

fixation; ½ – 95% ethanol). South Island, Lizard Island Reef, Australia (14°42’23.5” S, 

145°27’10.4” E, less than 20 m. Collected using scuba on 22 November 2001 by GWR. 

Genbank (COI – XXXX). 

 

Host: Capillaster multiradiatus (Linnaeus) (Comatulidae, Comatulida, Crinoidea). 

Specimen not collected. 

 

Paratypes: SIO-BIC A3657 syngenophores (2 spms: 1 spm – in 70% ethanol after 

formalin fixation; 1 spm – 95% ethanol). Madang Harbor, Papua New Guinea 

(5°12'27.63"S, 145°48'32.45"E), 3-17 m. Collected using scuba at night on 4 December 

2012 by MMS and GWR. Genbank (COI – XXXX). Host: Capillaster cf. tenuicirrus 

AH Clark, MNHN-IE-2013-8029 (dried voucher) & SIO-BIC E5863 (tissue subsample 

in 95% ethanol), Genbank (COI – XXXX). SIO-BIC A3674 syngenophores (3 spms: 1 

spm – in 70% ethanol after formalin fixation; 2 spms – 95% ethanol). Inside of Tabat 

Island, Madang Harbor, Papua New Guinea (5° 8.187'S, 145° 48.700'E), 5-20 m. 

Collected using scuba on 9 December 2012 by GWR and MMS. Genbank (COI – 

XXXX). Host: Capillaster multiradiatus, MNHN-IE-2013-8127 (dried voucher) & 

SIO-BIC E5933 (tissue subsample in 95% ethanol); Genbank (COI – XXXX). SIO-BIC 

A3660 syngenophores (3 spms: 1 spm – in 70% ethanol after formalin fixation; 2 spms 
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– 95% ethanol). Madang Harbor, Papua New Guinea (5°12'27.63"S, 145°48'32.45"E), 

3-17 m. Collected using scuba at night on 4 December 2012. Host: Capillaster cf. 

tenuicirrus, SIO-BIC E5905 (tissue subsample in 95% ethanol).  

 

Etymology: Named for Lauren Rouse, niece of GWR, in honor of her birthday. 

 

Diagnosis and description: Holotype body circular, ~1 mm diameter following fixation. 

Body margin with 20 medium-long cirri (Fig. 6.5K). Dorsal surface smooth, with 

irregular white pigment in lace-like pattern. Mouth and cloaca on ventral surface, in line 

with lateral organs. Extended proboscis with 7 triangular papillae (Fig. 6.5L). Paired 

penes. Five pairs of parapodia. Lateral organs closer to parapodia than body margin. 

 

Remarks: Myzostoma laurenae n. sp. is most similar to M. stochoeides Atkins, 1927 

and M. longicirrum Graff, 1887 – both with records on (but not originally described 

from) Capillaster multiradiatus and Capillaster sentosus respectively. Myzostoma 

stochoeides was originally described from the Great Barrier Reef associated with 

Comanthus annulatus (i.e. Comanthus parvicirrus). We collected specimens from near 

the type locality of Badu Island, Australia associated with Comanthus parvicirrus (SIO-

BIC A3661, A3678-79, A3723-24, A3795, A3810 - molecular data published in 

Summers & Rouse (in review)), which we consider most similar to those described by 

Atkins (1927) (some showing the ringed-pattern of the drawings). These specimens can 

be distinguished from Myzostoma laurenae n. sp. based on molecular data, host use, 

size, length of cirri (longer in M. laurenae n. sp.), and color pattern (M. stochoeides 
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translucent to dark brown). It is possible that those specimens associated with 

Capillaster previously referred to M. stochoeides in Eeckhaut et al. (1994) may instead 

be M. laurenae n. sp. 

 Myzostoma longicirrum Graff, 1887 was described originally from Zamboanga, 

Philippines on Comanthus parvicirrus. The specimen was badly damaged and the 

drawing included was a ‘restoration’ and is a ventral view only. Eeckhaut et al. (1994) 

redescribed this species from material found loose in jars with Capillaster sentosus, 

Capillaster sp., Comatula pectinata, and Pontiometra andersoni from Singapore, the 

Philippines, and the Sulu Archipelago. These specimens were described as of the same 

general size and shape of M. laurenae n. sp, but were dark brown, possessed 

‘membranous marginal lobes between the marginal cirri,’ and the three most anterior 

and posterior pairs of cirri were much longer than the rest.  In the one paratype with 

intact cirri (SIO-BIC A3674), the first three and last four pairs of cirri were 

approximately two times longer than cirri pairs 4-6. Preserved material was white and 

translucent, and although slight scalloping might be interpreted, the distinct marginal 

lobes were not observed in M. laurenae n. sp. In the original description of M. 

longicirrum, the mouth was in line with the parapodia and the lateral organs were 

midway between the parapodia and body margin; this placement differs from that 

observed in M. laurenae n. sp., but these features were suggested by Eeckhaut et al. 

(1994) to have been a misinterpretation based on the poor quality of the specimens. We 

consider Myzostoma laurenae n. sp. distinct from M. longicirrum based on color, 

relative lengths of cirri, host, and locality. 
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Myzostoma miki n. sp. 

Fig. 6.4 C 

Holotype: SIO-BIC A3662 hologenophore (1 spm: 95% ethanol). Wongat Island, 

Madang, Papua New Guinea (5° 8.093'S, 145° 49.338'E), less than 20 m. Collected 

using scuba on 4 December 2012 by MMS and GWR. Genbank (COI – XXXX).  

 

Host: Clarkcomanthus luteofuscum HL Clark (Comatulidae, Comatulida, Crinoidea). 

SIO-BIC E5951 (tissue subsample in 95% ethanol). Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3834 (2 spms: 95% ethanol). Hook Reef, Whitsunday Islands, 

Australia (20° 7'5.03"S, 148°55'25.30"E), 10 m. Collected using scuba on 22 June 2011 

by GWR and Nerida Wilson. Genbank (COI – XXXX). Host: Clarkcomanthus 

luteofuscum, SIO-BIC E4726; Genbank (16S – XXXX). 

 

Etymology: Named for Michael Summers, father of MMS. 

 

Diagnosis and description: Holotype body circular, ~2 mm in diameter following 

fixation. Dorsal surface with elevated hexagonal ridges in 5 rings, resembling a 

honeycomb (Fig. 6.4C). Body margin with 20 short-medium length cirri, equal length. 

Mouth and cloaca on ventral surface, in line with parapodia. Proboscis with 9 papillae. 

Five pairs of parapodia midway between midline and body margin. Paired penes in line 

with third pair of parapodia. Four pairs of lateral organs midway between parapodia and 

body margin, alternating with the former. 
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Remarks: Myzostoma miki n. sp. can be distinguished from other shallow-water 

myzostomes by its hexagonal honeycombed ridged pattern on the dorsal surface (Table 

1). Two other species have been described with a pentagonal dorsal patterning. 

Myzostoma chelonium McClendon, 1906 and Myzostoma chelonoidium McClendon, 

1906 were both described associated with the same host – Calometra discoidea 

Carpenter, 1888 – from the same locality – Suruga Gulf and Sagami Sea, Japan, and are 

possibly the same species. These specimens are described as circular and elongate, 

respectively, and drawings show two to three rings of large (relative to their dorsal 

surface) square to hexagonal combs (the author stated that they gave the appearance of 

a turtle shell) (McClendon 1906). The two anterior and posterior pairs of cirri were 

observed to be smaller than the rest in M. chelonium – a feature not seen in Myzostoma 

miki n. sp. The difference in host, locality, and overall appearance of the pentagonal 

ridges allows separation of these two Japanese species from Myzostoma miki n. sp. 

One species known to associate with Comatulidae may (or may not) have a 

complex dorsal patterning – Myzostoma atrum Atkins, 1927. Myzstoma atrum was 

described from the Great Barrier Reef, associated with Comatula pectinata (Linnaeus) 

and another unidentified crinoid. This species has a dorsal surface that varied among 

specimens, likely due to poor preservation. One drawing depicts a specimen with many 

small ridges, similar to Myzostoma miki n. sp., but these ridges were described as 

irregular folds in the dorsal surface. Myzostoma atrum was also found on a different 

host, recorded as dark purple, and lacked marginal cirri – all features which distinguish 

it from Myzostoma miki n. sp. 
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Myzostoma pipkini n. sp. 

Fig. 6.6 A-I 

Hypomyostoma n. sp. 1 – Lanterbecq et al. (2006). 

 

Holotype: SIO-BIC A3741 paragenophore (1 spm: in 70% ethanol after formalin 

fixation). New Reef, Raja Ampat, Indonesia (0°32'40.44"S, 130°41'39.52"E), less than 

20 m. Collected using scuba on 20 October 2013 by MMS and GWR.  

 

Host: Colobometra perspinosa (Carpenter) (Colobometridae, Comatulida, Crinoidea). 

SIO-BIC XXXX. Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A4018 paragenophore (1 spm: 95% ethanol). Same host and 

locality as holotype. Genbank (COI – XXXX). AM-W.43459 syngenophores (4 spms: 

in 70% ethanol after formalin fixation), AM-W.43460 syngenophore (1 spm: in 70% 

ethanol after formalin fixation), AM-W.43460 syngenophore (1 spm: 95% ethanol), 

and AM-W.43452 syngenophores (18 spms – 95% ethanol). West of Dili, off Tibar, 

Banda Sea, Timor-Leste (8°33'47"S, 125°28'31"E), 4-10 m. Collected using scuba on 

21 Sep 2012 by GWR and Nerida Wilson. Genbank (COI – XXXX; XXXX). Host: 

Colobometra perspinosa, AM-J.25415; Genbank (COI – XXXX). SIO-BIC A3753 

syngenophore (1 spm: 95% ethanol). West Mansuar, Raja Ampat, Indonesia 

(0°36'30.10"S, 130°32'37.53"E), less than 20 m. Collected using scuba on 23 October 

2013 by MMS and GWR. Genbank (COI – XXXX). Host: Colobometra perspinosa, 
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SIO-BIC E6151.  SIO-BIC A3818 syngenophores (3 spms: 1 spm – in 70% ethanol 

after formalin fixation; 1 spm – 95% ethanol; 1 spm – mounted for SEM). Cobia Hole, 

Lizard Island, Australia (14°39'6.9834"S, 145° 27' 30.9954"E), 18 m. Collected using 

scuba on 21 March 2000 by GWR. Genbank (COI – XXXX). Host: Colobometra 

perspinosa. SIO-BIC A3742 syngenophores (4 spms: 3 spms – in 70% ethanol after 

formalin fixation; 1 spm – 95% ethanol). New Reef, Raja Ampat, Indonesia 

(0°32'40.44"S, 130°41'39.52"E), less than 20 m. Collected using scuba on 20 October 

2013 by MMS and GWR. Host: Colobometra perspinosa, SIO-BIC E6152; Genbank 

(COI – XXXX). SIO-BIC A3743 syngenophores (2 spms: 1½ spm – in 70% ethanol 

after formalin fixation; ½ spm – 95% ethanol). New Reef, Raja Ampat, Indonesia 

(0°32'40.44"S, 130°41'39.52"E), less than 20 m. Collected using scuba on 20 October 

2013 by MMS and GWR. Host: Colobometra perspinosa, SIO-BIC E6153. SIO-BIC 

A3745 syngenophores (2 spms: 1½ spm – in 70% ethanol after formalin fixation; ½ 

spm – in 95% ethanol following DMSO fixation). Citrus Reef, Gam Island, Raja 

Ampat, Indonesia (0°32'20.34"S, 130°36'4.13"E), less than 20 m. Collected using scuba 

on 21 October 2013 by MMS and GWR. Host: Colobometra perspinosa, SIO-BIC 

E6154; Genbank (COI – XXXX). SIO-BIC A3746 syngenophores (2 spms: 1 spm – in 

70% ethanol after formalin fixation; 1 spm – in 95% ethanol after DMSO fixation). 

Yenbuba Jetty, eastern side of Mansuar, Raja Ampat, Indonesia (0°34'18.30"S, 

130°39'30.28"E), less than 20 m. Collected using scuba on 13 October 2013 by MMS 

and GWR. Host: Colobometra perspinosa, SIO-BIC E6155. SIO-BIC A3747 

syngenophore (1 spm: ½ spm – in 70% ethanol after formalin fixation; ½ spm – 95% 

ethanol). Sorido Blue Hole, Raja Ampat, Indonesia (0°33'28.19"S, 130°41'37.90"E), 
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less than 20 m. Collected using scuba on 19 October 2013 by MMS and GWR. Host: 

Colobometra perspinosa, SIO-BIC E6156. SIO-BIC A3751 syngenophore (1 spm: 

95% ethanol). Otdima Reef, Raja Ampat, Indonesia (0°32'59.70"S, 130°37'10.88"E), 

less than 20 m. Collected using scuba on 22 October 2013 by MMS and GWR. Host: 

Colobometra perspinosa, SIO-BIC E6157; Genbank (COI – XXXX). SIO-BIC A3755 

syngenophore (1 spm: ½ spm – in 70% ethanol after formalin fixation; ½ spm – 95% 

ethanol). New Reef, Raja Ampat, Indonesia (0°32'40.44"S, 130°41'39.52"E), less than 

20 m. Collected using scuba on 20 October 2013 by MMS and GWR. Host: 

Colobometra perspinosa, SIO-BIC E6162. SIO-BIC A3756 syngenophores (2 spms: 1 

spm – in 70% ethanol after formalin fixation; 1 spm – 95% ethanol). Otdima Reef, Raja 

Ampat, Indonesia (0°32'59.70"S, 130°37'10.88"E), less than 20 m. Collected using 

scuba on 22 October 2013 by MMS and GWR. Host: Colobometra perspinosa, SIO-

BIC E6158. 

 

Etymology: Named for Jason Pipkin, an explorer of annelid neuroanatomy. 

 

Diagnosis and description: Holotype body elongate, terminating in a point posteriorly 

(Fig. 6.6A-C, G-I). Length ~ 1.2 cm following fixation. Body margin scalloped, 

composed of many irregularly-sized triangular cirri. Mouth and cloaca on ventral 

surface. Mouth subterminal, positioned midway between first pair of parapodia and 

body margin. Extended proboscis smooth (Fig. 6.6C). Five pairs of parapodia with 

small, low cirri and hooks (Fig. 6.6D-E) restricted to the anterior half of the body (Fig. 

6.6C, I). Cloaca positioned midway between last pair of parapodia and body margin. 



	   251	  

Paired penes in line with third pair of parapodia. Small lateral organs, alternating with 

parapodia. Dorsal surface with longitudinal ridge and 12 lateral ridges, of which the 

four most anterior are not continuous. 

 

Remarks: Myzostoma pipkini n. sp. is most similar to Myzostoma attenuatum Grygier, 

1989, Hypomyzostoma folium (Graff, 1884a), Hypomyzostoma nanseni (Graff, 1887), 

and Myzostoma moebianum (Graff, 1884a). These taxa are elongate with the posterior 

end terminating in a point and have a scalloped margin composed of many irregularly 

shaped cirri, subterminal mouth, and the cloaca and parapodia restricted to the anterior 

two-thirds of the body.  

Myzostoma attenuatum was described from the Philippines associated with 

Capillaster sentosus (Carpenter), with paratypes from a variety of other hosts 

distributed throughout the Indo-Pacific (Comaster multifidus (Müller), Colobometra 

perspinosa, Oxymetra finschii (Hartlaub), Pontiometra andersoni (Carpenter), 

Decametra mylitta AH Clark, Cenometra bella (Hartlaub), Stephanometra indica 

(Smith), Phanogenia gracilis (Hartlaub), Petasometra helianthoides AH Clark). 

Myzotoma attenuatum was suggested as a possible synonymn of M. moebianum in 

Grygier (1989, 1992). Myzostoma moebianum was described from a poorly preserved 

specimen collected at Fouquet Island (Seychelles) on an unknown feather star host 

(referred to as Comatula sp.). In M. moebianum the skin is ciliated (not mentioned in 

descriptions of M. attenuatum). Specimens assignable to M. attenuatum (or M. 

moebianum – dorsal cilia present) were collected and sequenced in Summers & Rouse 

(in review). These specimens were associated with a few hosts (Capillaster 
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multiradiatus, Cenometra bella, Colobometra perspinosa, Decametra cf. laevipinna 

(AH Clark), Petasometra clarae (Hartlaub), and Pontiometra andersoni), confirming 

the wide range of recorded hosts included in the original descriptions for M. attenuatum 

(see Genbank XXXX; XXXX; XXXX; XXXX; XXXX; XXXX; XXXX). Myzostoma 

pipkini n. sp. is distinguished from M. attenuatum/M. moebianum by molecular data, 

lack of cilia on the dorsal surface, parapodia midway between the midline and margin 

(in M. attentuatum the parapodia are closer to the margin), and a continuous scalloped 

margin (the cirri are sparse in the posterior region of M. attenuatum). 

Hypomyzostoma folium was described from southwest of West Papua, Indonesia 

associated with Cyllometra manca (Carpenter). Hypomyzostoma folium differs from M. 

pipkini n. sp. by having a distinctive elevated longitudinal ridge, lacking lateral organs, 

and occupied host. Hypomyzostoma nanseni was described from the Maluku Islands, 

Indonesia found lying loose with a collection of feather stars. This species was 

distinguished by a dorsal line along the mid-line and the color was recorded as a 

uniform dirty brown and reddish. A specimen matching this description was collected 

from Basilometra boschmai AH Clark and sequenced in Summers & Rouse (in review). 

We suggest that the host now be considered Basilometra boschmai for this species. The 

cirri of these specimens were cylindrical, more elongate, and spaced apart, of a much 

different appearance than the scalloped margin of M. pipkini n. sp. These specimens 

also possessed a wide dorsal ridge above the intestinal track, which is not present in M. 

pipkini n. sp.  

M. pipkini n. sp. can be further distinguished from all of these taxa by the 

horizontal ridges on the dorsal surface, which ranges among types from approximately 
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seven to 12. The live dorsal coloring of Myzostoma pipkini n. sp. varies from white and 

black (Fig. 6.6 F-G), white-green (Fig. 6.6 H-I), and red, with or without white 

patterning (not shown). In preservative, colors are faded or mostly white. Length of 

types 1 mm – 1.2 cm. 

 

Myzostoma susanae n. sp. 

Fig. 6.6 G-J 

Myzostoma coriaceum (Fig. 1A; DNA from other specimen) – Lanterbecq et al. (2006) 

 

Holotype: SIO-BIC A3803 hologenophore (1 spm: ½ - in 70% ethanol after formalin 

fixation; ½ - 95% ethanol). Mermaid Cove, Lizard Island Reef, Australia (14°38’51.1” 

S, 145°27’9.6” E), 6 m. Collected using scuba on 18 November 2001 by GWR. 

Genbank (COI – XXXX). 

 

Host: Comaster schlegelii (Carpenter) (Comatulidae, Comatulida, Crinoidea). SAM 

K2025. Genbank (28S – XXXX). 

 

Etymology: Named for Susan Rouse, mother of GWR, in honor of her birthday. 

 

Diagnosis and description: Holotype body circular, ~5 mm in diameter following 

fixation. Body margin with 20 very small, thin cirri (Fig. 6.6K-L). Mouth and cloaca on 

ventral surface, in line with first and last pair of parapodia respectively. Five pairs of 

parapodia. Lateral organs closer to parapodia than body margin (Fig. 6.6L). Live and 
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preserved color bright white. 

 

Remarks: There are five other species with short marginal cirri recorded from feather 

stars, all of which are large in size (> 3 mm) (Table 1). Myzostoma seymourcollegiorum 

Rouse & Grygier, 2005 has low parapodial cirri and thicker marginal cirri and is also 

clearly different from DNA sequence data, though it is closely related to M. susanae n. 

sp. (Summers & Rouse in review).  Myzostoma seymourcollegiorum is found in 

southern Australia, associated with Cenolia trichoptera (Müller) and possibly Cenolia 

glebosus Rowe et al. (Rouse & Grygier 2005), though the latter association has yet to 

be assessed with DNA sequencing. The other four species with short marginal cirri 

were all described by Graff and his descriptions were all brief.  Myzostoma brevicirrum 

Graff, 1884a was described from Tonga (31 m depth), collected with Clarkcomanthus 

comanthipinna (Gislén). Specimens were up to 5 mm in diameter, transparent yellow-

ish in color (one specimen was brown), and with a proboscis with papillae. Myzostoma 

pallidum Graff, 1877 and Myzostoma triste Graff, 1877 were described from Bohol, 

Philippines. Myzostoma pallidum was found on three species of crinoids - Comatula 

solaris and Comanthus parvicirrus (hosts revised in Graff, 1884a). Specimens were ~ 3 

mm in diameter and pale grey-brown with a dirty-yellow edge, the drawing showing a 

proboscis with papillae. Myzostoma triste was recorded from Comanthus parvicirrus (in 

Graff, 1884a). Material was around 4.5 mm long and 4 mm wide and dark brown in 

color. Myzostoma coriacium Graff 1884a was described from Port Denison, Australia 

associated with Colobometra perspinosa (though host identification seems dubious). 

The diameter of the three specimens were between 2.7 to 9 mm, with the margins bent 
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downwards. The specimens were darkish brown in color. The lateral organs described 

as located midway between the parapodia and body margin (though the drawing shows 

them closer to the parapodia). Myzostoma susanae n. sp. is distinguishable from all of 

these species based on color and host. 

 

Myzostoma tertiusi n. sp. 

Fig. 6.6 I-L 

Holotype: SIO-BIC A3793 (1 spm: ½ - in 70% ethanol after formalin fixation; ½ - 95% 

ethanol). Otdima Reef, Raja Ampat, Indonesia (0°32'59.70"S, 130°37'10.88"E), less 

than 20 m. Collected using scuba on 22 October 2013 by MMS, GWR, and Tertius 

Kammeyer. Genbank (COI – XXXX). 

 

Host: Colobometra perspinosa (Carpenter) (Colobometridae, Comatulida, Crinoidea). 

SIO-BIC E6157. Genbank (COI – XXXX). 

 

Paratypes: SIO-BIC A3703 (2 spms: 1 - in 70% ethanol after formalin fixation; 1 – 

95% ethanol). Outside of Tab Island, Madang, Papua New Guinea (5° 10.013'S, 145° 

50.455'E), 5-20 m. Collected using scuba on 7 December 2012 by MMS and GWR. 

Genbank (COI – XXXX). Host: Cenometra bella (Hartlaub). MNHN-IE-2013-8070 

(dried voucher) & SIO-BIC E5939 (tissue subsample in 95% ethanol). Genbank (COI – 

XXXX). 

 

Etymology: Named for Tertius Kammeyer, an avid myzostome hunter who found the 
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holotype with MMS and GWR. 

 

Diagnosis and description: Holotype body circular, ~4 mm in diameter following 

fixation. Body margin scalloped from many unequal-sized triangular cirri (Fig. 6.6J-L). 

White dorsal longitudinal ridge (Fig. 6.6N-J). Mouth and cloaca subterminal, in line 

with parapodia. Extended proboscis smooth. Five pairs of parapodia, two-thirds of the 

way to body margin (Fig. 6.6L). 

 

Remarks: The body shape of Myzostoma tertiusi n. sp. is not entirely circular, the 

scalloped margin resembling that of M. pipkini n. sp. One circular myzostome species 

has been described from the same host, Colobometra perspinosa. This species, 

Myzostoma coriaceum Graff, 1884a is circular, over 9 mm in diameter and most similar 

in form to specimens found on Comatulidae (see remarks for M. susanae  n. sp.). The 

host identification for this specimen is dubious and it is easily differentiated from 

Myzostoma tertiusi n. sp. Many species associated with Mariametroidea have a 

scalloped margin, particularly the elongated forms of Hypomyzostoma. Of these, only 

M. attenuatum Grygier, 1989 and Myzostoma pipkini n. sp. and have been reported 

from Colobometra perspinosa and Cenometra bella, both of which differ 

morphologically and in molecular data (Summers & Rouse in review) from M. tertiusi 

n. sp. 

 

Protomyzostomatidae Stummer-Traunfels, 1926 

Protomyzostomum Fedotov, 1912 
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Protomyzostomum lingua n. sp. 

Fig. 6.7 A-D 

Holotype: SIO-BIC A3238 (S1976) paragenophore (1 spm: in 70% ethanol after 

formalin fixation). Discovery Bank, Antarctica (Stn. DB1-67)(60° 7' 38.733"S, 34° 54' 

11.1954"W), 379 m. Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 

15 October 2011 by Nerida Wilson, GWR, MMS, and science team.   

 

Host: Gorgonocephalus chilensis (Philippi) (Gorgonocephalidae, Euryalida, 

Ophiuroidea). SIO-BIC E6110 (S4088) (DNA subsample only). Genbank (COI – 

XXXX). 

 

Paratypes: SIO-BIC A3226 (S1977) paragenophore (2 spms: 1 - in 70% ethanol after 

formalin fixation; 1 – 95% ethanol), SIO-BIC A3238 (S1976) paragenophores (2 

spms: 1 - in 70% ethanol after formalin fixation; 1- 95% ethanol). Genbank (COI – 

XXXX). Same host and locality as holotype. SIO-BIC A3227 (S4381) syngenophores 

(2 spms: 1 - form and 1 - 95% ethanol). Discovery Bank, Antarctica (Stn. DB1-58)(60° 

6' 39.726"S, 34° 49' 35.7594"W), 439 m. Collected via the R/V Nathaniel B. Palmer 

using a Blake trawl on 13 October 2011 by Nerida Wilson, GWR, MMS, and science 

team. Host: Gorgonocephalus chilensis, SIO-BIC E6109 (S4561) (DNA subsample 

only). SIO-BIC A3244 syngenophore (S1034) (1 spm: in 70% ethanol after formalin 

fixation). Discovery Bank, Antarctica (Stn. DB1-74)(60°8'15.3594"S, 34° 51' 

38.6274"W), 407-409 m. Collected via the R/V Nathaniel B. Palmer using a Blake 



	   258	  

trawl on 16 October 2011 by Nerida Wilson, GWR, MMS, and science team. Host: 

Gorgonocephalus chilensis, SIO-BIC E6111 (S1033) (DNA subsample only). SIO-BIC 

A3853 (S5732) syngenophores (2 spms: 95% ethanol). Burdwood Banks, Antarctica 

(Stn. BB1-106)(54°39'54.039"S, 61°14' 8.682"W), 307 m. Collected via the R/V 

Nathaniel B. Palmer using a Blake trawl on 31 October 2011 by Nerida Wilson, GWR, 

MMS, and science team. Host: Gorgonocephalus chilensis, SIO-BIC E6136 (S5660). 

SIO-BIC A3854 (S5733) syngenophore (1 spm: 95% ethanol). Burdwood Banks, 

Antarctica (Stn. BB1-106)(54°39'54.039"S, 61°14' 8.682"W), 307 m. Collected via the 

R/V Nathaniel B. Palmer using a Blake trawl on 31 October 2011 by Nerida Wilson, 

GWR, MMS, and science team. Host: Gorgonocephalus chilensis, SIO-BIC E6137 

(S5661); Genbank (COI – XXXX). SIO-BIC A3855 (S5734) syngenophore (1 spm: 

95% ethanol). Burdwood Banks, Antarctica (Stn. BB1-106)(54°39'54.039"S, 61°14' 

8.682"W), 307 m. Collected via the R/V Nathaniel B. Palmer using a Blake trawl on 31 

October 2011 by Nerida Wilson, GWR, MMS, and science team. Host: 

Gorgonocephalus chilensis, SIO-BIC E6134 (S5658). SIO-BIC A3856 syngenophore 

(S5735) (1 spm: 95% ethanol). Burdwood Banks, Antarctica (Stn. BB1-

106)(54°39'54.039"S, 61°14' 8.682"W), 307 m. Collected via the R/V Nathaniel B. 

Palmer using a Blake trawl on 31 October 2011 by Nerida Wilson, GWR, MMS, and 

science team. Host: Gorgonocephalus chilensis, SIO-BIC E6135 (S5659). SIO-BIC 

A3857 (S5737) syngenophores (2 spms: 95% ethanol). Burdwood Banks, Antarctica 

(Stn. BB1-106)(54°39'54.039"S, 61°14' 8.682"W), 307 m. Collected via the R/V 

Nathaniel B. Palmer using a Blake trawl on 31 October 2011 by Nerida Wilson, GWR, 

MMS, and science team. Host: Gorgonocephalus chilensis, SIO-BIC E6141 (S5665). 
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SIO-BIC A3858 (S5737) syngenophores (5 spms: 95% ethanol). Same host and 

locality as SIO-BIC A3857. SIO-BIC A4005 (S5541) syngenophore (1 spm: 95% 

ethanol). Burdwood Banks, Antarctica (Stn. BB1-104)(54°39'2.8794"S, 

60°1'36.4614"W), 195 m. Collected via the R/V Nathaniel B. Palmer using a Blake 

trawl on 31 October 2011 by Nerida Wilson, GWR, MMS, and science team. Host: 

Gorgonocephalus chilensis, SIO-BIC E6130 (S5600). SIO-BIC A4006 (S5543) 

syngenophore (1 spm: 95% ethanol). Burdwood Banks, Antarctica (Stn. BB1-

104)(54°39'2.8794"S, 60°1'36.4614"W), 195 m. Collected via the R/V Nathaniel B. 

Palmer using a Blake trawl on 31 October 2011 by Nerida Wilson, GWR, MMS, and 

science team. Host: Gorgonocephalus chilensis. SIO-BIC A4003 (S5739) 

syngenophore (3 spms: 95% ethanol). Burdwood Banks, Antarctica (Stn. BB1-

107)(54°40'17.328"S, 61°14'1.428"W), 305 m. Collected via the R/V Nathaniel B. 

Palmer using a Blake trawl on 31 October 2011 by Nerida Wilson, GWR, MMS, and 

science team. Host: Gorgonocephalus chilensis, SIO-BIC E6147 (S5730). SIO-BIC 

A4004 (S5738) syngenophores (5 spms: 95% ethanol). Burdwood Banks, Antarctica 

(Stn. BB1-107)(54°40'17.328"S, 61°14'1.428"W), 305 m. Collected via the R/V 

Nathaniel B. Palmer using a Blake trawl on 31 October 2011 by Nerida Wilson, GWR, 

MMS, and science team. Host: Gorgonocephalus chilensis, SIO-BIC E6145 (S5669). 

SIO-BIC A4022 (S21383) syngenophores (2 spms: 1 - in 70% ethanol after formalin 

fixation; 1 – 95% ethanol). Burdwood Banks, Antarctica (Stn. BBW-

78)(53°58'9.4794"S, 61°28'2.28"W), 158 m. Collected via the R/V Nathaniel B. Palmer 

using a Blake trawl on 5 May 2013 by Nerida Wilson, GWR, and science team. Host: 

Gorgonocephalus chilensis, SIO-BIC E6150 (S21308). 
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Etymology: Latin for tongue, named for its resemblance to a mammalian tongue. 

 

Diagnosis and description: Holotype recovered from host’s bursa (Fig. 6.7A-B). Body 

elongate, rounded posteriorly and anteriorly (Fig. 6.7C-F). Length ~ 1.3 cm, width ~ 6 

mm following fixation. Mouth and cloaca terminal. Five pairs of low parapodia with 

chaetae small and barely emergent. Orange in life, color faded in preservative. 

 

Remarks: Four species of Protomyzostomum have been previously described – 

Protomyzostomum glanduliferum Bartsch & Faubel, 1995, P. polynephris Fedotov, 

1912, P. astrocladi Fedotov, 1925, and P. sagamiense Okada, 1922. Protomyzostomum 

polynephris and P. sagamiense were recorded from basketstar hosts 

(Gorgonocephalus), from Arctic and Japanese waters respectively. Protomyzostomum 

glanduliferum is known from Antarctic waters, but inhabits the brittlestar Ophiacantha 

antarctica. Sequences of Lanterbecq et al. (2006) for P. glanduliferum and P. 

polynephris were found to be incorrect in Summers & Rouse (in review). An 

undescribed myzostome has also been recorded from another Antarctic brittlestar, 

Ophionotus victoriae Bell, 1902 by Bartsch & Faubel, 1995. 

 

Protomyzostomum roseus n. sp. 

Fig. 6.7 E-J 

Holotype: SIO-BIC A4019 paragenophore (1 spm in 70% ethanol after formalin 

fixation). Off Monterey Canyon, California (36° 48' 7.9194" N, 121° 59' 42" W), 632 
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m. Collected via the R/V Western Flyer using the ROV Tiburon (Dive 1160) on 18 

October 2007 by GWR, Nerida Wilson and R. C. Vrijenhoek. 

 

Host: Asteronyx longifissus Döderlein (Asteronychidae, Euryalida, Ophiuroidea). SIO-

BIC E6108. Genbank (16S – XXXX; 28S – XXXX). 

 

Paratypes: SIO-BIC 3799 paragenophore (1 spm: 95% ethanol). Genbank (COI – 

XXXX); SIO-BIC 3797 paragenophores (2 spms: 1 - in 70% ethanol after formalin 

fixation; 1 - 95% ethanol). Genbank (COI – XXXX); SIO-BIC A3799 (2 spms: in 70% 

ethanol after paraformaldehyde/glutaraldehyde fixation). SIO-BIC A4023 

paragenophore (1 spm: embedded in Spurr’s resin after fixation in glutaraldehyde and 

osmium tetroxide, some in 1µm sections). Same host and locality as holotype. 

 

Etymology: Latin for red, in reference its color in life. 

 

Diagnosis and description: Holotype recovered from a host’s bursa (Fig. 6.7H). Body 

elongate, tapering posteriorly and anteriorly (Fig. 6.7I). Length ~ 4 mm, width ~ 2.5 

mm following fixation. Mouth and cloaca terminal. Five pairs of parapodia, more 

pronounced in small specimen. Color red in life, white in preservative. 

 

Remarks: This is the first species of myzostome described that infests ophiuroids in the 

eastern Pacific, and the first record in Asteronyx longifissus. 

Preliminary histological study showed the body to be ellipsoidal in transverse 



	   262	  

section (Fig. 6.7J). The region sectioned (near anterior) showed the gut to lie dorsally 

above and adjacent to ovarian tissue, containing oocytes in various stages of 

development. No testis tissue was in this region. Bases of the chaetae were placed 

ventrolaterally in chaetal sacs with surrounding musculature for protrusion. Ventral 

nerve cord not discernable. 

 

Pulvinomyzostomatidae Jägersten, 1940b 

Pulvinomyzostomum Jägersten, 1940b 

 

Pulvinomyzostomum inaki n. sp. 

Fig. 6.8 A-C 

Holotype: SIO-BIC A1408 paragenophore (1 male: in 70% ethanol after formalin 

fixation). Jaco Scarp, Costa Rica (9.1172° N, 84.8417° W), 1866 m. Collected via the 

R/V Atlantis using the HOV Alvin (Dive 4509) on 3 March 2009. 

 

Host: Antedon sp. (Antedonidae, Comatulida, Crinoidea) SIO-BIC E4399. Genbank 

(COI – XXXX). 

 

Paratypes: SIO-BIC A1579 paragenophores (2 males: 95% ethanol). Same host and 

locality. Genbank (COI – XXXX). 

 

Etymology: Named for Jose Ignacio Carvajal for his valuable contributions to the DNA 

sequencing of myzostomes. 
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Diagnosis and description: Large female in host’s mouth, smaller males on female’s 

ventral surface (Fig. 6.8B). Female thick, circular, body margin slightly scalloped from 

20 small cirri (Fig. 6.8A-B).  Dorsal surface of female ridged and with papillae. 

Holotype (male) circular, slightly wider than long, body margin strongly scalloped from 

20 triangular cirri (Fig. 6.8C). Mouth and cloaca terminal. Extended proboscis smooth. 

Five pairs of parapodia, positioned equal distance from the midline to the body margin. 

 

Remarks: Pulvinomyzostomum inaki n. sp. possesses the same lifestyle as 

Pulvinomyzostomum pulvinar Graff, 1884b – a large female located in the mouth with 

small males. The female specimen was found with the small males on the ventral 

surface, the in situ arrangement in the mouth is not known. Pulvinomyzostomum 

pulvinar was described from Leptometra phalangium (Müller, 1841) collected in 

Scottish waters. Pulvinomyzostomum pulvinar possesses a dorsal proboscis and has a 

smooth dorsal surface (re-examined in Jägersten, 1940b and Eeckhaut & Lanterbecq, 

2005), distinguishing it from P. inaki n. sp. 

The free-living Myzostoma graffi Nansen, 1885 and M. giganteum Nansen, 1885 

from Norwegian waters are described as having a scalloped margin similar to the males 

of Pulvinomyzostomum inaki n. sp. As the host is similar, Leptometra celtica 

(M’Andrew & Barrett), these records could be males of Pulvinomyzostomum pulvinar 

and warrant further collection now that molecular data are available. 

Pulvinomyzostomum inaki n. sp. is the first record of this lifestyle (large female in 

mouth, smaller free-living males) from Pacific waters, and is also distinguished from P. 
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pulvinar based on molecular data (provided in Lanterbecq et al. (2006)). 

 

Pulvinomyzostomum messingi n. sp. 

Fig. 6.8 D-G 

Holotype: SIO-BIC A3800 hologenophore (1 spm: 95% ethanol). Off southwest 

Oregon (42° 44' 28.104" N, 128° 5' 48.2994" W), 1650 m. Collected via the R/V 

Western Flyer using the ROV Doc Ricketts (Dive 82) on 4 September 2007 by Julio 

Harvey. Genbank (COI – XXXX). 

 

Host: Gephyrocrinus messingi Roux & Lambert (Hyocrinidae, Hyocrinida, Crinoidea). 

SIO-BIC E5662. Genbank (COI – XXXX). 

 

Etymology: Named for Charles Messing, for whom its host crinoid is also named for, 

and in recognition for his often noticing and collecting myzostomes on crinoids. 

 

Diagnosis and description: Holotype free-living (Fig. 6.8D). Body elongate. Length ~6 

mm; width ~4 mm following fixation. Dorsal surface furrowed (Fig. 6.8E). Body 

margin acirrate (Fig. 6.8G). Mouth and cloaca subterminal on ventral surface, midway 

between first and last pairs of parapodia and body margin. Five pairs of parapodia. 

Color in life unknown, pale yellow following fixation. 

 

Remarks: Unlike other members of Pulvinomyzostomum, where a large female remains 

stationary in the mouth, Pulvinomyzostomum messingi n. sp. was collected living free 
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on the host. This is the first record of Pulvinomyzostomum on a stalked crinoid – 

Pulvinomyzostomum pulvinar and Pulvinomyzostomum messingi n. sp. were both found 

on antedonid hosts. Pulvinomyzostomum messingi n. sp. is also the first description of a 

myzostome associated with a stalked crinoid in the east-Pacific and, with the exception 

of Stelechopus hyocrini Graff, 1884, is the only known myzostome from a hyocrinid. 

The other free-living myzostomes on stalked crinoids (currently in 

Eenymeenymyzostoma Summers & Rouse (in review), Myzostoma Graff, 1884a, and 

Stelechopus Graff, 1884a) are known from Japan, south of the Philippines, Antarctica, 

and the Caribbean (Table 1). All but Stelechopus have noticeable marginal cirri, unlike 

Pulvinomyzostomum messingi n. sp. 

 

Discussion 

We are arguably in a period of taxonomic renaissance (Zhang 2011). Much of 

the early taxonomic literature is available online and the cost of obtaining molecular 

data is rapidly decreasing. Despite this access to information, we are also in an age of 

‘dark taxa’ - an abundance of molecular data not connected to a formal name, much of 

which becomes suppressed by GenBank (Kwong et al. 2010; Parr et al. 2012). Lack of 

names hinders accurate biodiversity estimates and prevents data from multiple 

publications to be connected and accessible (i.e. it is difficult to track ‘Myzostoma sp. 

1’, especially using automated techniques). Establishing accurate names early is 

therefore of utmost importance, as they play an important role in organizing and tracing 

many types of data (e.g. molecular, biogeographic, etc.), including additional 

morphological details that are published at a later date.  
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An efficient and robust approach to species naming is developed and used here 

for Myzostomida, a group with much under-sampled diversity. This method includes a 

concise description combined with molecular data, live photograph, and accurate host 

identification, with the host ideally sampled and sequenced with the myzostome. The 

comprehensive table of available names and relevant information for identification 

allows users to narrow the most similar species to around five to ten species. Although 

the taxonomic challenges of each group is unique, this method can, and should, be 

developed for other taxa. Among annelids, there are many examples of ‘species’ left 

unnamed (e.g. the 12 species of Osedax yet to be named Vrijenhoek et al. 2009; five of 

the six sibling species in complex of Capitella identified by Grassle & Grassle (1976)). 

Establishing a clear rationale and criteria for naming within a group will allow more 

rapid and thorough species descriptions, as well as accurate and objective review. 
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Figure 6.1. Live photographs of Asteromyzostomum grygieri n. sp. (A, B) Holotype 
(SIO-BIC A3801) and other non-types on host Labidiaster annulatus, arrowheads 
indicate myzostomes. (C, D) Paratype (SIO-BIC A3554) ventral, mouth pierced 
through body wall (C) and dissected (D), arrow shows mouth and ring of circumoral 
tentacles. (E) Paratype (SIO-BIC A3232) ventral, five parapodia visible to left of 
mouth, indicated with roman numerals. (F) Two juveniles (non-types), ventral, showing 
five pairs of parapodia to left and right of mouth; one side indicated with roman 
numerals, the third pair offset from the others. Scalebars 1 cm (A); 1 mm (C-F). 
 
 
 
 
 
 
 



	   269	  
	  

	  

 

 
 



270	  
	  

	  

 
 
Figure 6.2. (A-E) Live photographs of Endomyzostoma scotia n. sp. - (A, B) SIO-BIC 
A3876 (non-types) on host Promachocrinus kerguelensis; cysts on centrodorsal (A) and 
arm, cyst cut open to show animal (B); (C-E) non-types (SIO-BIC A3224, A3876, 
A3912) removed from cysts, ventral, arrow shows mouth, roman numerals indicate 
parapodia. (F-G) Live photographs of Endomyzostoma neridae n. sp. holotype (AM 
W.43447) and paratype (AM P.90322) – (F) removed from cyst, roman numerals 
indicate parapodia; (G) within cyst on host’s arm. (H-L) Mesomyzostoma lanterbecqae 
n. sp. – (H-I) Live photographs: (H, I) non-type (SIO-BIC A3650) and paratype (SIO-
BIC A3652) within host’s coelom, arrow shows myzostome in (I), (J) non-type (SIO-
BIC A3649) dissected; (K-L) SEM of non-type (SIO-BIC A3648), (K) whole animal, 
(L) hook and reduced parapodia. Scalebars 5 mm (B); 1 mm (C-G, H, J); 0.5 mm (K); 
10 µm (L). 
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Figure 6.3. (A-B) Hypomyzostoma jasoni n. sp.  – (A-C) live photographs, (A) non-
type (SIO-BIC – SIO-BIC 4025) on arm of host Stephanometra indica, arrow indicating 
myzostome; (B) paratype (SAM E3398) side profile, showing scalloped margin; (C) 
paratype (SAM E3398) dorsal view, showing transverse lines and extended, smooth 
proboscis; (D-F) SEM of paratype (SAM E3398), (D) ventral, showing five pairs of 
parapodia restricted to anterior two-thirds of body and cloaca positioned between last 
pair of parapodia and body margin; (E) side view, showing smooth dorsal surface and 
scalloped margin; (F) parapodia with hooks and small cirri buds, indicated by an 
arrowhead. (G-K) Hypomyzostoma joni n. sp. – (G-H) SEM of paratype (SIO-BIC 
A4024), (G) parapodia with hook, (H) side profile, showing parapodia with hooks and 
penis aligned with third parapodia; (I-K) live photographs of paratypes (SIO-BIC 
A4026), (I) dorsal view showing transverse lines and smooth extended proboscis; (J) 
juvenile removed from cyst on arm of host Liparometra articulata, folded ventral side 
facing upwards; (K) side profile, showing scalloped margin and range of parapodia. 
Scalebars 0.5 mm (A-E, I, K); 0.25 mm (J); 100 µm (F, H); 10 µm (G). 
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Figure 6.4. (A-B) Live photographs of Myzostoma debiae n. sp. paratype (SIO-BIC 
A3794)  – (A) dorsal, showing characteristic color and patterning; (B) ventral, extended 
penises adjacent to third pair of parapodia and extended proboscis with seven papillae. 
(C) Live photograph of Myzostoma miki n. sp. holotype (SIO-BIC A3662), dorsal, 
unique honeycomb pattern shown. (D-G) Myzostoma eeckhauti n. sp. paratypes (SIO-
BIC A3668) – (D) dorsal; (E-G) SEM, (E) ventral, specimen with only three pairs of 
parapodia – all other types had five pairs; (F) smooth extended proboscis, (G) parapodia 
with hook. (H-I) Live photograph of Myzostoma hollandi n. sp. holotype SIO-BIC 
A3791 – (H) dorsal; (I) ventral, showing six acirrate caudal processes and eight 
distinctive anterior triangular cirri. (J-K) Live photographs of Myzostoma indocuniculus 
n. sp. paratypes (SIO-BIC A3763) – (J) dorsal showing two wide ‘bunny ear-shaped’ 
caudal processes; (K) from the side, showing the cirri on the body margin and their 
relative lengths. Scalebars 1 mm (A-E, H-K); 100 µm (F, G). 
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Figure 6.5. (A-D) Live photographs of Myzostoma josefinae n. sp. – (A, B) paratype 
(SIO-BIC A3829) on host, Psathyrometra fragilis; (C) dorsal view of paratype (SIO-
BIC A3829), showing long cirri on body margin and elongate, cylindrical caudal 
appendages full of oocytes; (D) ventral view of paratype (SIO-BIC A3798). (E-I) 
Myzostoma kymae n. sp. – (E-G) SEM of paratype (SIO-BIC A3682), ventral surface, 
showing five pairs of parapodia (E), penises aligned with third pair (F), and alternating 
lateral organs (G); (H-I) Live photographs of holotype (SIO-BIC A3681) and paratypes 
(SIO-BIC A3682), (H) on host, Alleocomatella pectinifera, showing faint dorsal 
longitudinal ridge (I) side and ventral views, showing small cirri along body margin and 
extended proboscis with papillae. (J-L) Live photographs of Myzostoma laurenae n. sp. 
holotype (SIO-BIC A3809), (J) on host, Capillaster multiradiatus, (K) dorsal view 
showing color pattern and medium-long cirri along body margin, (L) ventral view 
showing extended proboscis with papillae, five pairs of parapodia and alternating lateral 
organs. Scalebars 0.5 mm (A-E, H-L); 100 µm (F, G). 
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Figure 6.6. (A-I) Myzostoma pipkini n. sp. – (A-E) SEM of paratype (SIO-BIC A3818), 
(A-B) dorsal, showing transverse ridges and scalloped margin, (C) ventral showing 
smooth extended proboscis, five pairs of parapodia restricted to anterior two-thirds of 
body, and position of cloaca midway between last pair of parapodia and body margin, 
(D) hook within parapodia, (E) two parapodia with small cirrus buds, indicated by 
arrow head; (F-I) live photographs, (F-G) paratype SIO-BIC A3746, dorsal view on 
host Colobometra perspinosa (F) and separated, showing transverse ridges and 
scalloped margin, (H-I) paratype (SIO-BIC A 3755), (H) dorsal view, (I) ventral, 
showing smooth proboscis, restricted parapodia, and position of cloaca. (J-M) Live 
photographs of Myzostoma susanae n. sp. holotype (SIO-BIC A3803), (J, M) on host, 
Comaster schlegelii, (K) dorsal view, a few small cirri visible on body margin, (L) 
ventral view showing five pairs of parapodia, indicated with an arrow head, and 
alternating lateral organs, anus (a) and pharynx (ph). (N-L) Live photographs of 
Myzostoma tertiusi n. sp. holotype (SIO-BIC A3793) – (N) on host, Colobometra 
perspinosa, (J) dorsal view showing color pattern and scalloped margin, (L) ventral 
view showing five pairs of parapodia and smooth extended proboscis. Scalebars 1 mm 
(N-L); 0.5 mm (A-C, F-M); 200 µm (E); 20 µm (D). 
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Figure 6.7. (A-F) Live photographs of Protomyzostomum lingua n. sp. (A, B) in host, 
Gorgonocephalus chilensis, arrows show one specimen within bursa, (C, D) adults, 
ventral (C) and dorsal (D), (E, F) juveniles, ventral showing five pairs of parapodia and 
small chaetae. (G) Live photograph of infected Asteronyx longifissus, host of 
Protomyzostomum roseus n. sp., arrow indicating enlarged site of infection (H- J) 
Protomyzostomum roseus n. sp. – (H, I) live photographs of paratypes (SIO-BIC 3797) 
in the host’s bursa (H) and removed (I); (J) stained thin section, abbreviations: chaetae 
(ch); gut (g); longitudinal muscle (lm); oocyte (o). Scale bars 1 cm (A, B, G); 1 mm (C-
F, H-I); 100 µm (J). 
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Figure 6.8. (A-C) Live photographs of Pulvinomyzostomum inaki n. sp. – (A, B) 
female, (A) dorsal view showing raised ridges, (B) ventral view showing five pairs of 
parapodia, cirri on body margin, and small dwarf males, abbreviations: males (m); 
pharynx (p); (C) males, ventral and dorsal views showing extended smooth proboscis 
and scalloped margin. (D-E) Pulvinomyzostomum messingi n. sp. – (A) live photograph 
of host, Gephyrocrinus messingi with ophiuroid associate and possible myzostomes on 
arms, indicated with arrows; (E-G) photographs of fixed samples, (E-F) on host’s arms, 
dorsal view showing ridged surface (E), (G) ventral view, showing acirrate body 
margin, abbreviation: host pinnule (pi). Scalebars 30 cm (D); 1 mm (E-G); 0.5 mm (C); 
0.2 mm (A, B). 
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Asteroidea     

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Asteromyzostomum 
arcticum 

Wagin, 1954 Internal/external, 
punctured through 
body wall 

Urasterias lincki Arctic . . 

Asteromyzostomum 
multiplicatum 

Wagin, 1954 Internal/external, 
punctured through 
body wall 

Crossaster papposus Arctic . . 

Asteromyzostomum 
witjasi 

Wagin, 1954 Internal/external, 
punctured through 
body wall 

Psilaster pectinatus Arctic . . 

Asteromyzostomum 
grygieri nsp. 

Summers & 
Rouse, 2014 

Internal/external
, punctured 
through body 
wall 

Labidiaster annulatus Antarctica - 
Elephant 
Island and 
South Georgia, 
190 - 247 m 

. . 

     . . 
Asteriomyzostomum 
asteriae 

(Marenzeller, 
1895) 

Internal, in 
digestive track 

Sclerasterias neglecta (as 
Stolasterias neglecta) 
and Sclerasterias 
richardi (as Asterias 
richardi) 

Mediterranean - 
Eastern 
Mediterranean, 
160-710 m 

. . 

Asteriomyzostomum 
fisheri 

(Wheeler, 1905) Internal, in 
coelom 

Ceramaster leptoceraum 
(as Tosia 
(Pentagonaster) 
leptoceramus) 

Pacific - off 
southern 
California (Stn 
4427), dredging  

. . 

       
       

Ophiuroidea     

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Protomyzostomum 
lingua n. sp. 

Summers & 
Rouse, 2014 

Internal, in 
gonads 

Gorgonocephalus 
chilensis 

Antarctica - 
Discovery 
Banks & 
Burdwood 
Banks, 158 - 
439 m 

. . 

Protomyzostomum 
glanduliferum 

Bartsch & 
Faubel, 1995 

Internal, in 
coelom 

Ophiacantha antarctica 
(as Ophiacantha 
disjuncta)  

Antarctica - 
Weddell Sea, 
531 m 

. . 

Protomyzostomum 
polynephris 

Fedotov, 1912 Internal, in gonads Gorgonocephalus 
eucnemis 

Arctic - Kola 
Ford, Kara Sea, 
100 - 180 m 

. . 

Protomyzostomum 
astrocladi 

Fedotov, 1925 Internal, in gonads Astrocladus coniferus Pacific - Japan, 
dredging 

. . 

Protomyzostomum 
sagamiense 

Okada, 1922 Internal, in gonads Gorgonocephalus sp. Pacific - Japan, 
274 m 

. . 

Protomyzostomum 
rosea n. sp. 

Summers & 
Rouse, 2014 

Internal, in 
gonads 

Asteronyx longifissus Pacific - 
Monterey, 
California, 632 
m 

. . 

     . . 
Myzostoma 
holotuberculatum 

Jägersten, 1940a Free-living ?Astrodendrum 
sagaminum 

Pacific - Japan, 
180 m 

dorsal surface covered in papillae 

Myzostoma 
japonicum 

McClendon, 
1906 

Free-living Ophiocreas sp. and 
Astroceras pergamena 
(as Asteroceras 
pergamena) 

Pacific - Japan, 
eastern coast 
(Albatross Stn 
3755), dredging  

oval, with cirri, 20 very short cirri 

Myzostoma 
gerlachei 

Fauvel, 1936 Free-living, in 
grooves of arm 
base 

Unknown Ophiuroidea Arctic - Foxe 
Basin, dredging 

circular, with cirri, 20 cirri alternating long 
and short 

       
       

Stalked crinoids    

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Endomyzostoma 
cryptopodium 

(Wheeler, 
1896) 

Gall-forming Metacrinus interruptus Uncertain - 
label marked 
'Indian 
Museum, 
Calcutta' 

.  

Endomyzostoma 
clarki 

(McClendon, 
1906) 

Gall-forming Metacrinus rotundus Pacific - Japan, 
dredging 

.  
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 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Endomyzostoma 
robustum 

(Hara & Okada, 
1921) 

Gall-forming Metacrinus rotundus Pacific - Japan, 
"inside 
Yodomi" 
Sagami Sea, 
180 - 275 m 

. probably a 
synonym of E. 
clarki 

Endomyzostoma belli (Wheeler, 
1896) 

Gall-forming Endoxocrinus 
alternicirrus (as 
Pentacrinus 
alternicirrus) 

Pacific - south 
of Philippines, 
dredging 

. probably a 
synonym of E. 
pentacrini 

Endomyzostoma 
eremita 

(Wheeler, 
1896) 

Gall-forming Metacrinus wyvilli (as 
Metacrinus moseleyi) 

Pacific - south 
of Philippines, 
dredging 

.  

Endomyzostoma 
deformator 

(Graff, 1884a) Gall-forming Endoxocrinus 
alternicirrus (as 
Pentacrinus 
alternicirrus) 

Pacific - 
southeast of 
Philippines, 
dredging 

. probably a 
synonym of E. 
pentacrini 

Endomyzostoma 
pentacrini 

(Graff, 1884a) Gall-forming Endoxocrinus 
alternicirrus (as 
Pentacrinus 
alternicirrus) 

Pacific - 
southeast of 
Philippines, 
dredging 

.  

       
Mycomyzostoma 
calcidicola 

Eeckhaut, 1998 Gall-forming on 
stalk 

Saracrinus nobilis Pacific - New 
Caledonia, 360-
440m 

.  

       
Stelechopus hyocrini Graff, 1884a Free-living Hyocrinus sp. and 

Bathycrinus sp. 
Antarctica - 
Crozet Islands 
(Challenger Stn 
147), 2.5-2.9 
km  

. . 

Myzostoma 
compressum 

Graff, 1884a Free-living Bathycrinus aldrichianus Antarctica - 
Crozet Islands, 
dredging 

elongate, with cirri, 20 
short cirri, dorsal ridge 

. 

Myzostoma 
coronatum 

Graff, 1884a Free-living Bathycrinus aldrichianus Antarctica - 
west of Crozet 
Islands, 
dredging 

elongate, with cirri, 20 
broad cirri, dorsal 
longitudinal and 
transverse furrowing, 
ventral ridge 

probably a 
synonym of M. 
compressum 

Myzostoma vincentum Reichensperger, 
1906 

Free-living Neocrinus decoras (as 
Pentacrinus decorus) 

Atlantic - 
Caribbean, St. 
Vincent, 230 m 

circular, slightly 
elongate, with cirri, 20 
cirri equal length, 
dorsal surface with 
small central oval and 
many furrows 

. 

Eenymeenymyzostoma 
cirripedium 

Graff, 1885 Free-living Metacrinus rotundus Pacific - Sagami 
Bay, Japan, 128 
m 

elongate, with cirri, 20 
cirri 

. 

Myzostoma terminale Jägersten, 1937 Free-living Metacrinus cf. rotundus Pacific - Sagami 
Sea, Japan, 150 
m 

elongate, with cirri, 20 
cirri 

probably a 
synonym of E. 
cirripedium 

Myzostoma wheeleri McClendon, 
1906 

Free-living Metacrinus rotundus Pacific - Suruga 
Gulf and 
Sagami Sea, 
Japan, dredging 

elongate, with cirri, 20 
cirri 

probably a 
synonym of E. 
cirripedium 

Myzostoma 
wyvillethomseni 

Graff, 1884a Free-living Metacrinus costatus and 
Saracrinus angulatus (as 
Metacrinus angulatus) 

Pacific - south 
of Phillipnes 
and southwest 
of Papua New 
Guinea, 
dredging 

damaged; elongate, 
with cirri, 20 cirri 

possibly = E. 
cirripedium 

Myzostoma 
asymmetricum 

Graff, 1884a Free-living Endoxocrinus 
alternicirrus (as 
Pentacrinus 
alternicirrus) 

Pacific - 
southeast of 
Philippines, 
dredging 

damaged; elongate, 
with cirri, 10 cirri 

. 

Myzostoma calycotle Graff, 1884a Free-living Endoxocrinus 
alternicirrus (as 
Pentacrinus 
alternicirrus) 

Pacific - south 
of Philippines, 
dredging 

elongate, with cirri, 
numerous cirri 

. 

Myzostoma 
circinatum 

Wheeler, 1896 Free-living Endoxocrinus sp. Pacific - south 
of Philippines 
(Challenger Stn 
214), dredging 

with cirri, 20 long cirri . 

Pulvinomyzostomum 
messingi n. sp. 

Summers & 
Rouse, 2014 

Free-living Gephyrocrinus messingi Pacific - off 
southwest 
Oregon, 1650 
m 

elongate, with cirri, 
20 short cirri 

DNA; host; type 
locality 
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Featherstar crinoids    

       

Antedonidae    

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Endomyzostoma 
scotia 

Summers & 
Rouse, 2014 

Cyst-forming Promachocrinus 
kerguelensis clade A 

Antarctica -
throughout 
Scotia Arc, 
143-292 m 

no cirri . 

Endomyzostoma 
inflator 

(Graff, 1883) Cyst-forming Adelometra angustiradia 
(as Antedon 
angustiradia), also 
recorded from 
Neocomatella pulchella 
(as Actinometra 
pulchella) 

Pacific - 
southwest of 
Papua 
(Challenger Stn 
192), also 
recorded from 
Atlantic - 
Barbados 
(Blake Stn 294) 

no cirri, pear-shaped 
body 

Atlantic record 
likely different 
species 

Endomyzostoma 
cystihymenoides 

(McClendon, 
1907) 

Cyst-forming Florometra asperrima Arctic - Alaska, 
off the Trinity 
Islands, 274 m 

no cirri . 

      . 
Myzostoma divisor Grygier, 1989 Free-living Promachocrinus 

kerguelensis 
Antarctica - 
multiple 
localities, 238-
567 m 

2 elongate caudal 
appendages, 18 
marginal cirri 

. 

Myzostoma 
antarcticum 

Stummer-
Traunfels, 1908 

Free-living Anthometrina adriani (as 
Antedon adriani) 

Antarctica - 
Winter 
Quarters, 227 m 

circular, with cirri, 20 
medium length cirri 

. 

Myzostoma gigas Lütken, 1875 in 
Graff, 1884 

Free-living Florometra magellanica 
(as Antedon eschrichti)  

Arctic - north 
Greenland, 
Norway Barets 
Sea, 91-265 
(possibly 1156) 
m 

circular, with cirri, 20 
short cirri, dorsal 
surface covered in 
papillae 

record from 
Tropiometra 
carinata in 
Bahia, South 
Atlantic seems 
dubius 

Myzostoma graffi Nansen, 1885 Free-living Leptometra celtica (as 
Antedon celtica) 

Arctic - 
Spitsbergen, 
Norway, 
dredging 

circular, with cirri, 20 
short cirri, scalloped 
margin 

. 

Myzostoma 
giganteum 

Nansen, 1885 Free-living Leptometra celtica (as 
Antedon celtica) 

Arctic - 
Spitsbergen, 
Norway, 
dredging 

circular, with cirri, 20 
short cirri, scalloped 
margin, dorsal surface 
covered in papillae 

. 

Myzostoma carpenteri Graff, 1884b Free-living Hathrometra tenella (as 
Antedon dentata = A. 
sarsii) 

Atlantic - North 
Atlantic, 
southeast of 
Iceland, 520-
790 m (Triton 
Stn 5) 

circular, with cirri, 20 
short cirri, alternating 
in height, scalloped 
margin, dorsal ridge 

. 

Myzostoma alatum Graff, 1884b Free-living Leptometra phalangium 
(as Antedon phalangium) 

Atlantic - 
Scottish waters, 
402 m (Triton 
Stn 13) (DNA 
data from 
specimen 
collected in 
Mediterranean 
Sea) 

circular, no cirri . 

Myzostoma 
fimbriatum 

Graff, 1884a Free-living Florometra magellanica 
(as Antedon eschrichti) 
or Heliometra glacialis 
(as A. quadrata) 

Atlantic - South 
of Halifax, 
Nova Scotia 
(Challenger Stn 
38), dredging 

circular (extremely 
damaged), with cirri, 
20 short cirri 

. 

Myzostoma cirriferum Leuckart, 1836 Free-living Antedon bifida Atlantic - 
European 
waters 

circular/slightly 
elongate, with cirri, 20 
short cirri 

. 

Myzostoma agassizii Graff, 1883 Free-living Coccometra hagenii (as 
Antedon hageni) also 
possibly from Stylometra 
spinifera (as Antedon 
spinifera) 

Caribbean - 
Bahia Honda 
(Florida), 
Monteserrat 
(Blake Stn 155) 
, St. Vincent 
(Blake Stn 269), 
160-227 m 

circular, with cirri, 20 
long cirri 

probably a 
synonym of M. 
excisum 

Myzostoma excisum Graff, 1883 Free-living Coccometra hagenii (as 
Antedon hageni) in 
Florida; (also recorded 
from Antedon impinnata 
[taxon inquirendum] in 
Mauritius) 

Caribbean - 
Alligator Reef 
(Florida), 176 
m; also 
recorded from 
Indian Ocean - 
Mauritius 
(North Bay), 27 
m 

circular/heart shaped, 
with cirri, 20 cirri 

Indian specimen 
likely a different 
species 
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 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Myzostoma filicauda Graff, 1883 Free-living Coccometra hagenii (as 
Antedon hageni) 

Caribbean - 
Sand Key 
(Florida), 
dredging 

2 elongate caudal 
appendages, 18 
marginal cirri 

. 

Myzostoma 
pseudogigas 

Jägersten, 
1940a 

Free-living Florometra serratissima Pacific - 
Canada, Ruxton 
Passage and 
Nanaimo, 
British 
Columbia, 
dredging 

circular, with cirri, 20 
short cirri 

. 

Myzostoma 
tuberculatum 

Jägersten, 1937 Free-living Dorometra parvicirra Pacific - 
Sagami, Misaki 
and Bonin 
Islands, Japan, 
135-600 m 

circular, with cirri, 20 
short cirri, dorsal 
surface covered in 
papillae 

. 

Myzostoma josefinae 
n. sp. 

Summers & 
Rouse, 2014 

Free-living Psathyrometra fragilis Pacific - 
Monterey, 
California 
(also collected 
in Guaymas 
Basin), 1020-
1314 m 

2 elongate caudal 
appendages, , 18 
marginal cirri 

DNA; host; type 
locality 

Myzostoma deani McClendon, 
1906 

Free-living Antedon sp. Pacific - 
Monterey, 
California, 
dredging 

circular, with cirri, 20 
short cirri 

. 

Myzostoma echinus Graff, 1884a Free-living probably Charitometra 
incisa (as Antedon 
incisa) or Glyptometra 
inaequalis (as Antedon 
inaequalis); 
Clarkcomanthus exilis 
(as Actinometra 
mutabilis) 

Pacific - 
southwest of 
Fiji (Challenger 
Stn 174) and 
west of Taiwan, 
dredging 

circular, no cirri, 
dorsal ridges 

specimen from C. 
exilis 
(Comatulidae) 
probably M. 
insigne 

       
Pulvinomyzostomum 
pulvinar 

(Graff, 1884b) Female in gut 
lumen; males free-
living 

Leptometra phalangium 
(as Antedon phalangium) 

Atlantic - 
Minch, Scottish 
waters, 110-150 
m 

dorsal proboscis . 

Pulvinomyzostomum 
inaki n. sp. 

Summers & 
Rouse, 2014 

Female in gut 
lumen; males 
free-living 

Antedon sp. Pacific - Jaco 
Scarp, Costa 
Rica, 1866 m 

circular, with cirri, 
ventral proboscis 

. 

       
       

Comatulidae     

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Mesomyzostoma 
katoi 

Okada, 1933 Internal Anneissia japonicus Pacific - Japan . . 

Mesomyzostoma 
lanterbecqae n. sp. 

Summers & 
Rouse, 2014 

Internal Clarkcomanthus 
alternans; 
Clarkcomanthus 
mirabilis; Comatella 
nigra 

Pacific - Papua 
New Guinea, 
less than 20 m 

. . 

       
Endomyzostoma 
cysticolum 

(Graff, 1883) Cyst-forming Comactinia meridionalis 
(as Actinometra var. 
carinata) 

Caribbean - 
Cape Frio 
Brazil (Hassler 
Exp.) and 
Grenada (Blake 
Stn 249), 
dredging; (also 
recorded from 
Antarctic; 
Australia, Red 
Sea, Japan, 
Indonesia) 

. many records 
from other hosts - 
likely other 
species 

Contramyzostoma 
bialatum 

Eeckhaut & 
Jangoux, 1995 

Cyst-forming Phanogenia gracilis Pacific - 
Singapore, 
around Pulau 
Satumu (Raffles 
Lighthouse), 0-
20 m 

.  

Myzostoma sphaera (Eeckhaut et al., 
1998) 

Cyst-forming Comatella stelligera 
[identification 
questionable];definitively 
recorded from Comatella 
nigra 

Pacific - Hansa 
Bay, Papua 
New Guinea, 
dredging; Raja 
Ampat, 
Indonesia, less 
than 20 m 

ventral proboscis . 
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 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Myzostoma 
toliarense 

Lanterbecq & 
Eeckhaut, 2003 

Cyst-forming Comanthus sp. aff. 
wahlbergii [later called 
Comanthus parvicirrus 
by authors] 

Indian - 
Madagascar, 
Toliara, 
dredging 

oval, slightly wider 
than long, with cirri, 
body with 21-28 cirri, 
parapodia acirrate 

available COI 
almost identical 
to COI of M. 
polycyclus 

Notopharyngoides 
platypus 

(Graff, 1887) Cyst-forming Comaster schlegelli Pacific - 
Philippines 

ventral proboscis . 

       
Myzostoma 
areolatum 

Graff, 1883 Free-living Comactinia sp. (as 
Actinometra blakei) and 
Comactinia meridionalis 
(as Actinometra 
meridionalis var. 
quadrata) 

Caribbean - 
Guadeloupe 
(Blake Stn 172), 
Martinique 
(Blake Stn 203), 
Barbados 
(Blake Stn 278), 
dredging 

elongate, with cirri, 20 
cirri reduced to 
irregular tubercles, 
dorsal surface covered 
in furrows 

. 

Myzostoma 
bicaudatum 

Graff, 1883 Free-living Comactinia meridionalis 
(as Actinometra 
meridionalis) 

Caribbean - 
west of 
Tortugas (Bibb 
Exp), dredging 

2 elongate caudal 
appendages, circular 
with 20 marginal cirri, 
most anterior longer 
than rest 

. 

Myzostoma 
crenatum 

Graff, 1883 Free-living probably Comactinia 
meridionalis (as 
Actinometra 
meridionalis) 

Caribbean - 
Martinique 
(Blake Stn 203); 
St. Lucia,  508 
m 

circular, with cirri, 20 
thick, short cirri of 
equal length, scalloped 
margin 

. 

Myzostoma 
irregulare 

Graff, 1883 Free-living Comactinia meridionalis 
(as Actinometra 
meridionalis & A. 
meridionalis var. 
carinata) 

Caribbean - 
Grenada (Blake 
Stn 249), 
dredging; also 
recorded west 
of Tortugas or 
Martinique 
(Blake Stn 45 or 
200) 

circular, with cirri, 20 
long cirri, smaller cirri 
inbetween 

. 

Myzostoma 
oblongum 

Graff, 1883 Free-living Comactinia meridionalis 
(as Actinometra 
meridionalis var. 
carinata) 

Caribbean - 
Grenada (Blake 
Stn 249), 
dredging 

elongate, with cirri, 42 
cirri (spm poorly 
preserved) 

. 

Myzostoma 
radiatum 

Graff, 1884a Free-living likely Comactinia 
meridionalis (as 
Actinometra 
meridionalis) 

Caribbean - 
near Barbados, 
dredging 

circular, ventral 
surface vaulted 

. 

Myzostoma 
rotundum 

Graff, 1883 Free-living probably Comactinia 
meridionalis (as 
Actinometra meridionalis 
var. carinata) 

Caribbean - 
Grenada (Blake 
Stn 249), 
dredging 

circular, with cirri, 51 
cirri of varying lengths 

likely synonym 
of M. oblongum 

Myzostoma 
evermanni 

McClendon, 
1907 

Free-living Comactinia echinoptera Caribbean - off 
of Havana, 
Cuba, 358 m 

circular, with cirri, 
nearly 80 cirri 
alternating in length 

. 

Myzostoma 
marginatum 

Graff, 1883 Free-living Davidaster discoidea (as 
Actinometra discoidea) 

Caribbean - 
Montserrat 
(Blake Stn 155), 
Martinique 
(Blake Stn 203), 
dredging 

circular, with cirri, 20 
cirri, dorsal surface 
vaulted and covered in 
tubercles of different 
sizes 

probably = M. 
testudo 

Myzostoma testudo Graff, 1883 Free-living Davidaster rubignosus 
(as Actinometra lineata) 
(also recorded from D. 
discoideus) 

Caribbean - 
Barbados 
(Blake Stn 285), 
dredging 

circular, with cirri, 20 
cirri, dorsal surface 
covered in tubercles 

. 

Myzostoma 
carinatum 

Graff, 1883 Free-living Neocomatella pulchella 
(as Actinometra 
pulchella) from 
Caribbean; also recorded 
from Antedon impinnata 
(taxon inquirendum) 

Caribbean - 
Martinique 
(Blake Stn 193), 
dredging; also 
recorded from 
Indian Ocean - 
Mauritius, 27 m 

circular, with 20 cirri, 
no suction cups, 7 
longitudinal dorsal 
elevations (spm poorly 
preserved) 

Indian Ocean 
likely different 
species 

Myzostoma 
abundans 

Graff, 1883 Free-living Neocomatella pulchella 
as (Actinometra 
pulchella) 

Caribbean - 
Martinique 
(Blake Stn 210) 
and St. Vincent 
(Blake Stn 224), 
dredging 

circular, with cirri, 
~100 cirri 

. 

Myzostoma vastum Graff, 1883 Free-living Comactinia sp. (as 
Actinometra blakei) (also 
recorded from Anneissia 
japonicus) 

Caribbean - 
(Blake Stn 39 
and 23), 
dredging; also 
recorded from 
Pacific - 
Location not 
recorded 

circular with cirri, 20 
cirri, 2 most anterior 
and posterior pairs 
longer than rest, 
pharynx with papillae 

Carribean record 
likely a different 
species 
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Myzostoma 
pseudocuniculus 

Lanterbecq & 
Eeckhaut, 2003 

Free-living Comanthus parvicirrus 
(originally described 
from Comanthus sp. aff. 
wahlbergii) 

Indian - Toliara, 
Madagascar, 
dredging 

2 'ear-shaped' caudal 
processes with 1-4 
long cirri, trunk 
margin with 18 cirri 

. 

Myzostoma 
cuniculus 

Eeckhaut et al., 
1998 

Free-living Clarkcomanthus 
albinotus (also recorded 
from Clarkcomanthus 
littoralis, Comanthus 
wahlbergi, Comanthus 
mirabilis) 

Pacific - Hansa 
Bay, Papua 
New Guinea, 
dredging 

2 'ear-shaped' caudal 
processes, processes 
acirrate 

. 

Myzostoma 
indocuniculus n. sp. 

Summers & 
Rouse, 2014 

Free-living Clarkcomanthus 
alternans 

Pacific - Raja 
Ampat, 
Indonesia, less 
than 20 m 

2 'ear-shaped' caudal 
processes 

. 

Myzostoma lobatum Graff, 1877 Free-living Capillaster multiradiatus 
(as Actinometra 
fimbriata) (also recorded 
from Oligometra 
serripinna, Decametra 
chadwicki, and possibly 
Lamprometra 
klunzingeri) 

Pacific - 
Philippines, 
Bohol, 
dredging; also 
recorded (on 
different hosts) 
from Hong 
Kong, and Gulf 
of Aqaba 

4 caudal processes, 
equal size and lined 
with small blunt 
triangular/rounded 
cirri, lighter dorsal 
ridge, body margin 
with 24-38 bluntly 
triangular or rounded 
cirri 

host 
identification as 
Comatulidae is 
questionable 

Myzostoma mertoni Remscheid, 1918 Free-living Comatula pectinata (as 
Actinometra pectinata) 

Pacific - Aru 
and Kei Islands, 
dredging 

circular, no cirri . 

Myzostoma susanae 
n. sp. 

Summers & 
Rouse, 2014 

Free-living Comaster schlegelii Pacific - Lizard 
Island Reef, 
Australia, less 
than 20 m 

circular, no cirri . 

Myzostoma 
horologium 

Graff, 1884a Free-living probably Comatula 
rotalaria (as Actinometra 
jukesi) (also recorded 
from Comatula 
purpurea) [suggestion 
that hosts may have been 
Zygometra microdiscus 
and Z. elegans - Clark, 
1921] 

Pacific - Torres 
Strait 
(Challenger Stn 
186 and 187); 
also recorded 
from Johore 
Shoal, 
Singapore, 
dredging; South 
China sea near 
Luzon 
(Philippines), 
33 m 

circular, no cirri host 
identification as 
Comatulidae is 
questionable 

Myzostoma plicatum Graff, 1884a Free-living Comatella stelligera (as 
Antedon tenax) 

Pacific - 
Australia 
(recorded as 
New Holland), 
dredging 

circular, no cirri, 
dorsal ridges 

. 

Myzostoma insigne Atkins, 1927 Free-living Clarkcomanthus mirus 
[originally described 
from Comanthus 
parvicirrus (as 
Comanthus annulatus)] 

Pacific - Great 
Barrier Reef, 
Australia, depth 
not recorded 

circular, no cirri, 
dorsal furrows 

. 

Myzostoma atrum Atkins, 1927 Free-living Comatula pectinata Pacific - Great 
Barrier Reef, 
Australia, depth 
not recorded 

circular, no cirri, 
dorsal surface covered 
in tubercles 

. 

Myzostoma 
ambiguum 

Graff, 1887 Free-living Anneissia bennetti (as 
Actinometra bennetti) 
(original description was 
uncertain) 

Pacific - 
Moluccas, 
dredging 

circular, with cirri, 20 
cirri, anterior and 
posterior pair longer 
than the rest, pharynx 
with 7-9 papillae 

. 

Myzostoma 
longimanum 

Jägersten, 1937 Free-living Anneissia pinguis (as 
Comanthus pinguis) 

Pacific - 
Kiuschiu, Goto 
Islands, Japan, 
110 m 

circular, with cirri, 20 
medium-long cirri 

. 

Myzostoma 
laurenae n. sp. 

Summers & 
Rouse, 2014 

Free-living Capillaster 
multiradiatus 

Pacific - Lizard 
Island Reef, 
Australia, less 
than 20 m 

circular, with cirri, 
20 long cirri, 
pharynx with 10 
papillae 

. 

Myzostoma 
seymourcollegiorum 

Rouse & 
Grygier, 2005 

Free-living Cenolia trichoptera; also 
recorded from Cenolia 
glebosus [not confirmed] 

Pacific - 
Encounter Bay, 
southern 
Australia, 2 m 

circular, with cirri, 20 
short cirri 

. 

Myzostoma 
brevicirrum 

Graff, 1884a Free-living Clarkcomanthus exilis 
(as Actinometra 
mutabilis) 

Pacific - Tonga, 
31 m 

circular, with cirri, 20 
short cirri 

. 

Myzostoma miki n. 
sp. 

Summers & 
Rouse, 2014 

Free-living Clarkcomanthus 
luteofuscum 

Pacific - Great 
Barrier Reef, 
Australia, less 
than 20 m 

circular, with cirri, 
20 short cirri, dorsal 
surface honeycomb 
pattern of ridges 

. 
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Myzostoma debiae 
n. sp. 

Summers & 
Rouse, 2014 

Free-living Comactinia titan Pacific - Raja 
Ampat, 
Indonesia, less 
than 20 m 

circular, with cirri, 
20 medium-length 
cirri 

. 

Myzostoma 
longicirrum 

Graff, 1887 Free-living Comanthus parvicirrus 
(as Actinometra 
parvicirra) (also 
recorded from 
Capillaster sentosus, 
Pontiometra andersoni, 
Comatula pectinata) 

Pacific - 
Zamboanga, 
Philippines; 
also recorded 
from Gulf of 
Davao, Siasi, 
and Jolo, 
Philippines and 
Singapore 

circular, with cirri, 20 
long cirri, scalloped 
margin, parapodia 
acirrate 

. 

Myzostoma elegans Graff, 1877 Free-living Comanthus parvicirrus 
(as Actinometra 
parvicirra) from 
Philippines; also 
recorded from Singapore, 
Fiji, and Banda 
Islandsand Sulu 
Archipelago (Indonesia) 
on Phanogenia gracilis 
and Caribbean on 
Comactinia meridionalis 
(as Actinometra 
meridionalis) 

Pacific - Bohol, 
Philippines, 
dredging; also 
recorded from 
Singapore, Fiji, 
and Indonesia, 
as well as 
Caribbean - 
French Reef, 
Florida Keys 
(Bibb Exp) 

circular, with cirri, 
more than 80 of 
different lengths, 
parapodia acirrate 

specimen 
recorded on 
Comactinia 
meridionalis 
likely different 
species 

Myzostoma 
stochoeides 

Atkins, 1927 Free-living Comanthus parvicirrus 
(as Comanthus annulatus 
and Comaster tenellus); 
also recorded from 
Capillaster multiradiatus 

Pacific - Badu 
Island, Torres 
Strait 
(Australia); also 
recorded from 
Singapore, 
Hansa Bay, 
Papua New 
Guinea 

circular, with cirri, 20 
short to medium-long 
tendril-like cirri, thin 
and translucent 

record from 
Capillaster 
dubius 

Myzostoma 
polycyclus 

Atkins, 1927 Free-living Comanthus parvicirrus 
(as Comanthus 
annulatus) 

Pacific - Murray 
and Badu 
Island, 
Queensland, 
Australia, depth 
not recorded 

circular, with cirri, 
numerous cirri, 
parapodia with cirri 

. 

Myzostoma 
singaporense 

Eeckhaut et al., 
1994 

Free-living Phanogenia gracilis (as 
Comaster gracilis) 

Pacific - Pulau 
Satumu (Raffles 
Lighthouse), 
Singapore, 0-15 
m 

circular, with cirri,  20 
cirri, anterior and 
posterior pair slightly 
longer 

probably = M. 
nigromaculatum 

Myzostoma 
capitocutis 

Eeckhaut et al., 
1994 

Free-living Phanogenia gracilis (as 
Comaster gracilis) 

Pacific - Pulau 
Satumu (Raffles 
Lighthouse), 
Singapore, 0-15 
m 

circular, with cirri, 44-
48 cirri of unequal 
length, dorsal surface 
covered in papillae 

. 

Myzostoma 
nigromaculatum 

Eeckhaut et al., 
1998 

Free-living Phanogenia gracilis (as 
Comaster multifidus) 
(also recorded from 
Lamprometra palmata) 

Pacific - Hansa 
Bay, Papua 
New Guinea, no 
depth recorded 

circular, with cirri, 20 
long cirri slightly 
longer anteriorly, 
dorsal color pattern of 
spots 

. 

Myzostoma 
mortenseni 

Jägersten, 1940a Free-living probably 
Clarkcomanthus (as a 
white Actinometra 
without cirri) 

Pacific - Jolo, 
Philippines, 45 
m 

circular, with cirri, 
numerous cirri 

. 

Myzostoma pallidum Graff, 1877 Free-living Comatula solaris (as 
Actinometra solaris) and 
Comanthus parvicirrus 

Pacific - Bohol, 
Philippines, 
dredging 

circular, with cirri, 20 
short cirri, proboscis 
with papillae 

. 

Myzostoma triste Graff, 1877 Free-living Comanthus parvicirrus 
(as Actinometra 
parvicirra) 

Pacific - Bohol, 
Philippines, 
dredging 

circular, with cirri, 20 
short cirri, smooth 
proboscis 

. 

Myzostoma dubium Graff, 1877 Free-living Comatulidae (as 
Comatula sp.) 

Pacific - Bohol, 
Philippines, 
dredging 

circular, with cirri 
(juvenile?), scalloped 
edge 

. 

Myzostoma viride Atkins, 1927 Free-living Comanthus parvicirrus 
(as Comanthus 
annulatus) 

Pacific - Great 
Barrier Reef, 
Australia, depth 
not recorded 

elongate, tapers to a 
point posteriorly, with 
20 short triangular 
cirri, dorsal surface 
dark green with a 
white line down the 
middle, extended 
pharynx red 

. 
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Myzostoma 
longitergum 

Eeckhaut et al., 
1998 

Free-living Comaster schlegelii (as 
Comanthina schlegelii) 
(also recorded from 
Comaster audax) 

Pacific - Hansa 
Bay, Papua 
New Guinea, 
dredging; also 
recorded from 
Raja Ampat, 
Indonesia, less 
than 20 m 

elongate, with cirri, 20 
thin cirri 

. 

Myzostoma kymae 
n. sp. 

Summers & 
Rouse, 2014 

Free-living Alloeocomatella 
pectinifera 

Pacific - 
Madang 
Harbor, Papua 
New Guinea, 
less than 20 m 

oval, with cirri, 20 
short, thin cirri 

. 

Myzostoma 
brachiatum 

Graff, 1877 Free-living Comatella nigra (as 
Actinometra nigra); also 
recorded from 
Heterometra savignii 

Pacific - Bohol, 
Philippines; 
also recorded 
from 
Heterometra 
savignii at 
Johore Shoal 
(Singapore), 
dredging 

elongate, with cirri, 30 
cirri, 12 long, 18 short 

record from 
Heterometra or 
original host ID 
dubius 

Hypomyzostoma 
elongatum 

(Graff, 1877) Free-living Comanthus parvicirrus 
(as Comatula triquetra) 

Pacific - Bohol, 
Philippines, 
dredging 

elongate, scalloped 
margin from ~60 blunt 
triangular cirri  

host 
identification as 
Comatulidae is 
questionable - 
Grygier (1992) 
states 'host 
unknown' 

Myzostoma 
verrucosum 

Graff, 1877 Free-living Comanthus parvicirrus 
(as Antedon triquetra) 

Pacific - Bohol, 
Philippines, 
dredging 

elongate, scalloped 
edge 

. 

Myzostoma 
cornutum 

Graff, 1877 Free-living Comanthus parvicirrus 
(as Antedon triquetra) 

Pacific - Bohol, 
Philippines, 
dredging 

elongate, with cirri, 10 
short, 2 long at 
anterior 

. 

Myzostoma 
nigrescens 

Graff, 1884a Free-living Anneissia japonicus (as 
Actinometra morsei) 

Pacific - Yeddo 
Bay, Japan, 
dredging 

circular, with cirri, 20 
medium-length cirri 

. 

       
       

Mariametroidea    

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Mesomyzostoma 
reichensbergi 

Remscheid, 1918 Internal Amphimetra tessellata 
(as Amphimetra 
discoidea) 

Pacific - Aru 
Island, 
Indonesia, 
dredging 

. . 

       
Endomyzostoma 
neridae n. sp. 

Summers & 
Rouse, 2014 

Cyst-forming Cenometra bella Pacific - East 
Timor, less 
than 20 m 

no cirri . 

       
Myzostoma armatae Grygier, 1989 Free-living Analcidometra armata Atlantic - 

Caribbean, 
Bahamas, 14-17 
m (also 
recorded to 52 
m) 

oval, narrowing 
towards posterior end, 
with cirri, 10 short 
cirri 

. 

       
Myzostoma filiferum Graff, 1884a Free-living possibly Heterometra 

variipinna (as Antedon 
bidentata - nomen 
nudum) 

Pacific - Torres 
Strait, dredging 

2 elongate caudal 
appendages 

. 

Myzostoma 
brevilobatum 

Jägersten, 1937 Free-living Cyllometra manca (as 
Cyllometra pulchella) 

Pacific - 
Kiuschiu, 
Kagoshima, 
Japan, 200 m 

4 caudal processes, 
weakly developed, 
elongate; no cirri on 
margin 

. 

Myzostoma 
quadricaudatum 

Graff, 1884a Free-living Zygometra elegans (as 
Antedon fluctuans) 

Pacific - 
Arafura Sea 
(Challenger Stn 
190), dredging 

4 caudal processes; 20 
marginal cirri 

. 

Myzostoma 
quadrifilum 

Graff, 1884a Free-living possibly Heterometra 
variipinna (as Antedon 
bidentata - nomen 
nudum) 

Pacific - Torres 
Strait 
(Challenger Stn 
186), dredging 

4 caudal processes, 
terminating in a 
thread; 20 marginal 
cirri 

. 

Myzostoma 
laingense 

Eeckhaut et al., 
1998 

Free-living Stephanometra indica (as 
Stephanometra 
oxycantha) 

Pacific - Hansa 
Bay, Papua 
New Guinea, 
dredging 

5 caudal processes; 
irregular margin with 
many small cirri, 
dorsal stripe 

. 
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Myzostoma 
jaegersteni 

Eeckhaut et al., 
1994 

Free-living Heterometra savignii 
(also recorded from 
[non-type] Neometra 
multicolor, Tropiometra 
carinata) 

Pacific - Johore 
Shoal, 
Singapore, 
dredging 

6 caudal processes 
with cirri; around 20 
marginal cirri, anterior 
pair longer 

. 

Myzostoma fissum Graff, 1884a Free-living Host unknown; 
Dichrometra flagellata 
from PNG (recorded 
from many other hosts) 

Pacific - 
Kandavu Island, 
Fiji (Challenger 
Stn 174), 
dredging; also 
recorded from 
throughout 
IndoPacific 

6 caudal processes, 
robust and acirrate; 18-
24 marginal cirri, 
anterior pair shortest 

. 

Myzostoma 
eeckhauti n. sp. 

Summers & 
Rouse, 2014 

Free-living Lamprometra palmata 
type B 

Pacific - 
Madang 
Harbor, Papua 
New Guinea, 
less than 20 m 

6 caudal processes 
with cirri; 20 
marginal cirri, 
anterior pair longer 

. 

Myzostoma hollandi 
n. sp. 

Summers & 
Rouse, 2014 

Free-living Stephanometra 
tenuipinna 

Pacific - Raja 
Ampat, 
Indonesia, less 
than 20 m 

6 caudal processes, 
acirrate; 16 marginal 
cirri anterior longest 

. 

Myzostoma 
intermedium 

Graff, 1884a Free-living Zygometra microdiscus 
(as Antedon 
multiradiata) 

Pacific - Torres 
Strait 
(Challenger Stn 
187), dredging 

6 caudal processes, 
badly damaged 

. 

Myzostoma tertiusi 
n. sp. 

Summers & 
Rouse, 2014 

Free-living Cenometra bella; 
Colobometra perspinosa 

Pacific - Papua 
New Guinea, 
less than 20 m 

circular . 

Myzostoma 
coriaceum 

Graff, 1884a Free-living Colobometra perspinosa 
(as Antedon insignis) 

Pacific - Port 
Denison, 
Queensland, 
Australia (Alert 
Stn 110), 5-7 m 

circular, with cirri, 20 
short cirri, very thin 

host 
identification as 
Mariametroidea 
is questionable 

Hypomyzostoma 
crosslandi 

(Boulenger, 
1913) 

Free-living Heterometra savignii (as 
Antedon savignyi), 
Oligometra serripinna 
(as Antedon serripinna), 
and an unknown 
Comatulida 

Indian - Red 
Sea, Sudanese 
coast, ~18 m 

elongate, rounded 
anteriorly and 
posteriorly, serrated 
margin, cloaca situated 
at posterior end, last 
parapodia 1/3 to 1/4 
distance from end of 
body, dorsal surface 
with 7+ light 
transverse bands 

. 

Myzostoma bicorne Remscheid, 1918 Free-living Amphimetra tessellata 
(as Amphimetra 
discoidea) 

Pacific - Aru 
Island, 
Indonesia, 
dredging 

elongate, scalloped 
margin from ~28 
triangular cirri, most 
posterior pair larger 
than rest 

. 

Myzostoma 
cristatum 

Remscheid, 1918 Free-living Amphimetra tessellata 
(as Amphimetra 
discoidea) 

Pacific - Aru 
Island, 
Indonesia, in 
shallow depths 

elongate (slightly), 
longitudinal dorsal 
ridge with furrows 
outward 

. 

Myzostoma pipkini 
n. sp. 

Summers & 
Rouse, 2014 

Free-living Colobometra perspinosa Pacific - Lizard 
Island, 
Australia, less 
than 20 m 

elongate, posterior 
terminating in a 
blunt point, finely 
serrated margin, 
cloaca lies at 
beginning of last 
quarter of body, last 
parapodia 1/3 to 1/4 
distance from end of 
body 

. 

Hypomyzostoma 
folium 

(Graff, 1884a) Free-living Cyllometra manca (as 
Antedon manca) 

Pacific - 
southwest of 
Papua New 
Guinea 
(Challenger Stn 
192), dredging 

elongate, posterior 
terminating in a blunt 
point, serrated margin, 
no lateral organs, last 
parapodia 1/3 to 1/4 
distance from end of 
body 

. 

Hypomyzostoma 
sulcatum 

(Remscheid, 
1918) 

Free-living Heterometra variipinna 
(as Amphimetra 
variipinna) 

Pacific - Aru 
Island, 
Indonesia, 
dredging 

elongate, rounded 
anteriorly and 
posteriorly, scalloped 
margin from ~26 blunt 
rounded cirri 

. 

Myzostoma 
dentatum 

Graff, 1884a Free-living possibly Heterometra 
variipinna (as Antedon 
bidentata - nomen 
nudum) 

Pacific - Torres 
Strait 
(Challenger Stn 
186), dredging 

elongate, rounded 
anteriorly and 
posteriorly, dentate 
margin 

. 
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Hypomyzostoma 
fasciatum 

(Remscheid, 
1918) 

Free-living Himerometra martensi 
(as Himerometra 
crassipinna) 

Pacific - Kei 
Islands, Nahu 
Tawun, 
dredging 

elongate, rounded 
anteriorly and 
posteriorly, dentate 
margin, 19 transverse 
dorsal ridges 

. 

Myzostoma 
adhaerens 

Remscheid, 1918 Free-living Himerometra martensi 
(as Himerometra 
crassipinna) 

Pacific - Kei 
Islands, Nahu 
Tawun, 
dredging 

elongate, dentate 
margin from numerous 
cirri, 4 caudal 
processes (weakly 
developed), ridged 

. 

Hypomyzostoma 
joni n. sp. 

Summers & 
Rouse, 2014 

Free-living Liparometra articulata Pacific - Lizard 
Island, 
Australia, less 
than 20 m 

elongate, rounded 
anteriorly and 
posteriorly, serrated 
margin, cloaca 
situated at posterior 
end, last parapodia 
1/3 to 1/4 distance 
from end of body, 

. 

Hypomyzostoma 
jasoni n. sp. 

Summers & 
Rouse, 2014 

Free-living Stephanometra indica Pacific - Lizard 
Island, 
Australia, less 
than 20 m 

elongate, rounded 
anteriorly and 
posteriorly, serrated 
margin, cloaca 
situated at posterior 
end, last parapodia 
1/3 to 1/4 distance 
from end of body, 

. 

Hypomyzostoma 
membranaceum 

(Graff, 1887) Free-living Stephanometra indica (as 
Antedon marginata) 

Pacific - 
Philippines 
(Challenger Stn 
208), dredging 

elongate, finely 
serrated margin, no 
lateral organs, dorsal 
surface with ridged 
longitudinal swelling 
and five pairs of oval 
prominences, 
parapodia evenly 
spaced, cloaca 
subterminal 

. 

Hypomyzostoma 
nanseni 

(Graff, 1887) Free-living Unknown Comatulida Pacific - 
Moluccas, 
Indonesia, 
dredging 

elongate, posterior 
terminating in a blunt 
point, serrated margin, 
cloaca lies at 
beginning of last 
quarter of body, last 
parapodia 1/3 to 1/4 
distance from end of 
body 

. 

Hypomyzostoma 
dodecaphalcis 

(Grygier, 1992) Free-living Zygometra comata (also 
recorded from 
Amphimetra tessellata 
(as Amphimetra 
tessellata discoidea)) 

Pacific - Kei 
Islands, 
Indonesia (also 
recorded from 
Sulu Sea, Hong 
Kong, and 
Philippines), 1-
49 m 

elongate-oval, rounded 
anteriorly and 
posteriorly, with cirri, 
scalloped margin from 
35-50 bluntly 
triangular cirri, ~12 
transverse dorsal 
ridges 

. 

Hypomyzostoma 
taeniatum 

(Remscheid, 
1918) 

Free-living Zygometra microdiscus 
(as Zygometra mertoni) 

Pacific - Aru 
Island, dredging 

elongate, rounded 
anteriorly and 
posteriorly, scalloped 
margin from ~28 
rounded triangular 
cirri, 7-8 weak 
transverse dorsal 
ridges 

. 

Myzostoma lutkeni Graff, 1884a Free-living Amphimetra tessellata 
(as Actinometra 
intricata) 

Pacific - Tonga, 
dredging 

oval, with cirri, 20 
cirri 

. 

       

Tropiometroidea                        

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Endomyzostoma 
tenuispinum 

(Graff, 1884a) Cyst-forming Glyptometra inequalis 
(as Antedon inaequalis), 
Glyptometra 
angusticalyx (as Antedon 
angusticalyx), 
Charitometra basicurva 
(as Antedon basicurva), 
and Charitometra incisa 
(as Antedon incisa) 

Pacific - 
Kermadec 
Islands 
(Challenger Stn 
170), southwest 
of Fiji 
(Challenger Stn 
174), southeast 
of Philippines 
(Challenger Stn 
214), dredging 

14 marginal cirri . 
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 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Endomyzostoma 
beardi 

(Graff, 1887) Cyst-forming Monachometra flexilis 
(as Antedon flexilis) 

Pacific - 
Arafura Sea 
(Challenger Stn 
192), dredging 

20 marginal cirri . 

Myzostoma 
willemoesii 

Graff, 1884a Cyst-forming Charitometra basicurva 
(as Antedon basicurva) 
and Glyptometra 
inaequalis (as Antedon 
inaequalis) 

Pacific - 
Kermadec 
Islands 
(Challlenger 
Stn 170) and 
southwest of 
Fiji (Challenger 
Stn 174), 
dredging 

20 long cirri and 
lateral organs 

. 

Notopharyngoides 
ijimai 

(Hara & Okada, 
1921) 

Cyst-forming Tropiometra 
macrodiscus (as Antedon 
macrodiscus) 

Pacific - Misaki 
Marine 
Biological 
Stntion and 
eastern coast of 
Japan, shallow 
waters 

dorsal proboscis . 

Endomyzostoma 
orientale 

(McClendon, 
1906) 

Cyst-forming Calometra discoidea (as 
Antedon discoidea) 

Pacific - Japan, 
dredging 

no cirri . 

Endomyzostoma 
murrayi 

(Graff, 1883) Cyst-forming Horaeometra duplex (as 
Antedon duplex) also 
recorded from 
Adelometra angustiradia 
(as Antedon 
angustiradia) 

Carribean - St. 
Vincent (Blake 
Stn 269); 
Pacific - 
southwest of 
Papua 
(Challenger Stn 
192) and 
Kermadec 
Islands 
(Challenger Stn 
170), dredging 

no cirri Pacific record 
likely different 
species 

       
Myzostoma brevipes Graff, 1883 Free-living Crinometra brevipinna 

(as Antedon pourtalessi) 
Caribbean - 
Cariacou (Blake 
Stn 241), 
dredging 

circular, with cirri, 20 
short cirri, dorsal 
surface covered in 
deep folds 

. 

Myzostoma 
cubanum 

McClendon, 
1907 

Free-living Crinometra brevipinna Caribbean - 
Habana 
(Albatross Stn 
2156), dredging 

circular, with cirri, 20 
short cirri form a 
scalloped margin 

. 

Myzostoma pictum Graff, 1883 Free-living probably Stylometra 
spinifera (as Antedon 
spinifera) 

Caribbean - 
Montserrat 
(Blake Stn 157), 
dredging 

circular, with cirri?, 
dorsal surface has fine 
markings 

. 

Myzostoma 
fuscomaculatum 

Lanterbecq et al., 
2009 

Free-living Tropiometra carinata Indian - False 
Bay, South 
Africa, shallow 
subtidal waters 

elongate, no cirri . 

Myzostoma gopalai Subramaniam, 
1938 

Free-living Tropiometra carinata (as 
Tropiometra encrinus) 

Indian - 
Madras, India, 
depth not 
recorded 

oval, 20-136 small 
cirri, probosics with 10 
papillae 

. 

Myzostoma labiatum Graff, 1884a Free-living probably Glyptometra 
inequalis (as Antedon 
inequalis) 

Pacific - 
southwest of 
Fiji (Challenger 
Stn 174), 
dredging 

circular, no cirri, 
dorsal surface with 
ridges and wart-like 
processes 

. 

Myzostoma bocki Jägersten, 1937 Free-living Tropiometra 
macrodiscus (as 
Tropiometra afra 
macrodiscus) 

Pacific - 
Misaki, Sagami 
Bay, Japan, 3-5 
m; also 
recorded from 
Australia and 
Hong Kong 

oval, with cirri, 20 
very small cirri hard to 
distinguish, dorsal 
surface texture 
variable, nearly 
smooth, paritally 
wrinkled or heavily 
rugose 

. 

Myzostoma 
chelonium 

McClendon, 
1906 

Free-living Calometra discoidea (as 
Antedon discoidea) 

Pacific - Suruga 
Gulf and 
Sagami Sea, 
Japan, dredging 

circular to oval, with 
cirri, 20 short cirri, 
dorsal surface 
furrowed in 
honeycomb pattern 

. 

Myzostoma 
chelonoidium 

McClendon, 
1906 

Free-living Calometra discoidea (as 
Antedon discoidea) 

Pacific - Suruga 
Gulf and 
Sagami Sea, 
Japan, dredging 

elongate, with cirri, 20 
short cirri, dorsal 
surface furrowed in 
honeycomb pattern 

. 

Myzostoma 
cirricostatum 

Jägersten, 1937 Free-living Parametra orion (as 
Perissometra aranea) 

Pacific - 
Kiuschiu, Goto 
Islands, Japan, 
165 m 

circular, with cirri, 20 
short cirri, dorsal 
furrows 

. 
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 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Myzostoma 
nasonovi 

Fedotov, 1938 Free-living Tropiometra 
macrodiscus (as 
Tropiometra afra 
macrodiscus) 

Pacific - Sagami 
Bay, Japan; also 
recorded from 
Hong Kong 

oval; with cirri, 
numerous very small 
cirri, dorsal bands 

possibly = M. 
gopalai 

Myzostoma smithi McClendon, 
1906 

Free-living Calometra discoidea (as 
Antedon discoidea) 

Pacific - Suruga 
Gulf and 
Sagami Sea, 
Japan, dredging 

circular to oval, with 
cirri, 10 very small 
cirri 

. 

Myzostoma australe Rouse, 2003 Free-living Ptilometra macronema Pacific - St. 
Francis Isle, 
Nuyts 
Archipelago, 
Australia, 19 m 

oval, with cirri, 20 
short cirri 

. 

 
 
 

      

Multiple hosts    

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Notopharyngoides 
aruensis 

(Remscheid, 
1918) 

In digestive tube Comanthus briareus (as 
Comanthina briareus) 
also recorded from many 
other Comatulida 

Pacific - Aru 
Island, 
Indonesia, 50 
m; also 
recorded from 
Enewetak and 
Kwajalein 

dorsal proboscis . 

Myzostoma 
cerriferoidium 

McClendon, 
1907 

Free-living Crinometra brevipinna 
and Analcidometra 
armata 

Caribbean - St. 
Lucia, 514 m 
and Panama 
Canal, 62 m 

circular, with cirri, 20 
short cirri 

. 

Myzostoma 
attenuatum 

Grygier, 1989 Free-living Capillaster sentosa (also 
recorded from Comaster 
multifidus, Colobometra 
perspinosa, Oxymetra 
finschi, Pontiometra 
andersoni, Decametra 
mylitta, Cenometra 
cornuta, Stephanometra 
oxyacantha, Phanogenia 
gracilis, Petasometra 
heliantoides) 

Pacific - 
Philippines 
(Albatross Stn 
5146), 44 m 
(also recorded 
throughout 
IndoPacific) 

elongate, tapering, 
with cirri, numerous 
short irregularly sized 
marginal cirri, 
parapodia confined to 
front half of body 

Sequencing 
supports wide 
range of hosts 

       

Unknown host    

 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Myzostoma 
caribbeanum 

Graff, 1883 Free-living Uncertain Caribbean - 
Blake 1877-78 
or 78-79 (label 
lost) 

elongate, with cirri, up 
to 43 cirri 

likely synonym 
of M. oblongum 

Myzostoma longipes Graff, 1883 Free-living Uncertain Caribbean - St. 
Vincent Island 
(Blake Stn 269), 
dredging 

circular, no cirri, 
dorsal surface with 
tubercles (warts with 
deep furrows between) 

. 

Myzostoma ingolfi Jägersten, 1940a Free-living Unknown Atlantic - 
southeast of 
Iceland, 791-
1301 m 

elongate, with cirri, 20 
cirri 

. 

Myzostoma 
moebianum 

Graff, 1884a Free-living Unidentified Indian - Fouqet 
Island, 
southeast from 
Mauritius 

five pairs of lateral 
organs (third may be 
genital) 

described from 
collector's notes 

Myzostoma 
rubrofasciatum 

Graff, 1884a Free-living Uncertain Indian - Red 
Sea, near Sinai 

elongate, parapodia 
distributed evenly, 
cloaca subterminal 

. 

Myzostoma 
bucchichii 

Wagner, 1887 Free-living Unidentified Mediterranean - 
Adriatic Sea, 
Dalmatia 

circular, no cirri, 
dorsal tubercles, no 
suction cups 

. 

Myzostoma 
chinesicum 

Graff, 1884a Free-living Uncertain Pacific - China 
Sea, dredging 

circular, no cirri . 

Myzostoma pottsi Atkins, 1927 Free-living Unidentified Pacific - Great 
Barrier Reef, 
Australia, depth 
not recorded 

circular, no cirri, 
dorsal ridges 

likely synonym 
of M. insigne 

Myzostoma 
antennatum 

Graff, 1884a Free-living Uncertain Pacific - 
Xiamen, China, 
dredging 

circular, with cirri, 1st, 
2nd, and last pairs of 
cirri longer than rest; 
proboscis with papillae 

. 
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 Authority Lifestyle Type host(s) Type 
Locality 

Distinguishing 
Features 

Notes 

Myzostoma 
gardineri 

Atkins, 1927 Free-living Unidentified Pacific - Hulula 
Male Atoll, 
Maldives, depth 
not recorded 

oval, cloaca not on 
most posterior end 

. 

Hypomyzostoma 
maculatum 

(Jägersten, 1937) Free-living Unknown Pacific - Japan, 
Kiuschiu, 
Okinoshima, 
140 m 

elongate, margin with 
numerous lobe cirri 

. 

Myzostoma 
tentaculatum 

Jägersten, 1940a Free-living Unknown Pacific - Japan, 
65 m 

2 elongate caudal 
appendages, margin 
with 18 cirri, most 
anterior pair much 
longer 

probably an 
Antedonidae host 

Myzostoma 
furcatum 

Graff, 1887 Free-living Unknown Comatulida Pacific - 
Moluccas, 
dredging 

4 caudal processes, 
unequal notching of 
margin, dorsal 
longitudal and radial 
ridges which extend 
onto the caudal 
processes 

. 

 
 
 

      

Not currently accepted    

 Authority Status Source of Designation   
Myzostoma glabrum Leuckart in 

Graff, 1877 
nomen dubium Grygier 1992 .   

Myzostoma 
hexalobatum 

Vagin, 1974 (in 
Fischelson, 
1974) 

nomen dubium; 
nomen nudum 

Grygier 1988; Eeckhaut 
et al. 1998 

.   

Myzostoma 
costatum 

Leuckart, 1830 nomen dubium Grygier 1992 .   

Myzostoma 
parasiticum 

Leuckart, 1827 nomen dubium Grygier 1992 .   

Myzostoma 
quadrilobatum 

Vagin, 1974 (in 
Fischelson, 
1974) 

nomen nudum Eeckhaut et al. 1998 .   

Myzostoma striata George, 1943 nomen nudum Eeckhaut et al. 1998 .   
Myzostoma 
metacrini 

McClendon, 
1906 

synonym of E. 
cirripedium 

Jägersten 1937 .   
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This chapter, in full, is a reproduction of the material as it appears in review for 

Zootaxa, 2014. Turbo-taxonomy: 21 new species of Myzostomida (Annelida). The 

dissertation author was the primary investigator and author of this paper. 

 

	  



CHAPTER 7 

 

General Conclusion 

 This dissertation investigated the evolutionary implications of two marine 

symbioses. I presented the identity of bacterial partners with Meganerilla bactericola (a 

nerillid polychaete) living in an anoxic basin. I also assessed the general evolutionary 

patterns of crinoids, myzostomes, and their associations. To do so, I addressed a 

practical limitation of symbiosis research – the difficulty in clarifying the taxonomy 

associated with establishing new systems – and opened these symbioses for further 

study into the mechanisms and processes underlying their evolutionary patterns. 

 

I. A marine polychaete covered in rhizobium 

The discovery of a symbiosis between a marine polychaete and a potentially 

nitrogen-fixing bacterial species, especially a member of Mesorhizobium (a typically 

terrestrial genus) (Chapter 2), is a novel and arguably unexpected finding. Yet this 

result is not totally surprising within the context of continued discoveries of new and 

more diverse nitrogen-symbioses in the ocean. Previously, research on nitrogen fixation 

in the ocean focused on free-living, non-symbiotic photoautotrophic diazotrophs (e.g., 

Trichodesmium). However, the known diversity of nitrogen-fixing cyanobacteria 

continues to expand, one example being the discovery of loosely attached extracellular 

and obligate internal symbioses (e.g., Calothrix and Richelia) (reviewed in Thompson 

& Zehr 2013). Marine symbioses between diazotroph bacteria and a variety of animals, 

including shipworm molluscs, corals, sea urchins, sponges, and possibly tunicates 
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(reviewed in Kneip et al. 2007; Foster & O'Mullan 2008; Fiore et al. 2010). The 

bacteria are commonly cyanobacteria, but other groups include Vibrio, gamma-

proteobacteria, Desulfovibrio, and alpha-proteobacteria such as Rhizobiales. The 

particular strain found with the polychaete Meganerilla bactericola belongs to a clade 

previously known only from terrestrial environments, mainly in symbiosis with 

legumes. However, other strains of rhizobia have been cloned from marine 

environments, including invertebrates (e.g., echinoids, sponges, coral, and an 

unidentified polychaete) (Sfanos et al. 2005) (see Fig. 1A – Chap. 2). It is likely that the 

diversity of rhizobia in the ocean remains significantly under-sampled. 

The discovery of rhizobia associated with a marine polychaete and also cloned 

from ocean waters raises an immediate question: are these rhizobia fixing nitrogen? 

Nitrogen fixation requires low levels of oxygen. Most known diazotrophic symbioses 

involve a separation of oxygen from the bacteria partners (Robson & Postgate 1980). In 

the case of legumes, the rhizobia occupy a specialized organ in which the oxygen 

concentration is lower (Tjepkema 1983). In the marine system studied here, 

Mesorhizobium coats the outside of Meganerilla; but this symbiosis occurs within an 

anoxic basin ([O2]  ≤ 1µm in surface sediments) (Reimers et al. 1996). It is therefore 

possible that the external Mesorhizobium can fix nitrogen, especially if the polychaete 

occupies the more oxygen-depleted areas of the bacterial mat. Nitrogen fixation by this 

strain of Mesorhizobium (and other marine rhizobia) should be investigated through 

genetic (e.g., nif gene expression based on mRNA detection) and nitrogenase enzyme 

activity experiments (e.g., acetylene reduction assays with live animals).  

Given the recent discoveries of marine and free-living terrestrial examples, the 
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evolutionary history nitrogen-fixation in rhizobia remains undetermined. Perhaps all 

rhizobia may be capable of fixing nitrogen but only do so in certain environments. 

Alternatively, this ability could have evolved only once rhizobia established symbiotic 

relationships with legumes (or it could have been lost multiple times in marine strains). 

Further elucidation of where rhizobia occur in the marine environment and whether 

they are fixing nitrogen is essential for understanding the evolution of rhizobia, and 

their ability to fix nitrogen, and will also contribute to understanding of general nitrogen 

cycling in the ocean. 

Given the possibility of nitrogen fixation, what may be the nature of the 

Meganerilla-Mesorhizobia symbiosis? One possibility is that the worms consume the 

bacteria. Meganerilla bactericola has a long ‘tongue,’ and bacteria of unknown identity 

were observed in the pharynx using SEM (see Müller et al. 2001). The worms 

themselves could be surface for any bacterial growth, or somehow promote specific 

bacteria. Mesorhizobium dominated other bacterial strains found associated with 

Meganerilla bactericola (~70-90% (Fig. 1B – Chapt. 2)), although the mat itself was 

dominated by Beggiatoa (Soutar et al. 1977), which suggests specificity. However, this 

finding is limited to what could be amplified using standard bacterial and archaeal 

universal PCR primers. Further work using different methods may find other bacteria 

and different proportions of Mesorhizobium. Regardless, the next step in exploring the 

Meganerilla-Mesorhizobium association is the elucidation of the interaction between 

the partners. If Mesorhizobium is observed to fix nitrogen, then transfer of products to 

the host through the cuticle or via ingestion could be established, possibly through 

nitrogen isotopic studies (e.g., nano-SIMS). 
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II. Tangled lineages hindered study of crinoid-myzostome symbiosis 

Crinoids and their myzostome partners are a particularly attractive study system 

for co-phylogenetic symbiosis research. Individual reefs in Indonesia, Papua New 

Guinea, or the Great Barrier Reef, may support up to 50 crinoid species accompanied 

by 30 or more myzostome species. However, investigation of the relationships among 

myzostomes and their hosts was initially hindered by poor taxonomic resolution of both 

groups. The requirement that partner lineages be well-understood, is a common 

impediment to co-phylogenetic study and has resulted in few useful systems 

(Thompson 2005). In the case of crinoids and myzostomes, adequate phylogenies for 

both groups have long been lacking. Host specificity is still not fully resolved, because 

host identifications have often been inaccurate and both partners were rarely collected 

together. The method used in this dissertation, sampling and identifying both host and 

myzostome (and the rest of the community living with the crinoid), extracting and 

sequencing DNA, inferring each group’s molecular phylogeny, and reconciling 

taxonomic confusion, allowed investigations into host-symbiont relationships that were 

previously not possible. This approach revealed that clades of myzostomes appear 

limited to certain clades of hosts, with most species found on a single host species. 

 

II.A. Systematics of Comatulidae 

Contemporary taxonomy of extant crinoids dates chiefly from 1907-1909, when 

A.H. Clark (e.g., 1907a, 1908a b, 1909a b c) described 75 genera and 17 family-level 

taxa, chiefly featherstars. Clark’s more than 100 publications, including a five-volume 
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monograph (totaling more than 4100 pages) (A.H. Clark 1915a, 1921a, 1931, 1941, 

1947, 1950; AH Clark & AM Clark 1967), remain the foundation for current 

morphologically-based classification of the group. However, recent molecular analyses 

spanning Articulata (Hemery et al. 2013; Rouse et al. 2013) have revealed serious 

taxonomic inadequacies and indicate that extensive revision is required.  

For Comatulidae – the most abundant and diverse family on modern tropical 

reefs, and the focus of this dissertation – AH Clark named approximately one-third of 

the currently accepted species, two-thirds of the genera, and three of the five 

subfamilies accepted here. Yet his treatments and descriptions were frequently 

inconsistent and lacked an evolutionary perspective. He did not think of macroevolution 

as a tree-like pattern, but instead suggested that all animal phyla had remained distinct 

since their ‘inceptions’ (AH Clark, 1921b, 1930, 1937). He also made ad hoc decisions 

such as the incorrect renaming of Comatulidae as Comasteridae, an error that persisted 

for 100 years and was only corrected in Chapter 2. In the case of Comatulidae, 

taxonomic revisions have been attempted with new groupings based on morphology 

(Hoggett & Rowe 1986; Rowe et al., 1986; Messing 2001), but Chapter 2 represents the 

first use (expanded upon in Chapter 5) of explicit tree-thinking for classification 

combined with evaluation of morphological characters. 

Reconstruction of the evolutionary history of Comatulidae (Chapter 3) included 

56 terminals, representing more than half of the described species from 22 sites in 

Atlantic and Indo-western Pacific waters (collected over a period of 20 years). This 

analysis recovered two of the four subfamilies and two of the 17 included genera as 

paraphyletic. To make all levels of the classification monophyletic, genera were 
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reorganized into two subfamilies and six tribes, and the composition of three genera 

was changed (with the erection of one new genus: Anneissia Summers, Messing, & 

Rouse 2014). Support for the relationships among five of the tribes was unresolved, 

likely a consequence of short branch lengths that could indicate rapid speciation. 

Incorporation of new molecular markers is needed to resolve these nodes. 

The phylogeny for Comatulidae presented here allowed reassessment of 

traditional morphological characters used in crinoid systematics. The majority of traits 

were found to be homoplastic, and apomorphies were not found for subfamilies, tribes, 

and most genera. This finding highlights the need for the re-examination of 

morphological characters within Comatulidae and throughout crinoids, especially in 

efforts to reconcile extinct taxa (which make up the majority of crinoid diversity (see 

Hess & Messing 2011). Two examples of possible paedomorphosis (juvenile traits 

retained into adulthood) were uncovered: 1) Three genera (Aphanocomaster, Comissia, 

and Phanogenia) in one clade retain a central mouth; 2) Taxa distributed in five of the 

tribes only develop ten arms. Biogeographic transformations suggested a shallow, Indo-

western Pacific origin for Comatulidae, where the majority of extant species (85) occur. 

Only ten species occur in the Atlantic. Comatulidae is a tropical and temperate clade, 

with no known members from polar waters. Only one species reaches depths greater 

than 1,000 m. 

Although few apomorphies were recovered for Comatulidae, morphological 

features in combination allowed diagnoses to the generic level (Chapter 5). Species-

level identifications were more difficult, mainly due to the range of ontogenetic and 

environmental variation in morphology for a single species (e.g., Clarkcomanthus 
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mirabilis – Fig 5.11). The non-dichotomous key and photographic guide in Chapter 5 

will hopefully contribute to more accurate field identifications. Validated DNA 

sequences available online will allow straightforward identification of most specimens 

to the species level, and require only a small clip of arm tissue.  

Although molecular data will greatly assist in species identifications, a clear 

‘barcoding gap’ (Hebert et al. 2003) was not found for all species (i.e. a clear difference 

between intraspecific and interspecific divergences in COI) (Chapter 5). Molecular data 

clearly delimited some species(<1% intra; >6% inter) (e.g., Alloeocomatella 

polycladia), despite some morphological variation but found high intraspecific 

molecular divergence (up to 6%) in others (e.g., Alloeocomatella pectinifera) despite 

little observed morphological variation. Species were particularly difficult to delimit in 

Phanogenia and Comanthus; divergences in molecular data for ‘species’ overlapped, 

and existing diagnostic morphological features (e.g., comb form) varied and mixed 

among specimens across each genus. Lack of a clear molecular ‘cut-off’ is a common 

impediment to COI barcoding in many groups (see Meyer & Paulay 2005) and 

generates confusion and debate concerning species boundaries, especially in a group 

such as Comatulidae  in which clear morphological boundaries often do not exist. 

Chapter 5 began the revision of several unambiguous comatulid species. 

Descriptions were emended for three taxa (Comaster nobilis, Clarkcomanthus 

albinotus, and Cl. littoralis), and two nominal species were synonymized (Comaster 

nobilis, Clarkcomanthus exilis). Molecular data were obtained for a total of 278 

specimens across the family, though substantial future work remains needed, especially 

in Phanogenia and Comanthus. Beyond the difficulty of reconciling molecular overlap, 
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future species-level taxonomic revision for Comatulidae will also remain difficult due 

to numerous nomenclatural issues: many synonyms are available, original descriptions 

are often vague, and some types have been lost.  Six potential ‘species’ were found 

based on molecular data, though further investigation is needed. Most of these were 

morphologically similar to broadly distributed nominal species that currently include 

over fifteen synonyms (all potentially available names). Additional synonymies are also 

needed, as some species are known from single specimens, and others are delimited 

based on biogeographic boundaries, with little to no recorded morphological variation. 

Both new species descriptions, and revisions of currently accepted species, will require 

collecting new material from many different type localities (some of which are 

unfortunately vague, e.g., Australian or Indian seas). 

For the majority of taxa with available data, identical COI sequences were found 

across much of the Indo-western Pacific (e.g., Japan, Indonesia and the Great Barrier 

Reef), implying wide-dispersal and connectivity, or slow rates of COI mutation. 

Evidence for the former lies in the fact that biogeographic patterns based on COI have 

previously been studied for Promachocrinus kerguelensis (Antedonidae) (Wilson et al. 

2007; Hemery et al. 2012) and are currently underway for Cenolia spp. (Comatulidae) 

(Wilson et al., in prep). Both groups exhibit distinct molecular lineages occurring in 

sympatry with little apparent morphological differences. Additional sampling and 

molecular investigation at the population level (especially using nuclear markers) may 

find genetic mixing across much of the Indo-western Pacific for some taxa and isolated 

populations for others. 
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II.B. Systematics of Myzostomida 

Myzostomes have received less taxonomic attention than crinoids, and the 

systematic history of the group is relatively short and less convoluted. Leukart (1836) 

described the first myzostome: Myzostoma cirriferum. The next 72 species, more than 

half of the current total, were named in five publications by von Graff (1877, 1883, 

1884a,b, 1885). Jägersten (1940) proposed the first evolutionary tree for Myzostomida 

based on morphology and organized the seven genera into two families. Since then, five 

additional genera have been erected: Asteriomyzostomum Wagin, 1954; 

Eenymeenymyzostoma Summers & Rouse (Chapter 3); Hypomyzostoma Perrier, 1897; 

Contramyzostoma Eeckhaut & Jangoux, 1995; Notopharyngoides Uchida, 1992, and 

Mycomyzostoma Eeckhaut, 1998. 

The molecular and morphological work of Lanterbecq et al. (2006, 2009) 

provided the most recent phylogenetic hypotheses concerning myzostome evolution 

until Chapter 3. Their first molecular phylogeny (Lanterbecq et al. 2006) was based on 

36 taxa and called into question Jägersten’s taxonomic organization, which was also 

used by Grygier (2000). They recovered the three genera that live internally in 

ophiuroids, asterioids, and crinoids within a grade of free-living myzostomes found on 

crinoids (Lanterbecq et al. 2006) and also suggested that myzostome evolution was 

driven by ‘co-speciation’ (Lanterbecq et al. 2009). 

Chapter 4 infers a molecular phylogeny for myzostomes using four genes from 

75 taxa collected on over 20 expeditions. This phylogeny recovered internal forms 

infesting crinoids as a clade within a grade of free-living myzostomes on crinoids, with 

those infesting asteroids and ophiuroids as a separate clade, most closely related to each 
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other. This suggests one transition to asteroids and ophiuroids, not multiple independent 

switches as suggested by Lanterbecq et al. (2006). Although erroneous DNA sequences 

were clearly involved in the latter inference, the majority of family and generic 

assignments were therefore maintained. To make Myzostomatidae monophyletic, 

Mesomyzostoma and Contramyzostomum were incorporated, and Mesomyzostomatidae 

was synonymized under Myzostomatidae. 

The next systematic challenges for Myzostomida involve generic and species-

level revisions. Myzostomatidae includes the majority of described species: 131 out of 

~150 accepted names. Of these, 114 fall within one genus, Myzostoma, which was 

recovered as a grade (Chapt. 4). This grade also included monophyletic 

Mesomyzostoma (internal forms infesting crinoids) and Hypomyzostoma, and 

polyphyletic Contramyzostoma and Notopharyngoides. Six clades within Myzostoma 

were consistently recovered in both likelihood and parsimony analyses, and could 

become genera. However, their support values varied from 94% to 24%, with low 

support being a particular problem for the relationship of the type-taxon of Myzostoma, 

Myzostoma cirriferum, to the remaining Myzostoma. Most of these clades can be 

distinguished by a combination of host-affinity and morphology. Taxa associated with 

Antedonidae are circular with short cirri or have long paired caudal appendages. 

However, Hemery et al. (2013) returned this crinoid family as polyphyletic. Those on 

Comatulidae may be circular, very thin and elongated, or have stump-like caudal 

processes. Most found on Mariametroidea are either large, elongate forms, or they have 

more than two caudal processes. Although exceptions are many (e.g., cyst-formers), 

these gross morphological features and host limitations can serve as a useful starting 
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point for delimiting and describing new genera once reconstructions return higher 

support.  

New and undescribed myzostome species almost outnumbered known 

myzostome taxa in this study. It is very difficult to track host use, molecular data, 

biogeography, and other data for taxa without a formal name, especially using online 

databases. As understanding even the most basic attributes of symbiosis (e.g., host 

specificity and distribution), requires multiple field trips and publications, it is 

especially important for information on myzostomes to be published under formal 

names. Chapter 6 established a streamlined, yet thorough, ‘turbo-taxonomic’ (Butcher 

et al. 2012; Riedel et al. 2013a,b) approach to naming new species of myzostomes.  

The time it takes to name a species is a combination of identifying that the 

species is new and describing the type specimens through molecular and morphological 

means. A comprehensive table including all available myzostome names is provided in 

Chapter 6 to shorten the time it takes to establish that a species is new. Using this table, 

the number of most similar species can be narrowed to less than ten – a manageable 

number on which to conduct a full literature search. The species descriptions used here 

were shorter and did not require internal anatomical or microscope work, but explicitly 

used information that in too many cases is lacking for myzostomes. The description 

must include a photo of the species while alive, genetic sequence, and host 

identification, preferably with genetic information as well. Type material must be 

accessioned in a museum collection. Unfortunately, much of the type material for 

currently described myzostomes is lost, host identifications are limited, and descriptions 

including drawings in many cases feature ‘reconstructions’ of badly damaged 
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specimens. As a result, besides naming new species, the need remains to synonymize 

taxa described from the same host and locality, split up species described from multiple 

hosts and ocean basins, and establish neotypes for lost materials. 

 

III. Evolutionary patterns from long-term symbioses 

Myzostome lifestyle evolution 

Myzostomes are an attractive study system for investigating transitions between 

different forms of association. Although all myzostomes could be argued to be parasitic 

(relative fitness effects on the hosts has not been measured), they exploit two different 

food sources. Adults of those species that live freely on the host or within the cyst, gall, 

or mouth and digestive system, steal the host’s food. Those that live within the coelom 

or gonads presumably eat the host itself – in extreme cases causing castration (Fedetov 

1912, 1914). Whether food-stealing, host-eating, and the different lifestyles arose once 

or multiple times among myzostomes remained an open question until examined in 

Chapter 3.  

Myzostome taxa that steal the host’s food were recovered as a grade, including 

two clades of host-eaters. Forms in which the adults consume the host tissue directly 

appear to have arisen twice independently in the different infested echinoderm groups– 

in the ancestor of Asteromyzostomum and Protomyzostomum (asteroids and ophiuroids) 

and in the ancestor of Mesomyzostoma (crinoids). Mouth and digestive-system dwellers 

and cyst forms were distributed among clades of mostly free-living myzostomes, both 

lifestyles arguably derived from cyst-to-free-living ancestors. Myzostomatid cyst-forms 

may have arisen via paedomorphosis, since afree-living forms, as far as is known, 
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initially develop in a cyst (Grygier 2000). Mouth and digestive-system dwellers 

possibly arose from a free-living myzostome that became stationary in areas of high 

food availability (e.g., the oral disc). Investigation of the biology, reproduction, and 

developmental processes associated with switches from the juvenile cyst to a free-living 

existence (or lack of a switch) is a logical next phase of research into the evolution of 

myzostome lifestyles. An approach targeting closely related taxa with different 

lifestyles that live on the same host could be possible at a single site. Pairs such as 

Contramyzostoma sphaera and Myzostoma cf. viride; Notopharyngoides platypus and 

Myzostoma susanae; and Contramyzostoma bialatum and Myzostoma sp. B, Myzostoma 

capitocutis, or Myzostoma nigromaculatum often live together on the same host 

specimens. 

 

Host specificity 

Thorough understanding of the specificity of the interaction among myzostomes 

and crinoids will require more surveys. Evidence in Chapters 3 and 5 suggest that the 

majority of taxa are host-specific (~55 out of a total of 75), while others are more 

broadly distributed on closely related hosts. This finding contradicts many previous 

records, in which the same species of myzostomes were described from hosts in 

Atlantic and Pacific waters (e.g., Graff 1884a), or host ranges were expanded to include 

multiple hosts throughout the Indo-western Pacific (e.g., Eeckhaut et al. 1998; Grygier 

1990). Unfortunately, the difficulties of host identification and changes in crinoid 

systematics (see Chaps. 3, 5) prevent use of these previous records for understanding 

host specificity, and in many cases the original host is not clear. The method used in 
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this thesis (collection and accession of both myzostome and host material) is the best 

way to continue collecting data on the occurrences of myzostomes and their hosts in 

nature. An alternative approach to determining host specificity could be experimental, 

e.g., testing whether or not certain species of myzostomes are capable of establishment 

or life on different crinoids. To do so, myzostome larvae could be released with a 

variety of different hosts, or the adult myzostomes could be transplanted. 

 

Phylogenetic conservatism in host use 

Phylogenetic conservatism in host use (i.e., closely-related myzostomes 

interacting mainly with certain clades of hosts) was found for all but a few taxa. 

Myzostomes have a planktonic larval stage (Eeckhaut & Jangoux, 1993; Rouse & 

Grygier 2005) and their crinoid hosts may occur in multi-species assemblages in close 

physical proximity (Messing 1994). These two factors make this result surprising, 

suggesting that myzostomes are restricted to certain hosts and switch mainly to 

evolutionarily related hosts.  

Such a pattern of phylogenetic conservatism in host use is widespread among a 

variety of parasites and hosts, including gall-inducing insects (see Blanche 2012), brood 

parasites (e.g., Als et al. 2004; Lyon & Eadie 2004), fish parasites (Desdevises et al. 

2002) and many others (concept reviewed generally in Poulin 2007). What promotes 

phylogenetic and species-level specificity (as well as generalism) in this system is an 

interesting question worthy of follow-up. In others systems, a range of causes have been 

asserted, such as immune system responses (e.g., McFall-Ngai et al. 2010), chemical 
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cues (e.g., Mandel 2010), or even transfer of genetic material (e.g., Thomashow et al. 

1984). 

Myzostomes may only be capable of infesting certain hosts, but very little is 

currently known about recruitment and subsequent development of myzostome larvae. 

In experimental studies of the development of Myzostoma cirriferum, Eeckhaut and 

Jangoux (1993) observed hosts (Antedon bifida) expelling myzostome larvae from their 

food grooves using their podia and also regurgitating ingested larvae. They did find that 

the M. cirriferum larvae could recruit onto the crinoid at a specific growth stage. 

Narrowing the possible mechanisms responsible for recruitment (or lack thereof) would 

be very difficult. A comparative study of differences in the chemical repertoire of 

closely related myzotomes that use the same general group of hosts, versus those that 

use different hosts, may be useful for supporting or refuting a chemical signal 

hypothesis of specificity. 

 

A ‘bird’s nest’ rather than strict ‘co-speciation’ 

Although phylogenetically conserved, the pattern of associations among 

individual myzostomes and their hosts is messy (Figure 4.5). An explanation for this 

pattern requires experimental follow-up, as a whole range of processes could have 

generated it (including coevolution or co-speciation) (see Althoff et al. 2014). Although 

clear one-for-one congruence has often been attributed to ‘co-speciation’, a messy 

‘bird’s nest’ pattern is predicted to arise from classic ‘escape-and-radiate’ coevolution 

first proposed by Ehrlich & Raven (1964) and named in Thompson (1989) (further 

discussion in Thompson 2005). In ‘escape-and-radiate’ coevolution, a key innovation in 
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the parasite lineage allows it to infect a new group of hosts, spread to multiple hosts, 

and then become specific as the host responds. This phenomenon would predict 

phylogenetic conservatism in host use but not strict one-for-one congruence. Host-

switching (through escape and radiate coevolution or other means) could be an 

important mechanism of speciation in symbioses, and has been suggested as a dominant 

mechanism in even the most classic congruent co-phylogenetic systems (reviewed in de 

Vienne et al. 2013). Establishing coevolution (or any specific pattern-generating 

mechanism) requires multiple lines of evidence beyond the phylogenetic pattern, 

information that is currently lacking for crinoids and myzostomes, and most other co-

phylogenetic systems. 

 

Conclusion 

Lack of well-validated, studied systems has hindered co-phylogenetic 

investigations of symbioses, especially in the marine environment. However, the past 

few years have seen an expansion of the field to approach more complex problems and 

interactions, and new investigative and analysis methods are increasingly being 

developed to confront previous limitations. It is my hope that the intriguing patterns 

uncovered in this dissertation will serve as beneficial starting point from which to 

explore the processes and mechanisms underlying the relationships among myzostomes 

and their hosts. 
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